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A USER'S MANUAL FOR THE ORIGEN2 COMPUTER CODE 

A. G .  Croff 

ABSTRACT 

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

1. INTRODUCTION 

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

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

y e a r s , a  s u s t a i n e d  e f f o r t  was undertaken by ORNL t o  update  t h e  o r i g i n a l  

ORIGEN code and i t s  a s s o c i a t e d  d a t a  bases .  The r e s u l t s  of t h i s  e f f o r t  

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

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

s e l f . 2 - 5  

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

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

1 

The o b j e c t  of i n t e r e s t  i n  t h i s  r e p o r t  is  t h e  r e v i s e d  v e r s i o n  

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

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

g e n e r a l  c o n s i d e r a t i o n s  are very  important  s i n c e  (1) t h e i r  e f f e c t  is  t o  

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

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

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

S e c t i o n  3 d e s c r i b e s  t h e  n a t u r e  of several types  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 c a l c u l a t i o n s  are performed. 

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

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

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

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

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

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



P 

S e c t i o n  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 ORIGEN2. 

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

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

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

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

d a t a  i s  somewhat, a l though 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  t h e  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  d e v i c e .  This  s e c t i o n  i s  important  

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

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

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

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

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

i n  Appendix B ) .  T h i s  type  of d e s c r i p t i o n  i s  necessary  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 b e  o u t p u t  by ORIGENZ. 

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  

obta ined  a t  t h e  fo l lowing  address :  

Codes Coordinator  
R a d i a t i o n  S h i e l d i n g  Informat ion  Center 
P.O. Box X 
Oak Ridge Nat iona l  Laboratory 
Oak Ridge, Tennessee 37830 

-c 

L 

L 

(615) 574-6176 
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2. GENERAL CONSIDERATIONS 

2 .1  ORIGEN2 M A I N  

The M A I N  r o u t i n e  of ORIGEN2 perforins fou 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 ORIGEN2 t o  accommodate 

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

p rov ides  much of t h e  framework necessa ry  t o  pu t  some of t h e  a r r a y s  

t o  several d i f f e r e n t  u ses ,  

2 .  

3 .  ca l l s  f o r  t h e  sub rou t ines  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  execute  m u l t i p l e  ORIGEN2 problems wi th  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 l  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. 

ORIGENZ 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  the  problem s i z e  and/or  t h e  a v a i l a b l e  

computer space .  The s i z e  of t h e  ORIGEN2 execu tab le  module ranges  from 

about  1 7 5 K  ( 1 K  = 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  600R, 

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

F igu re  2.1 g i v e s  a l i s t i n g  of ORIGEN2 MAIN w i th  a l p h a b e t i c  c h a r a c t e r  

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

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

The r equ i r ed  s i z e  of t h e s e  dimensions p r i n c i p a l l y  depends on t h e  number 

of n u c l i d e s  be ing  cons idered  i n  a g iven  case. 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. 

2. 

A c t i v a t i o n  p roduc t s ,  which c o n s i s t  of n e a r l y  a l l  n a t u r a l l y  occur r ing  

n u c l i d e s ,  t h e i r  neu t ron  abso rp t ion  p roduc t s ,  and t h e  decay daughters  

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

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

Act 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  elements  thorium (atomic 

number 90) 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 ischarged  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 .  
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1 

r e  

4 e  

7 8  

L O G I C A L  LONG 
I N T E G E R * 2  L O C A , N O N O , K D , L O C , N G F , N G N , N G R , N Y I E L D , N O N ~ , N Q , M ~ A X , K A P ,  

DOUBLE P R E C I S I O N  C I C N , C S U M  
D I H E N S I O N  XNEW ( A A A A  ,BBBB) , C O E F P  ( C C C C , B B B B )  , N P R O D ( C C C C , B B B B )  , 
D I H E N S I O N  S T T F P B  ( J J J J , l O )  , I S T O T I  ( J J J J , O 3 ) , I S  ( J J J J )  , R S T O T I ( J J J J )  
D I H E N S I O N  A(DDDD) ,LCCA (DDDD) , N F U D P P ( F F F F , 0 0 0 0 )  
D I R E N S I O N  DR(NNNN) , E R  (NNNN) , F R  (NNNN) 
D I H E N S I O N  Y I E L D ( E E E E )  . N Y I E L D ( F F F F )  ,RHULV (NNNN.3) 
D I H E N S I O N  ALPHN (GGGG) ,NUCAN (GGGG) , N U C S F U  (GGGG) ,NY (GGGG) ,YY (GGGG) , 
COMMON / J U N K / E R R , I D N  ( 1 )  , I L I T E ,  I A C T , I F P ,  I T O T ,  I L H A X  , I A H A X , I P H A X ,  

COHMON / H A I N 0 3 / N S T P , A N W J L , A N E X P , N A B R A X ,  I C N H  AX, I A P H A X ,  I P Y  HAX 

$ L O C F , N P U D P P  

$nHt,x ( B B B B )  , K A P ( B B B B )  

SFFSP (GGGG) ,PPA ( G G G G )  

$ITPIAX,  IZHAX,AXN,QXN,FIUX,POWER,INDEX,TFPEAV(4) , I P H M A X  

1766 WORDS ARE N S C E S S A R Y  I N  /NUDSCR/ B E G I N N I N G  W I T H  S 
/NUDSCR/  I S  USED FOR R U I T I P L E  P U R P O S E S .  

COMRON /NWDSCR/DUHl (CCCC,BBBB) , D U H Z ( H H H H , B B B B )  , S ( 2 )  , C I H N ( B B B B )  , 
d C S U M ( B B B B )  , N O N P  (BBEB) , N Q ( B B B B )  , X P ( B B B B )  ,XPAR (BBBB) , X T E N P ( B B B B )  , 
% C ( B B B B )  , A P ( I I I I )  , L C C P ( I I I I )  , L O N G ( B B B B )  

S R L P H A N  (GGGG) , S P O N P  (GGGG) , S F N U ( G G G G )  , P I S S  (GGGG) ,NUCAB (BBBB) , 
S A H P C ( B B B B )  . W H P C ( B B B E )  , X S T O R E  ( J J J J . B B B B )  , D I S ( B B B B )  , B ( B B B B ) ,  
6 A B U N D ( K K K K )  ,BONO (BBEB) , K D ( B B B B )  , L O C ( D D D D ) , N G F  (BBBB) , N G N ( B B B B ) ,  
$NGR ( L L L L )  ,GGR ( L L L L )  

D R , E R ,  AND FR P R O V I D E  A C O N V E N I E N T  H E C H A N I S R  FOR I N I T I A L I Z I N G  V A R I A B L E  
M U L T I P L I E R  ARRAY RHULV. 

CORMON / B I G / V U C L  (BBEB) , Q  (BBBB) , F G ( O O O U )  , T O C A P  (BBBB) ,GENNEU (GGGG) , 

E Q U I V A L E N C E  ( D R ( 1 )  , R M U L V ( l , l ) ) ,  ( E R ( 1 )  , R M U L V ( l , 2 ) ) ,  

E Q U I V A L E N C E  ( D U H l ( l , l ) , C O E F F ( l . l ) ) ,  ( D U f l 2 ( 1 , 1 )  , N P R O D ( l . l ) ) ,  

E Q U I V A L E N C E  ( X P ( 1 )  , b L P H N ( l ) )  ,(ALPHN(GGGG),NUCAN(1)), (NUCAN(GGGG1,  

6 ( F R  ( 1 )  ,RMULV ( 1 , 3 )  ) 

$ ( N C N P (  1 )  , H H A X ( l )  ) ,  (RAP ( 1 )  , N Q ( l ) )  , (XNEW ( 1 , l )  ,DUM1 ( 1 . 1 ) )  

SNUCSFW (l)),(NUCSPU(GGGG),NY(l)), ( N Y ( G G G G ) , Y Y ( l ) ) ,  ( Y Y ( G G G G ) ,  
S F F S F ( 1 ) ) .  ( F 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 ) )  

CALL Q l O 5 P  (6 )  

N P A G E = I P A G E  (0) 
LX= JJJJ 

L C =  cccc 
I L H A X =  M H M M  
IAMAX- GGGG 
IPHAX= FPPP 
ITPIAX= BBBB 
I Z R A X =  DDDD 
I P H M A X = L L L L  
I A P M A X = I I I I  
I F Y t l A X = E E E E  
NAEHAX=KKKK 
I C N H A X = 0 0 0 0  
IPf= P F P P  
LAN=NNNN 

N P ' X P = l  
NYTP=O 

I N I T I A I I Z E  P A G E  COUNTER 

n x =  A A A A  

NEUTRONS P E R  NEUTRON-INCUCED F I S S I O N :  O=THERHAL SPECTRUM: 1 z F A S T  S P E C T R U H  

C A L L  S U B R O U T I N E  TO R E A D  CARD I N P U T  FROn U N I T  5, P R I N T  I T  ON U N I T  6 ,  AND 
W R I T E  I T  ON U N I T  50. U N I T  50 I S  T H E N  REWOUNC AND O R I G E N Z  R E A D S  T H E  DATA 
FROR U N I T  50. 

C A L L  L I S T I T  ( 5 , 6 , 5 0 )  
REWIND 5 0  

R A I N 1  HANDLES THE H I S C E I L A N E O U S  I N I T I A L I Z A T I O N  DATA 

M A I N 2  READS T H E  O R I G E N 2  COHMANDS 

I A I N 3  E X E C U T E S  T H E  O R I G I N 2  COHMANDS 

1 C A L L  H A I N 1  (NYTP,SPNU,ALPHN,NUCAN,NOCSPU, NY,YY,ANHUL,ANEXP) 

2 C A L L  H A I N Z ( N S T P )  

3 C A L L   MAIN^( 
d LONG,STTPPB,ISTOTI,IS,RSTOTI, L X ,  HX, L C , I P D ,  
$ NUCAB, NONO, KC,  LOC,  NGF, NGN, NGR, NY I E L D ,  NONP, NQ, L O C P ,  HMAX , K I P ,  
$ L O C A , N P U D F P ,  C I M N , C S U H ,  S, 
~NUCL,Q,PG,TOCAP,GENNEU,ALPHAN,SPONF,SPNU,FISS,A~PC,~~PC,XSTORE, 
$ D I S , B , G G R , Y I E L D . A  ,XP,XPAR,XTE!lP.D,AP.COEFP,NPROD, XNEW, 
5 ALPHN, NUC A N ,  NUCS PU, NY , YY, PFSP, P F A ,  ABU ND, RflULV, LAN) 

T H I S  "GO T O "  F R O V I D E S  T E E  I E C A A N I S M  FOR E X E C U T I N G  M U L T I P L E  P R O B L E H S  W I T H I N  
A S I N G I E  JOB. 

GO TO ( 1 , 2 , 3 , 4 )  , N S T P  
4 C O N T I N U E  

C A L L  Q l O S F ( 6 )  
S T O P  100 
END 

c 

I- 

C 

Fig.  2.1. Generic ORIGEN2 M A I N  subprogram. 

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

Alphabetic 
character string 

in Fig. 2.1 

AAAA 

BBBB 

cccc 

DDDD 

EEEE 

FFFF 

GGGG 

HHHH 

1111 

JJJJ 

KKKK 

LLLL 

MMMM 

NNNN 

0000 

Description 

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

Maximum number of nuclides = ITMAX 

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

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

Number of non-zero fission product yields 

Maximum number of fission products = IFMAX 

Maximum number of actinides + 1 = IAMAX 

13 - LC (See C above) 

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

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

Number of non-zero natural abundances 

Number of non-zero photon yields 

Maximum number of light nuclides = ILMAX 

Maximum number of variable multipliers in W L V  

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

. 
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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  products .  

The meaning of  t h e  word "vectors"  i n  Table 2 .1  is  d i s c u s s e d  i n  S e c t .  2.4. 

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

of t h e  v a r i a b l y  dimensioned a r r a y s  ( s e e  Sect. 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 wi th  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  f a s t  r e a c t o r  (NYTF = 1) neut ron  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  S e c t .  3 .1 ) .  

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

used by t h e  MOV ( S e c t .  4.12) and ADD (Sec t .  4.13) commands. LAM i s  t h e  

number of p o s s i b l e  m u l t i p l i e r s  ( p r e s e n t l y  f o u r )  i n  a given se t  of mul t i -  

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

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

V a r i a b l e s  D R ,  ER, and FR are equivalenced t o  the a p p r o p r i a t e  p o r t i o n  

of RMULV. The v a r i a b l e  LAM i s  passed i n  s u b r o u t i n e  parameter l i s ts  f o r  

v a r i a b l e  dimensioning purposes.  

2.2 ORIGEN2 Free-Format I n p u t  

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

s p e c i f i e d  i n  free format .  The free-format  read  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 . '  

are as fo l lows:  

The r e s t r i c t i o n s  on free-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 the c o r r e c t  t y p e  ( e .g . ,  i n t e g e r  o r  real) and 

may b e  i n  I, F, E ,  o r  D format .  

Each datum must be  s e p a r a t e d  from t h e  n e x t  by a comma and/or  a t  l eas t  

one space .  

3 .  

F 

* 

c 

c 



Table 2 . 2 .  Dimensions f o r  va r ious  ORIGENZ case  s i z e s  

Case 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Parameter 

Segments considereda 

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

Number of a c t i n i d e s  wi th  
d i r e c t  f i s s i o n  product 
y i e l d s  

Alphabetic a r r a y  dimensions' 

AAAA 

cccc 
B B B B ~  

D D D D ~  
E E E E ~  
FFF+ 
G G G G ~  

I1 IId >e 
KKKKd 
L L L L ~  
m54 
N N N ~  
OOOOf 

HHHH 

JJJJ 

Approximate amount of co re  
required f o r  execut ion 
(bytes )g  

4P+A+FP AP+A+FP 

h Y  Any 
4 6 

1 3  13 
1676 1676 

7 1 
6400 7900 
3300 5000 

880 880 
132 132 

6 6 
3500 4200 

10 10 
450 450 

7900 7900 
700 700 

4 4 
3 3 

546 560 

AP+A+FP 

h Y  
8 

13 
1676 

7 
9600 
6600 

8 80 
132 

6 
5000 

10 
450 

7900 
700 

4 
3 

576 

A+FP 

Any 
4 

1 3  
1000 

7 
5000 
3300 

880 
132 

6 
2500 
10 

160 
4700 

4 
4 
3 

396K 

A+FP 

Any 
6 

1 3  
1000 

7 
6600 
5000 

880 
132 

6 
3100 

10 
160 

4700 
4 
4 
3 

412K 

A+FP 

An Y 
8 

13 
1000 

7 
8200 
6600 

880 
132 

6 
3800 

10 
160 

4730 
4 
4 
3 

428K 

AP+A 

Any 
0 

13 
820 

7 
1800 

4 
4 

132 
6 

1700 
10 

300 
4700 

700 
4 
3 

332K 

A AP 

Any Any 
0 0 

13 13 
132 700 

7 
400 1500 

4 4 
4 4 

132 4 
6 6 

500 1300 
10 10 
12 300 

1500 3300 
4 700 
4 4 
3 3 

182K 298K 

AP+A+FP 

Decay 

0 

1 3  
1676 

7 
1700 

4 
880 
132 

6 
600 

10 
450 

7900 
700 

4 
3 

494 

A 

Decay 

0 

13 
132 

7 
280 

4 
4 

132 
6 

500 
10 
12 

1500 
4 
4 
3 

182K 

AP FP A+FP AP+A+FP AF+A+FP 
o r  A+AP 

Decay Decay h Y  Any Any 
0 0 4 6 4 

13 
700 

7 
600 

4 
4 
4 
6 

250 
10 

300 

13 
880 

7 
1000 

4 
880 

4 
6 

250 
10 

160 

13 
1000 

7 
5000 
3300 

880 
132 

6 
2500 

10 
300 

1 3  
1676 

7 
8000 
5000 

880 
132 

6 
4500 

10 
450 

13 
1676 

7 
9996 
6600 

880 
132 

6 
4500 

10 
450 

3300 3300 4700 7900 7900 
700 4 700 700 700 

4 4 4 4 4 
3 3 3 4 6 

286K 324K 3361; 560K 576K 

= a c t i v a t i o n  products ;  A = a c t i n i d e s  and daughters ;  FP = f i s s i o n  products .  

bAny = e i t h e r  i r r a d i a t i o n  ( i . e . ,  I W  o r  IRF commands) o r  decay ( i . e . ,  DEC command) can he used. 

'See Table 2 . 1  and F i g .  2.1  f o r  d e t a i l s  on t h e  desc r ip t ion  and use  of t hese  dimensions. 

dArray dimension should be evenly d i v i s i b l e  by 4 t o  ensure word boundary alignment.  

eLarger dimensions may be  r equ i r ed  f o r  small  i r r a d i a t i o n  o r  decay t i m e  s t e p .  

fDepends on r e a c t o r  being considered;  s ee  Table 2 . 1 ,  i tem 0000. 

%an vary, depending on t he  number of inputfoutput  u n i t s  and b u f f e r  s i z e s .  

Decay = no i r r a d i a t i o n ;  decay on ly .  

In t he  l i m i t  of ze ro  t i m e ,  1111 = DDDD. 



8 

4 .  

5. 

6 .  

7. 

8 .  

Zero d a t a  v a l u e s  must appear e x p l i c i t l y  ( i . e . ,  a b l ank  is  n o t  

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

I n  g e n e r a l ,  d a t a  may be cont inued  on to  m u l t i p l e  r eco rds  when d e s i r e d .  

C e r t a i n  d a t a  must appear as t h e  f i r s t  datum on a new r e c o r d .  These 

i n s t a n c e s  are desc r ibed  l a t e r .  
The maximum reco rd  l e n g t h  i s  80 b y t e s .  

I f  an  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 .  

Thus, i n  g e n e r a l ,  t h e  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 new c a r d  when r e q u i r e d ,  and must b e  s e p a r a t e d  by a c o m a  o r  

b lank .  Other than  t h i s ,  t h e  d a t a  may appear anyplace on an inpu t  r eco rd .  

I n  t h e  s p e c i a l  case of numbers i n  E o r  D format ( e .g . ,  3.8E 0 1 ) ,  t h e  space  

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

2.3 The ORIGEN2 "Command" Concept 

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

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

the 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 .  

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

from 25 t o  200 i n  number and is  s i m i l a r  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 FORTRAN. Thus, the series of commands 

ve ry  much resembles a program which is  read  and executed by ORIGEN2.  

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

t h a t  i t  a l lows  a u s e r  t o  s i m u l a t e  a wide v a r i e t y  of n u c l e a r  f u e 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  c a l c u l a t i o n s .  The accompanying 

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

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  
4 

s p e c i f i c  than  i n  p rev ious  v e r s i o n s  of ORIGEN. 

ORIGEN2 commands are  de f ined  and d i scussed  i n  S e c t .  4 .  

The c u r r e n t l y  a v a i l a b l e  

. 

b 

p" 

k 
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2.4 The Concept of an ORIGEN2 "Vector" 

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

i t  i s  important  t h a t  t h e  u s e r  understand t h e  concept  of an ORIGEN2 

v e c t o r . "  An ORIGEN2 v e c t o r  i s  a one-dimensional a r r a y  t h a t  s p e c i f i e s  1 1  

t h e  amount of each n u c l i d e  be ing  cons idered  i n  an ORIGEN2 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  ORIGEN2 ou tpu t .  

i n  Case 1 i n  Table 2 . 2 ,  which inc ludes  a c t i n i d e ,  a c t i v a t i o n  product ,  and 

f i s s i o n  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 spen t  PWR f u e l  assembly a f t e r  150 days pos t - i r r ad ia -  

t i o n  decay t i m e .  

(dimension BBBB i n  Tables  2 . 1  and 2 . 2 )  corresponding t o  t h e s e  cond i t ions  

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  conceptua l  

v e c t o r  o r g a n i z a t i o n  i n  ORIGEN2 is  shown i n  Fig.  2 . 2 .  Two b a s i c  types  of 

v e c t o r s  are  a c c e s s i b l e  t o  t h e  user :  

t o r s .  

For example, 

In t h i s  case, t h e  amounts of about  1676 n u c l i d e s  

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

Twelve ou tpu t  v e c t o r s  are conta ined  i n  ORIGENZ. These v e c t o r s  

are w r i t t e n  when ORIGENZ output  i s  produced. Each of t he  v e c t o r s  is  

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

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

be ing  v e c t o r  1 and t h e  r igh tmost  v e c t o r  1 2 .  The informat ion  i n  t h e  

ou tpu t  v e c t o r s  i s  r e t a i n e d  under a l l  c o n d i t i o n s  except  one. 

excep t ion  occur s  when a new set of  ORIGEN2 commands is  read du r ing  a 

s i n g l e  run us ing  t h e  STP command (Sec t .  4 .29 )  and the  new set  of commands 

inc ludes  a L I B  command (Sec t .  4.18), which r e a d s  n e w  ORIGEN2 decay and 

c ross - sec t ion  da t a  l i b r a r i e s .  In t h i s  case, t h e  a r r a y  con ta in ing  t h e  

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

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

This 

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

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

Table 2 .1 ) .  These v e c t o r s  are used t o  s t o r e  in t e rmed ia t e  ORIGEN2 

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

nega t ive  i n t e g e r s  from -1 t o  -LX. The informat ion  i n  t h e  s t o r a g e  

v e c t o r s  is  r e t a i n e d  under a l l  c i rcumstances ,  i nc lud ing  those  where t h e  

output  vec to r s  are ove rwr i t t en .  
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ORNL DWG 79-179 

OUTPUT VECTORS ( 12) 

2 - 3 4 5 6 7 0 9 I O  1 1  12 

\ DETAIL OF A VECTOR 
STORAGE VECTORS ( L X  = AS MANY AS REQUIRED) L 

I. - ( L X - I )  - L X  
GRAM -ATOMS OF 'ti 
ACTIVATION 0 

PRODUCTS 0 
0 

211PO 

GRAM - ATOMS 4He 
OF ACTINIDES 0 

255,-: 
. _ _ A  _ - _ _ _  
GRAM- ATOMS 3H 
OF FISSION 0 
PRODUCTS 

' 7 2  Y b 
0 

b 

Fig.  2.2. Organization of OR.IGEN2 vec tors .  

c 

.. 

P. 
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2.5 Description of ORIGEN2 Input/Output Units 

ORIGEN2 uses several input and output units to facilitate orderly 

and flexible code operation. 

in Table 2.3. For a basic ORIGEN2 calculation, units 5, 6, 12, and 50 

would be necessary, and the rest of the units could be dummied or omitted. 

The units not used in the basic calculation are required to execute certain 

ORIGEN2 commands or to provide useful auxiliary information. 

These units and their functions 2re given 

2.6 Card Input Echo 

ORIGEN2 has included in it a SUBROUTINE LISTIT,which has the function 

of providing a card input echo. 

unit 6, and written to unit 50, which is a temporary file. Cards that 

have a dollar sign ($)  in the first column of the card are printed (on 

unit 6) but not written (on unit 50), thus allowing for the inclusion of 

comments in the input stream that will not interfere with the operation 

of ORIGEN2. Unit 50 is then rewound, and the rest of ORIGEN2 reads this 

information from unit 50. The units 5, 6, and 50 appear explicitly in the 
call to LISTIT, which occurs in MAIN. Thus, if the unit numbers given in 

Table 2 . 3  are altered, the unit definitions in the LISTIT parameter list 

in MAIN must also be changed correspondingly. 

The cards are read on unit 5 ,  printed on 

2.7 ORIGEN2 Nuclide Identifier 

The ORIGEN2 nuclide identifier is a six-digit integer that 

uniquely defines a particular nuclide. 

identical with that in the original ORIGEN, is defined as follows: 

This identifier, which is 

NUCLID = lOOOO*Z -I- 10*A -I- IS, 

where 

NUCLID = six-digit nuclide identifier 

Z = atomic number of nuclide 



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 Descr ip t ion  Remarks 

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

4 A l t e r n a t e  u n i t  f o r  reading material See Sect .  4.6  
compos i t  i on s 

5 Card r e a d e r  S p e c i f i e d  i n  MAIN i n  c a l l  t o  LISTIT 

6 P r i n c i p a l  ou tput  u n i t ;  u s u a l l y  S p e c i f i e d  i n  BLOCK DATA, v a r i a b l e s  = IOUT,  JOUT,  
d i r e c t e d  t o  l i n e  p r i n t e r  KOUT; see Sec t .  4.6 

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

9 Decay and cross-sec t ion  l i b r a r y  S p e c i f i e d  by LIB command, Sec t .  4.18 

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

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

See S e c t .  4.5 

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

13 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  S p e c i f i e d  i n  BLOCK DATA, variable = NTOCB 
d i r e c t e d  t o  l i n e  p r i n t e r  

15  P r i n t  debugging informat ion  

16 P r i n t  v a r i a b l e  c r o s s - s e c t i o n  informat ion  

50 Data set used t o  temporar i ly  s t o r e  S p e c i f i e d  i n  BLOCK DATA, v a r i a b l e  = I U N I T  
i n p u t  r e a d  on u n i t  5 
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A = atomic mass of nuclide 

IS = isomeric state indicator 

0 = ground state 

1 = excited state 

2 or greater not permitted 

Thus, the nuclide identifier for 137Cs (Z = 55, A = 137) would be 551370. 

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

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

f o r  an element is given by 

ELEMID = l O O O O * Z ,  

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

the ELEMID for cesium would be 550000. 

2.8 Machine Compatibility Considerations 

ORIGEN2 has been designed to be as machine-compatible as is possible 

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

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

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

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

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

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

word arrays are used. 

Aspects of ORIGEN2 that are likely to require modification before 

implementation on other machines are as follows: 

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

computers where they are not permitted. These specifications 

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

first characters are INTEGER"2. 

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

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

become optional. 
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3 .  In two places (subroutines LISTIT and QQREAD), ORIGENZ is 

designed to read until an end-of-file is encountered and then 

branch to another operation. Accommodation of this branch is 

accomplished differently on different computers,and the user 

should check this to ensure compatibility. 

INTEGER FUNCTION QQPACK reads input data,character by character, 

and constructs words from the characters. As a result of the 

widely varying word structure on various computers, this routine 

must be totally changed for each different type of computer. 

Versions of this subroutine are currently available for IBM 

and CDC computers. 

4 .  

5. Many non-IBM computers have relatively small core regions for 

the executing program and a large, directly associated memory 

for storing the large arrays as opposed to the IBM procedure 

of placing the entire executing job in core. Thus, for these 

computers, cards that assign the desired arrays tc the directly 

accessed memory must be included. 

being issued, this has been accomplished for a CDC 7600 

computer. 

For computers where the use of uninitialized "garbage" in 

assignment statements will result in errors, the core should 

be preset t o  zero. 

At the time this report is 

7 

6. 

c 
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3 .  MISCELLANEOUS INITIALIZATION DATA 

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

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

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

this category, and 

ized as follows: 

Sect ion 

3.1 

3 . 2  

3 . 3  

3.4 

3.5 

3 . 6  

3.7 

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

Data description 

Fission neutron yields per neutron-induced 
fission 

(a,n) neutron production rates 

Neutron yield per spontaneous fission 

Fractional reprocessing recoveries for 
individual elements 

Fractional reprocessing recoveries for 
element groups 

Assignment of individual elements to 
fractional reprocessing recovery groups 

Elemental chemical toxicities 

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

types of information described in the appropriate subsection below. 

3.1 Fission Neutron Yield per Neutron-Induced Fission 

The BLOCK DATA statement supplies spectrum-weighted single-group 

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

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

in calculating the infinite neutron multiplication factor for a mixture 

of nuclides. 

in the BLOCK DATA routine and recompiling it. 

These data cannot be altered except by changing the values 
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3.2 ( a , n )  Neutron Product ion Rate 

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

rates ( u n i t s  = n e u t r o n s  g-’ sec-’) f o r  n u c l i d e s  i n  oxide  f u e l s  which 

o v e r r i d e  v a l u e s  c a l c u l a t e d  w i t h  a n  e m p i r i c a l  equat ion  i n  ORIGEN2. The 

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

are  c a l c u l a t e d  from a n  e m p i r i c a l  e q u a t i o n .  

e q u a t i o n  and t h e  e x p l i c i t  v a l u e s  cannot b e  a l t e r e d  except  by changing 

t h e  v a l u e s  i n  t h e  BLOCK DATA s u b r o u t i n e  and recompil ing i t .  

The parameters  i n  t h e  

3.3  F i s s i o n  Neutron Yield 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 neut ron  y i e l d s  p e 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  w i t h  an e m p i r i c a l  

equat ion  i n  ORIGEN2. These neut ron  y i e l d s ,  denoted as SF y i e l d s ,  are 

used t o  c a l c u l a t e  t h e  decay neutron a c t i v i t y  of n u c l i d e  mixtures .  The 

SF neut ron  y i e l d s  f o r  t h o s e  n u c l i d e s  n o t  given e x p l i c i t l y  are  c a l c u l a t e d  

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

except  by changing t h e  v a l u e s  i n  t h e  BLOCK DATA r o u t i n e  and recompil ing 

i t .  

3.4 F r a c t i o n a l  Reprocessing Recoveries  f o r  I n d i v i d u a l  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 e p r o c e s s i n g  f r a c t i o n a l  r e c o v e r i e s  

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

e lementa l  composition i n t o  two s e p a r a t e  streams. The i n d i v i d u a l  element 

FRs i n i t i a l l y  p r e s e n t  i n  ORIGEN2 are given i n  Table  3.1 .  A s i n g l e  FR set 
s p e c i f i e s  an FR f o r  each of  99 elements.  There are  t e n  sets of i n d i v i d u a l  

FRs i n  ORIGEN2. 

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

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

then  a t  least  one individual-element  o r  element-group ( s e e  Sect. 3.5) 

FR set must c o n t a i n  cont inuous removal rates f o r  t h e  elements i n  u n i t s  

Lc 

-t 

F 

c 
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of sec-l. 

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 ep rocess ing  ( e . g . ,  an 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  

gene ra t e  e q u i v a l e n t  cont inuous  feed rates of waste dur ing  waste decay. 

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

I n  e i t h e r  of  t h e  above c a s e s ,  t h e  i n i t i a l  d a t a  can be a l t e r e d  by 
us ing  t h e  methods desc r ibed  below. 

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  FRs f o r  i n d i v i d u a l  e lements  can be  ove r r iden  by us ing  the  

following procedure:  

A. Funct ion:  Overr ides  individual-element  FR supp l i ed  i n  t h e  BLOCK DATA 

subrou t ine .  

B.  Data sequence: 

-1 

where 

NE(M) = one- o r  two-digi t  element a tomic number (1-99) f o r  t h e  

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

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

on t h e  Mth card  

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

element 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  

ove r r iden  (can be zero)  

c 

c. 

IC 

ID- 

c 

u 

CI' 

F 

c 

,- 

h a  

m. 

F 

I.. 



1 9  

C. Number of cards: MMAX+1 

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

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

F. Remarks: 

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

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

continuous removal rates can be overriden in the same manner 

as the fractional recoveries. 

3.5 Fractional Reprocessing Recoveries for Element Groups 

3.5.1 Initialization values 

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

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

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

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

into two different streams or to designate continuous removal rates for 

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

ORIGEN2 are given in Table 3 . 2 .  ORIGEN2 can contain up to 20 groups of 

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

the FR f o r  all groups. 

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

described in the subsections that follow. 

3.5.2 Overriding initial values 

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

described below. 

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

subroutine. 
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B. Data sequence: 

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

-1 

where 

NG(L) = one- o r  two-digi t  element group number (1-20) f o r  t h e  

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

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

r e c o v e r i e s  on t h e  card  L 

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

group NG(L) i n  set NS(L) 

LMAX = number of group f r a c t i o n a l  r e c o v e r i e s  being overr idden 

(can be  zero)  

C .  Number of ca rds :  LMAX+l 

D. Terminate reading  t h e s e  data:  NG(LMAX+l).LT.O 

E .  Skip reading  t h e s e  data:  One card  wi th  NG(1):LT.O 

F. Remarks: 

1. The FR(L) a l s o  serve t o  d e f i n e  cont inuous  removal rates f o r  

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

cont inuous  removal rates can be over r idden  i n  t h e  same manner 

as t h e  group f r a c t i o n a 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 elements t o  

one of t h e  20-element groups d iscussed  i n  Sec t .  3 . 5 .  Any number of 

elements may be a s s igned  t o  a given group,  bu t  an i n d i v i d u a l  element 

can be a member of on ly  one group. 

ORIGEN2 element group i s  given i n  Table 3 . 3 .  
The i n i t i a l  membership of t h e  

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

procedure 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 

us ing  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 (1) NG (1) 

WI 

NE (IMAX) NG (IMAX) 
P 

-1 

where 

NE(1) = one- o r  two-digi t  element 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  ass igned  

IMAX = number of element ass ignments  be ing  over r idden  (can be ze ro )  

1( 

F 

b-r 

F 

Lr 
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Table 3.3. Membership of ORIGEN2 
default element group 

Group Elements in group 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15-20 

Th 

Pa 

U 

NP 

Pu 

Am 

Cm 

Bk 

Cf 

Es 

F, C1, Br, I 

He, C, N, Ne 

H 

None 

in groups 2-14 

A r ,  K r  

1 All elements except those 

Xe, Rn 
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C.  Number of cards: IMAX+l 

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

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

3.7 Elemental Chemical Tcxicities 

The BLOCK DATA subroutine supplies maximum permissible concentrations 

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

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

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

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

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

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

the values in the BLOCK DATA subroutine and recompiling it. 

I 

b '. 

'-- 
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4 .  ORIGEN2 COMMANDS 

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

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

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

w r i t i n g  a FORTRAN program i n  t h a t  t h e  commands d e f i n e  a 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 being 

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

ORIGEN2 problem f lowsheet  a l lows  t h e  u s e  of a "DO loop" 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  t h e  range of t h e  loop a p r e s c r i b e d  

number of t i m e s .  

c a p a b i l i t y  f o r  e a s i l y  i n v e s t i g a t i n s  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  w a s t e  p roduct ion  rates as a f u n c t i o n  of t i m e .  

This  procedure i s  analogous t o  

Coupled w i t h  o t h e r  o p t i o n s ,  t h i s  g i v e s  t h e  u s e r  t h e  

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

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

parameters  supply ing  v a r i o u s  d a t a  necessary  f o r  t h e  execut ion  of t h e  

o p e r a t i o n a l  commands. 

S e c t .  2 . 2 .  A l i s t  of t h e  ORIGEN2 commands and a b r i e f  d e s c r i p t i o n  

of t h e i r  f u n c t i o n s  are given i n  Table  4 . 1 .  

Details on t h e  d a t a  format a r e  given i n  

Before a t t e m p t i n g  t o  u s e  ORIGEN2, i t  should be  noted  t h a t  t h e r e  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  i n  which t h e  commands must occur .  The 

primary r e s t r i c t i o n  is t h a t  t h e  L I B  command (Sect .  4 .18) ,  which r e a d s  

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

s i n c e  i t  d e f i n e s  t h e  l i s t  of n u c l i d e s  be ing  cons idered .  Other restric- 

t i o n s  w i l l  be  noted when t h e  i n d i v i d u a l  commands are d iscussed .  

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

maximum number of t i m e s ;  t h e  l i m i t  depends on t h e  s p e c i f i c  command. 
This  l i m i t  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 vary ing  t h e  dimensions 

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

on t h e  t o t a l  number of  O R I G E N 2  commands t h a t  may be  used i s  300, a 
number which can a l s o  be  changed by v a r y i n g  a r r a y  dimensions w i t h i n  

t h e  source  deck. 
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Table  4.1. L i s t  o f  ORIGEN2 commands 

Command 
keyword D e s c r i p t i o n  S e c t i o n  Page 

ADD 
BAS 
BUP 
CON 
CUT 
DEC 
DOL 
END 
FAC 
HED 
INP 

IRF 
IRP 

L I B  
LIP 
LPU 
MOV 
OPTA 
OPTF 

OPTL 
OUT 
P CH 
PHO 
PRO 
RDA 
REC 
T I T  
WAC 

KEQ 

Add two v e c t 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  
C a l c u l a t e  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  composition, 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  
Data l i b r a r y  replacement c a r d s  
Move n u c l i d e  composition 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  o u t p u 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  o u t p u 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 e g a r d i n g  case b e i n g  i n p u t  
Loop coun te r  
Case t i t l e  
Nucl ide accumulat ion 

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

L&bzary--prifit eoRiz&l . , 2 . ,r 

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 . 1 8  
4.16 
4.20 
4.12 
4.26 
4.27 

4.25 
4.5 
4.15 
4 .19  
4.24 
4 . 1  
4.8 
4.2 
4.17 

40 
2 8  
42 
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 

1 

c 

I1 I,. 

l i  

F 

* *  
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4 .1  RDA - Read Comments Regarding Case Being Input  

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

ope ra t iona l  commands being inpu t .  

B.  Data sequence: 

RDA COMMENT(S) 

where 

RDA = command keyword 

COMMENT(S) = alphanumeric message 

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

D.  Propagation: None. 

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

ORIGEN2 is i n t e r p r e t i n g  the  commands, which i s  sepa ra t e  

from t h e  card  input  echo descr ibed  i n  Sec t .  2.6.  

4.2 T I T  - Case T i t l e  

A .  Function: Supplies case t i t l e  p r i n t e d  i n  ORIGEN2 ou tpu t ,  

B.  Data sequence: 

TIT A(9) ,  . . . A(80) 

where 

T I T  = command keyword 

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

C. Allowable number of T I T  commands: 20 

D. Propagation: U n t i l  changed. 

E. Remarks: None. 
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c.0 

4 . 3  BAS - Case Basis 

A. Funct ion:  Supp l i e s  case b a s i s  p r i n t e d  i n  ORIGEN2 ou tpu t .  

B. Data sequence: 

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

BAS = command keyword 

A(1) = alphanumeric c h a r a c t e r s  i n  columns 9-80 only  

P 

F 

c 
C. Allowable number of BAS commands: 10 

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

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

The u s e r  i s  r e s p o n s i b l e  f o r  t h e  cons i s t ency  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, e tc .  

4 . 4  FAC - Calcu la t e  a M u l t i p l i c a t i o n  Fac tor  
Based on 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 ,  FACTOR[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 . 1 2 )  o r  

ADD ( see  Sect. 4.13) commands. 

B. Data sequence: 

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

where 

FAC = command keyword 

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

be g r e a t e r  than  zero  and less than  o r  equa l  t o  t h e  

maximum number of  FAC commands) 

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

F 

u ." 

m a  

k 
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NFAC(3) = vector number 

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

= 1 FACTOR[NFAC(l)] = T[NFAC(2)]+T[NFAC(3)] 

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

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

= 4 FACTOR[NFAC(l)] = T[NFAC(2)]/T[NFAC(3)] 

= 5 FACTOR[NFAC(l)] = T[NFAC(2)] 

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

= 7 FACTOR[NFAC(l)] = 1.O/T[NFAC(2)] 

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

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

plus actinide masses for the indicated vectors, 

expressed in kilograms. 

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

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

calculating FACTOR[NFAC(l)] 

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

.LT.O = substitute [-RFAC(I)] for T[NFAC(3)] when 

calculating FACTOR[NFAC(l)] 

The units of RFAC(1) are kilograms. 

C .  Allowed number of  FAC commands: 20 

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

NFAC(1) is executed. 

E. Remarks: Some characteristic results from this command are 

printed on unit 15. 

4 .5  OUT - Print Calculated Results 

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

output vectors t o  be 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 wi th  the  

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

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

.LT.O = ou tpu t  on u n i t  11 

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

(Sec t .  4.11) 

and every  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 loop  

NOUT(3) = p r i n t  number of p r e s e n t  recycle: 
.GT.O = yes 

.LE.O = no 

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

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

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

.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 = only  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. I f  NOUT(2).NE.l, a REC command must be  employed (Sec t .  4 . 8 ) .  

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

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

rate,or continuous elemental removal rate to be read. 

B. Data sequence: 

INP NINP(l) ,  . . . NINP(6) 

where 

INP = command keyword 

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

to be stored 

NINP(2) = read nuclide composition: 

.EQ.O = no 

.EQ.l = yes; units are g/basis unit (read on unit 5) 

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

unit 5) 

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

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

unit 4) 

NINP(3) = read continuous nuclide feed rate: 

.LT.O = no 

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

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

See NINP(5) for specification of time units. 

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

.LT.O = no read; no propagation 

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

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

See NINP(6) for specification of time units. 

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

(see Table 4.2) 

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

(see Table 4.2) 
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Table 4.2.  T i m e  u n i t  d e s i g n a t i o n  

1 = seconds 

2 = minutes  

3 = hours  

4 = days 

5 = y e a r s  

6 = s t a b l e  

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

8 = l o 6  yea r s  (MY) 

9 = io9  y e a r s  (GY) 
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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  the c o n s i s t e n c y  of t h e  

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

4.7 HED - Vector Headings 

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

B. Data sequence: 

HED NHED A ( l ) ,  . . . A(10) 

where 

HED = command keyword 

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

A ( 1 )  = t en-charac te r  alphanumeric heading anyplace on t h e  

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

C .  Allowable number of HED commands: 50 

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

E. Remarks: 

1. The heading is  moved w i t h  t h e  v e c t o r  when t h e  MOV ( S e c t .  14.12) 

and ADD (Sec t .  14.13) commands are used. 

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

i n p u t  c o n c e n t r a t i o n s  [ v e c t o r  NINP(1), 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  NPRO(2) and 

NPR0(3), S e c t .  4.241, t h e  HED command must fo l low t h e  INP 

o r  PRO command. 

3 .  I f  A ( 1 )  i s  a n  apostrophe o r  a s t e r i s k  ( g c ) ,  t h e  t e n  c h a r a c t e r s  

immediately fo l lowing  A ( 1 )  are  taken  as t h e  v e c t o r  heading. 

This  a l lows  f o r  t h e  i n c l u s i o n  of l e a d i n g  b lanks .  
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4 .8  REC - Loop Counter 

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

Sec t .  1 4 . 1 1 )  has  been executed .  

B.  Data sequence: 

REX 

where 

REC = command keyword 

C .  Allowable number of FEC commands: 1 

D.  Propagat ion:  None. 

E .  Remarks: 

1. This  coun te r  i s  ou tpu t  as t h e  "Recycle f "  i n  ORIGEN2 ou tpu t .  

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

A. Funct ion:  Overr ide  d e f a u l t  cu to f f  f r a c t i o n s  f o r  summary 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  ou tpu 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 ( s e e  Table  4 . 3  f o r  t a b l e  numbers 

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

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

NT = t o t a l  number of d e f a u l t  c u t o f f  v a i u e s  which are 

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

C.  Allowable number of CUT commands: 3 

nm 

L 

F 

.-n 

IC 

w.. 

P 

c 

P 

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

Table 
number Description of table Units 

1 

2 

3 

4 
5 
6 

7 
8 
9 

10 

11 

1 2  

1 3  

14 

15 

1 6  

1 7  

18 

1 9  

20 

2 1  

22  

2 3  

2 4  

2 5  

26 

27  

2 8  

Isotopic composition of each element 

Isotopic composition of each element 

Composition 

Composition 

Composition 

Composition 

Radioactivity (total) 

Radioactivity (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 

grains 

weight fraction 

Ci 

fractional 

watts 

fractional 

m3 air 

fractional 

m3 water 

fractional 

m water 

fractional 

neutronslsec 

fractional 

fissionslsec 

fractional 

Ci 

fractional 

neutronslsec 

neutronslsec 

photons/sec 

3 

- 
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E. Remarks: 

1. 

2. 

3 .  

4. 

5 .  

6. 

I f  an ou tpu t  va lue  f o r  a p a r t i c u l a r  n u c l i d e  is  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  va lue  f o r  a l l  

v e c t o r s  be ing  t e s t e d  ( see  S e c t .  4.5 f o r  a d d i t i o n a l  d e t a i l s  on 

which v e c t o r s  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  va lue  f o r  

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

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

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

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

The 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  t h e  f i r s t  26 t a b l e s  ( see  

Table 4.3) are 0.001; f o r  Table 27 t h e  c u t o f f  i s  0.01. 

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

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

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

somewhat d i f f e r e n t ;  i t  i s  d i scussed  i n  S e c t .  8 .2 .2 .  

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

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

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

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

B.  Data sequence: 

where 

KEQ = command keyword 

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

NKEQ(2) = v e c t o r  whose material i s  t o  b e  wholly inc luded  i n  t h e  

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

NKEQ(3) = v e c t o r  whose material i s  t o  be appor t ioned  t o  o b t a i n  

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

, 

f- 

Im 

a 

I* 

b 

W' 

IT 

k 

6 

... 

ff 

.t 
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NKEQ(4) = v e c t o r  con ta in ing  a l l  material i n  vec to r  NKEQ(2) p l u s  

p a r t  of t h e  material i n  NKEQ(3) and having t h e  s a m e  IMF 

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

NKEQ(4) = NKEQ(2) + f * NKEQ(3) 

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

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

NKEQ(5) = v e c t o r  con ta in ing  t h e  p o r t i o n  of NKEQ(3) no t  blended 

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

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

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

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

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

i s  equa l  t o  RMULV(NREC,l). 

i n  a d a t a  s ta tement  i n  MAIN (see S e c t .  2 .1 ) ;  t h e  NREC 

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

The RMULV va lues  are s p e c i f i e d  

C .  Allowable number of KEQ commands: 3 

D. Propagat ion:  None. 

E .  Remarks: 

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

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

material in v e c t o r  NKEQ(2) and being placed in v e c t o r  NKEQ(4) 

is given  by 

f = (k2 - kl)*DP/(kl - k3)*D3 

where 

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

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

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

D2 = neut ron  abso rp t ion  ra te  of material i n  v e c t o r  
-1 NKEQ(2), neu t rons  s e c  

D3  = neut ron  abso rp t ion  rate of material i n  vec to r  

NKEQ(3), neu t 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 resc r ibed  number of t i m e s .  

B.  Data sequence: 

DOL NDOL(1) NDOL(2)  

where 

DOL = command keyword 

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

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

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

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

loop  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 . ,  cop ie s )  t h e  n u c l i d e  concen t r a t ion  d a t a  i n  

one v e c t o r  t o  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: 

MOV NMOV(1) NMOV(2) NMOV(3) RMOV(1) 

where 

MOV = command keyword 

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

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

P 

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

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

as NMOV(1). 

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

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

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

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

be ing  moved t o  v e c t o r  NMOV(2) .  

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

i zed  wi th  a DATA s ta tement  i n  M A I N .  The 

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

The v a r i a b l e  

RMULV[NREC, NMOV(3)I 

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 ,  RMULT, i s  given by 

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

NREC must be de f ined  t o  use  t h e  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  is  used; t h a t  i s ,  

RMULT = RMOV(1). 

.LT.O = The a d d i t i o n a l  m u l t i p l i e r  t o  be  used w a s  
p rev ious ly  c a l c u l a t e d  by an FAC command 

(see Sec t .  4 . 4 )  and des igna ted  as 
FACTOR[NFAC(l)] a t  t h a t  t i m e .  To u se  t h i s  

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

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

RMULT = FACTOR[-NMOV(3)]*RMOV(1). 

RMOV(1) = f a c t o r  by which v e c t o r  NMOV(1) i s  t o  be  mul t ip l i ed  

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

C. Allowable number of MOV commands: 99 

D. Propagat ion:  None. 
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E. Remarks: 

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

NMOV(2) wi th  RMOV(1) = 0 . 0 .  

The informat ion  i n  v e c t o r  NMOV(1) i s  no t  des t royed  by t h e  

MOV command. 

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

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

2. 

3 .  

4.13 ADD - Add Two Vectors  

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

t h a t  i n  another  v e c t o r , n u c l i d e  by nuc l ide .  

B. Data sequence: 

II 

I, 

111' 

.x 

where 

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

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

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

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

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

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

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

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

t h e  f a c t o r s  by which 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  vec to 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  RMULV and are i n i t i a l i z e d  wi th  a DATA 

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

of RMULV used i s  

RMULV[NREC, NADD(3)l 

where NREC i s  t h e  r e c y c l e  number (see Sect. 

4 . 8 ) .  The t o t a l  m u l t i p l i e r ,  RMULT, i s  g iven  by 

b' 

L 

F 

P 

1 

x. 

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

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

Sect. 4 . 8 ) .  
.EQ.O = no a d d i t i o n a l  m u l t i p l i e r  used; t h a t  i s ,  

RMULT = RADD(1). 

.LT.O = t h e  a d d i t i o n a l  m u l t i p l i e r  t o  be used w a s  

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

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

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

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

RMULT = FACTOR[-NADD(3) J*RADD(1) 

RADD(1) = f a c t o r  by which v e c t o r  NADD(1) is  t o  b e  

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

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

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

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

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

command. 

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

a f t e r  t h e  ADD command h a s  been executed.  
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4 .14  BUP - Burnup Calculation 

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

flux, and specific power for an irradiation. 

B. Data sequence: 

BUP 

Irradiation 

BUP 

where 

BUP = command keyword 

Irradiation = the operational commands (generally several IRPs or 

IRFs)  that describe the fuel irradiation upon which 

the burnup calculation is to be based. 

C. Allowable number of BUP commands: 2 0  (ten pair). 

D. Propagation: Until superseded by other BUP commands. 

E. Remarks: 

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

constituting the fuel irradiation upon which the burnup calcu- 

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

the BUP statements. 

E 

u1- 

4.15 PCH - Punch an Output Vector 

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

format o r  write it to a disk file. 

B. Data sequence: 

PCH NPCH(1) , NPCH(2) , NPCH(3) 

where 

PCH = command keyword 

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

material punch 

F 

w 
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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  n u c l i d e  punch 

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

.GT.O - number of o u t p u t  v e c t o r  t o  be  punched 

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

C .  Allowable number of PCH commands: 54 

D . Propagat ion : None. 

E .  Remarks: 

1. Format of  punched o u t p u t  i s  [2X,I2,4(IX),I6,2X,IPElO.4)1; 
see Sect.  6.1 f o r  d e t a i l s .  

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

3. The l as 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 FLUX SPECIFIC POWER. 

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

produced by t h e  BUP command ( S e c t .  4.14) and must be  p r e s e n t  

f o r  a f i l e  read  on u n i t  4 [NINP(2).LT.O; see Sec t .  4.61. 

These parameters  are n o t  n e c e s s a r y  f o r  i n p u t  material composi- 

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

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

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

B. Data sequence: 

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

where 

LIP = command keyword 

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

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

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

I f  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 W A C  (1) , 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) 

m 

Iw 

b 

C. Maximum allowable number of WAC commands: 2 

D. Propagation: None. 

E .  Remarks: 

1. This command will enable the continuous accumulation of waste 

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

be calculated. The steady-state fuel composition in vector 

NWAC(2) is multiplied by the appropriate continuous removal 

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

is subsequently stored in vector B. Then the waste is decayed, 
IIC 
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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  t h e  cont inuous  f eed  of waste t o  

t h e  waste decay s t e p  from t h e  con t inuous ly  reprocessed  

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

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

A .  Funct ion:  Read decay and c ross - sec t ion  l i b r a r i e s ;  s u b s t i t u t e  

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

s t anda rd  r e a c t i o n s .  

B.  Data sequence: 

L I B  NLIB(I), . . . N L I B ( ~ , ~ )  

where 

L I B  = command keyword 

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

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

Sec t .  8 .2 .1 ) .  

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

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

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

t o  be  r ead ;  see Table 4.4 

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

t o  b e  r ead ;  see Table 4 .4  

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

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

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

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

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

l i b r a r y  to be r ead ;  see Table 4.4 

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

and c ross - sec t ion  l i b r a r y  t o  be r ead ;  see Table 4.4 
I f  NLIB(2-7).EQ.O - no read  

.GT.O - normal read  on u n i t  NLIB(8) 
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Table 4 .4 .  Numbers of ORIGEN2 d a t a  l i b r a r i e s  

Type of l i b r a r y  

Decay 

Photon 

PWR: 235U-enriched UOz; 
33,000 MWd/metric ton  

Category of i s o t o p e  
Ac t iva t ion  product  Ac t in ide  F i s s i o n  product  

INLIB(2 o r  5 ) ] a  [NLI8(3 o r  6 ) l a  INLIB(4 o r  7 ) l a  NLTB(12)a 

2 3 1 - 
101 102 103  - 

Cross-sect ion l i b r a r i e s  

204 20 5 

PWR: 235U-enriched UOz i n  a 207 
se l f -gene ra t ed  Pu r e c y c l e  
r e a c t o r  

PWR: Pu-enriched UOp i n  a 210 
se l f -gene ra t ed  Pu r e c y c l e  
react o r  

206 1 

208 209 2 

2 1 1  212 3 

BUR: %enriched Uo2 251 25 2 253 4 

BWR: 235U-enriched f u e l  i n  a 
s e l f -gene ra t ed  Pu r ecyc le  
r e a c t o r  

BWR: Pu-enriched f u e l  i n  a 
s e l f -gene ra t ed  Pu r ecyc le  
r e a c t o r  

254 255 256 5 

257 258 259 6 

213 214 215 7 PWR: ThOn-enriched w i t h  denatured 
2 3 3 u  

216 217 218 8 PWR: Pu-enriched Thoz 

PWR: * %enriched UOz ; 
50,000 MWd/metric ton  

PWR: Tho>-enriched w i t h  makeup, 
denatured 2 3 5 ~  

PWR: Tho2 enriched wi th  
r ecyc led ,  denatured 2 3 3 U  

219 220 221 9 

222 223 224 10  

225 

LMFBR: Early oxide ,  LWR-Pu/U/U/U 

Core 301 

Axial  b l a n k e t  304 

Rad ia l  b l anke t  307 

LMFBR: Advanced ox ide ,  LwR-Pu/U/U/U 

Core 311 

Axial b l anke t  314 

Rad ia l  b l anke t  317 

LMFBR: Advanced ox ide ,  recycle-Pu/U/U/U 

Core 321 

Axial  b l anke t  324 

Rad ia l  b l anke t  327 

226 227 11 

302 

305 

306 

31 2 

315 

318 

322 

325 

328 

303 18 

316 19  

309 20 

313 1 2  

316 13 
319 14  

323 1 5  

326 1 6  

329 1 7  

Thermal: 0.0253-eV c r o s s  s e c t i o n s  201 202 203 0 

m 

cg 

LI. 

Ir aRefer t o  Sec t .  4.18 f o r  t h e  use  of t h e s e  parameters .  
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.LT.O - normal r ead  on u n i t  NLIB(8) and 

s u b s t i t u t e  ca rd  read  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 ead ing  of t h e  bulk  

of t h e  l 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 ead ing  s u b s t i t u t e  c a r d s  

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

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

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

u n i t  NLIB (8)  

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

u n i t  NLIB (9) 

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

D. Propagat ion:  U n t i l  ano the r  se t  of decay l i b r a r i e s  i s  read .  

E. Remarks: 

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

(Sec t .  4.20)  must precede t h e  L I B  command i n  which t h e  c a r d s  

are t o  be r ead .  

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

4.19 PHO - Read Photon L i b r a r i e s  

A. Funct ion:  Read t h e  photon product 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.  Actinide sets with direct fission product yields 

NLIB (11) Actinides with direct fission product yields 

2359238u 2 3 9 , 2 4 1 ~ ~  1 9 

232Th, 2 3 3 , 2 3 5 ~ ~  7 - 3 9 ~ ~  2 

232Th, 2 3 3 ~ 2 3 5 9 2 3 8 u  2 3 9 , 2 4 1 ~ ~  3 9 

245 
¶ PU, Cm, 2 5 2 ~ f  232Th, 2 3 3 9 2 3 4 9 2 3 8 ~  239,241 4 

m 
b 

Ir 

k 
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B. Data sequence: 

PHO NPHO(l),. . . NPHO(4) 

where 

PHO = command keyword 

NPBO(1) = i d e n t i f i c a t i o n  number of a c t i v a t i o n  product  photon 

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

NPHO(2) = i d e n t i f i c a t i o n  number of a c t i n i d e  n u c l i d e  photon 

l i b r a r y  t o  be r ead ;  s e e  Table 4.4  

NPHO(3) = i d e n t i f i c a t i o n  number of f i s s i o n  product  n u c l i d e  photon 

l i b r a r y  t o  b e  read;  see Table 4.4 
I f  NPHO(1-3).LE.O - no read  

.GT.O - read  

NPHO(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  read  

C. Allowable number of  PHO commands: 5 

D. Propagat ion:  U n t i l  ano the r  set of photon l i b r a r i e s  i s  r ead .  

E .  Remarks: See Sect. 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 ib ra ry  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/or  

c ros s - sec t ion  d a t a  c a r d s  t o  be read by L I B  command 

(Sec t .  4 .lS). 

B .  Data 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 nuc l ide  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 
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C .  Allowable number of LPU ca rds :  9 

D .  P ropagat ion:  U n t i l  ano the r  L I B  command i s  executed.  

E .  Remarks: 

I f  less than  100 n u c l i d e  i d e n t i f i e r s  are s p e c i f i e d ,  a -1 

( i n t e g e r )  must appear  a f t e r  t h e  l a s t  i d e n t i f i e r .  

A s  many c a r d s  may b e  used as are r e q u i r e d .  

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  w i l l  be r ead .  

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

(Sec t .  4 .18) .  The second LPU command i s  a s s o c i a t e d  wi th  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) set of 
c o n t r o l  v a r i a b l e s ,  e t c .  

See Sects. 5 . 1  and 5.2 f o r  l i b r a r y  format d e t a i l s .  

4.21 IRF - Flux I r r a d i a t i o n  

A .  Funct ion:  I r r a d i a t i o n  f o r  a s i n g l e  i n t e r v a l  w i th  t h e  neut ron  f l u x  

s p e c i f i e d .  

B.  Data sequence: 

IRF RIRF(l), RIRF(2), NIRF(l) ,  . . . NIRF(4) 

where 

IRF = 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) = if RIRF(2).GT.O.O, t h i s  i s  t h e  neut ron  f l u x  du r ing  
t h i s  i r r a d i a t i o n  i n t e r v a l  i n  neu t rons  CITI'~ s e c  -1 . 
I f  RIFR(2).LT.O.O, t h e  neut ron  f l u x  is  g iven  by: 

NEWFLUX = OLDFLUX" [ -RIRF (2 )  ] 

where 

NEWFLUX = f l u x  t o  b e  used du r ing  t h i s  i n t e r v a l ,  
neu t rons  cm-2 sec -1 
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OLDFLUX = f l u x  f o r  t h e  same t i m e  pe r iod  from t h e  

p rev ious  i r r a d i a t i o n ,  neu t rons  cm-2 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  beginning  of t h i s  i r r a d i a t i o n  i n t e r v a l  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  is  t o  be s t o r e d  

NIRF(3) = t i m e  u n i t s  of  RIRF(1); see Table 4 . 2  

NIRF(4) = s p e c i f i c a t i o n  of 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  

beg ins  : 

0 = s t a r t i n g  t i m e  is  t h e  end of t h e  prev ious  IRF, IRP, 

o r  DEC i n t e r v a l .  A l l  r e a c t i v i t y  and burnup informa- 

t i o n  i s  r e t a i n e d , a n d  M I R R  i s  no t  a l t e r e d .  Used f o r  

con t inu ing  i r r a d i a t i o n / d e c a y  on t h e  same ou tpu t  page. 

1 = s t a r t i n g  time i s  set t o  zero .  A l l  r e a c t i v i t y  and 

burnup informat ion  i s  r e t a ined ,and  M I R R  i s  set t o  

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

Same ou tpu t  page. 

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

burnup informat ion  and M I R R  are set t o  ze ro .  Used 

t o  begin  a new i r r a d i a t i o d d e c a y  on a new ou tpu t  page. 

3 = same as NIRF(4) = 0 except  t h a t  t h e  f i r s t  seven l i n e s  

of t h e  i r r a d i a t i o n  informat ion  are set t o  zero .  

Used f o r  con t inu ing  i r r a d i a t i o n  t o  a new ou tpu t  

Page 
4 = s a m e  as NIRF(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 informat ion  are s e t  t o  

zero .  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 ou tpu t  page w h i l e  r e t a i n i n g  t h e  average 

i r r a d i a t i o n  parameters. 

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

D. Propagat ion:  None. 
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Remarks 

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

2.  For t h i s  o p t i o n  t o  b e  used ,  t h e  t i m e  s t e p s  f o r  t h e  c u r r e n t  

i r r a d i a t i o n  and decay sequence must correspond e x a c t l y  t o  

those  i n  t h e  prev ious  sequence. The s c a l e  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 .  

3 .  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  of  seven l i n e s  of d a t a  c h a r a c t e r i s t i c  of  an i n d i v i d u a l  

v e c t o r  (e .g .  t 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 ,  neut ron  f l u x )  

and t h r e e  l i n e s  con ta in ing  i r r a d i a t i o n  parameters (e .g . ,  burnup) 

averaged over  t h e  range  of t h e  BUP commands (Sect. 4.14).  A l so ,  

see S e c t .  8.2.2.  

I n t e r n a l  ORIGENZ 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  ( see  Sec t .  8 .2 .1) .  

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 RIRP(l) ,  RIRF'(2), NIRP(1), . . . NIRP(4) 

where 

IRP = command keyword 

RIRP(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 level dur ing  t h i s  i r r a d i a t i o n  i n t e r v a l  

.GT.O = MM(t) pe r  u n i t  of f u e l  i n p u t  

.LT.O = s p e c i f i c  power, W ( t )  p e r  metric ton  of 

heavy metal 

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

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

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

R 

8s* 
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NIRP(1) = number of t h e  v e c t o r  where t h e  material composition a t  

t h e  beginning  of t h i s  i r r a d i a t i o n  i n t e r v a l  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 composition a t  

t h e  end of  t h i s  i r r a d i a t i o n  i n t e r v a l  i s  t o  be  s t o r e d  

NIRP(3) = t i m e  u n i t s  of RIRP(1); see Table 4 . 2  

NIRP(4) = s p e c i f i c a t i o n  of t h e  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  begins  : 

0 = s t a r t i n g  t i m e  i s  t h e  end of t h e  prev ious  IRF, IRP,  

o r  DEC i n t e r v a l .  A l l  r e a c t i v i t y  and burnup informa- 

t i o n  is r e t a i n e d ,  and MIRR i s  no t  a l t e r e d .  Used f o r  

con t inu ing  i r r a d i a t i o n / d e c a y  on t h e  same ou tpu t  page. 

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

burnup informat ion  i s  r e t a i n e d ,  and M I R R  i s  set t o  

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

same ou tpu t  page. 

2 = s t a r t i n g  t i m e  is  set t o  zero .  A l l  r e a c t i v i t y  and 

burnup informat ion  and M I R R  are se t  t o  zero .  Used 

t o  begin a new i r r a d i a t i o n / d e c a y  on a new page. 

3 = same as NIRP(4) = 0 except  t h a t  t h e  f i r s t  seven l i n e s  

of t h e  i r r a d i a t i o n  informat ion  are se t  t o  zero .  Used 

f o r  con t inu ing  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  t he  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 informat ion  are s e t  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 ou tpu t  page wh i l e  r e t a i n i n g  t h e  average 

i r r a d i a t i o n  parameters .  

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

D.  Propagat i on  : None. 

E .  Remarks: 

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

2 .  The " r e a c t i v i t y  and burnup information ' '  r e f e r r e d  t o  i n  NIRP(4) 

c o n s i s t s  of  seven lines 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 ,  neutron f l u x )  
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and t h r e e  l i n e s  con ta in ing  i r r a d i a t i o n  parameters (e .g . ,  burnup) 

averaged over  t h e  range of t h e  BUP commands (Sec t .  4 .14) .  

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 ( see  Sec t .  8 .2 .1 ) .  

3 .  

4.23 DEC - Decay 

A .  Funct ion:  Decay f o r  a s i n g l e  i n t e r v a l .  

B.  Data sequence: 

DEC D E C ( l ) ,  NDEC(l), . . . NUEC(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  decay 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  beginning  of t h i s  decay i n t e r v a l  is  s t o r e d  

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

t h e  end of t h i s  decay interval  i s  s t o r e d  

NDEC(3) = t i m e  u n i t s  of DEC(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  

beg ins  : 

0 = s t a r t i n g  t i m e  i s  t h e  end of t h e  prev ious  IRF, IFP, 

o r  DEC i n t e r v a l .  A l l  r e a c t i v i t y  and burnup informa- 

t i o n  i s  r e t a i n e d ,  and M I R R  is  n o t  a l t e r e d .  Used f o r  

con t inu ing  i r r a d i a t i o n / d e c a y  on t h e  s a m e  ou tpu 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 informat ion  i s  r e t a i n e d ,  and MIRR i s  set t o  

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

same ou tpu t  page. 

2 = s t a r t i n g  t i m e  is  set t o  zero .  A l l  r e a c t i v i t y  and 

burnup informat ion  and M I R R  are set t o  zero .  Used t o  

begin  a new i r r a d i a t i o n / d e c a y  on a new ou tpu t  page. 
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. 

3 =  

4 =  

s a m e  as NDEC(4) = 0 except  t h a t  t h e  f i r s t  seven l i n e s  

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

zero .  Used f o r  con t inu ing  i r r a d i a t i o n  t o  a new 

ou tpu t  page. 

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 informat ion  are set t o  

zero .  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 ou tpu t  page wh i l e  r e t a i n i n g  t h e  average 

i r r a d i a t i o n  parameters .  

C .  Allowable number of DEC commands: See below. 

D .  Propagat ion:  None. 

E. Remarks: 

1. The t o t a l  number of IRF + IRF' + DEC commands must b e  .LE.150. 

2 .  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  NDEC(4) 

c o n s i s t s  of seven l i n e s  of d a t a  c h a r a c t e r i s t i c  of an i n d i v i d u a l  

v e c t o r  (e .g .  t 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  con ta in ing  i r r a d i a t i o n  parameters (e .g . ,  burnup) 

averaged over  t h e  range of t h e  BUP commands (Sec t .  4.14).  

4.24 PRO -Reprocess  Fuel 

A. Funct ion:  Reprocess f u e l  i n t o  two product  composi t ions.  

B.  Data sequence: 

PRO NPRO(l), . . . NPRO(4) 

where 

NF'RO(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  reprocessed  i s  s t o r e d  

NPRO(2) = number of  t h e  v e c t o r  where t h e  material t h a t  is  recovered 

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

recovered i s  g iven  by: 

[Mass of i s o t o p e  NE][f(NPR0(4)]. 
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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  NWO(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  b e  s t o r e d .  The amount of  an i s o t o p e  of element 

NE n o t  recovered is g iven  by: 

[Mass of i s o t o p e  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  NPRO(4) i s  

g r e a t e r  t han  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) is less than  

z e r o ,  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 (Sec t .  

3 .5) .  

C.  Allowable number of PRO commands: 20 

D. P ropagat ion:  None. 

E. Remarks: None. 
1 1 1  

UI 

4.25 OPTL - Speci fy  Ac t iva t ion  Product Output Options 

A. Funct ion:  S p e c i f i e s  which ou tpu t  t a b l e  types  (nuc l ide ,  element,  o r  

summary) 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  products .  

m. 

B. Data sequence: 

OPTL NOPTL(l), . . . NOPTL(24) 
where 

OPTL = command keyword 

NOPTL(1) = c o n t r o l  c h a r a c t e r  i n d i c a t i n g  which ou tpu t  t a b l e  types  

are t o  b e  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  ou tpu t  t a b l e  d e s c r i p t i o n  

C .  Allowable number of OPTL commands: 20 

c 

L 

c 

b 

D. Propagat ion:  U n t i l  changed. 
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Table 4.6.  S p e c i f i c a t i o n  of ou tpu t  t a b l e  types  t o  be p r i n t e d  

N O P T L  (I) Table  type p r i n t e d  
N O P T A  (I) 
N O P T F  (I) Nuc 1 i d e  Element Summary 

1 Y e s  Yes Yes 

2 Yes Yes N o  

3 Yes N o  Y e s  

4 No Y e s  Yes 

5 Yes N o  N o  

6 N o  Y e s  N o  

7 N o  N o  Y e s  

8 N o  N o  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 .  I f  NOPTL(1) is  less than  1, only  a summary grams t a b l e  i s  

p r i n t e d  f o r  - a l l  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  

products )  u n t i l  new commands ( a f t e r  an STP, Sec t .  4 . 2 9 )  
are  read .  

Only t h e  f i r s t  24  t a b l e s  i n  Table 4 . 3  a r e  c o n t r o l l e d  by t h e  

OPTL command. 

3.  

4.26 OPTA - Speci fy  Options f o r  Ac t in ide  Nucl ide Output Table  

A. Funct ion:  S p e c i f i e s  which ou tpu t  t a b l e  types  (nuc l ide ,  element, or 

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), . . . NOPTA(24) 

where 

OPTA = command keyword 

NOPTA(1) = c o n t r o l  c h a r a c t e r  i n d i c a t i n g  which ou tpu t  t a b l e  types  

are t o  b e  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  ou tpu t  t a b l e  d e s c r i p t i o n  

P 

c 

u 

C .  Allowable number of OPTA commands: 20 

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

E .  Remarks: 

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

2 .  I f  NOPTA(1) i s  less than  1, only  a summary grams t a b l e  i s  

p r i n t e d  f o r  a l l  n u c l i d e s  ( inc lud ing  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 )  

are read .  

3.  Only t h e  f i r s t  24 t a b l e s  i n  Table  4 . 3  a r e  c o n t r o l l e d  by the  

OPTA command. 

E 

P 

u 
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4.27 OPTF - Speci fy  Options f o r  F i s s i o n  Product 
Nucl ide Output Table 

A .  Function: S p e c i f i e s  which types  of o u t p u t  t a b l 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  f o r  f i s s i o n  product  n u c l i d e s .  

B.  Data sequence: 

OPTF NOPTF(l), . . . NOPTF(24) 

where 

OPTF = command keyword 

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

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

see Table  4.6 

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

C.  Allowable number of OPTF commands: 20 

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

E.  Remarks: 

1. The NOPTF(I) must a l l  appear  on a s i n g l e  c a r d .  
2 .  I f  NOPTF(1) i s  less than  1, only  a summary grams t a b l e  is  

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 v a t i o n  products  

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

4 . 2 9 )  are read .  

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  

OPTF command. 

3 .  
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A. Fun t i o n :  Define 

4 .28  CON - Cont inua t ion  

t h e  ranges of t h e  DOL command (Sec t .  4.11).  

B.  Data sequence: 

CON NCON 

where 

CON = command keyword 

NCON = number of t h i s  CON command; must b e  equa l  t o  NDOL(1) f o r  

t h e  DOL command which i s  t o  b e  a s s o c i a t e d  w i t h  t h i s  CON 

command 

C. Allowable number of CON commands: 2 

D. Propagat ion:  None. 

E. Remarks: 

1. There must b e  one,  and on ly  one, CON command f o r  each  DOL command. 

2 .  I f  t h e  DOL command is removed, t h e  cor responding  CON command 

must a l s o  b e  removed. 

4.29 STP - Execute Previous  Commands and Branch 

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

Then read  and execute  more commands. 

B. Data sequence: 

STP NS TP 

Ip 

k 

where 

STP = command keyword 

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

1 = read  new misce l laneous  i n i t i a l i z a t i o n  d a t a  (Sec t .  3)  and 

a new set of commands (Sec t .  4 ) ,  and execute  them. 

2 = read  a new set of commands (Sec t .  4)  and execute  them. 

P 
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3 = execute  t h e  preceding set of commands aga in .  

Add i t iona 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  b e  r e q u i r e d .  

4 = t e rmina te  execut ion  (same as E N D ) .  

C .  Allowable number of STP commands: Unlimited.  

D.  Propagat ion:  None. 

E .  Remarks: None. 

4.30 END - Terminate Execution 

A. Funct ion:  Terminate execu t ion .  

B. Data sequence: 

END 

where 

END = command keyword 

C .  Allowable number of END commands: 1 

D.  Propagat ion:  None. 

E .  Remarks: None. 
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5. DATA LIBRARIES 

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

t h e  a c t i v a t i o n  products ,  t h e  a c t i -  which n u c l e a r  d a t a  may be r equ i r ed :  

n i d e s ,  and t h e  f i s s i o n  products .  The a c t i v a t i o n  products  i nc lude  t h e  

low-Z i m p u r i t i e s  and s t r u c t u r a l  materials. The a c t i n i d e s  inc lude  a l l  of 

t h e  heavy i s o t o p e s  (Z.GT.90) p l u s  a l l  of t h e i r  decay daughters ,  i nc lud ing  

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  products  i nc lude  a l l  n u c l i d e s  

which have a s i g n i f i c a n t  f i s s i o n  product  y i e l d  ( e i t h e r  b ina ry  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  segments , there  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 b e  read:  a decay d a t a  l i b r a r y  (Sec t .  5 .1 ) ,  a c ross - sec t ion  and f i s -  

s i o n  product  y i e l d  d a t a  l i b r a r y  (Sec t .  5 . 2 ) ,  and a photon y i e l d  l i b r a r y  

(Sec t .  5 . 5 ) .  The decay d a t a  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 

modes, r ecove rab le  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 ,Zn) ,  (n ,3n) ,  ( n , a ) ,  ( n , p ) ,  and ( n , f i s s i o n )  as 

e f f e c t i v e ,  one-group r e a c t i o n  rates i n  ba rns  and t h e  f i s s i o n  product  

y i e l d s  from 232Th,  2 3 3 U ,  235U , 2 3 *  U, 239 Pu, 2 4  1 Pu, 2 4 5 C m ,  and 252Cf .  

The photon d a t a  l i b r a r y  g i v e s  t h e  photons pe 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 roduc 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  op t ions  may be used t o  extend,  update ,  o r  

c o r r e c t  t h e s e  l i b r a r i e s .  The f i r s t  of t h e s e  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  c ross -  

s e c t i o n  and f i s s i o n  product  y i e l d  d a t a  c a r d s  which o v e r r i d e  t h e  

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  op t ion  

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 op t ion  

(Sec 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  rate 

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  

types  a v a i l a b l e  i n  ORIGEN2 [ i . e . ,  (n ,y)  , (n ,2n ) ,  (n ,3n) ,  ( n , a > ,  (n ,p>  , 

I " 

m 

m? 

Lh' 

P 

k 

L 
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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 tended  t o  a l low f o r  t h e  

i n c l u s i o n  of non-standard r e a c t i o n  types  such as ( n , d ) ,  ( n , t ) ,  and 

(n,np>.  

5 .1  Decay Data L ib ra ry  

The first ca rd  of  each  of t h e  t h r e e  a l lowab le  decay d a t a  l i b r a r y  

segments ( a c t i v a t i o n  product ,  a c t i n i d e ,  and f i s s i o n  product )  is  a t i t l e  

card  con ta in ing  t h e  number of t h e  decay l i b r a r y  segment and t h e  alpha- 

numeric t i t l e  of t h e  segment. Following t h e  t i t l e  ca rd  are t h e  decay 

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. 

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  ca rds .  A d e s c r i p t i o n  of 

t h e  decay l i b r a r y  convent ions  i s  g iven  i n  Table 5.1. 

The decay d a t a  

The decay d a t a  l i b r a r y  serves o t h e r  v i t a l l y  important  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  supply ing  decay d a t a .  

i d e n t i f i e r s  supp l i ed  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 

all n u c l i d e s  t h a t  w i l l  b e  cons idered  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  is 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  on ly  t h e  c ros s - sec t ion  o r  photon informat 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  product ,  f i s s i o n  product ,  

and a c t i n i d e )  cons idered  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 t h e  n u c l i d e s  w i l l  be p r i n t e d  w i t h i n  each 

l i b r a r y  segment du r ing  t h e  normal o u t p u t .  

t i o n s ,  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, Sec t .  4 . 6 ) .  The 

decay l i b r a r y  is  a u t o m a t i c a l l y  read  b e f o r e  t h e  c ros s - sec t ion  l i b r a r y  when 

when t h e  L I B  command (Sec t .  4.18) i s  invoked. 

The n u c l i d e  

The decay l i b r a r y  a l s o  d e f i n e s  t h e  n u c l i d e  membership of 

A s  a r e s u l t  of  t h e s e  cons idera-  

5 .2  Cross-Sect ion and F i s s i o n  Product  Yield Data L ib ra ry  

The f i r s t  ca rd  of each  of t h e  t h r e e  a l lowab le  c ros s - sec t ion  and 

f i s s i o n  product  y i e l d  d a t a  l i b r a r i e s  ( a c t i v a t i o n  product ,  a c t i n i d e ,  and 

f i s s i o n  product )  i s  a t i t l e  c a r d  c o n t a i n i n g  t h e  number and alphanumeric 
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Table 5.1. Desc r ip t ion  of decay l i b r a r y  

A. Data sequence: 

, 

F i r s t  card  of each l i b r a r y  segment: 

NLB TITLE 

F i r s t  ca rd  f o r  each  nuc l ide :  

NLB NUCLID IU T W F  FBX FPEC FPECX FA FIT FSF 

Second c a r d  f o r  each nuc l ide :  

NLB 

where 

NLB = 

TITLE = 

NUCLID = 

IU = 

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-character  alphanumeric segment t i t l e  beginning i n  
c o l u m  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  cor responding  t o  t h e  
in fo rma t ion  on these  two decay c a r d s  ( see  S e c t .  2.7) 

t i m e  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 r e l a t i v e l y  
long- l ived  e x c i t e d  s t a t e  

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 
p o s i t r o n  emission o r  e l e c t r o n  c a p t u r e  

the f r a c t i o n  of p o s i t r o n  and/or  e l e c t r o n  c a p t u r e  decay 
even 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 t a t e  

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 
a lpha  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  n u c l e a r  
s ta te  which r e s u l t  i n  t h e  product ion  of t h e  ground s ta te  of 
t h e  same n u c l i d e  

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 
spontaneous f i s s i o n  

t h e  f r a c t i o n  of a l l  decay e v e n t s  t h a t  are ( b e t a  + neut ron)  
decays ( e .g . ,  "Br  decays t o  88Kr + b e t a  + neut ron)  

t h e  average ,  t o t a l  r ecove rab le  energy ( i - e . ,  does n o t  
i nc lude  n e u t r i n o s )  r e l e a s e d  by each decay event, i n  MeV 

1 
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Table 5.1 (cont inued)  

ABUND = t h e  n a t u r a l l y  occur r ing  i s o t o p i c  abundance of NUCLID i n  
atom p e r c e n t  

ARCG = t h e  r a d i o a c t i v i t y  concen t r a t ion  guide (RCG) f o r  cont inuous 
i n h a l a t i o n  of n u c l i d e  NUCLID i n  u n r e s t r i c t e d  areas as given 
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  Fede ra l  Regula t ions  
i n s o l u b l e  v a l u e s  i s  used) 

( t h e  lower of t h e  s o l u b l e  o r  

WRCG = t h e  r a d i o a c t i v i t y  c o n c e n t r a t i o n  guide (RCG) f o r  cont inuous 
i n g e s t i o n  of n u c l i d e  NUCLID i n  u n r e s t r i c t e d  areas as given 
i n  Table 11, Column I1 of P a r t  10 of T i t l e  20 of t h e  Code 
of Fede ra l  Regula t ions  ( t h e  lower of t h e  s o l u b l e  o r  
i n s o l u b l e  v a l u e s  i s  used) 

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  nuc l ide  NUCLID: Automatic. 

D.  Terminate r ead ing  t h i s  decay l i b r a r y  segment: NLB.LT.0, one ca rd .  

E .  Skip r ead ing  a decay l i b r a r y  segment: 
(Sect. 4 .18) .  

Cont ro l led  by L I B  command 

F. Remarks: 

1. The f r a c t i o n  of a l l  decay e v e n t s  which t ake  p l ace  by negat ron  
b e t a  decay t o  t h e  ground s ta te  of t h e  daughter  n u c l i d e  is  given 
by (1.0 - FBX - FPEC - FA - FIT - FSF - 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  ORIGEN2. 
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t i t l e  of t h e  l i b r a r y  segment. 

s e c t i o n  and f i s s i o n  product  y i e l d  d a t a  f o r  t h e  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 ross - sec t ion  in fo rma t ion  f o r  a n u c l i d e  is 

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  fol lowed 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  product  y i e l d  d a t a .  A d e s c r i p t i o n  of t h e  c ros 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  convent ions i s  g iven  i n  

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 m u l t i p l i e d  by t h e  f l u x  c a l c u l a t e d  by o r  i npu t  

t o  ORIGEN2,  r e s u l t  i n  t h e  c o r r e c t  r e a c t i o n  rate. The f i f t h  and s i x t h  

parameters  on t h e  c ros s - sec t ion  card  have a dua l  meaning, depending on 

which l i b r a r y  segment i s  be ing  read .  I f  t h e  a c t i n i d e  segment i s  be ing  

r e a d ,  t hen  t h e  f i f t h  and s i x t h  parameters  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 .  

p roduct  segments are be ing  r e a d ,  t hen  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  r e s p e c t i v e l y .  The f i s s i o n  product  

y i e l d  c a r d ,  which i s  p r e s e n t  on ly  i n  t h e  f i s s i o n  product  c ros s - sec t ion  

segment, s p e c i f i e s  t h e  y i e l d  of each  n u c l i d e  p e r  f i s s i o n  from each of 

Following t h e  t i t l e  ca rd  are t h e  c ros s -  

I f  e i t h e r  t h e  a c t i v a t i o n  product  o r  f i s s i o n  

2 3 5 u  2 3 6 U  2 3 9  2 4  5 
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 ,  7 , PU, 2 4 1 ~ u ,  Cm, 
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 ,  a l though 

t e r n a r y  f i s s i o n  y i e l d s  have been 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  Sec t ion ,  and 
F i s s i o n  Product  Yield Data 

S u b s t i t u t e  decay,  c 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  

can b e  read  by invoking  t h e  LPU command (Sec t .  4 . 2 0 ) .  This  procedure 

is an a l ternat ive t o  r e b u i l d i n g  an e n t i r e  d a t a  l i b r a r y  j u s t  t o  change 

a few parameters .  It may a l s o  be used f o r  pa rame t r i c  s t u d i e s  of  ou tpu t  

s e n s i t i v i t y  t o  i n p u t  d a t a  changes.  

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 given i n  Table 5 . 3 .  

is  in tended  f o r  u s e  when t h e  d a t a  l i b r a r i e s  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  b e  used i f  t h e  l i b r a r i e s  are on 

c a r d s , p r o v i d i n g  t h a t  two d i f f e r e n t  card  i n p u t  u n i t s  are de f ined .  

The r u l e s  r ega rd ing  t h e  o r d e r  and 

This  op t ion  

8 3 ,  

ui 

II, 

c" 

b 

c* 
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Table 5 .2 .  D e s c r i p t i o n  of c ros s - sec t ion  and 
f i s s i o n  product  y i e l d  d a t a  l i b r a r y  

A. Data sequence: 

F i r s t  ca rd  of each l i b r a r y  segment: 

NLB TITLE 

F i r s t  card  f o r  each nuc l ide :  
J 

NLB NUCLID SNG SN2N SN3N o r  SNA SNF o r  SNP SNGX SIJ2NX YYN 

Second card  f o r  each  n u c l i d e  ( f i s s i o n  product  segment only) :  

NLB Y ( l ) ,  . . . Y ( 8 )  

where 

, NLB = t h e  number of  t h i s  c ros s - sec t ion  and f i s s i o n  product  

TITLE = a 72-character  alphanumeric c ros s - sec t ion  and f i s s i o n  

y i e l 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  beginning 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) 

SNG = t h e  e f f e c t i v e ,  one-group (n,y)  c r o s s  s e c t i o n  of n u c l i d e  
NUCLID l e a d i n g  t o  a ground s t a t e  

/SN2N = t h e  e f f e c t i v e ,  one-group (n,2n)  c r o s s  s e c t i o n  of n u c l i d e  
ewt d y  NUCLID l e a d i n g  t o  a ground s ta te ;  ac&tn&e-segm 

SN3N = t h e  e f f e c t i v e ,  one-group (n,3n)  c r o s s  s e c t i o n  of n u c l i d e  
NUCLID l e a d i n g  t o  a ground s t a t e ;  a c t i n i d e  segment only  

SNA = 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  
NUCLID 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  product  segments on ly  

n u c l i d e  NUCLID; a c t i n i d e  segment only  

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 only  

NUCLID l e a d i n g  t o  an e x c i t e d  state of t h e  daughter  

NUCLID l e a d i n g  t o  an e x c i t e d  s ta te  of t h e  daughter  

y i e l d  card  fo l lows:  

/ NUCLID = a s i x - d i g i t  n u c l i d e  i d e n t i f i e r  corresponding t o  t h e  d a t a  

. .  

SNF = t h e  e f f e c t i v e ,  one-group ( n , f i s s i o n )  c r o s s  s e c t i o n  of 

, SNP = t he  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)  c r o s s  s e c t i o n  of n u c l i d e  

SN2NX = t h e  e f f e c t i v e ,  one-group (n,2n) c r o s s  s e c t i o n  of n u c l i d e  

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  card  fo l lows  
YYN.LT.O.0 = no f i s s i o n  y i e l d  card  follows 
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Table 5 . 2  (cont inued)  

Y ( 1 )  = f i s s i o n  y i e l d  of n u c l i d e  NLJCLID from v a r i o u s  f i s s i l e  
spec ie s ,  i n  pe rcen t  

I 

1 
2 
3 
4 
5 
6 
7 
8 

- F i s s i l e  s p e c i e s  

Th-232 
U-233 
U-235 
U-238 
Pu-239 
Pu-241 
Cm-245 
Cf-249 

B.  Number of c a r d s  p e r  n u c l i d e :  2 

C .  Terminate ca rd  scan  f o r  n u c l i d e  NUCLID: Automatic. 

D.  Terminate r ead ing  t h i s  c ros s - sec t ion  and f i s s i o n  product  y i e l d  
l i b r a r y  segment: NLB.LT.0, one card .  

E. Skip r ead ing  t h i s  c ros s - sec t ion  and f i s s i o n  product  y i e l d  l i b r a r y  
segment: Cont ro l led  by L I B  command (Sec t .  4 .18) .  

F. Remarks: None. 

I 

. 

L t  
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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 ros s - sec t ion ,  
and f i s s i o n  product  y i e l d  d a t a  

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 ros s - sec t ion  d a t a  

5. S u b s t i t u t e  a c t i n i d e  c ros s - sec t ion  d a t a  

6 .  

S u b s t i t u t e  a c t i v a t i o n  product  decay d a t a  

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  

Format 

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 rde r  of t h e  
d a t a  i s  as desc r ibed  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 appear b e f o r e  
t h e  L I B  command (Sec t .  4 . 1 8 )  i n  which t h e  bulk of t h e  l i b r a r y  
i s  r ead .  

The n u c l i d e s  i n  each of s u b s t i t u t e  card  groups 1 through 6 
above must b e  p r e s e n t  i n  t h e  i n p u t  stream i n  t h e  same order  
i n  which they  are encountered wh i l e  reading  t h e  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  card  can never  appear  a lone  and must 
always fo l low a c r o s s - s e c t i o n  card  f o r  t h e  same nuc l ide .  

2. 

3 .  
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5 . 4  S p e c i f i c a t i o n  of Non-Standard, Flux-Dependent React ions 

This  op t ion  a l lows  t h e  u s e r  t o  s p e c i f y  flux-dependent ( i . e . ,  c ros s -  

s e c t i o n )  r e a c t i o n s  t h a t  cannot  be accounted f o r  by us ing  one of t h e  s tandard  

ORIGEN2 r e a c t i o n  types  [ v i z . ,  ( n , y ) ,  ( n , p ) ,  ( n , a > ,  (n ,2n) ,  (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  

i s  desc r ibed  i n  Table 5 .4 .  The number of non-standard,  f lux-dependent 

r e a c t i o n s  t o  b e  read and t h e  i n p u t  u n i t  number on which they  are t o  be  

read are de f ined  by t h e  L I B  command i n  Sec t .  4.18.  

5.5 Photon Data L i b r a r i e s  

The f i r s t  ca rd  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  card  con ta in ing  t h e  number and alphanumeric t i t l e  

of  t h e  photon l i b r a r y  segment. Following t h e  t i t l e  ca rd  are c a r d s  

con ta in ing  t h e  photon product ion  ra tes  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  i s  g iven  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  i s  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 (Sec t .  4 .19) .  

v1 

F 
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Table 5 . 4 .  Desc r ip t ion  of non-standard,  
f lux-dependent r e a c t i o n  d a t a  

Data sequence 

NPAR NDAUG RATE 

where 

NPAR = t h e  s i x - d i g i t  n u c l i d e  i d e n t i f i e r  ,see Sec t .  
pa ren t  o r  p recu r so r  n u c l i d e  

.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  ( s e e  Sec t .  2.7) of t h e  
daugh te r  n u c l i d e  

n u c l i d e  NPAR i n  u n i t s  of ba rns  
RATE = t h e  c r o s s  s e c t i o n  f o r  t h e  format ion  of n u c l i d e  NDAUG from 

Formats 

One r e a c t i o n  p e r  ca rd .  

Remarks 

1. The number of non-standard,  f lux-dependent r e a c t i o n  c a r d s  t o  
be i n p u t  and t h e  u n i t  number upon which they  are t o  be read  
are s p e c i f i e d  us ing  t h e  L I B  command (Sec t .  4 .IS>. 
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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  segment: 

NLB TITLE 

F i r s t  c a r d  f o r  each nuc l ide :  

NLB NUCLID NGP(l), RPH(l), . . NGP(1), RPH(I) 

Subsequent c a r d ( s )  f o r  each  nuc l ide :  

NGP(I+l) , RPH(I+l) , . . . NGP(ItIAX), RPH(1MAX) , -1 

where 

NLB = t h e  number o f  t h i s  photon l i b r a r y  segment 

TITLE = a 72-character  alphanumeric photon l i b r a r y  segment t i t l e  
beginning  i n  Column 9 

NUCLID = a s i x - d i g i t  n u c l i d e  i d e n t i f i e r  f o r  t h e  photon informat ion  
on t h e  fo l lowing  c a r d ( s )  ( s e e  Sec t .  2.7) 

B. 

C. 

D. 

E. 

F. 

NGP(1) = t h e  number of a photon energy group. Twelve groups are 
allowed f o r  t h e  a c t i v a t i o n  p r o d u c t s  and f i s s i o n  products ;  
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 per  
d is  i n  te g r  a t i o n  

IMAX = the number of NGP(I)/RPH(I) p a i r s  s p e c i f i e d  must be . LE. 18 

Number of c a r d s  per  n u c l i d e :  
"subsequent c a r d ( s ) "  as r e q u i r e d  f o r  those  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 

Terminate card  scan  f o r  n u c l i d e  NUCLID:  NGP(IMAX+l).LT.O i f  
IMAX is  l e s s  than  18; automatic  otherwise.  

Terminate reading  t h i s  photon l i b r a r y  segment: NLB.LT.0. 

Skip r e a d i n g  t h i s  photon l i b r a r y  segment: 
command ( S e c t .  4 . 1 9 ) .  

Cont ro l led  by PHO 

Remarks : 

1. Only t h o s e  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 s t r u c t u r e s  f o r  a c t i v a t i o n  
products ,  a c t i n i d e s ,  and f i s s i o n  products  

Group energy (MeV) 
Lower boundary Upper b ound ar y Average Group 

1 
? 
3 
4 
5 
6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

c.0 
L̂  . 0 0 COE- 02 
3.0000E-02 
4.50COE-02 
7.00 COY- 02 
1 . 0 0 0 0 E -  01 
1.50COE-01 
3 . 0 0 OOP- 0 1 
4.50 09E-0 1 
7 . 00 C O Y -  0 1 
1,0000E 00 
1.5000E 00 
2.0000F 00 
2 . 5 0 0 0 E  00 
?.0000F 0 0  
4.0000F 0 0  
6 . 0 0 0 0 r  00 
f!.OOCOF 00 

2 . 00 OOR- 02 
3 0000F- 02 
4.5000E-02 
7.0000E-02 
1.0000F-01  
1 , 5000E-01 
3.0 000E- 01 
Y.5000E-01 
7.OOOOP-01 
1 , O O O O E  00 
1.5000E 00 
2.0000E 00 
2.5000F 00 
3.0000Y 00 
4.0000F 00 
6.0000E 00 
8.0000F 00 
1.1000E 01  

1.0000E-02 
2.5000E-02 
3.75 0 OE- 0 2 
5.75 0 OE-0 2 
8 . 5000E-0 2 
1,2500E-0 1 
2.2500E-0 1 
3.75003-0 1 
5.750 OE- 0 1 
8.5OOOE-0 1 
1.2500E 00 
1.7500E 00 
2.2500E 00 
2.7500F 00 
3.5000E 0 0  
S.0000E 00 
7.9000E 00 
9 , 5 0 0 0 E  00 
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6 .  SPECIFICATION O F  INITIAL MATERIAL COMPOSITIONS, CONTINUOUS 
NUCLIDE FEED RATES, AND CONTINUOUS ELEMENT REMOVAL RATES 

This  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  re la t ive 

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  f eed  rates, and t h e  cont inuous  element removal ( r ep rocess ing )  

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  composi t ion 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 nucl 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  occur r ing  element which i s  p r e s e n t .  The amount of 

a n a t u r a l l y  occur r ing  element i s  converted t o  a nucl ide-by-nucl ide 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 inpu t  w i th  t h e  decay 

l i b r a r y  (Sec t .  5.1).  The amounts of i n d i v i d u a l  n u c l i d e s  o r  n a t u r a l l y  

occur r ing  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  feed  ra te  op t ion  (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  rate 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  occur r ing  elements  i n  u n i t s  of g / ( t i m e  u n i t ) ( b a s i s  u n i t )  

o r  g-atoms/(t ime u n i t ) ( b a s i s  u n i t ) .  Both t h e  mass u n i t s  and t h e  t i m e  

u n i t s  are s p e c i f i e d  by us ing  t h e  INP command (Sec t .  4 . 6 ) .  This  o p t i o n  

i s  u s e f u l  i n  s imula t ing  t h e  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 tank.  

The cont inuous  element removal o p t i o n  (Sec t .  6.3) a l lows  t h e  use r  

t o  s p e c i f y  t h e  cont 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 n / t i m e  u n i t .  

INP command (Sec t .  4 . 6 ) .  This  op t ion  i s  most u s e f u l  when s imula t ing  t h e  

cont inuous r e p r o c e s s i n g  which would b e  expected t o  occur  du r ing  t h e  

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  

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 MSBR. I f  t h i s  op t ion  i s  t o  

be used t o  c a l c u l a t e  cont inuous  element removal i n  a s i t u a t i o n  where 

i r r a d i a t i o n  i s  n o t  t a k i n g  p l a c e ,  t hen  a ve ry  small neut ron  f l u x  must 

s t i l l  be  s p e c i f i e d  t o  a l l o w  t h e  cont inuous  element removal op t ion  t o  be  

used.  

A 
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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  Material Composition 

A .  Funct ion:  Spec i fy  i n i t i a l  amounts of i n d i v i d u a l  n u c l i d e s  o r  

n a t u r a l l y  occur r ing  e lements .  

B.  Data sequence: 

NEXT, NUCLID(l), RCOMP(1), . . . NUCLID(IM), RCOm(ImX) 

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  i s  in tended  and t h e  type  of information:  

( i . e . ,  n u c l i d e s  o r  e lements )  

1 = i n d i v i d u a l  a c t i v a t i o n  product  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  product  n u c l i d e s  

4 = n a t u r a l l y  occur r ing  a c t i v a t i o n  product  e lements  

5 = n a t u r a l l y  occur r ing  a c t i n i d e  e lements  

6 = n a t u r a l l y  occur r ing  f i s s i o n  product  e lements  

NUCLID(1) = t h e  s i x - d i g i t  i d e n t i f i e r  f o r  nuc l ide  o r  element I 

( s e e  S e c t .  2 . 7 )  

RCOMP(1) = amount of n u c l i d e  o r  element NUCLID(1) i n i t i a l l y  present.  

The u n i t s  of RCOMP(1) are s p e c i f i e d  wi th  t h e  INP opera- 

t i o n a l  command (Sec t .  4 . 6 ) .  
IMAX = maximum number of NULCID(I)/RCOMP(I) p a i r s  s p e c i f i e d  on 

each card  must be  .LE .4  

C .  Terminate card  scan:  NUCLID(1MAX 4- 1) = 0 i f  IMAX.LT.4 

D .  Terminate r ead ing  i n i t i a l  composition: Card wi th  NEXT = 0 

E. Skip r ead ing  i n i t i a l  composi t ion:  Alter 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 card  w i t h  NEXT = 0 .  

F. Remarks: 

1. I f  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  va lue  

of NEXT, a l l  of t h e  RCOMP(1) v a l u e s  f o r  t h a t  n u c l i d e  on c a r d s  

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 iven  c a r d  correspond t o  t h e  NEXT v a l u e  on 

t h a t  ca rd .  

6.2 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  

occur r ing  e lements .  

B.  Data sequence: 

NEXT, NUCLID(1) , RRATE(1), . . . NUCLID(1MAX) , RRATE(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 tended  and t h e  type  of in format ion:  

1 = i n d i v i d u a l  a c t i v a t i o n  product  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  product  n u c l i d e s  

4 = n a t u r a l l y  occur r ing  a c t i v a t i o n  product  e lements  

5 = n a t u r a l l y  occur r ing  a c t i n i d e  elements  

6 = n a t u r a l l y  occur r ing  f i s s i o n  product  e lements  

NUCLID(1) = t h e  s i x - d i g i t  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 ( see  Sec t .  2 .7)  

RRATE(1) = t h e  f eed  rate of n u c l i d e  o r  element NUCLID(1). The 

u n i t s  of RRATE(1) are s p e c i f i e d  w i t h  t h e  INP command 

(Sec t .  4 . 6 ) .  
IMAX = maximum number of NUCLID(I)/RRATE(I) p a i r s  s p e c i f i e d  

on each card ;  IMAX must be  .LE.4 

C .  Terminate ca rd  scan:  NUCLID(1MAX + 1) = 0 i f  IMAX.LT.4 

D. Terminate r ead ing  cont inuous  feed  rates: Card wi th  NEXT = 0 

E.  Skip r ead ing  cont inuous  f eed  rates:  Alter 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 card  w i t h  NEXT = 0. 

IC 

Z l l  

Ilr 

La 

c 

I, 

L 
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F. Remarks: 

1. I f  t h e  f eed  rate of 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  RRATE(1) v a l u e s  f o r  t h a t  

n u c l i d e  on c a r d s  having  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  ra te  f o r  n u c l i d e  NUCLID(1). 

Continuous feed  rate c a r d s  wi th  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 RRATE(1) va lues  on 

any g iven  ca rd  correspond t o  t h e  NEXT va lue  on t h a t  ca rd .  

2. 

6.3  S p e c i f i c a t i o n  of Continuous Reprocessing Rates  

A. Funct ion:  Read cont inuous  element removal rates dur ing  i r r a d i a t i o n .  

E.  Data sequence: 

Group 1 (one ca rd  set)  

RREM(l), NPROS(1) , . . . RREM(M) , NPROS(M), . . . 
RREM(MMAX1, NPROS (m) 

Group 2 [MMAX ca rd  sets (M = 1 t o  MMAX)] 

NZ (M,  1) , . . . NZ (M,N) , . . . NZ [M,NPROS (M) ] 

where 

RREM(M) = t h e  f i r s t - o r d e r  removal 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  wi th  

the INP command (Sec t .  4 . 6 ) .  
NPROS(M) = t h e  number of e lements  i n  card  set M of Group 2 ;  t h a t  is ,  

t h e  number of e lements  which have a cont inuous removal 

rate equa l  t o  RREM(M). 

MMAX = t h e  number of cont inuous r ep rocess ing  rates t o  be read .  

A l s o ,  t h e  number of card  sets i n  Group 2.  MMAX i s  

s p e c i f i e d  as NINP(4) us ing  t h e  INP command (Sec t .  4 . 6 ) .  

NZ(M,N) = t h e  two-digi 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  ca rd  scan: I m p l i c i t  i n  i n p u t  in format ion .  

D.  Terminate r ead ing  cont inuous r ep rocess ing  rates:  I m p l i c i t  i n  i n p u t  

in format ion .  

E. Skip r ead ing  cont inuous  r ep rocess ing  rates: Alter c o n t r o l  c h a r a c t e r  

of p e r t i n e n t  INP command. 

F. Remarks: 

1. Continuous element removal w i l l  occur  on ly  du r ing  i r r a d i a t i o n .  

I f  cont inuous  removal is d e s i r e d  i n  a s i t u a t i o n  where no neut ron  

f l u x  is p r e s e n t ,  u s e  t h e  IRF command (Sec t .  4 .21)  w i t h  a ve ry  

s m a l l  f l u x .  



7 .  ORIGEN2 INPUT DECK ORGANIZATION 

Sec t ions  7 . 1  through 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  

d i scussed  i n  S e c t s .  2 th rough 6 are organized  i n  t h e  ca rd  i n p u t  deck. 

Sec t ion  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  source  and o b j e c t  ca rd  

decks t h a t  comprise t h e  ORIGEN2 code. Sec t ion  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  t h e  

n u c l i d e  d a t a  l i b r a r i e s  (Sec t s .  5 .1  through 5.3) are on ca rds .  Sec t ion  7 . 3  
is similar t o  S e c t .  7.2, except  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 t a p e  o r  d i rec t -access-device  f i l e s .  

7 . 1  Source and Object  Deck Organiza t ion  

This  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  ORIGEN2 source  and 

o b j e c t  ca rd  decks .  

g iven  i n  Table 7 . 1 .  

The gene ra l  form of t h e  ORIGEN2 code card  deck i s  

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 a l l  ORIGEN2 s u b r o u t i n e s ,  except  MAIN,  on 

e i t h e r  a t a p e  o r  a d i r e c t - a c c e s s  dev ice .  During normal o p e r a t i o n  of 

ORIGEN2, MAIN would be  recompiled each t i m e  t h e  code is  used and would 

be  t h e  on ly  [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 npu t  deck 

scheme. M A I N  i s  recompiled t o  f a c i l i t a t e  u se  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 ) ]  would normally b e  p r e s e n t ,  and on ly  t h e  

INCLUDE HEX ca rd  and t h e  ove r l ay  c a r d s  would be  used.  

s t a t e m e n t s ]  are n o t  r equ i r ed .  They do, however, cons iderably  reduce 

t h e  s i z e  of t h e  f i n a l  execu tab le  module. 

The [OVERLAY 

A somewhat less common s i t u a t i o n  occur s  when t h e  u s e r  wishes t o  make 

changes i n  s e l e c t e d  o b j e c t  sub rou t ines  t h a t  have p rev ious ly  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  dev ice .  

and/or  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  card  deck i n  t h e  

a p p r o p r i a t e  p l a c e ,  as i n d i c a t e d  i n  Table 7.1.  The subrou t ines  on c a r d s  

w i l l  a u t o m a t i c a l l y  be  s u b s t i t u t e d  f o r  t hose  on t h e  t a p e  o r  d i r e c t - a c c e s s  

dev ice .  

I n  t h i s  case, t h e  r ev i sed  FORTRAN 



Table 7.1. Source and object deck organization 

Section 
where 

Comments described Input deck 

FORTRAN step 

//FORT.SYSIN DD * 
[FORTRAN Subroutine(s)] 

/ *  

MAIN plus FORTRAN subroutine(s) 
to be substituted for similarly 
named subroutines in a previously 
compiled version of ORIGEN2 that 
is stored on a direct-access 
device or tape. 

Link-edit step 

//LKED.HEX DD DSN=ORIGEN2.0BJECT,DISP=SHR JCL to call previously compiled 
version of ORIGEN2 from direct- 
access device or tape; not used 
if the entire ORIGEN2 code is 
present on cards. 

//LKED.SYSIN DD * 
[OBJECT Deck(s)] 

INCLUDE HEX 

[OVERLAY Statements] 

I* 

Read OBJECT subroutine(s) to be 
substituted for those in the 
previously compiled version of 
ORIGEN2; substitute FORTRAN 
subroutines compiled above and 
OBJECT subroutines for those in 
object deck on direct-access 
device or tape; read OVERLAY 
statements to arrange subroutines 
in a space-minimizing order. 
If the entire ORIGEN2 code is 
present on cards,the INCLUDE HEX 
card is omitted. 

2.1 

None 

None 

W 
0 
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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  ORIGEN2 code 

i s  on ca rds ,  t h e  //LKED.HEX . . . and INCLUDE I-IEX c a r d s  are omi t ted .  

7.2 ORIGEN2 Input  Deck Organiza t ion  - Nuclide Data 
L i b r a r i e s  on Cards 

The o r g a n i z a t i o n  of t h e  ORIGEN2 i n p u t  deck, assuming t h a t  t h e  decay, 

c ros s - sec t ion ,  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 ,  is  g iven  i n  Table 7.2. 

fo l lows  : 

A summary of t h e  inpu 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  inpu t /ou tpu t  u n i t s ;  

misce l laneous  i n i t i a l i z a t i o n  d a t a  changes; 

ORIGEN2 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 cont inuous  feed and 

s u b s t i t u t e  decay,  c ros s - sec t ion ,  and f i s s ion -p roduc t  

non-standard,  f lux-dependent r e a c t i o n s .  

r ep rocess ing  ra tes ;  

y i e l d  d a t a ;  

It i s  important  t o  n o t e  t h a t  - a l l  of t h e  nuc l ide  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 .18)  must b e  read  on t h e  s a m e  i npu t  u n i t .  A 

similar s t a t emen t  can b e  made about  t h e  d a t a  l i b r a r i e s  read  w i t h  t h e  PHO 

command (Sec t .  4 . 1 9 ) ,  a l though t h e  u n i t s  de f ined  by t h e  L I B  and PHO 

commands may b e  d i f f e r e n t .  

d a t a  can be read  on a u n i t  d i f f e r e n t  from t h a t  used by t h e  L I B  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 

//GO.FT06F001 DD SYSOUT=A 

//GO.FT07F001 DD DUMMY 

//GO.FTO~FOO~ DD DUMMY 

//GO.FTlOFOOl DD DUMMY 

//GO.FTllFOOl DD DUMMY 

//GO.FT12F001 DD SYSOUT=A 

//GO.FT13F001 DD DUMMY 

//GO.FT15F001 DD DUMMY 

//GO.FT16F001 DD DUMMY 

//GO.FT50F001 DD DSN=TEMP, 
SPACE=(3200,(50,50),RLSE), 

LRECL=8OYBLKSIZE=3200) 
DISP=(NEW,PASS),DCB=(RECFM=FB, 

Input compositions on disk or tape 
(Sect. 4.5) 

Principal print unit 

Write a material composition 
(Sect. 4.15) 

Decay/cross-section library input 
from disk or tape; not used in 
this case 

Photon library input from disk or 
tape; not used in this case 

Alternate print unit 

Print unit for unit 6 table of 
contents 

Print unit for unit 11 table of 
contents 

Debugging information 

Variable cross-section information 

Temporary space for input read on 
unit 5 



Table 7.2 (continued) 

Section (s) 
where 

de sc r ibed Input deck Comments 

[Override default individual 
element fractional recoveries] 
-1 

[Override default element group 
fractional recoveries] 
-1 

[Override default element group 
membership] 
-1 

[ORIGEN2 commands] 

[Activation product decay data 
library ] 
-1 

[Actinide decay data library] 

[Fission product data library] 

-1 

-1 

Miscellaneous initialization data 

Data need not be present; -1 required 3.4 

Data need not be present; -1 required 3.5 

Data need not be present; -1 required 3.6 

ORIGEN2 commands 

Only commands up to and including 4 
the first STP command (Sect. 4 . 2 9 )  
or the end command are present here. 

Decay data library 4 . 1 8 ,  5.1 

Some of these libraries (including 
their associated -1) may not be 
present, depending on the parameters 
of the LIB command (Sect. 4 . 1 8 ) .  

co 
W 



Table 7.2 (continued) 

Section(s) 
where 

Input deck Comments described 

Cross-section data libraries 4.18, 5.2 

[Activation product cross-section Some of these libraries (including 
data library] their associated -1) may not be 
-1 present,depending on the parameters 

library] 
-1 

of the L I B  command (Sect. 4.18). [Actinide cross-section data 

[Fission product cross-section 
data library] 
-1 

[Activation product photon data 
library] 
-1 

[Actinide photon data library] 

[Fission product photon data 

-1 

library] 
-1 

Photon data libraries 

Some or all of these libraries may 
not be present, depending on the 
parameters of the PHO command 
(Sect. 4.19) and whether it is present. 

4.19, 5.5 



Table 7.2 (continued) 

Section ( s )  
where 

Input deck Comments described 

Composition, feed rates, 
and removal rates 

[Initial nuclide or element mass] 

[Continuous nuclide or element 

0 

feed rates] 
0 

[Continuous element removal rates] 

[Begin input with miscellaneous 
data above] 

[Begin input with ORIGEN2 

[Begin input with decay data 

commands above] 

libraries] 

4.6, 6.1 

4.6, 6.2 

4.6, 6.3 

Branch or stop 

If (NSTP.EQ.l), read new miscellan- 
eous input data, read new ORIGEN2 
commands, and execute new commands. 

If (NSTP.EQ.2), read new ORIGEN2 
commands and execute. 

If (NSTP.EQ.3), execute existing 
ORIGEN2 commands again. 

If (NSTP.EQ.4) or no STP command is 
used, terminate execution. 

co 
M 

/ *  
//GO.FT03F001 DD * 



Table 7.2 (continued) 

Input deck Comments 

Section(s) 
where 

described 

4.18, 4.20 Substitute data 

[Activation product decay data] Some or all of these data may not 
be present,depending on the 
parameters of the LIB command 
(Sect. 4.18). If the libraries 

[Actinide decay data] 

[Fission product decay data] 

[Activation product cross-section 

[Actinide cross-section data] the need for this section. 

are on cards, these substitutes 
can be manually placed in the 
appropriate library, eliminating data] 

[Fission product cross-sect ion 
data] 

Non-standard reactions 4.18, 5.4 

[Non-standard, flux-dependent May not be presenqdepending on 
reactions] parameters of the L I B  command 

(Sect. 4.18) 

/* 
/ /  



8 7  

7 . 3  ORIGEN2 Inpu t  Deck Organiza t ion  - N u c l i d e  Data L i b r a r i e s  
on Tape o r  a Direct-Access Device 

The o r g a n i z a t i o n  of t h e  ORIGENZ i n p u t  deck, assuming t h a t  t h e  decay, 

c ros s - sec t ion ,  f i s s i o n  product  y i e l d ,  and photon l i b r a r i e s  are on t a p e  

o r  a d i r e c t - a c c e s s  dev ice ,  i s  g iven  i n  Table 7 .3 .  A summary of t h e  

i n p u t  deck o r d e r  i s  as follows: 

c o n t r o l  c a r d s  d e f i n i n g  inpu t /ou tpu t  u n i t s  and d a t a  

misce l laneous  i n i t i a l i z a t i o n  d a t a ;  

ORIGENZ o p e r a t i o n a l  commands; 

i n i t i a l  n u c l i d e  composi t ions and cont inuous  f eed  

s u b s t i t u t e  decay,  c ros s - sec t ion ,  and f i s s i o n  product  

non-standard,  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 ep rocess ing  rates; 

y i e l d  d a t a ;  

A s  i n  Sect. 7 . 2 ,  i t  i s  impor tan t  t o  n o t e  t h a t  - a l l  of t h e  nuc l ide  d a t a  

l i b r a r i e s  r ead  w i t h  t h e  L I B  command (Sec t .  4.18) must be  read  on t h e  

same i n p u t  u n i t .  A s i m i l a r  s t a t emen 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, a l though t h e  u n i t s  de f ined  by t h e  L I B  and PHO 

commands (Sec t .  4.19) may b e  d i f f e r e n t .  The s u b s t i t u t e  d a t a  c a r d s  must 

b e  read  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  L I B  d a t a  l i b r a r i e s .  



Table  7.3. ORIGEN2 input  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  

I n p u t  deck Comments 

S e c t i o n  ( s )  
where 

d e s c r i b e d  

//GO.FT04F001 DD DUMMY 

//GO.FT06F001 DD SYSOUT=A 

//GO.FT07F001 DD DUMMY 

//GO.FTllFOOl DD DUMMY 

//GO.FT12F001 DD SYSOUT=A 

//GO.FT13F001 DD DUMMY 

//GO.FT15F001 DD DUMMY 

//GO.FT16F001 DD DUMMY 

//GO.FT50F001 DD DSN=TEMF’, 
SPACE= (3200, (50,50) ,RLSE) , 
DISP=(NEW,PASS),DCB=(ECFM=FB, 
LRECL=80,BLKSIZE=3200) 

//GO.FT09001 DD DSN=ORIGEN2.DECAY, 
DISP=SHR 

f 1  I ? ’  “ 1  1 

Output u n i t  s p e c i f i c a t i o n  Table  2.3 

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  
( S e c t .  4.15) 

A l t e r n a t e  p r i n t  u n i t  

P r i n t  u n i t  f o r  u n i t  6 table 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 informat ion  

V a r i a b l e  c r o s s - s e c t i o n  i n f o r m a t i o n  

Temporary space  f o r  i n p u t  r e a d  on 
u n i t  5 

Decay d a t a  l i b r a r y  

A c t i v a t i o n  product ,  a c t i n i d e  
and f i s s i o n  product  decay 
libraries i n  one f i l e  

4.18, 5 .1  

co 
co 



Table 7 .3  (cont inued)  

Sect i o n  ( s )  
where 

Comments desc r ibed  Input  deck 

Cross-sec t ion  d a t a  l i b r a r y  

/ /  DD DSN=ORIGEN2.XSEC,DISP=SHR 

//GO.FTlOFOOl DD DSN=ORIGEN2.PHOTON, 
DISP=SHR 

//GO.FT05F001 DD * 

[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 

[Overr ide  d e f a u l t  element group 
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 
membership] 
-1 

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  
f i s s i o n  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  product  photon d a t a  i n  
one f i l e  

Misce l laneous  i n i t i a l i z a t i o n  d a t a  

Data need n o t  b e  p r e s e n t ;  -1 
requ i red  

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  

3 .4  

3 .5  

3 .6  



Table 7.3 (continued) 

Input deck Comments 

~ 

Section(s) 
where 

described 

[ORIGEN2 commands] 

[Initial nuclide or element mass] 

[Continuous nuclide or element feed 

0 

rates] 
0 

[Continuous element removal rates] 

[Begin input with miscellaneous 
input data above] 

[Begin input with ORIGEN2 commands 

[Begin input with decay data 

above] 

libraries 3 

I* 
//GO.FT03F001 DD * 

ORIGENZ commands 

Only commands up to and including 4.0 
the first STP command (Sect. 4.29) 
or the end command are present here. 

Composition, feed rates, 
and removal rates 

Branch or stop 

If (NSTP.EQ.l), read new miscel- 
laneous input data, new ORIGEN2 
commands, and execute new commands. 

If (NSTP.EQ.2), read new ORIGEN2 
commands and execute. 

If (NSTP.EQ.3), execute existing 
ORIGEN2 commands again. 

If (NSTP.EQ.4) or no STP command is 
used, terminate execution. 

4.6, 6.1 

4 . 6 ,  6.2 

4.6, 6.3 

4.29 



Table 7 . 3  (cont inued)  

Sect ion (s ) 
where 

Input  deck Comments desc r ibed  

S u b s t i t u t e  d a t a  

b e  present ,depending  on t h e  
parameters  of t h e  L I B  command 

[ F i s s i o n  product  decay d a t a ]  ( S e c t .  4 . 1 8 ) .  

[ A c t i v a t i o n  product  decay d a t a ]  

[Ac t in ide  decay d a t a ]  

Some o r  a l l  of t h e s e  d a t a  may n o t  

[ A c t i v a t i o n  product  c ros s - sec t  ion 
d a t a ]  

[Ac t in ide  c ross -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 ]  

[Non-standard, f lux-dependent 
react ions ]  

Non-standard r e a c t i o n s  

May n o t  b e  p re sen t ,  depending on 
parameters  of t h e  L I B  command 
(Sec t .  4 . 1 8 )  

4 . 1 8 ,  4 .20  

4 . 1 8 ,  5 . 4  
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8. DESCRIPTION OF ORIGEN2 INPUT AND OUTPUT 

Th i s  s e c t i o n  p r e s e n t s  and d e s c r i b e s  a s p e c i f i c  ORIGEN2 c a l c u l a t i o n .  

The example c a l c u l a t i o n a l l y  i r r a d i a t e s  f r e s h  3.2%-enriched uranium oxide  

f u e l  and t h e  c l add ing  a s s o c i a t e d  w i t h  t h e  f u e l ,  r ep rocesses  t h e  f u e l ,  

and then  decays t h e  h igh - l eve l  and c l add ing  wastes. 

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 .  

Other i n s t r u c t i o n s  

Sec t ion  8.1 d e s c r i b e s  t h e  ORIGEN2 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 g e n e r i c  d e s c r i p t i o n  of  ORIGEN2 o u t p u t ,  

which is  necessa ry  because of t h e  appa ren t  d i f f i c u l t y  many u s e r s  expe r i ence  

when t r y i n g  t o  read  ORIGEN2 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 B-F) r e s u l t i n g  from execu t ion  

of t h e  i n p u t  deck desc r ibed  i n  Sec t .  8.1. 

8 .1  Desc r ip t ion  of  Sample ORIGEN2 Input  

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 . l  

of Appendix A. Except f o r  t h e  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  ORIGEN2 e x i s t s  as an 

o b j e c t  deck on a d i r e c t - a c c e s s  dev ice  o r  t ape .  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  

card  number g iven  i n  t h e  le f t -hand  column i n  Table  A . l .  

Cards 1 through 5 c a l l  f o r  t h e  ca ta loged  procedure i n  which a 

FORTRAN program i s  compiled (opt imiz ing  compi le r ) ,  l i n k - e d i t e d ,  and 

executed.  Cards 6 through 89 c o n s t i t u t e  “MAIN” ( s ee  Sec t .  2 .1 ) ;  they  

are t h e  on ly  p a r t s  of ORIGEN2 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 a 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 M A I N  shown i n  
F ig .  2 . 1  and correspond t o  case  1 i n  Table 2.2. 
a s p e c t s  of MAIN are desc r ibed  on t h e  comment c a r d s  conta ined  i n  t h e  

l i s t i n g  i n  Table  A . l .  

The most s i g n i f i c a n t  

m n  

c 
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Following M A I N  on cards 90 through 105 is a series of job control 

cards for ORIGEN2. Cards 9 1  and 9 2  point to the compiled subroutines of 

ORIGEN2 (i.e., the object module), which reside on a direct-access device 

in this example. Card 9 3  points to the OVERLAY statements, which are used 

to arrange the ORIGEN2 subroutines in a space-minimizing configuration. 

The OVERLAY statements are also stored on a direct-access device and are 

listed in Table A.2 of Appendix A.  Cards 9 5  and 9 6  point to the decay 

and cross-sectionffission product yield libraries that are stored on a 

direct-access device. The data sets are concatenated to prevent ORIGEN2 

from encountering an end-of-file when it begins to read the cross-section 

data. ORIGEN2 will continue if the cross-section data set is not concat- 

enated (i.e., the cross-section data set is given as GO.FT09F002 DD, etc.). 

However, in this case, an error message will be printed. Card 9 7  points 

to the photon library, which is stored on a direct-access device. Cards 

9 8  through 1 0 2  and 105 point several ORIGEN2 output units to the line 

printer (see Sect. 2 . 5 ) .  Unit 6 i s  automatically pointed to the line 

printer by the ORNL operating system and must be included explicitly on 

systems where this is not done. Card 9 4 ,  which is the output unit for the 

PCH command, is pointed to the card punch. Cards 103 and 1 0 4  define the 

scratch data set to which SUBROUTINE LISTIT  (see Sect. 2 . 6 )  writes the 

input data read on unit 5 while they are also being listed on unit 6 .  

Cards 1 0 6  through 290  constitute the input to ORIGEN2 that is read 

on unit 5. Only the highlights of the input on unit 5 will be discussed 

since many of these cards result from straightforward application of 

the commands in Sect. 4 .  Cards 107 through 113 override various of 

the fractional reprocessing recoveries,as described in Sects. 3 . 4  through 

3.6. Cards 125 through 1 2 8  are the LPU commands that indicate the 

nuclides for which substitute data are to be provided. The first LPU 

command is associated with the first negative library identifier on the 

LIB command [(card 1 2 9 ) ,  i.e., the fission product decay library (library 

identifier = -3)J .  The second LPU command is associated with the second 

negative library identifier (viz., - 2 1 ) ,  and so forth. The substitute 

data cards are to be read on unit 3, as indicated on the LIB card. 

Additionally, the L I B  command calls for two non-standard reactions to 

be read on unit 3 .  Cards 1 3 4  through 1 4 2  read various input material 

compositions and store them in storage vectors. Cards 1 4 3  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  oxide  f u e l  m a t e r i a k w i t h  s p e c i f i c  

power be ing  s p e c i f i e d .  Two a s p e c t s  of t h i s  s e c t i o n  should be  noted:  

(1)  t h e  u s e  of t h e  BUP commands ( c a r d s  146 and 158) 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  burnup i s  t o  b e  determined; and (2)  t h e  u s e  of 

t h e  r i g h t  p o r t i o n  o f  t h e  IRP commands f o r  comments, which is  p e r m i t t e d  

on a l l  c a r d s  a f t e r  t h e  l a s t  r e q u i r e d  c h a r a c t e r .  Cards 159 through 162 

output  t h e  r e s u l t s  of t h e  f u e 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  segments ( a c t i v a t i o n  

products ,  a c t i n i d e s ,  and f i s s i o n  products )  be ing  p r i n t e d  a long  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  ( s e e  

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 166 and 167 a re  

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 .  

inc luded  f o r  t h e  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 w i l l  b e  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 .  

i r r a d i a t e  t h e  f u e l  c l a d d i n g  m a t e r i a l  by s p e c i f y i n g  t h e  f l u x  level ;  

however, s i n c e  t h e  f l u x  i s  given as -1.0,  t h e  f l u x  a c t u a l l y  used i s  

taken  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 9 1  through 194 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 195 temporar i ly  h a l t s  t h e  r e a d i n g  of t h e  

ORIGEN2 commands and begins  e x e c u t i o n  of t h o s e  a l r e a d y  r e a d .  

i n  t h e  STP command i n d i c a t e s  t h a t  when execut ion  of t h e  preceding  

commands is  complete,  new commands, b u t  n o t  new misce l laneous  i n i t i a l i -  

z a t i o n  d a t a ,  are t o  be  r ead .  Cards 196 through 226 d e f i n e  t h e  i n p u t  

material composi t ions read  by t h e  INP commands on c a r d s  134 through 

142. 

t h e  z e r o e s  ( 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  execut ion  of  

each INP command. Card 227 begins  t h e  new set  of  commands r e q u i r e d  by 

t h e  prev ious  STP command. 

s e c t i o n f 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 a d d i t i o n a l  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 t h e  u n i t s  are rewound a f t e r  t h e  

l i b r a r i e s  have been r ead .  Cards 234 through 240 r e p r o c e s s  t h e  f u e l  

t o  g e n e r a t e  t h e  h igh- leve l  waste (HLW) composi t ion as w e l l  as t h e  

composition of t h e  f u e l  r e s i d u a l  i n  t h e  c ladding .  Cards 243 through 

265 and 266 through 288 c o n s t i t u t e  t h e  decay and o u t p u t  of t h e  h igh- leve l  

They have o n l y  been 

Cards 168 through 186 

The "2" 

Note t h e  use  of  comments on t h e  r i g h t  p o r t i o n  of t h e  c a r d s  and 

Cards 230 through 232 a g a i n  read  decay, cross-  

r 

c 
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waste and c l a d d i n g  waste. Note t h a t  t h i s  in format ion  i s  be ing  output  

on both  u n i t s  6 and 11 by t h e  use of two OUT commands f o r  each w a s t e .  

Card 289 i n d i c a t e s  t h a t ,  a f t e r  execut ion  of t h e  prev ious  commands, t h e  

j o b  is  completed. 

C a r d s  291 through 306 c o n t a i n  t h e  u n i t  3 i n p u t  t o  ORIGEN2.  Cards 

292 through 300 c o n t a i n  t h e  informat ion  t o  o v e r r i d e  d a t a  i n  t h e  l i b r a r i e s  

be ing  read  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  Sec t .  5 . 3 ) ,  and 

t h e i r  presence i s  r e q u i r e d  by c a r d s  125 through 128. 

c o n t a i n  t h e  two non-standard r e a c t i o n s  ( s e e  Sec t .  5.4) r e q u i r e d  by t h e  

f i r s t  L I B  command (ca rd  129).  Cards 303 through 306 c o n t 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/LIB commands ( c a r d s  230 and 231).  

Note t h a t  on ly  t h e  decay informat ion  i s  r e q u i r e d  s i n c e  only  t h e  decay 

l i b r a r i e s  are  be ing  r ead .  

Cards 301 and 302 

8.2 Generic  D e s c r i p t i o n  o f  ORIGEN2 Output 

Previous  exper ience  h a s  shown t h a t  many people  have d i f f i c u l t y  i n  

r e a d i n g  ORIGEN o u t p u t  and, because of t h e  g r e a t e r  number of o u t p u t  

u n i t s  and t a b l e  t y p e s ,  even g r e a t e r  d i f f i c u l t y  w i t h  ORIGEN2 o u t p u t .  

The p r i n c i p a l  problem appears  t o  be i n  f i n d i n g  t h e  c o r r e c t  t a b l e  i n  

t h e  g e n e r a l l y  massive amount o f  o u t p u t  produced by ORIGEN2. T h i s  

s e c t i o n  r e p r e s e n t s  a n  a t tempt  t o  a l l ev ia t e  t h e  problem by g i v i n g  a 

g e n e r i c  d e s c r i p t i o n  of t h e  o r g a n i z a t i o n  of ORIGEN2 o u t p u t .  S e c t i o n  8.3 

w i l l  d e s c r i b e  i n  d e t a i l  t h e  sample o u t p u t  i n  Appendix B.  

ORIGEN2 o u t p u t  i s  ar 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  f o u r  

l e v e l s .  Thus, t h e  f i r s t  o b j e c t i v e  is  t o  e s t a b l i s h  t h e  o v e r a l l  ( f i r s t -  

l e v e l )  o r g a n i z a t i o n  of t h e  o u t p u t .  T h i s  is  done i n  Sec t .  8.2.1.  Next, 

i n  Sect .  8 .2 .2 ,  t h e  p r i n c i p a l  component of t h e  f i r s t - l e v e l  o r g a n i z a t i o n ,  

which i s  c a l l e d  a n  “output  grouping,”  i s  d i s s e c t e d .  F i n a l l y ,  i n  

Sec t .  8 .2 .3  a s i n g l e  ORIGEN2 o u t p u t  page i s  analyzed.  
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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  

The 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  ORIGEN2 ou tpu t  is  summarized 

i n  Table 8.1. 
t h e  ou tpu t  h i e r a r c h y  and, i n  some cases, t h e  second level .  Most of t h e  

ou tpu t  i n  t h e  f i r s t  level  i s  r e l a t i v e l y  s h o r t ,  w i th  t h e  excep t ion  of t h e  

“Output N,  ” which w i l l  b e  d i scussed  l a te r .  

The o v e r a l l  o r g a n i z a t i o n  c o n t a i n s  t h e  f i r s t  level  of 

The c a r d  i n p u t  echo i s  simply a l i s t i n g  of t h e  i n p u t  read  on t h e  

ca rd  r eade r .  This  f u n c t i o n  i s  c o n t r o l l e d  from MAIN ( see  Sec t .  2 .6 ) ,  and 

t h e  u n i t  numbers can be  changed r e a d i l y  by changing t h e  c a l l i n g  arguments 

t o  SUBROUTINE LISTIT. 

The l i s t i n g  of t h e  misce l laneous  i n p u t  d a t a ,  t h e  ORIGENZ commands, 

and t h e  d a t a  l i b r a r i e s  is t o  ensu re  t h a t  t h e  in fo rma t ion  r ead  by ORIGEN2 

w a s  r ece ived  p rope r ly .  The l i s t i n g  of 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 be  c o n t r o l l e d  by t h e  L I P  (Sec t .  4.16) 

command. The d e t a i l s  of t h e s e  d a t a  are conta ined  i n  t h e  s e c t i o n s  

i n d i c a t e d  i n  Table  8.1 and w i l l  no t  b e  d i scussed  f u r t h e r  h e r e .  

The ou tpu 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 ou tpu t  by f a r ,  w i l l  b e  d i scussed  i n  d e t a i l  i n  Sec t .  8.2.2.  

All 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  1 2  l ists  t h e  v a r i o u s  

types  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 .  It is hoped t h a t  t h i s  dev ice  w i l l  minimize the  amount of 

s ea rch ing  r equ i r ed  t o  f i n d  a p a r t i c u l a r  p i ece  of in format ion  i n  a l a r g e  

volume of ou tpu t .  

The v a r i a b l e  c ros s - sec t ion  informat ion  p r i n t e d  on u n i t  16  g ives  t h e  

va lues  o f  each of  t h e  c r o s s  s e c t i o n s  t h a t  vary  wi th  burnup f o r  each irra- 

d i a t i o n  s t e p .  Seve ra l  types  of d a t a  are g iven ,  i nc lud ing  (1) t h e  l i s t  of 

i s o t o p e s  and c r o s s  s e c t i o n s  ( i . e . ,  c 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  prev ious  and c u r r e n t  c ros s - sec t ion  va lues ,  ( 3 )  t h e  l o c a t i o n  of 

t he  v a l u e s  be ing  v a r i e d  i n  t h e  ORIGEN2 a r r a y s ,  ( 4 )  t h e  l o c a t i o n  of t h e  

f i s s i o n  product  y i e l d s  t h a t  must be a l t e r e d  when f i s s i o n  c r o s s  s e c t i o n s  

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 on), 

c 

..* 

P 

L 

Iu 
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Table 8.1. Overall organization of ORIGEN2 output 

Section where 
Unita described Description of output 

Card input echo 6 8.2 

Miscellaneous input 6 3 

Fission neutron yield per neutron-induced 

(alpha,n) neutron production rate 
Fission neutron yield per spontaneous 

Individual-element fractional reprocessing 

Element-group fractional reprocessing 

Assignment of elements to fractional 

Elemental chemical toxicities 

fission 

fission 

recoveries 

recoveries 

recovery groups 

Listing of ORIGEN2 commands 

Data libraries 

Decay 
Activation product segment 
Actinide segment 
Fission product segment 

Activation product segment 
Actinide segment 
Fission product segment 

Activation product segment 
Actinide segment 
Fission product segment 

Cross sect ion 

Photon 

b 

b 
output 1 

output 2 

b Output N 

Table of contents 
I 

6 

6 

6 

6 

4 

5 

8.2.1 

8.2.1 

6 8.2.1 

12 8.2 

Variable cross-sect ion informat ion 16 8.2 

Debugging and other internal information 15 8.2 

a 

bSee Table 8.2 for a description of the organization of each output 

Note: If an STP command (see Sect. 4.24) is used, the output after 
"Output N" in the above table will begin with miscellaneous input 
(NSTP=l), ORIGEN instruction listing (NSTP=2), or Output N+1 
(NSTP=3). 

Assuming that the unit assignments given in Table 2 . 3  are used. 

grouping. 
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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  w i t h  d i r e c t  f i s s i o n  

product  y i e l d s  is  be ing  used t o  account  f o r  t h o s e  a c t i n i d e s  ( i . e . ,  237Np, 

240Pu, e t c . )  t h a t  do n o t  have a d i r e c t  f i s s i o n  product  y i e l d .  

The debugging and o t h e r  i n t e r n a l  in format ion  t h a t  is  p r i n t e d  on 

u n i t  15 i s  g e n e r a l l y  most u s e f u l  i n  monitor ing t h e  p r o g r e s s  of t h e  calcu-  

l a t i o n .  The execut ion  of each command begins  w i t h  t h e  p r i n t i n g  of a 

one-l ine message t h a t  i n d i c a t e s  t h e  number and type  of command be ing  

executed.  Other  in format ion  t h a t  i s  p r i n t e d  h e r e  i n c l u d e s :  

1. parameters  r e l a t e d  t o  t h e  c a l c u l a t i o n  of t h e  f l u x  by an IRP 

command ( S e c t .  4 . 2 2 ) ,  

t h e  average r e c o v e r a b l e  energy p e r  f i s s i o n  f o r  each  i r r a d i a t i o n  

s t e p  , 
parameters  c a l c u l a t e d  d u r i n g  the e x e c u t i o n  of a FAC command 

( S e c t .  4 .41 ,  and 

parameters  c a l c u l a t e d  d u r i n g  the e x e c u t i o n  of a KEQ command 

( S e c t .  4 . l o ) .  

2 .  

3 .  

4 .  

The informat 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  o u t p u t  i n  

a t y p i c a l  ORIGEN2 c a l c u l a t i o n .  However, under c o n d i t i o n s  where an 

ex t remely  l a r g e  amount of  o u t p u t  i s  d e s i r e d ,  i t  may prove u s e f u l  t o  

d i r e c t  a l i m i t e d  amount 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 

t h e  o u t p u t  t o  u n i t  11. Unit 11 could be  a d i r e c t - a c c e s s  d e v i c e ,  t a p e ,  

o r  microf iche  w r i t e r .  I n  any case, t h e  o u t p u t  d i r e c t e d  t o  unit 11 will 

b e  t h e  Output N i n f o r m a t i o n ,  and u n i t  1 3  w i l l  b e  t h e  t a b l e  of c o n t e n t s  

f o r  u n i t  11. 

F i n a l l y ,  t h e r e  i s  one type  of  ORIGEN2 o u t p u t  which, a l though 

r a r e l y  genera ted ,  can be  very  u s e f u l  f o r  some debugging purposes .  

This  o u t p u t  is  a l i s t i n g  of  t h e  "matrix" of r e a c t i o n  rates t h a t  are t h e  

parameters  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  

c o n t r o l l e d  by t h e  L I B  command (Sec t .  4 .171 ,  would r e q u i r e  roughly 75 

pages f o r  a n  ORIGEN2 c a l c u l a t i o n  t h a t  i n c l u d e s  a l l  n u c l i d e s .  

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  ou tpu t ,  

.II' 

*,,I 
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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 ou tpu t  group 

The o r g a n i z a t i o n  of  t h e  informat ion  conta ined  i n  one of  t h e  Output N 

s e c t i o n s  i n  Table 8.1 i s  summarized i n  Table 8 . 2 .  This  w i l l  be  c a l l e d  

an "output grouping" hencefor th .  

execu t ion  of one OUT command (Sec t .  4 . 5 ) .  

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 ou tpu t  grouping r e s u l t s  from t h e  

The ou tpu t  grouping c o n t a i n s  

An ou tpu t  grouping can  c o n t a i n  s i x  second-level  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 

( inc lud ing  d a u g h t e r s ) ,  a f i s s i o n  product  segment, neut ron  emission ra tes ,  

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 d a t a  c o n s i s t  of less than  one page of 

in format ion  summarizing t h e  f l u x e s ,  burnups,  s p e c i f i c  power, and i n f i n i t e  

m u l t i p l i c a t i o n  f a c t o r  d a t a  f o r  each  of t h e  v e c t o r s  being p r i n t e d .  

a d d i t i o n ,  t h e  in fo rma t ion  r e l a t e d  t o  t h e  s i z e  of t h e  ORIGEN2 case  ( s e e  

Tables  2 . 1  and 2 . 2 )  is summarized h e r e .  The ou tpu t  of t h i s  in format ion  

can b e  c o n t r o l l e d  by t h e  OUT command (Sec t .  4 . 5 ) .  

I 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  ou tpu t  of one o r  more 

" t a b l e  types"  con ta in ing  in fo rma t ion  f o r  on ly  t h e  a c t i v a t i o n  products .  

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 t h e  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  neut ron  

abso rp t ion  r a t e  (neu t rons / sec ) .  Twenty-four t a b l e  types  are  a v a i l a b l e  

i n  ORIGEN2; t h e s e  are l i s t e d  i n  Table  4 . 3 .  The t a b l e  types  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 t a b l e  

type ,  t h e r e  are f o u r  p o s s i b l e  aggrega t ions :  n u c l i d e ,  e lement ,  summary 

i s o t o p e ,  and summary element .  The aggrega t ion ( s )  t h a t  are p r i n t e d  are 

a l s o  c o n t r o l l e d  by t h e  OPTL command. 

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 aggrega t ion  l i s t s  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 he  v e c t o r s  be ing  p r i n t e d .  The summary 

aggrega t ions  c o n t a i n  t h e  same type  of i n fo rma t ion  as t h e  r e g u l a r  t a b l e s  

except  t h a t  on ly  t h o s e  n u c l i d e s  ( o r  e lements )  which c o n t r i b u t e  more than  

a c e r t a i n  f r a c t i o n  ( i .e . ,  c u t o f f  v a l u e )  t o  t h e  t o t a l  f o r  a l l  a c t i v a t i o n  

product  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  wi th  t h e  

The n u c l i d e  aggrega t ion  l ists  t h e  
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Table 8.2. Organization of an output grouping 

Reactivity and burnup data 

Activation product segment 

Table type la 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

Table type 2a 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

Table type 24a 

Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 

Actinide segment 
[same table types and aggregations as for activation products] 

Fission product segment 
[same table types and aggregations as for activation products] 

Neutron production rates 

Spontaneous f iss ion 
(alpha,n) 

Photon production rates 

Summation tables 
Principal contributor tables 

[same aggregations as for activation products] 

[same aggregations as for activation products] 

Activation product segment 

Act hide segment 

Fission product segment 

a The table types that are actually printed can be controlled with 
the OPTn commands (see Sects. 4.25-4.27). 

Note: An "output grouping" results from the execution of a single 
OUT command (see Sect. 4.5). 



CUT command (Sec t .  4 . 9 ) .  It should be  noted  t h a t  some t a b l e  t y p e s ,  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 r o d u c t s  and cannot  b e  p r i n t e d .  

The a c t i n i d e  segment and t h e  f i s s i o n  product  segment i n  Table 8 . 2  

are v e r y  similar to  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 .  The t a b l e  t y p e s  and aggrega t ions  p r i n t e d  

f o r  t h e  a c t i n i d e s  and t h e  f i s s i o n  p r o d u c t s  are c o n t r o l l e d  by t h e  OPTA 

(Sect .  4 . 2 6 )  and t h e  OPTF (Sec t .  4 . 2 7 )  commands r e s p e c t i v e l y .  

The neut ron  product 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 .  

product ion rates 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 v e c t o r  

p r i n t e d  and a one-page l i s t i n g  of t h e  neut ron  product ion rates 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 ' '  since t h e  c o n t r i b u t i o n  of each n u c l i d e  

t o  t h e  t o t a l  i s  t e s t e d  a g a i n s t  a c u t o f f  v a l u e  s p e c i f i e d  by t h e  CUT 

command ( S e c t .  4 . 9 ) .  I f  t h e  i s o t o p e ' s  c o n t r i b u t i o n  is  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 .  

Each c o n s i s t s  of  a one-page l i s t i n g  of t h e  neut ron  

Both of 

The f i n a l  second-level  s e c t i o n  of t h e  o u t p u t  grouping is  t h e  photon 

product 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. Since t h e  

photon product ion  rate o u t p u t  f o r  each  of t h e s e  segments i s  s u b s t a n t i a l l y  

t h e  same, o n l y  t h e  a c t i v a t i o n  product  segment w i l l  b e  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 t a b l e s  and 

p r i n c i p a l  c o n t r i b u t o r  t a b l e s .  The summation t a b l e s  l ist t h e  photon 

product 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  of 18 photon 

energy groups.  

MeV w a t t - '  s e c  

product 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  set  w i t h  t h e  CUT command) t o  t h e  t o t a l  

photon product ion  r a t e  f o r  each group. 

Summation t a b l e s  are given i n  u n i t s  of photons/sec and 

. The p r i n c i p a l  c o n t r i b u t o r  t ab l e s  l i s t  t h e  photon -1 
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8.2.3 D e s c r i p t i o n  of a s i n g l e  ORIGEN2 o u t p u t  page 

A t y p i c a l  ORIGEN2 ou tpu t  page, taken  from one of t h e  ou tpu t  groupings ,  

i s  shown i n  F ig .  8.1. The page number, ou tpu t  u n i t  number, and segment 

( i . e . ,  a c t i v a t i o n  p roduc t ,  a c t i n i d e ,  o r  f i s s i o n  product )  are g iven  i n  t h e  

u p p e r ,  r ight-hand c o r n e r .  The 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  

of c o n t e n t s ,  as mentioned p r e v i o u s l y .  

Next, i n  t h e  upper l e f t  p o r t i o n  of t h e  page, t h e  fo l lowing  in fo rma t ion  
i s  g iven:  

1. t h e  t i t l e  f o r  t h i s  ou tpu t  grouping ( s p e c i f i e d  w i t h  a 

T I T  command, S e c t .  4.2);  

t h e  average  s p e c i f i c  power (MW p e r  b a s i s  u n i t ) ,  burnup 

(MWd p e r  b a s i s  u n i t ) ,  and f l u x  (neu t rons  cm-2 s e c - l ) ,  

t h e  c a l c u l a t i o n  of  which depends on t h e  BUP command 

( S e c t .  4.14); 

t h e  aggrega t ion  (e .g . ,  n u c l i d e  t a b l e ,  element summary 

t a b l e ,  e t c . )  and t a b l e  type  ( i . e . ,  r a d i o a c t i v i t y ,  c u r i e s ) ;  and 

2 .  

3 .  

4 .  t h e  ou tpu t  grouping b a s i s  ( s p e c i f i e d  w i t h  a BAS command, 

S e c t .  4 .3 ) .  

I f  no real  s p e c i f i c  power/burnup/flux in fo rma t ion  i s  a v a i l a b l e ,  a l l  

parameters are set  t o  1 .0 .  

Below 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 .  Unless a l t e r e d ,  t h e s e  headings  w i l l  be t h e  i r r a d i a -  

t i o n  o r  decay t i m e s  f o r  t he  v e c t o r .  

i n s e r t e d  by u s i n g  t h e  HED command (Sec t .  4 . 7 ) .  

Alphanumeric v e c t o r  headings  can be  

The remainder of  t h e  ou tpu t  page i s  occupied by t h e  main body of 

t h e  ORIGEN2 ou tpu t  i n fo rma t ion .  The l e f t m o s t  column l is ts  t h e  n u c l i d e  

(o r  element), and t h e  remainder of t h e  h o r i z o n t a l  l i n e  g i v e s  t h e  charac- 

terist ic ( i . e . ,  c u r i e s )  of  t h a t  i s o t o p e  f o r  each  of t h e  t i m e s  o r  

c o n d i t i o n s  of each  v e c t o r .  

A t  t h e  end of each aggrega t ion ,  v e c t o r  t o t a l s  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  a r e  g iven  a t  t h e  end of each 

t a b l e  type .  

c II 

F 

w 



OUTPUT UNIT = 6 PAGE 18 
DECAY O F  EWE CTROCTORAL I A T E B I A L  HASTE: 33,000 nYD/IITH’I A C T I V A T I O N  PRODUCTS 

POWER= 1.000008 00111, B U R N U P =  1.00000E O O I I W D ,  PLOX= 1.00E OON/CH**2-SEC 

N U C L I D E  TABLE: CONCENTRATIONS, GRAIS 
ONE TONNE OF I N I T I A L  H E A V Y  n E T A L  AT A BEPROCESSING TIME OF 160 DAYS 

S ? ! * O . O 5 X  E 3. Y R  10. Y R  3 0 .  Y R  100. Y R  300. I R  1. K Y  3. K Y  10. KY 30. R Y  100. KY 1. n y  

A 1  
A 2  
H 3  
H 4  

H F  3 
H E  4 
H E  6 
I1 6 
L I  7 
L I  e 
B E  8 
B E  9 
B E  10 
B E  1 1  

E 10  
E 1 1  
E 1.2 
c 12 
c 13  
c 14  
C 1 5  
N  1 3  
N 1 4  
N  1 5  
N 16  
C 1 6  
C 17 
c 1 8  
c 1 5  
F 19  
F 20 

N E  2 0  
N E  21 
N E  22 
N E  2 3  
N A  22 
N A  2 3  
Tin 2 4  
N A  24n 
N A  2 5  
H G  2 4  
I G  2 5  
I I G  26 
M G  2 1  
H G  28  
A I  27 
A I  28 
A I  2 9  
AL 30  
SI 28 
SI 29 
S I  30 

0.0 
2.85 1E-04 
9.8UOE-07 
0.0 
1.909 E- 06 
1.90 4E-0 1 
0.0 
3.965E 01  
4.9783-01 
6.295E-02 
0.0 
0.0 
4.730E 01 
1 - 9 5  2 E- 01 

0.0 0.0 0.0 
2.851E-04 2.8519-04 2.85 1E-04 
9.7 55E-07 9. 464E-0 7 6.4 08B-07 
0.0 0.0 0.0 
1.918E-06 1.9473-06 2.2533-06 
1.9 OUE- 0 1 1.9 0 &E-0 1 1.9 0 4E-0 1 
0.0 0.0 0.0 
3.965E 0 1  3.965E 01  3 .9658 0 1  
4.978E-01 4.978E-01 U.978E-0 1 
5.6003-03 1.175E-06 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
4.736E 0 1  4.736E 01 U.736E 01  
1.9 52E-0 1 1.952E- 01 1.9 5 2E- 0 1 

2.977E 00 2.977E 00 2.9773 00 2.977E 00 2.977E 00 2.977E 00 2.977E 00 2.9773 00 2.977E 00 2.977E 00 2.9773 00 2.977E 0 0  
5.9COE-03 5.9001-03 5.9008-03 5.900E-03 5.900E-03 5.9COE-03 5.9OOP-03 5.900E-03 5.900E-03 5.900E-03 5.900E-03 5.900E-03 
1.326E-05 1.120E-05 7.5643-06 2.462P-06 4.839E-08 6.446E-13 5.563E-30 0.0 0.0 0.0 0.0 0.0 
0 -0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.412E-10 2.0553-06 5.6963-06 1.080E-05 1.3213-05 1.326E-05 1.326E-05 1.326E-05 1.3263-05 1.326E-05 1.3263-05 1.326E-05 
1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1-168E-01 1-168E-01 1.168E-01 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4.849 E- 06 4 -8493-06 4.8493-06 4.849E- 06 4.8 49E- 06  4.849E-06 4.84 9E-06 0.849E- 0 6 4.8493- 06 4.849 E-0 6 4.84 9E-06 4.84 9E-06 
Z.ES2E-02 2.6923-02 2.692E-02 2.692E-02 2.6923-02 2.692E-02 2.692E-02 2.692E-02 2.692E-02 2.692E-02 2.692E-02 2.692’2-02 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
2.85 1 E -  04 2.851E-04 2.851P-04 2.851E-04 
5 -883  E- 07 9.882E-07 9.8813-07 9.878E-07 
c.c 0.0 0.0 0.0 
1.905E-06 1.9053-06 1.905E-06 1.90tE-06 
1.904I-01 1.904E-0 1 1.904E-0 1 1.904E-01 
0.0 0.0 0.0 0.0 
3.965E 01 3.965E 01  3.965F 01  3.965E 0 1  
U S78E- 0 1 U.918E-01 4.978E-01 4.978E-01 
2.11 1E-01 2.08 5E-0 1 2 .036’~-0  1 1.87 OE-0 1 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
4.715E 01 4.715E 0 1  4.7168 01 4.717E 01  
1.952E-01 1.9523-01 1.952E-01 1.952E-01 

0.0 0.0 0.0 0.0 
2.851E-04 2.85 1E-04 2.851E-04 2.85 1E- 0 4  
9.883E-07 9.8833-07 9.8833-07 9.870E-07 
0.0 0.0 0.0 0.0 
1.905’2-06 1.9053-06 1.9053-06 1.906E-06 

1.9 04E-0 1 1.904E-01 1.9043-01 1.90UE-01 
0.0 0.0 0.0 0.0 
3.965E 01  3.9653 01 3.9653 01 3.965E 01  
4.918E-0 1 4.9783- 0 1 4.978E-0 1 4.978E-01 
2.110E-01 2.108E-01 2.103E-01 1. 46 8E-0 1 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
4.715E 0 1  4.715E 01 4.715E 01 
1.9 52 E- a 1 1.9 5 2 ~ -  o 1 1. ~ 5 2 ~  - o 1 

4.721E 0 1  
1.9 5 2E- 0 1 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.794E 02 2.79UE 02 2.794E 0 2  2.794E 02 2.7943 0 2  2.794E 02 2.799E 0 2  2.79UE 0 2  2.794E 02 2.794E 02  2.79UE 02 2.794E 0 2  
1.132E-01 1.132E-01 1.132E-01 1.132E-01 1.132E-01 1.132E-01 1.132E-01 1.132E-01 1.132E-01 1.132E-01 1.132E-01 1-132E-01 
6.429E-01 6. U29E-01 6.429E-01 6.429B-01 6.429E-0 1 6.429E-01 6.4292-01 6.429E-01 6.429E-01 6. 429E-01 6.429E-01 6-429E-01 

5.350E-03 5.350E-03 5.35013-03 5.350E-03 5.350E-03 5.350E-03 5.3501-03 5.35OE-03 5.350E-03 5.350E-03 5.350E-03 5.350E-03 

1 - 8 1  5E-07 1.875E-01 1.8753-07 1.875E-07 1.875E-07 1.87 5E-07 1.875E-07 1.875E-07 1.8753-07 1.875E-07 1.87 5E-07 1 - 875E-07 
8.182E-10 8.182E-10 8.182E-10 8.182E-10 8.182E-10 8.1823-10 8.182E-10 8.182E-10 8.182E-10 8.182E-10 8.1823-10 8-182E-10 
1.51eE-09 1.518E-09 1.518E-09 1.518E-09 1.5183-09 1.518E-09 1.5182-09 1.518E-09 1.5183-09 1.518E-09 1.518E-09 1.518E-09 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

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 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8.329E-04 8.3293-04 8.3293-04 8.329E-04 8.329E-04 8.329E-04 8.3292-04 8.329E-04 8.3293-04 8-3293-04 8.329E-04 8.329E-04 
1.616E-0U 1.616E-04 1.616E-04 1.616E-04 1.616E-04 1.6163-04 1.61CE-04 1.616E-00 1.6163-04 1.616E-04 1.616E-04 1.616E-04 
1.446E-04 1.446E-04 1.4463-04 1.446E-04 1.9463-04 1.446E-04 1.446E-04 1.446E-04 1.4463-04 1.446E-04 1.4463-04 1.446E-04 

7.484E-03 7.484E-03 7.484E-03 7.484E-03 7.48UE-03 7.484E-03 7.484E-03 7.48UE-03 7.484E-03 7.484E-03 7.48YE-03 7.484E-03 

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 
8.238I 01 8.238E 0 1  8.2383 01 8.238E 01 8.2383 0 1  8.2383 0 1  8.238E 01  8.2383 0 1  8.238E 01  8.2383 01  8.238E 0 1  8.238E 01 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.161E 02  1.161E 0 2  1.161E 02 1.161E 02 1.161E 0 2  1.161E 02 1.161E 02  1.161E 0 2  1.161E 02 1.161E 02  1.161E 02  1.161E 0 2  
6.127E 00  6.127E 00  6.1273 00  6.127E 00 6.1273 00  6.1273 00 6.121E 00  6.1272 0 0  6.1213 00 6.127E 00  6.127E 00 6.127E 00 
4.1821 00 4.1823 00 4.1823 00 4.1823 00 4.182E 00  4.1823 00 4.1823 00 4.1823 00 4.182E 00 4.182E 00 ‘4.182E 00 4.182E 00 

P 
0 
w 

Fig .  8.1. Typ ica l  ORICENZ ou tpu t  page. 
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8 .3  Description of Sample ORIGEN2 Output 

This section describes five different types of sample output produced 

by ORIGEN2:  output on unit 6 ,  units 1 2  and 1 3 ,  unit 15, unit 1 6 ,  and 

unit 7. 

can be extremely voluminous, only representative excerpts have been 

included in some cases. 

by the sample input deck described in Sect. 8.1. 

Since the output from some of these units, particularly unit 6, 

All output described in this section was produced 

8.3.1 ORIGEN2 output on unit 6 

The sample ORIGEN2 output printed on unit 6 is given in Appendix B. 

There are two principal types of output on unit 6: 

information,and the ORIGEN2 output grouping. The output grouping, in turn, 

consists of various table types (e.g., watts, grams, etc.) for each of 

the nuclide segments (activation products, actinides, and fission products), 

neutron production tables, and photon production tables. 

reactivity and burnup 

The sample reactivity and burnup information is given in Appendix B . 1 ,  

Table B.l. 

vectors contain information pertinent to only the output vector to which 

it corresponds. 

entire output. The " S I Z E  OF MMAX" information tells the number of nuclides 

that have a given number of associated nuclear reactions [i.e., MMAx(3) 

means that a nuclide has three reactions]. The information below the MMAX 

data indicates the size of the problem executed. This information is 

needed to variably dimension ORIGEN2.  

Samples of the table types that are output for each of the nuclide 

Because of 

The first seven of the ten lines present for all of the output 

The last three lines contain average information for the 

segments are given in Appendix B . 2 ,  Tables B . 2  through B . 5 .  

the length of the output, only the activation product radioactivity table 

is included. Table B . 2  is the activation product nuclide radioactivity 

table for the long-term decay of the cladding waste. This table con- 

tains the curies of the radioactive nuclides in the cladding associated 

with 1 metric ton of initial heavy metal as a function of decay time. 

This table is quite long because each of the 684 nuclides is listed, 

13. 

c. 

Ih 

* r  
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r e g a r d l e s s  of whether i t  is  s i g n i f i c a n t .  Table  B . 3  i s  t h e  element 

aggrega t ion  cor responding  t o  t h e  n u c l i d e  aggrega t ion  i n  Table B . 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. 

Table  B . 4  i s  t h e  n u c l i d e  summary t a b l e  aggrega t ion .  

most s i g n i f i c a n t  n u c l i d e s  conta ined  i n  Table  B . 2  are  l i s t e d .  

T a b l e  B . 5  g i v e s  t h e  element summary t a b l e  cor responding  t o  Table B . 4 .  

A s  is  e v i d e n t ,  t h e  summary aggrega t ions  a r e  cons ide rab ly  s h o r t e r  than  

t h e  n u c l i d e  o r  element aggrega t ions .  However, t h e  summary aggrega t ions  

should be  used w i t h  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  t o o  h igh  could r e q u i r e  t h e  r e p e t i t i o n  of a l eng thy  

(and t h e r e f o r e  expens ive)  computer run .  

Here, on ly  t h e  

F i n a l l y ,  

Appendix B . 3  g i v e s  sample neu t ron  product ion  ra te  t a b l e s .  Table  B .6  

i s  t h e  neu t ron  product ion  rate from (a lpha ,n )  r e a c t i o n s .  The neu t ron  

product 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  composition i n  

each v e c t o r .  Table  B . 7  i s  i d e n t i c a l  except  t h a t  t h e  neu t ron  product ion  

rates are from spontaneous f i s s i o n  even t s .  

on ly  f o r  t h e  a c t i n i d e s  s i n c e  on ly  t h e s e  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 lpha  p a r t i c l e s .  

t a b l e s  are summary t a b l e s  ( i . e . ,  only 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 ) .  

t a b l e s  t o g e t h e r  are g iven  f o r  t h e  t a b l e  as ou tpu t  and f o r  a l l  n u c l i d e s ,  

whether ou tpu 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 .  

These t a b l e s  are produced 

It should be noted t h a t  t h e s e  

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  

Appendix B . 4  c o n t a i n s  t h e  sample photon product ion  ra te  ou tpu t .  

Table  B . 8  is  an  example of t h e  photon summation t a b l e s ,  i n  this c a s e  f o r  

t h e  f i s s i o n  p roduc t s  i n  h igh - l eve l  waste. The upper h a l f  of Table B . 8  

g ives  t h e  photon product ion  ra te  i n  each of 18 energy groups as a 

f u n c t i o n  of decay t i m e  i n  u n i t s  of pho tons / sec .  

u n i t s  of photons /sec  and MeV/sec. 

t h e  s p e c i f i c  energy r e l e a s e  ra te  f o r  each group as a f u n c t i o n  o f  decay 

t i m e  i n  u n i t s  of MeV (of gamma power) sec-I [wa t t  (of r e a c t o r  power)]-’. 

T o t a l s  are g iven  i n  u n i t s  of MeV sec-’ w a t t - ’  and (gamma) w a t t s .  All of 

t h e  u n i t s ,  except  t h e  s p e c i f i c  energy release r a t e ,  are p e r  b a s i s  u n i t .  

T o t a l s  are given i n  

The lower h a l f  of Table B . 3  g ives  
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8.3.2 ORIGEN2 ou tpu t  on u n i t s  12 and 13 

ORIGEN2 o u t p u t s  t h e  t a b l e s  of c o n t e n t  f o r  u n i t s  6 and 11 on u n i t s  

1 2  and 1 3  r e s p e c t i v e l y .  

( u n i t  12) and C . 2  ( u n i t  13) .  The h i e r a r c h i c a l  n a t u r e  of t h e  ORIGEN2 

ou tpu t  i s  e v i d e n t  i n  t h e s e  t a b l e s  of c o n t e n t ,  p a r t i c u l a r l y  Table  C . l .  It 

i s  hoped t h a t  t h e  use  of t h i s  ou tpu t  by ORIGEN2 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 users 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 g iven  i n  Table C . l  

8 . 3 . 3  ORIGEN2 ou tpu t  on u n i t  1 6  

The ou tpu t  on u n i t  16  i s  in fo rma t ion  r e l a t e d  t o  t h e  changing of t h e  

v a r i a b l e  a c t i n i d e  c r o s s  s e c t i o n s  inc luded  i n  ORIGEN2. 

u n i t  16  i s  g iven  i n  Appendix D.  

by l i n e a r  i n t e r p o l a t i o n  based on t h e  a n t i c i p a t e d  burnup dur ing  t h e  nex t  

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

r e l a t e d  t o  t h e  a n t i c i p a t e d  burnup dur ing  t h e  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  i n t e r p o l a t i o n .  Then, a 

small  t a b l e  is  ou tpu t  c o n t a i n i n g  s e v e r a l  p i e c e s  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 .  

t a b l e  are as fo l lows :  

Sample ou tpu t  from 

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  

Thus, t h e  f i r s t  ou tpu t  on u n i t  16  c o n t a i n s  parameters 

The p i e c e s  of i n fo rma t ion  i n  t h i s  

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 .  XSEC TYPE: Type of c r o s s  s e c t i o n ;  1 = (n,gamma), 2 = (n,gamma) 

t o  an e x c i t e d  s t a t e  of t h e  daugh te r ,  4 = ( n , f i s s i o n ) .  

3 .  TOCAP(I), I=: I is  t h e  l o c a t i o n  of t h e  c r o s s  s e c t i o n  i n  a r r a y  

TOCAP, which c o n t a i n s  t h e  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 .  

This  is  meaningless f o r  f i s s i o n  c r o s s  s e c t i o n s .  

A(N), N = N i s  t h e  l o c a t i o n  of t h e  r e a c t i o n  ra te  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). 

4 .  

5 .  FP YIELP I 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  t h e  loca-  

t i o n s  of t h e  f i s s i o n  product  y i e l d s  t h a t  have t o  be a d j u s t e d  

c- 

F 

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) :  Loca t ion  of t h e  f i s s i o n  c r o s s  s e c t i o n  i n  a r r a y  FISS,  

which c o n t a i n s  a l l  f i s s i o n  c r o s s  s e c t i o n s .  

7. A(N): Value of A(N) f o r  t h e  N i n  i t e m  4 above; n o t  meaningful 

f o r  f i s s i o n  c r o s s  s e c t i o n s .  

8. TOCAP(1): Value of TOCAP(1) f o r  t h e  I i n  i t e m  3 above. 

9. A(N) FP YIELD: Value of A(N) f o r  a s i n g l e ,  a r b i t r a r i l y  chosen 

f i s s i o n  product  y i e l d ;  no t  meaningful i f  i t e m  5 equa l s  zero .  

10.  FISS(J) :  Value of FISS(J) f o r  t h e  l o c a t i o n  i n  i t e m  6 above. 

11. OLD XSEC: Value of t h e  c r o s s  s e c t i o n  du r ing  t h e  prev ious  

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

1 2 .  NEW XSEC: Value of t h e  c r o s s  s e c t i o n  dur ing  t h e  upcoming 

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

A l l  of t h e s e  p i e c e s  of in format ion ,  i n  one f a s h i o n  o r  ano the r ,  serve t o  

i n d i c a t e  whether t h e  r o u t i n e s  t h a t  va ry  t h e  a c t i n i d e  c r o s s  s e c t i o n s  are  

func t ion ing  p rope r ly .  Under normal c i rcumstances ,  t h i s  ou tput  i s  n o t  

u s e f u l  and can be suppressed .  

ou tpu t  segments are given i n  Appendix D so  t h a t  t h e  movement of t h e  

o ld  and new c r o s s  s e c t i o n s  can be  seen .  

Two s e q u e n t i a 1 , v a r i a b l e  c ros s - sec t ion  

8 . 3 . 4  ORIGEN2 ou tpu t  on u n i t  15 

A sample ou tpu t  con ta in ing  debugging and i n t e r n a l  in format ion  is  

given i n  Appendix E. This  o u t p u t ,  which i s  p r i n t e d  on u n i t  15 ,  s e r v e s  

t h r e e  p r i n c i p a l  func t ions .  The f i r s t  f u n c t i o n ,  which i s  u s e f u l  i n  some 

debugging s i t u a t i o n s ,  is  t o  p r i n t  a s i n g l e  l i n e  of in format ion  j u s t  

be fo re  each command is  executed.  This  ou tpu t  immediately i n d i c a t e s  t h e  

command t h a t  w a s  be ing  executed when t h e  e r r o r  occurred.  This  ou tpu t  

a l s o  p r i n t s  in format ion  concerning t h e  number of  each command type .  With 

r e s p e c t  t o  t h i s  l a t te r  f e a t u r e ,  i t  should be  noted t h a t ,  f o r  t h e  purposes  

of count ing  t h e  number of commands of a p a r t i c u l a r  t ype ,  t h e  IRP, IRF, 

and DEC commands are a l l  counted as IRF commands. This  means t h a t  t h e r e  

w i l l  always be a t o t a l  of zero  IRP and DEC i n s t r u c t i o n s .  

The second f u n c t i o n  of t h e  ou tpu t  on u n i t  15  i s  t o  provide  s e l e c t e d  

i n t e r n a l  in format ion  c a l c u l a t e d  by ORIGEN2. This  type  of in format ion  

i s  p r i n t e d  f o r  t h e  fo l lowing  commands: IRP ,  IRF, KEQ, and FAC. The 

s i g n i f i c a n c e  of t h e  p r i n t e d  informat ion  i s  d i scussed  below. 
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The information printed for both the IRP and IRF commands is basically 

the same. 

SUBROUTINE FLUXO to calculate the flux when the power is given, or vice 

versa. These values will not be described in detail, but the nomenclature 

in the unit 15 output is the same as that in FLUXO, so that the interested 

user can readily perform the flux/power calculation with a hand calculator 

if required. 

interest are as follows: 

Most of the parameters printed are intermediate values used in 

The parameters printed on unit 15 that may be of more general 

TSEC: absolute time at the end of the current irradiation step, sec 

DELT: duration of the current irradiation step, sec 

EPF1, EPF2, EPF3: recoverable energy per fission associated with 

the zero, first, and second time derivatives 

used in the flux/power calculation, MeV/fission 

EPFAVG: average, recoverable energy per fission for this time 

step, MeV/fission 

FLUX: calculated or specified flux for the irradiation step, 

neutrons see-1 cm-2 

POWER: calculated or specified power for the irradiation step, 

MW per basis unit 

This type of information can be useful as input to auxiliary hand calcula- 

tions o r  in finding errors in some situations. 
The internal information printed for the KEQ command (command number 

52 in Appendix E) is related to the calculated neutron production and 

destruction rates, the infinite multiplication factors, and fraction of 

the allocated material that is included in the final mixture. The 

parameters are defined as follows: 

NPROA, NPROB, NPROC: relative neutron production rates of vectors 

NKEQ (1) , NKEQ (2 )  , and NKEQ (3) respectively 
(see Sect. 4.10) 

NDESA, NDESB, NDESC: relative neutron destruction rates of vectors 

NKEQ(l), NKEQ(2), and NKEQ(3) respectively 

infinite multiplication factors (= NPROn/NDESn) 

of vectors NKEQ(l), NKEQ(2), and NKEQ(3) 

respectively 

IMFA, IMFB, IMFC: 

-Li 

c 

L” 

Al 

*. 

C.. 
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FRC: (IMFB-IMFA)/(IMFA-IMFC) 

FRD: FRC*NDESB/NDESC 

The neutron production and destruction rates are relative because they 

have not been multiplied by the neutron flux. 

The internal information printed for the FAC command is relatively 

simple compared with that for the irradiation and KEO commands. 

output information on unit 15 consists of the value of NFAC(1) on the 

FAC instruction and the value of FACTOR[NFAC(l)] (see Sect. 4 . 4 ) .  

The FAC 

The third function of unit 15 is to provide a mechanism for printing 

internal ORIGEN2 error messages. 

messages contained in ORIGEN2. 

problem being specified. If the specification requires arrays that exceed 

the size of those arrays actually present, an error message will be output 

indicating the dimension exceeded. 

There are three general types of error 

The first is related to the size of the 

The second type of message is similar to the first, except it is 

the individual command count that is checked. That is, if the number of 

a particular command actually used exceeds the allowable number, as given 

in Sect. 4 ,  an error message will be printed. Neither of these two error 

types will stop program execution. 

The third type of error is printed when the command key word defining 

the type of command does not match one of the 30 key words contained 

internally in ORIGEN2. In this case, a message will be printed and 

program execution will be terminated. 

8.3.5 ORIGEN2 output on unit 7 

A listing of the sample ORIGEN2 output written by unit 7 is given 

in Appendix F. This output is generated by the PCH commands in the 

sample problem listed in Appendix A. The format of the output written 

on unit 7 is the same as the ORIGEN2 input format for specifying material 

compositions (see Sect. 6). Note that the compositions of four different 

materials are listed in Appendix F (viz., fresh uranium oxide fuel, spent 

uranium oxide fuel, fresh cladding, and irradiated cladding). Only the 

non-zero masses (in g-atoms) are output. The PCH command also outputs 
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the average burnup, flux, and power associated with each material on 

the termination card for each material. These values are required 

if the compositions are to be read by ORIGEN2 on unit 4,and are 

ignored if the compositions are read on unit 5 (see Sect. 4 . 6 ) .  



111 

9. REFERENCES 

1. M. J. Bell, ORIGEN - The ORNL Isotope Generation and Depletion Code, 
ORNL-4628 (May 1973). 

2. A..G. Croff, ORIGEN2 - A  Revised and Updated Version of the Oak Ridge 
Isotope Generation and Depletion Code, ORNL-5621 (in press). 

3 .  A. G. Croff, M. A. Bjerke, G. W. Morrison, and L. M. Petrie, Revised 
Uranium-Plutonium Cycle PWR and BWR Models for the ORIGEN Computer 
Code, ORNL/TM-6051 (September 1978). 

4. A. G. Croff and M. A. Bjerke, Alternative Fuel Cycle PWR Models for 
the ORIGEN Computer Code, ORNL/TM-7005 (February 1980). 

5. A. G. Croff, R. L. Haese, and N. B. Gove, Updated Decay and Photon 
Libraries for the ORIGEN Code, ORNL/TM-6055 (February 1979). 

6. L. M. Petrie, Computer Sciences Division, Oak Ridge National 
Laboratory, personal communication to A .  G. Croff, November 1978. 

7. S. A .  Dupree, Sandia Laboratory, personal communication to 
A. G. Croff, February 1980. 



P 

c 

A 



APPENDIXES 

* 



c. 

F 



A P P E N D I X  A: SAMPLE O R I G E N 2  I N P U T  DECK L I S T I N G  



es. 



117 

Appendix A . l :  Sample ORIGEN2 Inpu t  Deck 
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T a b l e  A . l .  S a m p l e  O R I G E N Z  i n p u t  d e c k  

C 

1 // EXEC F O R T Q C L S , P A R N . P C R T = ' X R E F ' ,  
2 // REGION.FORT=400K, 
3 // PARU.LKED='OVLY,LIST,FAP*, 
4 // FARM.GO='EU=-l,DUMP=I', 
5 // YEGION.G0=600K 
6 //FORT.SYSIN D D  * 
' C  
8 C CASE 1 CASE 1 CASE 1 CASE 1 CASE 1 CASE 1 CASE 1 
9 c  

10  LOGICAL LONG 
11 
1 2  
1 3  DOUBLE PRECISION CIMN,CSUM 
14  DIBENSICN XREW ( 1 3 , 1 6 7 6 )  ,C@UFF( 7 , 1 6 7 6 )  ,NPROD( 7 , 1 6 7 6 ) ,  
15 $PINAX ( 1 6 7 6 )  ,KAP ( 1 6 7 6 )  
1 6  DINENSION STTFPB ( 1 0 , l O )  , I S T O T I  ( 10,03) , I S (  10)  .RSTOTI ( 10)  
17  DIHENSION A ( 6 5 0 0 )  ,LOCA(6500) ,NPUDPP( 880, 3) 
18  DIMENSION D R  ( 4) ,ER ( 4) ,FR ( 4) 
10 DIPIENSION YIELD(3300)  ,NYIl?LD( 880) ,RMULV ( 4 , 3 )  
20 DINENSION ALPHN( 132),NtJCAY( 132) ,NUCSPU( 1 3 2 )  .YY( 132)  ,YY( 1 3 2 ) .  
2 1  BFFSF ( 132)  .FFA ( 1 3 2 )  
22  
2 3  
24 
2 5  C 1 7 6 6  WORDS ARE NECESSAFY I N  /YUDSCR/ B E G I V N I Y G  WITH S 
26 C /NUDSCR/ I S  USED FOR FULTIPLE PURPOSES. 
2 7  COMMON /NUDSCR/DUBl ( 7 , 1 6 7 6 )  ,QUM2 ( 6 , 1 6 7 6 )  , S ( 2 )  ,CIMN(1676) ,  
2 9  $ CSUM(1676) .NONP (1676)  , N Q ( 1 6 7 6 )  , X P ( 1 6 7 6 )  ,KPAR(1676)  ,XTEHP(1676)  . 
2 9  $ D ( 1 6 7 6 )  ,AP ( 3 5 0 0 )  ,LOCP (3500) ,LONG ( 1 6 7 6 )  
30 COMNON /BIG/NUCL(1676) , Q ( 1 6 7 6 )  ,9G(0004) ,TOCAP(1676)  ,GENNEU( 1 3 2 ) .  
31  $ALPBAN( 1 3 2 )  ,SPONF( 1 3 2 )  ,SFNU( 1 3 2 )  , F I S S (  1 3 2 )  ,NUCAB(1676),  
3 2  OAPIPC ( 1 6 7 6 )  ,WMPC ( 1 6 7 6 )  ,XSTORE( 1 0 , 1 6 7 6 )  ,DIS ( 1 6 7 6 )  , B ( 1 6 7 6 ) ,  
33 $ABUND( 450) , N O N O  (1676)  , K D ( 1 6 7 6 ) , L @ C ( 6 5 0 0 )  ,NGP(1676)  ,NGN(1676)  . 
34 $ Y G P  ( 7 9 0 0 )  , G G R  ( 7 9 0 0 )  
35 C D B , E R ,  A N D  PR PROVIDE A CONVENIENT HECHANISM F O R  I Y I T I A I I Z I N G  V A R I A B L E  
36 C VJLTIPLIPIR ARRAY RMUt71 .  
3 7  PQOIVALENCE ( D R ( l ) . R l U L V ( l , l ) )  ,(ER(l) ,RMULV ( 1 , 2 ) ) ,  
3 9  
3', FQUTVALENCE (DUN1 ( l , l ) , C O E F F ( l , l ) ) ,  (DU82(1.1) , !?PPOD(1,1) ) ,  
uo B ( N O N P ( l ) , i I f l A X ( l ) )  , ( K A P ( l ) , N Q ( l ) )  , (XNEW(I,1)  , D U N l ( 1 , 1 ) )  

INTEGER*2 LOCA, I O N O ,  K D ,  L@C,NGF, N G Y ,  N G 9 ,  NYIE LD, NQWP, I C ,  M Y  AX, K 4'2, 
'$ LO CP , N FUDPP 

CONMON / J U N K / E R R ,  I D N  (1) , ILITPI, I A C T ,  IFP, ITOT , I L M  4X , I A M A X ,  IFMAX, 

CONNON /HAIN03/NS IP, ANWUL, ANEXP, N A B M A X ,  
$ITHAX,I Z N A X ,  A X N  ,QXN,FLUX,POWER,TNDEX,TFPBAV (4), IPHNAX 

ICNM A X ,  I APN A X ,  I FY H A X  

$ ( P R (  1 )  , FrULV (1 .3)  ) 

4 1  EQUIVALENCE ( X P ( l ) , A L P H N ( l ) ) ,  (ALPHN( 132) ,NUCAN(1))  ,(NUCAN( 1 3 2 ) t  
4 2  
43 
44 CALL Q 1 0 5 F ( 6 )  
45 C I N I T I A L I Z E  PAGE COUNTER 
26 NPAGE=IPAGE (0) 
47 LT= 1 0  
40  N X =  13 
49 LC= 7 
50 I L B A X =  700 
51 I A H A X =  1 3 2  
5 2  IFMAX= 390 
53 ITMAX= 1 6 7 6  
5 4  I Z H A X =  6500 
55 IPAl AX=7900 
56 IhPMAX=3500 
s7 IPYqAX=3300 
58 N A B M A X =  4 5 0  
59 ICNAAX= 3 
60  IPD= 880 
61  LAM= 4 
6 2  C NEUTRCNS PER NEUTRON-INDUCED FISSION: O=THERMAL SPYCTRUM; l=FAST SPECTRUM 

$NUCSFU ( I )  ) 8 (NUCSFU ( 
$FPSF ( 1 )  ), (PPSF ( 

1 3 2 )  8 N Y  ( I )  ) (NY ( 1 3 2 )  , Y Y  ( I )  ) 8 (PY ( 1 3 2 ) ,  
1 3 2 )  ,YIELD (1) ) , (YIELD ( 3 3 0 0 )  , N Y I E L D ( l ) )  

c 

L 
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Table A . l  ( c o n t i n u e d )  

6 3  NPTF=l 
6 4  NYTF=O 
6 5  C. S4LL SUBROUTINE TO RERD CRRD INPUT FROR UNIT 5, PRIYT I T  OV UNIT 6, AND 
66 C WRITE TT ON UNIT 50. UNIT 50 I S  TH9N REWOUND A N D  ORIGENZ READS THE DATA 
67 C FROM UNTT 50. 
69 C 4 L L  L I S T I T  (5,6,50) 
69 REWIND 50 
70 C M A I N 1  HANDLES TBE MTSCELLANEOUS INITTALIZATION DATA 
71 
7 2  C YAIA2 RFADS THE OFIGENZ COHMANDS 
7 3  2 CALL HAINZ(NSTP) 
7U C flATN3 EXECUTES TBT ORIGEN2 COYMANDS 
7 5  3 CRLL NAIN3( 

1 CALL H A  I N  1 ( NYT F, S FNW, A I  P HN , N UC A N , N UC SFU, NY , YY , A N MOL, A NEX P) 

76 B L O N G , S T T F P B , I S T O I I , I S . R S T O T I ,  LX, Y X ,  LC,XPD, 
77 SYUCAB, NONO, KD, LOC , X G F , N G N ,  NGR, NYIELD,NONP, N Q ,  LOCP,BHAX,KRP, 

SNUCL ,Q ,FG,TOCA P.GENNEU, ALPHAN, SPONF,  SFNU,FISS* AMPC, UHPC, XSTORE, 
78 BZOCA ,NFUDFP, C'IHN,CSUH, S ,  
79 
80 ZDIS, B.GGR,YIELD. A , XP,XP4R.XTEMP,D,AP,COEFF,NPROD, XNEW, 
51 $ALPHN, NUC4I,NUCSFU, N Y , Y Y , F F S P , P F A , A B U N D , R M U L V , L A f l )  
92 C THIS  "GO TO" PROVIDES THE HECHANISM FOR EXECUTING HULTIPLZ PROELENS UITHIH 
8 3  C A SINGLE JOB. 
84 G O  TO (1 ,2 ,3 ,4) ,NSTP 
5 5  II CONTINUE 
86 CALL Q l O S F ( 6 )  
87 STOP 100 
88  E N D  
89 /* 
90 //LKED.STEPLTB DD DSN=SPSl.VSPGM,DISP=SHR 
9 1  //LKED.HEX D D  DSN=CHEHTECH.AGClUl98.0205J,DISP=SHR 
a2 // DO DISP=SHR,DSN=CHEHTECH. Q105F.DUH?!PO 
9 3  //LKED.SPSIN D D  DTSP=SHTi,DSN=CHEHTECH. AGC14198.020VLY 
9 4  //GO. PTO7F 00 1 D D  SYSOUT=B, DCB= (RECFM=FB, LRECL=80, BLKSIZE=3520) 
95  //GO.PT09F001 DD DSN=CHENTECfI. AGC14198. DECAY ,DISP=SHR 
96 // DD DSN=CHEHTECH. AGC 14198. XPWRU,DISP=SHR 
9 7  //GO. FT 1 OF00 1 D D  DSN=CHEMTECH. AGC14 198. PHOTON, DISP=SHR 
98 //<O. FT1  lFOOl  DD SYSOUT=A,DCB= (RECFM=VBA,LRECL=137, BLKSIZE=1100) 
g Q  //CO.PT12F001 D D  SYSOUT=A,DCB= (RECFfi=VBR,LRECL=137,BLKSIZE=l100) 

100 //GO. FT 13P001 Dn SYSOUT=A, DCB= (RECFN=VBA, LRECL=13 7, BLKSIZZ=I 1 0 0 )  
101 / / S O .  FT15F001  D D  SYSOOT=A,DCB= (RECFH=VBA,LRECL=137,BLKSIZE=110~) 
102 //GO.PT16P001 DD SYSOUT=A,DCB= (RECFH=VBA,LRECL=137, BLKSIZE=l lOo)  
1 0 3  //90.PT50POOl DD DSN=&&AGC,UNIT=SYSDA, 
104  // DCB= (RECFM=FB,LRECL=8O,BLKSIZE=3200) ,SPACE= ( 3 2 0 0 ,  (50,50) ,RLSE) 
105 //GO.FT51F001 DO SYSOUT=A,DCS= (~ECFX=VBA,LFECL=137,BLKSIZE=1100) 
106 //GO.F'IO5F001 D D  * 
107 
108 
1 0 9  
110 
111 
1 1 2  
113 
114  
115 
116 
117 
118 
119 
1 2 0  
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 7  
1 2 8  

9 2  1 0.99 
9 4  1 0 .994  
-1 
5 1 0 .1  
-1 
2 15 
-1 
BAS 
R D  A 
R D A  
R D A  
R D A  
R D  A 
R D A  
R D A  
BD A 
CUT 
L I  F 
LPU 
LP u 
LPU 
LPU 

ONE IIETRTC TON OF PWFU FUEL 
-1 = FYESH U FUEL WITH I t lPURITIES  (1 MT) 
-2 = PRESH ZIRCALOY COMPOSITION ( 1  KG) 
-3 = FRESH SS 3 0 4  COMPOSITION ( 1  KG) 
-4  = FRESH S S  3 0 2  COMPOSITION ( 1  KG) 
-5 = FRESH INCONEL COMPOSITION ( 1  K G )  
-6 = FRESH NICROBRAZE COilPOSITION ( 1  KG) 
WARNING:  VECTORS ARE OFTEN CHANGED WITH RESPECT TO THEIR CONTENT. 

5 0.01 -1 
1 1 1  ADR 
380900 551370 -1 
010030 0 6 0 1 4 0  -1 
9 0 2 3 2 0  -1 
3 8 0 9 0 0  -1 

THESE CHANGES WILL BE NOTED ON R D l  CARDS. 
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129 
130 
13 1 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
106 
14' 
1 48 
149 
150 
15 1 
15 2 
153 
1s4 
155 
156 
157 
158 
159 
160 
16 1 
162 
163 
164 
165 
166 
16 7 
163 
169 
170 
171 
17 2 
173 
174 
175 
176 
177 
178 
179 
180 
181 
152 
1R3 
184 
18 5 
186 
187 
188 
189 
190 
19 1 
192 
193 
190 

T a b l e  A . l  (continued) 
L I B  0 1 2 -3 -204 -205 -206 9 3 -2 1 1 
PFiC 101 102 103  10 
OPTL -1 24*8 
T I T  I N I T I A L  COnPOSITIONS OF U N I T  AMOUNTS OF FUEL A N D  STRUCT YAT'LS 
RD A R E A D  FUEL CCNPOSITION TNCLUDTNG IMPURITIES (1000 K G )  
I N P  -1 1 -1 -1 1 1 
R D  A R E A D  Z I R C A L O P  COWPOSITION (1.0 KG) 
I N P  -2 1 -1 -1 1 1 
R D A  R E A D  SS304 CCNPOSITION (1.0 KG) 
TNP -3 1 -1 -1 1 1 
R D A  R E I D  INCONEL 718 COYPOSITION (1.0 KG) 
I N F  -5 1 -1 -1 1 1 
R D A  READ NICROBRAZE 50 COMPOSITION (1.0 KG) 
I N P  -6 1 -1 -1 1 1 
T I T  I R R A D I A T I O N  OF ONE METRIC TON OF PWRU FU3L 
YOV -1 1 0 1.0 
H E D  1 CHARGE 
B U  P 
I P P  26.7 37.500 1 2 4 2 END OP THIS STEP=1,000 M U D / H T I H n  
TR P 66.7 37.500 2 3 4 0 END OF THIS STEP=2,500 MWD/MTIHM 
TR P 133.3 37.500 3 4 4 0 END OF THIS STEP=5,000 RWD/MTIHM 
IPP 266.7 37.500 4 5 4 0 E N D  OF THIS STEP=10,000 MUD/MTIAn 
I R P  400.0 37.500 5 6 4 0 E N D  OF THIS STEP=15,000 MWD/MTIHM 
TR p 440.0 37.500 6 7 4 0 E N D  OF THIS STE?=16,500 MWD/MTIU!I 
TRP 533.3 37.500 7 8 4 0 END OF THIS STEP=20,000 MUD/HTIHN 
I I I F  666.7 37.500 8 9 4 0 E N D  OF THIS STEP=25,000 MUD/HTIRM 
IF P 733.3 37.500 9 10 4 0 END OF THIS STEP=27,500 MUD/YTIUM 
I R P  800.0 37.500 10 11 4 0 E N D  OF TFXS STEP=30,000 I¶WD/MTIHU 
TRP 880.0 37.500 11 12 4 0 END OF THIS STEP=33,000 MUD/HTIHM 
B O P  
OPTL 8 8 8 8 7 8 1 8 8 8 8 8 9 8 8 8 8 8 8 8 8 8 5 8  
OPTA 8 8 8 8 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
OPTP 8 8 8 8 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
OW T 12 1 -1 0 ADR 
RD 1 -10 = I R R A D I A T E D  U FUEL &T DISCHARGE 
U O V  12 -10 0 1.0 
R D  A THESE INSTRUCTIONS A R E  HERE O N L Y  TO DEflONSTRATE T H E I R  USE 
KEQ 10 12 1 2 3 -1-0 
F1C 1 1 12 4 0.0 
FDA I R R A D I A T I O N  O F  ZIFCALOYt INCONEL + NICROBRAZE 50 AT 100% FLUX 
T I T  I R R A D I A T I O N  OF ZIRCALOY+ INCONEL + NICROBRAZE 50 AT 100% FLUX 
no v -2 1 0 223.0 ZIRCALOY 
A D D  -5 1 0 12.8 INCONPL 
ADD -6 1 0 2.6 NICBOBRAZE 50 
A D D  -3 1 0 9.94 SS 304 
RED 1 CHARGE 
IB F 26.7 -1.0 1 2 4 4 E N D  OF THIS STEP = 1,000 MUQ/VTIHM 
IRF 66.7 -1.0 2 3 4 0 END O F  THIS STEP = 2,500 MWD/MTIHM 
TR F 133.3 -1.0 3 4 4 0 END OF THIS STEP 5,000 MUD/HTIHM 
I R F  266.7 -1.0 4 5 4 0 END OF THIS STEP 10,000 HUD/MTIHM 
IRF 400.0 -1.0 5 6 4 0 END OF THIS STEP = 15,000 MUD/!ITIHR 
IRP 440.0 -1.0 6 7 4 0 END OF THIS STEP = 16,500 NWD/MTIUM 
I R  F 533.3 -1.0 7 8 4 0 END OF THIS STEP = 20,000 MWD/MTIHM 
IBF 666.7 -1.0 8 9 4 0 END OF THIS STEP = 25,000 MWD/MTIHU 
I R  F 733.3 -1.0 9 10 4 0 E N D  QP THIS STEP = 27,500 MUD/MTIHM 
IRF 800.0 -1.0 10 11 4 0 END OF THIS STEP = 30,000 MWD/MTIHn 
TR F 880.0 -1.0 11 12 4 0 END OF THIS STEQ = 33,000 I ¶ W D / H T I U N  
OU T 12 1 -1 0 A DR 
R D  A -2 = FRESH ZIRCALOY, INCONEL, A N D  U I C R O B R A Z E  
R D A  -9 = I R R A D I A T E D  ZIRCALOY, INCONEL, AND NICBOERAZE 
nov 1 -2 0 1.0 
MOV 12 -9 0 1.0 
PC A -1 -1 -1 
ec H -10 -10 -10 
PC H -2 -2 -2 
PC u -9 -9 -9 

".. 

L 

3* 

m 

F 
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195 
196 
197 
199 
10 9 
200 
20 1 
202 
20 3 
50 4 
20 5 
206 
207 
20 ‘3 
209 
2 10 
211 
212 
213 
214 
215 
210 
217 
2 18 
219 
220 
22 1 
222 
223 
224 
225 
226 
2 27 
228 
229 
230 
23 1 
232 
233 
234 
235 
236 
237 
23 8 
239 
240 
24  1 
242 
293 
244 
245 
246 
247 
24 8 
249 
250 
25 1 
252 
25 3 
251, 
255 
256 
257 
258 
259 
260 

2 
4 
4 
4 
4 
4 
4 
4 
4 
0 
4 
4 
4 
4 
4 
5 
0 
4 
4 
4 
0 
U 
4 
4 
4 
0 
4 
4 
4 
4 
0 
9A S 
CUT 
L I P  
LPU 
L I B  
P H O  
uov 
R D  A 
R C A  
DEC 
PRO 
PR 0 
PR 0 
P R O  
BAS 
R D A  
T I T  
HO V 
HED 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DE C 
DEC 
DE C 
DEC 
R D  A 

T a b l e  A . l  ( c o n t i n u e d )  
STP 2 

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 40.3 
U80000 25.0 490000 2.0 
740000 2.0 820000 1.0 

400000 979.11 500000 16.0 
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 088.45 2r(OOOO 190.0 
060000 0.8 150000 0.45 
070000  1.3 270000 0.0 

260000 180.0 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 

060000 89.4 
110000 15.0 
150000 35.0 
230000 3.0 
270000 1.0 
420000 10.0 
500000 4.0 
830000 0.4 

260000 2.25 
050000 0.000 3 
290000 0.020 
070000 0.080 
740000 0.020 

280000 90.0 
160000 0.3 
0 0.0 

280000 525.0 
290000 1.0 
410000 55.53 
0 0.0 

280000 743.4 
060000 0.1 
080000 0.43 
220000 0.1 

0 0.0 FUEL ACTINIDES 
O ? O O O O  25.0 FUEL INPUR 
120000 2.0 FUEL I H P U R  
170000 5.3 FUEL IHPU6 
240000 4.0 FUEL IHPUR 
280000 24.0 FUEL I H P U R  
470000 0.1 FUEL IMPUR 
640000 2.5 FUEL I K P U R  
0 0.0 FUEL IlIPUR 

2UOOOO 1.25 
480000 0.000 
720000 0.078 
080000 0.950 
230000 0.020 

250000 20.0 
140000 10.0 

130000 6.0 
250000 2.0 
160000 0.07 

~ 0 0 0 0 0  0.1 
270000 0.38 
150000 103.1 
7uoooo 0.1 

ZIRC-4 
5 ZIRC-4 

ZIRC-4 
ZIRC-4 
ZIRC-4 
ZIRC-4 

SS-304 
SS-30U 
SS-304 

INC-718 
1nc-7 1 8 
IIC-718 
INC-716 

NICR-50 
UICR-50 
NICR-50 
NICR-50 

ONE HETRIC TON OF I N I T I A L  H E A V Y  HETAL 
-1 
0 0 0  
380900 551370 -1 
0 1 2 - 3  0 0 0 9 3 0 1 1  
1 0 1  102 103 10 
- 9  -8 0 1.0 *** REPROCESSING NODULE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FUEL IS REPROCESSED AT THE T I H E  SPECIFIED ON THE NEXT C A R D  
160.0 -10 1 4 4 
1 -9 12 -3 CALCULATE 0.05% OF FUEL 
1 10 -5 -2 SEPARATE VOLATILES A N D  PUT I N  -5 
10 4 -2 -1 PUT EL1 T I  -1 
4 -4 -3 -8 PUT U I N  -4 A N D  PU 11 -3 
ONE T O l U E  OF I U I T I n L  HEAVY METAL AT A REPROCESSING T I H E  OF 160 DAYS *** HLW DECAY MODULE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DECAY OF HIGH-LEVEL PWR-U WASTE: BURNUP=33,000 H Y D / M T I H U  
- 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 4 5 5 0 
300.0 5 6 5 0 
1.0 6 7 7 0 
3.0 7 8 7 0 
10.0 8 9 7 0 
30.0 9 10 7 0 
100.0 10 11 7 0 
300.0 11 - 9  7 0 
1.0 -4 12 8 0 
OPT CARDS H E R E  

1 * HLW 
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T a b l e  A . l  ( c o n t i n u e d )  
261 OPTL 8 8 8 8 2 8 1 8  8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
262 QPTA 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8  8 
263 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 RDR 
265 OUT 12  1 -1 0 A DR 

267 TIT DECAY OP PUB STRUCTURAL B A T E R I I L  WASTE: 33,000 MWD/HTAH 
268 Y O V  - 8  3 0 1.0 
269 R D A  FUEL TS REPROCESSED AT THE T I N E  SPECIFIED ON THE NEXT CARD 
270 DEC 160.0 3 1 4 4 
2 ' 1  A D D  -9 1 0 1.0 
272 H E D  1 SH+0.05% F 
27 3 DEC 0.5 1 3 5 4 
274 DEC 1.0 3 4 5 0 
2'5 DEC 3.0 u 2 5 0 
276 DEC 10.0 2 3 5 0 
2-71 DEC 30.0 3 4 5 0 
Z ' R  oec 100.0 4 5 5 0 
279 DEC 300.0 5 6 5 0 
280 D E C  1.0 6 7 7 0 
291 DEC 3.0 7 8 7 0 
282  D E C  10.0 8 9 7 0 
283 D E C  30.0 9 10 7 0 
294 DEC 100.0 10 11 ' 0 
285 DEC 300.0 11  -U 7 0 
286 DEC 1.0 -4 12 B 0 
297 O U T  1 2  1 - 1  0 
288 OUT -12 1 - 1  0 
289 END 
290 /* 
291 //CO.FT03F001 DD * 
292 3 380900 5 30.0 0.0 0.0 0.0 0.0 0.0 
293 3 0.0 0.0 0.7 0.0 0.1 0.1 
294 3 551370 5 25 .0  0.0 0.0 0.0 0.0 0.0 
295 3 0.0 0.0 0.1 0.0 1.0 1.0 
296 21 010030 0.001 5*0.0 -1.0 
29' 21 060140 0.01 5*0.0 -1.0 
298 4 1  902320 3.0 0.001 0.0001 0.02 0.0 0.0 -1.0 

300 61 0.001 0.004 0.1 0.02 0.019 0.08 0.006 0.006 
301 070150 060140 1.5E-04 NlP(N,D PLUS N,IP)C14 CROSS SECTION 
302 080160 060140 2.OE-08 016 (N,HE3)C14 CROSS SECTION 
303 3 380900 5 30.0 0.0 0.0 0.0 0.0 0.0 0.0 
304 3 380900  0 .0  0 .7  0 - 0  C . 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 
207 /* 
308 // 

266 BDA *** STRUCTURAL MATERIAL DECAY MODULE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 9 9  61 3 8 0 9 0 0  0.08 w 0 . 0  1.0 

ADR 
ADR 

IHCOOZI STOP 0 
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A p p e n d i x  A . 2 :  ORIGEN2 Overlay Structure 
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T a b l e  A . 2 .  O R I G E N 2  
INCLUDE REX 

ENTRY R A I N  
INSERT N A I N  

OVERLAY A 
INSERT L I S T I T  
OVERLAY A 
INSERT R A I N 3  

O V E R L A Y  s t a t e m e n t s  

~. 

OVERLAY C 
INSERT H A I N 1  
OVERLAY C 
INSERT H A I N 2  

OVERLAY P 
INSERT XSECOl 
OVERLAY P 
INSERT XSECO2 
OVERLAY P 
I NS ERT XS ECO 3 
OVERLAY P 
INSERT XSECOU 
OVERLAY P 
I N S E R T  XSEC05 
OVERLAY P 
INSERT XSEC06 
OVERLAY P 
INSERT XSEC07 
OVERLAY P 
I NS ERT XS ECO 8 
OVERLAY P 
INSERT XSEC09 
OVERLAY P 
INSERT XSEClO 
OVERLAY P 
I NS ERT XS ECl  1 
OVERLAY P 
I NS ERT XS E C l 2  
OVERLAY P 
INSERT XSEC13 
OVERLAY P 
INSERT XSEClU 
OVERLAY P 
INSERT XSEC15 
OVERLAY P 
I NS ERT XS EC16 
OVERLAY P 
INSERT XSEC17 
OVERLAY P 
INSERT X S E C l 8  
OVERLAY P 
INSERT XSEC19 
OVERLAY P 
INSERT XSEC20 

OVERLAY C 
INSERT ADDHOV 
OVERLAY C 
INSERT NUDOC 
OVERLAY C 
INSERT NUDATl , DECRED 
OVERLAY C 
INSERT NUDAT2,SIGRED 
OVERLAY C 
INSERT NUDAT3,ANSP 
OVERLAY C 
INSERT PHOLIB 

OVERLAY B 
INSERT TERHD 

OVERLAY D 
INSERT PLUXO,DECAY, FUDGE 
OVERLAY D 
INSERT TERR,HATREX,EQUIL 

OVERLAY B 
INSERT OUTPUT 

OVERLAY E 
INSERT OUT1 
OVERLAY E 
INSERT OUT2 

OVERLAY B 
INSERT G A R H A  
OVERLAY B 
INSERT NUTRON 



A P P E N D I X  B: SAMPLE OF O R I G E N 2  OUTPUT G R O U P I N G  (OUTPUT U N I T  6 )  
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Appendix B . l :  Reactivity and Burnup Information 



T a b l e  6 . 1 .  S a m p l e  O R I G E N P  r e a c t i v i t y  and b u r n u p  i n f o r m a t i o n  

OUTPUT U N I T  = 6 PAGE 91 

I R R A D I A T I O N  OF O N E  METRIC TON OF PWRU FUEL 
WUER= 3.75000E O l N W .  BURNUP= 3.30000E OUMUD. FLUX= 3.2UE 14N/CU**2-SEC 

REACTTVITY A N D  B U R N U P  D A T A  
BASIS= O N E  BETRIC TON OF P U R U  FUEL 

CHARGE 27. D 67. D 133. D 267. D 400. D 440. D 533. D 667. D 733. D 800.- D 880. D 

T I N E ,  SEC 
NEOT. FLUX 
SP POU,NW 
BUSNUP,NWC 
K I N F I N I T Y  
NEUT PRODN 
NEUT DESTN 
TOT B U R N U P  
A V G  N PLUX 
A V G  SP POW 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

2.31E 06  5.762 06 
2.891 14 2.893 14 
3.753 0 1  3.753 0 1  
1.00E 03 1.50E 03 

1.35740 1.33677 
l .OUE 04 1.01E 04 
7.UOE 03 7.563 0 3  

3.2UE 14 3.24E 1 4  
3.753 01 3.753 01 

3 . 3 0 ~  04 3.302 o a  

1.15E 07 2.30E 07 
2.90E 14 2.953 14 
3.751 01 3.753 01 
2.50E 03 5.00E 0 3  

1.30318 1.22935 
1.01E 04 9.871 03 
7.753 03 8.03E 03 
3.30E 04 3.30E 04 
3.2UE 14 3.2UE 1 4  
3.753 01 3.753 01 

3.462 07 
3.05E 14 
3.7SE 01 
5.OOE 0 3  

1. 16417 
9.48E 03 
8.14E 03 
3.30E 04 
3.243 14 
3.751 01 

3.80E 07 
3.16E 14 
3.753 01 
1.50E 03 

1.15465 
9.34E 0 3  
8.09E 0 3  
3.30E 04 
3.24E 14 
3.75E 01 

4.61E 07 
3.263 14 
3.753 01 
3.50E 03 

1.11488 
9.03E 0 3  
8.10E 03 
3.30E 04  
3.2UE 14 
3.751: 01 

5.763 07 
3.4OE 1 4  
3.753 01 
5.00E 03 

1.05776 
8.583 03 
8.11E 03 
3.30E 04 
3.24E 14 
3.753 01 

6.341 07 
3.54E 1 4  
3.75E 01 
2.50E 03 

1. 03349 
8.34E 03  
8.07E 03 
3.30E 0 4  
3.24E 10 
3.753 01  

6.91E 07 7.60E 07 
3.663 1 4  3.78E 14 
3.753 01 3.753 01 
2.SOE 0 3  3.00E 03 

1.01079 0.98405 
8.13E 03 7.90E 0 3  
8.04E 03 8.03E 03 
3.30E 04  3.30E 04 
3.243 14 3-24): 1 4  
3.75E 01  3.75E 01 

I 

SIZE OF NMAX(1): M N A X z  1 #= 848 N M A X =  2 #= 437 M N A X =  3 U= 146 N N A X =  4 # =  52 N M A X =  5 #= 108 NBAX= 6 U =  65 
M n A X =  7 U =  11  N N A X =  8 t= 0 B N A X =  9 I= 0 NNAX=10 t= 0 f l M A X = l l  t =  0 MMAX=12 #= 0 

THE NUNBER OF NON-ZERO TERMS I N  A=6374 
THE NUNBER CP NON-ZERO FISSION PRODUCT YIELDS=3242 
I L I T E =  684 IACT= 129 I F P =  858 ITOT=1671 
T H E  NUNBER O F  NON-ZERO NATURAL ABUNDANCES= 434 
T H E  NUMBER O F  NON-ZERO PHOTON YIELDS= 4725 
T H E  mAxIMan N U M B E R  OF TERNS I N  AF- 3358 
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Appendix B . 2 :  Sample ORIGEN2 Output  T a b l e s  f o r  A c t i v a t i o n  P r o d u c t s  



T a b l e  8 . 2 .  S a m p l e  O R I G E N 2  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  

OUTPUT U N I T  = 6 PAGE 34 
DECAY Or FUE STROCTURAL NATERIAL BASTE: 33,000 nWD/RTHN ACTIVATION PRODUCTS 

POPER= 1.00000E OOflW, BURNUP= 1-0000CE O O N W D ,  FLUX= 1.00E OON/CM**2-SEC 

H 1  
A 2  
H 3  
H 4  

H E  3 
B E  4 
H E  6 
LI 6 
L I  7 
LI 8 
B E  8 
B E  9 
B E  1 0  
B E  11 

E 10  
E 11 
E 12 
c 1 2  
C 13 
c 1 4  
c 1 5  
N 1 3  
N 1 4  
N 1 5  
N 16 
C 1 6  
C 17 
c 18 
c 1 s  
F 1 9  
F 20 

N E  20 
N E  21 
Y E  22 
N E  2 3  
N A  22 
N A  2 3  
NA 24 
N A  24A 
NA 25  
N G  24 
N G  25  
FIG 26 
M G  27 
R G  28 
A L  27 
AL 28 
A L  29 
A L  30  
S I  28  
S I  29 
S I  30  

NUCLIDE TABLE: R A D I O B C ' I I V I T Y ,  CURIES 
ONE TONNE OF INITIAL H E A V Y  NETAL AT A REPROCESSING 

St!+O.OSX P 3. YR 10- Y R  30. YR 100. Y R  300. Y R  1. K Y  

0 - 0  
0.0 
0 -0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.280E-01 1.082E-01 7.3033-02 2.3763-02 4.672E-04 6.2233-09 5.3703-26 
0 - 0  0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 .o 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.209E-08 2.2093-08 2.2093-08 2.2093-08 2.209E-08 2.2093-08 2.208E-08 
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 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

9-4122-01 9.4C8E-01 9.400E-01 9.378E-01 9.2992-01 9.076E-01 8.339E-01 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

t 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0-0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0- 0 
0.0 
0.0 
0.0 
0.0 

T I N E  OF 160 DAYS 
3. K Y  10. K Y  30. K Y  100. K Y  1. MY 

0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
2.206E-08 2.200E-08 2.181E-08 2.1163-08 1.432E-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 
6.547E-01 2.807E-01 2.497E-02 5.2403-06 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0-0  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0-0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

d 

w 
0 
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T a b l e  8 . 2  ( c o n t i n u e d )  
OUTPUT U N I T  = 6 PAGE 40 

DECAY OF PWR STROCTURAL MATERIAL WASTE: 33,000 HRD/MTHM ACTIVATICN PRODWCTS 
POWER= 1.00000E OONW, BORNOP= 1.0000CE O O M W D ,  FLUX= 1.00E OON/CN+*Z-SEC 

AG108 
A G l O B M  
AG109 
A61095 
A G l l O  
A G l l O M  
A G l l l  
A G l l l M  
AGl l2  
CC106 
CCl07 
CC108 
CC109 
C C l l O  
C C l l l  
C C l l l M  
C D l l Z  
C C 1 1 3  
C C 1 1 4  
C D l l S  
CE115N 
CC116 
CC117 
CC117Il 
CD119 
CC121 
IN113 
IN113M 
IN114 

IN115 
1 8 1 1 6  
IN116M 
IN117 
IN117Y 
IN118 
IN119 
IR119M 
IN120 
INl2Oll 
I 1 1 2 1  
S N l l 2  
SN113 
SN113M 
SN114 
S N l l S  
SN116 
SA117 
SW117M 
SN118 
s 1 1 1 9  
SN119M 

rNiiun 

NUCLIDE TABLE: R A D I O A C T I V I T Y ,  CUI(1ES 
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0'0 0'0 0 '0 0 '0 0'0 0'0 0'0 0 '0 0 '0 0'0 8Z-3OZE'Z 90-3hZZ-L 
0'0 0'0 0 '0 0 '0 0 '0 0'0 EZ-3S19-E 1 1-BE66.t LO-3298'8 SO-3LSC'L SO-3658-E 50-3698'5 
0'0 0'0 0 '0 0 '0 0 '0 0 '0 S 1-3s 9E -E 80 -30 LE 'E 90-BE 65 '6 SO-3608 'h SO -3trSb '8 tr0-3 LLO' 1 
0'0 0 '0 0 '0 0'0 0'0 0'0 0 '0 0'0 0 '0 0'0 0'0 0'0 
0'0 0 '0 0 -0 0 '0 0 '0 0 '0 0'0 0 '0 0 '0 0'0 0'0 0'0 
0 '0 0'0 0 '0 0'0 0'0 9E-B66h'S OZ-ahl L'L 9L -38LS'h h L-ZZZ9-L DL -3S6tr'C hL-aZZb'9 bl-ZE8b'L 
0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0'0 0 '0 0'0 0'0 
0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0'0 0'0 0'0 0 '0 0'0 0'0 
0'0 0 '0 0 '0 0 '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 ZZ-BLtrb'b SI-38LL-Z EL-389L'tr 21-3SZZ-Z 21-3SL8'E ZL-30Str'tr ZL-3969'tl ZL-3908'tr 
0'0 0'0 0 '0 0'0 0'0 0 '0 0 '0 0'0 0 '0 0 '0 0'0 0'0 

82-3196'6 8Z-3L96-6 82-3196'6 8Z-3196'6 82-HL96'6 82-iiL96'6 82-3L96-6 8Z-3196'6 82-3196'6 82-3196'6 8Z-3L96-6 82-ZL96-6 
62-86 LE'6 OE-ZZ 8E-6 OE-BL 18 '2 LE -360b-6 L E-BbtrB '2 ZE-36L9 '6 ZE-Ztr 11 'E ZE-38EZ '1 EE-3618 'S EF-3Et6'f EE-3L8Z-E E€-ZSOO'E 
OE-BZL8-Z OE-3218'2 OE-3218'2 OE-3218-Z OE-BZLB'Z Of-3ZL8-Z OE-aZL8'Z OE-3218'2 OE-3SOO'E OF-3hES-2 OE-3S98-1 LE-ilEE0-8 

0 '0 0'0 0 '0 0'0 0 '0 0'0 0'0 0 '0 0 '0 0 '0 0'0 0'0 
0'0 0'0 0 '0 0'0 0 '0 0'0 0 '0 0 '0 0 '0 0'0 0'0 0'0 
0'0 0 '0 0 '0 0 '0 0 '0 0'0 0'0 0 '0 0 '0 0'0 0'0 0'0 
0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0'0 0'0 0-0 
0 '0 0 '0 0 '0 0'0 0'0 0'0 0 '0 0 '0 0 '0 0'0 0'0 0'0 
0 '0 0'0 0 '0 0'0 0 '0 0 '0 0'0 0 '0 0 '0 0'0 0'0 0'0 
0'0 0'0 0 '0 0 '0 0'0 0'0 0'0 0 '0 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 Sh -38 ZE '1 LZ -3E9L 'S L Z 48 L Z ' L 
0'0 0'0 0 '0 0'0 0 '0 0'0 0 '0 0 '0 0'0 Ltr-308h-L BZ-39hZ'E €2-IEZE'L 
0 '0 0'0 0 '0 0'0 0 '0 0 '0 0 '0 62 -302 E -L-L Z-3E 88 'L -0Z -39E 1 L OZ -3tr98 'E 02 -3 tr6 L B 
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 0'0 0'0 0 '0 0 '0 0 '0 0'0 0'0 0 '0 0'0 0'0 0'0 
0'0 0 '0 0 '0 0'0 0 '0 0'0 0'0 0 '0 0 '0 0 '0 0 '0 0'0 
0 '0 0'0 0 '0 0'0 0 '0 0'0 0'0 0 '0 0 '0 0 '0 0'0 0'0 
0 '0 0'0 0 '0 0'0 0 '0 0 '0 0'0 0 '0 0 '0 0'0 ES-39SS'E EZ-389F'Z 
0'0 0'0 0 '0 0 '0 0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0'0 0'0 
0 '0 0 '0 0 '0 0'0 0 '0 0 '0 0 '0 0'0 0 '0 0'0 0'0 0'0 

Str-ZE6h-6 Sh-3F6i1'6 Sh-3i6tr'6 Str-iIf6i7'6 Sb-3E6h-6 SO-3f6h-6 Sh-3€6tr'6 Str-BE6tr'6 Str-3E6h-6 St-3SBS-E Str-ZS8S'E Sb-ZhBS'E 
0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0 '0 0'0 0'0 0'0 
0'0 0'0 0 '0 0 '0 0 '0 0'0 0 '0 0 '0 0 '0 0'0 0'0 0'0 
0'0 0'0 0 '0 0 '0 0 '0 0 '0 0'0 0 '0 0 '0 0'0 0'0 0'0 
0'0 0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0'0 LE-39Z6-2 6Z-3E6S'L 6Z-XE6S'l 6Z-ZE6S'L 
0'0 0 '0 0'0 0'0 0 '0 0'0 0'0 0 '0 0 '0 0'0 ZS -3 96L 'S LZ -3 2 02' 1 
0 '0 0'0 0 -0 0 '0 0'0 0 '0 0'0 0 '0 0 '0 0'0 0'0 0'0 
0'0 0'0 0 '0 0 '0 0 '0 0'0 0'0 0 '0 0 '0 0'0 0'0 0'0 
0'0 0'0 0 '0 0 '0 0 '0 0'0 0'0 0'0 0 '0 0'0 0'0 0'0 
0'0 0'0 0 '0 0'0 0 '0 0'0 0'0 0 '0 0'0 0'0 0'0 0'0 
0'0 0'0 0 '0 0 '0 0 '0 0 '0 0 '0 0'0 LE-3196-Z 6Z-3ZL9'L 6Z-3219-L 624ZL9'L 
0'0 0 '0 0 '0 0'0 0 '0 0 '0 0 '0 0 '0 0'0 0'0 0'0 0'0 
0 '0 0 '0 0 '0 0 '0 0 '0 0'0 0'0 0 '0 0 '0 0 '0 0 '0 0'0 
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T a b l e  8 . 2  ( c o n t i n u e d )  
OUTPUT O N I T  = 6 PAGE 44 

DECAY OE F U R  STROCTIJRAL UATERIAL WASTE: 33,000 fl%D/flTHfl ACT IVATI CN FRODUCTS 
POWER= 1.00000E OOnW, BURNUP= 1.000003 O O M l l D ,  FLUXI 1.OOE OON/Cfl**2-SEC 

NUCLIDE TABLE: R A D I O A C T I V I T Y ,  CURIES 
O N E  TONNE OF I N I T I A L  H E A V Y  NETAL ?iT A REPROCESSING T I N E  OF 160 D A Y S  

SP!+O.O5% F 3. Y R  10. Y R  30. YR 100. Y R  300. YR 1. K Y  3. R Y  10. K Y  30. ICY 100. K Y  1. U Y  

GC156 
GD157 
GD158 
GD159 
GC160 
GC161 
GC162 
TE157 
TE159 
TE160 
T E l t l  
TE162 
DY156 
D Y  157 
D Y  158 
D l 1 5 3  
D Y  160 
DY161 
D Y  162 
D Y  163  
D Y  164 
DY165 
DY165n 
D Y  166 
H0163 
HC165 
H0166 
H0166U 
E6162 
ER 163 
ER164 
ER 165 
ER166 
EE167 
ER 1678 
EB168 
ER169 
ER170 
EB171 
ER172 

TU170 
T1170M 
T U 1 7 1  

~ 1 1 6 9  

~ n i 7 2  
~ 1 1 7 3  
YE168 
Y E  169 
YE170 
YE171 
YE172 
YE173 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.724E-03 4-7273-08 
6.439E-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 0.0 
0.0 0.0 
2.001E-20 0.0 
0.0 0.0 
0 .o 0.0 
2.981E-20 0.0 
1 - 3 1 2 E-09 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
6.809E-14 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.712E- 10 4.658E- 13 
0.0 0.0 

1.449E-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 

1.3 10 E- 09 

2.8423- 12  9.6 21 E- 1 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 
1.071E-18 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0 . 0  0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
1.3053-09 1.2903-09 1.239E-09 1.104E- 
0.0 0.0 0.0 0 . 0  
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
U.817E-19 3.5153-36 0.0 0.0 
0.0 0.0 0.0 0- 0 
7.6863-14 5.6233-17 5.95UE-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 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
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- 3651-1 0 2.320E- 10  4.07 OE- 
0.0 0.0 0. 0 
0.0 0.0 0.0 
0 . 0  0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

12 3.9133-17 1.079E-34 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
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T a b l e  B . 2  ( c o n t i n u e d )  
OUTPWT UNIT = 6 PAGE 4 7  

DECAY OI PWR STRUCTURAL MATERIAL WASTE: 3 3 , 0 0 0  MUO/FlTHM ACT I V  ATICN PRODUCTS 
POWE?= 1.00000E O O M W ,  BWRNWP= 1.00000E O O M W D ,  FLUX= 1.00E OON/CM**2-SEC 

NUCLIDE TABLE: RADIOACTIVITY, CURIES 
O N E  TONNE OF INITIAL H E A V Y  METAL AT A REPROCESSING TIME OF 160 DAYS 

SR+0.05% F 3. YR 10. Y R  30. YR 100. Y R  300. Y R  1. K Y  3. K Y  10.  K Y  30. K Y  100.  K Y  1. MY 

BIZ08 1.351 E- 12 1.3513- 1 2  1.351 E- 12 1.3513- 1 2  1 . 3 5 1 ~  1 2  1.350E- 1 2  1.349E-12 1.3443- 1 2  1.326E- 1 2  1.2773-12 1.119E-12 2.054E-13 
B I 2 0 9  0.6 0-0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
B I 2 1 0  6.018E-15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
BIZ103 8.630E-12 8.6303-12 8.6303-12 8.6303-12 8.6303-12 8.6293-12 8.628E-12 8.6243-12 8.6103-12 8.5703-12 8.4333-12 6.850E-12 
B I 2 l l  0 . c  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PC210 1 - 0 4 6  E- 05 4.3 32E-08 1.5388- 1 3 3.4523- 1 4 3.4 5 2E- 1 4 3.45 2E- 1 4  3.45 1E-14 3.45 OE- 1 4 3.44 4E- 14 3.4283-  1 4  3.373E- 1 4 2.74 OE- 14 
P C i l l  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PC211M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TC'IAL 4.667E 04 8.7772 0 3  3.055E 0 3  6.7433 02 3.1633 0 2  7 .5983 0 1  7.802E 0 0  7 .0963 0 0  6.169E 00 4.7043 0 0  2.4463 0 0  1.5783-01 

P 
W 



Table 6.3. Sample O R I G E N Z  element radioactivity table 
OUTPUT UNIT = 6 PAGE 48 

ACTIVATICN FRODUCTS 

t 

H 
BE 
C 

SI 
F 

CL 
A R  
K 

CA 
sc 
V 

CR 
R N  
PI 
cc 
NI 
cu 
ZN 
GE 
SE 
SR 
Y 

Z R  
NE 
H C  
TC 
R U  
R A  
PD 
A G  
CD 
IN 
SB 
SE 
TE 
I 

X E  
cs 
BA 
LA 
CE 
Pli 
N D  
PR 
SE 
E Q  
GO 
TE 
DY 

9 c 

CYCAY OE P R R  STRUCTURAL IIATERIAL WASTE: 33,000 MWD/MTHM 
POWER= 1.00000E OORW, BORNUP= 1-00000E OOHWD, FLUX= 1.003 OON/CM**2-SEC 

ELEBENT TABLE: RADIOACTIVITY, CURIES 
ORE TONNE OF INITIAL H E A V Y  NETAL AT A REPROCESSING TINE OF 160 DAYS 

SHtO.05X F 3. YR 10. Y R  30. YR 100. YR 300. PR 1. KY 3. KY 10. KY 30. KY 100. KY 

1.280E-01 1.0823-01 7.3033-02 2.376E-02 1.6723-04 6.223E-09 5.3703-26 0.0 0.0 0.0 0.0 0.0 

2.482E-08 2.4743-08 2.4563-08 2.4043-08 2.2313-08 1.803E-08 8.5453-09 1.0133-09 5.8022-13 3.1713-22 0.0 0.0 
3.6C3E-01 2.4743-08 2.4563-08 2.4043-08 2-2313-08 1.8033-08 8.546E-09 1.013E-09 5.8033-13 3.171E-22 0.0 0.0 
5.479E-01 9.8183-05 1.7623-13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2.209E-08 2.2091-08 2.2093-08 2-2093-08 2.2093-08 2-2093-08 2.2082-08 2.2063-08 2.200E-08 2.181E-08 2.1163-08 1.43 
9.412E-01 9.4082-01 9.4003-01 9-378E-01 9.2992-01 9.0762-01 8-339E-01 6.547E-01 2.807E-01 2.4973-02 5.2403-06 0.0 

. M Y  

3-08 

6.020E-06 6.0203-06 6.0203-06 6.0203-06 6.0193-06 6.0161-06 
2.650E-06 1.5923-08 1,5643-08 1.4853-08 1.2403-08 7.407E-09 
2.346E-13 2.3463-13 2.3463-13 2.3463-13 2.3463-13 2.3463-13 
1.8993-03 1.7583-05 9.0843-08 9.0493-08 9.0443-08 9.0283-08 
1.16OE-01 1-3483-05 8.8053-15 0.0 0.0 0.0 
2.30412- 15 2.3043- 15 2.3043- 15 2.3043- 15 2.3043- 15 2.30 43- 15 
6.236E 02 7.7723-10 0.0 0.0 0.0 0.0 
6.803E 01 5.986E 00 2.0733-02 1.9043-09 0.0 0.0 
4.863E 03 2.1713 03 3.3593 02 1.6263 00 1.2783-08 0.0 
8.7252 03 4.9113 03 1.9563 03 1.4093 02 1.4133-02 5.3113-14 
6.6C6E 02 6.4603 02 6.1303 02 5.2802 02 3.1373 02 7.352E 01 
5.727E-23 0.0 0.0 0.0 0.0 0.0 
2.103E-01 9.3403-03 6.5203-06 6.2653-15 0.0 0.0 
2.2723-10 2.5273-38 0.0 0.0 0.0 0.0 
2.000E-32 2.0003-32 2.0003-32 2.0003-32 2.0003-32 2,0003-32 
6.356E-01 1.4'133-04 1.194E-04 7,4203-05 1.4023-05 1.2003-07 
2.171E 00 1.4613-04 1.1953-04 7.4223-05 1.4033-05 1.201E-07 

1.659B 04 1.4413 00 1.3363 00 1.3783 00 1.3983 00 1.3902 00 
2.524E-02 2.5233-02 2.5193-02 2.5093-02 2.4753-02 2.3783-02 
1.056E-03 1.0563-03 1.0563-03 1.0563-03 1.0563-03 1.0553-03 
4.0606-03 1.6313-11 3.0993-16 3.2993-22 4.107E-43 0.0 
2.9S9E-13 3.8123-14 3.0993-16 3.2993-22 4.1073-43 0.0 
6.45 53- 15 6,4553- 15 6.4553- 15 6.4553- 15 6.45 5E- 1 5 6. 45 5E- 15 
7.132E-04 4.0793-05 6.7683-06 6.0433-06 4.1243-06 1.384E-06 
9.9511-03 5.4173-04 1,1893-05 2.167E-10 5.6043-27 0-0 
8.916E 00 1.942E-06 1.6623-16 1.6623-16 1.6623-16 1.6623-16 
4.7COE 03 1.9093 02 6.3733-01 3,7913-01 1.436E-01 8.96lE-03 
1,451E 03 6.8333 02 1.185E 02 7.9513-01 1.9623-08 0.0 
3.45UE 02 1.6683 02 2.8923 01 1.9403-01 4.7883-09 4.3613-13 
1.652E- 14 1.6523- 14 1,6523-14 1.6523-1 4 1.6523-14 1.6523-14 
4.157E-12 8.44033-42 0.0 0.0 0.0 0.0 
3.6413- 16 1.3283-16 1.2623-1 7 1.9653-20 1.4 183-23 1.41 8E-23 
5.2101-23 1-1903-33 1.1903-33 1.1903-33 1.1903-33 1.1903-33 
4.356E-57 0.0 0.0 0.0 0.0 0.0 
1.612E-29 1.6123-29 1.6123-29 2.9613-37 0.0 0.0 
1.218E-27 1.5933-29 1.5933-29 2.9263-37 0.0 0.0 
2.3683-23 3.5853-45 3.5853-45 9.4933-45 9.4933-45 9.4933-45 
8.3233-20 3.8643-20 1.136E-20-7.8833-21-7.3203-29 0.0 
4 806 E-12 4.6963-12 4. 4503-12 3.8153-12 2.2253- 12 4.7683- 13 
1 -676E-04 1.2313-04 6.2593-05 1.0483-05 3.3753-08 3.3653-15 
9.842E-04 4.2673-05 2.8183-08 2.4183-17 1.083E-18 1.0833-18 
1.724E-03 4.7273-08 1.0713-18 0.0 0.0 0.0 
2.001E-20 0.0 0.0 0.0 0.0 0.0 

e.566~ 0 3  1.8653-01 i.266~-01 i.266~-01 i.266~-01 i.265~-01 

6.0062-06 5.979E-06 5.8832-06 5.6183-06 4.7823-06 6.0193-07 
1.2203-09 7.0573-12 1.035E-19 0.0 0.0 0.0 
2.3463-13 2.346E-13 2.346E-13 2.3462-13 2.3463-13 2.345E-13 
8.9743-08 8.8223-08 8.3093-08 7.002E-08 3.8473-08 1.7382-1 1 
0.0 0.0 0.0 0.0 0.0 0.0 
2.304E-15 2.304E- 15 2.3043-15 2.304E-15 2.30 4E-15 2.304E-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 0.0 
5.46CE 00 5.0223 00 4.7278 00 3.975E 00 2.167E 00 9.0712-04 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
2.0003-32 2.0003-32 2.0003-32 2.0003-32 2.000E-32 1.1413-35 
6.9703-15 1.4763-35 0.0 0.0 0.0 0.0 
6.9723-15 1.4763-35 0.0 0.0 0.0 0.0 
1.265E-01 1.2643-0 1 1.2603-01 1.2493-0 1 1.21 OE-01 8.045E-02 
1.360E 00 1.2783 00 1.0313 00 5.7913-01 1.571E-01 7.6431-02 
2.07CE-02 1.3931-02 3.4803-03 6.6173-05 6.2693-11 0.0 
1.0532-03 1.046E-03 1.0223-03 9.5783-04 7.6273-04 4.0783-05 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
6.454E-15 6.453E- 15 6.4483- 15 6.4343-15 6.3863-15 5.802E-15 
3.0353-08 5.5173-13 1.4133-29 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
1.6623-16 1.6623-16 1.6623-16 1.6623-16 1.662E-16 1.6623-16 
5.440E-07 4.871E-19 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
4.3613-13 4.3612-13 4.3613- 13 4.3613-13 4-36 1E-13 4.361E-13 
1.652E-14 1.6521-14 1.6523-14 1-6503-14 1.6453-1 4 1.581E-14 
0.0 0.0 0.0 0.0 0.0 0.0 
1.4183-23 1.4183-23 1.4153-23 1.4063-23 1.3773-23 1.050E-23 
1.1263-40 9.5983-61 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
9.4933-45 9.4933-45 9.493E-45 9.493E-45 9.493E-45 9.4932-45 
0.0 0.0 0.0 0.0 0.0 0.0 
2.1783-15 4.447E-22 9.9983-28 1.0023-27 1.008E-27 1.093E-27 
5.499E-36 0.0 0.0 0.0 0.0 0.0 
1.0833-18 1.0833-18 1.0833-18 1.0833-18 1.083E-18 1.0832-18 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

d 

P 
P 



* 

T a b l e  8 . 3  ( c o n t i n u e d )  
OUTPUT U N I T  = 6 PAGE 49 

DECAY O E  PWR STRUCTURAL HATERIAL WASTE: 33,000 flWD/HTHII A C T I V A T I O N  PRODUCTS 
POWER= 1.000003 OOHP, BURNUP= 1.00000E O O M W D ,  FLUX= 1.003 OON/CM**2-SEC 

PZEHENT TABLE: R A D I O A C T I V I T Y ,  CURIES 
ONE TONNE OF I N I T I A L  HEAVY HETAL AT A R E P R O C E S S I N G  T I N E  OF 160 DAYS 

S M + 0 . 0 5 X  F 3. YR 10. YR 30. YR 100. YR 300. YR 1. RY 3. K Y  10. KY 30. KY 100. KY 1. UY 

H O  
ER 
TPI 
YE 
L U  
BF 
T A  
W 

R E  
os 
IR 
P T  
AD 
TL 
P E  
B I  
ea 
TC'IAL 

1.31 2E-09 1.3103-09 1.3053-09 
6.809E-14 0.0 0.0 
1.74 OE- 10 1.4283- 12 7.6 863- 1 4 
3.6C8E-20 0.0 0.0 
3.5393-03 2.6353-05 3.1203-10 
4.195E 01 6.4361-05 4.1663-07 
1.371E 01 1.856E-02 4.2033-07 
6.436E 00 9.4103-04 3.1113-10 
3.3223-01 5.8803-06 1.3983-08 
9.7C6E-06 2.9763-11 1.3253-11 
6.664E-04 2.9223-08 5.1843-09 
1 - 5 4s E- 08 1.5 38 E- 0 8 1.52 3E- 0 8 
2.266E-29 0.0 0.0 
8.5961-12 8.5963-12 8-5963-12 
9.1303-13 9.1301-13 9.130B-13 
9 -987 E-12 9 -981 3-1 2 9.98 1E-12 
1 -046E-05 4.3323-08 1.5383-13 
4.667E 04 8.7773 03 3.0553 03 

1.2903-09 1.2393-09 1.1043-09 7.3653-10 2.3203-10 4.0703-12 
0.0 0.0 0.0 0.0 0.0 0.0 
5.6233-17 5.9543-28 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
2.6753-11 2.6753-1 1 2.6753-1 1 2.675E-11 2.6753-1 1 2.6753-11 
4.1663-07 4.166E-07 4.1663-07 4.1653-07 4.1653-07 4. 1623-07 
4.1663-07 4. 1662-07 4.1663-07 4.1652-07 4.1653-07 4.1623-07 
2.2193-28 0.0 0.0 0.0 0.0 0.0 
1.3983-08 1.3983-08 1.3983-08 1.398E-08 1.3983-08 1.3983-08 
1.3153-12 4.045E-16 3.7383-26 0.0 0.0 0.0 
4.883E-09 3.991E-09 2.2453-09 2.9993-10 9.5403-13 1.7223-21 
1.4823-08 1.3453-08 1.019E-08 3.8613-09 2.413E-10 1.4733-14 
0.0 0.0 0.0 0.0 0.0 0.0 
8.5951-12 8.5953-12 8.5953-12 8.594E-12 8.59OE- 12 8.5763- 12 
9.130E-13 9.130E-13 9.1303-13 9.13CE-13 9.1293-13 9.1283-13 
9.9813-12 9.9813-12 9.9803-12 9.9773-12 9.9683-12 9.9363-12 
3.452E-14 3.4523- 14 3.4523-14 3.45 18-14 3.4503-14 3. W4E-14 
6.7433 02 3.1632 02 7.5983 01 7.8023 00 7.0963 00 6.1693 00 

3.9133-17 1.0793-34 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
2.6753- 1 1 2.67 53 - 1 1 2.67 5E- 1 1 
4.1563-07 4.1343-07 3.8573-07 
4.1563-07 4.1343-07 3.8573-07 
0.0 0.0 0.0 
1.3983-08 1.3983-08 1.3983-08 
0.0 0.0 0.0 
0.0 0.0 0.0 
1.3403-26 0.0 0.0 
0.0 0.0 0.0 
8.5363-12 8.3993-12 6.8222-12 
9.124E-13 9.1093-13 8.921E-13 
9.8473-1 2 9.5523-1 2 7.055E-12 
3. 428E-14 3.3733-1 4 2.74 OE-14 
4,7043 00 2.4463 00 1.5783-01 



T a b l e  6 . 4 .  Sample 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  

PAGE 50 OUTPUT UNIT = 6 
DECAY O E  PWR STRUCTURAL B A T E R I A L  WASTE: 33,000 N%D/NTHM ACTIVATICN PRODUCTS 

POWER= 1.00000E 00111, B U R N U P =  1.00000E 00flWD. PLUX= 1.00E OON/CM**2-SEC 

SUflVARY TABLE: R A D I O A C T I V I T Y ,  CURIES 
O N E  TONNE OF INITIAL H E A V Y  METAL AT A REPROCESSING T I N E  O F  160 DAYS 

SMt0.05X F 3. YR 10. Y R  30. YR 100. Y R  300. YR 1. K Y  3. K Y  10. K Y  30. K Y  100. K Y  1. HY 

c 1 4  
C h  51 
f l N  54 
FE 55 
cc 58  
C C  60 
N I  59  
N I  6 3  
Z R  9 3  
ZR 95 
NE 93fl 
N E  9 4  
Y E  9 5  
N E  95PI 
no 9 3  
5 6 1 1 3  
SN119M 
S I 1 2 3  
SE125 
TE125N 
SUFTCT 

T C T A L  

9.412E-01 9.4083-01 9.400E-01 9.3783-01 9.2993-01 9.0763-01 8.339E-01 6.5473-01 2.8073-01 
€.23CE 02 7.7723-10 0.0 0 .0  0.0 0- 0 0.0 0.0 0.0 
6.803E 01 5.9863 00 2.0733-02 1.9043-09 0.0 0.0 0.0 0.0 0.0 
4.@31E 0 3  2.171E 03  3.3593 02 1.6263 00 1.2783-08 0.0 0.0 0.0 0.0 
1.438E 03  3.1433-02 4.194E-13 0.0 0.0 0.0 0.0 0.0 0.0 
7.2861 03 4 . 9 l l E  03 1.9563 03  1.409E 0 2  1.4133-02 5.3113-14 0.0 0.0 0.0 
5.154E 00 5.1543 00 5.154E 00 5.1533 00 5.1503 0 0  5.141E 00 5.11CE 0 0  5 .0223 0 0  4.7273 00 
6.554E 02 6.4083 0 2  6.079E 02 5.228E 02 3.086E 0 2  6 .8383 01 3.5003-01 9.9983-08 0.0 
1.266E-0 1 1.266E-0 1 1.266E-01 1.2663-01 1.2663-0 1 1.265E-01 1.265E-0 1 1.2643-0 1 1.2603-01 
8.566E 03 5.989E-02 5.5972-14 0.0 0.0 0.0 0.0 0.0 0.0 
9.263E-03 2.5003-02 5.3573-02 9.6183-02 1.196E-01 1.2023-01 1.202E-01 1.201E-01 1.1973-01 
1.283E 00 1.2833 00 1.282E 00 1.2813 00 1.2783 00 1.270E 00 1.2403 00 1.158E 0 0  9.1162-01 
1.652E 04 1.330E-01 1.2433-13 0.0 0.0 0.0 0.0 0.0 0.0 
6.355E 01 4,4433-04 4.1522-16 0.0 0.0 0.0 0.0 0.0 0.0 
2.524E-02 2.5232-02 2.519E-02 2.5093-02 2.4753-02 2.378E-02 2.07CE-02 1.393E-02 3.4803-03 
3.485E 02 4.7503-01 9.775E-08 7.682E-27 0.0 0.0 0.0 0.0 0.0 
4.206E 03  1.8953 0 2  1.3693-01 1.4513-10 0.0 0.0 0.0 0.0 0.0 
1.420E 02 3.9683-01 U.365E-07 4.1233-2U 0.0 0.0 0.0 0.0 0.0 
1.448E 03 6.8333 02 1.1853 02 7.9513-01 1.9623-08 0.0 0.0 0.0 0.0 
3.443B C2 1.6683 0 2  2.892E 01 1.940E-01 U.788E-09 0.0 0.0 0.0 0.0 
4.655E 04 8.7773 03  3.0543 03 6.739E 0 2  3.1623 0 2  7.5973 01 7.801E 0 0  7.095E 0 0  6.1683 00 

2-4973-02 
0.0 
0.0 
0.0 
0.0 
0.0 
3.9753 0 0  
0.0 
1.2493-0 1 
0.0 
1.186E-01 
4.605E-01 
0.0 
0.0 
6.617E-05 
0.0 
0.0 
0.0 
0.0 
0.0 
4.7043 0 0  

5.2403-06 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
2.1673 0 0  9.0713-04 
0.0 0.0 
1.210E-01 8.045E-02 
0.0 0.0 
1.1493-0 1 7.6432-02 
4.21 93-02 1.949E- 1 5  
0.0 0.0 
0.0 0.0 
6.2693-11 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
2.4453 0 0  1.5783-01 

4.667E 0 4  8.7773 03 3.0553 03 6.7433 02 3.1633 02 7.5983 01 7.8023 00 7.096E 0 0  6.1693 00 4.7043 0 0  2.4463 0 0  1.5786-01 

? *  
9 



Table 8.5. Sample O R I G E N Z  summary element radioactivity table 

OUTPUT U N I T  = 6 PAGE 51 
DECAY O E  P W R  STRUCTURAL MATERIAL WASTE: 33,000 NWD/MTHM ACTIVATION PRODUCTS 

POWER= 1.000003 OOMU,  BURNUP= 1.000003 OONWD, FLUX= 1.003 OON/CN**2-SEC 

SUMMARY TABLE: RADIOACTIVITY,  CURIES 
ONE TONNE O F  I N I T I A L  BEAVY METAL AT A REPROCESSING T I N E  OF 160 DAYS 

SM+o.OS% F 3. YR 10. YR 30. Y R  100. Y R  300. Y R  1. KY 3. K Y  10. KY 30. K Y  100. K Y  1. MY 

C 
CB 
N N  
PE 
co 
N I  
Z R  
N E  
MC 
SN 
SE 
T E  
SUMTCT 

9.412E- 
6.236E 
6.803E 
4.8632 
8.7253 
6.60672 
8.566E 
1.659E 
2.524E- 
4.7COE 
1.451E 
3.454E 
4.659E 

01  9.4083-01 
02 7.7723-10 
01 5.9863 00 
03  2.171E 03 
03 4.9113 03  
02 6.4603 02  
03  1.8653-01 
04 1.4413 00 

.02 2.5233-02 
03 1.909E 02  
03 6.8333 02  
02 1.6683 02 
04 8.7773 03 

9.4003-01 
0.0 
2.0733-02 
3.3593 02 

6.1303 02 
1.2663-01 
1.3363 00 
2.5193-02 
6.3 733- 0 1 

2.8923 0 1  
3.0553 03 

1.9563 a3 

1.1853 a2  

9.378E-01 
0.0 
1.9043-09 
1.6263 00 
1.409E 02 
5.2803 02 
1.2663-0 1 
1.3783 00 
2.5093-02 
3.7913-01 
7.9513-01 
1.940E-01 
6.743E 02 

9.2993-01 9.0762-01 8.3392-01 6.5473-01 2.8073-01 
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 
1.4133-02 5.3113-14 0.0 0.0 0.0 
3.1372 02 7.3523 01 5.4603 0 0  5.0223 00 4.7273 00 
1.2663-01 1.2653-01 1.2653-01 1-2643-01 1.2603-01 
1.3983 00  1.3903 00 1.360E 00  1.2783 00 1.0313 00 
2.4753-02 2.3783-02 2.07CE-02 1.3933-02 3.4803-03 
1.4363-01 8.9613-03 5.44CE-07 4.8713-19 0.0 
1.9623-08 0.0 0.0 0.0 0.0 
4.7883-09 4.3613-13 4.3613-13 4.3613-13 4.3613-13 
3.1633 0 2  7.5983 01 7.8013 00 7.0953 0 0  6.168E 00 

2.497E-02 5.2403-06 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
3.9753 0 0  2.167E O C  9.0713-04 
1.2493-01 1.2103-0 1 8.0453-02 
5.79 13-0 1 1.57 13-0 1 7.64 3E-02 
6.6173-05 6.2693-11 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
4.36lE-13 4.361E-13 4.3613-13 
4.7043 00 2.4453 0 0  1.5783-01 

TC'IAL 4.667E 04 8.7773 03 3.0553 03 6.7433 02 3.1633 0 2  7.5982 01  7.8022 00 7.0963 00 6.1693 00 4.704E 00 2.4463 00 1.5783-01 

CUMULATIVE TABLE TOTALS 

A P + F P  4.6673 04 8.7773 03  3.0553 0 3  6.7433 02 3.1633 0 2  7.5983 01 7.8023 00 7.0962 0 0  6.1691 00 4.7043 00 2.4463 00 1.5783-01 
AC!I+FP 0.0 0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 d 

AF+ACT+FP 4.667E 04 8.7773 03  3.0553 0 3  6.7433 02 3.1633 02 7.5983 01 7.8023 00 7,0963 00  6.1693 00 4.7043 0 0  2.4463 0 0  1.5783-01 P u 
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Appendix B . 3 :  Sample Neutron P r o d u c t i o n  Rate Tables  



Tsb le  8 . 6 .  Sample O R I G E N Z  ( a l p h a , n )  neu t ron  p r o d u c t i o n  t a b l e  

PAGE 52 OUTPUT U N I T  = 6 
DECAY OF PWR STRUCTURAL flATERIAL WASTE: 33 ,000  IIWD/RTAE 

(ALPAA,N) N E U T R O N  SOURCE, BEUTEONS/SEC 
O N E  TOXNE OF INITIAL A E A V Y  flETAL AT A REPROCESSING TIME OF 160 DAYS 

SI!+O.O5% P 3. Y R  10. YR 30. YR 100. Y R  300. Y R  1. KV 3. K Y  10. K Y  30. K Y  100. K Y  1. I I Y  
BASIS= 

E1211 
PO210 
PC213 
PO214 
PC215 
P t i l 8  
AT217 
RN219 
R1222 
FR221 
RA223 
RA226 
AC225 
TA227 
TA229 
TAi30 
PA231 

U233 
5234 
U236 
0238 

NF237 
P5238 
PO239 
PO240 
PO242 
A1241 
A1243 
C1243 
CR244 

- --_ -- -- 
TCTALS 
TAELE 
ACTUAL 

8-4473-07 3.1383-06 8.3213-06 
3.7833-10 3.0383-09 3.8093-08 
2.3 1 8 E-07 2.5 16E-07 3.2 1 53-07 
6.3 17 E- 08  2.5 122-07 1.2223-06 
1.2 7 8 E- 06 4.7 47E- 0 6 1.2 593- 0 5 
i.553E-C8 1.017E-07 U.9453-07 
1.272E-07 1.3803-07 1.7643-07 
9.784E-07 3-6353-06 9.6383-06 
1.8 42 E- 08 7 - 3363- 0 8 3.56 8E- 0 7 
8.8 15 E- 08 9.5673-0 8 1.22 23- 0 7 
5.5972-07 2.0803-06 5.5143-06 
1.115E-08 4.4383-08 2.1593-07 
6.125E-08 6.6483-08 8.4943-08 
€ -019E- 07 2.2443-06 5.951 E- 06 
3.75 5 E- 08 4.0 97E- 08 5.2343- 08 
1.529E-05 3.2333-05 7.3253-05 
8.78 1 3- 06 9.547E-06 1.133E-0 5 
8.733E-06 1.133E-05 1.7233-05 
6.6 7 2 E- 0 1 6.7 903- 0 1 7.0 593- 0 1 
1.214E-01 1.2153-01 1.215E-01 
1.184E-01 1.1843-01 1.1843-01 
2.2 58 E- 01 2.3 023-0 1 2.3233-0 1 
2.275E 03  2.3183 03  2.1953 03  
2.376E 02 2.3763 02 2.3753 02 
4.145E 02 4.1473 02  4.1513 02 
1.142E C O  1.142E 00 1.1423 00 
1.896E 02 7.3903 0 2  1.7413 03  
1.511E 01 1 . 5 1 1 E  01  1.5103 01  
2.086E 01 1.9393 0 1  1.6363 01  
1.808E 03 1.612E 0 3  1.2333 0 3  

2.2903-05 7.275E-05 2.1393-04 7.291E-04 
5.6913-07 1.2763-05 1.8393-04 2.6823-03 
6.8213-07 4.012E-06 3.6773-05 5.7093-04 
8.3023-06 8.9513-05 8.8783-04 1.0373-02 
3.4633-05 1.1003-04 3.2353-04 1.1033-03 
3.3593-06 3.6223-05 3.5933-04 4.195E-03 
3.7423-07 2.2013-06 2.0173-05 3.1323-04 
2.6523-05 8.4263-05 2.11773-04 8.445E-04 
2.4243-06 2.6143-05 2.5933-04 3.027E-03 
2.5933-07 1.5263-06 1.3983-05 2.17 13-04 
1.5173-05 8.8213-05 1.4173-04 4.832E-04 
1.4673-06 1.5813-05 1.5683-04 1.8313-03 
1.8023-07 1.0603-06 9.7163-06 1.50eE-04 
1.6373-05 5.2023-0 5 1.5293-04 5.21 4E-04 
1,1113-07 6-5333-07 5.988E-06 9.2953-05 
1-9833-04 7.1 1 OE-0 4 2.5 003-03 9.36 SE-03 
1.64 1E-05 3.420E- 05 8.5C 13-05 2.626E-04 
3.4553-05 1.0473-OU 3.8723-04 1.9753-03 
7.7483-01 9.4593-01 1.1303 00 1.176E 00 
1.217E-01 1.2223-0 1 1.2363-01 1.2853-01 
1.184E-01 1.1846-01 1.1843-01 1.184E-01 
2.44 83-0 1 3.0683-0 1 4.6 1 2E-0 1 7.3663-01 
1.8743 03 1.0793 03 2.2323 02  9.5533-01 
2.3743 02 2.3703 0 2  2.357E 02 2.312E 02  
4.1543 02 4.1333 0 2  4.0473 02 3.7583 02 
1.142E 00 1.1413 0 0  1 .1413  00 1.140E 00 
3.2243 03  3.7433 0 3  2.7413 0 3  8.919B 02 
1.5073 01  1.4973 0 1  1.4693 01  1 ,3763 01 
1.0063 01 1.8333 00 1.4143-02 5.7103-10 
5.7353 02 3.9353 01  1.8643-02 6.9183-11 

2.1313-03 6.9263-03 1.9253-02 4.415E-02 5.4453-02 
1.S87E-02 1.1473-01 3.9933-01 9.0993-01 4.034E-01 
6.8523-03 7.5103-02 U.351E-01 1.6973 0 0  4.124E 00 
7.6813-02 4.4352-01 1.5443 0 0  3.5183 00 1.559E 00 
3.2233-03 1.OUEE-02 2.9 12E-02 6.678E-02 8.2361-02 
3.1082-02 1.7953-01 6.24633-01 1.4233 00  6.310E-01 
3.75SE-03 4.120E-02 2.3873-01 9.3093-01 2.2623 00  
2.4683-03 8.0223-03 2.2303-02 5.114E-02 6.3073-02 
2.2433-02 1.2951-01 4.50713-01 1.027E 00 4.554E-01 
2.6053-03 2.855E-02 1.654E-01 6.4523-01 1.5683 00  
1.4 12E-03 4.58 93-03 1.27 63-02 2.9263-02 3.6 083-02 
1.3573-02 7.8353-02 2.7273-0 1 6.21 53-01 2.7553-01 
1.810E-03 1.9843-02 1.1503-01 4.4833-01 1.089E 00 
1.52UE-03 4.9523-03 1.377E-02 3.157E-02 3.8943-02 
1.1163-03 1.223E-02 7.0843-02 2.763E-01 6.7143-01 
2.8831-02 9.3543-02 2.5173-01 5.7463-01 2.5603-0 1 
7.673E-04 2.4943-03 6.9333-03 1.5903-02 1.961E-02 
7.9743-03 2.9533-02 8.7333-02 2.5133-01 5.5613-01 
1.1713 00 1.151E 00 1.098E 00 9.3453-01 2.465E-01 
1.406E-01 1.6733-01 1.8853-01 1.91 13-01 1.860E-01 
1.184E-01 1.1843-01 1.1842-01 1.1843-01 1.1843-01 
8.6363-01 8.6703-01 8.6153-01 8.421E-01 6.292E-0 1 d 

0.0 0.0 0 8.4953-06 1.1493-19 0.0 
2.1893 0 2  1.802E 02 1.0223 02  1.3653 0 1  2.724E-08 
3.0403 02 1.4473 02 1.7363 01  1.0383-02 4.477E-07 
1.1363 00 1.122E 00 1.0822 00 9.5473-01 1.9043-01 
3.6113 0 1  9.6623-03 1.7973-03 5.9923-06 0.0 
1.1403 0 1  5.9073 0 0  9.0283-01 1.2663-03 3.1663-08 
4.2853-31 0.0 0.0 0.0 0.0 
6.9133-11 6.9133-11 6.9122-11 6.9083-11 6.8583-11 

u1 

4.963E 03 5.3583 03 5.8553 03 6.3533 03 5.5313 0 3  3.622E 03  1.5173 03  5.7402 0 2  3.356E 02 1.2862 0 2  2.9283 01  1.5533 01 
4.963F 0 3  5.3583 03 5.8553 03 6.3533 03 5.5313 03 3.6223 03 1.5173 03 5.7403 0 2  3.3563 02 1.2863 02 2.9283 01  1.5533 01 

i 1 ’ 1  



T a b l e  8.7. S a m p l e  O R I G E N Z  s p o n t a n e o u s  f i s s i o n  neutron production t a b l e  

OUTPUT O N I T  = 6 PAGE 53 
DECAY OF PUR STROCTURAL N A T E R I A L  WASTE: 33,000 MlD/MTHH 

SPONTANEOUS FISSION NEUTRON SOURCE, NEOTROBS/SEC 
BASIS= ONE TONNE OF INITIAL H E A V Y  METAL AT A REPROCESSING T I N E  OF 160 DAYS 

SM+0.05% E 3. YR 10. Y R  30. YR 100. Y R  300. Y R  1. K Y  3. K Y  10. KY 30. KY 100. KY 1. MY 

0238 6.304E 00 6.304E 00 6.304E 0 0  6.3043 00 6.3043 00  6 , 3 0 4 3  00 6.3043 0 0  6.3043 00 6.3043 0 0  6.3043 0 0  6.3053 0 0  6.306E 00 
PO238 1.647E 02  1.6783 0 2  1.589E 0 2  1.3573 02 7.813E 0 1  1.616E 01  6.9163-02 6.151E-07 8.3213-21 0.0 0.0 0.0 
"0240 1.143E 03 1.1443 0 3  1.145E 03 1.1463 03  1.14OE 0 3  1.116E 03  1.03CE 03 8.3833 02  3.9913 02 4.787E 01 2.8623-02 1.2353-06 
PO242 4-682E 02 4.6823 02 4.6823 02 4.682E 02 4.6813 0 2  4.680E 02 4.674E 02 4.6583 02  4.6OOE 02 4.4383 0 2  3.915E 0 2  7.808E 0 1  
CM242 6.440E 04  6.2323 02 9.6673 00  8.8133 00 6.4052 0 0  2.5733 00 1.057E-01 1.161E-05 1.5933-19 0.0 0.0 0.0 
CW244 1.061E 0 5  9.458E 04 7.2353 04 3.3653 04 2.3093 0 3  1.0943 00 4.0593-09 4.0572-09 4.0573-09 4.056E-09 4.0543-09 4.025E-09 
CM246 4.272E 02 4.2703 02 4.2663 0 2  4.2533 02 4.2103 0 2  4.0883 02 3.690E 02 2.7533 02 9.871E 01 5.269E 0 0  1.852E-04 1.7703-28 

- - - - - - - - - - - - - ~ ~ ~ ~ ~ ~ - _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ ~ _ ~ ~ ~ ~ _ ~ ~ ~ _ _ _ ~ _ ~ _ ~ _ _ ~ _ ~ _ _ ~ ~ ~ ~ _ ~ ~ _ ~ _ ~ _ ~ ~ ~ ~ ~ _ ~ _ _ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ _ ~ _ _ _ _ _ _ ~ ~ ~ _ _ ~ ~ ~ ~  
TCTALS 
TAELE 1.727E 05 9.7423 0 4  7.4573 0 4  3.584E 04 4.4303 0 3  2.020B 0 3  1.880E 0 3  1.5863 0 3  9.6463 02 5.037E 0 2  3.9823 0 2  8.4493 01 
ACTBAL 1.727E 05 9.7423 0 4  7.4573 0 4  3.5843 04 4.4303 0 3  2.020E 0 3  1.880E 03 1.5863 0 3  9.6463 02 5.037E 0 2  3.9823 0 2  8.4493 0 1  

---------------------_-_---------_---------___------_______________________________________________________--_________-_____-___ 
O Q  ER ALL 
TCTALS 
TAELE 1.777E 05 1.0283 0 5  8.042E 0 4  4.2203 04 9.9613 0 3  5.6423 0 3  3.3973 0 3  2.160E 0 3  1.3003 03  6.3233 0 2  4.2753 0 2  1.000E 0 2  
ACTUAL 1.777E 05 1.028E 05 8.0423 0 4  4.2203 04 9.9613 0 3  5.6423 0 3  3.397E 0 3  2.160E 0 3  1.300E 03  6.3233 0 2  4.275E 02 1.0003 0 2  
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Appendix B . 4 :  Sample Photon Production Rate Tables 



T a b l e  6.8. Sample  O R I G E N E  a c t i v a t i o n  p r o d u c t  p h o t o n  t a b l e  

002PU': UNTT = 11 
PAOTCU SPECTROW FOR 4CTIVaTIOI PRODUCTS 

E l E h N  

1.500E-02 
2.5002-02 
3.750E-02 
5.7503-02 
8.500E-02 
1.250E-01 
2.250E-01 
3.750E-01 
5 - 75 OE-0 1 
8 -500E-0 1 
1.250E+00 
1.750E+00 

2 . 7 5 0 ~ + 0 0  
3. SOOE+OO 

2.250E+00 

5.00OE+OO 
7.000E+00 
1.100E+01 

TOTRL 

UEO/SEC 

PhG0 51 

DECAY OF PiiR STPUCTUQIL M A T E R I A L  HASTE: 33,000 MU3/XTRY 
POPER= 1.00 MY, BURNUP= 1. aHD, FLUXI l . O O E + O O  N/CM**2-SEC 

18 GROUP PROTON RELERSE R4TBS. PHOTONS/SECOAD 
BASIS= O N E  TOWNE OF INITI4L H E A V Y  METAL AT A QEPROCESSIIG TIME OF 160 DAYS 

SH+O.O5X P 3.OYR 10.OYR 30.OYR 100.OYR 300.OYB 1. OKY 3.OKY 1 O . O K Y  30.OKY 100.OKY 1 . O M Y  

7.827E+13 1.2189+13 U.340E+ 1 2  3.9UOE+ll 7.005E+lO 2- 058E+ 10 6.32UP+O9 5.57 3E+09 4.069E+09 2.31 OE+09 9.6755+0 8 5.55 Uy+O8 
1.226E+14 2.1863+13 3.64OE+12 7.527F+lO 4.71633+09 1.695E+09 8.166E+09 7.434E+Oq 5.567E+08 2.6793+08 2.6383+07 1 . 2 9 2 ~ + 0 6  
l.U38E+13 5.37UE+12 l . l49E+12 3.U37E+10 1.279E+O9 6.6232+08 4.750E+08 U.355E+08 3.2902+08 1.596E+08 1.50UE+07 2.602~+135 
7.1273+12 1.2283+1; 4.5U'E+ll 3.180E+10 6.655E+08 5.959E+08 5.623E+08 5.193E+08 3.980E+08 1.9578+08 1.810E+07 4 . 5 6 1 ~ + 0 4  
2.594E+12 4.8853+11 1 .801E+l l  1.2U9E+10 2.6259+08 2.593E+08 2.528F+O8 2.351E+09 1.8342+08 9.179E+07 8.4813+06 5 . 7 6 5 ~ + 0 3  
2.2UOE+12 2.896E+11 8.68UE+10 4.9UlE+09 1.2USE+08 1.231E+08 1.202E+08 1.122E+08 8.8222+07 U.U52E+07 U. l l lE+06  U.5768+03 
5.237E+12 1 - 595 E+ 1 2 2.886 E+ 1 1 3. U OUE+09 7.68 UE+07 7.6 09B+07 7.113 OE+O7 6.93 9E+07 5 .  U6 UE+ 07  2.76 1 E+ 07 2.5U 1 E+ 0 6 U. 3 OUF+O 3 

U.O43E+13 1.176E+13 2.039Et12 1.370E+10 1.569E+05 4.601E+OU 1.089E+03 7.4893+01 7.089E+Ol 6.7663+01 5.761E+01 7.348E+OO 
8.818E+14 3 .300E+l l  9.3953+10 8.807E+10 8.7473+10 8.688E+10 8.U82E+10 7.923E+10 6.238E410 3.151?3+10 2.8875+09 1.526P+02 
5.U27E+ 14  3,65UE+14 1.455E+lU 1.0@8E+13 1.051E+09 l.U32B+OU l.U30E+OU 1.43 OE+O4 1. U29P+OU 1. U27E+OU 1. U 19?+04 1.32 UE+OU 

2.1733+13 9.160E+li  1.592Et12 1.107E+10 3.8593+06 3.6613+06 3.52'F+06 3.293E+06 2.593E+06 1.310E+06 1.202E+05 2.725E+01 

3.184E+11 6,18UE+O€ 2.943E+04 6.351E+03 1.605E+02 1.243E+00 9.630E-OU 1.52 4E-05 2.523F-06 2.522E-06 2.5083-06 2.3409-06 
8 9 U6 E+ 0 9 1 I 9 3 6 E +  0 5 7.7 12E+ 08 5.5 55E+07 5.57 1E+O 3 1 I 32 UE- 00 1 - 5  9 9E- 1 0 1.52 1 E- 10 1.5 1 9 E- 10 1 - 51 2 E- 10 1. U 8 8 E- 1 0 1.2 0 S E- 1 0 
1.332 E+07 5,992 E+06 2.386E+06 1.71 9E+05 1 .72 UE+O 1 1- U 143- 10 7.626E-11 7.62 3E-11 7.61 O F  11 7.575P- 11 7 .  45UE- 1 1 6.0543- 1 1 
6.841E-05 3.2171-07 3.9138-10 6,UQOE-11 5.R00E-11 5.611E-11 5.6082-11 5.605E-11 5.506E-11 5.5'0E-11 5.URlE-11 '4.4520-11 
2.028E-05 6.3983-08 1 -696E-11 1.673E-11 1.67 3E-11 1.67319-11 1.6733-1 1 1.672E-11 1 -669E- 11 1.66 1 E - 1 1  1.635E-11 1.328E-11 
1.31613-06 5.UU9E-OC 1,0983-12 1.083E-12 1.0833-12 1.083E-12 1.083E-12 1.0833-12 1.081E-12 1.0763-12 1.0593-12 8.598E-13 
8.3193-08 3.446E-10 6.95UE-1U 6.859E-14 6.8599-1U 6.8563-14 6.857P-1U 6.854E-lU 6.8U3E-14 6.811E-lU 6.7023-14 5.UU4E-14 

1.7193+15 U.296E+14 1.59UE+lU 1.115E+13 1.6573+11 1 .109P+l l  0.345E+10 8.692E+lO 6.pOdE+10 3.U61E+10 3.929E+OO 5 . 5 7 0 ~ + 0 8  P 

1.4673+15 4.6863+14 1.8UOE+lU 1.320E+13 7.698E+10 7.U31E+10 7.232E+10 6.754E+10 5.317E+l0 2.6866+10 2.172F+OQ 9.39UE+06 

d 

cn 

18GROUP SPECIFIC ENERGY SELEBSE I1\TES, REV/HATT-SEC 
BASIS= ONE TONNE OF I N I T I A L  H E A V Y  METAL AT A SEPROCESSTNS T I M E  OF 160 QAYS 

EREAN 
SI+0.05% P 3.OYB 10.OYR 30.OYR 1 O O . O Y R  300.OYR 1.ORY 3.OKY 10.OKY 30.OKY 1OO.OFY 1 . O M Y  

1.500E-02 
2.500E-02 
3-7502-02 
5.7503-02 
8.500E-02 
1.250E-01 
2.250E-01 
3.750E-01 
5 - 75OE-0 1 
8.500E-01 
1 .250~+00  
1.750E+00 

2.750E+00 

5.000E+00 

2.250E+00 

3.500E+00 

7.000E+00 
1.100E+01 

TOTAL 

GAll POU 

1.1743+06 1.8273+05 6.509E+OU 5.910E+03 1.051E+03 3.088E+02 q.U86E+01 
3.064 E406 5 .  U64 E+O 5 9.101 E+04 l.R82E+03 l . l7qE+O2 U. 237E+0 1 2.042E+Ol 
5.3923+05 2.0153+05 U.307E+OU 1.2893+03 U.797E+r)l 2.U8UE+01 1.781E+01 
U.O98E+05 7.059E+O4 2.615E+OU 1.829E+03 3.827E+Ol 3. U26P+01 3.233E+01 
2.2053+05 4.153E+OU 1.531E+04 1.062E+03 2.231!3+01 2.20UE+01 2.149E+01 
2.600E+05 3.620E+OU 1.0862+0U 6.1762102 1.5563+01 1.5392+01 1.5022+01 
1.178E+06 3.5893+05 6.493E+OU 7.660E+02 1.7292+01 1.7129+01 1.072E+01 
8.150E+06 3.435E+O€ 5.9722+05 4.153E+03 1.UU7E+00 1.3?3??+00 1.3238+00 
2.3253+07 6.760E+OC 1.1733+06 7.977Et03 9.0215-02 2.686E-02 6.262E-04 

6.7833+08 4.567E+O€ 1.819E+08 1.310Et07 1.31UE+03 1.790P-02 1.787F-02 
5.571 E+05 1.082 E+O 1 5.150E-02 1.1 11E-02 2.809E-OU 2.1'5E-06 1.685E-OQ 
2.013E+OU U.3573+03 1.735E+03 1.2503+02 1.25UE-02 2.979E-10 3.5983-16 
3.6623+01 1.6U8E+01 6.562E+00 (1-72fE-01 U.741B-05 3.888E-16 2.097P-16 
2.3943-10 1,126E-12 1.37OE-15 2.2541-16 2.030E-16 1-q6UE-16 1.9632-16 
1.01UE-10 4.199E-13 8.U81E-17 8.365E-17 8.365E-17 8.3653-17 8.363E-17 
9.2093-12 3.81UE-1U 7.688B-18 7.583E-18 7.5839-18 7-5831-18 7.581E-18 
9.15173- 13 3 . 7 9 0 ~  1 5 7.6493- 1 Q 7.545E- 19 7.5UUE-19 7 .  SUUY-19 7.59 3E-19 

7.U95E+08 2.839E+05 7 . 9 8 6 ~ + 0 4  7.4863+04 7.435E+OU 7.365E+OU 7.210E+OU 

Q -  360E+01 
1. ASEE*Ol 
1.63 3E+ 01 
2.9869+01 
1.9"?B+01 
l.U02E+01 
1.56 1E+01 
lI23SE+O0 
U. 306E-05 
6.73 4E+OU 
1.78 7E-02 

3.423E- 16 
2.096E-16 
1.96iE-16 
8.3 5 SE- 17 
7.57fE-18 
7.53 SE- l? 

2.66 e3- 1 1 

6.10UP+01 
1.392?+01 
1.23UE+01 
2.288P+Ol 
1.5595+01 
l1103E+01 
1.229E+ 01 

5.392E+OU 

9.72 59- 0 1 
4.076 E- 05 

1.7860-02 
4.4329-12 
3.U17E-16 2.3932-16 

1.959t- 16 
8.3U6E- 17 
7.5662-1 8 
7.52 7 %  1 q 

3.U653+01 1. U51E+01 P.33 19+00 
6.5'?f?9+00 6.5t5F-01 3.2302-02 
5. q8 U E + O O  5.6392-0 1 9.7 56E-0 3 
1.125E+01 l.OOlF+JO 2.553E-03 
7.802U+OO 7.2095-01 5.7510-04 
5.565E+00 5.13RE-01 5.'20E-04 
6.212E+00 5.7 172-0 1 9.68 33-34 
4-913r3-01 4.507Y-02 1.022F-05 
3- 89lE-05 3.31 2'?-0 5 4.22 59-06 
2.678B+OU 2.45UE+O3 1-35  2E-04 
1-78  3E-02 1.77UY-0 2 1.655'-02 
U.413E-12 4.39O8-12 4.0"5?-12 
3.402E-16 3.347:-16 2.719F-16 
2-08 3 9- 16 2.9 50 .T- 1 6 1.65 5?- 16 
1. Q50E-16 1.9 1 R?-16 1.55 9R-16 
8.30'E-17 P. 1 7 U F - 1 7  6.639F-17 
7.53 1E-18 7. U 1OF-18 6.319E-la 
7. 493 E- 19 1.3721-1 9 5. QFI Q ? - l 4  

1.467E+09 4.686E+Of 1.8UOE+08 1,32OE+07 7.698E+OU 7.U31E+OU 7.232E+OU 6.75UE+OU 5.317E+OU 2.68<E+OU 2.U729+0: a.30Un+00 

2.3513+02 7 .512Et01  2.950E+01 2.116Et00 1.2382-02 1-1912-02 1.1592-02 1.08ZE-02 8.52UE-03 U.306E-03 3.9639-04 1.3UEE-06 

1 x 
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T a b l e  8.8 (c o n t i n u e d )  

'JUTOUT UNIT = 11 I ' F G E  53 
9.3303+11 6.'OUE+OC. 6.2653,-06 0-0 0.0 0.0 0 . 3  0.0 0.0 0.0 0. n 0.0 
3.4063*05 3.Ur)6E+05 3.U062+05 3.U06E*05 3.UnST+05 3.UC3'?+05 3 . 3 9 7 + 0 5  3.37:E+05 3.297!?+05 3.9fl9P+O5 2.06Oti+O5 1.'156tOU 
2 .232E+l l  6.238E*OF 6.A61'+02 6.U82E-15 0.0 0.0 0 . 0  0.0 0.0 0.0 3. a) 7.0 
6 . 2 2 6 ~ + 1 2  2 . 9 3 9 ~ 1 2  5 , 0 9 m + i i  3 - u i m 0 9  n.u3sa+ot 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.0503+12 1 .47eE+l i  2.563E+ll  1.719E+OQ U.242E+01 0.0  0.0 0.0 0.3 0.0 0.0 0.0 

Y e  35 
TC 99 
SY123 
SF125 
P F  125n 

PSKNCIPAL FHOTON SOUPCES IN GROUP b,PqOTONS/SYC 
YE4N EYPI;GY= 0.05RPZV 

Y U C T . I O E  

r 1u 
C L  36 
-0 5 3  
,710 50 
VI 6 3  
T? Q 3  
ZR 95 
N E  su 
N P  95 
TC 90 
SN119N 
SV123 
S r! 125 
HF 18 1 
T41A2 

SN*0.05% F 3.0YB 1O.OYR 30.OYR lOO.OY11 300.OYR 1.3KY 3.OKP 1O.OKY : O . O i \ Y  100.OhY 1. O d Y  

U.U13F+07 U.U12E+07 4.43REt07 U.397Et07 4.360B+07 U.256?+07 3.910E*07 3.07CE+07 1.316Et07 1. 171a+06 2.U575+02 0.) 
5.055F+03 5 .055E*03  5.055F+03 5.055E+03 5.35UF+03 5.052'+03 S.OU3F+03 5.02CE+03 U.9UOP+O3 U.71RE*03 4.015F+03 5.c)iU?+02 
5.905E+l1 1.290E+O? l.722P-04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 n. r) 0.0 
1.599S+12 1 .07REt l i  0.292E+11 3.092Eel0 3 . 1 0 1 ~ + 0 6  1.1668-05 0.0 0.0 0 . 3  0.0 0.0 0.0 
1.683E+OE 1.646?+0e 1.561E*O@ 1.3U3R+OR 7.q2UE+07 1.756E+07 R.98UE+OU 2.566E-02 0.6 0.0 0.7 0.0 
2.9653+0U 2.965E*OU 2.Q65P*OU 2.965E+OU 2.065F*04 2.965E+OU 2. 36U?+OU 2.961Et04 2 .  952F+O4 2.9?5*+08 ~ . 8 3 U Q + 0 4  1.785Z+OU 
2.563E*12 1.7922+07 1.6751-05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5.U09E+08 5.U08E*08 5.U07E+08 <.U07E+08 5.3902*08 5.3538+08 5.227E+09 U . 8 R Z E + 0 8  3.9UUF+38 1.9U2E+08 1.779E+07 9.377E-07 
6.U31E+ll  5.176E+O€ U.837E-06 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.9 
3.711E*05 3.711Ee05 3.711E+05 3.711R+05 3,71OE*05 3.7079+05 3.699"+05 3.6758+05 3.592p+05 3.3662+05 2.690,3+05 l.U33e+OU 

3.169E*ll  4.857E+Oe 9.7U2E*02 9.203R-15 0.0 0.0 0.9 0.0 0.7 0. (I 0.0 0.0 
3 . 0 2 2 ~ + 1 1  1.426Eel 1 2.47UF*lO 1.65aE+08 4.0956*00 0.0 0.0 0-0 0.0 0.0 0.0 0.0 
U.9U6E+ll 8.2028+03 5.752E-15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
U.585E*ll 6.208E+08 1.406F+OU 1.3a3E*OU 1.3932*04 1.393E+OU 1.393E+OU 1,392E*OU 1.392E+OU 1.390E+O4 1.3P2E+OU 1.290P+OU 

1.06RE+ll 4.813E+OS 3.U78Ee06 3.6863-03 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 

?PINCIPAL PHCTON SOIIBCFS IN GROUP S,PHOTOIS/SPC 
llEAN E N E F G Y =  0.085RRV 

N U C L I D E  
SR+O.O5% ? 3.OYR 1 O . O Y P  33.0YR 10O.OYR 300.OYR 1. OKY 3 . O K Y  10.OKY 3O.OKY 100.OKY 1.7nn 

c 111 
'3L 36 
co 58 
CC 60 
ZR 95 
N E  9 U  
Y B  95 
TC 99  
SN123 
SE 125 
~ ~ 1 9 2  

7.238E+06 '- 235E+06 7.229E*06 7.2118+06 

3.559E+11 7.776E+0€ 1.038E-01, 0.0 
6.2R9E+ 11 U. 238E+11 1.68RF+ 11 1.21 6E+10 
1.108E+12 7.749E+06 7.2U2E-06 0.0 
2.548!?+08 2.547E+08 2.5U7E+08 2.545E+OA 
1 .054E+l l  0.479E+05 7.Q2UE-07 0 . 6  
1,3f9 E + O 5  lI35qE+O5 1.359E* 05 1.359R105 
1.87UE+ll 5.238E*OE 5.761E+02 5.442E-15 
1,352Et 11 6.38UE*10 1.107E*10 7.427E+07 
4.403E*10 5.961E+07 1.350Et03 1.33RE+03 

2.6S5E+03 2.69UE+03 2.69UE+03 2.694E+03 
7-1 51E+06 6,9805+06 6 . 4 1 3 ~ 0 6  5.035E+06 2.153E*06 1 . 9 2 0 ~ * 0 5  
2.6aUE+03 2.693E+03 2.688?+03 2 . 6 7 6 ~ + 0 3  2.633E*03 2.5158+03 
0.0 0.0 0.0 0.0 0.0 0.0 
1.21Q9+06 U.580E-06 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0 . 3  0.0 
2.539?+08 2.522E+O8 2.U62E+08 2.3003+08 1.91lE+08 9.1U'E+07 
0.0 0.0 0.0 0.0 0.0 0.0 
1.3592+05 1.3583t05 1.355E+OS 1.3U6E+05 1.31 6E*05 1.23?E+05 

U.O~OF*Ol 0.3 
2.140?*0? 2.6QU;1+02 
0.0 0.0 
0.0 0.0 
0.0 0- 0 
9.379E+06 3.QU6E-07 
0.3 0.0 
0.81 SE+OU 5.2UOE+03 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.933E+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 . 3 3 2 + 0 3  1.33'2+03 1.337E+03 1.3371?+03 1.3369+03 1.33 bE*03 1.3L7P+O 3 1.278E+O 3 



T a b l e  B.8 ( c o n t i n u e d )  

OUTPUT IIWIT = 11 PAGS 5U 

DRINCIPAL PQOTON SOIYPCES I N  G R O U P  6,PnOTOYS/SFC 
E E A N  ENERGY= 0.125FEV 

N U C L I D E  
S1+0.05% P 3.0IIi 10.OYR 3 0 . O Y R  1OO.OY9 300.OYR 1. O K Y  3.OKY 10.OKY 30.0KY 1 o O . O K Y  l.0fl.i 

CL 36 
co 5 8  
CO 60 
ZR 35 
N E  94  
T C  9 9  
SN123 
S E 125 
TI31251 
AP191 
TA 182 

1.5173+03 
2 . 3  03 E+ 1 1 
2. U15E+ 11 
U.859E+l 1 
1.238E+OP 
U. 721E+ 0 4 
1.195E+l l  
2.3513+11 
3.153E+10 
7.8 1 3 E + 1 1  
9.232 E+ 10 

1.5163+03 1.5163t03 1.5168+03 
5.031Et06 6.7153-05 0.0 
1.628E+11 6.U82E+10 U.669E+09 
3.3973+06 3.175E-06 0.0 

U. 726E+O4 U.726EtOU 4.726E+OU 
3.3UOE+Oe 3.673E*02 3.4703-15 
l . l l O E + l l  1.925Etl0 1.291E+08 
1.527E+10 2.6U8Et09 1.776E+07 
1.2963+04 9.0863-15 0.3 
1.250E+Of! 2.830E+03 2.9043+03 

1.2382+08 1.238E+08 1.237E+08 

1.516E+03 1..5159+03 
0.0 0.0 
4.683E+05 1-7612-06 
0.0 0- 0 
1.23UE+08 1.,2262+08 
4.72 5 E +  0 U U .722 E+ OU 
0.n 0.0 
3.1869+00 0.0 
U.383E-01 0.0 
0.0 0.0 
2,SOUE+03 2.801(9+03 

1.513E+03 1.5069+03 1. u92E+03 1. U15E+03 1 .205Et03  1.51hPt32 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 9. 3 
0.0 0.0 3.3 0.0 0.0 5 . 7  
1.197?+08 1.11 FE+08 a.Q01X+07 U.UU6!+07 4.0730+06 1.918Z-07 
4.7112+0U U.681E+OU 4.575E+OU 4.29'E+OU 3.414?+04 1.325E+O3 
0.0 0.0 0.3 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 
2.90UE+03 2.8OUEtO3 2.(3023+03 2.7988+03 2.783E+03 2.597?+03 

PRINCIPAZ PAOTON SOURCES I N  GECIJP ?,PHOTONS/SFC 
N E R N  ENESGY= 0.225NEV 

N U C L I D E  
S R + O . O 5 %  P 3.0YE 10.OYR 30.OYR 1 O O . O Y R  300.OYR 1.OKY 3.OKY 1 O . O R Y  30.0KY 1 O O . O K Y  1.OElY 

C L  3 6  1. U07E+03 1. U073+03 1 .U07Et03 1 .U07X+03 1. U07E+03 1. U06E+03 
CO 5 8  2.9793+11 6.5092+06 8.6888-05 0.0 0.0 0.0 
CO 60 7.9U2E+ 10 5.353E+10 2.132Et 1 0  1.535E+09 1. 5UOE+O5 5.790!-07 
ZR 95 2.34UE+ll 1.6393+06 1.5313-06 0.0 0.0 0.0 
N E  94  7.686E+07 7,685E+07 7.6R3E+07 7.678Et07 7.6603+07 '.608?+0? 
N E  9511 6.4083+11 U.UBOE+OE U.187E-00 0.0 0.0 0.0 
TC 9 3  1.1332+04 1.133E+OU 1.133EtOU 1.133E+04 1.1323+04 1,132B+OU 
51113 3 .101E+l l  U.225E+OE 8.694Et01 6.833E-18 0.0 0.0 
SN 11111 6.2373+10 1.7453-13 0.0 0.0 0.0 0.0 
SN123 l.U953+11 U.l78E+Oe U.596E+02 U.3U2.R-15 0.0 0.0 
Se125 3.2633+12 1 .5UOE+lZ 2.672Et11 1.792E+O9 U.U22E+01 0.0 
Th 182 1 .324E+l l  1.792E+0€ U.058Et03 4.022E+03 4.022E+03 U.O22E+O3 

PRINCIPILL PACTON SOWRCES I N  GROUP 8,PROTOIS/SEC 
1131~1 E N E R G Y =  0.375NEV 

l.UOUE+03 1.398E+03 1.375F+03 1.3133+03 1.118P+03 1.407T+02 
0.0 0.0 0.0 0.0 0.0 0.0 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 
7.4289+07 6.9383+07 5.463E+07 2.759E+07 2.5233+06 1.1908-07 
0.0 0.0 0.0 0.0 0.0 0.0 
1.129F+OU 1.122E+OU 1.397E+OU 1.027E+OU 8.181E+03 U.37UEt02 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0-0 0.0 0.0 0.0 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 
4.021B+03 4.021E+03 U.O1QE+03 4.012E+03 3 .9a lF+02  2.72UF+03 

VI v 

N UCL I D  E 
S1+0.05% P 3.0YR 1O.OYR 3 O . O Y P  1 O O . O Y 9  300.0Y9 1 . O K Y  3.OKY 1 O . O R Y  30.OKY 1 0 0 . O R Y  1.0yy 

CL 36 2.3833+02 2.383Et02 2.383Et02 2.383E+02 2.382E+02 2.3813+02 2.377E+02 2.366E+02 2.329E+02 2.22UE+02 1 .3031+02 2 .3Q22t01  
C R  51  1.9643+12 2.USOE'+CC 0.0 0.0 0.0 0.0 0 .0  0.0 0.0 0.0 0 . 3  0.0 
CO 60 2.228E+10 1,502E+10 5.9809+09 U.307E+08 U.320E+OU 1.62UB-07 0.0 0.0 0.0 0.0 0.0 0.0 
we 94 3.6U8E+06 3.6U8E+OC 3.657Et06 3.6USE+06 3.6362+06 3.611B+06 3.526E+06 3.2Q3E+06 2.5q3EtO6 1.310E+Ob 1.200"+05 5.6513-0'  
161081 2.5143+05 2.47313+05 2.381Et05 2.1353+05 l.U57E+05 U.891E+OU 1.072E+03 1.969E-02 4.903E-15, 0.0 0.0 3 . 3  
S 5 1 2 5  1.937E+13 9.lU5E+l2 1.58hEt12 1.06UE+10 2.6268+02 0-0 0.0 0.0 0.0 0.0 0.3 3 . 3  
TA 182 1.1563+08 1.5662+05 3.5U5E+00 3.513E+00 3.513E400 3-5132+00 3.513E+00 -.512E+00 3.511Et00 3.505E+00 3.4R68+00 3.253"tCG 
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Y O C L I D  E 

70 6 0  
Y 9 9  

s e i 2 4  
? I 2 1 0 3  

NUCLIDE 

(13 60 
SE124 
3-c 2 l o x  

VU CL LD E 

K 4 2  
9 H  106 
31210A 
20210 

Y U C L T D E  

YT21rlM 
00210 

N U C L I D E  

912100 
PO210 

NUCL LD E 

BI213il 
PO210 

T a b l e  6 . 8  ( c o n t i n u e d )  
OUTPUT O N I T  = 11 

PRINCIPAL PHOTOY SOUSCES IN GROUP 13, PHOTONS/SET 
AE9N E N E E G Y =  2.250ilEV 

S'l+0.05% P 3.0YE 10.OYR 30.OYR 100.OYB 3 C O . O Y R  1 , O K Y  3. O K Y  

2 . 9 7 3 E t 0 9  1.936EtOc ".712XtOA 5.555E407 5 . 5 ~ 1 ~ t 0 3  2..0953-08 0.0 0.0 0.0 
1.671E-01 1.556E-01 1.31'E-01 8.1R2E-02 1.5467'-02 1,3243-04 7.686F-12 1.62EE-32 0.0 
6 .055Et09  2.007E+04 3.2873-09 0.0 0.0 0.0 0.0 0.0 0.0 
1.516E-10 1-5163-10 1.516P-10 1.516v-10 1.516E-10 1,5169-10 1.516E-10 1.515E-10 1.5 

PRINCIPAL PHOTON SOURCES IN G E O U P  lU,PHOTONS/SPC 
A E A N  ENEBGY= 2.750NEV 

O . O R Y  30.OKY 100.OKY 1. ozlr 
0.0 3.0 9.9 
0.0 0.0 0.9 
0.0 0.9 0:1 

3Z-10 1.50E.E-10 1.4H2F-10 1.203E-10 

S8+0.05% P 3.OYR 10.OYR 3 0 . O Y R  100.OIR 300.OYR 1. O K Y  3.OKY 10.OKY 30.OKY 100.OKY 1.08Y 

8 . 8 S l P t O 6  5 .992Et06  2.386Et06 1.719E405 1 . 7 2 4 E t 0 1  6.481E-11 0.0 0.0 0 . 3  0.0 0. r) 0.0 
4 .425Et06  1.467E401 2.403E-12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7.597E-11 7.597E-11 7.597E-11 7.5978-11 7.597E-11 7.5972-11 7.596E-11 7.592E-11 7 .5ROE-11  7.545B-11 7.42UE-11 6.930E-11 

PRINCIPAL PHOTON SOORCPS I N  GXOrJP 1 S,?HCITOYS/SFC 
Y I A Y  E N E F G Y =  3.5008EV 

SM*O.OSX F 3 . 0 Y S  10.OYR 30.O?R 1OO.OYR 300.0YP 1. O K Y  3.OKY 10.OKY 30.OKY 100.OKY 1.0WY 

1.5blE-11 1.466E-11 1.265E-11 8.3133-12 1.9119-12 2.879E-14 1. 1859-20 6.754E-39 0.0 0.0 0.0 0.0 d 

3.11PE-07 3.962E-08 3.219E-10 3.426Y-16 4.265E-37 0.0 0.0 0.0 0.0 0.0 0.0 0. r) 
5.596E-11 5.536E-11 5.586E-11 5.5R6P-11 5.586E-11 5-5P6E-11 5.585E-11 5.582E-11 5.5732-11 5. SURE-11 5.459E-11 4.434E-11 
6.810E-05 2.8203-07 1.001P-12 2.247E-13 2.247E-13 2.247E-13 2.247E-13 2.2463-13 2.242E-13 2.232E-13 2.1Q6?-13 1.79UF-13 

u1 
'0 

PRINCIPAL PHOTON SOURCES I N  GROUP 16,PYOTONS/SEC 
T E A Y  ENELiGY= 5 .  O O O f W V  

S M 4 0 . 0 5 4  P 3.0YP 1 O . O Y R  30.OYR 1 O O . O Y E  300.0YR 1 . O K Y  3.OKY 10.ORY 30.OKY 100.OKY l . O , ? Y  

1.666E-11 1.6663-11 1.6663-11 1.666E-11 1.666Y-11 1.666E-11 1.666E-11 1.6653-11 1.662E-11 1.6551-11 1.628B-11 1.3232-11 
2.028 E-05 8 .3  96 E-0 @ 2.98 1 E- 1 3  6.6 9 1 E- 1 4  6 .69  1 E- 1 4 6.690E- 14 6.689E- 1 4 6 - 6 8  6E- 1 4  6.675E- 1U 6 .64  5 E -  1 4  6.538E- 1 4 5.3 1 1E-14 

P R I N C I P A L  PHOTON SOURCES I N  GRO!JP 17,  PHOTONS/SBC 
H E A N  ENEFGT= 7.000fiEV 

SN*O.05% F 3.OYA 10.0Yq 30.OYR 100.OYR 300.OYR 1 . O K Y  ?.OKY 1O.OKY 30.OKY 1OO.OFY 1.0my 

1.079E- 1 2  1 . 0 T E - 1 2  1.079E-12 1 .079I-  1 2  1.079E- 1 2  1.079E-12 1.0793-12 1.078E- 12 1.076E- 1 2  1.072E-12 1.05UE- 1 2  S .  56UE-13 
1.316E-06 5.448E-09 1.934E-14 4.3411-15 U.341E-15 4.341E-15 4.34OE-15 4 - 3 3 8 3 - 1 5  4.3313-15 4.311E-15 4.242E-15 3.4469-15 

PRINCIPAL PHOTON SOURCES IN GROUP 18,PHOTONS/SEC 
N E A N  ENEFGP=11.000f4EV 

SH+0.05% P 3.0YR 10.OYR 30.OYR 100.OYR 300.OYR 1. OKY 3 . O K Y  1O.OKY 30.OKY 100.OKY 1. OHY 

6-831E-14 6-8311-14  6.831E-14 6.831E-lU 6.831E-14 6.8313-14 6.830E-14 6.8273-14 6.816E-14 6.7843-14 6 .6752-14  5.422B-14 
@ 3 19 E-0 8 3. 4 45 E- 1 C 1.2 2 3 P- 1 5 2.7 45 E- 16 2.7 4 5E-  1 6 2.74 5E- 16 2 7 4 SE- 1 6  2.74 3E- 1 6  2.73 9 E- 16 2.72 6 E- 16 2.68 3 E- 1 6 2 - 1 7 9 E- 1 6 
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*e 



APPENDIX C: SAMPLE ORIGEN2 TABLE OF CONTENTS 
(OUTPUTLUNITS 1 2  AND 13) 



T a b l e  C . l .  Sample  O R I G E N Z  t a b l 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 OUTPUT U N I T  = 6 
I N P U T  ECHO: READ ON 5 L I S T  O N  6 CDPY TO 50 
NEUTRON YIELD PER NEUTRON-INDUCED FISSION 
(ALPHA,N) NEUTRON YIELD PER F I S S I O N  

SPONTANEOUS F I S S I O N  NEUTRON YIELD PER FISSN 
INDIVIDUAL BLEHENT FRACTIONAL RECOVERIES 
GROUP ELEHENTAL FRACTIONAL RECOVERIES 
ELENENTAL ASSIGNNflENT TOFRAC RECGROUP 
ELEflENTAL CHEflICAL T O X I C I T I E S  

PAGE 
1 
5 
6 
7 
8 

10  
1 1  
1 2  

13  ORIGEN INSTRUCTIONS FOR T H I S  CASE 

15 NUCLIDE DATA L I B R A R I E S  

15 
2 9  
3 2  
49 
5 7  
5 9  
7 5  
8 2  
8 5  

9 1  
9 1  

9 2  
9 4  

108 
110 

113 

115 
117 
118 
119 
124 
130 

138 
138 

139 
141 
155 
157 

159 

16 1 
163 
164 

DECAY DATA LIBRARY-------- 
DECAY DATA LIBRARY-------- 
DECAY DATA LIBRARY-------- 
CROSS SECTION LIBRARY----- 
CROSS SECTION LIBRARY----- 
CROSS SECTION LIBRARY----- 
PHOTON LIBRARY------------ 
PHOTON LIBRARY------------ 
PHOTON LIBRARY------------ 

L I G H T  NUCLIDE DECAY LIBRARY 
ACTINIDE DECAY LIBRARY 
F I S S I O N  PRODUCT DECAY LIBRARY 

STRUCTURAL MATERIAL C ACTIVATION PRODUCT XSEC LIBRARY--PAR. U 
ACTINIDE A N D  DAUGHTER NUCLIDES XSEC LIBRARY--PWR.U 
F I S S I O N  PSODUCT XSEC AND Y I E L D  LIBRARY--PWR. U 

UPDATED PHOTON LIBRARY: ACTIVATION PRODUCTS 
UPDATED PHOTON LIBRARY: A C T I N I D E S  A N D  DAUGHTERS 
UPDATED PHOTON LIBRARY: F I S S I O N  PRODUCTS 

OUTPUT TABLES--TITLE= IRRADIATION OF ONE METRIC TON OF PWRU FUEL RECYCLE # = 0 
REACTIVITY AND BURNUP DATA 
*ACTIVATION PRODUCTS*****ACTIVATION PRODICTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 
CONCENTRATIONS, GRAHS SUfiflARY TABLE: 
RADIOACTIVITY, C U R I E S  NUCLIDE TABLE: 
RADIOACTIVITY,  C U R I E S  ELENENT TABLE: 
RADIOACTIVITY,  C U R I E S  S U M M A R Y  TABLE: 
*ACTINIDES + DAUGBTERS***ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS** 
CONCENTRATIONS, G R A N S  S U f i f l A R Y  TABLE: 
* F I S S I O N  PRODUCTS********PISSION PB3DUCTS********PISSION PRODUCTS********FISSION PRODUCTS******* 
CONCENTRATIONS, G R  Af l  S SUHYARY TABLE: 
(ALPHA,N) NEUTRON SOURCE 
SPONTANEOUS F I S S I O N  NEUTRON SOURCE 
L I T E  NUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
F I S S I O N  PRODWCT NUCLIDE PHOTON TABLE 

OUTPUT TABLES--TITLE= IRRADIATION O F  ZIRCALOY+ INCONEL + NICROBRAZE 50 AT 100% FLUX 
REACTIVITY i i N D  BURNUP DATA 

RECYCLE I = 0 

*ACTIVATION PRODUCTS*****ACTIVATION PBODUCTS*****ACTIVATION PBODUCTS*****ACTIVATION PRODUCTS**** 

RADIOACTIVITY, CURIES NUCLIDE TABLE: 
RADIOACTIVITY, CURIES ELEHENT TABLE: 

*ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES DAUGHTERS***ACTINIDES + DAUGHTERS** 

* F I S S I O N  PRODUCTS********FISSION PRDDUCTS********PISSION PRODUCTS********FISSION PRODUCTS******* 

(ALPHA,N) NEUTRON SOURCE 
SPONTANEOUS F I S S I O N  NEUTRON SOURCE 

CONCENTRATIONS, G R A f l S  S U f l N A R Y  TABLE: 

RADIOACTIVITY, C U R I E S  S U N f l A R Y  TABLE: 

CONCENTRATIONS, GR A H S  S U K H A R Y  TABLE: 

CONCENTRATIONS, GRANS S U H N A R Y  TABLE: 



PAGE 
165 
169 
174 

T a b l e  C . l  ( c o n t i n u e d )  

TABLE OF CONTENTS ON UNIT = 12 FOR OUTPUT U N I T  = 6 
L I T E  NUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
F I S S I O N  PRODUCT NUCLIDE PHOTON TABLE 

182  ORIGEN INSTRUCTIONS FOR THIS CASE 

184 
184 

185 
187 
20 1 
20 3 

20 5 

207 
20 9 
21 0 
21 1 
216  
22 3 

OUTPUT TABLES--TITLE= DECAY O F  HIGH-LEVEL PUR-U WASTE; E U R N U P = 3 3 , 0 0 0  MWD/MTIHR RECYCLE # = 0 
REACTIVITY AND BURNUP DATA 
*ACTIVATION PRODUCTS*****ACTIVATION PRDDUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 
CO NC EN TB A T ION S , G R A M  S S U M M A R Y  TABLE: 
RADIOACTIVITY, C U R I E S  NUCLIDE TABLE: 
RADIOACTIVITY, C U R I E S  ELEMENT TABLE: 
RADIOACTIVITY, C U R I E S  S U R U A R Y  TaBLE: 
*ACTINIDES t DAUGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES t DAUGHTERS***ACTINIDES + DAUGHTERS** 

* F I S S I O B  PRODUCTS********FISSION PRODUCTS********FISSION PRODUCTS********PISSION PRODUCTS******* 

(ALPHAIN) NEUTRON SOURCE 
SPONTANEOUS F I S S I O N  NEUTRON SOURCE 
L I T E  NUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
F I S S I O N  PRODUCT NUCLIDE PHOTON TABLE 

CONCENTRATIONS, G R A X S  SUUUARY TABLE: 

CONCENTRATIONS , GRAUS SUMMARY TABLE: 

228  OUTPUT TABLES--TITLE= DECAY O F  P U R  STRUCTURAL UATERIAL WASTE: 33,000 NWD/MTHR RECYCLE # = 0 
228 REACTIVITY A N D  BURNUP DATA 

229  CONCENTRATIONS, GRAMS S U U M A R Y  TABLE: 
23 1 RADIOACTIVITY, C U R I E S  NUCLIDE TABLE: 

*ACTIVATION PBODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 

24 5 RADIOACTIVITY, C U R I E S  ELEHENT TABLE: 
2 4 7  RADIOACTIVITY, C U R I E S  S U M N A R Y  TABLE: 

249 CONCENTRATIONS, GRAUS SUHHARY TABLE: 

251 CONCENTRATIONS, GRANS S U M M A R Y  TABLE: 
25 3 ( a L P H a , x )  N E U T R O N  SOURCE 

*ACTINIDES + DAUGHTERS***ACTINIDES t DAUGHTERS***ACTINIDES t DAUGHTERS***ACTINIDES + DAUGHTERS** 

* F I S S I O N  PRODUCTS********PISSION PRODUCTS********FISSION PRODUCTS********FISSION PRODUCTS******* 

254 SPONTABEOUS F I S S I O N  NEUTRON SOURCE 
255  L I T E  TIUCLIDE PHOTON TABLE 
259 ACTINIDE NUCLIDE PHOTON TABLE 
267 F I S S I O N  PRODUCT NUCLIDE PHOTON TABLE 



T a b l e  C . 2 .  S a m p l e  O R I G E N Z  t a b l e  o f  c o n t e n t s  f o r  u n i t  1 1  

TABLE OF CONTENTS ON UNIT = 13 FOR OUTPUT U N I T  = 11 

OUTPUT TABLES--TITLE= DECAY O F  HIGH-LEVEL P U R - U  HASTE: B U R N U P = 3 3 , 0 0 0  MWD/flTIHfl RECYCLE X = 0 
REACTIVITY A N D  BURNUP DATA 
*ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 

RADIOACTIVITY, CURIES NUCLIDE TABLE: 
RADIOACTIVITY, C U R I E S  ELEMENT TABLE: 
RADIOACTIVITY. C U R I E S  SU!lMARP TABLE: 
*ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES + DAUGHTERS***ACTINIDES t DAUGHTERS** 

* F I S S I O N  PRODUCTS********FISSION PRODUCTS********FISSION PRODUCTS********FISSION PRODUCTS******* 

(ALPHA,N) NEUTRON SOURCE 
SPONTANEOUS F I S S I O N  NEUTRON SOURCE 
L I T E  NUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
F I S S I O N  PRODUCT NUCLIDE PHOTON TABLE 

CO NCENTRITIONS, G R A M  SUnMARY TABLE: 

CONCENTRATIONS, G R A M S  S U f l M A R Y  TABLE: 

CONCENTRATIONS, G R A f l S  S U f l H A R Y  TABLE: 

PAGE 

1 
1 

2 
4 

18 
20 

2 2  

2 4  
2 6  
2 1  
2 8  
33 
40 

45 
4 5  

4 6  
48  

OUTPUT TABLES--TITLE= DECAY OF PRR STRUCTURAL MATERIAL WASTE: 33,000 flWD/flTHM 
REACTIVITY A N D  BURNUP DATA 

RECYCLE t = 0 

*ACTIVATION PBODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 
COYCENTRATIONS, G R A U S  S U M n A R Y  TABLE: 
RADIOACTIVITY, CURIES NUCLIDE TABLE: 



A P P E N D I X  D: SAMPLE ORIGEN:! V A R I A B L E  C R O S S - S E C T I O N  INFORMATION 
(OUTPUT U N I T  1 6 )  



IRRACIATION OF ONE llETRIC TON O F  PWRU FUEL 

BASIS = ONE METRIC TON OF PWRU FUEL 

U N I T =  16 RECYCLE # = 0 

I N I T I A L  VEC'ICR = 

N= 1 P =  0.0 

N =  8 F =  0.0 

N=15 P= 0.0 

L NUCLID X S E C  
TYPE 

1 922340 1 
2 922350 1 
3 922350 4 
4 922360 1 
5 922380 1 
6 932370 1 
7 942380 1 
8 942380 4 
9 942390 1 

1 0  942390 4 
11 942400 1 
1 2  942410 1 
1 3  942410 U 
1 4  942420 1 
1 5  952410 1 
1 6  952410 2 
1 7  952430 1 
1 8  952430 2 
1 9  962420 1 
20  962440 1 

4 TOTAL A C T  6 - A  = 4.181E 03 HYD/G-A = 1.194E 0 0  TO 2.3903 00 ANTICIPATION FACTOR= 2.002E 0 0  

N= 2 F= 0.0 N =  3 P= 4.5513-01 N =  4 P= 4.9403-01 N= 5 F= 5.0953-02 N =  6 F= 0.0 

N =  9 P= 0.0 

N=16 P= 0.0 

MCAP(1) 
I= 
750 
751  
751 
752 
754 
7 6  1 
769 
769 
770 
770  
7 7  1 
772  
772  
7 7 3  
780 
780 
7 8 3  
783  
789 
791 

N=10 F =  0.0 N = l l  P= 0.0 

N=17 P= 0.0 N=l8 F= 0.0 

!i (N) 
N =  

1696 
1701 

0 
1704 
1709 
17 25 
1749 

0 
1756 

0 
176 1 
1765 

0 
1767 
1784 
178 2 
1790 
1788 
1797 
1803 

PP Y I E L D  
I N D I C  ARR 

0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 

F I S S ( J )  A(N) 

66  5.6143-09 
6 7  2.9593-09 
67  7.8633 6 5  
6 8  2.24UE-09 
7 0  2.579E-10 
77  9. U52E-09 
8 5  9.505E- 09 
85 7.8633 6 5  
86 1.881E-08 
86  7.8633 6 5  
87  5.277E-08 
88 1.15UE-08 
88 7.8633 6 5  
89  8.5883-09 
96 3.1273-08 
96 3.8633-09 
99 5.4 85E- 1 0  
99 1.0U2E-08 

105  1.5763-09 
107 9.8823-10 

N=12 F= 0.0 N = 1 3  P= 0.0 

N =  

TOCAP ( I )  

1.981E 01  
5.571E C 1  
5.550E 01 
7.9393 00 
9.9523-01 
3.3123 01  
3.5173 01 
3.5173 01 
1.794E 02 
1.789E 02  
1.826E 02  
1.603E 02 
1.5983 02 
3.008E 01 
1 ,2253 02  
1.225.E 0 2  
3.847E 01 
3.8181 01 
5.656E 00 
4.261E 00 

A (N) 
PP YIELD 
3.512E-14 
3.5123-14 
8 -6 30E-2 1 
8.63 0 E-2 1 
8.6 30E- 2 1 
8.6303-21 
8.6 30E-2 1 
8.630E-21 
8.6 3 0 E-2 1 
4.0802- 19  
4.080E-19 
4.080E-19 
1.121E 01  
1.121E 01  
1.121E 0 1  
1.121E 0 1  
1.121E 01 
1.121E 01 
1.121E 01  
1.121E 01  

FISS ( J )  

4.504E-01 
U.550E 0 1  
4.5303 0 1  
1.9753-01 
1.0 CUE- 01  
5.2443-01 
2.396E 00 
2.39UE 0 0  
1.146E 02  
1.140E 02 
5.8403-01 
1.205E 0 2  
1.200E 02  
4.579E-01 
1.319E 00 
1.319E 00 
3.5 7 1 E-0 1 
3.57 1 E-0 1 
2.20UE-0 1 
8.5293- 0 1 

N =  7 F =  0.0 

N=14 F= 0.0 

OLD 
XSEC 

1.935E 01 
1.023E 01  
4.550E 0 1  
7.7133 0 0  
8.8833- 01 
3.2713 01 
3.292E 01  
2.396E 00 
6 .5181 0 1  
l.146E 02 
1.839E 02 
4.000E 01  
1.205E 0 2  
2.9511 0 1  
1.084E 02 
1.340E 01  
1.906E 00  
3.6223 0 1  
5.4263 0 0  
3.404E 00 

NEW 
XSEC 

1.936E 01 
1.020E 01 
4.530E 01  
7.7393 00 
8.893E-01 
3.260E 01 
3.278E 01 
2.3943 0 0  
6.486E 01  
1.140E 02 
1.820E 02 
3.981E 01 
1.200E 02 
2.9623 01  
1.078E 02 
1.3323 01 
1.891E 00 
3.594E 01  
5.4363 00 
3.4083 00 

FP Y I E L D  ADJCSIHENT FOR UNCONNECTED ACTINIDES: CONNECTED ACT=922350LARGEST UNCONNECTED ACT=922360NEU R A T I O  = 1.0002623 
CLD R A T I O  = 1.0000954 PP Y I E L D  IN A = U.86107E-17 



I R R A C I A T I O N  OF O N E  HETRIC TON OF PWRO FUEL 

BASIS = ONE HETRIC TON OF PWRO FUEL 

I N I T I A L  VEC'ICB = 5 TOTAL ACT G-A = 4.159E 03 H Y D / G - A  = 

N =  1 F =  0.0 N =  2 P= 0.0 N= 3 P =  0.0 N= 4 P= 0.0 

N =  8 F= 1.141E-01 N =  9 P= 0.0 N=10 P= 0.0 N = l l  P= 0.0 

N=15 P= 0.0 N=16 P= 0.0 N=17 P= 0.0 N=18 P= 0.0 

L N U C L I D  

1 922300 
2 922350 
3 922350 
4 922360 
5 922380 
6 932370 
7 942380 
8 942380 
9 942390 

10  942390 
11 942400 
1 2  942410 
1 3  942410 
1 4  942420 
1 5  952410 
1 6  952410 
1 7  952430 
1 8  952430 
1 9  962420 
20 962440 

XSEC 
TYPE 

1 
1 
U 
1 
1 
1 
1 
U 
1 
U 
1 
1 
4 
1 
1 
2 
1 
2 
1 
1 

TOCAP (I) 
I= 
750 
75  1 
751 
752 
754 
76 1 
769 
769 
770 
770 
7 1  1 
772 
772 
773 
780 
780 
783  
783  
789 
791 

A (N) 
N =  

1696 
1701 

0 
1704 
1709 
1725 
1749 

0 
1756 

0 
176 1 
176 5 

0 
1767 
1784 
178 2 
1790 
1788 
1797 
1803 

PP Y I E L D  
I N D I C  A R R  

0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 

PISS(J) A(N) 

66 5.7 O8E-09 
6 7  3.049E- 09 
67 7.8633 6 5  
6 8  2.2623-09 
7 0  2.6373-10 
77  9.7303-09 
85 9.907E- 09 
85 7.8633 65  
86 1.8693-08 
8 6  7.863E 6 5  
87 4.487E-08 
88 1.171E-08 
88  7.863E 6 5  
8 9  8.7152-09 
96 3.138E-08 
96 3.8783-09 
99 5.658E-10 
99 1.0 75E- 08 

105  1.6 10E-09 
107 1.0 10 E-09 

U N I T =  16 RECYCLE # = 0 

2.3963 00 TO 3.598E 00 ANTICIPATION FACTOR= 1.502E 00 

N= 5 P= 9.3823-01 N =  6 F= 0.0 

N=12 P= 0.0 N=13 P= 0.0 

N -  

TOCAP ( I )  

1.9771: 01  
5.5623 01 
5.630E 01 
7.856E 00 
9.984E-01 
3.345E 01  
3.5923 C 1  
3.59UE 01 
1.7721 02 
1.7542 02 
1.52UE 02  
1.596E 02 
1.596E 02 
2.995E 01 
1.208E 02  
1.206E 02 
3.8212 01 
3.865E 01 
5.668E 00  
4.271E 00 

A (N) 
PP YIELD 
3.578E- 1 4 
3.5783-1 
8.928E-2 1 
8.928E-21 
8.9 28E- 2 1 
8.928E-2 1 
8.9289-21 
8.9283-2 1 
8.928 E-2 1 
4.092E-19 
9.0923-19 
4.092E-19 
1.115.E 01 
1 . 1 1 5 E  01  
1.115E 0 1  
1.115E 01  
1.115E 01 
1.115E 01 
1.115E 01  
1.115E 01  

FISS (J) 

4.504E-01 
U.530E 0 1  
4.598E 0 1  
1.9751-0 1 
l.OC4E-01 
5.2443-01 
2.39UE 00 
2.U16E 00 
l . l U O E  0 2  
1.122E 02  
5.8403-01 
1.200E 0 2  
1.200E 0 2  
U 1.319E . 579 E-0 00 1 

1.319E 00 
3.57 1 E-0 1 
3.5 7 1 E-0 1 
2.20U E-0 1 
8.5293- 0 1 

N =  7 P =  4.476E-01 

N = l U  P =  0.0 

OLD 
XSEC 

1.936E 01 
1.02OE 01  
U.530E 0 1  
7.739E 00 
8.893E-01 
3.260E 01 
3.2781 01  
2.394E 0 0  
6. U86E 0 1  
1.140E 02 
1.820E 02 
3.981E 01 
1. 200E 0 2  
2.9623 0 1  
1.078E 02 
1.332E 01 
1.891E 0 0  
3.59UE 0 1  
5.U36E 00 
3.408E 0 0  

NEW 
XSEC 

1.932E 01 
1.032E 01 
4.598E 01  
7.6563 00 
8.9242-01 
3.2933 01 
3.353E 01 
2.U16E 00  
6.32UE 01  
1.122E 02 
1.518E 02 
3.964E 01 
1.200E 02  
2.9U9E 01  
1.062E 02  
1.312E 01 
1.915E 0 0  
3.6383 01 
5.4U8E 0 0  
3.418E 00 

PP Y I E L D  ADJCSIHENT F O R  UNCONNECTED ACTINIDES: CONNECTED ACT=922350LARGEST UNCONNECTED ACT=922360NEW RATIO = 1.0004616 
CLD R A T I C  = 1.0002623 PP Y I E L D  I N  A = 5.028963-17 



e 



APPENDIX E: SAMPLE ORIGEN2 DEBUGGING AND INTERNAL INFORMATION OUTPUT 
(OUTPUT UNIT 15) 



I 

NUNBER 
N U N B E R  
N U  NE ER 
NUMBER 
NUMBER 
N U M B E R  
N U N B E R  
NU ME ER 
NUMBER 
NUMBER 
NUMBER 
NUNBER 
NU NBER 
NUNBER 
NUMBER 
N U N E E R  
NUMBER 
NU MBER 
NUNBER 
NUMBER 
NUMBER 
N U N B E R  
NU MB ER 
NUNBER 
NUMBER 
N U N B E R  
NUMBER 
N U  MBER 
NUMBER 
NUMBER 
NUMBER 
NUNBER 
NU MB ER 

OF C O N B A N D =  
OF CONBAND= 
OF CONHAND= 
OF COBHAND= 
OF COMMAND= 
OF C O N N A N C =  
OF COMNAND= 
OF CORMAND= 
OF CONHAND= 
OF COBNAND= 
OF CONNANC= 
OF CONMANE= 
OF COINAND= 
OP COEMAND= 
OF COMMAND= 
OF C O N N A N D =  
OF CONNAND= 
OF CONMAND= 
OF CONNAND= 
OF COMMAND= 
OF CONMANE= 
OF COMNAND= 
OF CONNANC= 
OF COBNAND= 
OF CONPIAND= 
OF CONMANE= 
OF COHl¶ANC= 
OF CONNANE= 
OF CORHAND= 
OF COHMAND= 
OF CONNANL= 
OF COM?lANC= 
OF CONNANE= 

1 ; THIS I S  INSTRUCTION 
2 : THIS I S  INSTRUCTION 
3 : THIS  I S  INSTRUCTION 
4 : THIS I S  INSTRUCTION 
5 : T B I S  I S  INSTRUCTIOU 
6 ; THIS I S  INSTRUCTION 
7 : THIS I S  INSTRUCTION 
8 : THIS  I S  INSTRUCTION 
9 : THIS  I S  INSTRUCTION 

1 0  : THIS I S  INSTRUCTION 
11 ; THIS I S  INSTRUCTION 
1 2  : THIS  I S  INSTRUCTION 
13 ; THIS I S  INSTRUCTION 
1 4  : THIS  I S  INSTRUCTION 
15 ; THIS I S  INSTRUCTION 
1 6  : THIS I S  INSTRUCTION 
17 : THIS I S  INSTRUCTION 
18 : THIS  I S  INSTRUCTION 
1 9  : THIS I S  INSTRUCTION 
20 : THIS I S  INSTRUCTION 
2 1  : THIS I S  INSTRUCTION 
2 2  : THIS  I S  INSTRUCTION 
2 3  : THIS  I S  INSTRUCTION 
2 4  : THIS I S  INSTRUCTION 
2 5  : THIS I S  INSTROCTION 
2 6  ; THIS I S  INSTRUCTION 
27  : THIS  I S  INSTRKTION 
2 8  : THIS  I S  INSTRUCTION 
2 9  ; THIS I S  INSTRUCTION 
30 ; THIS I S  INSTRUCTION 
31 : THIS I S  INSTRUCTION 
3 2  : THIS  I S  INSTRUCTION 
33 : T H I S  I S  INSTRUCTION 

1 OUT OF A 
1 OUT OF A 
2 OUT OF A 
3 OUT OF A 
4 OUT OF A 
5 OUT OF A 
6 OUT OF A 
7 OUT OF A 
8 OUT O F  A 
1 OUT OF A 
1 OUT OF A 
1 OUT OF A 
2 OUT OF A 
3 OUT OF A 
4 OUT OF A 
1 OUT OF A 
1 OUT OF A 
1 OUT OF A 
9 OUT OF A 
1 OUT OF A 

1 0  OUT OF A 
2 OUT OF A 

11 OUT OF A 
3 OUT OF 1 

12 OUT OF A 
4 OUT O F  A 

1 3  OUT OF A 
5 OUT OF A 
2 OUT OF A 
1 OUT OF A 
1 OUT OF A 
1 OUT OF A 
1 OUT OF A 

TOTAL O F  
TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
MTAL OF 
TOTAL OF 
TOTAL OF 

1 
18 
18 
18 
18 
18 
18 
18 
18 

1 
1 
4 
4 
4 
9 
1 
1 
3 

18 
5 

18 
5 

18 
5 

18 
5 

18 
5 
3 
5 
2 
2 
0 

*BAS * INSTRUCTIONS. 
* R C A  * INSTRUCTIONS. 
* R E A  * INSTRUCTIONS. 
*RDA * INSTRUCTIONS. 
*RDA * INSTRUCTIONS. 
*RDA * INSTRUCTIONS. 
* R C A  * INSTRUCTIONS. 
* R D A  * INSTRUCTIONS. 
*RDA * INSTRUCTIONS. 
*COT * INSTRUCTIONS. 
*LIP  * INSTRUCTIONS. 
*LPU * INSTRUCTIONS. 
*LPU * INSTRUCTIONS. 
*LPU * INSTRUCTIONS. 
*LPU * INSTRUCTIONS. 
*LIB * INSTRVCTIONS. 
*PHO * INSTRUCTIONS. 
*TIT * INSTRUCTIONS. 
*RDA * INSTRUCTIONS. 
*INP * INSTRUCTIONS. 
*BDA * INSTRUCTIONS. 
*INP * INSTRUCTIONS. 
*REA * INSTRUCTIONS. 
*INP * INSTRUCTIONS. 
*RDA * INSTRUCTIONS. 
*INP * INSTRUCTIONS. 
* R E A  * INSTRUCTIONS. 
*INP * INSTRUCTIONS. 
*TIT * INSTRUCTIONS. 

*HED * INSTRUCTIONS. 
*BUP * INSTRUCTIONS. 
* IBP  * INSTRUCTIONS. 

*nov * INSTRUCTIONS. 

U NIT= 1 5 
UNIT=15 
UNIT=15 
UNIT=15 
UNIT=l5  
UNIT=15 
UNIT=15 
UNIT=15 
UNIT=15 
U NIT= 1 5 
UNIT=15 
UNIT=15 
UNIT=15 
UNIT=lS  
UNIT=15 
UNIT= 15 
UNIT=15 
UNIT=15 
UNIT=15 
UNIT= 15 
UNIT=15 
UNIT= 15 
UNIT=15 
UNIT=15 
UNIT=15 
UNIT=15 
UNIT= 1 5  
U N I T = l 5  
UNIT=15 
UNIT=15 
UNIT=15 
UNIT=15 
U N I T = l 5  

TSEC= 2 . 3 0 7 3  0 6  DELT= 2 . 3 0 7 3  06 T1= 7 .4613-07  EPP1= 2 .018E  0 2  FDOT= 5.028E-03 EPP2’ 2 . 5 6 5 3  02 FDDOTZ-9.991E-10 EPP3= 2.137E 0 2  
T 2 =  3 . 2 2 9 1 - 0 9  T3=  5.119E-10 TlN= 1.505E-04 T2N= 5 .1253-07  T3N= 9 .6293-08  EPFAVG= 2.019E 0 2  FLUX= 2.900E 1 4  POHER= 3.750E 01 
NUMBER OF C O M N A A E  3 4  : THIS I S  INSTRUCTION 2 OUT O F  A TOTAL OP 0 *IRP * INSTRUCTIONS. UNIT=15 

TSEC= 5.763E 06 DELT= 3 .4563  06 T1= 7.453E-07 EPF1= 2 . 0 2 1 E  0 2  FDOT= 3.306E-03 EPF2= 2 .8522  0 2  FDDOT=-8.284E-10 EPF3= 2.142E 0 2  
T 2 =  3. 1 7 3 3 - 0 9  T 3 =  9.34CE-10 TlH= 1.506E-04 T2N= 4.542E-07 T3N= 1 .7643-07  EPPAVGZ 2 - 0 2 3 E  0 2  FLUX= 2.897E 1 4  POWER= 3 . 7 5 0 3  01  
NUMBER OF CO!!NAND= 35 : THIS I S  INSTRUCTION 3 OUT OF A TOTAL OF 0 *IRE * INSTRUCTIONS. UNIT=15 

TSEC= 1.152E 0 7  DELT= 5 . 7 5 4 3  0 6  T1= 7 .458E-07  EPF1= 2.025E 0 2  FDOT= 1.000E-03 EPF2= 1 . 1 0 9 E  0 3  FDDOT=-5.96UE-10 EPF3= 2 .152E  0 2  
T2=  1.601.F-09 T3= 1 .8353-09  TlM= 1.510E-04 T2N= 5 .9223-08  T3R= 3.490E-07 EPFAVGZ 2 . 0 2 9 3  0 2  PLUX= 2 .8993  1 4  POUERZ 3.750E 0 1  
NUMBER OF COPINANE= 3 6  : T H I S  I S  INSTRUCTION 4 OUT OF A TOTAL OF 0 * I F P  * INSTRUCTIONS. UNIT=15 

TSEC= 2.304E 07 DELT= 1.153E 07 T1= 7.5093-07 EPF1= 2 . 0 3 2 3  0 2  PDOT=-1.507E-03 EPF2= 1.413E 02 FDDOT=-3.484E-10 EPF3= 2.178E 0 2  
T2=-4.898E-09 13= 4.3923-09 TlN= 1 .5263-04  T2N=-l.U31E-06 T3N= 8 .4213-07  EPFAVG= 2 . 0 3 7 3  0 2  FLUX= 2.9193 1 4  POWER= 3.750E 01 
NUNBER OP COMNAND= 3 7  : THIS I S  INSTRUCTION 5 OUT OF A MTAL OF 0 *IRP  * INS!IR@CTIONS. UNIT=15 

TSEC= 3 .456E  0 7  CELT= 1.152E 07 T l =  7.67UE-07 EPF1= 2.041E 0 2  FDOT=-4.638E-03 EPF2=  1.848E 0 2  FDDOT=-8.381E-ll  EPF3= 2.408E 0 2  
T2=-1. 573E-Oe T 3 =  1.521E-09 TlN= 1.5663-04 T 2 k - 3 . 5 4 5 E - 0 6  T3N= 2.957E-07 EPFAVG= 2.045E 0 2  FLUX= 2 .9833  1 U  POWER= 3.750E 0 1  
NUMBER OF CONRAND= 38 ; THIS  I S  INSTRUCTION 6 OUT OF A TOTAL OF 0 * I E P  * INSTRUCTIONS. UNIT=15 

TSEC= 3 , 8 0 2 3  07 DELT= 3.456E 06 T1= 8 . 0 5 5 6 - 0 7  EPFl=  2 .049E  0 2  FDOT=-5.804E-03 EPF2= 1.918E 0 2  FDDOT= 3.474E-11 EPF3= 1 . 6 4 3 3  0 2  
T2=-6.508E-09 T3=  2.52UE-11 TlN= 1 .650E-04  T2N=- l .4243-06  T3R= 4.920E-09 EPFAVG= 2.05OE 0 2  FLUX= 3.131E 1 4  POWER= 3 . 7 5 0 E  01  
N U M E E R  OF C O M N A N C =  3 9  : THIS I S  INSTRUCTION 7 OUT OF A TOTAL OF 0 *IRP * INSTRUCTIONS. UNIT=15 

TSEC= 4.608E 0 7  DELT= 8.061E 0 6  T1= 8.2273-07 E P F l =  2.051E 0 2  FDOT=-5.635E-03 EPF2= 1 .921E  0 2  FDDOT= U.285E-11 EPF3= 1 . 7 2 2 3  0 2  
T2=-1. 5 3 7 3 - 0 8  T 3 =  6.884E-11 TlN= 1.687E-04 T21=-3 -3653-06  T3N= 1 - 2 7 9 3 - 0 8  EPFAVG= 2 . 0 5 3 3  02 FLUX= 3.19eE 1 4  POWER= 3 . 7 5 0 E  0 1  
NUMBER OF CONMAND= 4 0  ; THIS  I S  INSTRUCTION 8 OUT O F  A TOTAL OF 0 *IRP  * INSTRUCTIONS. UNIT=15 

- 9 .  t 
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TSEC= 5 . 7 6 0 3  0 7  DELT= 1 .153E  07 T1= 8 .496E-07  E P F l =  2.056E 02 PDOT=-6.007E-03 EPP2= 1 .946E  0 2  PDDOT= 9.529E-11 EPF3= 1 . 9 2 2 E  0 2  
T2=-2 .498E-08  T3=-5.431E-10 TlM= 1.7463-04 T2M=-5.426E-06 T31=-1.100E-07 EPPAVG= 2.059E 0 2  FLUX= 3 .302E  1 4  POWER= 3 .750E  0 1  
NUMBER OF COMEAND= 4 1  : THIS  I S  INSTRUCTION 9 OUT OF A TOTAL OF 0 * I S P  * INSTRUCTIONS. UNIT=15 

PSEC= 6 .336E  07 CELT= 5.754E 06 T1= 8.957E-07 BPP1= 2 . 0 6 2 3  0 2  FDOT=-6.237E-03 EPP2= 1 .970E  0 2  FDDOT= 1 .5643-10  EPF3=  1 . 9 9 8 2  0 2  
T2=-1 .439E-08  13=-3 .84 lE-10  TlM= 1.847E-04 T2M=-3.106E-06 T3M=-7.7683-08 EPFAVG= 2.063E 0 2  FLUX= 3.481E 1 4  POWER= 3.750E 0 1  
NUMBER OF COMMAND= 4 2  : THIS I S  INSTBUCTION 1 0  OUT O F  A TOTAL OF 0 * IRP  * INSTRUCTIONS. UNIT=15 

TSEC= 6.912E 0 7  DELT= 5 . 7 6 3 3  0 6  T1= 9 .2883-07  EPF1= 2.065E 0 2  FDOT=-5.504E-03 EPP2= 1 . 9 6 5 3  0 2  FDDOT= 1.352E-10 EPF3= 1.987E 0 2  
T2=-1. 3 6 8 E - 0 8  T3=-3.771E-10 T l M =  1.918E-04 T2M=-2.968E-06 T3M=-7.726E-08 EPFAVG= 2 . 0 6 6 3  0 2  FLUX= 3.610E 14 POWER= 3 .750E  0 1  
NURBER OF COMMAND= 4 3  : THIS  I S  INSTRKTION 11 OUT OF A TOTAL OF 0 * I E P  * INSTRUCTIONS. UNIT=15 

TSEC= 7.603E 0 7  DELT= 6.912E 06 T1= 9,580E-07 E P F l =  2 .068E  0 2  FDOT=-4.987E-03 EPF2= 1.964E 0 2  FDDOT= 1.259E-10 EPP3=  1 . 9 8 6 5  0 2  
T2=-1.582E-08 T3=-5.716E-10 TlM= 1 .9813-04  T2M=-3.444E-06 T3M=-1.182E-07 EPPAVG= 2.070E 0 2  FLUX= 3.724E 1 4  FOYER= 3 . 7 5 0 E  0 1  
NUMBER OF COMMANf= 4 4  ; THIS I S  INSTRUCTION 2 OUT O F  A TOTAL OF 2 *BUP * INSTRUCTIONS. UNIT=15 
NUMBER OF CONMAND= 45 : TBIS  I S  INSTROCTION 1 OUT OF A TOTAL OF 1 *OFTL* INSTRUCTIONS. UNIT=15 
NUEBER OF COMMANC= 4 6  ; THIS I S  INSTRUCTION 1 OUT OF A TOTAL OF 1 *OPTA* INSTRUCTIONS. UNIT=15 
NUHBER OF COMEAND= 4 7  ; THIS I S  INSTRUCTION 1 OUT OF A TOTAL OF 1 *OPTF* INSTRUCTIONS. UNIT=15 
NUMBER OF COHMAND= 4 8  ; THIS I S  INSTROCTION 1 OUT OF A TOTAL OF 2 *OUT * INSTRUCTIONS. UNIT=15 
N U M B E R  O F  COMEANC= 4 9  ; THIS I S  INSTRUCTION 1 4  OUT O F  A TOTAL OF 18 *RDA * INSTRUCTIONS. IJNIT=15 
NUMBER OF CONEANC= 50 : THIS I S  INSTROCTION 2 OUT OF A TOTAL OF 5 *MOV * INSTRUCTIONS. UNIT=15 
NUMBER OF CONRANC= 51 ; THIS I S  INSTRUCTION 15 OUT OF A TOTAL OF 18 *REA * INSTRUCTIONS. UNIT=15 
NUMBER OF CCL?HAND= 5 2  ; THIS I S  INSTRUCTION 1 OUT OF A TOTAL OF 1 *KEQ * INSTRUCTIONS. UNIT=15 
**KEQ NPROAZ 8.3UlE 03 NDESA= 7 . 9 5 5 3  0 3  IMFA= 1 .048E  00  NPROB= 7.900E 03 NDESB= 7 . 9 3 9 2  0 3  IMP& 9 .9513-01  
NFSOC= 1 . 0 0 2 E  0 4  NDESC= 7.282E 0 3  IHFC= 1 . 3 7 7 3  00 PRC=FRD BEPORE N DEST SCALING= 1.625E-01 FRWFRAC OF VECT C INCLUDED= 1.772E-01 
NUMBER OF COMRAND= 5 3  : THIS I S  INSTROCTION 1 OUT OF A TOTAL OF 1 *PAC * INSTRUCTIONS. UNIT=15 
**PAC LD= 1 FAC(LD)= 1.0000E 00 
NUMBER OF COHMAND= 54 ; T H I S  I S  INSTRUCTION 1 6  OUT O F  A TOTAL OF 18 *RDA * INSTRUCTIONS. URIT=15 
NUMBER OF COtMAND= 5 5  ; THIS I S  INSTRUCTION 3 OUT OF A TOTAL OF 3 * T I T  * INSTRUCTIONS. UNIT=15 
NUMBER OF COMRANC= 5 6  : THIS IS INSTRUCTION 3 OUT OP A TOTAL OF 5 *MOV * INSTRUCTIONS. UNIT=15 
N U M B E R  OF COMRANC= 5 7  : THIS I S  INSTRUCTION 1 OUT OF A TOTAL OF 3 * A C D  * INSTRUCTIONS. UNIT=15 
NUMBER OF COEHANE= 58 : T H I S  I S  INSTRKTION 2 OOT OF A TOTAL OF 3 *ACD * INSTRUCTIONS. UNIT=15 
NUMBER OF COBHAND= 5 9  : THIS I S  INSTRUCTION 3 OUT OF A TOTAL OF 3 *ADD * INSTRUCTIONS. UNIT=15 
NUMBER OF COMMAND= 6 0  ; THIS I S  INSTRUCTION 2 OUT OF A TOTAL OF 2 *HED * INSTRUCTIONS. UNIT=15 
NUMBER OF COMMANC= 6 1  : THIS I S  INSTRUCTION 1 2  OUT O F  A TOTAL OF 2 2  *IRF * INSTRUCTIONS. UNIT=15 

TSEC= 2.307E 0 6  EELT= 2.3073 0 6  T1= 1.6903-02 EPP1= 2.019E 0 2  FDOT= 9 .4533-10  EPF2= 2 .127E  0 2  PDDOT=-5.695E-17 EPF3= 2.112E 0 2  
T2=  1 .090E-03  T3=-5.051E-05 TlM= 8 .371E-05  TZM= 5.1263-06 T3M=-2.392E-07 EPFAVGZ 2.025E 0 2  FLUX= 2.890E 1 4  POWER= 5.011E-07 
NUMBER OF COI!MAND= 6 2  : THIS  I S  INSTRUCTION 13 OUT O F  A TOTAL OF 2 2  *IRF * INSTRUCTIONS. U 1 I T = 1 5  

TSEC= 5 .763E  0 6  DELT= 3 .4563  06 T l =  1 .8623-02  EPF1= 2.029E 0 2  FDOT= 8.UOOE-10 EPPZ= 2 . 1 2 9 3  0 2  FDDOT=-4.886E-l7 EPF3= 2 . 1 1 2 E  02 
T2= 1 . 0 5 2 E - 0 3  T3=-9.726E-05 TlM= 9 .175E-05  T2M= 6.818E-06 T31=-4.605E-07 EPFAVG= 2 - 0 3 6 E  0 2  FLUX= 2.888E 1 4  POWER= 5.575E-07 
NUMBER OF COMMANC= 63 : TAIS I S  INSTRUCTION 1 4  OUT OF A TOTAL OF 2 2  * I R F  * INSTRUCTIONS. UNIT=l f  

TSEC= 1 .152E  0 7  DELT= 5.7543 06 T 1 =  2 .1233-02 EPP1= 2.041E 02 PDOT= 6.942E-10 EPFZ= 2.133E 0 2  FDDOT=-3.817E-17 EPF3=  2.113E 02 
T 2 =  1. 9 9 7 3 - 0 3  ‘I3=-2.107E-OU TlM= 1.OUOE-04 T2M= 9.3663-06 T3M=-9.970E-07 EPFAVGZ 2.048E 0 2  FLUX= 2.900E 1 4  PO@ER= 6.450E-07 
NURBER OF COL?MAND= 6 4  : THIS  I S  INSTRUCTION 15 OUT O F  A TOTAL OF 2 2  * I R F  * INSTRIJCTIONS. UNIT=15 

TSEC= 2.304E 0 7  CELT= 1.153E 0 7  T I =  2 .4543-02  EPP1= 2.054E 02  PDOT= 5 .2521-10  EPP2’ 2.139E 02 PDDOT=-2.635E-17 EPP3= 2.115E 0 2  
T 2 =  3. 027E-02  T!3=-5.8343-04 TlM= 1 . 1 9 5 3 - 0 4  T2M= 1 .4153-05  T31=-2.758E-06 EPFAVGX 2 - 0 6 2 E  0 2  FLUX= 2 .9553  1 4  POWER= 7.707E-07 
NUMBER OF COMMANC= 6 5  : THIS  I S  INSTROCTION 1 6  OUT OF A TOTAL OF 22 *IRP  * INSTRUCTIONS. UNIT=15 

TSEC= 3 . 4 5 6 3  0 7  DELT= 1.152E 07 T1= 2.901E-02 E P P l =  2 . 0 6 8 3  02 FDOT= 3 .2543-10  EPP2= 2.153E 0 2  FDDOT=-1.381E-17 EPP3= 2.121E 0 2  
T2= 1 .874E-03  T3=-3.053E-O4 TlM= 1. U03E-04 T2M= 8 .7013-06  T31=-1,U39E-06 EPFAVGZ 2 - 0 7 2 E  0 2  FLUX= 3 - 0 5 0 E  1 4  POWER= 9.012E-07 
N U M B E R  OF COMMANL= 6 6  ; THIS  I S  INSTRUCTION 17 OUT OF A TOTAL OF 22 *IRF * INSTRUCTIONS- UNIT=15 

TSEC= 3 .802E  0 7  CELT= 3.4563 0 6  T l =  3 .1853-02  EPF1= 2 . 0 7 6 1  02 PDOT= 2 .1442-10  EPP2= 2 . 1 6 8 2  0 2  FDDOT=-8.422E-18 EPP3= 2.130E 0 2  
T 2 =  3. 7 0 5 E - 0 4  T3=-1.676E-05 T l E =  1.534E-OU T2M= 1 .7093-06  T3M=-7.871E-08 EPPAVGZ 2.077E 0 2  FLUX= 3.1563 1 4  POHER= 9.823E-07 
NUMBER O F  CORMAND= 6 7  ; THIS I S  INSTBUCTION 18 OUT O F  A TOTAL OF 22 *IRF * INSTRUCTIONS. UNIT=15 



TSEC= 4 . 6 0 8 E  0 7  DELT= 8 . 0 6 1 E  0 6  T I =  3 . 2 4 6 3 - 0 2  E P F l =  2 . 0 7 8 E  02 FDOT= 1 . 9 4 3 E - 1 0  E P F 2 =  2.1733 0 2  FDDOT=-7.771E-18 E P F 3 =  2 . 1 3 3 E  0 2  
T 2 =  7. 8 3 3 E - 0 4  T 3 = - 8 . 4 1 6 E - 0 5  TlM= 1 - 5 6 2 E - 0 4  T2M= 3 . 6 0 4 E - 0 6  T 3 M = - 3 . 9 4 6 E - 0 7  EPFAVGZ 2 - 0 8 O E  0 2  FLUX= 3 . 2 5 8 E  1 4  POWER= 1 .OU4E-06 
NUMBER OF COMMAND= 6 8  : T H I S  I S  INSTRUCTION 1 9  OUT OF A TOTAL OF 2 2  * I R F  * INSTRUCTIONS. U N I T = 1 5  

TSEC= 5 . 7 6 0 E  0 7  DELT= 1 . 1 5 3 E  0 7  T I =  3 . 3 7 1 3 - 0 2  E P F l =  2 . 0 8 2 E  02 FDOT= 1 . 4 2 6 3 - 1 0  E P F 2 =  2 . 1 9 0 E  02  FDDOT=-5.742E-18 E P F 3 =  2 . 1 4 1 E  0 2  
T 2 =  8 . 2 2 0 E - 0 U  1 3 = - 1 . 2 7 1 E - 0 4  TlM= 1 . 6 1 9 3 - 0 4  T2M= 3 . 7 5 3 E - 0 6  T 3 M = - 5 . 9 3 9 E - 0 7  EPFAVG= 2 . 0 8 4 E  0 2  FLUX= 3.3973 1 4  POWER= 1 . 1 3 0 E - 0 6  
NUMBER OF COMMAND= 6 9  : THIS I S  INSTRUCTION 2 0  OUT O F  A TOTAL OF 22 * IRF  * INSTRUCTIONS.  U N I T = 1 5  

TSEC= 6.336E 07 CELT= 5 . 7 5 4 3  0 6  T 1 =  3 . 4 5 1 E - 0 2  E P F I =  2 . 0 8 5 1  0 2  FDOT= 9 . 4 1 2 E - 1 2  E P F 2 =  3 . 9 8 6 E  0 2  FDDOT= 3 . 7 6 3 E - 1 8  E P F 3 =  2 . 0 7 6 E  0 2  
T 2 =  2 . 7 0 8 E - 0 5  'I3= 2 . 0 7 6 E - 0 5  TlM= 1 . 6 5 5 E - 0 4  T2M= 6 . 7 9 3 E - 0 8  T3M= 1.OOOE-07 EPEAVG= 2 . 0 8 6 2  0 2  F L U X =  3 . 5 3 6 E  1 4  POWER= 1 . 1 8 1 E - 0 6  
NUMBER OF COMMAND= 70 : T H I S  I S  INSTRUCTION 21  OUT OF A TOTAL OF 22 * I R F  * INSTRUCTIONS. U N I T = 1 5  

T S E C =  6 . 9 1 2 E  07 DELT= 5.7633 06 T I =  3 . 4 3 6 E - 0 2  E P F l =  2 . 0 8 7 3  02 FDOT= 3 . 4 5 5 E - 1 1  E P F 2 =  2 . 3 9 6 E  0 2  FDDOTZ 1 . 4 8 1 E - 1 8  E P F 3 =  2 . 0 2 4 E  0 2  
T 2 =  9 . 9 5 6 E - 0 5  T 3 =  8 . 1 9 7 E - 0 6  TlM= 1 . 6 4 7 E - 0 4  T2M= 4 . 1 5 5 E - 0 7  T3M= 4 . 0 4 9 E - 0 8  EPFAVG= 2.0883 02  FLUX= 3 . 6 6 2 E  1 4  FOWERZ 1 . 2 2 0 E - 0 6  
N U M B E R  OF  COMMANL= 71 : T H I S  IS  INSTRUCTION 2 2  OUT O F  A TOTAL OF 2 2  * I R F  * INSTRUCTIONS.  U N I T = 1 5  

TSEC= 7 . 6 0 3 E  07 CELT= C.912E 06 T 1 =  3 . 4 3 7 E - 0 2  E P F l =  2 . 0 8 8 E  0 2  FDOT= 4.5362-11 E P F 2 =  2 . 3 0 0 3  0 2  FDDOT= 1 . 7 9 2 3 - 1 9  E P F 3 =  1 . 5 7 0 E  0 2  
T 2 =  1. 5 6 8 3 - 0 4  T 3 =  1 . 4 2 7 E - 0 6  TlM= 1 . 6 4 6 E - 0 4  T2N= 6 - 8 0 3 3 - 0 7  T3M= 9 . 0 9 0 E - 0 9  EPFAVGZ 2 . 0 8 9 3  0 2  FLUX= 3.7833 1 4  POWER= 1 . 2 6 2 E - 0 6  
NUMBER 
NUMBER 
NUflBER 
NUMBER 
N U  MBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
N U  ME ER 
NUMBER 
NUflBER 
NUMBER 
NUMBER 
N U  MBER 
NUMBER 
NUMBER 
NUMEER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
N U M B E R  
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
N U M B E R  
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUNBER 
NUMBER 
NU MBER 
NUMBER 
NUNBER 
NUMBER 
NUMBER 

OF COflMAND' 
OF COflMAND= 
OF COMMANC= 
O F  COMMANC= 
OF COMMANC= 
OF COMMAND= 
OF COMMAND= 
OF COMMANC= 
O F  COMHANC= 
O F  COMM A N  E= 
OF COGPIAND- 
OF COMMAND= 
OF COMMANCZ 
O F  COMMAND= 
O F  COUUAND= 
OF COMMAND= 
OF COMMAND= 
OF COUMANC= 
OF COMMAND= 
OF COMMANC= 
O F  COMMAND= 
OF COMMAND= 
O F  COMMAND= 
O F  CORMAND= 
OF COUUANC= 
O F  COMMAND= 
OF COMMAND= 
OF COMMANC= 
OF CONRAND= 
OF COMMANC= 
OF COMMAND= 
OF COMMAND= 
OF COMMANC= 
O F  COMMAND= 
OF COMMANE= 
OF CCHMAND= 
OF COflMAND= 
OF COMMANC= 
O F  COMMAND= 
OF COMMAND= 
OF CCMMAND= 
OF COMMAND= 
O F  COMMANC= 
OF COMNANC= 

. 

72 : T H I S  IS  INSTRUCTION 
73 ; T H I S  I S  INSTRUCTION 
7 4  : T H I S  I S  INSTRUCTION 
75 ; T H I S  I S  INSTRUCTION 
7 6  : T H I S  I S  INSTRUCTION 
77 : T H I S  IS INSTRUCTION 
78 ; T H I S  I S  INSTRUCTION 
7 9  : T H I S  I S  INSTRUCTION 
80 : T H I S  I S  INSTROCTION 
81 : T H I S  I S  INSTRUCTION 

1 : T H I S  I S  INSTRUCTION 
2 : T H I S  I S  INSTRUCTION 
3 : T H I S  I S  INSTRUCTION 
4 : T H I S  I S  INSTRUCTION 
5 : T H I S  I S  INSTRUCTION 
6 : T H I S  I S  INSTRUCTION 
7 : T H I S  I S  INSTRUCTION 
8 : T H I S  I S  INSTRUCTION 
9 : T H I S  I S  INSTRUCTION 

10 : T H I S  I S  INSTRUCTION 
11 : T H I S  I S  INSTRUCTION 
1 2  : T H I S  I S  INSTRUCTION 
13 : T H I S  I S  INSTRUCTION 
1 4  : T H I S  I S  INSTRUCTION 
15 : T H I S  I S  INSTRUCTION 
1 6  : T H I S  IS INSTRUCTION 
17 : T H I S  I S  INSTRUCTION 
18 : T H I S  I S  INSTRUCTION 
1 9  : T H I S  I S  INSTRUCTION 
20 : T H I S  I S  INSTRUCTION 
21  : T H I S  I S  INSTRUCTION 
2 2  : T H I S  I S  INSTRUCTION 
23  : T H I S  I S  INSTRUCTION 
2 4  : T H I S  I S  INSTRUCTION 
25  : T H I S  I S  INSTRUCTION 
26 : T H I S  I S  INSTRUCTION 
27 : T H I S  I S  INSTRUCTION 
2 8  : T H I S  I S  INSTRUCTION 
29 : T H I S  I S  INSTRUCTION 
30 : T H I S  I S  INSTRUCTION 
31 : T H I S  I S  INSTRUCTION 
3 2  : T H I S  I S  INSTRUCTION 
33 : T H I S  IS INSTRUCTION 

2 OUT O F  A 
17 OUT OF A 
18 OUT O F  A 
4 OUT OF A 
5 OUT OF A 
1 OUT O F  A 
2 OUT O F  A 
3 OUT O F  A 
4 OUT OF A 
1 OUT OF A 
1 OUT O F  A 
1 OUT O F  A 
1 OUT O F  A 
1 OUT OF A 
1 OUT OF A 
1 OUT OF A 
1 OUT O F  A 
1 OUT O F  A 
2 OUT OF A 
1 OUT OF A 
1 OUT O F  A 
2 OUT O F  A 
3 OUT O F  A 
4 OUT OF A 
2 OUT OF A 
3 OUT OF A 
1 OUT O F  A 
2 OUT OF A 
1 OUT O F  A 
2 OUT OF A 
3 OUT O F  A 
U OUT O F  A 
5 OUT O F  A 
6 OUT CF A 
7 OUT O F  A 
8 OUT O F  A 
9 OUT OF A 

10 OUT O F  A 
11 OUT OF A 
12 OUT OF A 
13 OUT O F  A 
1 4  OUT O F  A 
15 OUT O F  A 

TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL O F  
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL O F  
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL O F  
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 
TOTAL OF 

3 4  : T H I S  I S  INSTRUCTION 1 OUT OF A TOTAL OF 

2 *OUT * INSTRUCTIONS.  U N I T = 1 5  
18 * R D A  * INSTRUCTIONS.  U N I T = 1 5  
18 * R D A  * INSTRUCTIONS.  U N I T = 1 5  
5 *MOV * INSTRUCTIONS. U N I T = 1 5  
5 *MOV * INSTRUCTIONS.  U N I T = 1 5  
4 *PCH * INSTRUCTIONS.  U N I T = 1 5  
U *PCH * INSTRUCTIONS. U N I T = l 5  
U *PCH * INSTRUCTIONS.  U N I T = 1 5  
4 *PCH * INSTRUCTIONS. U N I T = 1 5  
1 * S T P  * INSTRUCTIONS. U N I T = 1 5  
2 *BAS * INSTRUCTIONS.  U N I T = 1 5  
1 *CUT * INSTRUCTIONS.  U N I T = 1 5  
1 * L I P  * INSTRUCTIONS. U N I T = 1 5  
1 *LPU * INSTRUCTIONS. U N I T = 1 5  
1 * L I B  * INSTRUCTIONS. U N I T = 1 5  
1 *PHO * INSTRUCTIONS.  U N I T = 1 5  
3 *HOV * INSTRUCTIONS.  U N I T = 1 5  
6 *RDA * INSTRUCTIONS.  U N I T = 1 5  
6 *RCA * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
4 *PRO * INSTRUCTIONS.  U N I T = 1 5  
4 *PRO * INSTRUCTIONS.  U N I T = 1 5  
4 *PRO * INSTRUCTIONS. U N I T = 1 5  
4 *PRO * INSTRUCTIONS. U N I T = 1 5  
2 *BAS * INSTRUCTIONS. U N I T = l 5  
6 * R D A  * INSTRUCTIONS.  U N I T = 1 5  
2 * T I T  * INSTRUCTIONS.  U N I T = 1 5  
3 *ROV * INSTRUCTIONS.  U N I T = 1 5  
2 * H E D  * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS.  U N I T = 1 5  
0 *DEC * INSTRUCTIONS.  U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS.  U N I T = 1 5  
0 *DEC * INSTRUCTIONS.  U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS.  U N I T = l 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
0 *DEC * INSTRUCTIONS. U N I T = 1 5  
4 *OUT * INSTRUCTIONS. U N I T = 1 5  



APPENDIX F: LISTING OF SAMPLE PCH COMMAND OUTPUT 



174 

1 30060 
1 60120 
1 80160 
1 1 1 0 2 3 0  
1 1 3 0 2 7 0  
1 1 5 0 3 1 0  
1 200420 
1 20C480 
1 220490 
1 240500 
1 250550 
1 260580 
1 280610  
1 290650 
1 300680  
1 420950 
1 421000 
1 4 8 1 0 8 0  
1 481130 
1 491150 
1 501160 
1 501200 
1 6 4 1 5 4 0  
1 641580  
1 741830  
1 822060  
2 922340  
0 0 .  
1 10010 
1 20030 
1 30070 
1 40110 
1 60120 
1 70140 
1 80170 
1 90200 
1 100230  
1 1 1 0 2 5 0  
1 120270  
1 130290 
1 140300  
1 1 5 0 3 2 0  
1 160330  
1 160370 
1 170380  
1 180380  
1 180420  
1 190b20  
1 200410 
1 200450 
1 200490 
1 210470  
1 220460  
1 220500 
1 230520 
1 240510 
1 240550 
1 250570 
1 260560 
1 270580 
1 270610 
1 280600  
1 280640  

1.0830E-02 30070 
7.3EC5E O C  60130 
8.3807E 03 80170  
6.52173 -0 1 120240 
6 .1852 .~ -01  140280 
1.1290E 0 0  170350 
3.223213-04 200430 
9.47263-05 220460 
1.1 26 9 2  -0 3 220 500 
3.3426 E-03 240520 
3.0 909E- 0 2  2605 40 
9.3363E-04 270590 
4.6 1583-03 280620 
4.84153-03 300640 
1.1 560E-0 1 300700 
1.6 5582-0 2 4209 60 
9.9974E-03 471070 
1.97773-03 481100 
2.7 11 OE-0 2 481 140 
1.6656 E-02 50 11 20 
4.9502E-03 501170 
1.0911E-02 501220 
3.337OE-04 64 1 5  50 
3.9408E-03 5 4  1600 
1.555233-03 7418U0 
1.16293-03 822070 
1.2393E 0 0  922350 

8.9703E-03 10020 
8.0598E-05 20040 
1.52C8E-01 30080 
5.37483-19 50100 
7 .36041  0 0  60130 
1.76933 00 70150 
3.1942E 0 0  80180 
4.7334E-12 100200 
6.27693-12 110230 
1,6620E-14 120240 
2.8260E-11 120280 
3.6348E-13 130300 
1.33532-02 1 4 0 3  10 
1.1779E-OS 150330 
2.3099E-07. 160340 
4.5166E-14 170350 
1.75843-09 170381 
3.547SE-05 180390 
4.9846E-18 190390 
5.3038E-? 2 1904 30 
4.1000E-05 200420 
6.4526E-07 200460 
2.57892 -1 2 21 0 4 5 0 
1.8595E-10 210480 
1.7 19b E-0 3 2204 70 
1.091 OE-0 3 2205 10 
3.0 961E-0 9 230530 
5.8079$-06 240520 
8.9656E -1 2 250540 
5.8188E-15 250580 
2.9463E-01 260570 
9.3829E-06 270590 
1.3197E-09 270620 
1.0 66 1E-0 1 2806 10 
3.7 91 7 E-0 3 28 0 6  50 

, o  0.0 

1.3357E-0 1 50 100 
8.2619E-02 70140 

6.49533-02 120250  
3.9702B-0 1 140290 
1.1317E-0 1 170370 
6.4 8 12E- 0 5 2 004 40 
1.7 2 17E-0 3 22 04 70  
1.08522-0 3 230500 
6.4385E-02 240530 

1.69493-02 280580 
l.4665E-02 280640 
2.99163-01 300660 
3.816UE-03 U20920 
1.73913-02 420970 
4.80073-04 471090 
2.7 7 77 E-0 2 4 81 1 1 0 
6. 37753-02 481160 
3. 36753-04 501140 
2.60983- 03 501 1 80 
1.54909-03 501240 
2.3518E-03 641560 
3.46413-03 74 1800 
3.33552-03 741860 
1.06643-03 822080 
1.3617E 02 922380 

0.0 
3.77503- 06 1003 0 
5.9353.E-01 20060  
2.0576E-13 40090 
9.3346E-07 50110 
6. 4544E-0 1 60140 
6.8554E-03 70160 
1.7138E 01 80190 
1.87513-05 100210 
6.5075E-0 1 110240 
6.6372E-02 120250 
U.0014E-18 130270  
3 . 3 0 3 0 ~  1 8 1 4 02 8 0 
6.34U6E-09 140320 
4. 2421E-14 1503UO 
3.3327E-08 160350 
1.03 43E - 0 1 1 7 03 6 0 
6.72 14E-15 180360 
2.9157E-08 180400  
5.572OE-11 190QOO 
3.0207E-13 190440 
3.2187E-04 200430 
1.74313-06 200470 
1.5972E-06 21 0460 
9.0616E-12 210490 
1.5505E-0 3 220480 
3.3993E-12 230500 
1.2279E-15 230540 
6.4477E-02 240530 
U. 3286E-07 250550 
1.158OE-17 260540 
8.8299E-03 260580 
1.5144E-02 270600 

5.24 17E-0 3 260620 
2.6 126E-09 280660 

3.19233 00  80180  

1.87053-02 260560 

3 . 3 a 3 7 ~ - 1 5  280580 

1.8519E-02 50110 
1.7787E 00 70150 
1.7138E 01 90190 
8.2236E-03 120260 
2.0 103E- 02 1 40 300 
3.6 190E- 02 200400 
1.0420E-03 200460 
1.5547E-03 220480 
1.4707E-04 230510 
7.2999E-03 240540 
2.9538E-01 260570 
2.7887E-01 280600 
3.7 172E-03 290630 
1.7174E-01 300670 
1.5413E-02 420940 
9.9 9 74 E-03 4 20 980 
4.46173-04 481060 
2.8443E-02 481120 
1.6666E- 0 2  491 130 
2.2562E- 04 501 150 
8.1 R29E-03 501 190 
1.8858E-03 641520 
3.27 34 E-03 64 1570 
1.4138E-05 741820 
3.11 04E- 03  822040 
2.5285E-03 832090 
4.0660E 03 0 

9 - 0  551 E-03 10040 
2.1259E-16 30060 
7.0549E-05 40100 
7.522UE-02 50120 
9.5116E-03 60150 
1.9474E-11 83160 
9.1 9673-12 90 190 
7.6179E-08 100220 
1.7006E-06 110 2 4 1  
8.2279E-03 120260 
6.1819E-01 130280 
3.97213-01 140290 
5.5 7 57 E- 12 150 3 10 
9.1671E- 15 160320 
1.9442E- 05 160360 
9.6119E-03 170370 
2.5211E-08 180 370 
2,0591E-08 180410 
1.6 7 89E- 06 7 90 4 10 
1.8652E- 15 200400 
6.429YE-05 200440 
2.2518E-11 20G480 
1.3903E-08 210461  
1.70362- 11 210500 
1.51 33E- 02 220490 
1.2407E-04 230510 
7.8552E-18 240500 
7.5426 E-03 240540 
2.9797E-02 250560 
1.86 12E- 02 260550 
1.0438E-03 260590 
1.5793E-03 27060 1 
2.7539E-01 280590 
1.4253E-02 280630 
5.8698E- 13 290630 

7.4074E-02 
6.5343E-03 
5.6 3 7 6E-0 1 
9.0 54 2E-0 3 
1.3345E-02 
4 .8 33 OE-02 
1.7449E-06 
1.538 OE-0 2 
5.8679E-02 
1.8135E-03 
6.9 21 7E-0 3 
1.0 66 1 E-0 1 
1.0878E-0 2 
2.523 82-02 
9.68502-03 
2.5098E-02 
2.8888E-03 
5.3576E-02 
7.4 83 9E -04 
1.2796E-04 
2.8960E-03 
3.178 1E-05 
2.49483-03 
2.86033-03 
6.7554E-05 
1.9139E-03 
0.0 

6.666 4E-1 7 
1.6 1 4 6 E-0 3 
8.4 1 1 6E-0 7 
4. U597E-16 
1.06 94E-12 
8.3801E 03  
5.6 31 5E-0 1 
1 . 0 7 3  2E-07 
2.5315E-13 
9.056 6E-03 
9.8048E-10 
2.0234E-02 
1.1286E 00 
U.1885E-04 
4.901 2E-10 
3.6259E-02 
3.3509E-08 
8.4735E-15 
5.4474E-08 
4. 82872-02 
1.0 40 7E-03 
9.45052-05 
1.33603-14 
9.496 1E-17 
1 3752E-03 
5.8186E-02 
3.2308E-03 
2.102CE-03 
2.381 8E-07 
7.5427E-05 
2.5109E-07 
1.3084E-08 
2.8969E-03 
4. 251 1E-04 
1.0759E-02 

c 

8 

I 

c1 

I S  



1 75 

1 290640 
1 300640 
1 3C0680 
1 300710 
1 310710 
1 320710 
1 320740  
1 330750  
1 340780 
1 380900  
1 390900 
1 390930 

1 400950 
1 410930  
1 410951  
1 410980 
1 420930  
1 420970  
1 421010  
1 440990 
1 441030 
1 451030  
1 151051  
1 461050 
1 461080 
1 461110 
1 471081 
1 471101 
1 481060  
1 4 8 1 1 0 0  
1 481130 
1 4 8 1 1 6 0  
1 481210  
1 491150  
1 4 9 1 1 7 1  
1 491200 
1 501131  
1 501170  
1 501191 
1 501220 
1 501250 
1 511221  
1 511250 
1 521230  
1 5 2 1 2 5 1  
1 521280 
1 531270 
1 531301 
1 541291 
1 5 4 1 3 2 0  
1 551330  
1 6C1480 
1 611481  
1 611520  
1 621500 
1 621540  
1 631521 
1 631560  
1 6 4 1 5 5 1  
1 6 4 1 5 8 0  
1 641620 
1 651620 
1 661630  
1 661660  
1 681660  

i 4 0 0 9 i o  

1.2338E-07 290650 
2.9852E-C1 300650 
1.1577E-01 300690 
2.1 U30E-12 3007 1 1  
7.3925E-07 310720 
4.9541E-1C 320711 
2.09332- 1 3  320750 
7.16083-17 330760 
2.8296E -22 38087 0 
7.7963E-17 3809 10 
1.3312E-17 390901 
1.2707E-25 390940 
4.8856E-09 400920 
1.5222E-10 ‘400960 
1.4500 E-09 ‘4 109 31 
6.1554E-14 410960 
9.5514E-18 111000  
6.4299E-06 420940 
1 .O 1 3  1E-02 120980 
7.07182-1 0 430990 
6.0606E-11 441000 
5.3515E-10 341040 
1.8009E-10 4510UO 
2.1 167E-20 451060 
2.1363E-12 46 1060 
1.4998E-06 461090 
1.6 640E- 13 46 1 1 1 1 
4.52 16E-06 471090 
4.15503-06 471110 
2.8 827 E-0 3 48 10 70 
2.6548E-02 481110 
8.5750E-06: 481140 
7.66233-02 48 11 7 0  
4.06062-20 09 1130 
2.6650E-04 491160 
6.2e3CE-09 491 180  
1.3466E-25 491210 
5.02963-1 1 501  140 
2.86993-03 SO 11 7 1 
1.3 909E-05 50 1200 
1.50743-03 501230 
1.881 4E-07 501251 
9.7912E-14 511230 
1.38353-05 511260 
1.06273-08 521231  
1.66COE-07 521260 
1.40273-12 621290  
5.99023-10 531280  
4.6 305E -22 53 13 10 
2.96083-16 541300 
3.8 128E- 19 54 133 0 
1.01323-22 551340 
4.2701E-19 60 1490 
1.2056E-23 611490 
3.7 473 E-1 9 6 2  1470 
9.0126E-11 621510 
1.8511E-11 621550 
7.8042E-18 631530 
4.2 25 4E -0 7 64 1520  
2.7659E-17 541550 
6.6458E-03 641590 
1.3U62E- 1 3  65 1590 
9.8551E-14 661600 
7.0 3383 -06 66 16 40 
1.5872E-10 671650 
1.87833-07 681670 

5.2473E-03 29066 0 
2.68 08E- 04 3 006 6 0 
3.5232E-OR 300691 
2.20 173-11 310690 
2.3478E-11 310721 
9.0865E-19 320720  
3.9 6 253- 2 0 32 07 51 
7.9615E-21 340760 
7.4980E-25 380880 
8,21072-20 390890 
3.4010E-22 390910 
1.96553-2 1 400890 
1.16U6E-07 400930 
6.85013-13 400970 
1.94923- 1 5  4 109 40 
5.0914E-12 410970 
4.0549E-19 420920 
9.67553-03 420950 
2.5 1239-0 2 4209 90 
1.6268E-0 5 431000 
1.8889E-06 441010 
1.1 7493- 1 1 4 4 1 0 5 0 
3.8469E-16 4510111 
5.54273-17 451061 
1. U404E-10 461070 
2.86053-1 0 461091 
3.53353-1 3 471 070  
1.6 2 67 E -0 4 4 7 1 0 9 1 
2.09793-08 47111 1 
3.1638E-09 481080 
2.75043-02 481111 
9.01723-02 481150 
8.8990E-09 4811 71 
5.55053-04 491140 
1.97183-10 4911 61 
1.58833-1 7 4 91 1 90  
7.2837E-20 501120 
4.0421E-04 501150 
3.86313-06 501180 
1.0916E-02 501210 
3.71483-07 501231 
1.03U4E-10 51 1 2 1  0 
1.20 13E-06 511240 
5.5500E-09 511261 
3.0443E-09 521240 
1.6791E-07 521270 
3.74082-19 521291 
2.37483-15 531290 
2-20523-22 541280 
1.8977E-15 541310 
9.90553-24 541 33 1 
2.49243-2 4 6 01 4 6 0 
3.55073-23 611470 
1.37033-21 611500  
3.3320E-22 621480 
2.40663-1 2 621520 
2.0842E- 17 631 5 1 0  
1.0892E-05 631540 
6.53813-07 641530 
1.18743-06 641560 
4.5121E-07 641600 
2.4226E-04 651600  
2.1899E-05 661610 
7.8 187E-0 7 66 16 50 
1.4548E-06 671660 
3.91 03E-09 681671 

1.9506E-10 290670 
1,7141E-01 300670 
3.4304E-08 300700 
4.6184E-04 310700 
5.67193- 19 320700 

8.2286E-23 320760 
6.0984E-19 340770 
2.8167E- 15 380890 
5.9 165E- 1 3  390891 
1.0699E-16 390920 
2.3024E-12 400900 
4.1 837E-09 400940 
3.9163E- 14 410920 
5.8524E- 09 410950 
9.9658E-14 410971 
1.5 4 06 E-0 2 4 209 3 1 
1.49323-02 420960 
7.7232E-07 421000 
1.28153-12 431010 
3.5186E-05 441020 
2.6846E-17 441060 
7.2 836 E-17 451 0 50 
3.9301E- 19 461040 
2.27513- 10 461071 
2.71563-16, 461 100 
4.12 98E-04 471 080 
2.3364E-13 471  100 
1.0490E- 12 471120 

7.03633-10 48 11 20 
6.1087E-06 481 151 
4.29513-10 481 190 
2.63003- 13 491 141 
3.59853-08 491  170 
1.5001E-16 491191  
3.3047E-04 501  130 
1.1466E-04 501  160 
8.15273- 03  501 190 
3.37 57E- 08 5 01 21 1 
3.19483-13 501240 
1.4 7 433-05 5 1 1220 
9.70273-09 51 124 1 
5.6912E- 13 521220 
4.6251E-08 521250 
1.40 06 E- 12 52 1 27 1 
6.55763-18 521300 
8.06173-16 531300 
1.66243- 11 541 290 
4.07233- 18 541  31 1 
1.24883-25 541340 
7.3754E- 19 60 1 470 
1.2578E-21 611480 
9.55303- 25 6 1 1  510 
1.32 59E- 19 621 490 
1.8090E-11 6 2 1  530 
1.5372E-15 631520 
5.36 37 E-06 6 3 1  5 50 
5.76693-06 641540 
5.2239E-03 601 570 
3.4326E-03 641610 
8.84983-06 651610  
2. 42 48 E- 0 5 6 6 16 20 
1.17463-09 661651 
2.0072E-09 671661 
5.18213-16 681680 

1.04 1 7 ~ - 0 8  320730 

2.03173-03 a a i o g o  

2.7548B-13 
2.496 2E-0 2 
3.8 1573-03 
1.6503E-10 
2.941 OF-06 
1.0334E-11 
6.7423E-23 
2.0844B-20 
5.6979E-16 
2.1073E-19 
4.0353F-18 
1. 19809-15 
1.00862-08 
1.4243E-09 
2.2029E-10 
3.65482-17 
1.07 1 1E-10 
1.8721X-02 
9.9609E-03 
6.8687E-10 
1.29222-06 
3.54162-20 
1.9 424E-16 

1.1887E-20 
8.0442E-07 
2.0039E-lG 
8.4972E-11 
4.4659E-13 
4.6896E-06 
5.4742E-02 
1.03882-05 
5.9 300E-18 
6.8335E-06 
1.3438E-09 
1.1355E-17 
9 - 0  23 6E-07 
2.1196E-02 
2.9417E-03 
9.05883-08 
1.8673E-03 
1.0 307E-0 8 
5.84943-16 
9.6282E-07 
4. 11 05E-06 
2.407 &E-1 1 
8.6762E-21 
9.480 2E-20 
5.4 73 5E-14 
5.0879E-20 
3.8 1 1 4E-2 5 
9.0780E-23 
2.74 12E-23 
2.032 UX-1 4 
5.566%-14 
1.251 5E-13 
5.8 19 5E-15 
1.73031~-06 
2.39793-04 
1.6809E-06 
1.540 4E-10 
6.22183-07 
1.344 1E-05 
4.2 801E-12 
8.8089E-09 
3.1390E-09 

2 . 9 3 8 2 ~ - 1  o 
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1 681690 
1 691690 
1 701700 
1 7 0 1 7 4 0  
1 721760 
1 7 3 1 8 2 1  
1 741820 
1 741850 
1 7 4 1 8 8 0  
1 751870 
1 761860 
1 761900 
1 761920 
1 7 7 1 9 2 0  
1 771941 
1 781940 
1 78197C 
1 791990 
1 802010 
1 822040 
1 822080 
1 832100 
1 842110 
2 20040 
2 822060 
2 822100 
2 832080 
2 832110 
2 842100 
2 842150 
2 862180 
2 872210 
2 882240 
2 892250 
2 902270 
2 902310 
2 912310 
2 912340 
2 922320 
2 922360 
2 922400 
2 932360 
2 932401 
2 942370 
2 942410 
2 942450 
2 952U10 
2 952441 
2 962410 
2 962450 
2 962490 
2 972510 
2 982520 
2 992530 
2 162500 
3 10030 
3 40100 
3 290670 
3 300691 
3 310710 
3 300720 
3 280730 
3 320730 
3 290740 
3 270750 
3 310750 

1.30343-12 681700 
8.1 7403-12 691700 
3.4448E-13 70 17 10 
1.6009E-20 701750 
3.6578E-24 721770 
5.71273-1 5 731830 
1.9093E-0 3 74 18 3 1 
6.1 12 6E-0 6 74 18 5 1 
3.6586E-07 741890 
8.2672E-04 751880 
1.3517E-05 761870 
5.72573-07 76190 1 
U.1268E-11 761930 
7.1570E-10 771921 
8.94253-21 781920 
3.5687E-11 781950 
5.335 1 E -2 1 78 197 1 
4.9825E-22 801980 
6 . 5 4 5 2 ~ 2 3  802020 
6.7 40 1E- 05  82 2050 
2.53023-03 822090 
1.88433-09 832101 
3.7459E-20 8421 11  
5.4434E-02 812070 
2.7527E-16 822070 
2.861 1E-14 822110 
5.7287E -20 8320 90 
2.96 9 8E-18 832 1 20 
2.7302E-16 8421 10 
4.13623-23 842160 
1.3228E-23 862190 
3.9012E-18 872230 
2.03703-11 882250 
1 . 1704 E-1 4 89 2270 
3.8634E-14 902280 
6.0037E-09 902320 
1.1307E-06 912320 
1.0722E-11 912350 
8.0 4 C8E-07 92233 0 
1.6777E 0 1  922370 
2.85263-07 922410 
3.1 4473-07 932370 
2.59903-07 932400 
1.4641E-07 942380 
5.0754E 00 942420 
3.3 2 53E -0 9 94 24 60 
1.23813-01 952421 
1.0944E-05 952440 
2.52723-12 962420 
4.9343E-04 962460 
5.U634E-13 962500 
7.036 8E-17 98 2490 
1.2817E-11 982530 
2.7i55E-14 992541 
4.93423-09 0 
1.88703-02 30060 
1.2852E-05 60140 
3.02203-18 300670 
9.8 15 1E-2 0 31 06 90 
1.2 173E- O e  270720 
1.09063-06 310720 
9.171 2E -1 3 2907 30 
6.091 1 E-04 3207 31 
5.4905E-12 300740 
9.71313-17 280750 
5.6802E-09 320750 

5.1260E-16 681710 
7.9840E-13 691710 
9.2369E-15 701720 
1,79983-23 711750 
1.6285E-25 731810 
3.93363-09 741800 
2.3174E-13 741830 
1.0893E-13 741860 
1.34733-23 751850 
3.64223-07 7518 81 
1.000UE-14 761880 
3.12263-16 7619 10 
7.08353-16 7619 40 
7.60233-13 771930 
8.1380E-10 781930 
2.00603-14 781951 
2.67793-23 791970 
2.5802E-20 801990 
1.73843-24 812050 

6.90033-13 832080 
1.4478E-07 8321 10 
2.78723-20 0 
6.63203-1 8 812080 
3.95463-13 822080 
5.03333-17 822120 
1.78863-13 832101 
2.3405E-13 9321 30 
3.64373-23 842120 
9.6634E-18 842180 
9.2018E-20 862200 
4.69353-19 882220 
1.8096E-1 4 88 2260 
1.78663-1 1 892280 
3.86213-09 902290 
7.12353-07 902330 
U.68463-09 912330 
3.55493-17 922300 
6.05203-06 9223 40 
4.6 8 523- 02 9223 80 
8.4798 3-1 7 9323 50 
1.8211E 0 0  932380 
9.7080E-06 9324 10 
5.3 6 1 53- 0 1 94 2 3 9 0 
1.90153 0 0  942430 
2.62633-11 952390 
1.60263-03 952U20 
1.33793-0 5 9524 50 
4.83083-02 962430 
3.7 9 523- 04 9624 7 0 
2.03833-16 972490 
3.54453-11 982500 
3.5399E-lo 982540 
2.91 68E-17 992540 
0.0 0 
3.02883-05 30070 
1.85613-06 290660 
2.25833- 11 3006 80 
4.78223-16 310700 
1.79943-14 280720 
3.31813-07 320720 
2.8543E-11 300730 
6.75713-12 270740 
2.14903-09 310740 
1.01753-13 290750 
2.50763-07 320751 

I .  5 3 1 7 ~ - 0 7  a22060 

7 0 2 81 E-2 1 6 8 1 7  20 
3.5732E- 14 691720 
5.1536E- 16 701 730 
1.45513-22 711760 
1.1 1263-06 731820 
1.24 13E-05 74 1 8  10 
2.0752E- 03 741840 
2.1300E- 03 741 870 
2.1 5 41 E-05 751 860 
6.4 7 46E-09 7 5 1 890 
1.4770E-04 761890 
6.309kE- 10 761911 
3.1461E- 16 771910 
2.40293-10 771940 
9.07273-12 781931 
7.53 49 E- 17 78  1 960 
3.27833- 19 791980 
5.39322- 2 1  802000 
4.04563-15 812060 
1.0993E-03 822070 
2.7805E-09 832090 
6.1098E- 19 842100 
0.0 0 
4.2637E-15 812090 
8.3365E- 10 822090 
2.46743-12 822140 
2.9829E- 18 832100 
3.71023- 17 832140 
1.23833-23 842140 
2.2460E-19 852170 
3.58193-15 862220 
1.4362E-20 882230 
6.1907E- 11 882280 
9.54523- 15 902260 
1,03123-09 902300 
1.57263- 12 902 340 
6.0795E-08 912341 
6.79 18E- 16 922310 
7.67563-01 922350 
3.96693 03 922390 
2.0 2 49E-09 93236 1 
5.90333- 03  932390 
8.14063- 14 942360 
2.06678 01 942400 
5.39583-04 942440 
4.5118E-13 952400 
3.97343- 04 952430 
6.49383- 10 952460 
1.17 483-03 962440 
1.63223-06 962480 
4.12 03 E- 10 972500 
9.25253- 11 982510 
3.83913- 15 982550 
6.42373-16 992550 
0.0 0 
1.42923-06 40090 
2.1398E- 15 300660 
3.31233- 1 3  300690 
1.70893-22 320700 
6.79663-1 2 290 720 
2.97003-04 270730 
2.84053- 10 310730 
9.8637E- 16 280740 
1.17763-08 320740 
7.21 95E-12 300750 
1.1 263 E- 10 3 30 7 50 

1.631 3E-23 
1.4745E-17 
7.6142E-19 
1.1921E-2U 
2.498 3E-08 
3.61413-07 
3.7246E-03 
1.534 CE-06 
2.0020E-07 
2.99433-12 
4.26213-06 
1.7403E-11 
2.5372E-09 
3.6560E-13 
8. 1175E-14 
5.9022E-16 
1.5157E-21 
2.4794E-21 
3.829 3E-19 
1.1284E-03 
1.9 13 5E-0 3 
4.7442E-00 
0.0 
3.8622E-20 
1.61153-16 
1.973 1E-18 
1.77893-17 
1.46513-18 
2.6366E-25 
4.3753E-22 
4.055 1E-16 
2.29563-14 
2.8729E-17 
7.02983-1 9 
4.9686E-06 
5.8632E-08 
2.00573-12 
3.2777E-13 
3.3865E 01 
2.7659E-03 
3.5 11 4E-08 
3.9801E-01 
5.2044E-07 
9.6149E 0 0  
1.3244E-04 
1.949 3E-10 
3.51753-01 
4.202 3E-14 
7.7248E-02 
6.4700E-08 
4.56153-13 
9.593 03-12 
1.041 5E-19 
3.5325E-17 
0.0 
2.14163-06 
5.4 93 4E-10 
1.0081E-19 
1.5994E-18 
3.3165E-11 
5.46253-15 
2.23833-07 
9.1 093E- 1 3 
1.30343-03 
3.71493-10 
2.6673E-03 

c 

6 
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, 

3 280760 
3 320760 
3 290770 
3 320771 
3 2 807eO 
3 320780 
3 300790 
3 340790 
3 290800 
3 330800 
3 360800 
3 320810 
3 350810 
3 310820 
3 340820 
3 300830 
3 340830 
3 360831 
3 340840 
3 320850 
3 350850 
3 320860 
3 350861 
3 380860 
3 35087C 
3 380871 
3 350880 
3 330890 
3 370890 
3 340900 
3 370901 
3 400900 
3 360910 
3 390911 
3 360920 
3 400920 
3 380930 
3 410931 
3 380940 
3 410941 
3 380950 
3 410951 
3 370960 
3 410960 
3 380970 
3 410971 
3 380980 
3 410981 
3 390990 
3 420990 
3 371000 
3 411000 
3 441000 
3 411010 
3 381020 
3 421020 
3 381030 
3 421030 
3 451031 
3 411040 
3 451040 
3 401050 
3 441050 
3 401060 
3 441060 
3 391070 

3.9067E-14 290760 
6.5480 E-03 330760 
9.5132E-13 300770 
1.01993-08 330770 
3.9 60 5 E  -1 6 290780 
2.7483E-06 330780 
1.8523E-11 310790 
7.4337E-02 340791 
3.26 13E-15 30 0800 
4. 5543E-0 8 340800 
2.8058E-06 290810 
2.5026E-08 330810 
2.6758E -0 1 36 0 8 10 
1.2088E-11 320820 
4.10292-01 350820 
4.1056E-15 310830 
5.4820E-06 340831 
6.7 90 7 E  -0 5 3 1 08 4 0 
3.3 2 90 E-06 350 8 40 
2.8 3823- 1 1  330850 
3.5924E-06 360850 
5.9470E-12 330860 
6.6 8253 -0 8 360860 
4.391OE-03 320870 
1,87973-06 360870 
5.9492E-09 320880 
5.7 3 90E -0 7 36 08 80 
9.0416E-13 340890 
6.6564E-05 380890 
2.7341E-1C 350900 
4.401eE-06 380900 
2.0249E-01 400901 
U. 3200E-07 3709 10 
1.6660E-OY 4009 10 
4.5@49E-08 370920 
6.9498E 00 350930 
5.4 920 E -05 39 09 30 
4. 17332-06 350940 
8.7632E-06 390940 
4.205eE-11 350950 
2.8001E-06 390950 
3.3010E-04 420950 
9.61853-1 0 380960 
2.58703-05 420960 
7.91903-09 390970 
8.3141E-06 U20970 
1.3327E-08 390980 
4. 6 303 E-0U 420980 
3.7 1 843- C 8 4009 90 
3.8289E-02 430990 
1.77913-13 381000 
2.05693-07 411001 
9.5133E-01 381010 
9.9403E- 07 42 10 10 
4.6699E- 12 39 10 2 0 
9.7704E-0 5 43 10 20 
5.26123-14 391030 
8 -60433-06 43 10 30 
4.43033-04 381040 
4.13203-08 421040 
3.6 990E -06 45 10 4 1 
3.33263-10 411050 
1.6746E-03 451050 
6.5@873- 1 1  41 1060 
1.64063 00 451060 
6 -88603-17 40 1070 

1.5510E-12 300760 
3.00 523-07 3407 60 
1.0609E-10 310770 
3.2895E-05 340770 
1.38983-13 300780 
2.9523E-06 340780 
1.0 540E- 0 9 32 07 90 
3.0073E-07 350790 
1.2300E-11 310800 
1.6710E-01 350800 
1.97243- 1 6 3 008 10 
1.37493-07 340810 
2.6 1U2E-07 36081 1 
9.74 11E-0 9 3308 20 
6.32273-05 350821 
3.2 155E-12 32 0830 
4.18903-07 350830 
2.8 193E-13 320840 
3.33533-05 350841 
6.09303-09 340850 
2.8348E-01 360851 
1. 42763-09 340860 
2.20763 00 370860 
3.95703-13 330870 
1.83253-04 370870 
1.8291E-14 330880 
5.14523-04 370880 
6.7565E-10 350890 
3.38373-0 1 390890 
2.41 13E-08 360900 
5.9552E 00 390900 
5.8u22E-15 34091 0 
5.17963-06 3809 10 
5.96653 00 340920 
3.51 553-07 380920 
2.1 8733-1 1 360930 
4.55933-03 400930 
1.0 1863-12 360940 
1.4648E-04 4009 40 
8.96243-1 4 360950 
8.75533-05 400950 
6,72153 00 350960 
2.98753-07 390960 
3.42 43E- 0 1 36 0970 
1.26983-07 400970 
8.1462E 00 360980 
2. 43593-08 400980 
8.4204E 00 370990 
3.52 65E - 0 7 4 1 09 90 
7.7461E 00 430991 
9.0013E-10 391000 
2.06553-07 421000 
3.06493-1 1 3910 10 
1.33713-04 431010 
4.6007E-10 401020 
7.75603-07 431021 
9.0585E-11 401030 
7.28733-06 441030 
3.03983-15 391040 
1.1 161E-05 431 040 
1.6 344 E-0 6 46 1 04 0 
2.5378E-08 421050 
1.2097E-02 451051 
1.99603-09 421060 
1.7 4 3 5E - 0 6 4 5 1 0 6 1 
7.56912-13 411070 

3.7362E- 10 310760 
7.0 8 39E- 05 280770 
2.4477E-09 320770 
1.32 19E-02 34077 1 
1.78063- 10 310780 
3.1016E-02 290790 
4.71413-08 330790 
1.0569E-06 350791 
6.11693- 10 320800 
8,5363E- 1 1  350801 
5.1632E-13 310810 
5.1 4033-06 3408 1 1  
4.4 7 33 E- 14 3 0 0 8 20 
7.67 90E- 08 330821 
7.52703-08 360820 
2.8735E-09 330830 
8.84953-05 360830 
5.93493- 10 330840 
2. 4836E-07 360840 
3.74183-07 340851 
3.4153E-04 370850 
3.07503-07 350860 
2.8401E-04 370861 
2.30933- 10 340870 
2.80083 00 380870 
8.52603-12 340880 
6.1 116E-05 380880 
1.0 8 05E- 07 360890 
4.78703 00 39C891 
2.15903-06 370900 
1.5746E-03 390901 
1.3769B-11 350910 
3.2903E-03 390910 
1.0391E- 12 350920 
1.03363-03 390920 
1.1765E-08 370930 
7.72243 00 410930 
6.6873E- 10 370940 
7.88273 00 410940 
2.2761E-10 370950 
8.07 77 E-01 4 10950 
3.39603- 15 360960 
1.82503-05 400960 
6.2979E -13 370 970 
8.88863-03 410970 
1.09 33 E- 13 370 9 80 
4. 59593- 06 410980 
1.5306E- 12 380990 
2.1925E-06 410991 
3.0573E-03 440990 
1.57783-08 401000 
9.2972E 00 431000 
6.6 157E- 09 401 0 10 
1.2991E-04 4410 10 
1.4042E-06 411020 
4.74303-08 441020 
3.24323- 08 U11030 
4.95763-01 451030 
3.26223-12 401040 
1.35973-04 441040 
2.09043 00 391050 
4.4954E-06 431050 
1.32053-06 461050 
4.07203-07 431060 
2,45333-05 461060 
3.8460E-10 421070 

2.8603E-09 
2.5u81E-15 
3.5040E-06 
1.1488E-11 
1.591 OE-09 
5.023 3E-14 
6.9355E-07 
8.69373-15 
5.0550E-08 
8.5576E-10 
1.4883E-10 
4.2764E-07 
7.0 78 4E- 1 4 
1.99593-08 
1.185 9E-02 
8.6573E-08 
4.9335E-0 1 
3.0193E-08 
1.3492E 00 
1.3552E-07 
1.14483 00 
8.1343E-07 
1.310UE-09 
8. 4637E-08 
3.5988E-05 
8.5369E-09 
3.9729E 00 
1.28733-05 
8.0480E-13 
1.0769E-05 
1.8364E-08 
3.17513-09 
5.1 U85E-01 
1.86743-1 0 
1.3567E-03 
3.47933-07 
5.1599E-07 
8.54 9UE-08 
7.9767E-06 
5.6530E-09 
4.48583-0 1 
3.07763-1 1 
8.3253E 00 
1.52533-10 
6.3811E-04 
2.8141E-11 
7.6 84 OE-09 
2.4392E-09 
1.0115E-06 
3.0 58 4E-0 5 
9.596 1E-07 
6.1029E-07 
2.8481E-07 
7.6418B 00 
3.63803-07 
7.5488E 00 
1.331 9E-06 
4.0409E 00 
1.6618E-08 
5.20943 00 
1.9860E-13 
4.944 1E-05 
3.5655E 00 
2.7 1352-06 
1.76373 00 
1.06643-07 
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3 431070  
3 461071  
3 421080 
3 451081  
3 481080  
3 431090 
3 461090  
3 481090 
3 441100 
3 471100 
3 u21110 
3 461110  
3 481110  
3 441120 
3 481120  
3 451130 
3 481130  
3 421140 
3 461140  
3 491141  
3 441150  
3 471151  
3 491151  
3 451160  
3 481160 
3 431170  
3 471170 
3 491170 
3 441180  
3 471181 
3 501180 
3 481190 
3 501190 
3 461200 
3 k91201 
3 471210  
3 501210 
3 461220 
3 491221 
3 521220  
3 481230 
3 501231  
3 461240 
3 501240  
3 471250 
3 501250  
3 521251 
3 491260 
3 521260  
3 501270  
3 521271 
3 491280 
3 521280 
3 1191290 
3 521290 
3 541291 
3 511300  
3 5 3 1 3 0 1  
3 501310  
3 531310 
3 491320  
3 521320 
3 501330 
3 531330  
3 551330  
3 511341 

1.1846E-06 441070 
1.5023E-10 471070 
7.0337E-09 431080 
1.4492E-07 461080 
1.8730E-08 401090 
5,5418E-07 441090 
1.6060E-03 46 1 0 9 1  
2.4114E- 1 1  41 11 00 
1.85213-07 451100 
3.6463E-07 471101 
2.2812E-11 431110 
9.3088E-06 46 11 11 
2.4219E-0 1 4 8  11 11 
1.49 C6E-0 9 45  11 20 
1. 46 38E -0 1 42 1 1 30 
2.13632-09 461130 
1.3031 E-03 481  1 3  1 
2.4778E- 1 4  4 3 1  140  
2.8068E-07 471 140 
9.9921E-07 501140 
1.69273-10 451 150  
9.06863-09 481150 
2.8 1473-05 501 150  
3.96553-10 461160 
7.02163-02 491160 
1,23693-15 441170 
5.55343-08 471171 
2.4540E-06 49 1171  
3.12263-1 1 451180 
1.9448E-09 481180 
7.00333-02 45 1190 
4.301 63-07 48 11 9 1  
6.905 1E-  02 50 1 19 1 
1.1781E-09 471200 
2.35932-09 501200 
1.9885E-09 U 8  1 2  10 
1.5247E-04 501211 
4.1885E-11 471220 
1.6574E-10 501220 
4.1 118E-03 451230 
1.1287E-08 491230 
3 . 5 6 5 7 ~ 0 6  511230 
7.8 130E- 13 471 240 
1.0 138E -0 1 51 1240  
1.164OE-11 481250 
1 . 0 7 2 7 ~ 0 3  50 1 2 5  1 
1.3762E-03 461260 
4.4112E-09 501260 
5.8 33 5E -0 3 48 1 270 
4.9585E-05 50 127  1 
1.2844E-02 531270 
1.0 2 1 8E- C 8 50 1280 
8.6 138E-0 1 53 1 2  80 
1.8565E-09 501290 
1.23512-04 52129 1 
4 .085U E-07 48 1300 
2.3E93E-05 511301 
7 . 9 8 2 3 ~ 0 7  541300  
1 -7U35E-06 51 13 10 
6.2 8 1 8 E -0 2 54 1 3 1 0 
2.6405E-11 501320 
3.5918E-02 531320 
6.4041E-09 51 1330  
1.3483E -02 53 1 3 3  1 
8.3773E 00 491340 
8.4 535E-08 521  340 

1.5695E-05 451070 
1.9640E-07 40 1080 
1.23213-07 441080 
1.3905E 0 0  471080 
8.96312-15 411090 
9.2896E-07 451090 
3.9184E-06 471090 
3.2225E-13 4211 00 
3.61903-07 4511 01 
8. 4670E-03 4811 0 0  
1.1318E-09 441110 
2.11393-06 471110 
7.84312-09 421120 
1.60 51E-08 461 1 2 0  
1.48703-13 431130 
2.5773E-07 471130 
2.317UE-03 4911 30 
2.86313-12 441140 
8.9354E-09 481140 
8.62383-06 421150 
6.0548E-09 46 11 50 
3.4934E-04 4811 51 
2.72713-03 431160 
1. 94 00 E-0 8 4 7 1 1 6 0 
1.46 20 E-08 49 11 6 1  
2.3661E-12 451170 
4.0197E-09 481170 
8.21552-06 501170 
1.1688E-10 461180 
4.6163E-06 491180 
1. Y455E-11 $611 90 
1.4644E-07 491190 
4.7478E-04 441200 
1.11823-09 481200 
7.03233-02 4512 10 
1.89673-08 (491210 
2.8898E-05 51 12 1 0  
4.1 005E-11 481220 
7.60863-02 511220 
1.0 5 1UE-15 4612 30 
7.49603-09 491231 
7 - 856 1 E-02 52 12 3 0 
2.6203E-11 481240 
6.5448E-04 511241 
1.4342E-09 491250 
1.2089E-06 511250 
6.00323-15 471260 
2.17413-01 511260 
2.4560E-10 491270 
7.75893-07 511270 
4.2074E-0 1 U71280 
5.36403-05 51 12 80 
1.67003-06 541280 
4.63223-06 5012 91 
1.28793-0 2 531290 
2.60083-11 491300 
1.61 42E-05 521300 
9.083 42-02 48 1 3 1 0 
1.02893-04 52131 0 
3.21033 0 0  541311 
5.R260E-07 511320 
1.0749E-03 541320 
7.14143-06 521330 
5.21073-08 541330 
1.12663-13 501340 
3.60483-0 4 5313 40 

8.15043-05 461070 
3.5825E- 13 411080 
1.16443-05 451080 
1.3540E-13 471081  
6.4991 E- 12 421090 
2.4894E-06 451091 
6.98313-01 471091 
5.4155E-10 431100 
2.7136E-09 461100 
2.95923-01 411110 
7.7557E-08 451110  
4.60 10E- 03  471111 
7.3184E-12 431120 
2.6477E-04 471120 
3.3848E- 11 4 4 1  130 
U. 9252E- 05 471 1 3 1  
9.96342-05 U91131 
2.51793-09 451140 
1 - 9 4  13E-0 1 491 140 
5.9848E- 16 431150 
7.0121E- 08 471 150 
6.6727E-04 491 150 
2.2870E-14 4U1160 
1.2460E-07 471161 
2.66792- 06 501 160  
2.7724E- 10 U61170 
9.4172E-06 481 1 7 1  
7.0175E-02 501171  
3.12 252-09 471180 
7.65 12E- 09 U91181 
1.27063-09 471190 
6.5873E-08 491191  
3.1105E-15 451200 
7.6211E-08 491200 
1.6866E-13 461210 
3.5338E-08 491211 
6.78413-02 U51220 
7.7805E-09 491  220 
4.7433E-05 511221  
2.30933- 12 471230 
2.5U23E- 08 501 230 
4.85383-05 521231 
2.0999E-08 491240 
1.0 099 E- 10 521  240 
3,03473-09 491251 
1.1503E-01 521250 
1.47338-12 481260 
1,15753-OU 511261  
3.4252E-09 491271 
3. 44553- 03 5 2 1  270 
4. 09893- 1 U  481 280 
4.62623-05 511281  
2.29183-02 481290 
1.7013E-06 511290 
1.374OE 00 541290 
1.28583- 09 501300 
2.72333 00 531300 
9.4994E-13 491310 
1.1969E-04 5 2 1  31 1 
1.OU20E-03 481320 
7.3175E-06 511321 
8.12983 00 491330 
7.90413-05 5 2 1 3 3 1  
8.16103-02 541331 
5.25073- 10 511340 
6.2105E-04 5313111 

2.0387E 00 
2.6001E-11 
7.3137E-07 
1.0266B-08 
1.51203-09 
6.91503-07 
1.311 7E-06 
2.2183E-09 
4.47403-0 1 
3.3956E-74 
U. 33063-07 
U. 5861E-07 
9.95983-1 1 
4.137QE-05 
3.1067E-09 
1.9167E-08 
2.6545E-15 
2.2887E-09 
4.356 1E-11 
7.7322E-13 
1.660UE-06 
1.9760E-02 
7.2675E-11 
8.0588E-09 
6.18622-02 
6.0 84 6E-0 9 
6.6927E-06 
1.0882E-05 
3.720 3E-09 
1.7580E-10 
8.3822E-09 
1.2362E-06 
7.8490E-13 
3.4010E-08 
6.6972E-11 
6.2326E-08 
9.7267E-15 
1.5248E-08 
4.5377E-10 
1.8444E-10 
3.9168E-03 
1.3917E-05 
6.4590E-09 
2.636 1E-0 3 
1.1455E-08 
3.3062E-02 
2.4632E-09 
5.5375E-08 
6.2370E-09 
3.4 53 6E -04 
1.827 3E-10 
1 . 0 32 1 E-0 5 
1.9567E-11 
4.672 5E-0 4 
1.2263E-04 
7.173 8E-06 
1.6468E-04 
2.6388E-10 
1. 63473-03 
1.045 7E-13 
7.2 83 6E-06 
2.8744E-12 
2.118 1E-04 
1.0759E-03 
9.37423-08 
4.5298E-06 

a 



1 79 

3 541340 
3 561340 
3 531350 
3 551351 
3 511360 
3 541360 
3 511370 
2 551370 
3 521380 
3 551381 
3 521390 
3 561390 
3 541400 
3 581000 
3 551010 
3 591410 
3 551420 
3 591420 
3 5U1430 
3 581430 
3 541440 
3 581440 
3 541450 
3 581450 
3 551460 
3 591460 
3 561470 
3 601470 
3 561480 
3 601480 
3 561490 
3 601090 
3 561500 
3 601500 
3 581510 
3 621510 
3 581520 
3 611521 
3 641520 
3 601530 
3 641530 
3 601540 
3 631540 
3 601550 
3 641551 
3 601560 
3 641560 
3 611570 
3 591580 
3 631580 
3 611590 
3 651590 
3 631600 
3 601610 
3 641610 
3 621620 
3 651621 
3 641630 
3 631640 
3 621650 
3 661650 
3 671660 
3 681671 
3 681700 
3 681710 
3 691720 

1.09633 01 541341 
2.58023-01 501350 
U.0139E-03 501350 
9.2993E-06 561350 
2.1003E-10 521360 
1,7219E 01 551360 
3.8881E-11 521370 
8.7484E 00 561370 
4.5668E-09 53 1380 
1.3849E-06 56 1380 
2.29933-10 531390 
7.8782E-04 571390 
9.8 64 53 -0 7 55 14 0 0 
8.6574E 00 521410 
2.5443E-06 561410 
7.5008E 00 521420 
1.0368E-07 561420 
5.3 3573-04 59 142 1 
4.461 83-10 551 430 
1.57C7E-02 591430 
2.6178E-10 551440 
2.7420E 00 591440 
2.615UE-11 551450 
1.6292E-05 591050 
6.1063E-11 561460 
1.0 61 5E-0 4 601 460 
8.7 3903 -09 57 147 0 
5.60033-02 611470 
4.1158E-09 571980 
2.45783 00 611480 
7.31273-1 1 571490 
2.1546E-04 61 1490 
1.07533-1 1 571500 
1.17703 00 611500 
3.28043-09 591 510 
8.89063-02 631510 
1,01303-08 591520 
1.12853-07 621520 
6.8938E-05 571530 
5.18373-07 61 1530 
8 . 3 5 1 32 -0 5 57 1 5 40 
2.80063-03 611500 
2.5 110E-01 64 1540 
4.1270E-08 611550 
1.70E3E-15 641550 
3-37112-08 61 1560 
3.73733-01 581570 
5.9991 E-08 621570 
4.6101E-14 601580 
2.59162706 641580 
2.7 851E-10 621590 
1.61953-02 601600 
1.1707E-08 641600 
6.75313-15 611610 
2.57693-08 651610 
1-01 123-10 6316 20 
1.28453-08 661620 
1.9464E-05 651630 
2.84243-12 641640 
2.74853-15 6316 50 
4.4 003E -0 7 66 16 5 1 
1.U5183-06 671661 
7.43433-13 681680 
7.29793-1 1 691700 
1 -0006E-15 691710 
1 .892 93-12 70 17 20 

4.17813-10 551340 
2.01683-1 1 511350 
1.13523-03 541351 
1.6 25 0 3-0 3 56 13 5 1 
8.31293-07 531360 
4.91423-03 561360 
3.9357E-08 531370 
2.46233-01 561371 
2.40773-07 541380 
9.23553 00 571380 
3.97933-08 541390 
8.74873 00 521400 
8.79803-06 561400 
7.15963-13 531410 
1.57583-04 571U10 
1.61223-13 531420 
8.70 00 3-05 571420 
1.38743-06 601420 
4.99943-08 561430 
1.52543-01 601430 
8.87213-09 561440 
1.16833-04 591441 
1. 22493-09 561450 
1.94953-03 601450 
3.72353-08 571460 
4.68983 00 541470 
2.69733-07 581470 
9.54333-0 1 621470 
1.32393-08 581480 
1.17883-02 611481 
7.32033-09 5814 90 
1.06913-02 621490 
3.20033-10 58 1500 
7.7 007E- 06 62 1 5 00 
4.98413-08 601510 
5.67553-05 561520 
4-6 1573-0 8 60 15 20 
8.76783-0 1 631520 
3,19543-13 581530 
2.82943-06 621530 
5.92433-15 581540 
8.62543-0 7 6 1 15 4 1 
1.4810E-02 581550 
1.16923-0 7 6215 50 
4.71833-04 581560 
2.36633-08 621560 
4.41543-15 591570 
7.69443-07 631570 
1 .9409E- 1 0 6 1 15 8 0 
1.16463-01 591590 
6.7 5 21 E-0 8 63 15 90 
3.73163-13 6 11600 
7.84313-03 651600 
1.4684E- 12 6216 10 
8.2 590 E -0 5 66 16 1 0 
7.77703-09 641620 
2.25283-0 3 62 16 30 
2.65203-08 661630 
1.06963-08 651640 
5.14643-13 641650 
1.62913-09 671650 
8.49923-06 68 1660 
4.81 733-05 681690 
5.01443-08 691701 
4.58243-09 701710 
1.91253-10 0 

9.01 603-01 551 34 1 
7.79753-09 521350 
3,32063-05 551 350 

6.59863-06 531361 
1.22 08E-0 1 56 136 1 
1.88203-06 541370 
1,34163-06 511380 
1,23593- 04 551380 
4.12513-05 511390 
4.45453-06 551390 
5.02033-11 531400 
1.70113-01 571400 
3.04843- 10 54'1 410 
2.04063- 03 581 410 
2.2 084E-11 541 420 
7.72603-04 581420 
1.7667E-01 531430 
1.60103-06 571430 
5.27193 00 531440 
9.66 003-07 571 440 
5.7 938 3-07 60 1440 
2.82113-07 571450 
U.63493 00 541460 
4.57053-07 581460 
4.3382E-14 551470 
3.9563E-06 591470 
3.6 6 16E- 0 1 55 14 80 
1.78993- 06 591480 
9.1634E-03 621 480 
2.3266E-08 591490 
1.42613- 02 551 500 
1.08923-08 591500 
2.10623 00 571510 
1.37653-05 611510 
1.19993-14 571520 
8.9341E-06 611520 
2.06233-04 631521 
2.18423-10 591530 
7.52653-03 631530 
5.25933-11 591540 
9.2667E-08 621540 
1.19283- 12 591 550 
5.03 08 E -06 631 550 
1.83253-13 591560 
8.16053-05 631560 
1.63923- 12 601 570 
1.42 823- OU 641 570 
1.09763-09 621580 
2.13203-15 601590 
5.47903-07 641590 
1.06693- 11 621600 
5.60523-00 661600 
5.27873-10 631610 
2.48433-03 611620 
3.16503- 08 651620 
1.45363- 12 631630 
1.76093-03 621640 
1.83913-09 661640 
2.73693-10 651650 
8.52273-00 661660 
2.69423-04 681670 
2,16283-08 691690 
2.39003-21 701700 
2.49363-09 681720 
0.0 0 

a. 39883- 07 501360 

5.1823E-05 
1,4645E-06 
2.21393 00 
2.52863-12 
2.1480E-06 
2.20352-10 
3.60323-05 
2.23503-12 
3.12943-04 
2.1 77 OE - 1 3 
8.6491E-05 
3.9505E-09 
2.31063-02 
4.37763-08 
4.1208E-01 
1.0 64 6E-0 8 
7.9295E 00 
2 . 4 5 863-12 
1.1033E-04 
8.1179E-14 
4.6 1 1 4E-0 6 
6.41453 00 
2.43483-06 
1.7400E-12 
6.2029E-05 
2.9660E-11 
4.1850E-05 
6.9 54 6E-13 
6.4 10 2E-06 
1.09763 00 
4.5262E-06 
4.043 9E-16 
2.75853-07 
6.00453-11 
1.89 1 63-0 3 
2.1879E-12 
3.27313-06 
2.881 43-07 
1.372 5E-0 8 
7.11503-01 
5.6 128E- 10 
2.4 16 9E-01 
1.6191E-10 
8.9467E-02 
8.18663-12 
2.4300E-02 
6.72963-1 0 
5.2835E-04 
2.3173E-06 
3.36903-12 
4.26793-05 
5.2 56 8E- 08 
1 . 151 33-03 
4,1930E-09 
2.09923-14 
2.341 33-08 
9.852 5E-11 
2.05392-1 3 
2.6 50 9 E-0 4 
1.46423-10 
9.3 0 0 BE- 07 
1.8090E-05 
3.0764E-07 
4.82003-08 
2.322 5E-18 
0.0 



1 80 

0 3.300COE 04 3.2411 
1 10010 3.05413 00 10020 
1 60120 4.0653E 00 60130 
1 80160 1.39852 01 80170 
1 140280 5.8611E O C  140290 
1 160320 4.1250E-01 160330 
1 220460 1.84643-01 220470 
1 220500 7.16503-01 230500 
1 240520 9.5684F 01 240530 
1 260540 1.38483 01 260560 

1 280620 6.12423 00 280640 
1 400900 1.29762 03 400910 
1 400960 7.0551E 01 410930 
1 420950 6.3583E-01 420960 
1 421000 3.83902-01 481060 
1 481110 6.6842E-05 481120 
1 481160 3.9165E-05 501120 
1 SO1160 4.6531E 00 501170 
1 501200 1.0250E 01 501220 
1 721760 5.3385E-03 721770 
1 721800 3.61373-02 741800 
1 7U1840 8.2722E-03 741860 
2 922340 1.1227E-08 922350 
0 0.0 0.0 
1 10010 3.1337E 00 10020 
1 20030 1,97183-11 20040 
1 30070 3.7942E-03 30080 
1 40110 E.2503E-20 50100 
1 60120 5.75962 00 60130 
1 70140 6.37903 00 70150 
1 80170 5.33013-03 80180 
1 90200 1.54873-19 100200 
1 100230 1.9647E-18 110230 
1 110250 4.75293-18 120240 
1 120270 9.13903-11 120280 
1 130290 3.9386E-12 130300 
1 140300 U.90453-01 140310 
1 150320 9.21343-05 150330 
1 160330 5.5245E-03 160340 
1 160370 1.37123-13 170350 
1 170380 1.0576E-15 170381 
1 180380 1.02433-11 180390 
1 180420 1.3231E-21 190390 
1 190420 3.19093-19 190430 
1 200U30 9.28323-08 200UUO 
1 200U70 1.3871E-12 210450 
1 210U70 1.8006E-08 210480 
1 220460 1.8459E-01 220470 
1 220500 1.17153-01 220510 
1 230520 1.63013-08 230530 
1 240510 7.37653-03 240520 
1 240550 9.91213-09 250540 
1 250570 3.20373-12 250580 
1 260560 5.1814E 02 260570 
1 270580 3.7678E-03 270590 
1 270610 9.5336E-08 270620 
1 280600 5.50723 01 280610 
1 280640 1.9236E 00 280650 
1 290640 2.14703-06 290650 
1 300640 7.87563-04 300650 
1 300680 3.9843E-09 300690 
1 310700 1.4255E-18 310710 
1320710 1.6056E-18 320720 
1 380880 3.09643-04 380890 
1 380930 1.53373-13 390890 

1 270590 1.2e19E 00 280580 

73 14 3.753 01 
4.58203-04 50100 
U.5631E-02 70140 
5.3271E-0 3 80180 

3.2559E-03 160340 
1.6692E-01 220480 
2.30403-04 230510 
1.0849E 01 240540 
2,18693 02 260570 
1.16463 02 280600 
1.55243 00 290630 
2.82203 02 400920 
7.64283 00 420920 
6.67833-01 420970 
6.7 8 86E- 06 48 10 80 
l.2590E-04 481130 
3.16543-01 501140 
2.45323 00 501180 
1.45613 00 501240 
1.90953-02 721780 
3.50633-05 741820 
7.7 1 38 E -0 3 0 
1.49693-06 922380 

0.0 
2.97883-03 10030 
2.9298E-02 20060 
5.1206E-15 40090 
4.85763-05 501 10 
6.55693-02 64140 
2.4082E-02 701 60 
2.85983-02 80190 
3.06723-13 100210 
1.1 8853-12 110240 
1.51 663-06 12 02 50 
1.2928E-17 130270 
3.57973-17 140280 
5.1681E-08 140320 
6.48593-10 150340 
2 . 87 57E - 0 2 1 6 03 5 0 
6.51673-06 170360 
4. O428E-21 180360 
4.33173-15 180400 
6.38763-18 190400 
4.36073- 16 1904 40 
7.0 165E-0 7 2004 50 
1.0 1533-08 210460 
9.13763-10 210490 
1.66463-01 220480 
3.61 333- 10 23 05 00 
1.55753-12 230540 
1.76533 02 240530 
2.40 18E-04 250550 
6.29273-15 260540 
1.32203 01 260580 
1.534OE 00 270600 
8.91633-13 280580 
2.6364E 00 280620 
1.02383-06 280660 
8.9347E- 02 290660 
U. 84773-07 3006 60 
1.21263-15 300691 
1.17203-17 310720 
4 . 74 97E - 2 0 32 07 3 0 
2.21353-06 380900 
2.10393-05 390891 

2.96773-01 140300 

3.8435E-03 50110 
3.9368E 00 70150 
2.85983- 02 130270 
1.9700E-01 150310 
1.8289 3-02 160 3 60 
1.65123 00 220490 
9.19313-02 240500 
2.69503 00 250550 
5.1245E 00 260580 
4.45243 01 280610 
1.90363-01 290650 
4.30863 02 4009UO 
5.91853-01 420940 
3.83903-01 420980 
4.64763-06 481100 
6.37093-05 481140 
2.12083-01 501150 
7.6919E 00 501190 
1.7726E 00 721740 
2.78223-02 721790 
7.09353-03 741830 
0.0 0 
1.95993-04 0 

2.5 0 23 E- 09 100 40 
5.42283- 17 30060 
3.20883- 05 UOlOO 
1.7591 E-02 50 120 
1.52863-02 60150 
2.91683-14 80 160 
1.3908E- 14 90190 
8.7198E- 13 100220 
1.8 1543-09 1 10 24 1 
2.4406E-06 120260 
3.06133 00 130280 
1.U5893 01 140290 
4.5 1 37E- 1 1 1 50 3 1 0 
2.10453-15 160320 
1.30933-06 160360 
2.60883-07 170 370 
3.958OE-13 100370 
3.01173-13 180410 
5.69343-21 190410 
1 -2575E-18 200420 
4.23213-09 200460 
2.79633-07 210461 
1.98723- 11 210500 
1.62473 00 220490 
2.7075E-04 2305 10 
9.9 473 E- 15 240 500 
2.03953 01 240540 
1.56003 01 250560 
3.2817E 01 260550 
1.69083 00 260590 
1.14383-01 27060 1 
1.42893 02 280590 
7.4223E 00 280630 
2.29003-10 290630 
3.2 7 95E -09 290 670 
4 .7 0853-04 300670 
1.18063- 15 310690 
3.7 2 20E- 22 32 0700 
1.77673-23 380870 
1.24702-08 380910 
8.09223- 18 390900 

1.537 4E-0 2 
1. U462E-02 
3.06303 00 
8.8673E 00 
7.38003-05 
1.20993-0 1 
4.96753 00 
6.07203 00 
6.9 1 2 1 E-0 1 
1.9277E 00 
8.47273-0 2 
4.3842E 02 
3,71903-01 
9.6 37 5E-0 1 
6.5275E-05 
1.4987E-04 
1.2029E-01 
2.72223 00 
1.642613-04 
1.4106E-02 
3.85693-03 
0.0 
0.0 

1.65273-18 
8.8057E-10 
9.961 23-08 
1.02503-16 
1.700 5E-15 
1.3984E 01 
2.16553-08 
1.5344E-11 
4.61983-25 
1.0728E-06 
4.870 1E-09 
7.401 43-01 
9.2501E 00 
6.5162E-01 
1.16053-04 
2.2076E-08 
2.3335E-16 
2.804 33-18 
9.5446E-15 
1.3288E-16 
8.31083-08 
8.491 53-17 
1.01753-14 
1.4761E-01 
2.25033-0 1 
9.0572E 00 
5.35663 00 
3 . 4 22 5E- 05 
4.07543-02 
1.36502-04 
9,56973-07 
1.1590E 00 
1 . 6996E-01 
1 . 897 31-01 
4.6290E-12 
4.7773E-07 
3.98923-12 
1.0161E-11) 
3.24863-06 
3.3878E-09 
0.3 64 7E-06 

P 

ju  

r 

a 

I 



1 390901 
1 390940 
1 400910 
1 400950 
1 410930 
1 410951 
1 410980 
1 4 20930 
1 U2C970 
1 421010 
1 440990 
? 441030 
1 451030 
1 451051 
1 461050 
1 461080 
1 461110 
1 471081 
11171101 
1 481060 
lU81100  
1 481130 
1 481160 
1 481210 
1 491150 
1 491171 
1 491200 
1 501130 
1 501160 
1 501190 
1 501211 
1 501240 
1 511220 
1 511241 
1 521220 
1 521250 
1 521271 
1 521300 
1 531280 
1 531310 
1 5U1291 
1 541320 
1 551330 
1 551360 
1 681690 
1 691700 
1 7 0 1 7 0 0  
1 701740 
1 711760 
1 721740 
1 721780 
1 721800 
1 731810 
1 741800 
1 741830 
1 7 4 1 8 6 0  
1 751850 
1 751881 
1 761880 
1 761910 
1 761940 
1 771930 
1 781930 
1 781951 
1 791970 
1 801990 

1.2 068E-14 3909 10 
8.12233-11 390960 
2.8114E 02 400920 
2.3 800E-02 400960 
7.5483E 00 410931 
9.6246 3-06 e109 60 
3.67713-16 411000 
2.4691E-04 420940 
6.77903-01 420980 
2.71563-08 430990 
2.3282E-09 U4 1000 
2.0 54SE-08 44 1040 
6.91523-09 451040 
7.34233 -1 9 45 10 60 
5.75563-12 461060 
2.23063-1 1 461090 
1.6@79E-22 46 11 11 
6.57743-1 1 471090 
9.36893-15 471110 
6.77493-06 481070 
6.19293-05 481110 

3. SOf37E-05 481170 
3.63033-17 491 130 
7.00782-08 491160 
1,62033-11 49 1180 
1.20133-22 491201 
8.06743-04 501131 
4.59793 00 501170 
2.76303 00 501191 
8.0987E-05 50 1220 
1.75613 00  501250 
9.1944E-06 511221 
5.21873-13 511250 
8.5 89 1 E -0 4 52 1230 
3.675 OE-0 3 52 125 1 
2.14143-08 521280 
7.73913-18 521310 
2.1 1823-12 531290 
1.96643-19 531320 
2.6 409E-13 541 300 
3.40093-16 541330 
9.06903-20 551340 
1.50433 -25 56 13UO 
5.5527E-2 1 68 1700 
1.28003-20 691710 
1.17183-20 701710 
3,22233-13 701750 
2.24463-06 71 176 1 
6.5 01 53 -0 5 72 17 50 
1,53833-02 721781 
4.6 194E-0 2 72 180 1 
1.4188E-03 731820 
3,09813-05 741810 
5.3 1423 -0 3 74 1840 
5.3942E-03 74 1870 
5.10263-05 751860 
1.52823-08 751890 
3.48613-OU 761890 
1.48903-09 761911 
7,42453-16 771910 
5.67C6E- 10 771940 
2.1 41 1 E - 1 1  781931 
1.77813-16 78 1960 
7.736UE-19 791980 
1.27273-20 802000 

6.55843-08 4811 4 a  

6.48533-06 390920 
6.25923-14 400890 
4.32133 02 400930 
7.02593 01 400970 
2.57583-07 410940 
5.20073-07 410970 
1.55713-1 7 420920 
3.7 1 543- 01 42 09 50 
9.6 7 18 E-0 1 i12 09 90 
6.25243-04 431000 
7.25663-05 44 10 10 
4.07543-10 441050 
6.33003-15 451041 
1.1192B-19 451061 
1,43673-13 46 1070 
4.25233-15 U61091 
3.5843E-22 471070 
1.0 6 64B - 1 2 47 10 91 
4.69563-17 4711 11 
7.07123-12 481080 
6.47243-0 5 48 11 11 
2.22772-04 4811 50 
2.3003E-11 4811 71 
1.47423-03 491140 
1.0 3823-1 3 49 11 6 1 
6.18813-15 491190 
1,25003-23 4912 10  
4.4967E-08 501140 
2.47573 00 501171 
1,24343-02 501200 
1.45473 0 0  501230 
1.68213-04 5012 51 
8.73453-11 511230 
1.23693-02 511260 
9.47893-06 52 123 1 
1.4846E-04 521260 
1.25123-09 521290 
2.3 0333-2 5 52 13 11 
7.19093-13 531300 
2.87623-25 541280 
1.6 9 273- 12 5 4 13 10 
8.8353372 1 541331 
2.43163-21 551341 
1.55983922 561350 
1.72583-23 6817 10 
3.7504E-21 691720 
9.2 4733-2 2 7017 2 0 
3.62313-1 6 701751 
8.21283-09 711770 
8.5700 3-06 72 17 60 
6.40733-13 721790 
5.09763-08 721810 
3.16673-05 731821 
8.54933-07 741820 
9.20803-0 3 74 18 50 
3.63143-06 741880 
4.72723-07 751870 
7.06633-12 761860 
1.00583-05 761900 
4.10693-11 761920 
5.98773-09 771920 
8.6277E-13 771941 
1.91573-13 781940 
1.39283-15 781970 
3.57693-2 1 791990 
4.07353-21 802010 

1.42513-08 390930 
8.84 13E-11 400900 
5.42633-0 1 4009 40 
3.92193-04 410920 
7.26013- 02 4 10950 
2.78863-05 410971 
5.91603-01 420931 
7.32273-01 420960 
2.9 7 33 E- 0 5 4 2 10 0 0 
4.92553- 11 431010 
1.35113-03 441020 
9.31193-16 441060 
2.7 9683-1 5 451 0 50 
1.36313-17 461040 
3.48763- 15 461071 
4.03843-19 461100 
1.2614E-08 471080 
3.47313-18 471100 
2.35493-21 471120 
U. 6 1983- 06 481 090 
1.55693- 12 481120 
1.43923-08 481151 
9.60413-13 481190 
6.66613-10 491141 
9.39003- 12 491170 
1.34 103- 13 491 191 
6.51 183-17 501 120 
2.12103-01 501150 
7.97743-04 501 180 
1.02613 01 501210 
3.32113- 04 501 231 
9.24773-08 511210 
1.07403-03 511240 
4.95 103-06 51 126 1 
2.71 553- 06 521240 
1.49793- 04 521270 
3.33673-16 521291 
1.16453-24 531270 
8.45603-17 531301 
1.4828E- 08 541 290 
3.63243- 15 541311 
1.11 393-22 541 340 
5.60643-25 551350 
1 . 1 0483-25 561 360 
8.25713-24 691690 
4.40383- 14 691730 
5.01423-12 701730 
4.74 483-23 71 1750 
1.36483-07 7 1177 1 
3.34422- 03 721770 
3.44U73-02 721791 
1.72063-04 721820 
7.26703-12 731 830 
4.9061 3-03 741 83 1 
1.4472E-05 741851 
8.63523-07 741890 
1.95693-03 751 880 
3.19073-05 761870 
1.35 123- 06 761 901 
9.73883- 11 761930 
1.68903-09 771921 
2.1103E-20 781920 
8.42 183- 11 781 9 50 
1,25903- 20 781971 
1.17583-21 801980 
3.8660E-23 802020 

1.23933-1 1 
1.2969E 03  
4.38233 0 2  
5.4692E-08 
1.32733-02 
3.66003-07 
4.1130E-09 
7.26343-0 1 
3.82503-01 
2.63753-08 
4.96223-05 
1.1425E-18 
6.737 4E-15 
1.681 1E-09 
1.18553-23 
8.159 9E-16 
6.10583-15 
5.5678E-19 
9.9957E-22 
1.024 93-08 
1,28533-0U 
2.4281E-08 
5.30 14E-15 
1.6 2 1 BE-0 5 
1.29593-11 
1.0152E-14 
3.1093E-01 
1.08323-01 
7.66332 0 0  
3.01793-05 
2.85623-10 
1.3182E-02 
8.6556E-06 
5.07693-10 
4.125EE-05 
1 . 2U93E-0 9 
5.849 2E-15 
5.3432E-07 
4.13033-19 
4.88223-11 
4. 53823-1 7 
5.52633-22 
9.118 33-23 
1.7 00 53-2 5 
7.944 13-2 0 
6.2 50 83- 1 5 
4.0 56 8E-12 
6.7 3893-05 
6.98283-09 
1.2238E-03 
4 .822a -09  
1.0483E-05 
4.98373-06 
5.5624E-13 
2.58023-13 
3.17953-23 
8.5964E-07 
2.37023-14 
7.3690E-16 
1.6716E-15 
1.794 1E-12 
1.9205E-09 
4.73393-14 
6.31953-23 
6.0 88 93-2 0 
1.1229E-2 5 
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2 20040 
2 822080 
2 822120  
2 832130  
2 8 8 2 2 3 0  
2 892250  
2 902280 
2 902320 
2 912320  
2 912350  
2 922330  
2 922370  
2 922U10 
2 932370  
2 932400 
2 942380 
2 942U20 
2 9U2U60 
2 952421 
2 952440  
2 962420  
2 962460 
2 962500 
2 982490 
2 982530 
2 992540  
3 10030 
3 U O l O O  
3 3 00670 
3 270720 
3 310720 
3 290730 
3 320731 
3 300740  
3 280750 
3 3 2 0 7 5 @  
3 290760 
3 330760 
3 3 0 0 7 7 0  
3 330770  
3 290780 
3 330780  
3 310790 
3 340791  
3 300800 
3 340800  
3 290810 
3 330810  
3 360810  
3 320820 
3 350820 
3 310830 
3 340831 
3 310840 
3 35C840 
3 330850 
3 360850 
3 330860  
3 360860 
3 320870 
3 360870  
3 320880 
3 360880  
3 340890 
3 380890  
3 350900  

2.8004E-09 812080 
8.2742E-18 822090 
2.4547E-20 832090 
3.6419E-25 842100 
2.0 9262-2 2 88 2240 
1.1488E-22 892270 
3.8423E-17 902290 
7.4 28 1 E  -1 5 90 2 330 
4. 0888E-17 91 2330 
1.6154E-24 922300 
5.8041E-14 922340 
7.3198E-10 922380 
3.8370E-24 932350 
3.1 9802-08 932380 
4.3931E-13 932410 
1.1706E-08 942390 
9.9908E-08 9U2430 
1 . U 1 1 5 E - 1 8  952390 
8.4755E-17 952420 
7,2490E- 1 3  952450 
2.6016E-09 962430 
5.92463-1 1 962470 
9. U031E -24 972U9 0 
1.7034E-18 982500 
1.6782E-21 982540 
3.0312E-23 992550 
5.6245E-10 30060 
3.2188E-13 60140 
3 . 2 1 2 3 ~ 1 9  300680 
7.9339E-22 280720 
1.405 4E- 1 4 320720 
1.1744E-18 300730 
2.6798E-19 270740 
7.9871E-17 310740 
4.1237E-21 290750 
9 .O 33 1 E -  1 5  320751 
5.2626E-20 300760 
8.7863E-15 340760 
3.2429E-18 310770 
1.0527E- 1 2  340770 
4.7353E-2 1 300780 
9.92 10E-14 340780 
3.34372-17 320790 
9.8379E-15 350790 
3.9985E-19 310800 
3.9161E-09 350800 
8.2123E-24 300810 
U.232573-15 340810 
1-08992-1 4 3608 11 
2.5572E-16 330820 
1 -58313-12  350821  
1.0437E-19 320830 
1.1 898E-14 350830 
1.1297E-20 320840 
9.2607E-13 350841 
1 .U991E-16 340850 
5.6042E-09 360851  
3.3914E-17 340860 
4.1453E-OE 370860 
1.1014E-20 330870 
4.7259E-12 370870 
7.4 83 2E -22 3308 80 
1.474UE-11 370880 
1.9 31 1E-17 350890 
8.1723E-09 390890 
U.7803E-16 360900 

4.24183-23 822060 
1.5819E-24 8221 0 0  
1.7412E-21 832100 
2.26173-24 862200 
2.0266E-19 882250 
1.6244E-19 892280 
9.8699E-18 902300 
1.63423-20 902340 
1.0570E-15 912341 
6.82283-24 92231 0 
7.20213-09 922350 
1.9 1 47E-04 9223 90  
3.69083-17 932361  
1.0349E-10 932390 
3.68353-21 942360 
9.2 5273- 0 7 94 24 00 
2.8678E-11 942440 
2.31833-20 952400 
2.07893-11 952430 
3.4894E-17 952460 
6.29813-11 962440 
8.1010E-14 962480 
1.99 30 E- 1 7  97 250 0 
8.44693-18 982510 
1.8133E-22 992530 
1.61 38E-24 162500 
8. U970E-13 30070 
U.6488E-10 290660 
4.3732E-2 1 310690 
2.90273-19 290720 
1.1581E-11 270730 
1.1235E-17 31 0730 
4. 2855E-23 280740 
U. 4044E-16 320740 
2.6482E-19 300750  
4.1446E-18 330750 
1.17253-17 310760 
1.90833-12 280770 
7.5177E-17 320770 
3.2107E-1 C 340771 
4.9 634E - 1 8 3 1 07 8 0  
7.9005E-10 290790 
1.5657E-15 330790 
2.60623-14 350791 
1.65043-17 320800 
3.53623-18 350801 
1.84583-2 0 31 08 1 0  
1.6020E-13 340811 
1.90 23E-21 3008 20 
2.1073E-15 330821 
1.80783-1 5 360820 
7.4U51E-17 330830 
2.6037E-12 360830 
2.0258E-17 330840 
9.0799E-15 360840  
9.5226E-15 340851 
9,21993-12 370850 
7.32833-15 350860 
5.7319E-12 370861 
4.61363-1 8 340870  
5.1998B-08 380870  
2.86463-19 340880 
1.5755E-12 380880 
2,331UE-15 360890 
8.48273-08 390891 
5.28413-14 370900  

1.81103-24 822070 
2.66603-22 8 2 2 1  10 
1.6584E-25 832120 
3.5635E- 23 862220  
1.7770E-22 882260  
8.4226E-23 902270 
4.6608E-14 902310 
2.82983- 15 912310 
9.59 13E-  20 912340 
3.26 08E-2 1 9 22 320 
U.3185E-07 922360 
1.2 5 44 E- 10 9 22 400 
6.1558E- 16 932360 
1.8050E-08 932401 
9.8776E-15 942370  
3.67053-07 9 424 10 
7.11 68E- 12 942450 
1.0020E- 17 952410 
1.9003E-08 952441 
2.2585E-21 962410  
4.1088E-09 962450 
3.1564E- 15 962490 
2.2064E-20 972510 
4.59523- 19 982520 
1.2892E-21 992541  
2.60 51 E-16 0 
3.5792E- 14 40090 
4.9786E-23 300660 
5.6064E-24 310710 
1.4012E-18 300720 
2.4784E-22 280730 
8.8762 E- 15 320730 
3.6979E- 20 290740 
4.0436E- 11 270750 
1.3149E-17 310750 
7.7612E-11 280760 
9.2767E-17 320760 
1.0271E- 22 290770 
1.1425E- 13 320771 
3.6155E-19 280780 
4.4741 E-17 320780 
2.0719E-21 300790 
2.2685E- 14 340790 
3.86413-22 290800 
1.4827E-15 330800 
3.6 6 84E - 1 7  3 60 800 
4.2 8 53 E- 18 3208 10 
1.20 17E- 14 350810 
2.6 9 83E- 21 3 10 8 20 
5.8 1473-16 340 820 
2.7 8 36 E- 10 300 830 
2.2077E- 15 340830 
1.0872E-08 360831 
8.1840E-16 340840 
2.71083-08 320850 
3.48953-15 350850  
2.2090E-08 320860 
2.09703- 14 350861 
3.40753-1 7 380860 
2.17963-15 350870 
9.7U69E-13 38087 1 
2.26543- 16 350880 
7.3130E-08 330890 
3.16793-13 370890 
3.46053-20 340900 
2.67253- 13 37090 1 

3.6507E-21 
4.5882E-25 
2.3285E-21 
3.7615E-24 
5.7429E-19 
3.5 17 4E-22 
5.2461E-17 
1.007 8E-14 
2.1324E-19 
8.0075E-15 
1.7465E-07 
1.2909E-1 4 
5.7292E-15 
1.1761E-14 
4.1288E-15 
2.48482-07 
1.7868E-16 
6.361 4E-09 
5.9288E-13 
1.354OE-19 
2.5732E-11 
2.66532-20 
3,4037E-24 
6.08923-1 9 
1.3796E-24 
0.0 
5.3640E-14 
9.060 OE-18 
3.834OE-16 
4.6 18 6E-1 4 
4.0400E-20 
2.0944E-11 
2.064 9E-19 
4. 221 73-24 
2.0 41 9E-16 
1.5255E-21 
1.6421E-10 
3.3022E-20 
3.2224E-16 
1.6047E-23 
9.176 BE-1 4 
6.5657E-19 
1.8380E-09 
1.3007E-22 
1.429OE-15 
1.0938E-13 
6.9267E-16 
6.2046E-09 
3.7326E-19 
8.9360E-09 
1.62202-22 
1.6605E-13 
1.9972E-12 
9.1245E-14 
8.4030E-19 
9.697 2E-14 
1.82333-1 9 
1.7167E-15 
8.1930E-11 
4.85153-14 
1.6008E-16 
1 .3 6 6  9E -1 4 
3-32863-20 
1.689 5E-12 
7.0 472E-18 
1.2158E-13 

I 

L 

F 

6 

WP 
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3 380900 
3 400901 
3 370910 
3 400910 
3 370920 
3 350930 
3 390930 
3 350940 
3 390940 
3 350950 
3 390950 
3 U20950 
3 380960 
3 42C960 
3 390970 
3 420970 
3 390980 
3 420980 
3 400990 
3 43C990 
3 381000 
3 411001 
3 381010 
3 421010 
3 391020 
3 431020 
3 391030 
3 431030 
3 381040 
3 421040 
3 451041 
3 411050 
3 451050 
3 411060 
3 U51060 
3 401070 
3 441070 
3 471070 
3 431080 
3 461080 
3 401090 
3 441090 
3 461091 
3 411100 
3 451100 
3 U71101 
3 431110 
3 461111 
3 481111 
3 451120 
3 421130 
3 461130 
3 481131 
3 431140 
3 471140 
3 501140 
3 451150 
3 481150 
3 501150 
3 461160 
3 491160 
3 441170 
3 471171 
3 491171 
3 451180 
3 481180 

1.08733-07 390900 
2.2647E-22 3409 10 
1.3550E-13 380910 
1.1098E- 07 3409 20 
9.4894E-15 380920 
7.1534E-19 360930 
1.3530E-10 400930 
3.5772E-2C 360940 
4.46843- 12 400940 
3.85953-2 1 3609 50 
2.75013-12 400950 
1.4779E-07 350960 
9 .O 38 SE- 15  390960 
6.7 485E-09 360970 
4 -071 7E -1 5 40 0970 
2 .O 1 17E-07 360980 
7.8 05 9E-16 4009 80 
2.12463-07 370990 
1.1 @77E- 1 4 41 09 90 
2.0090E-07 4309 91 
3.3 856E -1 7 39 1000 
7.0842E-15 421000 
1.18403-18 391010 
4.7 109E- 12  4310 10 
1 . 674 1E-17 40 10 20 
2.8485E-14 431021 
3.5957E-18 401030 
2.83 193-13 441030 
1.36213-22 391040 
4.55723-1 3 431040 
5.37553-14 46 1040 
1.0585E-15 421050 
5.1 4 183- 1 0  45 1051 
8.14582-17 421060 
7.5478E-14 45 106 1 
2.6290E-20 411070 
7.0508E-13 451070 
8.39843-15 401080 
5.55853-15 441080 
6.2 6 1 8E  -08 47 1080 
4.10353-22 411090 
4.2 118E-14 45 10 90 
1.77753- 1 3  471090 
1.47363-20 421100 
1.63663-14 451101 
3.82603-10 481100 
5.1010E-17 441110 
9.53373-14 471110 
3.50803-16 421 120 
7.1348E-16 46 1120 
6.80933-21 431130 
1,13443-14 471130 
9.48283-11 491130 
1,30573-19 441 140 
3.86093-16 481 140 
3 -25173-1 3 421 150 
2.676 1E-16 46 11 50 
1.50863- 1 1 481 151 
1.10583-10 431160 
8.25633-16 471160 
6.1863E-16 491161 
1.04013-19 451170 
1.703 1E- 16  48 11 70 
3.4 8383-1 3 50 1170 
5.34123-1 8 461 180 
1.94153-13 491180 

2.8714E-11 390901 
4.4887E-19 350910 
8.80633-11 390910 
4.41 253-2 C 350920 
2.90863-1 1 390920 
3.4441E-16 370930 
1.65383-07 410930 
1.60473-17 370940 
1.7375E-07 410940 
8.9 241 E-1 8 370950 
2.42123-08 4109 50 
1.47373-22 360960 
5.77003-13 400960 
2.7166E-20 370970 
2.93993-1 0 41 0970 
4.72913-21 370980 
1.59333-13 410980 
6.1023E-20 380990 
7.42833-1 4 41 09 91 
l.0396E-10 440990 
5.2073E-16 401000 
2.41193-07 431000 
2.23493-16 401010 
4.57733-1 2 44101 0 
4.88668-14 411020 
2.0236E-15 44  10 20 
1.2075E-15 411030 
1.8944E-08 451030 
1.408633-19 401040 
5.57012-12 441040 
6.0 1993-08 39 10 50 
1.90183-13 431050 
5.6 13 9E- 1 4 46 1 0 50 
1.77993-14 431060 
1.04223-12 461060 
1,57643-17 421070 
3.66 143- 12 46 10 70 
1.61 013-20 41  1080 
5.274lE-13 451080 
5.8734E-21 471081 
2.95463-19 421090 
1.12933-13 451091 
3.17693-08 471091 
2.45173-17 431100 
1.23743-1 6 4611 00  
1.32363-08 4111  10 
3.4734E-15 451110 
2.06523-10 471111 
3.34933-1 9 431  120 
1.17723-1 1 471120 
1.53903-18 441130 
2.16803-12 471131 
3.90213-12 491131 
1.12613-16 451140 
7.9683E-09 491140 
2.74333-23 4311 50 
3.03903-15 471150 
2.86753-11 491150 
1.04663-21 441160 
5.2844E-15 471161 
1.1289E-13 501160 
1.07083-17 461170 
3.99253-13 481171 
2.74123-09 501171 
1.36953-16 471180 
3.21793-16 491181 

7.0515E- 16 400900 
7.2756E-17 360910 
1.30303-08 390911 
6.85283-18 360920 
3.82 45 E- 1 1 400 9 20 
9.62613- 15 380930 
1.2415E-14 410931 
2.45633-15 380940 
3.39 092- 13 4 109 4 1 
1.5933 E- 16 3809 50 
1.30673-08 410951 
1.1902E- 18 370960 
1.96038-07 410960 
5.12743-18 380970 
2.1146E-11 410971 
1.06873-18 380980 
3.06588- 16 410981 
8.58743-17 390990 
3.8 4 993- 14 4209 90 
6.8569E-13 371000 
3.2160E- 14 411000 
1.58063- 14 491000 
9.52743-15 411010 
2.0 6 98 3-07 38 10 20 
1.3 1 OOE- 14 421020 
2.16143-07 381030 
5.02893- 14 021030 
1.33 08E-07 451 0 3 1 
6.8087E- 16 4 11 040 
1.84723-07 451040 
8.0633E-21 401050 
2.10373- 12 441050 
1.38 16E-07 401060 
1.19793-13 441060 
7.10083-08 391070 
4.73013- 15 431070 
8.9950E-08 461071 
1.13873-18 421080 
3.3 1283-14 451 08 1 
4.6700 E- 16 481 080 
6.77673- 17 431090 
3.1370E- 14 461 090 
5.94323-14 481090 
9.9634E-17 4 4 1  100 
2.0036E-08 471 100 
1.55633- 21 421 110 
1.94333- 14 461 110 
2.0584E-14 481 110 
4.5192E-18 441120 
1.8388E- 12 481 120 
1.3836E- 16 451130 
8.4373E-16 481 130 
1.12833-22 421140 
9,97203-17 461140 
1.6985E- 18 4911Ul 
3.53803- 20 441 150 
7.1 8743- 14 47 1 15 1 
8.40953-10 491 151 
3.29903-18 451160 
3.4 178E- 16 481 160 
2.46 08E- 09 431 170 
2.54352-16 471170 
2.84043-13 491 170 
4.3181 3-13 441 180 
1.55773- 16 471181 
7.54183-18 501180 

3.237 CE-09 
1.06763-1 4 
4.461 5E-12 
1.26323-15 
1.4007E-07 
1.6203E-12 
8.1083E-14 
2.6238E-13 
1.8 30 5E-18 
8.43263-14 
9.91623-12 
3.14253-17 
8.80 16E-13 
2.4452E-16 

4 . 2 94 5E - 1 6 
1.5578E-11 
1.2117E-15 
1.30203-09 
7.658 1E-2 1 
7.054 BE-1 5 
2.1451E-08 
3.4656E-14 
1-90  28E-19 
3.5876E-12 
2.22913-2 1 
3.3386E-13 
1.6 92 9 E-1 1 
1.6566E-35 
1.21663-13 
1.3806E-17 
7.11 96E-11 
2.3352E-18 
7.1201E-08 
1.9796E-24 
5 . 324 8E-14 
6.066 BE-1 8 
3.1048E-16 
6.5660E-15 
8.172 5E-16 
2.4 94 7E-14 
7.2766E-11 
1.061 9E-18 
8.3700E-15 
1.65803-14 
1.0024E-18 
4.1778E-13 
1.0599E-08 
6 . 6 46 3E-17 
6.22 90E-0 9 
9.4 1 3 9E- 1 7 
5.8733E-11 
1.13513-21 
1.21283-14 
3.87513-14 
7.6 64 43-18 
3.9 23 6E-16 
1.21573-12 
1,75213-17 
2.73363909 
5.6 26 713-2 3 
2.3529E-15 
1.04093-13 
1.43163-18 
8.30633-17 
2.6 99 83-09 

2.750 9E-13 
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3 451190 
3 481191 
3 501191 
3 471200 
3 501200 
3 481210 
3 501211 
3 471220 
3 501220 
3 451230 
3 491230 
3 511230 
3 471240 
3 511240 
3 481250 
3 501251 
3 461260 
3 501260 
3 481270 
3 501271 
3 531210 
3 501280 
3 531280 
3 501290 
3 521291 
3 481300 
3 511301 
3 541300 
3 511310 
3 541310 
3 501320 
3 531320 
3 511330 
3 531331 
3 491340 
3 521340 
3 541341 
3 501350 
3 541350 
3 561350 
3 521360 
3 551360 
3 521370 
3 561370 
3 531380 
3 561380 
3 531390 
3 571390 
3 551400 
3 521410 
3 561410 
3 521420 
3 561420 
3 591421 
3 551430 
3 591430 
3 551440 
3 591440 
3 551450 
3 591450 
3 561460 
3 6C1460 
3 571470 
3 611470 
3 571480 
3 611480 

6.5215E-19 461190 
6.1846E-15 491190 
1.88903-1 1 441200 
4.81263-17 481200 
2.7 01 9E-0 9 45 1 2  10 
7.9914E-16 491210 
1.0614E-12 511210 
1.802UE-18 48 1220 
2.91013-09 511220 
4.8044E-23 46 1230 
3.14963-16 491231 
2.97C5E-09 521230 
1.1561E-18 481240 
2.4466E-11 511241 
6 17793-1 7 49 1250 
5.06713-14 511250 
2.7397E-22 471260 
7.8340E-09 51 1260 
1.0555E-17 491270 
3.1205E-14 511270 
1.500 EE-08 47 1280 
2.0333E-12 511280 
5.95183-1 4 54 1280 
1.7 9 74 E -1 3 50 1 29 1 
4.8527E-10 531290 
1.0651E-18 491300 
5 . 8 9 6 3 - 1 3  521300 
2.6240E-09 481310 
3.5993E-12 521310 
9.2 574 E-08 54 1 3  11 
1.9500E- 1 4  51 1320 
3.7951E-11 541320 
2.28283-13 52 1330 
1.9955E-15 541330 
5.0103E-21 50134C 
1.1325E-11 531340 
1.66883-17 551340 
8.1 707E-19 51 1350 
3.9573E-11 541351 
3.2020E-11 561351 
2.6075E-14 531360 
1.5576E-10 561 360 
1 . 358 1 E  -15 531370 
5.55543-09 561371 
7 . 7 87 8E- 1 5 54 1 3 8 0 
2.2311E-07 571380 
1.2818E-15 541390 
2.13893-07 521400 
2 .E81 9E-13 56 1400 
2.9 8 4 3E- 20 531 4 10 
5.19503-12 571410 
7.27603 -2 1 531 420 
2.8240E-12 571420 
3.33083-1 4 601420 
1.49673-1 5 561430 
4.7958E-09 601430 
3.0845E-16 561440 
3.01 98E-12 59 1441 
4.3865E-17 561450 
6.29263-1 1 601450 
1.2 50 13- 1 5 571 46 0 
1.12723-07 541470 
9.05893-15 581470 
2.7679E-08 621470 
4.63773- 1 6 581 480 
3,40673-10 611481 

5061123-17 471190 
2.760613-15 4911 91 
1.42473-22 451200 
3.20933-15 491200 
7.70833-21 461210 
1.48743-1 5 491211 
2.6 049E - 0 9 45 12 2 0 
3.2787E-16 491220 
1.8 18 1 E-12 51 1221 
1,04533-19 471230 
1.06043-15 501230 
1.74462-12 521231 
8.8422E-16 491240 

1.28653-16 491251 
4.439213- 09 521 2 50 
6.55183-20 481260 
4. 56 12E-12 51 1261 
1.402UE-16 491271 
1.39933-10 521270 
1.86543-21 481280 
1 . 91 90E-12 51 12 81 
7.57663-10 481290 
6.13253-14 511290 
4.35233-06 541290 
4.69023-17 501300 
8.03883-08 5313 00 
4.0842E-20 49131 0 
4.25123-12 521311 
3.67383-1 1 481320 
2.4843E-13 511321 
2.1723E-07 491330 
2.71513-12 521331 
2.78 00E-09 5 4  1 3  3 1 
2.11323-17 511340 

2.114OE-08 551341 
2.56352-16 521350 
1.18823-12 551350 
1.7769E-14 501360 
2.24043-1 3 531361 
3.84673-09 561361 
6.1565E-14 541370 
3.48373-14 511380 
4.01073-12 551380 
6.52503-13 51 1390 
1. 4202E-13 5513 90 
2.0263E-18 531400 
5.574313-09 571400 
1.02 22E- 1 7 5 41 4 10 
6.7437E-11 5814 10  
8.80913-19 541420 
2.5148E-11 581420 
3.7 1973-09 531430 
5.0 9 l4E- 1 4 5714 3 0 
1.26693-07 531440 
2.9774E-14 571440 
1.49533-14 601440 
9.1045E-15 571450 
1.1 1223-07 541460 
1.5024E-14 581460 
1.97093-21 551670 
1.32583-13 591470 
8,61133-09 551480 
6.1539E-14 591480 
2.6485E-10 621480 

4.0632E-18 521240 

2.0939E-11 531341 

3.59333-16 481 190 
5.2199E-14 501190 
3.5776E-20 461200 
1.4317E- 15 491201 
3.0210E-18 471210 
2.59593-15 501  210 
4.44823-22 461 220 
6.4 1 06 E- 16 49 1 2 2 1 
1.7410E- 17 521220 
8.1229E- 18 481 230 
1.5368E-10 50 1231 
5.0 1 86 E- 13 46 1 240 
2.6699E-16 501240 
9.4305E-11 471250 
4.82923- 16 501250 

1.03732-16 491260 
2.2768E-15 521260 
2.55273- 16 501270 
1.39723-11 521271 
7.7771E-18 491280 
3.9 4 97 E - 1 3 5 2 1 2 8 0 
8.7 5 51 E- 19 49 1 290 
1.7909E-11 521290 
3.8547E- 12 541291 
2.62 143-13 5 11 300 
5.2479E-12 531301 
9.8905E-18 501310 
5.290UE-11 531310 
4.52873-21 491320 
2.4 9 56 E- 13 5 2 1 320 
1.1843E- 19 501 330 
6.65103- 12 531330 
3.7446E- 11 551330 
3 -40863-  15 51  134 1 
1.74393-13 541340 
1.35 18E- 12 561340 
4.78083- 14 531350 
5.6 8 78E- 08 55 1 3 51 
1.09283-19 511360 
7 -04  43E- 14 54 1360 
6.98413- 18 511370 
1.21953- 12 551 370 
9.73613- 20 521 380 
1.0272E-11 551381 
9.67973-21 521390 
2.83923- 12 561390 
1.24323- 16 541400 
7.51 44E- 10 581 400 
1.3897 3-15 551 4 10 
1.32723-08 591410 
3. 46 95E- 16 551 420 
1.89693-07 591420 
1,03953- 19 541430 
3.5082E-12 581430 
3.5886E-21 541440 
1.4451E-13 581440 
1,32223- 07 541 450 
7.82883- 14 581450 
7.59 51 E- 20 55 1460 
2.05203-12 591460 
1.2 6 08 E- 18 5 6 1 470 
1.4042E-12 601470 
3.07953- 20 56 1480 
2.20913-13 601480 
2.51523-08 561490 

1 1 9 863-09 52 1 25 1 

1.8 167E-1 U 
2.6674E-09 
5.2625E-17 
9.931 5E-17 
8.6605E-17 
6.4030E-12 
1.8969E-18 
6.7649E-18 
1 . 61 42E-10 
I. 771 UE-16 
1.495 8E-13 
3.54003-20 
3.756 2E-0 9 
5.1982E-19 
4.4462E-11 
5.2484E-11 
1.7856E-16 
2.1083E-10 
2.01 9 OE-12 
5.060 9E-10 
3.9664E-16 
2.7 690 E-08 
7.5772E-17 
4.720 OE-12 
1.3507E-14 
9.0662E-13 
2.5362E-14 
6.0848E-14 
2.231 OE-09 
9.7096E-19 
1.2638E-09 
2.1873E-16 
4.591 1E-10 
2.1876E-07 
3.0480E-15 
2.7 59 8E-0 7 
5.429 5E-09 
1.371 1E-10 
2.2086E-13 
7,5498E-16 
4.4956E-07 
1.60303-18 
2.26843-07 
1 . 6 62 7E - 1 6 
4.9460E-14 
8.87253-18 
2,60673-1 1 
3.0 33 2E-14 
2.10843-07 
8.2176E-14 
1.80333-07 
3.26212-15 
1.281 OE-11 
1.57803-17 
4.98662-10 
1.004 1E-17 
7.07363-08 
1 1614E-18 
5.25853-1 3 
2.33533-1 8 
3.51293-12 
3.1176E-16 
1.859713-09 
1.6 1 4  2E-16 
6.49303-08 
3.09843-18 

Ib 

mu 

c 

.h 

Ir 



1 85 

3 5771190 
3 611u90 
3 571500 
3 611500 
3 591510 
3 631510 
3 591520 
3 621520 
3 577530 
3 611530 
3 571540 
3 611540 
3 641540 
3 611550 
3 641550 
3 611560 
3 581570 
3 621570 
3 601580 
3 647580 
3 621590 
3 601600 
3 641600 
3 611610 
3 651610 
3 631620 
3 661620 
3 651630 
3 641640 
3 631650 
3 661651 
3 671661 
3 681680 
3 691700 
3 701710 
0 0. 

2.7344E-16 581490 
3.506UE-10 621490 
1.2090E-17 581500 
2.53913-13 621500 
1.91023-15 601510 
1.9376E-12 56 15 20 
1.8058E-15 601520 
2.7818E-08 631520 
1.4480E-20 581530 
1.12 E8E-13 621530 
2.7 03 32 -2 2 5 8 1 5 4 0 
3.5 977 E-1 U 6 1 1 5 4  1 
4.0 107E- 10 581550 
4.9744E-15 621550 
1.4698E-11 581560 
1.0393E-15 621560 
2.0245E-22 591570 
3.4185E-14 631570 
8.8356E-18 611580 
4.70783-09 591590 
3.0635E-15 631590 
1.6555E-20 611600 
3.5259E-10 651600 
6.7 34 1E-20 62 16 1 0 
3.74223-1 2 66 16 10 
3.5319E-16 641620 
1.0220E-10 621630 
1. )2 0 03E- 1 5 66 16 30 
4.8451E-16 651640 
2.3542E-20 641650 
7.35373-17 671650 
3.8108E-13 681660 
2.1839E-12 681690 
2.25233- 15  701700 
1.10743-16 6817 20 
0 0.0 

8.23993-16 591490 
4.74213-10 551500 
4.0761E-16 591500 
5.6045E-08 571510 
5.2739E-13 61 151 0 
5.4625E-22 571520 
3.51UOE-13 6 11520 
6.3289E-12 631521 
9.3754E-18 591530 
2.50543-10 631530 
2.33353-18 59 1540 
3.89883-1 5 62 15 40 
5.41 01E-20 591550 
2.1273E-13 631550 
8.38603-21 591560 
3.57863-12 631560 
7.U946E-20 601570 
5.7261E-12 641570 
4.94593- 1 7 62 15 80 
9.7 908 3-2 3 601 5 90 
2.48143-14 641590 
4.76673-19 621600 
2.47903-11 661600 
2.41243-17 631610 
1.1276E-10 611620 
1.4307E-15 651620 
6.68463-20 631630 
7.95553-11 621640 
8.31473-17 661640 
1.24113-17 651650 
3.83943-11 661660 
1.217 1E-11 68 1670 
9.79993-16 691690 
2.1 5073 - 1 5 68 17 1 0 
1.0361 3-25 691720 

0.0 

1.61193-13 601490 
1.8388E-23 561500 
1.0 3 27 E -14 6 01 50 0 
2.50183-18 581510 
7.2 4 99 3- 11 621 5 10 
9.59353- 20 581 520 
1.2880E- 13 611521 
9.19273-15 641520 
5.54273-16 601530 
2.2026E-08 641530 
2.36UOE- 17 6015UO 
8.86393- 09 631540 
7.07383-18 601550 
2.81333-09 641551 
3.6 9 85 E- 19 60 1560 
7.98813- 10 641560 
3.03863-11 611570 
2.0449E-11 591580 
1.03693-13 631580 
1.54793-19 611590 
1.89443- 12 651 590 
2.37593- 15 631600 
4.97903-11 601 6 10 
1.9 1 083- 16 6 4 1 6 10 
9.67213-22 621 620 
1.05@2E- 15 651621 
4.49533- 18 641630 
9.44 16 E-21 6 3  1640 
1.19783-11 621650 
6.6142E-18 661650 
4.22163- 14  671660 
8.23593- 13 681671 
1.38663-14 681700 
4.4639E-23 691710 
8.4 536 E-20 70 1720 

7.604 8E-12 
4. 701 6E-19 
3.521 OE-08 
1.270 9E-16 
2.8910E-09 
4.07913-16 
4.5 9563-1 5 
2.088 4E-12 
2.063 1E-14 
2.3113E-12 
1 . I 6 5  9E-10 
7.39553-09 
1.7 54 4E-15 
4.6259E-23 
1.4911E-15 
1.2302E-08 
2.6792E-15 
2.11353-21 
1.1584E-13 
1.2718E-17 
7.1791E-10 
5.3 1 8 9E-16 
3.0989E-22 
1.1729E-15 
4.6310E-18 
5.78513-1 6 
8.81633-17 
1.2986E-19 
1.2625E-22 
1.9862E-14 
6.5492E-14 
3.3573E-20 
3.2558E-18 
2.04643-16 
8.473 3E-18 
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