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ORIGEN - THE ORNL ISOTOPE - GENERATION AND DEPLETION CODE 

M. J. Bel l  

ABSTRACT 

ORIGEN i s  a v e r s a t i l e  po in t  deplet ion code which solves the  
equations of radioact ive growth and decay f o r  l a rge  numbers of 
isotopes with a r b i t r a r y  coupling. The code uses the  matrix 
exponential  method t o  solve a la rge  system of coupled, l i n e a r ,  
f i r s t - o r d e r  ordinary d i f f e r e n t i a l  equations with constant coef- 
f i c i e n t s .  The genera:L nature  of the  matrix exponential  method 
permits the  treatment of complex decay and transmutation schemes. 
An extensive l i b r a r y  of nuclear data  has been compiled, including 
h a l f - l i v e s  and decay schemes, neutron absorption cross  sec t ions ,  
f i s s i o n  y i e lds ,  d i s in t eg ra t ion  energies ,  and multigroup photon 
r e l ease  data .  ORIGEN has been used t o  compute the  compositions 
and r ad ioac t iv i ty  of :fission products,  cladding mater ia l s ,  and 
f u e l  mater ia l s  i n  LWR:;, LMFBRs, MSBRs, and H E R S .  The applica- 
t i ons  a re  i l l u s t r a t e d  with ca lcu la ted  inventor ies  and r ad ia t ion  
l eve l s  f o r  spent f u e l  i r r a d i a t e d  t o  a burnup of 33,000 MWd/metric 
ton  i n  a PWR spectrum.. 

e 
'+ 

1. INTRODUCTION 

One of the problems commonly encountered i n  the f i e l d  of nuclear 

energy i s  the so lu t ion  of equations involving nuclear transmutation and 

decay. To a good approximation, these nuclide chain equations can be 

represented as a simultaneous system of l i n e a r ,  homogeneous, f i r s t - o r d e r  

ordinary d i f f e r e n t i a l  equations with constant coe f f i c i en t s .  I n  many 

ins tances ,  the 

and the  system 

which has been 

of these  codes 

a few spec i f i c  

matrix of nuclear transmutation coe f f i c i en t s  i s  t r i angu la r  

of  equations can be solved using t h e  method of Bateman, 

employed i n  a .number of computer codes. 2-5 

has genera1:Ly suffered from an i n a b i l i t y  t o  t r e a t  more than 

types of transmutations and from d i f f i c u l t i e s  encountered 

1 

However, each 

'I* i n  t r e a t i n g  "feedback, desp i te  some progress i n  these areas.  

P 
b 

Feedback'' i s  a term used t o  descr ibe a reac t ion  i n  which an isotope *I, 

decays t o  produce one of i t s  precursors ,  as i s  encountered i n  alpha 
decay of the  ac t in ides .  Mathematically, the  appearance of such terms 
r e s u l t s  i n  a t r a n s i t i o n  matrix t h a t  i s  not  t r i angu la r .  
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An a l t e rna t ive  approach t o  solving the  same system of equations 
6 u t i l i z e s  the  matrix exponential method, which has been employed by Pease 

and others .  7-10 
i n  t he  pas t  by the  storage t h a t  i s  required t o  generate the  matrix expo- 

n e n t i a l  s e r i e s  and by computational inaccuracies.  Computational d i f f i c u l -  

t i e s  a r i s e  because the  nuclide chain equations cons t i t u t e  a c l a s s i c  example 

of a s e t  of " s t i f f "  ordinary d i f f e r e n t i a l  equations, t h a t  i s ,  one i n  which 

the  eigenvalues of t he  cha rac t e r i s t i c  equation f o r  t he  system are  widely 

separated." 

ORIGEN code i n  order t o  explo i t  i t s  extreme genera l i ty .  

on the  number of nuclides t h a t  can be t r ea t ed ,  which r e s u l t s  from the  

necessi ty  t o  s t o r e  la rge  a r rays ,  has been overcome by two devices: 

(1) ORIGEN s tores  only the  nonzero elements of t he  normally sparse t ran-  

s i t i o n  matrix and two vectors  t h a t  are used t o  loca te  them; and ( 2 )  t h e  

expansion of t he  matrix exponential  function i s  performed using a recursion 

r e l a t i o n  which requires  s torage of only one vector i n  addi t ion t o  t he  

solut ion.  Computational d i f f i c u l t i e s  a r i s ing  from eigenfunctions with 

very la rge  eigenvalues (corresponding t o  nuclides with very shor t  ha l f -  

l i v e s )  a re  avoided by using asymptotic solut ions of the nuclide chain 

equations fo r  t he  conditions of secular  and t r ans i en t  equilibrium. 

Although completely general ,  t h i s  method has been l imi ted  

The matrix exponential method has been employed i n  the  

The l imi t a t ion  

The ORIGEN code has been designed t o  be extremely v e r s a t i l e  i n  i t s  

appl icat ions.  It i s  capable of computing i so topic  compositions of f u e l ,  

f i s s i o n  products,  and cladding i n  both f ixed  and f l u i d  f u e l  reac tors .  

The l i b r a r y  of nuclear data  t h a t  has been compiled f o r  use with the  code 

i s  s u f f i c i e n t l y  extensive t o  t r e a t  235U and 239Pu f u e l s  i n  both f a s t  and 

thermal spectra ,  and f i s s i o n  of 233U i n  thermal spectra .  

contains multigroup photon re lease  r a t e s  f o r  the  f i s s i o n  products and the  

heavy metals,  which permits theacalculat ion of gamma-ray spectra  i n  spent 

and re fabr ica ted  fue l s .  One other important fea ture  of t h e  code i s  t h a t  

t he  matrix exponential  technique has been developed t o  solve a nonhomo- 

The l i b r a r y  a l so  

geneous system of equations. This fea ture  makes it possible  f o r  ORIGEN 

t o  be employed i n  ca lcu la t ing  the  accumulation of a c t i v i t y  i n  processing 

p l an t s ,  i n  waste disposal  operations,  and i n  the  environment. 

n 
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The remainder of t h i s  repor t  cons is t s  of th ree  major sect ions.  Section 

2 develops the  mathematica:L techniques used i n  the  ORIGEN computations. 

Section 3 summarizes the  information t h a t  i s  contained i n  t h e  l i b r a r y  of 

nuclear data.  Section 4 examines t h e  f'unction of each subroutine i n  the  

program, discusses programning considerat ions,  describes the  input  f o r  

t he  code, and gives input  :€or a sample problem. Output f o r  a sample 

ca lcu la t ion  i s  included i n  the  Appendix. "he individual  sect ions a re  

intended t o  be independent, so t h a t  Section 4 can be employed as  a u s e r ' s  

manual without reference t o  preceding sect ions.  

A complete code package has been deposited with the  Radiation Shielding 

Information Center. Inqui r ies  or requests fo r  t h e  code may be mailed t o :  

Codes Coordinator 
Radiation Shielding Information Center 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

or telephoned t o :  

Area code 615, 433-8611, ext .  3-6944, or 

FTS XX - 615-483-6944. 

Acknowledgments. - The author i s  deeply indebted t o  a number of  

individuals  who contributed t o  the  development of the  ORIGEN code over 

a period of severa l  yews .  The program was i n i t i a t e d  by J. P. Nichols, 

who supervised t h e  development of t h e  code. Much of t h e  nuclear data  was 

compiled by E. D. Arnold* with the  ass i s tance  of H. F. Soard. The author 

was a s s i s t e d  i n  the programming by R. S. Dillon** and Mrs. L. G. Knauer,? 

and i s  deeply g r a t e f u l  f o r  t h e  e f f o r t s  of  Mrs. I. G. Loope, who prepared 

the  manuscript. Editing was done by C.  W. Kee, who now has the  task  of 

data  revis ions m d  program modifications.  F ina l ly ,  the  author appreciates 

the  encouragement and suggestions of a number of users  of t h e  program who 

have p a t i e n t l y  awaited the publ icat ion of t h i s  report .  

* 
** 

Present address : Oak Ridge Gaseous Diffusion Plant .  

Present address: AECOP, Oak Ridge, Tenn. 

+Present address : Robertsvi l le  Junior High School, Oak Ridge, Tenn. 
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2. DESCRIPTION OF MATHEMATICAL MFTHOD 

A general  expression f o r  t he  formation and disappearance of a nuclide 

by nuclear transmutation and radioact ive decay may be wr i t t en  as  follows: 

j =1 k =I. 

where X i s  the  atom densi ty  of nuclide i, A .  i s  t h e  radioact ive d i s in t e -  

g ra t ion  constant f o r  nuclide i., 0. i s  the  spectrum-averaged neutron 

absorption cross sect ion of nuclide i, and &. and f are  t h e  f rac t ions  

of rad ioac t ive  d is in tegra t ion  and neutron absorption by other nuclides 

which'lead t o  the  formation of' species - i. 
pos i t ion-  and energy-averaged neutron f lux ,  which i s  a l so  assumed t o  be 

constant over shor t  i n t e rva l s  of time. Rigorously, t h e  system of equations 

described by Eq. (1) i s  nonlinear s ince t h e  neutron f l u x  w i l l  vary with 

changes i n  t h e  composition of t he  fue l .  However, t he  va r i a t ion  with time 

i s  slow and, i f  t he  neutron f1.m i s  considered t o  be constant over shor t  

time in t e rva l s ,  t h e  system of Eq. (1) i s  a homogeneous s e t  of simultaneous 

1 - i 

1 -_ 
- 1 3  i k  

Also i n  Eq. (l), 7 i s  the 

f i r s t - o r d e r  ordinary 

which may be wr i t ten  

Equation ( 2 )  has the  

d i f f e r e n t i a l  equations with constant coef f ic ien ts ,  

i n  matrix: no ta t ion :  

X = A X - .  - w  

known s o h t i o n  

X =: exp ( A t )  X ( 0 )  , 
'v M ' v  ( 3 )  

where X ( 0 )  i s  a vec tor  of i n i t i a l  atom dens i t ies  and A i s  a t r a n s i t i o n  

matrix containing the  r a t e  coef f ic ien ts  for radioact ive decay and neutron 

capture.  The f'unction exp ( A t , )  i n  Eq.  ( 3 )  i s  t h e  matrix exponential 

funct ion,  a matrix of dimension N2, which i s  defined as 

x 'v 

M 

U 

/ \  

W (p l 2  - 1 ym 
exp ( A t )  = + A t  + - + ... - 

M * 21 
m=O 

(4) 
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If one can generate t h i s  function accurately f rom the  t r a n s i t i o n  matrix,  

then the  solut ion of t he  nuclide chain equations i s  r ead i ly  obtained. 

2 . 1  Computation of t he  Matrix Exponential Ser ies  

Two pr inc ipa l  d i f f i c u l t i e s  are  encountered i n  employing t h e  matrix 

(1) a la rge  exponential technique t o  solve la rge  systems of equations: 

amount of memory i s  required t o  s t o r e  the  t r a n s i t i o n  matrix and the  

matrix exponential  funct ion,  and ( 2 )  computational problems are  encoun- 

te red  i n  applying the  matrix exponential  method t o  systems of equations 

with widely separated eigenvalues. The generation and storage of t he  

t r a n s i t i o n  matrix are  explained i n  Sect.  2 .5 .  The computation and s torage 

of t h e  matrix exponential function have been f a c i l i t a t e d  by developing a 

recursion r e l a t i o n  f o r  t h i s  funct ion which does not require  storage of 

the e n t i r e  matrix. Thus it i s  possible  t o  derive an expression f o r  one 

nucl ide i n  Eq. ( 3 )  which i s  given by 

m 
r- n 

X i ( t )  = ) 2 ci , 
n=O 

where Cn i s  generated by use of a recursion r e l a t i o n  i 

c .  0 = Xi(0) > 
1 

n+l  - t - -  7 a c n .  ‘i n + l  L i j  j 

( 5 )  
V 

j =1 

Here, a i s  an element i n  t h e  t r a n s i t i o n  matrix t h a t  i s  t h e  f i r s t - o r d e r  

r a t e  constant f o r  t h e  formation of species i from species j .  This algorithm 
n requires  s torage of only one vector  i n  addi t ion t o  t h e  current  value 

of the  solut ion.  

i j  

- - 

In  performing the  summation indicated by Eq. ( 5 )  it i s  necessary t o  

ensure t h a t  p rec is ion  i n  t h e  answer w i l l  not be l o s t  due t o  t he  addition 

and subtract ion of near ly  equal la rge  numbers. 

W 

In  the  p a s t ,  t h i s  object ive 
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has been accomplished by szal ing the  time s tep  by repeatedly dividing 

by 2 until the  norm of the  matrix i s  l e s s  than some acceptable small 

value,  computing the  matrix exponential function for  t he  reduced time 

s t ep ,  and repeatedly squaring the  r e su l t i ng  matrix t o  obtain t h e  desired 

time s tep .  '-' 
involving la rge  numbers of nuclides (many of which have shor t  ha l f - l i ves )  

corresponding t o  la rge  norms of t h e  A t  matrix. However, it i s  j u s t  fo r  

these shor t - l ived  isotopes t h a t  t he  conditions of secular  and t r ans i en t  

equilibrium a re  known t o  apply. Thus, i n  the  computations performed by 

ORIGEN, only the  compositions of those nuclides whose diagonal matrix 

elements a re  l e s s  than a predetermined value are  computed by the  matrix 

exponential method. The concentrations of the  isotopes with la rge  diagonal 

matrix elements are  computed using an ana ly t i ca l  expression fo r  the  condi- 

t ions  of secular  or t rans ien t  equilibrium, as described i n  Sect. 2 . 2 .  

Such a procedure would be impractical  for  a computation 

Lapidus and Luus3 have shown t h a t  the  accuracy of t he  computed matrix 

exponential function can be maintained a t  any desired value by cont ro l l ing  

the  time s t ep  such t h a t  the  norm of the  matrix A t  i s  l e s s  than a predeter-  

mined value which i s  fixed kly the  word length of t he  d i g i t a l  computer 

used i n  t h e  ca lcu la t ions .  They define a norm of the  matrix b, denoted 

by [A], which i s  given by the  smaller of t he  maximum-row absolute sum 
and the  maximum-column absolute sum: 

M 

where la i j  I denotes the  absolute value of t h e  element a 

the  maximum term i n  the  summation for any element i n  the  matrix exponential 

function cannot exceed n~ , where n i s  the  l a rges t  integer  not l a rge r  than 

[ A ] t .  

t he  ca lcu la t ions  w i l l  ind ica te  the  m a x i m u m  value of n t h a t  can be used 

while obtaining a desired degree of s ignif icance i n  t h e  r e su l t s .  Using 

double precis ion ar i thmetic ,  t h e  IBM 360 operating system can perform 

operations re ta in ing  16 s ign i f i can t  decimal f igures .  

t he  norm of the  t r a n s i t i o n  matrix i s  r e s t r i c t e d  t o  be l e s s  than 

[A] 5 -2 In 0.001 = 13.8155, so  t h a t  t he  maximum term t h a t  w i l l  be 

They show t h a t  
i j '  

nn 

Consideration of the  word length of the  computer used t o  perform 

In the  ORIGEN code, 
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calculated w i l l  be approximately 49,000. 
-6 exp (-13.8155) = 10 

f igures .  

summation given by Eq.  ( 5 )  t o  ensure t h a t  the s e r i e s  has converged. 

mth term i n  the ser ies  for ecA' i s  equal t o  -, which, for l a rge  values 

of m, can be approximated by (- LA] e)m(zmx)-l/2 using S t i r l i n g ' s  approxi- 

mation. The value of the norm, [A], i s  calculated by t h e  code; and m i s  
7 s e t  equal t o  the  l a r g e s t  in teger  i n  - [A] + 5, which has been determined 2 

as a " ru le  of thumb" f o r  the  number of terms necessary t o  l i m i t  the  e r r o r  

t o  <O.l%. 
summation. The absolute value of t h e  l a s t  term added t o  t h e  summation 

i n  t h i s  case w i l l  be l e s s  than 6.4 x lo-'', which i s  s u f f i c i e n t l y  small 

compared with 10 . It has been observed t h a t  t h e  norm i s  usual ly  l e s s  

than i t s  m a x i m u m  value and, i n  most cases,  30 or fewer terms are  required 

t o  evaluate t h e  s e r i e s .  

Thus, a value as small as 

can be computed, while re ta in ing  f i v e  s ign i f icant  

A s u f f i c i e n t  number o f  terms must be added t o  the  i n f i n i t e  

The 
CAIrn 

m. 

m 

Thus, f o r  [A] equal 13.8155, 53 terms w i l l  be required i n  the 

-6 

It has been mentioned t h a t ,  i n  previous applicationsof t h e  matrix 

exponential method, t h e  r e s t r i c t i o n  of the s i z e  of the  norm of the 

t r a n s i t i o n  matrix necessary t o  t r e a t  nuclides with la rge  eigenvalues 

was accomplished by repeatedly dividing t h e  matrix by 2 ,  and t h e  f i n a l  

value of the  matrix exponential f'unction was obtained by repeatedly 

squaring the  resu l t ing  intermediate matrix exponential function. 

the  present appl icat ion,  the  suggestion of Bal l  and Adams' t h a t  the 

t r a n s i t i o n s  involving isotopes with l a r g e  decay constants be considered 

"instantaneous" was adopted; t h a t  i s ,  i f  A -$ B 3 C and i f  t h e  decay 

constant f o r  B i s  la rge ,  the  matrix i s  reformulated as i f  C were formed 

from A d i r e c t l y ,  and the  concentration of B i s  obtained by an a l t e r n a t i v e  

technique. Similarly,  i f  the time constant f o r  A i s  very la rge ,  the  

t r a n s i t i o n  matrix i s  rewri t ten as i f  the  amount of isotope B i n i t i a l l y  

present were equal t o  A + B, and only t h e  t r a n s i t i o n  B + C i s  obtained 

by the  matrix exponential technique. This reduction of the  t r a n s i t i o n  

matrix and t h e  generation of  the  solut ion by t h e  matrix exponential 

method are performed by t h e  subroutine TERM (see  Sect. 4 . 1 ) .  

In 

t 

W 

n 



Y 

r 
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2.2 Use of Asymptotic Solutions of the  Nuclide Chain 
Equations f o r  Short-Lived Isotopes 

The numerical techniques described i n  Sect. 2 . 1  a re  applied only 

t o  obtain t h e  so lu t ions  f o r  isotopes t h a t  are  s u f f i c i e n t l y  long-lived 

t o  s a t i s f y  the  c r i t e r i o n  t h a t  t h e  norm of the  t r a n s i t i o n  matrix be l e s s  

than 2 I n  1000. Short-l ived isotopes a re  t r e a t e d  by using l i n e a r  combi- 

nat ions of t he  homogeneous and p a r t i c u l a r  solut ions of the  nuclide chain 

equations t h a t  a r e  computed using a l t e rna t ive  procedures. The quant i ty  

of a shor t - l ived  nuclide ( o r i g i n a l l y  present a t  the  beginning of an 

i n t e r v a l )  t h a t  remains a t  t he  end of  t he  i n t e r v a l  i s  computed i n  subrou- 

t i n e  DECAY using a generalized form of the  Bateman equations which t r e a t s  

an a r b i t r a r y  forward-branching chain. The generalized treatment i s  

achieved by searching through the  t r a n s i t i o n  matrix and forming a queue 

of a l l  short- l ived precursors of an isotope. 

i s  then applied t o  t h i s  queue. The queue i s  terminated when an isotope 

having no short- l ived precursors i s  encountered. The algorithm a lso  has 

provisions f o r  t r e a t i n g  two isotopes with equal eigenvalues and f o r  

t r e a t i n g  cyc l i c  chains. 

The Bateman equation so lu t ion  

Bateman's so lu t ion  f o r  t he  i t h  member i n  a chain a t  time t may be 
5 wr i t ten  i n  the  form: 

- d i t  
N i ( t )  = Ni(0)e 

i-1 
ex:p ( - d j t )  - exp ( - d i t )  

+ Nk(0) -- a n 
d i  - d j )  ( 

k = l  j =k n#j 

where N . ( O )  i s  t he  amount of isotope j i n i t i a l l y  present and the  members 

of  t h e  chain a re  numbered consecutively f o r  s impl ic i ty .  This method of 
i -1 

solu t ion  used the  conventio:n t h a t  n 
n=k 

'%+l,k, '%+2,k+l" 'a i , i - l '  
t o  uni ty .  The notat ion a for the  f i r s t - o r d e r  r a t e  constant i s  the  

J 

an+l,n i s  equal t o  the  product 

and t h a t  t he  empty product (k  2 i)  i s  equal 

i , J  
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In i,i' same as t h a t  described i n  Sect. 2 . 1 ,  and di = -a t he  present  

appl icat ion,  Eq.  (8) i s  r e c a s t  i n  t h e  form 

. 

1 

n# j 

by mul t ip l ica t ion  and d iv is ion  by ll dn. The f i r s t  product i n  E q .  ( 9 )  
n=k 

has s ignif icance because it i s  t h e  f r a c t i o n  of atoms of isotope k t h a t  

follow a p a r t i c u l a r  sequence of  decays and captures.  

becomes l e s s  than contr ibut ions from nuclide k and i t s  precursors 

t o  t h e  concentration of nuclide i are neglected. The inner summation i n  

Eq .  ( 9 )  i s  performed i n  double prec is ion  ar i thmetic  t o  preserve accuracy. 

This procedure i s  unnecessary f o r  evaluating the  outer  summation because 

a l l  t h e  terms i n  t h i s  sum a re  known t o  be pos i t i ve .  The d i f f i c u l t i e s  

described by Vondy i n  applying the  Bateman equations f o r  small  values of  

d . t  do not occw i n  the  present appl icat ion s ince ,  when t h i s  condition 

occurs,  t h e  matrix exponential so lu t ion  i s  employed, The matrix exponen- 

t i a l  method and the  Bateman equations complement each other ;  t h a t  i s ,  t he  

former method i s  qui te  accurate when t h e  magnitude of t h e  c h a r a c t e r i s t i c  

values of t h e  equations t o  be solved i s  small ,  whereas t h e  Bateman 

so lu t ion  encounters numerical problems i n  t h i s  range. For t he  case 

where two isotopes have equal removal constants (di = d . ) ,  the  second 

summation i n  Eq. ( 9 )  becomes: 

I f  t h i s  product 

1 

J 

i-1 
dn - d . t  i-1 1 d j t  e J r I  

n=k dn - d j  
n# j j =k 

An analogous expression i s  derived f o r  the  case when dn = d j .  

of t he  Bateman equations a re  applied when two isotopes i n  a chain have 

the  same diagonal element o r  when a cyc l i c  chain i s  encountered, i n  which 

case a nuclide i s  considered t o  be i t s  own precursor.  

These forms 

8' 

n 
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In  the  s i t u a t i o n  where a shor t - l ived  nuclide has a long-lived 

precursor ,  a second a l t e rna t ive  so lu t ion  i s  employed. In t h i s  instance,  

the  shor t - l ived  daughter i s  assumed t o  be i n  secular  equilibrium with 

i t s  parent a t  t he  end of any time i n t e r v a l .  The concentration of t he  

parent  i s  obtained from subroutine TERM, and the  concentration of t he  

daughter i s  ca lcu la ted  i n  a subroutine named EQUIL ( see  Sect.  4 .1 )  by 

s e t t i n g  Eq.  ( 3 )  equal t o  zero: 

Equation (ll), which i s  a set of l i n e a r  a lgebraic  equations f o r  t h e  

concentrations of t he  short- l ived isotopes,  i s  r ead i ly  solved by the  
6 

Gauss-Seidel i t e r a t i v e  technique. The coe f f i c i en t s  i n  Eq. (11) have 

the  property t h a t  a l l  t he  diagonal elements of t h e  matrix are  negative 

and all off-diagonal elements a re  pos i t i ve .  The algorithm involves 

inver t ing  Eq. (11) and using assumed or previously ca lcu la ted  values 

for t he  unknown concentrations t o  estimate an improved value,  t h a t  i s ,  

1 - _ - -  k+ 1 
i X 

“ii 

N 

i j  a k 
j *  

X 

The i t e r a t i v e  procedure has been found t o  converge very r ap id ly  s ince ,  

f o r  these  short- l ived isotopes,  cyc l i c  chains are  not usua l ly  encountered 

and the  procedure reduces t o  a d i r e c t  solut ion.  
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2.3 Application of t h e  Matrix Exponential Method 
for Nonhomogeneous Systems 

Certain problems t h a t  involve the  accumulation of radioact ive 

mater ia ls  a t  a constant r a t e  and are  of  engineering i n t e r e s t  require  

t h e  so lu t ion  of  a nonhomogeneous system of  f i r s t -o rde r  l i n e a r ,  ordinary 

d i f f e r e n t i a l  equations. In matrix nota t ion ,  one wri tes  

X = A X + g .  ry M ' V  

This s e t  of equations has the  p a r t i c u l a r  so lu t ion  

provided that A-i exists. 

f o r  t h e  matrix exponential  function, one obtains 

Substituting the infinite series representation 
M 

m=O 

The p a r t i c u l a r  so lu t ion  may a l so  be expressed as  the  sum of an i n f i n i t e  

s e r i e s  : 

m 

x i ( t )  = 7 d DY , 
n = l  

whose terms are  generated by use of  a recursion r e l a t ion  

1 D.  = b . t  , 
1 1 

N 
n+l  - t - -  x a  D ~ .  Di n + l  i j  j 

j =1 



c 
P 

Once again, t he  algorithm i s  applied only t o  long-lived nucl ides ,  and t h e  

concentrations of  the  short-1-ived nuclides a re  obtained by an a l t e rna t ive  

technique. In  t h i s  s i tua t , ion ,  Eq. (11) i s  modified t o  t h e  form 

N 
4 = 0 =  1 a x + b i  i i j  j 

j=1 ’ 

and i s  solved by t h e  Gauss-Seidel method. After the homogeneous and 

p a r t i c u l a r  solut ions have been obtained, they are added t o  obtain t h e  

complete so lu t ion  of the  system of equations. 

2 .4  Computation. of Neutron Flux and Spec i f ic  Power 

In order t o  compute changes i n  f u e l  composition during i r r ad ia t ion  

a t  constant power, it i s  n.ecessary t o  take i n t o  account changes i n  the  

neutron f lux  with time as  the  f u e l  i s  depleted. A t  t he  s t a r t  of t he  

computation, the  known parameters a re  the  i n i t i a l  f u e l  composition and 

the  constant spec i f i c  power t h a t  t he  f u e l  must produce during a time 

i n t e r v a l .  The instantaneous neutron f l u x  may be r e l a t ed  t o  the  f u e l  

composition a t  a f ixed time by the  equation 

where P i s  the  spec i f i c  power, i n  MW per u n i t  of f u e l ;  C i s  the  macroscopic 

f i s s i o n  cross sec t ion ,  i n  em per  u n i t  o f  fue l ;  and r#I i s  t he  instantaneous 

neutron flux, i n  neutrons per cm -see. 

by assuming a value of 200  MeV per  f i s s ion .  An approximate expression f o r  

t h e  value of the  neutron flu: as a funct ion of time i s  obtained by expansion 

i n  a Taylor s e r i e s  about t.he s t a r t  of the i n t e r v a l :  

2 

2 The constant i n  Eq. (19) i s  derived 

o r  
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The average neutron f lux  during the  i n t e r v a l  i s  obtained by in tegra t ing  

over t h e  i n t e r v a l  and dividing by - t :  

Here, the  notat ion C ( 0 )  i s  used fo r  the  macroscopic f i s s i o n  cross  sec t ion  

a t  t he  

second 

values .. - x ( 0 )  = 

.. 
s t a r t  of  t he  time i n t e r v a l ,  and c(0) and C ( 0 )  are  t h e  f i r s t  and 

time der iva t ives  evaluated a t  t he  s t a r t  of t he  i n t e r v a l .  The 

of C ( 0 )  and C ( 0 )  can be evaluated s ince z(0) = A X ( 0 )  and 
.. 

N" 
2 g(0) = A, s(0). Equation (10) i s  used i n  t h e  computer program 

N 

i n  subroutine FLUX0 t o  estimate the  average f l u x  during an i n t e r v a l ,  

based on conditions a t  t h e  s t a r t  of  t he  i n t e r v a l .  The term involving 

the second derivative i s  only employed f o r  the  f i r s t  t i m e  i n t e r v a l  where, 

f o r  some isotopes,  X(0) i s  zero but  X ( 0 )  i s  nonzero. 

produced during a time i n t e r v a l  f o r  a f u e l  i n  a f ixed neutron f lux  i s  

estimated from the  i n i t i a l  composition using a s imi l a r ly  derived equation: 

.. 
The average power 

In  order f o r  t h e  above procedures t o  estimate the  average neutron f l u x  

or average s p e c i f i c  power co r rec t ly ,  t he  changes i n  neutron f l u x  during 

t h e  i n t e r v a l  must be r e l a t i v e l y  small. If t h e  average value of e i t h e r  

of these quan t i t i e s  d i f f e r s  from the i n i t i a l  value by more than 2H0, a 

message w i l l  be p r in t ed  out advising the  user  t o  employ smaller time 

increments. 

2 . 5  Construction of t h e  Transi t ion Matrix 

An extensive l i b r a r y  of  nuclear proper t ies  of rad ioac t ive  isotopes 

has been compiled f o r  use with the  ORIGEN code. 

The data  are  i n  t h e  form of ha l f - l i ves ,  f r ac t ions  of t r a n s i t i o n s  t h a t  

produce a given nuclear p a r t i c l e ,  cross  sec t ions ,  and f rac t ions  of 

absorptions t h a t  y i e ld  ce r t a in  p a r t i c l e s .  

(See Sect. 3 f o r  d e t a i l s .  ) 

These data  are  read from 



t he  ib ra ry  tape and processed i n t o  a form f o r  use by the  mathematics 

rout ines  i n  subroutine NUI1AT.A (see Sect. 4.1 fo r  descr ipt ion of NUDATA). 

It i s  possible  t o  corapu.te t h e  concentrations of as many as 800 
nuclides using t h e  present code. However, straightforward construction 

of a generalized t r a n s i t i o n  matrix would require  the  s torage of an 

800 x 800 array,  which would t ax  the  s torage capaci ty  of the l a r g e s t  

computers avai lable  today.. On the  o ther  hand, t he  t r a n s i t i o n  matrix i s  

normally very sparse ,  and s torage requirements can be reduced subs t an t i a l ly  

by s to r ing  only the  nonzero elements of t h e  matrix and two r e l a t i v e l y  

small vectors  t h a t  a re  used .to loca te  the  elements. Subroutine NUDATA 

i s  a l so  used t o  generate the  compacted t r a n s i t i o n  matrix and the  two 

s torage vectors .  

Subroutine NUDATA processes the  l i b r a r y  tape by reading a s ix -d ig i t  

ident i fying number, NUCL(j:), f o r  each nucl ide,  followed by the  h a l f - l i f e  

and the  f r a c t i o n  of each decay t h a t  occurs by severa l  competing processes. 

A second card,  which contain:; neutron absorption cross sect ions f o r  ( n , y ) ,  

( n , a ) ,  n , p ) ,  (n ,2n) ,  (n,3ri), and (n , f i s s ion )  react ions f o r  one of four 

reac tor  spec t ra ,  i s  then read. The s ix -d ig i t  ident i fying number i s  equal 

t o  Z * 10,000 + W * 10 + 1 3 ,  where Z i s  the  atomic number, W i s  t h e  atomic 

weight ( i n  i n t e g r a l  atomic: mass u n i t s ) ,  and I S  i s  e i t h e r  0 or 1 t o  ind i -  

ca t e  a ground s t a t e  o r  a metastable s t a t e ,  respect ively.  This information 

i s  processed i n t o  a compacted t r a n s i t i o n  m a t r i x ,  as described below. 

F i r s t ,  t he  h a l f - l i f e  i s  used t o  ca l cu la t e  the  rad ioac t ive  d is in tegra-  

t i o n  constant ,  A. Firs t -order  r a t e  constants  fo r  various competing decay 

processes are  calculated by multiplying h by the  f r ac t ion  of t r a n s i t i o n s  

t o  t h a t  f i n a l  s t a t e .  The product nuclide r e su l t i ng  from each nuclear 

t r a n s i t i o n  i s  next i den t i f i ed  by addi t ion of a su i t ab le  constant t o  the  

s i x - d i g i t  i d e n t i f i c a t i o n  number fo r  t he  parent  nuclide.  

for  a f3- decay, 10,000 i s  added t o  t h e  parent i d e n t i f i e r ;  f o r  neutron 

capture,  10 i s  added; or f o r  isomeric t r a n s i t i o n ,  t he  quant i ty  -1 i s  

added. ) Two arrays a re  constructed: t he  f i r s t ,  NPROD( J,M), contains 

a l l  the  products which cart. be d i r e c t l y  formed from any nuclide J by t h e  

t r a n s i t i o n s  considered i n  the  l i b r a r y ;  and the  second, COEFF(J,M), con- 

t a i n s  the  f i r s t -o rde r  r a t e  constants f o r  t he  corresponding t r ans i t i ons .  

(For example, 
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When these arrays have been constructed,  a search of t h e  NPROD a r ray  i s  

conducted t o  i d e n t i f y  a l l  t h e  parents of a given nuclide I. [Nuclide J 

i s  a parent of I i f  NPROD(J,M) equals NUCL(1) f o r  any reac t ion  of  type M.] 

When a parent of nuclide I has been located,  the  value of t he  correspond- 

ing coef f ic ien t  a 

However, d i r e c t  storage of a 

s ive  amount of storage.  Hence, t h i s  procedure i s  avoided by incrementing 

an index, N, each time a coe f f i c i en t  i s  iden t i f i ed .  

are s tored sequent ia l ly  i n  a one-dimensional a r ray ,  A(N); the  value of 

J i s  s tored  i n  another one-dimensional a r ray ,  LOC(N); and the  t o t a l  number 

of coef f ic ien ts  f o r  production of nuclide I a re  s tored  i n  a t h i r d  array,  

N@NO(I). When a l l  of t h e  coe f f i c i en t s  f o r  every nuclide have been s tored ,  

t he  N@NO(I) a r ray  i s  converted t o  ind ica te  t h e  cumulative number of matrix 

coe f f i c i en t s  f o r  a l l  t he  isotopes up t o  and including I [ i . e . ,  N@NO(I + 1) 

= N@NO(I) + N@NO(I + 1) f o r  a l l  I g rea t e r  than 11. 

has been executed, the  N@NO ar ray  i s  a monotonically increasing l i s t  of 

in tegers  whose f i n a l  value i s  t h e  number of nonzero, off-diagonal matrix 

elements i n  t h e  t r a n s i t i o n  matrix. This f i n a l  value i s  preserved separ- 

a t e l y  as t he  va r i ab le  NON. For computational convenience, t he  values of 

t he  diagonal matrix elements a re  s tored  i n  a separate  vec tor ,  D(1). 

perform t h e  mul t ip l ica t ion  of t h e  t r a n s i t i o n  matrix by a vector (e .g . ,  
N 

2 = C a .  .x.), as i s  required t o  execute t h e  algorithm described i n  
j =1 

Sect.  2 . 1 ,  t he  operations described i n  the  flow char t  given i n  Fig.  2 . 1  

a re  employed. 

i n  the  t r a n s i t i o n  matrix i s  equal t o  COEFF(J,M). i j  
i n  a square a r ray  would require  an exces- i j  

The coe f f i c i en t s  

After t h i s  procedure 

To 

i 1 J  J 

Two types of data  i n  t h e  nuclear l i b r a r y  require  a departure from 

t h e  procedure j u s t  described. 

it i s  necessary t o  specify the  neutron f lux  before f i r s t - o r d e r  r a t e  

coe f f i c i en t s  can be ca lcu la ted  as  products of f l u x  and cross  sect ions.  

A t  t he  time t h e  matrix i s  generated,  t he  neutron f l u x  i s  unknown. 

t o  perform a f u e l  deplet ion ca lcu la t ion ,  t he  f lux  must be permitted t o  

vary with time. 

f o r  isotope I are  s tored ,  a l l  those f o r  formation by radioact ive decay 

are  grouped f i r s t  and are  followed by those f o r  formation of I by neutron 

In t he  case of  neutron-induced reac t ions ,  

Also, 

Thus, when the  nonzero, off-diagonal matrix elements 
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Fig. 2 .1 .  Flowchart 1llustra;ing Computational Algorithm Executed 
t o  Perform the  Matrix Calciilation X, = X,. 
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capture.  

analogous t o  N@NO(I). 
of isotope I,  and the  difference N@NO(I) - KD(1) represents  the number of  

coef f ic ien ts  f o r  formation of  I by neutron capture.  

L@C, NfiNO, and KE a re  a l l  generated i n  subroutine " D A T A  and are  s tored  

i n  labeled common /MATRIX/. 

subroutines FLUXO, DECAY, TERM, and EQUIL ( see  Sect. 4 . 1  f o r  descr ipt ion 

of subroutines ) . 

Another vec tor ,  KD(I), i s  a l s o  generated and used i n  a manner 

It i n i t i a l l y  i s  t h e  number of radioact ive parents  

The var iab les  A, 

They are  used t o  perform calculat ions i n  

The second exception t o  the  standard procedure f o r  constructing the  

t r a n s i t i o n  matrix involves the  coe f f i c i en t s  corresponding t o  the  f i s s i o n  

product y ie lds .  The nuclear da ta  l i b r a r y  contains d i r e c t  f i s s i o n  y ie lds  

f o r  the  formation of f i s s i o n  product isotopes from severa l  f i s s ionab le  

nuclides.  

f o r  t he  f i s s i l e  nuclide and the  neutron f lux ,  the  r e s u l t  i s  a f i r s t - o r d e r  

r a t e  constant f o r  production of f i s s i o n  product isotope I by f i s s i o n  of 

nucl ide J. Hence, f o r  these da ta ,  t h e  construct ion of t h e  arrays NPROD 

and COEFF and t h e  subsequent search procedure are  not required.  

coe f f i c i en t s  a r e  entered d i r e c t l y  i n t o  the  A vec tor ,  and the  correspond- 

ing value of J t h a t  i d e n t i f i e s  t h e  f i s s ion ing  nucleus i s  recorded i n  the  

L ~ C  array.  

When these  y ie lds  a re  mult ipl ied by t h e  f i s s i o n  cross  sec t ion  

The 
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3. DESCRIPTION OF NUCLEAR DATA LIBRARY 

An extensive l i b r a r y  of nuclear da ta  has been compiled and recorded 

The tape cons is t s  of s i x  on magnetic tape f o r  use with the  ORIGEN code. 

da ta  f i l e s ;  th ree  of  t,he:;e contain information on the  decay schemes and 

neutron absorption cross sec t ions  f o r  t he  813 isotopes now included i n  

the l i b r a r y ,  and t h e  other  t h ree  contain multigroup photon production 

r a t e s  t h a t  r e s u l t  from radioac t ive  decay of these  nucl ides .  The f i r s t  

da ta  f i l e  catalogs the  proper t ies  associated with the  cladding and 

s t r u c t u r a l  mater ia l s ;  the second i s  comprised of nuclear  data  f o r  t he  

heavy metals i n  t h e  fue l ;  and the  t h i r d  f i l e  descr ibes  the  nuclear 

proper t ies  of the  f i s s i o n  products. Data f i l e s  4, 5, and 6 contain 

photon y i e lds  pe r  d i s in tegra t ion  f o r  t he  cladding, f u e l ,  and f i s s i o n  

product nucl ides ,  respec t ive ly .  The following sec t ions  describe i n  
d e t a i l  t he  type of  data  recorded on the  tape and the  format used, and 

document the sources of' t h e  data .  

3 .1  Nuclear Properties of Cladding and Structural. Materials 

The nuclear proper t ies  for  the  ind iv idua l  isotopes i n  each of the  

f i r s t  t h ree  da ta  f i l e s  are  recorded on f ive  card-image records.  

f i r s t  card image contains information t h a t  i s  independent of t h e  r eac to r  

spectrum (e .g . ,  h a l f - l i f e ,  d i s in t eg ra t ion  energy, e t c . ) .  The subsequent 

four card images contain neutron capture da ta  f o r  four reference r eac to r  

spectra .  

The 

The f i r s t  card image i s  read i n  t h e  form: 

60 READ(7,9034,ENI1=260) NUCL(I ) ,  DLAM, I U ,  FB1, FP, FP1, 

FT, FA, FSF, Q ( I ) ,  FG(I), ABU~\JD(I), W C ( I ) ,  AMPC(I) 

9034 F@RMAT( 17, F9.3, 11, 5F5.3, 1PE9.2, OPZF5.3, F7.3, ZE6.0) 
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I n  t h i s  i n s t ruc t ion ,  NUCL(1) i s  a s ix -d ig i t  i d e n t i f i c a t i o n  number f o r  

isotope I. The var iab le  NuCL(1) i s  equal t o :  

z * 10,000 + w * 10 + I S ,  

where Z i s  t h e  atomic number, W i s  the  atomic weight, and I S  i s  equal t o  

0 or 1 f o r  a ground s t a t e  or metastable s t a t e ,  respect ively.  The var iab le  

DLAM i s  t h e  physical  h a l f - l i f e  of  the  radioact ive nuclide i n  u n i t s  desig- 

nated by t h e  key, I U ,  according t o  Table 3.1. The de f in i t i ons  of t h e  

next s i x  var iab les  a re  given i n  Table 3.2. The f r ac t ion  of d i s in tegra-  

t i ons  which are  negatron emissions i s  obtained by d i f fe rence :  

FB = 1.0  - FP - FA - FT - FSF. 

The t ab le s  of Lederer e t  a l l  cons t i t u t e  t he  p r inc ipa l  source of information 

on ha l f - l i ves  and decay schemes of t h e  isotopes.  
-- 

The va r i ab le  Q(1) i s  t h e  t o t a l  amount of energy re leased  by radio- 

ac t ive  decay as recoverable hea t ,  i n  MeV per d is in tegra t ion .  It does not 

include the  energy of the  neutrinos released i n  be t a  decay t r a n s i t i o n s .  

The var iab le  FG(1) i s  the  f r ac t ion  of t he  t o t a l  energy t h a t  i s  associated 

with gamma rad ia t ion .  Only photons of energy g rea t e r  than 200 keV are  

considered t o  contr ibute  t o  t h e  f r ac t ion  of gamma energy; lower-energy 

photons a re  included i n  t h e  t o t a l  energy, however. The energy per  d i s -  

i n t eg ra t ion  associated with alpha decay and photon emission i s  obtained 

d i r e c t l y  from the  decay schemes given i n  r e f .  1. 

released i n  a be t a  decay event i s  calculated from the  abundance and 

maximum beta  energies given i n  r e f .  1 by using the  r e s u l t s  of t h e  SPECTRA 

code of  Arnold.' This code computes t h e  average beta  energy based on the  

maximum negatron o r  pos i t ron  energy and the  degree of forbiddenness of 

the  t r a n s i t i o n ,  using the  Fermi theory of be t a  decay. Also included i n  

the  f r ac t ion  of gamma-ray energy i s  t h e  contr ibut ion from bremsstrahlung 

rad ia t ion .  This quant i ty  i s  calculated,  again using t h e  SPECTRA code, 

f o r  be ta  decay taking place i n  a uranium dioxide matrix. 

The amount of energy 

The var iab le  A B U N D ( I ) ,  t he  percent abundance of na tu ra l ly  occurring 

isotopes,  i s  obtained from r e f .  1. The var iables  WMPC(1) and A M P C ( 1 )  a r e  

t h e  r ad ioac t iv i ty  concentration guides (RCGS) fo r  continuous ingest ion i n  

un res t r i c t ed  areas as given i n  Table 11, columns I and 11, of Part  20 of 
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Table 3.1. Key t o  Use of Variable I U  t o  Indicate  
Units of Half-Life i n  Nuclear Data Library 

- 
IU Units 

see 

min 

h r  

days 

years 

s t a b l e  

103 years 
6 10 years 

109 years 

Table 3.2.  Defini t ions of Variable Names Used i n  Nuclear Data Library 

Name of 
Variable 

FB1 Fract ion of be t a  decay t r a n s i t i o n s  t h a t  r e s u l t  i n  a 
product nuclide i n  an exc i ted  nuclear s t a t e  

FP Fract ion of t r a n s i t i o n s  t h a t  t ake  place by pos i t ron  
emission 

FP1 Fract ion of pos i t ron  emissions t h a t  r e s u l t  i n  a 
product nuclide i n  an exc i ted  nuclear s t a t e  

FA 

FT 

Fract ion of t r a n s i t i o n s  t h a t  take place by alpha 
p a r t  i e l  e eini s s ion  

Fract ion of d i s in tegra t ions  from an exci ted nuclear 
s t a t e  t o  the  ground s t a t e  

F SF Fract ion of dis in tegra t ions  t h a t  take place by 
spontaneous f i s s i o n  
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T i t l e  10 of t h e  Code of Federal  Regulations3 (10 CFR 20).  The values 

included i n  the  l i b r a r y  are  the  lower of t h e  values given f o r  soluble 

and insoluble  compounds of t he  nuclides.  Several  heavy metal isotopes 

not l i s t e d  i n  the  tab les  a re  o f  s u f f i c i e n t  importance i n  radioact ive 

waste disposal  t h a t  values fo r  t h e i r  RCGs have been estimated 

the  methods given i n  ICRP Publ icat ion 2 ( r e f .  5 )  f o r  occupational workers 

and dividing the  r e s u l t s  by 10. 

l i s t e d  i n  t h e  t ab le s  a re  s e t  equal t o  un i ty ,  which i s  equivalent t o  

excluding these isotopes from t h e  ca lcu la t ions .  

4 by using 

The RCGs fo r  a l l  other isotopes not 

A second card image, which contains da ta  f o r  neutron-induced reac t ions  

fo r  one of four  reac tor  spec t ra ,  i s  now read. 

ment i s  : 

The form of t h e  READ s t a t e -  

READ(7, 9035) SIGTH, FNG1, FNA, FNP, RITH, FINA, FINP, SIGMEV, FN2N1, 

FFNA, FFNP, I T .  

The nota t ion  used i n  t h i s  i n s t ruc t ion  i s  described i n  Table 3.3 for the  

case of a thermal reac tor .  

cross  sec t ions  a re  taken from the  compilation of Stehn e t  a l . ,  t he  i n f i -  

n i t e  d i lu t ion  resonance i n t e g r a l s  from Stehn e t  a l .  

fission-spectrum-averaged cross sec t ions  for ( n , a )  and (n,p)  react ions 

from Alter  and Weber. Fission-spectrum-averaged cross sect ions f o r  

(n,2n) reac t ions  a re  obtained from Pearlstein,’  or by in t eg ra t ing  the  

energy-dependent cross  sec t ions  given i n  r e f .  6 over a Cranberg f i s s i o n  

spectrum. For thermal r eac to r s ,  e f f ec t ive  thermal neutron cross sect ions 

a re  obtained by weighting these  th ree  energy-group cross sect ions with 

spec t r a l  indices .  For example, t h e  t o t a l  neutron absorption cross sect ion 

i s  ca lcu la ted  a s :  

In  the  thermal r eac to r  l i b r a r i e s  t h e  22OO-m/sec 

6 
6 

and Drake,7 and the  

8 

T ~ C A P  = SIGTH * THERM + RITH * RES + SIGMEV * FAST. 

Here, THERM, RES, and FAST are  defined as follows : 

1 THERM = r a t i o  of t he  neutron reac t ion  r a t e  f o r  a - absorber with v 
a population of neutrons t h a t  has a Maxwell-Boltzmann 



Table 3.3. Names of Variables Used i n  Reading Spectrum-Dependent 
Data for Cladding and S t ruc tu ra l  Materials i n  Thermal Reactors 

- 
Name of 
Var i able Description 

~- 
SIGTH 

FNGl 

FNA 

FNF 

R I T H  

FINA 

FINP 

S IGMEV 

FN2N1 

FFNA 

FFNP 

I T  

Total  2200-m/sec neutron absorption cross  
s e c t i o  n , b ar ns 

Fract ion of thermal neutron captures  t h a t  
produce a product nuclide i n  an exc i ted  
nuclear s t a t e  

Fract ion of thermal neutron absorptions t h a t  
a r e  (n,a) reac t ions  

Fract ion of thermal neutron absorptions t h a t  
a r e  (n ,p )  reac t ions  

Resonznce i n t e g r a l  (above 0.5 eV) for a l l  
ep i thermal  neutron ab s orp t ion,  

@J 

1 E a T ( E )  dE, barns 

0.5 

Fract ion of resonance absorptions t h a t  a r e  (n , a )  
reac t ions  

Fract ion of resonance absorptions t h a t  a re  (n ,p)  
r eac t  ions 

Fission-spectrum-averaged cross sec t ion  for a l l  
reac t ions  with a threshold above 1 MeV, barns 

Fract ion of (n,2n) reac t ions  t h a t  r e s u l t  i n  an 
exc i ted  5.someric s t a t e  of t h e  product nucl ide 

Fract ion of high-energy reac t ions  t h a t  a re  of 
( n , d  t Y P  

Fract ion of high-energy reac t ions  t h a t  a r e  of 
h , P )  

An index ind ica t ing  t h e  reac tor  spectrum over 
which cross  sec t ions  have been averaged 
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d i s t r i b u t i o n  of  energies a t  absolute  temperature, T, t o  

t he  reac t ion  r a t e  with 

4 r  

RES = r a t i o  of t he  resonance 

thermal neutron f lux .  

2200-m/sec neutrons 

, To = 293.1S"K) . 

f lux  per  u n i t  l e thargy  t o  the  

FAST = 1.45 times t h e  r a t i o  of f l u x  above 1 MeV t o  the  thermal 

neutron f lux .  

These def in i t ions  a r i s e  from three  assumptions: 

energies ,  t h e  absorption cross  sec t ion  f o r  an isotope var ies  with the  

rec iproca l  o f  t h e  neutron speed; ( 2 )  f o r  t h e  resonance region, t h e  

neutron f l u x  va r i e s  as t h e  rec iproca l  of  t h e  neutron energy; and ( 3 )  i n  

the region above 1 MeV, t h e  neutron spectrum has t he  same energy depend- 

ence as the  f i s s i o n  spectrum. 

group includes only react ions with thresholds  above 1 MeV. 

with components a t  lower energies a re  included i n  t h e  thermal and 

resonance group. When the  average cross sec t ion  i s  defined i n  t h e  

manner described above, the  appropriate flux t o  be used fo r  ca lcu la t ing  

neutron reac t ion  r a t e s  i s  t h e  t o t a l  thermal f lux .  The t o t a l  thermal f lux  

i s  t h e  value ca lcu la ted  and p r in t ed  out by the  program when i n i t i a l  com- 

pos i t i ons ,  spec i f i c  power, and spec t r a l  indices  a re  spec i f ied  and t h e  

flux i s  computed by the  code. 

reac tor  spec t ra  and has a value of zero,  or 1 through 4. 
1 through 4 ind ica te  t h a t  t h e  da ta  a re  f o r  a p a r t i c u l a r  spectrum, as  

designated i n  Table 3.4. 
i s  not included i n  t h e  l i b r a r y  f o r  a given reac tor  type.  

(1) f o r  thermal neutron 

It i s  pointed out t h a t  t h e  high-energy 

Reactions 

The var iab le  I T  dis t inguishes  between 

The numbers 

A value of zero for I T  ind ica tes  t h a t  t h e  nucl ide 

For the  LMFBR l i b r a r y ,  I T  i s  equal t o  3 and the  var iab les  i n  Table 

3.3 have a somewhat d i f f e ren t  meaning. In  t h i s  instance,  SIGTH i s  the  

spectrum-averaged (n ,y)  cross sec t ion ;  t he  var iable  RITH i s  not used; 

and the  var iab le  SIGMEV i s  the  sum of t he  (n ,2n) ,  ( n , a ) ,  and (n ,p)  cross 

sec t ions ,  averaged over a f a s t  reac tor  spectrum. The spec t r a l  indices  

have no meaning i n  t h i s  case and are  equal t o  1 . 0  ( t h e  reference f lux  

i s  then the  t o t a l  neutron f l u x ) .  The spectrum-averaged neutron capture 

n 



Table 3.4. Value of the Variable I T  Corresponding 
t o  Each Reactor Type 

I T  Reactor Type 

1 
2 

3 
4 

HTGR 

LWR 
LMFBR 

MSBR 

cross sections t h a t  are given i n  the  l i b r a r y  for  isotopes with atomic 

numbers l e s s  than 22 were computed by integrat ing numerically the  data 
10 of r e f .  6 over t h e  f a s t  reaortcr spectrum of  Kusters and Metzenroth. 

Spectrum-averaged neutron capture cross sections f o r  isotopes with atomic 

numbers grea te r  than 2 1  were estimated by Arnold," who used correlat ions 

developed by Macklin and Gibbons l2 '13 t o  extrapolate cross-section data 

over t he  energy range o f  i n t e r e s t  and then integrated the  data over an 

approximation t o  t he  spectrum of Kusters and Metzenroth, which was con- 

s t ruc ted  from the  sum of eight Maxwellian f'unctions of d i f fe ren t  average 

energies.  The spectrum-averaged cross sections f o r  (n ,2n) ,  ( n , a ) ,  and 

(n ,p)  react ions were obtained e i t h e r  by integrat ing numerically the 

energy-dependent cross sections ( i f  given i n  r e f .  6 )  or by assuming t h a t  

the  high-energy portion of the neutron spectrum had the  same energy 

dependence as the f i s s i o n  spectrum and weighting the fission-spectrum- 

averaged cross sections of Pearlstein' and Alter and Weber. 8 

Two steps are  used i n  rea.ding the  nuclear data;  f i r s t ,  a card image 

containing the permanent information i s  read and, then, a second-card 

image t h a t  contains spectrum-dependent information i s  read, depending 

on the  value o f  an input var iab le ,  NLIBE. 

I T  on the  second-card image i s  equal t o  NLIBE, t h e  data on both cards 

are  processed i n  the  manner described i n  Sect. 2 .5 .  If I T  i s  equal t o  

If the value of the  var iable  
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zero,  the  nuclide i s  ignored and da ta  a re  read f o r  t he  next nuclide on 

the  tape.  

i s  encountered, a t  which time cont ro l  i s  t r ans fe r r ed  t o  another p a r t  of 

t h e  program. 

This procedure i s  repeated u n t i l  an end-of-f i le  (EOF) mark 

3.2 Nuclear Propert ies  of t h e  Isotopes of the  
Actinide Elements and Their Daughters 

The nuclear proper t ies  of t h e  isotopes of t h e  ac t in ide  elements a re  

read i n  a manner s i m i l a r  t o  t h a t  described above f o r  t h e  l i g h t  elements. 

F i r s t ,  permanent data  are  read from a card image i n  t h e  previously 

described format (Sect.  3 .1 ) ,  using the  same var iab le  names. However, 

f o r  t he  heavy metals,  t he  f i e l d  containing t h e  i so topic  abundances i s  

ignored. Neutron absorption cross  sect ions a re  read from one of four 
card images, depending on t h e  r eac to r  type. The in s t ruc t ion  used t o  

read these da ta  i s :  

READ(7,9037)SIGNG, RING, FNG1, SIGF, RIF, SIGFF, S I G N Z N ,  FN2N1, S I G N 3 N ,  I T  

9037 FORMAT(7X, 2F9.2, F5.3, 4F9.2, F4.3, F9.2, T80, 11) 

The names of t h e  var iab les  used i n  t h i s  i n s t ruc t ion  a re  defined i n  

Table 3.5 for  t h e  case of  a thermal reac tor .  The var iab le  I T  has a 

value of zero o r  of 1 through 4,  depending on t h e  type of r eac to r ,  and 

i s  used as described above. 

For the  thermal reac tor  l i b r a r i e s ,  f i s s i o n  and capture cross sect ions 
6 f o r  2200-m/sec neutrons were obtained f rom the  compilation of Stehn e t  a l . ,  

and i n f i n i t e  d i lu t ion  resonance i n t e g r a l s  were taken from t h e  l a t t e r  and 

from Drake.7 The 2200-m/sec cross sec t ions  fo r  the  isotopes 

through 242 Pu, 237Np, 241Am, and 243Am were corrected f o r  non-l/v behavior 

using t h e  tabula t ion  of Wescott ,14 and the  i n f i n i t e  d i l u t i o n  resonance 

in t eg ra l s  for  t h e  isotopes 235U, 238U, 239Fu, and 240Fu were corrected 

f o r  se l f - sh ie ld ing  using t h e  data  of Hansen and Roach. l5 

l i b r a r y ,  these parameters f o r  t he  isotopes 232Th through 236U have a l so  

been modified t o  obtain agreement with r eac to r  mass balances f o r  an 

1 1 6 0 - ~ ~ ( e )  HTGR. 

g r a l s  have been adjusted t o  obtain agreement with f u e l  mass balances; 

235u, 239, 

In  the  HTGR 

For the  PWR, t h e  cross sect ions and resonance in t e -  
17 

16 



Table 3.5. Names of Varia-bles Used t o  Read Spectrum-Dependent Data 
f o r  Isotopes of .4ctinide Elements i n  Thermal Reactor Librar ies  

-- - 
Name of 
Variable Defini t ion --- 

S i GNG Thermal neutron (n,y ) cross  sect ion,  barns 

RING Resonance i n t e g r a l  fo r  (n,y ) reac t ions ,  barns 

FNGl Fraction of ( n , r )  absorptions t h a t  r e s u l t  i n  an 
exci ted iiuclear s t a t e  of t he  product nuclide 

SIGF Thermal neutron (n , f i s s ion )  cross sec t ion ,  barns 

RIF Resonance i n t e g r a l  f o r  (n , f i s s ion )  reac t ions ,  
barns 

S I GFF Fis  s icm-spectrum-averaged (n,  f i s s i o n  ) cros s s ec - 
t i o n  f o r  isotope having a high-energy threshold 
f o r  fissiion reac t ion ,  barns 

SIGNZN Fission-spectrum-averaged (n, Zn) cross sec t ion ,  
barns 

FNZN1 Fraction of (n,Zn) react ions t h a t  r e s u l t  i n  t he  
format,ion of a product nuclide i n  an exci ted 
nuc1ee.r state 

SIGN3N Fission-spectrum-averaged (n,3n) cross sec t ion ,  
barns 
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and t h e  da ta  i n  the  MSBR l i b r a r y  have been adjusted t o  agree with reac t ion  
r a t e s  ca lcu la ted  by Baumann f o r  t h e  reference 1000-MW(e) MSBR. l8 Fission-  

spectrum-averaged cross sec t ions  fo r  nuclides having a high-energy thresh-  

old ( E  > 1 MeV) f o r  t h e  f i s s i o n  reac t ion  were obtained by in tegra t ing  

numerically the  d i f f e r e n t i a l  cross sections given i n  r e f .  6. 
sect ions f o r  (n,2n) and (n,3n) react ions were obtained from Pear l s te in .  

Reactor-spectrum-averaged cross sect ions were obtained by assuming t h a t  

the  reac tor  spectrum f o r  neutron energies grea te r  than 1 MeV had the  same 

energy dependence as t h e  f i s s ion  spectrum, and by multiplying t h e  f i s s ion -  

spectrum-averaged cross  sec t ions  by the  r a t i o  of the  f r a c t i o n  of t he  

neutron f l u x  above 1 MeV f o r  t h e  two spectra .  

i n  t h e  parameter FAST t h a t  was defined i n  Sect. 3.1.) 

Cross 

(This r a t i o  i s  contained 

The var iab les  RING, RIF, and SIGFF are  not employed f o r  t he  LMFBR 

library. Reactor-spectrum-averaged capture,  fission, and (n,Zn) cross 

sect ions were generated by averaging the  18-energy-group AI/ENDF cross 

sections19 over t h e  spectrum of r e f .  10. 

reac t ions  were estimated by r a t i o i n g  the  values given i n  r e f .  9. The 

procedure for reading t h i s  information from t he  tape  for t h e  ac t in ides  

i s  i d e n t i c a l  t o  t h a t  described f o r  t h e  cladding and s t r u c t u r a l  mater ia ls  

i n  Sect.  3.1. 

Cross sec t ions  f o r  (n ,3n)  

3.3 Nuclear Propert ies  of t h e  Fiss ion Products 

The nuclear proper t ies  of each f i s s i o n  product isotope a re  contained 

i n  f i v e  card-image records.  The f i rs t  card contains data  of a permanent 

nature  i n  the  format described previously,  again with the  exception t h a t  

the  f i e l d  containing the  i so top ic  abundances i s  ignored. The remaining 

four cards cons is t  of  neutron absorption and f i s s i o n  product y ie ld  data  

for t he  four reac tor  types described above. The form of t h e  in s t ruc t ion  

used t o  read these  data  i s :  

READ(7,9038)SIGNG, RING,  FNG1, Y, I T  

9038 FORMAT(7X, 2F9.2, F5.3, 5F9.2, ~ 8 0 ,  11) 

All of the  var iab les  i n  t h i s  i n s t ruc t ion  except Y have the  def in i t ions  

given i n  Sect.  3.2. Radiative capture i s  t h e  only neutron absorption 0 



event t h a t  i s  t r e a t e d  f o r  the  f i s s i o n  products. 

sect ions and i n f i n i t e  d i lu t ion  resonance in t eg ra l s  f o r  t h e  thermal 

reac tors  were obtained from Stehn e t  a l .  

the  LMFBR were estimated by Plrnold. l1 

i n  the  f a s t  reac tor  l i b r a r y ,  and t h e  var iab le  SIGNG i s  a spectrum-averaged 

value i n  t h i s  instance.  

contains energy-dependent d i r e c t  f i s s i o n  product y ie lds  fo r  a number of 

f i ss ionable  isotopes.  Table 3.6 describes the  information contained i n  

the Y a r r ay  for each of t h e  r eac to r  spec t ra .  

f i s s i o n  y ie lds  f o r  fast-neutron-induced f i s s i o n  of 232Th were generated 

from t h e  compilation of Katcoff2' by conservatively assuming t h a t  a l l  of 

the  d i r e c t  y ie ld  w a s  t o  t h e  f i r s t  member of a chain when experimental 

data  were not ava i lab le .  Direct f i s s i o n  y ie lds  f o r  fast-neutron-induced 

f i s s i o n  of 235U, 238U, and 

Pie da ta  of Meek and Rider f o r  thermal-neutron f i s s i o n  y ie lds  of 

and 239Fu were t e s t ed  against, t h e  values i n  t h e  ORIGEN l i b r a r y  by com- 

paring the  calculated pos t i r r ad ia t ion  proper t ies  of t h e  f i s s i o n  products 

computed using the  two s e t s  of y ie lds  with the  a f t e rhea t  values of Shure. 

For pos t i r r ad ia t ion  times les,s than 300 sec,  use of t he  y ie lds  i n  the  

ORIGEN l i b r a r y  r e s u l t s  i n  betiter agreement with Shure's a f t e rhea t  curves 

The 2200-m/sec cross  

6 and from Drake;7 those f o r  

The var iab le  R I N G  i s  not employed 

The va r i ab le  Y i s  an a r r ay  of dimension "5" and 

Thermal f i s s i o n  y ie lds  and 

2 1  were obtained from Meek and Rider. 
235, 

2 2  

Table 3.6. Fissionable 1sot;opes for Which Direct Fiss ion Yield Data 
Are Included i n  the  0RIGE:N Library for Various Reactor Spectra 

t indica tes  t h a t  t he  y ie ld  i.s for thermal-neutron-induced f i s s i o n .  a 

bf ind ica tes  t h a t  the  y ie ld  i.s fo r  fission-spectrum-energy neutrons. 
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than does use of Meek and Rider 's  y i e ld  data.  Hence, the present s e t  of 

f i s s i o n  product y ie lds  has been re ta ined  s ince ,  f o r  the  f i s s i o n  product 

isotopes and proper t ies  i n  the  ORIGEN l i b r a r y ,  they r e s u l t  i n  calculated 

pos t i r r ad ia t ion  proper t ies  t h a t  agree more c lose ly  with accepted values.  

The disagreement i s  on t h e  low s ide ;  and there  i s  speculat ion t h a t  t he  

data  of Shure may underpredict ac tua l  a f t e rhea t s ,  which would aggravate 

the  disagreement. 

product y ie lds  by Meek and Rider23 could not be considered a t  the present 

wr i t ing ,  but may r e s u l t  i n  b e t t e r  agreement of the  a f te rhea t  values.  

A l a t e r  and more extensive compilation of f i s s i o n  

I n  a l i g h t  water reac tor  fueled with low-enrichment uranium, a few 

percent of t h e  f i s s i o n s  w i l l  occur i n  the  isotope 241Pu; i n  an LMFBR, 

f i s s i o n  w i l l  take place i n  both 240Pu and 241Pu. Hence, estimates of 

d i r e c t  f i s s i o n  y ie lds  for f i s s i o n  of these  isotopes a re  required t o  

t r e a t  such fue l s .  Extensive measurements of d i r e c t  f i s s i o n  y ie lds  f o r  
24 these isotopes have not been made, and ca lcu la t ions  t h a t  have been made 

involve a r b i t r a r y  correct ion f ac to r s  which have not been v e r i f i e d  experi- 

mentally and have been t h e  subject  of c r i t i c i s m  by Wahl. 25 
i n  the  present  ORIGEN code, t he  d i r e c t  f i s s i o n  y ie lds  f o r  these  isotopes 

a re  taken t o  be equal t o  those f o r  239Pu. 

believed t o  be s u f f i c i e n t l y  accurate f o r  computing proper t ies  of mixed 

f i s s i o n  products,  it may introduce subs t an t i a l  e r ro r s  i n  estimates of 

concentrations of individual  isotopes,  p a r t i c u l a r l y  f o r  chains whose 

y ie lds  f a l l  on t h e  edges of t he  low mass peak. 

Therefore, 

Although t h i s  approximation i s  

3.4 Photon Yield Library 

Data f i l e s  4, 5, and 6 contain multigroup photon production data  

f o r  t he  cladding and s t r u c t u r a l  mater ia l s ,  heavy metal isotopes,  and 

f i s s i o n  product isotopes,  respect ively.  

energy groups, i n  t h e  PHOEBE group s t ruc tu re .  The lower energy bound 

and average energy i n  each of these  groups a re  given i n  Table 3.7. For 
the  isotopes of t he  ac t in ide  elements, the  lowest energy group has been 

divided i n t o  seven smaller groups with energies down t o  2 0  keV, r e su l t i ng  

i n  an 18-energy-group s t ruc ture .  

Both f i l e s  4 and 6 contain 12 
26 

This modification was made i n  order t o  



Table 3.7. Lower Energy Bounds and Average Group Energies for 
12 Photon Energy Groups i n  t h e  ORIGEN Library 

Group 
Lower Energy 

(MeV) 
Mean Energy 

(MeV) 

1 

2 

3 
4 
5 
6 
7 
8 
9 
10 

11 
12 

~~ 

0.2 

0.4 
0.9 

1.35 
1.8 
2.2 

2.6 

3.0 
3.5 
4.0 
4.5 
5.0 

0.3 
0.63 
1.10 

1.55 
1.99 
2.38 

2.75 
3.2 

3.7 
4.22 

4.70 
5.25 
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enable t h e  user  t o  compute the  x-ray source s t rength  i n  re fabr ica ted  

f u e l s .  The bounds and average energies for these low-energy groups are 

given i n  Table 3.8. 
8 through 18 have t h e  same energy bounds and average energies as groups 

2 through 1 2  fo r  t h e  f i s s i o n  products. 

For the  isotopes of the  ac t in ide  elements, groups 

The photon abundances and energies accompanying a d is in tegra t ion  

event a re  based e n t i r e l y  on the  t ab le s  of  Lederer e t  a 1 . l  Arnold has 

used the  SPECTRA code t o  ca lcu la te  t h e  contr ibut ion t o  t h e  gamma-ray 

source from brehmsstrahlung rad ia t ion  produced by be ta  decay i n  a uranium 

dioxide matrix. H i s  r e s u l t s  f o r  severa l  of t h e  more important f i s s i o n  

products are  given i n  Table 3.9. 
photon y ie lds  i n  the  nuclear data  l i b r a r y ,  which are  recorded i n  the  

form of an equivalent number of photons per d i s in t eg ra t ion  having the  

average energy of a given group. 

2 

These values have been added t o  t h e  

Table 3.8. Lower Energy Bounds and Average Group Energies 
fo r  X-Ray Groups i n  Actinide Photon Library 

Lower Energy 
Group (MeV) 

Average Energy 
(MeV 1 

0.02 

0.035 
0.050 

0.125 

0.25 

0.075 

0.175 

0.03 

0.06 
0.1 

0.15 

0.04 

0.2 

0.3 



33 

Table 3.9. Estimates of' Bremsstrahlung Photons Resulting from Beta 
Decay of  Several Fiss ion Products i n  a Uranium Dioxide Matrix 

Isotope 
Photon Energy 

Group 
Photons per Beta 
Disintegrat ion 

8 5 ~  o r  l37CS 

9Osr 

9OY 

106, 

144,r 

146, 

147Pm 

1 
2 

1 
2 

1 
2 
3 
4 
5 

5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 

1 
2 

1 

1.01 x 
4.24 10-5 

4.69 10-3 4.39 x 10- 6 

4.94 x 10-2 
1.62 x io-2 
2.48 10-3 
2.48 10-4 
1.36 10-5 

1.529 x 10-1 
6.452 x 
1.617 x 
3.886 x 
1.231 x l.0-3 

3.401 x 10-5 
4.248 x loq6 

3.687 x 10- 4 

7.528 x 
2.55 x lom2  
8.672 x 10-3 
1.236 x lo-? 
2.770 
3.962 10-5 
4.00 x 10-7 

7.583 10-3 
9.722 x 
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In  computing the  x-ray source s t rength  i n  re fabr ica ted  plutonium 

f u e l s ,  one source of photon rad ia t ion  t h a t  i s  t o  be considered i s  (a,?') 
r ad ia t ion  or ig ina t ing  from the  reac t ion  180(a,n)2% i n  oxide f u e l s .  

Since 2 3 8 ~  i s  the  plutonium isotope of highest  spec i f i c  alpha a c t i v i t y  

t h a t  i s  present  i n  quant i ty  i n  recycle plutonium f u e l s ,  the  photon pro- 

duction from t h i s  source has been included i n  the  photon production data  

f o r  238Pu. 
of 238h i n  an oxide matrix was obtained from the  compilation of Stoddard 

and Albenesius . 

The spectrum of photon r ad ia t ion  r e su l t i ng  from alpha decay 

27 

3.5 Miscellaneous Nuclear Propert ies  

The ORIGEN code t r e a t s  severa l  other  sources of rad ia t ion  t h a t  a re  

not included i n  the  nuclear data  l i b r a r y  bu t ,  ins tead ,  a r e  programmed 

i n t o  t h e  code. Spec i f ica l ly ,  these  a re  photon and neutron production 

from spontaneous f i s s i o n  of t he  transplutonium iso topes ,  and neutron 

production by ( a ,n )  reac t ions  of alpha p a r t i c l e s  with 170 and l8O i n  

oxide fue l s .  The spontaneous f i s s i o n  photon spectrum was taken t o  be 

t h e  sum of t h e  prompt gamma-ray photon spectrum of 235U given by Peele 

and MaienscheinZ8 and the equilibrium f i s s i o n  product photon spectrum 

used by S t ~ d d a r d . ' ~  These data  were converted t o  t h e  18-energy-group 

s t r u c t u r e  shown i n  Table 3.10, using f l a t  weighting within energy groups. 

This information, which i s  s tored i n  t h e  a r r ay  SFGAMA (defined i n  sub- 

rout ine  GAMMA), i s  employed t o  compute t h e  photon spectrum resu l t i ng  

from rad ioac t ive  decay of t h e  isotopes of t h e  ac t in ide  elements. 

Spontaneous f i s s i o n  of isotopes of t h e  ac t in ide  elements i s  accom- 

panied by the  r e l ease  of neutrons,  which present  an addi t iona l  source of 

penetrat ing rad ia t ion .  The average number of neutrons released,  v ,  i n  

the  spontaneous f i s s i o n  of a number of isotopes has been summarized by 

Arnold.30 The values of v f o r  isotopes of  mass 238 through 244 increase 

approximately l i n e a r l y  with increasing atomic weight, A,, and, within the  

s c a t t e r  of t h e  da ta ,  are  well  represented by the  equation 

V = 2.84 + O . l Z Z 5  (A - 244) . 
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Table 3.10. Photon Y i e l d s  per 235U Fiss ion  f o r  18-Energy-Group 
St ruc ture  Fmployed i n  ORIGEN Library 

Prompt p lus  equi l_ib:r i~m f i s s ion  product x- and y-rays 

Average Energy 
Group (MeV ) B o t o n s / F i s s i o n  MeV/Fi s s i on 

1 

2 

3 
4 

5 
6 
7 
8 

9 
10 

11 

1 2  

13 
14 
1 5  
16 
17 
18 

SUm 

0.03 

0.04 
0.06 
0.1 

0.15 

0.2 

0.3 
0.63 
1.10 

1.55 
1.99 
2.38 
2 . 7 5  
3.2 
3.7 
4.22 
4.70 
5.25 

0.084 
0.084 
0.14 
0.46 
0.64 
0.99 
2 .01  

9.15 
1.87 
1.27 
0.67 
0.34 
0.16 

0.097 
0.062 

0.039 
0.019 
0.012 

18.09 

0.00252 
0.00336 

0.046 
0.096 
0.198 
0.603 
5.76 
2.06 

1.97 
1.34 
0.80 

0.0084 

0.43 
0.31 
0.23 

0.16 
0.087 
0.061 

14.17 
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This funct ion i s  used i n  subroutine GAMMA t o  

generation r a t e s  i n  spent f u e l s .  The ORIGEN 

t o t a l  neutron production r a t e s ;  however, t he  

compute t h e  spec i f i c  neutron 

code ca lcu la tes  only the  

energy dependence of t h e  

spontaneous f i s s i o n  neutron spectrum f o r  s eve ra l  isotopes has been found 

t o  be s imi la r  t o  t h a t  of 2 35,. 29 

In some appl icat ions,  neutrons produced by ( a , n )  react ions of high- 

energy alpha p a r t i c l e s  with l i g h t  elements cons t i t u t e  an important source 

of penetrat ing rad ia t ion .  

of t he  quant i ty  and spec t ra  of neutrons produced by reac t ions  of alpha 

p a r t i c l e s  from 238Fu, 242Cm, and 2 4 4 C ~  with oxygen atoms i n  oxide fue l s  

and, i n  the  case of  

by a f ac to r  of 2.  

per alpha d i s in t eg ra t ion  i n  U02 f u e l  i s  ca lcu la ted  from the  re la t ionship :  

27,29,30 Theoret ical  estimates have been made 

2 38 h 0 2 ,  have been found t o  exceed experimental values 

In  the  ORIGEN code, t he  number of neutrons produced 

neutrons -io 3.65 
Ea ’ = 1.0 x 10 alpha d i s in t eg ra t ion  

where Ea i s  t h e  alpha p a r t i c l e  energy i n  MeV. 

i n  source s t rengths  t h a t  a r e  approximately 50% of t h e o r e t i c a l ,  i n  agree- 

ment with the  experimental r e s u l t s  f o r  238Pu. 

t o  compute neutron production by a l l  alpha emi t te rs ,  incluaing those f o r  

which data  have not previously been ava i lab le .  

This expression r e s u l t s  

Equation ( 2 )  i s  employed 
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4. USER'S MANUAL FOR THE ORIGEN CODE 

The ORIGEN computer code i s  a co l l ec t ion  of programs t h a t :  (1) proc- 

esses  a l i b r a r y  of nuclear proper t ies  t o  construct  a s e t  of f i r s t - o r d e r ,  

l i n e a r ,  ordinary d i f f e r e n t i a l  equations describing t h e  r a t e s  of formation 

and destruct ion of t he  nuclides contained i n  t h e  l i b r a r y ;  ( 2 )  solves t h e  

r e su l t i ng  s e t  of equations,  f o r  a given s e t  of  i n i t i a l  conditions and 

i r r a d i a t i o n  h i s to ry ,  t o  obtain t h e  i so topic  compositions of t he  discharged 

f u e l  components as a funct ion of pos t i r r ad ia t ion  time; and ( 3 )  uses the 

i so topic  compositions and nuclear proper t ies  of individual  nuclides t o  

construct  t ab l e s  describing the  r a d i o a c t i v i t i e s ,  thermal power, po ten t i a l  

inha la t ion  and ingest ion hazards, and photon and neutron production r a t e s  

i n  t h e  discharged f u e l .  

divided i n t o  th ree  c l a s s e s :  (1) cladding and s t r u c t u r a l  mater ia l s ;  

( 2 )  isotopes of ac t in ide  elements and t h e i r  rad ioac t ive  decay products; 

and ( 3 )  f i s s i o n  products. In the  output t ab le s ,  t he  th ree  c lasses  of 

A t  p resent ,  t h e  nuclides i n  the  l i b r a r y  are  

Q 

n 
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mater ia ls  are  presented separately;  as a r e s u l t ,  c e r t a i n  isotopes a re  

repeated. Thus, tritium and helium t h a t  a re  formed from spa l l a t ion  

reac t ions  of the l i g h t  elements a re  dis t inguished from f i s s i o n  product 

tritium or from helium produced i n  alpha decay. Al so ,  i sotopes of 

severa l  elements, notably zirconium, a re  considered both with the  

cladding and s t r u c t u r a l  mater ia ls  and as f i s s i o n  products. This d i s -  

t i n c t i o n  between the  sources of t h e  isotopes enables the  user  t o  t r e a t  

problems such as the  e f f ec t s  of exposure on cladding embrittlement and 

on changes i n  the  i so topic  composition of s t r u c t u r a l  mater ia ls .  

The f i r s t  output t h a t  the  program produces cons is t s  of a summary of 

t he  nuclear data  l i b r a r y .  A d ic t ionary  t h a t  explains the  abbreviations 

used i n  the  colwnn headings i n  the  l i b r a r y  i s  included a t  t he  beginning 

of t h e  l i b r a r y .  The code then p r i n t s  a t a b l e  containing t h e  i so top ic  

composition of t h e  f u e l  as a funct ion of exposure time. The compositions 

w i l l  be given i n  un i t s  of ,%-atoms per  un i t  of f u e l  charged t o  the  reac tor .  

?"ne un i t  of f u e l  considerec3 i s  an input var iab le  and may be any cons is ten t  

quant i ty  (e .g . ,  a metric ton of uranium, an e n t i r e  f u e l  assembly, o r  

100 atoms of 35,). 

The code next p r i n t s  .tables showing the  proper t ies  of t h e  discharged 

f u e l .  The following proper t ies  a re  computed f o r  t he  unit of f i e 1  t h a t  

was spec i f ied  t o  be charged t o  t h e  r eac to r :  

(1) g-atoms, 

(2) grams, 
(3)  cur ies ,  

( 4 )  t o t a l  Bt-7 watts ,  

(5) Y watts ,  

(6)  cubic meters of a:ir required t o  d i l u t e  t h e  r ad ioac t iv i ty  t o  

RCG,, and 

(7)  cubic meters of water required t o  d i l u t e  t he  r ad ioac t iv i ty  t o  

RCGw . 
All seven types of information are  f i r s t  computed f o r  t he  cladding and 

s t r u c t u r a l  mater ia l s ,  then f o r  t he  heavy metal isotopes,  and f i n a l l y  f o r  

t he  f i s s i o n  products. Four t ab l e s  a re  pr in ted  fo r  each property;  t h e  

f i rs t  gives the  propert ies  of every individual  isotope considered i n  the  
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l i b r a r y ,  t he  second gives  the  proper t ies  as  a function of  each chemical 

element, t h e  t h i r d  swnmarizes the  proper t ies  f o r  only the  most important 

individual  isotopes and i s  designed t o  f i t  on an 8-1/2 x 11 i n .  page, 

and t h e  four th  summarizes t h e  proper t ies  of t h e  chemical elements. 

84 t ab le s  can be p r in t ed  - four t ab les  f o r  seven proper t ies  of  th ree  

c lasses  of isotopes.  By proper s e l ec t ion  of input var iab les ,  it i s  

poss ib le  t o  eliminate c e r t a i n  of  these t ab le s  as described i n  Sect. 4 .2 .  

I 
Thus, 

Following the  t ab le s  of t h e  proper t ies  of t he  isotopes and elements, 

t ab l e s  of t h e  penetrat ing r ad ia t ions  emanating from the  spent f u e l  a r e  

p r in t ed  out. 

time, a 12-energy-group spectrum of gamma rad ia t ion  emitted f rom the  

f u e l  as t h e  r e s u l t  of t he  a c t i v i t y  induced i n  t h e  cladding and s t r u c t u r a l  

mater ia ls .  The data  are  presented as t he  number of  photons of a given 

average energy which a re  produced per second per  un i t  of f u e l  as  charged 

t o  t h e  reac tor .  A second t a b l e  i s  a l so  pr in ted  t h a t  gives ,  as  a funct ion 

of pos t i r r ad ia t ion  time, t h e  number o f  megavolts per  second per  watt  of 

average power produced i n  a u n i t  of f u e l  which a re  re leased  as  photons 

i n t o  the  1 2  energy groups. Subsequently, two t ab le s  t h a t  provide the  

same information f o r  t h e  f i s s i o n  pro&cts  a re  pr in ted  out.  Following 

the  t a b l e s  of photon r e l ease  r a t e s  f o r  t h e  f i s s i o n  products i s  a t a b l e  

summarizing the  most important contr ibutors  t o  t h e  photon production 

r a t e  i n  each o f  t h e  1 2  energy groups. 

The f i rs t  t a b l e  gives ,  as  a funct ion of pos t i r r ad ia t ion  

I 
The f i n a l  t ab l e s  contain information generated concerning the  pene- 

t r a t i n g  rad ia t ions  produced i n  t h e  isotopes of  t h e  ac t in ide  elements and 

t h e i r  rad ioac t ive  decay daughters. F i r s t ,  a t a b l e  i s  pr in ted  t h a t  g ives ,  

f o r  each alpha rad ioac t ive  isotope as  a funct ion of pos t i r r ad ia t ion  time, 

estimates o f  t h e  number of neutrons re leased  per second from a u n i t  of 

f u e l  as t he  r e s u l t  of ( a , n )  reac t ions .  This i s  followed by a t a b l e  which 

gives estimates of t h e  number of neutrons released per  second from a unit 

of  f u e l  by isotopes t h a t  undergo spontaneous f i s s i o n .  In each of  these 

t ab le s ,  only t h e  t o t a l  number of neutrons o f  a l l  energies re leased a t  a 

given time i s  calculated.  However, the energy spectrum of neutrons 

emitted i n  spontaneous f i s s i o n  of severa l  nuclides has been found t o  be 

I 

n 

n 
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similar t o  t h a t  f o r  235U,1 and estimates of t he  spectrum of neutron 

energies a r i s i n g  from (a ,n )  react ions have been made f o r  severa l  of t he  
more important (a ,  n)  sources. 1 , 2  

The f i n a l  t a b l e  t h a t  i s  pr in ted  contains estimates,  using an 18-energy- 

group s t ruc ture ,  of the spectmm of photons produced by decay of  isotopes 

of the  ac t in ide  elements and t h e i r  radioact ive daughters, as  a funct ion 

of pos t i r r ad ia t ion  time. The data  i n  t h i s  t a b l e  a l so  include the  cont r i -  

butions from the  prompt gamma. rays  accompanying spontaneous f i s s i o n  and 

from the  gamma rays released by the  equilibrium f i s s i o n  products t h a t  a r e  

formed i n  spontaneous fission..  Every t a b l e  i n  the  output i s  concluded by 

a row of t o t a l s  represent ing the  sum of t h e  proper t ies  f o r  t he  isotopes 

i n  that  tab le .  

ding, fue l ,  and f i s s i o n  products),  it i s  necessary t o  add the  contr ibut ions 
from the  separate  t ab le s .  

To obtain the t o t a l  contr ibut ion from a l l  isotopes (clad-  

4.1 Description of ORIGEM Code Programs 

The names of the  various subroutines, t h e i r  major functions,  and the  

important var iable  names i n  each rout ine a r e  described below i n  the  order 

i n  which they a re  employed i n  the  code. 

MAIN. - This i s  the  program tha t  supervises the  execution of tasks by - 
the  other  rout ines .  

read by the  MAIN program from the  card reader (Unit 5 0 ) .  

the  s e t  of f i r s t -o rde r ,  l i nea r ,  ordinary d i f f e r e n t i a l  equations 

With the  exception of the  nuclear data, a l l  input i s  
The code solves 

X = A ,X + B, given X(0) , 
- M  ‘v cv 

where X(0) i s  a s e t  of i n i t i a l  concentrations,  X ( t )  i s  the  time-dependent 

so lu t ion  t h a t  i s  desired,  i s  a matrix of f i r s t - o r d e r  r a t e  coef f ic ien ts ,  

and B i s  a forcing vector.  The so lu t ion  X ( t )  i s  obtained a t  i n t e rva l s  

tl,tZ.. .tk, and it i s  required t h a t  A and B be constant between in t e rva l s .  

The construction of the  matrix & i s  performed by o ther  subroutines t h a t  

a r e  described below. 

gram MAIN e i t h e r  by reading data  from cards o r  by manipulation of data  

generated i n  a previous ca1~cu:Lation t h a t  i s  s tored i n  an array.  I n  the  

- N 

‘v - 
M - 

The vectors A and B a re  assigned values i n  the  pro- - - 
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code, t h e  var iab les  & and E have the names A and B, the  var iable  - X(0) has 

the  name XZERG, and the  so lu t ion  has the  name XNEW. 

s tored i n  labeled common blocks /MATRIX/ and /Ea/. 
These var iables  a re  

NUDATA. - Subroutine NUDATA processes the  nuclear data  from the  

l i b r a r y  tape and constructs  pa r t  of the  t r a n s i t i o n  matrix = A. 

two cards from the  card reader.  The f i r s t  one contains a t i t l e  fo r  t he  

l i b r a r y  t h a t  will be pr in ted  with the output,  a s  well  as an in teger ,  

NLIBE ( i n  column 75), t h a t  designates the  reac tor  spectrum over which 

the  cross  sect ions a re  t o  be averaged. The second one contains weighting 

f ac to r s  f o r  the  reac tor  spectrum, a f i e l d  for  t he  date,  and switches t o  

suppress par t  of the  output. 

l i b r a r y  tape and p r i n t s  out the  l i b r a r y  of da ta  t o  be used i n  the  calcu- 

l a t ions .  

t he  var iab le  A. Three in teger  vectors,  L$C, N$NO, and KD, are a l so  

constructed t o  be used t o  l oca t e  the matrix elements. These var iab les  

a re  s tored  i n  labe led  common block /MATRIX/. Table 4 . 1  l i s t s  other  da ta  

(from the  nuclear l i b r a r y )  t h a t  a r e  s tored  by subroutine NUDATA and w i l l  

be required i n  subsequent ca lcu la t ions .  

It reads 

The subroutine reads the data  from the  

The nonzero, off-diagonal terms of the matrix ,A a r e  s tored i n  

- HALF. - This subroutine computes the  radioact ive decay constant i n  

u n i t s  of see-', when the  h a l f - l i f e  of the  radionuclide i s  given i n  u n i t s  

designated by the  var iab le  I U  ( see  Sect. 3.1).  

N @ M .  - This subroutine constructs  a three-word alphameric symbol f o r  

an isotope from i t s  s ix -d ig i t  ident i fy ing  number. The th ree  words cons is t  

of t he  symbol fo r  the chemical element, t he  atomic weight, and e i t h e r  a 

blank o r  an %I" t o  designate a ground o r  metastable s t a t e ,  respect ively.  

These symbols a re  used only when p r in t ing  output t ab le s .  

BL@CK DATA. - A BL$CK DATA subroutine i s  used t o  i n i t i a l i z e  the  

var iab les  i n  labeled common block /LABEL/. 

an a r r ay  of chemical symbols, ELE, and a var iab le  t o  designate the  isomeric 

s t a t e  of a nuclide, STA. These a r rays  a re  used i n  conjunction with sub- 

rout ine N@AH. 

These var iables  cons is t  of 

n 
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Table 4.1. Defini t ions and Storage Locations of Important 
Variables Assigned Values i n  Subroutine "DATA 

- 
Variable Common Block Defini t ion 

ABUND Isotopic  abundances of the cladding 
and s t r u c t u r a l  materials, a t .  % 

/$UT/ 

Number of neutrons produced per 
alpha d is in tegra t ion  by heavy metal 
isotopes 

ALPHAJJ /$m/ 

AMPC 

DIS 

FG 

FISS 

NUCL 

Q 

SP$NF 

T#CAP 

WMPC 

Radioactivity concentration guide fo r  
continuous inha la t ion  i n  un res t r i c t ed  
areas, p~i /cm3 

/FLUXN/ Radioactive decay constant,  see 

/WC/ 

-1 

Fraction of radioact ive decay energy 
t h a t  r e su l t s  from photons of energies 
above 200 keV 

/FLUXN/ Spectrum-averaged f i s s i o n  cross  
see t ion, barns 

Six-digi t  in teger  constant used t o  
iden t i fy  isotopes 

/#UT I 

Radioactive decay energy released as 
recoverable heat,  MeV/disintegration 

Spontaneous f i s s i o n  r a t e  f o r  heavy 
met a1 isotope s , f i s  s ions / s  e c - a t  om 

/$UT / 

/$UT / 

/ F L m  I Total spectrum-averaged neutron 
absorption cross section, barns 

Radioact ivi ty  concentration guide f o r  
continuous i n  e s t ion  i n  un res t r i c t ed  

b c l  
areas, pCi/cm 9 
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PHfiLIB. - PHfiLIB reads the  multigroup photon production data  from 

the  nuclear l i b r a r y  tape and s tores  t h e  information i n  t h e  arrays GAMGRP 

and ACTGRP. The a r ray  GAMGRP contains 12-energy-group photon production 

data  f o r  the  isotopes of t h e  cladding and s t r u c t u r a l  mater ia ls  and of t he  

f i s s i o n  products,  while t h e  a r r ay  ACTGRP contains 18-energy-group data  

for  isotopes of the  ac t in ide  elements and t h e i r  radioact ive decay daughters. 

This subroutine a l so  p r i n t s  a t a b l e  containing the  data  i n  the  l i b r a r y .  

FLUX$. - This subroutine uses a Taylor s e r i e s  expansion about the 

s t a r t  of a computational i n t e r v a l  t o  es t imate:  

during the  i n t e r v a l ,  when the  reac tor  power i s  given; or ( 2 )  the  average 

power generated by the  f u e l  during t h e  i n t e r v a l ,  when t h e  neutron f l u x  i s  

given. Once the  f lux  has been obtained, it i s  mult ipl ied by the  cross  

sect ions t o  generate f i r s t - o r d e r  r a t e  constants for production and destruc-  

t i o n  of nuclides by neutron-induced reac t ions .  The subroutine a l so  con- 

s t r u c t s  the diagonal matrix element for each isotope from the  negative of 

t he  sum of the  d is in tegra t ion  constant ,  t he  product of t h e  spectrwn- 

averaged t o t a l  absorption cross sec t ion  times the  flux, and t h e  r a t e  

coe f f i c i en t  f o r  other  removal processes t h a t  are  proport ional  t o  t h e  

instantaneous concentration ( e .g . ,  leakage or f i r s t - o r d e r  chemical 

r eac t ion ) .  

labeled common block /E&/. 

(1) the  average f l u x  

The diagonal matrix elements a re  s tored  i n  t h e  a r r ay  D i n  

DECAY. - This subroutine solves t h e  Bateman equations f o r  nuclides 

t h a t  occur a t  t he  beginning of  decay chains and have ha l f - l i ves  t h a t  are  

sho r t  with respect  t o  the  time i n t e r v a l  fo r  t he  ca lcu la t ion  (time i n t e r v a l  

grea te r  than 10 h a l f - l i v e s ) .  

nuclides a t  t he  end of t he  i n t e r v a l  a re  contained i n  the  a r ray  XNEW, 

and the  concentrations of any long-lived or s t ab le  daughters a t  t h e  s t a r t  

of t he  in t e rva l  a r e  augmented by the  amount t h a t  the  short- l ived precursor 

has decayed. The var iab le  XTEMP i s  used t o  contain the  adjusted i n i t i a l  

concentrations o f  t he  long-lived and s t ab le  mater ia ls .  The var iab les  are  

s tored  i n  labeled common block /EQ/. 

The concentrations of t h e  short- l ived 
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TERM. - The subroutine TERM has two p r inc ipa l  functions.  It con- 

s t r u c t s  a reduced coeff ic ient ,  matrix t h a t  involves t r a n s i t i o n s  between 

only long-lived or s t a b l e  nuclides.  By way of explanation, i f  a chain 

A 3 B 3 C e x i s t s ,  and i f  isot.ope B i s  short- l ived while isotopes A and C 

are  long-lived, a matrix element i s  created f o r  t he  event A 3 C d i r e c t l y  

and i s  entered i n t o  the  a r r ay  AP. The a r r ay  AP i s  a l o c a l  var iab le  t h a t  

i s  used i n  subroutine TERM. The second function of subroutine TERM i s  t o  

solve the  reduced system of  equations t h a t  r e s u l t s  when t h e  short- l ived 

nuclides a re  excluded. The equations are  solved by t h e  matrix exponential 

method, using an algorithm wh.ich involves use of a recursion r e l a t i o n  t o  

generate the  matrix exponential funct ion,  as described i n  Sect.  2 . 1 .  The 

so lu t ion  t h a t  i s  obtained f o r  t h e  concentrations of t he  long-lived and 

s t ab le  nuclides a t  t he  end of t he  time i n t e r v a l  i s  contained i n  the  a r ray  

XNEW. 

- 

EQUIL. - Subroutine EQUIL i s  used t o  place short- l ived daughters i n  

secular  equilibrium with long-lived parents .  The subroutine uses the  

Gauss-Seidel successive subs t i t u t ion  algorithm t o  solve a s e t  of l i n e a r  

a lgebraic  equations. The r e su l t i ng  concentrations a re  contained i n  t h e  

a r r ay  XNEW. 

JdUTPUT. - A s  i t s  name ind ica t e s ,  t h i s  subroutine produces tab les  of 

output containing t h e  proper t ies  of i r r a d i a t e d  mater ia ls .  

avai lable  t o  it the  a r r ay  :KNEW, which contains the  concentrations of t he  

f u e l  as a function of time, and other  arrays containing the  rad ioac t ive  

decay constant,  t h e  heat  per  d i s in t eg ra t ion ,  e t c .  From these ,  it computes 

inventor ies  , r a d i o a c t i v i t i e s ,  thermal powers, and other  proper t ies  of 

i n t e r e s t .  It p r i n t s  t ab le s  of proper t ies  of individual  isotopes and of 

chemical elements, and pregares summary t ab le s  of t h e  most important 

contr ibutors .  

6UTPUT has 

GAMMA. - This subroutine prepares t a b l e s  of penetrat ing r ad ia t ion  

sources i n  spent fue ls .  Using the  i so topic  compositions i n  t h e  X N E W  array,  

the  photon re lease  da ta  i n  labeled common block /PHfiTJdN/ , and t h e  neutron 

production data  i n  labeled common block /@UT/, GAMMA compiles tab les  of 

multigroup photon re lease  r a t e s  and neutron production r a t e s  as  a function 

of time. 
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4 .2  Description of Card Input t o  the  ORIGEN Program 

The f irst  two input cards a re  read by the  subroutine NUDATA. These 

cards furnish a t i t l e  f o r  the  l i b r a r y  of nuclear da ta ,  i d e n t i f y  the  nuclear 

data  l i b r a r y  t h a t  i s  t o  be read from t h e  tape,  provide spec t r a l  indices  

f o r  t he  r eac to r ,  and s e l e c t  c e r t a i n  options.  

A. READ (50, 9011, ENE = 920) (TITLE(I), I = 1, 18), NLIBE 

9011 F@RMAT ( 1 8 ~ 4 ,  13) 

TITLE i s  a 72-character alphameric t i t l e  which w i l l  be pr in ted  as 

the  heading on the  p r in tou t  of t he  nuclear l i b r a r y .  

NLIBE i s  an in teger  t h a t  i d e n t i f i e s  t he  l i b r a r y  t o  be read from 

the  tape.  

= 1 for HTGR 

= 2 fo r  LWR 
= 3 f o r  LMFBR 
= 4 fo r  MSBR 

B. READ (50, 9001) THERM, RES, FAST, ERR, NM@, NDAY, NYR, MPCTAB, INPT, IR 

9001 F$WT (4~10.5, 612) 
1 
v 

a population of neutrons having a Maxwell-Boltzmann 

d i s t r i b u t i o n  of energies a t  absolute temperature, T,  t o  

the  reac t ion  r a t e  with 2200-m/sec neutrons 

THERM* = r a t i o  of the  neutron reac t ion  r a t e  f o r  a - absorber with 

r \ 

RES = r a t i o  of t he  resonance f lux  per  u n i t  le thargy t o  the  

thermal neutron f lux .  

* 
THERM, RES, and FAST have meaning only for thermal reac tors .  For the  
LMFBR, t h e  cross sect ions on the  tape a re  already spectrum averaged, 
and THERM, RES, and FAST a re  equal t o  1 .0 .  n 



47 

FAST = r a t i o  of flux: above 1 MeV t o  the  f r a c t i o n  of t he  f i s s i o n  

spectrum above :L MeV, divided by the  thermal neutron flux. 

ERR = a t runca t ion  e r r o r  l i m i t  which w i l l  be considered t o  be 

zero by the  code recommended). 

NM@, NDAY, = month, day, and year when case i s  run, t o  help i n  
NYR ident i fy ing  output. 

MPCTAB = an output opt,iori. If MPCTAB = 0, the  output t ab le s  w i l l  

include the  quari t i t ies  of a i r  and water t h a t  could be 

contaminated t o  the  r a d i o a c t i v i t y  concentration guide 

(RCG)  values f o r  i nha la t ion  and ingest ion by each of the  

radionuclides.  Otherwise, t he  tab les  a re  omitted. 

INPT = an input  option. If INPT = 0, the  e n t i r e  nuclear da ta  

l i b r a r y  w i l l  be read from tape on da ta  s e t  reference No. 7. 
If INPT f 0, the  photon l i b r a r y  i s  read from cards on da ta  

s e t  reference No. 50. 

topes i n  the  photon l i b r a r y  must be separated by blank cards.  

(See the  FORTFNV l i s t i n g  of subroutine PHOLIB for d e t a i l s .  ) 

Note t h a t  the  th ree  groups of i so-  

I R  = an output option. If I R  # 0, the  code w i l l  wr i te  out a l l  

t he  elements of t he  t r a n s i t i o n  matrix t h a t  i t  constructs  

from the  nuclear da ta  l i b r a r y .  

and I R  i s  usua l ly  equal t o  zero. 

This i s  a debugging t o o l ,  

c .  70 RFAD (50, 9008, END = 5go), MMN, M@T, N~JBLND, INDEX, NTABLE, 

MSTAR, N G ~ ,  MPR~S,  MFE:ED 

9008 F@RMAT (1615) 

MMN = number of time i n t e r v a l s  during i r r a d i a t i o n  per iod 510. 

M@UT = t o t a l  number of time i n t e r v a l s  for i r r a d i a t i o n  and post-  

i r r a d i a t i o n  periods <lo. 

N@BLND = number of mater ia l s  t o  be blended 510. Enter 0 o r  1 i f  

no blending i s  t o  be done. 
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INDEX = an input indicator .  If INDEX = 0, P@WER(M) w i l l  be read on 

If a subsequent card. 

MMN = 0, INDEX i s  not used by t h e  code i n  t h i s  s tep.  

If INDEX = 1, FLUX(M) w i l l  be read. 

NTABLE = an output ind ica tor .  I f  NTABLE = 0,  a l l  isotopes and a l l  times 

w i l l  be given i n  the output. 

most important isotopes w i l l  be given. 

I f  NTABLE = 1, only summaries of 

MSTAR = m o t h e r  output ind ica tor .  When summarizing t h e  most important 

isotopes,  the code eliminates the isotopes whose values a re  

below some threshold ( see  card type I )  i n  time period M = MSTAR. 

NG@ = an indicator  which t e l l s  t h e  code whether the calculat ion w i l l  

be continued i n  a subsequent s e t  of times, or whether a new 

calculat ion w i l l  be done. 

w i t h  new i n i t i a l  conditions using t h e  same nuclear data.  A 

card of type C w i l l  be expected following card K o r  N.  

indicates  a new ca lcu la t ion  with a new s e t  of nuclear data.  

A card of type A w i l l  be expected following card K o r  N. 

NG@ > 0 indica tes  the  present ca lcu la t ion  w i l l  be continued. 

A card of type @, following card K or N ,  w i l l  be expected. 

NG@ < 0 indica tes  a new calculat ion 

NG@ = 0 

WR@S = an ind ica tor  f o r  continuous chemical processing option. 

MPR@S = number of groups of chemical elements processed. 

MPR$S = 0 for no chemical processing. 

WEED = continuous feed option for f l u i d  f u e l  reac tor .  MFEED = 0 f o r  

no continuous feed; >O f o r  continuous feed. 

D. READ (50, 9004) TITLE 

9004 F@RMAT (20A4) 

TITLE = a t i t l e  f o r  t h e  ca lcu la t ion  containing up t o  80 alphameric 

characters.  
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Cards of type E or F are  included only i f  MMN i s  g rea t e r  than zero. 

E. IF (INDEX.EQ.0) READ (50; ,  9005) (P@WER(M), M = 1, MMN) 

9005 F@RMAT (10~8.2) 

P@WER(M) = spec i f i c  thermal power o f  f u e l  i n  i r r a d i a t i o n  per iod M 
(MW/unit of f u e l ) .  

however, there  may not be two consecutive zero-power 

There may be per iods of zero power; 

and the  f i n a l  i r r a d i a t i o n  period may not have i n t e r v a l s ,  

zero power 

F. IF (INDEX.EQ.1) READ 5 0 ,  9005) (FLUX(M), M = 1, m) 

FLUX(M) = thermal-neutron f l u x  i n  i r r a d i a t i o n  period M 
2 (neutrons/cm ' s e e ) ,  or t h e  t o t a l  neutron f l u x  f o r  a 

f a s t  reac tor .  There may be periods when t h e  f l u x  i s  

zero during the  i r r a d i a t i o n  period; however, there  may 

not be two consecutive periods of zero f lux ,  and the  

f i n a l  i r rad ia t5on  per iod may not have zero f lux .  

G. READ (50, 9005) ( T ( M ) ,  M = 1, M@UT) 

T(M) = elapsed time s ince  t h e  beginning of t h e  ca lcu la t ion  

(measured i n  terms of TUNIT). 

H. READ (50, 9013) BASIS, TCONST, TLTNIT 

9013 F@RMAT (10A4, F7.0, A3, F10.3) 

BASIS = a 40-charac.ter alphameric t i t l e  t h a t  i s  the  u n i t  of fuel 

on which t h e  ca lcu la t ion  i s  based and t h a t  w i l l  be p r in t ed  

out as t he  bas i s  f o r  t h e  ca lcu la t ion  (e .g . ,  "Metric Ton 

of  Fuel Charged t o  Reactor" ). 

TCONST = a fac tor  t o  convert t he  input  values of T(M) , in to  seconds 

(e .g . ,  TCONST = 3.15537 i f  values of T(M) a re  input  i n  

terms of years ) .  

TUNIT = an alphameric designation f o r  t he  input u n i t s  of T(M) 

( e . g . ,  "D" for days).  
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I. READ (50, 9006) CUT@FF 

9006 F@WT (8~10.3) 

CUT@FF(MS) = a threshold value for output summary t ab le s .  Any isotope 

whose value i n  the  time per iod MSTAR i s  l e s s  than 

CUT@FF(MS) w i l l  be omitted from t h e  summary t a b l e  of 

property MS. 
MS = 1 - g-atom t a b l e  

2 - gram t a b l e  

3 - cur i e  t ab le  

4 - B y  power t a b l e  

5 - y power t a b l e  

6 - r e l a t i v e  inha la t ion  hazard 

7 - r e l a t i v e  inges t ion  hazard 

A value o f  0.001 i s  recommended for Tables 1 t o  5, and 

a value of 1.0 i s  recommended f o r  Tables 6 and 7. 

J. IF (N~BLND.GT.~) READ (50, 9006) (FACT(N), N = 1, N@BLND) 

9006 F@RMAT (8~10.3) 

FACT(N) = atom f r a c t i o n  of each mater ia l  i n  a ca lcu la t ion  for 
a blended f u e l .  

INUCL = nuclide i d e n t i f i e r  f o r  an isotope i n  f r e sh  f u e l .  

= ATOMIC NO. * 10000 + ATOMIC WT * 10 + IS, where IS = 0 

for ground s t a t e ,  = 1 f o r  exci ted s t a t e .  

XC@MP = concentration of nuclide IWCL i n  f r e sh  f u e l  (expressed 

as  g-atoms per  unit of BASIS). 

NEXT = an ind ica tor  giving the  type of t h e  f i v e  isotopes on 

the  card. Thus a l l  f i v e  must be of one type. 

= 1 f o r  isotopes of cladding and s t r u c t u r a l  mater ia ls  

= 2 f o r  heavy metal isotopes 

= 3 for f i s s i o n  product isotopes 

= 4 for elements of cladding and s t r u c t u r a l  mater ia ls  

n 



M. READ (50, 9012) ((NZPR$S(M,N), N = 1, N@R@ (M)), M = 1, MPR@) 

9OlZ F$RMAT (2014) 

NZPR$S(M,N) = a.tomic number of element N i n  processing stream M. 

All cards of t h i s  type should be followed by a s ing le  

blank card.  When t h e  program encounters t h e  blank card,  

it continues t o  t he  next p a r t  of t h e  input .  If it 

encounters a blank INUCL f i e l d ,  i t  sk ips  t h e  rest of 

the  information on t h a t  card and re turns  t o  statement 

110. 

The following cards ( L  and M) a re  read only i f  MFRfiS > 0. 

L. READ ( 5 0 ,  9011) (PRATE(M), N$PR$S(M), M = 1, M P R ~ S )  

9011 F@RMAT ( 8  (E8.2, 12)) 

PRATE(M) i s  a f i r s t - o r d e r  removal constant f o r  chemical processing 
-1 by processing stream M, see . 

N@PR@S(M) i s  thle number of elements removed by stream M. 

The following card ( N )  i s  read only i f  WEED > 0. 

N. READ (50, 9007, END = 330) (INUCL(I), XC@MF(I), I = 1, 5 ) ,  NEXT 

X C g M F  i s  t h e  continuous feed r a t e  of  isotope INUCL ( i n  g-atoms 

The u n i t  of f u e l  i s  peir second pe r  u n i t  of f u e l ) .  

given by t h e  va r i ab le  BASIS. 

INUC?, and NEXT follow t h e  same conventions as described for  

cards of type K. 

END OF I N I T I A L  INPUT 
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The program w i l l  now ca lcu la t e  t h e  i so top ic  compositions f o r  a l l  

MbUT t i m e  periods a n d  wr i te  output. 

w i l l  e i t h e r  be ready t o  s t a r t  a new problem ( i f  NG@ 

present  one (NGJd > 0). 
of t h e  calculat ion has the  form: 

After wri t ing output,  t h e  program 

0) o r  continue the  

In the  l a t t e r  case ,  t he  input  for t h e  continuation 

0. READ (50, 9008) MMN, M@UT, NJdBLPSD, I N D E X ,  MSUB, MSTAR, NG6, 
MPRfiS, MFEED 

MSUB = the  time period i n  the  l a s t  ca l cu la t ion  considered as t h e  

s t a r t  of t h e  new ca lcu la t ion ;  a l so  used t o  ind ica te  t h a t  

batch chemical processing occurs if t h e  value i s  negative. 

MFEED = an input ind ica tor  for continuous feed. 

= 0, no feed 

= >0, continuous feed a t  t h e  same r a t e  as f o r  t h e  previous 

ca lcu la t ion .  

A l l  other var iables  have t h e i r  former meanings. 

This card i s  followed by cards of type D ,  E ,  F ,  G ,  and H or H’ 
( see  below) t o  complete t h e  input f o r  t h e  continued ca lcu la t ion .  

This procedure may be repeated as desired.  The ca l cu la t ion  w i l l  

s top  when a blank card i s  read i n  place of a card of type C .  

When continuing a ca l cu la t ion  t h a t  was s t a r t e d  i n  a previous set  

of t i m e  per iods ,  a card of type H may be modified t o  include one 

addi t ional  piece of information. 

H’. READ (50, 9013) BASIS, CfiNST, TUNIT, TM@ 

The f i r s t  t h ree  va r i ab le s  have t h e i r  previous meaning, while 

the  va r i ab le  TMJd i s  t h e  t i m e  t o  which t h e  times read on card type 

G a r e  referenced. Thus it is possible  t o  ca l cu la t e  t h e  p o s t i r r a -  

d i a t i o n  propert ies  of a f u e l ,  say,  f o r  t e n  years a f t e r  discharge 

i n  t e n  time per iods ,  and then t o  ca l cu la t e  t he  propert ies  f o r  t e n  

subsequent t i m e  periods by s e t t i n g  MSUB equal t o  10 and TM@ equal 



of 3.3 w t  % was assumed t o  be exposed for  a period of 1100 days a t  a 

constant average spec i f ic  power of 30 MW per metric ton of uranium 

charged t o  the  core a t  the start of an equilibrium cycle. 

compositions of the  Zircaloy cladding and Inconel spacer gr ids  were 

computed, along with the  composition of the  heavy metal isotopes and 

the f i s s i o n  products. The pos t i r rad ia t ion  propert ies  of the  spent f u e l  

The i so topic  
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t o  t e n  years.  The array TIME w i l l  have the  values 11 through 20,  

and t h e  code w i l l  ca lcu la te  the propert ies  f o r  t h e  elapsed time 

s ince the  ten th  year. Pos t i r rad ia t ion  propert ies  a re  calculated 

with respect  t o  the  time of discharge i f  !TM@ i s  not given a value. 

A negative value f o r  the  var iable  MSUB ind ica tes  t h a t  batch 

chemical processing i s  assumed t o  occur a t  time T(-MSUB), and t h a t  

data  giving processing information a r e  required t o  be read. When 

MSUB has a negative valu.e, cards of the type P a re  expected t o  

follow card H'. 

P. 500 FXAD (50, 9003) LEME:NT, FREPR@(LEMENT) 

9003 F@RMAT (16, 4X,  E l C I . 3 )  

The var iable  LEMEN'I i s  the atomic number of a c e r t a i n  chemical 

element t o  be removed, a.nd FREPR@(LEMENT\ i s  the  f r a c t i o n  of t h e  

mater ia l  t h a t  remains a f t e r  processing. 

t i a l l y  s e t  equal t o  1.0;  thus,  i f  no data  are  read f o r  an element, 

processing does not a f fec t  i t s  concentration. Cards of type P a re  

expected t o  be read u n t i l  a blank card i s  encountered. 

The array FREPR@ i s  i n i -  

This i s  a l l  of the card input t h a t  i s  required t o  perform a v a r i e t y  

of calculat ions with the ORIGEN code. 

a sample case t h a t  i l l u s t r a t e s  many of  the  fea tures  of t h e  code i s  given 

A n  example of t h e  card input f o r  

below. 

4.3 Input f o r  Sample Problem 

The use of t h e  ORIGEN program i s  i l l u s t r a t e d  with the example of a 

pressurized water reac tor ,  i n  which f u e l  with an i n i t i a l  235U enrichment 
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were calculated f o r  decay times up t o  10 years.  These r e s u l t s  were 

followed by a ca lcu la t ion  of the  proper t ies  of the  waste t h a t  was gen- 

e ra ted  when t h e  f u e l  was reprocessed a t  a pos t i r r ad ia t ion  time of l 5 O  
days and 100% of the  Xe and K r  and 99.5% of the  uranium and plutonium 

were removed. The input required t o  perform these ca lcu la t ions  i s  given 

i n  Table 4 .2 .  

correspond t o  those given i n  t h e  descr ip t ion  of input  i n  the  previous 

sec t ion  and do not ac tua l ly  appear on the  cards.  

The l e t t e r s  typed i n  t h e  lef tmost  column of Table 4 . 2  

Card A contains a t i t l e  for  t h e  l i b r a r y ,  and t h e  numeral "2" i n  

column 75 indica tes  t h a t  t he  LWR l i b r a r y  i s  t o  be used fo r  the calcula-  

t i o n .  Card B does the  following th ings :  

0.333, and 2 . 0  f o r  THERM, RES, and FAST, respect ively;  ( 2 )  ind ica tes  

t h a t  concentrations l e s s  than 

neglected; ( 3 )  suppl ies  t h e  date;  and ( 4 )  ind ica tes  t h a t  hazard tables  

w i l l  be ca lcu la ted ,  t h a t  t h e  photon l i b r a r y  w i l l  be read from tape ,  and 

t h a t  t he  matrix t h a t  i s  constructed w i l l  not be wr i t ten  out .  Card C 

ind ica tes  t h a t :  

w i l l  be no blending of  f u e l s ,  ( 3 )  t he  spec i f i c  power w i l l  be read on card 

E, ( 4 )  f u l l  output tab les  w i l l  be wr i t ten ,  ( 5 )  t h e  sequence of ca lcu la t ions  

w i l l  be continued (NGO = l), and (6 )  there  w i l l  be no feed or processing 

of f u e l .  Card D i s  a t i t l e  card f o r  t h i s  p a r t  of the  ca lcu la t ion .  Card E 

ind ica tes  t h a t  the  spec i f i c  power i s  constant a t  30 MW per  u n i t  of f u e l  

throughout t h e  t en  i r r a d i a t i o n  s teps .  

i n  equal increments of 110 days. Card H designates t h e  u n i t  of f u e l  as 

a metric ton of heavy metal charged t o  t h e  reac tor  and ind ica tes  t h a t  the  

u n i t  of time f o r  t h i s  p a r t  of t h e  ca lcu la t ion  i s  days. Card I gives lower 

l imi t s  f o r  t he  summary t ab le s  t h a t  w i l l  be p r in t ed  during the  pos t i r r ad ia -  

t i o n  ca lcu la t ions .  Cards of type K give the  i so topic  concentrations of 

t he  cladding and f u e l  a t  t he  s t a r t  of  t h e  i r r a d i a t i o n  period. 

(1) gives the  values 0.632, 

g-atom per unit of f u e l  w i l l  be 

(1) ten  i r r a d i a t i o n  periods w i l l  be ca lcu la ted ,  ( 2 )  there  

Card G gives ten  i r r a d i a t i o n  times 

These a re  a l l  t h e  cards required t o  perform the  f i r s t  s t ep  i n  the  

ca lcu la t ions .  The code w i l l  compute t h e  i so topic  concentrations a t  the  

t en  times given on card G and w i l l  p r i n t  t ab l e s  containing t h i s  informa- 

t i o n .  

ind ica tes  t h a t :  

When t h i s  task  i s  completed, t h e  code w i l l  read card 6, which 

(1) the  proper t ies  a re  desired a t  t en  pos t i r r ad ia t ion  
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A NUCLEAR DATA LIBRARY FOR REFERENCE PWR 2 
B 0.632 0.333 2.000 1 .OE-25 32073 0 0 0 
c 1 0 1 0  0 0 0 0 1 0  0 0 

D REFERENCE PWR EQUlLlBRlUMi FUEL CYCLE - 3.3 0/0 ENRICHED U 

E 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 
G 110. 220. 330. 440. 550. 660. 770. 880. 990. 1100. 
H MT OF HEAVY METAL CHARGED TO REACTOR 86400. D 
I 1 .E-3 1 .E-3 1 .E-3 1 .E-3 1 .E-3 l . E  6 l . E  4 
K 60120 1 .5 130270 4.0 140280 .607 140290 .034 
K 220470 .277 220480 2.771 220490 .204 220500 .200 
K 240520 57.423 240530 6.415 240540 1.574 250550 .327 
K 260560 61.018 260570 1.439 260580 .310 270590 .915 
K 280600 41.783 280610 1.869 280620 5.645 280640 1.609 
K 400910 306.725 400920 462.239 400940 460.074 400960 72.50 
K 420920 .957 420940 .532 420950 .926 420960 .958 
K 4209iji: 1.357 421000 .540 501120 .321 501140 .219 

K 501160 4.681 501170 2.470 50118 7.729 501190 2.739 
K 501220 1.467 50124 1.823 
K 922350 1.404E 2922380 4.062E 3922340 1.13 
K (Blank Card) 

6 0 1 0  o 0 1 0  6 l o  0 0 

220460 .304 
240500 5.040 
260540 4.037 
280580 1 11.862 
400900 1421 .122 
410930 10.253 
420970 .546 
501150 .113 
501200 10.392 

1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
2 

D 
G 
H 

fi 
D 
G 
H 

P 
P 

P 

P 

P 

REFERENCE PhR EQUILIBRIUM FUEL CYCLE - FUEL DECAY T I M E S  
10.0 30.0 60.0 90.13 120.0 160.0 270.0 365.0 1096.0 3652.5 

0 1 0  0 0 - 6  4 - 1  0 0 0 
MT OF HEAVY METAL CHARGED TO REACTOR 86400. D 

REFERENCE PWR EQUILIBRIUM FUEL CYCLE - WASTE DECAY T I M E S  

1 .o 3.0 10.0 30.0 100.0 300.0 1000.0 3000.0 1.OE 4 1.OE 5 
MT OF HEAVY METAL CHARGED T O  REACTOR 3.156E7 Y 

36 
54 
92 0.005 
94 0.005 

(Blank Card) 
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t imes,  (2) the  i n i t i a l  compositions f o r  the  decay ca lcu la t ion  a re  the  

discharge compositions from the  previous ca lcu la t ion  (MSUB = lo), (3) t he  

nuclides whose proper t ies  a re  below the  cutoff  values i n  the  s i x t h  decay 

period w i l l  be omitted from the  summary t ab le s  (MSTAR = 6 ) ,  and ( 4 )  a 

t h i r d  sequence of ca lcu la t ions  i s  required when khe present  s e t  i s  com- 

Dleted (NGO = 1). 

Card G contains t h e  t e n  pos t i r r ad ia t ion  times a t  which the  proper t ies  

a re  desired.  Card H gives the  u n i t  of f u e l ,  which must be the  same as  

designated previously,  and the  u n i t  of t ime, which i s  permitted t o  change. 

A t  t h i s  po in t ,  t he  pos t i r r ad ia t ion  proper t ies  a re  computed and another 

s e t  of output t ab le s  i s  pr in ted .  

Card D i s  a t i t l e  f o r  t he  pos t i r r ad ia t ion  tab les .  

Another card of type @ i s  read,  ind ica t ing  t h a t  t en  decay periods 

w i l l  be t r e a t e d  and t h a t  the  i n i t i a l  composition fo r  t he  ca lcu la t ion  w i l l  

be f u e l  aged 1-50 days ( a f t e r  discharge)  t o  which some batch chemical 

Drocessing has been done ( M S U B  = 6 ) .  
t h e  summary t ab le s  w i l l  exclude isotopes whose proper t ies  a re  below t h e  

CUTOFFS a t  time per iod 4 ,  and t h a t ,  a t  t h e  end of t he  present ca lcu la t ion ,  

a new ca lcu la t ion  w i l l  be i n i t i a t e d  using a d i f f e r e n t  s e t  of i n i t i a l  

compositions and exposure h is tory .  

t h e  sequence of ca l cu la t ions ,  and card G gives postprocessing times a t  

which t h e  proper t ies  of t he  remaining isotopes a r e  desired.  Card H gives 

the  u n i t  of f u e l  and the  u n i t  of time. Cards of type P i nd ica t e  t h a t  a l l  

of t he  xenon and krypton and 99.5% of the  uranium and plutonium have been 

removed from t h e  f u e l  a t  t he  time of processing. Par t  of t he  output t h a t  

r e s u l t s  from t h i s  s e t  of input da ta  i s  given i n  the  Appendix. 

The value MSTAR = 4 ind ica tes  t h a t  

Card D i s  a t i t l e  f o r  the  s tep  i n  

4.4 Additional Programming Considerations 

The ORIGEN code was designed f o r  use on the  IBM 360 Operating System. 

It i s  wr i t ten  i n  IBM F O R T M  H and i s  usua l ly  compiled using f u l l  optimi- 

zat ion on t h e  H-level compiler. For convenience, it employs severa l  IBM 

fea tures  t h a t  a r e  not standard.  

The normal word length on t h e  IBM 360 Operating System i s  four hexa- 

decimal bytes.  

in teger  var iab les  a re  defined as INTEGER"2 and severa l  l o g i c a l  var iables  

In  order t o  decrease s torage  requirements, a number of 
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a re  defined as L@GICAL*l. 

ca lcu la t ions ,  severa l  vari.ab:Les i n  subroutines DECAY and TERM are  

defined as  REAL*8. 

the  lengths of these  var izb les  may be changed without a f fec t ing  the  

operation of t h e  code or s i g n i f i c a n t l y  a f fec t ing  the  accuracy of t h e  

r e s u l t s .  However, an increase i n  t h e  amount of s torage t h a t  i s  required 

w i l l  r e s u l t .  

I n  addi t ion,  t o  preserve accuracy i n  the  

In  other computing systems w i t h  longer word lengths ,  

The numerical technique!; t h a t  a re  employed i n  t h e  code a re  designed 

s o  t h a t  t he  m a x i m u m  r e l a t i v e  e r ro r  i n  t h e  concentration of any s ing le  

nucl ide t h a t  r e s u l t s  i n  one time i n t e r v a l  w i l l  be l e s s  than 0.1%. It i s  

possible  t h a t  the  r e l a t i v e  e r ro r  i n  t h e  concentration of a given nuclide 

could reach a f e w  percent a t  the  end of a long sequence of ca lcu la t ions  

involving dozens of time in t e rva l s .  However, i n  most appl icat ions,  e r ro r s  

of t h i s  magnitude a re  acceptable and are  within the  l imi t a t ions  of  the  

uncer ta in t ies  i n  nuclear data  and i n  t h e  neutron spectrum. In most cases,  

t he  accuracy of t h e  aggregate proper t ies  of a spent f u e l ,  such as the  

t o t a l  thermal power or a c t i v i t y  l e v e l ,  i s  l imi ted  only by the  accuracy 

of t h e  nuclear data  i t se l f ' .  A s  more complete experimental information 

on t h e  f i s s i o n  y ie lds  and decay schemes of t h e  short- l ived f i s s i o n  products 

becomes ava i lab le ,  t h e  code should be able t o  represent  qu i te  accurately 

the  pos t i r r ad ia t ion  proper t ies  of a v a r i e t y  of f u e l  types.  

The magnetic tape supplied t o  users  usua l ly  contains two complete 

copies of t h e  FORTRAN l i s t i n g  of the ORIGEN code and of the  nuclear data  

l i b r a r i e s .  

of  f i l e s  1-7. The tape i s  wr i t t en  i n  card-image form, i n  EBCDIC, DCB = 

(RECFM = FB,LRECL = 80, BLKSIZE = 3200). 

FORTRAN l i s t i n g  of t h e  code, and f i l e s  2-7 and 9-14 contain nuclear data  

i n  t h e  proper format f o r  use by the  code. 

The data  are contained i n  14 f i l e s ;  f i l e s  8-14 are  dupl icates  

F i l e s  1 and 8 contain the  

The code i s  programmed t o  read card input  on data  set  reference No. 

50, and tape input on No. 7. Output wr i t t en  on t h e  p r i n t e r  , r e f e r s  t o  

data  s e t  reference No. 51; punched output r e f e r s  t o  No. 52. Ins t ruc t ions  

b u i l t  i n t o  t h e  code c a l l  f o r  it t o  punch a number o f  cards on da ta  s e t  

reference No. 5 2 ,  and a data  s e t  de f in i t i on  card f o r  t h i s  data  s e t  must 

be included i n  t h e  job cont ro l  language. It should normally be dummied out .  
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The code requires  about 320 k bytes  on the  IBM/360 system without 

OVERLAY. 
i s  possible  t o  reduce the  REGION used t o  l e s s  than Z 7 O  k. 

s t ruc tu re  i s  qui te  simple, using only one segment i n t o  which the  sub- 

rout ines  NUDATA and HALF a r e  placed f i r s t ;  next,  PHOLIB, TERM, DECAY, 

and EQUIL; and f i n a l l y ,  OUTPUT and GAMMA. Normal running time on the 

360/91 i s  about 1 min f o r  the  sample problem contained i n  the  Appendix. 

E9y use of t he  overlay a t t r i b u t e  of t he  IBM l inkage ed i to r ,  it 
The overlay 

For a number of appl ica t ions ,  the program does not have t o  be 

executed with t h e  e n t i r e  l i b r a r y  of l i g h t  elements, ac t in ides ,  and 

f i s s i o n  products. 

f u e l  mater ia l  a f t e r  a given i r r a d i a t i o n  h i s t o r y  i s  desired,  t h e  l i g h t  

elements and f i s s i o n  products need not be included i n  the  ca lcu la t ion .  

When t h e  1 ~ ~ / 3 6 0  operating system i s  used, these  may be omitted by 

referencing DUMMY da ta  s e t s  f o r  t h e  f i r s t  and t h i r d  f i l e s  read by 

subroutine NUDATA. 

would then be the  ac t in ide  photon l i b r a r y .  

If, f o r  example, t h e  i so top ic  composition of the  

In  t h i s  example, t he  fou r th  data  s e t  t o  be read 

4.5 References f o r  Section 4 

1. D. H. Stoddard, Radiation Propert ies  of 244Cm Produced f o r  Isotopic  
Power Generators, DP-939 (1964). 

2 38, 
2 .  D. H. Stoddard and E. L. Albenesius, Radiation Propert ies  of 

Produced f o r  Isotopic  Power Generators, DP-984 (1965). 

5. GLOSSARY OF WARNING AND ERROR MESSAGES 

Several p o t e n t i a l  problems have been an t ic ipa ted ,  and the  program 

contains b u i l t - i n  t e s t s  f o r  common e r ro r s .  Some of the  messages issued 

by the  code under conditions where an e r r o r  may have occurred a re  d is -  

cussed below. The an t ic ipa ted  e r ro r  i s  described and, where poss ib le ,  

remedies fo r  t h e  problem are  suggested. 

The program MAIN contains the  two warning messages: "MMc\T or M@UT 

EXCEEDS DIMENSIONS," and "MMN SHOULE NOT EXCEED M$UT." 

MMN and M@UT have a m a x i m u m  value of 10, and M@UT must be grea te r  than 

or equal t o  Mi". 

The var iab les  

n 
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The subroutine NUDATA w i l l  i s sue  one of severa l  e r ro r  messages 

t h a t  a re  self-explanatory.  For example, a s sme  t h a t  the number of 

isotopes of l i g h t  elements, ,actini.de elements, f i s s i o n  products,  or 
t o t a l  number of isotopes exceeds a dimension. In the  case of t h e  l i g h t  

elements, t h e  dimcnsion of' t he  var iable  ABUND has been exceeded. For 

the  ac t in ides ,  the dimensions of t h e  var iab les  FISS, SP@F"F' and ALP" 

have been exceeded. In the  case of t he  f i s s i o n  products, only the  

dimension of t he  var iab le  YIELD has been exceeded. If the  t o t a l  number 

of nuclides exceeds 800, t h e  dimensions of a la rge  number of arrays 

throughout t he  program would be exceeded and extensive modifications 

t o  the  program would be required.  

be t o  run t he  problem i n  two p a r t s ,  obtaining the  concentrations of t he  

ac t in ides  and f i s s i o n  proaucts i n  t he  f i r s t  ca lcu la t ion ,  and computing 

the  proper t ies  of t he  l i g h t  elements i n  a second ca lcu la t ion  by making 

use of t h e  fluxes obtained fl-om the  f i r s t  ca lcu la t ion .  It should be 

noted t h a t ,  t o  obtain concentrations of f i s s i o n  products being produced 

from f i s s i o n s ,  it i s  necessary t o  include both ac t in ides  and f i s s i o n  

products i n  t h e  ca lcu la t ion .  

One p o s s i b i l i t y  i n  t h i s  case would 

Two addi t iona l  messages a re  produced by subroutine NUDATA. These 

a r e :  "WARNING, M OUT OF RAKGE I N  NUDATA," and "N6N HAS EXCEEDED 2500, 

EQUAL TO." Ei ther  of  these messages ind ica tes  t h a t ,  i n  making modifi- 

cat ions t o  the  l i b r a r y ,  t h e  user  has increased the  number of react ions 

t o  cause a dimension t o  be exceeded. 

M counts t he  number of transmutation products t h a t  can be produced through 

a l l  t he  competing channels f o r  removal of a nuclide.  These were not ex- 

pected t o  exceed 7, and d i d  riot do so i n  the  o r i g i n a l  l i b ra ry .  

condition occurs, t he  dimensions of the  var iab les  C@EFF and WR@D w i l l  

be exceeded. If these  dimensions a re  t o  be increased, t he  EQUIVALENCE 

statement a'i the  s tar t  of NITTIATA must be a l t e r ed .  The a l t e r n a t i v e  would 

be t o  neglect  some minor pathway. 

In  the  f i r s t  message, t h e  subscr ipt  

If t h i s  

The second message ind ica tes  t h a t  t h e  dimensions of t he  var iab les  A 

and LOC i n  COMM@N /MATRIX/ h w e  been exceeded. 

or t he  problem may be pa r t i t i oned  as  described above. 

These may be increased, 

http://actini.de
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Warning messages are  a l s o  issued by subroutine PHOLIB i f  an e r ro r  i s  

encountered i n  the  order of t h e  photon r e l ease  data .  These messages a re  

most l i k e l y  t o  be encountered when an addi t ion o r  de le t ion  i s  made t o  the  

isotope l i b r a r y  ( f i l e s  1 through 3)  without a corresponding change i n  the  

photon l i b r a r y  ( f i l e s  4 through 6 ) .  

Subroutine FLUX6 w i l l  i s sue  a warning message i f  the  estimated 

deplet ion of t h e  f u e l  mater ia l  during a time i n t e r v a l  i n  an i r r a d i a t i o n  

ca lcu la t ion  exceeds 20%. Corrective ac t ion  i s  suggested i n  the  message, 

This message i s  f requent ly  generated as  t h e  r e s u l t  of an input e r ro r  i n  

the  f u e l  compositions or i n  t h e  time in t e rva l s .  

n 

Subroutines DECAY and TERM both employ t h e  Bateman equations t o  

solve the  chain equations f o r  short- l ived nuclides.  The algorithm t h a t  

i s  adopted an t i c ipa t e s  both cyc l ic  chains and t h e  occurrence of two chain 

members with near ly  equal ha l f - l i ves .  If more than two chain members 

have near ly  equal ha l f - l i ves ,  it i s  poss ib le  t h a t  t he  algorithm might 

r e s u l t  i n  an erroneous negative concentration. A t e s t  i s  b u i l t  i n t o  the  

program t o  i d e n t i f y  t h i s  condi t ion and t o  provide information he lpfu l  

f o r  correct ing t h e  problem. Subroutine TERM wr i tes  the  message: "BATE 

I S  NEGATIVE I N  TERM. THERE ARE MORE THAN TWO SHORT-LIVED NUCLIDES I N  A 

CHAIN WITH NEARLY EQUAL DIAGONAL ELEMENTS. 

L i s  t h e  sequence number of t he  nuclide i n  e r r o r ,  I M  i s  the  number of 

precursors i n  the  chain i n  which t h e  e r ro r  occurred, BATE i s  the  erron- 

eous negative contr ibut ion t h a t  was ca lcu la ted  i n  the  summation fo r  

nuclide L,  and BATM i s  t h e  current  value of t h e  sum. 

i s  not added t o  t h e  summation, however. 

L ,  I M ,  BATE, BATM = I 1 ,  where 

The negative value 

If the  problem occurs i n  subroutine DECAY, t h e  message "L, I, BATE, 

XTEM, XTEMP(Jl) ,  AKDJQ = I 1  i s  wr i t ten  along with the  values of these 

var iab les .  In  t h i s  instance,  L i s  the  sequence number of t he  nuclide 

whose concentration i s  i n  e r r o r ,  I i s  t h e  number of nuclides i n  the  

chain i n  which t h e  e r ro r  occurred, the  product XTEMP(Jl)*AKDJQ*BATE i s  

t h e  erroneous negative contr ibut ion t h a t  was calculated i n  t h e  summation 

f o r  nuclide L, and X T E M i s  t h e  current  value of t h e  sum giving t h e  con- 

cent ra t ion  of nuclide L. Again, t he  negative contr ibut ion t o  the chain 

i s  not added t o  t he  swnmation s ince  it i s  known t o  be i n  e r ror .  

n 
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If t h i s  condition occurs, it i s  thus poss ib le  t o  i d e n t i f y  the  nucl ide 

i n  e r r o r  and t h e  chain i n  which the  e r ro r  occurred. A comparison of t h e  

magnitude of t he  term i n  error t o  the  ca lcu la ted  concentration ind ica tes  

t he  r e l a t i v e  magnitude of t he  e r r o r  involved i n  neglecting the contribu- 

t i o n  from a pa r t i cu la r  chain. If the  e r ro r  appears appreciable,  it may 

be possible  t o  e l iminate  the  e r ro r  by changing the  s i z e  of the time s t ep  

f o r  t he  ca lcu la t ion  or by a l t e r i n g  the  removal constants.  

e r ro r  i s  most l i k e l y  t o  occur i n  a ca lcu la t ion  where rap id  removal of 

many mater ia ls  a t  t he  same r a t e  occurs a s ,  for  example, i n  t h e  calcula-  

t i o n  of  t he  inventory remaining i n  a. tank t h a t  i s  being decontaminated 

by treatment i n  an ex terna l  pu r i f i ca t ion  system. I f  the  time i n t e r v a l  

f o r  t he  ca lcu la t ion  i s  la?-ge compared with t h e  time required t o  process 

one tank volume through the  pu r i f i ca t ion  system, t h e  problem may be 

encountered. For c e r t a i n  pmblems of t h i s  type,  t he  program may not 

be su i tab le .  Nevertheless, d i f f i c u l t i e s  should not occur i n  normal 

ca lcu la t ions  of t h e  proper t ies  of discharged s o l i d  fue l s .  

This type of 

The subroutine EQUIL employs the  Gauss-Seidel successive i t e r a t i o n  

technique t o  ca l cu la t e  t he  concentrations of short- l ived nuclides with 

long-lived precursors or with ex terna l  sources. 

isotope buildup and decay i n  f ixed f u e l s ,  t h i s  algorithm has been found 

t o  converge very rapidly.  However, i n  systems involving f l u i d  f u e l s  with 

recycle ,  t he  method converges slowly, i f  a t  a l l .  There i s  a var iable  

i n  subroutine EQUIL t h a t  counts the  number of i t e r a t i o n s  and, when 100 

i t e r a t i o n s  a re  reached without convergence, causes t h e  ca lcu la t ion  t o  

be terminated and the  followiing message t o  be p r in t ed :  "GAUSS-SEIDEL 

ITEFATION D I D  NOT CONVERGEl IN EQUIL." 

In  ca lcu la t ions  involving 





6. APPENDIX 

The following tab les  show some of t h e  information p r in t ed  as output 

by the  ORIGEN code. 

omitted, and only t h e  summary t ab le s  have been included. 

For brevi ty ,  many of t h e  longer tab les  have been 
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TABU A-1, NUCW DATA LIBRARY FOR REFERENCE PWR CALCULATION 

e 
NUCLFAR TPANSMUT?.TION DATA PEVISED 3 /20 /73  

NUCL = NWCLIDE = 10000 * ATOMTC N O  t I O  * MPSS N O  t I s o v P T c  STATE (0 OF 1) DLAM = DECP.Y CONSTANT ( l /SEC) .  
FB, FP, FP, Fm = PRACTTONAL CFCAY BY BET?., POSTTF@R (03 ELFCTPON CPPTUPE), ALPHP, TNTFPNAL TFANS1"'ICIN. PB = 1 - FP -. FP - FT 
PBl ,  FP1, PNG1, FN2Nl = FPACTION OF BFTA. PCISTTRON, N-GPNNA, N-2N TFANSTTTONS TO FXCTTED STPTF @F PRODUCT NUCLIDE 
SIGTH, SIGPG, STGP, SIGNP. , SIGNP = THERMAL CFOSS SECTIONS (BIPNS) FO? PBSOPPTTON, N-GAMMP., FTSSTON, 8-ALPHP, N-PPOTON. 

RTTH, RTNG, PTF, PTNP., FTNP PFSONANCE INTEGFAL FOR ABSOPPTION, V-GP.MNA, FISST@N, N-ALPHP., N-PPOTON. 

SIGNEV, SIGFF, STGNZN, SIGNAF, SfGNFF = ?AST CPOSS STCTTONS (BAPNS) FOP ?.BSO?PmTON,F~SSTON, N-2N. N-PLPHP., N-PROTON. 

Y23, Y25, Y O 2 ,  Y28, YU9 = FISSION YIELD (PEPCENT) ??OM 233-0, 235-0, 232-TH, 238-0, 239- PU. 
Q = HEAT PER DISTATEGFATTON. FG = FRACTION OF HFAT TN GPNNAS OF ENERGY GREATF? THPN 0 . 2  NEV. 

STGNG = SIGTH * ( 1  - FNA -FNP). STGNA = STGTB * PNA. SIGNP = STGTH * PNP. FNP., FNP = FFACTTCIP THSRHAL N-PLPHP, N-PROTON. 

FTNG = PITH * (1  - F I N P  - FTNP). PTNA = PITH * IITNA. RTNP = PITH * FTNP. FTNP., FTNP = FFPCTTON PFSOYANCE N-ALPHI, N-P?OT@h'. 

STGN2N = STGMEV * ( 1  - FFFP - FFNP). STGNAP = SIGREV * FFNA. SfGNOF = STGNSV * FFNP. FFNP, FFNP = FPACTTON FAST W - P L P H P ,  N-P. 

EFFFCTIVE CROSS SECTIONS FOP A VOLUNE AVEPAGED THEPMAL (LT 0 , 8 7 6  EV) FLUX FP" ?.S FOLLOUS. 
N - G A M M A  - SIGNG * THERM t S I N G  * RES. 
FTSSION - STGF * THERN t ? I F  * IlFS t STGFF * FAST. THFFN = 1 / V  COPFFCTTON P@P THEFNPL SPECTFWM P.ND TSRPSPLTUPE. 
N - 2 N  - SfGN2N * FAST. RSS = RPTTO OF FESONANCE FLVX PEP LPTHP.RGY U N T T  Tt? THFPMAL FLUX. 
N-ALPHA - SIGNA * THERM'+ R I N A  * PES t SIGNPF * FPST. FPST = 1.U5 * PATIO OF FAST (GT 1 .0  NEV) TO THEPNPL FLUX 
N-PPOTON - STGNP * THERM t RTNP * PES t SIGNPF * FAST. 

FEFE?ENCF S 
E:.?.? LfVES, DECAY SCHEMES, A N D  THERMAL POWE? 

C PI LEDEPEP, J M.AOLLP.NDER, AND I PEl7LHP.N 'TABLF OP TSOTOPES - SIXTH EDITTON' J O H N  UTLEY F.ND SONS, TWC (1967)  
B S DZHELEPOV AND L K PEKER '.DEC?.Y SCHEMES OF PADIOACTTVP NWCLEZ' PF?GAMNON PFFSS (1961)  
D T GOLDNAN AND JAMES ? POSSEF .'CHAPT OF THE NWCLIDSS' NTNTH FCITION GENERAL ELECTFIC CO (JULY 1966)  
E D 3.RNOLD.'PROGPAM SPECTRA' APFENDTX A OF ORWL-3576 (PPPfL 1964) 

B F PPTNCE 'NEWTRON FEACTTON.RATES ' I N  THF RSRE SPBCTPUN' ORNL-4119, PP 79-83  (JWLY 1967)  
B E PRTNCE 'NEUTRON ENERGY SPECTPA..TN MSPE PND VSBP' OPNL-ul91, PP 50-58 (DFC 1967)  
M D GOLDBEPG ET AL 'NEUTRON CROSS SECTIONS' BNL-325, SFCOND PD, SUP0 NO 2 (MPY 1964 - A U G  1966)  PLSO PAPLIE? EDITIONS 
H T KFPR, UNPWBIISHED EPC COHPILATION (FEB 1968) 
M K DRAKE ' A  COHPILATION OF RESONANCE TNTEGFALS' NUCLE@NICS, VOL 24, NO 8, PP 108-111 (AWG 1 9 6 6 )  
BNWL STAFF 'TNVESTIGATTON OF 8-28 CPOSS SECTIONS' BNUC-98, PP UU-98 (JUNE 1965)  
R ALTEF ?.ND C E WFBPR 'PRODUCTION OF H AND HE TN NETALS DUPING PVACTOP ISRADIATION' J NUCL MPTLS, VOL 1 6 ,  PP 68-73  (1965) 
L L BENNETT 'PECOMflENDED FISSION PRODUCT CHP.INS FOR USE I N  FPACTOR EVALUATTON STUDIES' OPNI-TM-1658 (SEPT 1966) 

H E MEFK A N D  B P FIDEF, 'SUHHARY OF FTSSION PRODWCT YIFLDS FOP 0-235, 11-238, PU-239, AND PU-2U1 Pm THERMP.L, FTSSTON SPFCTPUR P.ND 

S KATCOFF ' FISSION PRODWCTYTELDS FPON NTUTFON TNDUCED FfSSION' NUCL??ONTCS, VOL 18, N O  11, (VOV 1 9 6 0 )  
N D DUDEY PFVIEH OF LOU-NASS P.'ION PFODWCTTON T N  FAST REACTORS' ANL-7&3U,(APRTL 1968)  

CPOSS SECTTONS A N D  FLUX SPECTPA 

FTSSION PPODUCT YTELDS 

14  MEV NEUTRON ENERGIES' APED-5398-A(FEVa), (OCT. 1968)  

THEPN= 0.63200 RES= 0.33300 FAST= 2.00000 

NEUTFON SOWSCE= 922330  922350 9U2410 922380  9 4 2 3 9 0  NLTBP 2 
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NUCL 
P 3 2  
P 3 3  
P 34 
S 32  
s 3 3  
s 34 
s 35  
S 36 
s 3 7  

C L  3 5  
CZ 36  
CZ 3' 
CL 38 
AR 36 
AP 3 7  
I? 38 
A5 3 9  
A? 40 
BF 4 1  
K 39 
K 40 
K 41  
K 42 
K 43  
K 44 

CP 40 
CP. 4 1  
CA 42 
CP 43 
CA 40 
CP 95 
CA 4 6  
CA 47 
CP 4 8  
CA 49 
sc 45 
SC 46 
sc 47 
sc 48 
sc 4 9  
S C  50 
T T  46 
TT 47 
TT 4 8  
TT 4 9  
TT 50 
T I  51 

v 49 
V 50 
V 51  

DLPN PB1 
5.61E-07 0.0 
3.21F-07 0.0 
5.591-02 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
9.123-08 0.0 
0.0 0.0 
2.28'-03 0.0 
0.0 0.0 
7.09F-14 0.0 
0 .0  0.0 
3.10E-04 0.0 
0.0 0.0 
2.29E-07 0.0 
0.0 0.0 
8.7'1-?! 0.0 
0.0 0.0 
1.OSF-04 0.0 
0.0 0.P 
1.69'-17 0.0 
0.0 0.0 
1.55F-05 0.0 
8.60F-06 0.0 
5.25E-04 0.0 
0.0 0.0 
2.75F-13 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 
1.77F-06 0.0 
0.0 0.0 
1.31E-03 0.0 
0.0 0.0 
9.561-08 0.0 
2.34E-06 0.0 
4.38E-06 0.0 
2.OlF-04 0.0 
6.72'-03 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1 .993-03  0.0 
2.u3E-08 0.0 
0.0 0.0 
0.0 0.0 

0 . 8 6 ~ - 0 8  0.0 

TABU A-1 (CONTINUED) 

LTGRT ELEMENTS, NATERIALS OF CORSTPUCTTON, AND A C T I V P T I O N  PPODUCTS 

FP FP1 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 .019  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.000 0.0 
0 .0  0.0 
0.0 0 .0  
0.0 0.0 
9*0 0-0 
0.0 0.0 
0.0 0.0 
0.0 0.0. 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.000 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.000 0.0 
0.0 0.0 
0.0 0.0 

FT 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FA 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.6 
0.0 
F * @  
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 

STGNG FFlGl 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 
8.85E-02 0 .0  
0.0 0.0 
2.78F 0 1  0 .0  
6.32E 0 1  0.0 

0.0 0.0 
3.791 00 0.0 
0.0 0.0 
5.06E-01 0.0 
6.32E 02 0.0  
1.40E-01 0.0 
3 .?6E-01  0.0 
1.3973 0 0  0.0 
4.42E 0 1  0.0 
6.953-01  0.0 
0 .0  0.0 
0.0 0.0 
0.0 0.0 
1.26E-01 0 . 0  
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.90E-01 0.0 
0.0 0.0 
6 .952-01  0.0 
0.0 0.0 
1.92E 0 1  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.79"-01 0.0 
1.07E 00 0.0 
5.06E 00 0.0 
1.20E 00 0.0 
8.85E-02 0 .0  
0.0 0 .0  
0.0 0.0 
5.06E 0 1  0.0 
3.10F 0 0  0.0 

1 . 7 1 ~ - 0 1  0.0 

2 . 7 4 ~ 0 1  0.0 

S I G N  2N 
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 
6.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0 PG ABOYDP.NCP FN2Nl S I G l P  SIGNP 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
6 .0  
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.300-07 0.0 
0.0 0.0 
0 .o 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 .F  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 .0  0 .0  
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 0 .695  0.0 0.0 
0.0 0.0 0 .076  0.0 0.0 
0.0 0.0 4 .168  0 .130  0.0 
3.243-02 1.20E-01 P.O 0.0 95 .006  
1.32P 0 2  1.309 0 2  0.0 0.0 0 .760  
5.00E-03 1 .263-03  0.0 0.0 4.220 
0.0 0.0 0.048 0.0 0.0 
0.9 0.0 0.0 0.0 0 .014  
0.0 0.0 3.564 0.780 0.0 
1.22F-02 2.85B-01 0.0 0.0 75 .530  
0.0 0.0 0.314 0.0 0.0 
2.402-03 4 .8 lE-04  0.9 0.0 24.4'0 
0.0 0.0 3.101 0.525 0.0 
R.12E-02 1.439-01 0.0 0 . 0  0 . 3 3 7  
0.0 0.0 0 .814  0.0 0.0 
0.0 0.0 0.0 0 .0  0 . 0 6 3  
3.3 0.0 0.234 0.0 5.0 
3.98P-01 0.0 0.0 0 .0  99 .600  
0.0 0.0 3 .355  0 . 3 8 2  0.0 
3.425-02 1.4UE-01 0.0 0.0 93 .108  
0.0 2.53E 00 0.161 1 .000  0 . 0 1 2  
0 .0  0.0 0.0 0.0 6 .880  
0.0 0.0 1 .677  0 .165  0.0 
0.0 0.0 1 .296  0.764 0.0 

3 .489  0 .559  0.0 0.0 0.0 
1.347-02 9.40L-02 0.0 0.0 96 .970  
0.0 0.0 0 .427  0.0 0.0 
4.80E-02 4.2OP-02 0 .0  0.0 0 .640  
1.681-02 6.80F-03 0.0 0.0 0 .145  
6.993-05 1.60E-04 0.0 0.0 2.c60 
0.0 0.0 0 . 1 0 3  0.0 0 .0  
0.0 0.0 0.0 0.0 0 . 0 0 3  
0.0 0.0 1 .356  0.724 0.0 
0.0 0.0 0.0 0.0 0 . 1 8 2  
0.0 0.0 4 . 0 E T  0 .782  0.0 
7.U4E-05 1.66E-04 0.0 0.0 100.000 
0.0 0.0 2.368 0.8U9 0.0 
0.0 0.0 0 .491  0 .242  0.0 
0.0 0.0 3 .578  0 .939  0.0 
c.0 0.0 0 .825  0 .001  0.0 
0.0 0.0 4 .633  0 .689  C.0 
1.32E-03 2.573-02 0.0 0.0 7 .930  
l . lOE-02 4.40E-02 0.0 0.0 7.280 
2 .2 lE-05  4.20E-04 0.0 0.0 73.9UO 
1.62E-03 4.60E-03 0 .0  0.0 5 .510  
8.06E-07 1.009-04 0 .0  0.0 5 .340  
0.0 0.0 1.227 0.289 0.0 
0.0 0.0 0 .620  0.0 0.0 
0.0 3.0 0.0 0.0 0 .2uo  
7 .073-06  2.01F-04 0.0 0.0 99 .760  



NVCL DLPM FB1 
V 5 2  3.U32-03 0.0 
V 53 5 .78F-03  0.0 
V 5 U  1.26F-02  0.0 

CP 50 0.0 0.0 
CC 51 2.893-07 0.0 
CF 5 2  0.0 0.0 
CF 53 0.0 0.0 
CF 54 0.0 0.0 
CR 55 3.3OF-03 0.0 
MN 54 2.651-08  0.0 
R N  55 0.0 0.0 
M N  56 7.46F-05 0.0 
PIN 57 6.801-03  0.0 
MN 58 1.OSE-02 0.0 
FF 54 0.0 0.0 
FE 55  8.USF-09 0.0 
FE 56  0.0 0.0 
FF 57 0.0 0.0 
FF 58 0.0 0.0 
WE 59 1.78F-07 0.0 
CO 5811 2.lUF-05 0.0 
CO 58 1.13F-07 0.0 
co 59 0.0 0.0 
CC 60M 1.102-03 0.0 
CO 6 0  U.18F-09 0.0 

CC 6 2  8.31F-OU 0.0 
NT 58 0.0 0.0 
NT 5 9  2.TC.F-13 0.0 
N I  6 0  0 .0  0.0 
N7 6 1  0 .0  0.0 
NS 6 2  0 .0  0.0 
N I  63 2.39E-10 0.0 
N T  64 0.0 0.0 
NT 6 5  7 .52F-05  0.0 
CU 6 2  1.18F-03 0.0 
CU 6 3  0 . 0  0.0 
CU 6U 1.50E-05 0.0 
CU 6 5  0.0 0.0 
CU 66  2.27F-03 0.0 
ZN 6 3  3.01E-00 0.0 
ZN 6U 0.0 0.0 
ZN 6 5  3.27F-08 0.0 
ZN 6 6  0 . 0  0.0 
ZN 6 7  0.0 0.0 
ZN 6 8  0.0 0.0 
ZN 69M 1.UOE-05 0.0 
ZN 6 9  2.03F-OU 0.0 
ZN 70 0.0 0.0 
ZN 7111 4.91F-05 0.0 

cc 6 1  1 . 1 7 ~ - 0 4  0.0 

TABU A-1 (CONTINUED) 

LIGHT ELENENTS, BATEFTALS OF CONSTFUCTION, 8.89 ACTIVATZON PRODUCTS 

FP FP1 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 .0  0.0 
1 .000  0.0 
0.0 0.0 
0 .0  0.0 
0.0 0.0 
0.0 0.0 
1 .000  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1 .000  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1 .000  0.0 
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 .000  0.0 
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 .000  0.0 
0.0 0.0 
0 .620  0.0 
0.0 0.0 
0 .0  0.0 
1 . 0 0 0  0.0 
0.0 0.0 
1 .000  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

FT 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FA 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

~.~ 
0.0 
0.0 
0 . 0  
0.0 
0 . 0  
0.0 
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.000 0.0 
0.0 0.0 
0.0 0.0 
0 .997  0.0 

1 .000  0.0 
0.0 0 . 0  
0.0 0.0 
0.0 0.0 

S'IGNG FNGl 
0.0 0 .0  
0.0 0 . 0  
0.0 0.0 
1.07E 0 1  0 .0  
0.0 0 . 0  
5.06E-01 0.0 
1.14- 0 1  0 .0  
2 .405-01  0.0 
0.c 0 . 0  
0.0 0 .0  
1.31F 0 1  0.0 
0.0 0 .0  
0.0 0.0 
0 . 0  0 .0  
1.83F 00 0.0 
0.0 0.0 
1.58E 0 0  0.0 
1.58E 0 0  0.0 
1 .14p  0 0  0.0 
0.0 0.0 
8 .852  O U  0 . 0  
1.58E 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 .9  
0.0 
0 . 0  
0 . 0  
0 . 0  
0.0 
0 .0  
0 .0  

SIGhT2N FN2Nl S I G N A  SIGNP Q FG PBUNDPNCF 
0.0 0.0 2 .624  0 . 5 5 2  0.0 
0 .0  0.0 1 .892  0 .529  0 .0  
0.0 0.0 5.460 O.'UO 0.0  
1.30E-03 5.077-02 0 .9  0 .0  U.310 

4.75" 0 1  0.5UO 0 .0  
6.32E 0 1  0 . 0  
3.79" 00  0.0 
0 . 0  0 .0  
0 .0  0 . 0  
2 .787  0 0  0 . 0  
0 .0  0.0 
1.64F 0 0  0.0 
1.262 00 0 . 0  
9.48E 0 0  0.0 
0.0 0 .0  
9.48E-01 0 . 0  
1 .261  0 1  0.0 
0 .0  0 .0  
U.51F 00  0.0 
0.0 0 . 0  
2 .323  00 0.0 
8.22E 0 1  0.0 
0 . 0  0.0 
5.9UE-01 0.0 
0.0 0 . 0  
0 .0  0.0 
0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
n. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.421-03 0.0 
0.0 0 .0  
0 . 0  0 .0  
0 .0  0 .0  
0 . 0  0.0 
0.0 0.0 
0.0 0.0 

7.75F-01 1 .000  0 .0  0.0 
0 . 0  0.0 0.0 0.0 
0.0 0.0 0 .0  0.0 
6.95F-02 1.000 0.0 0. r? 
0.0 0.0 0.0 0.0 

0.0  0 .0  0.706 0 .039  0.0 
1.47E-OU 1.60E-03 0.0 0.0 83 .760  
6.00E-03 1.98E-04 0.0 0 .0  9 .550  
9.20E-05 8.OOE-06 0.0 0.0 2 .389  
0.0 0.0 1 .230  0.0 0.0 
0.0 0.0 1 .366  0.612 0.0 
2.60E-04 8 .00E-04 0 .0  0.0 100 .000  
0.0 0 .0  2.636 0 .662  0 .0  
0.0 0.0 0.924 0 .106  0.0 
0.0 0.0 2 .1u7  0 .0  0 .0  
U.79E-03 1.32E-01 0 .0  0.0 5 .820  

6.98E-0U 1.7UE-03 0 .0  0.0 91 .660  
7.OOF-03 8.03F-04 0.0 0.0 2.190 
2.00E-05 2.00E-05 0.0 0 .0  0 .330  
0.0 0.0 1 .311  0.908 0 .0  
0.0 0.0 0 .025  0.0 0.0 
0.0 0 .0  2 .304  0 .424  0 .0  
9.99F-01 6.001-04 0.0 0.0 100 .000  
0.0 0.0 0.06U 0 .071  0.0 
0.0 0.0 2 .637  0 .950  0.0 
0.0 0 .0  0 .556  0.0 0.0 
0 .0  0.0 3 .916  0.740 0.0 
U.48f-04 2.242-01 0 .0  0.0 67.8110 
0.0 0.0 0.0 0.0 0 .0  
1.6013-03 4.00E-03 0.0 0.0 26 .230  
7.40F-03 3.UOF-03 0.0 0 .0  1 .190  
1.30E-0U 2.00E-00 0.0 0 .0  3 .660  
0.0 0.0 0.02' 0.0 c.0 
0.0 0 .0  0.0 0 . 0  1 .080  

0.0 0.0 2.311 0.435 0.0 
1.4UF-03 1.80E-02 0.0 0 .0  69 .090  
0.0 0.0 1.035 0 .194  0.0 
3.OOF-04 7.221-04 0 .0  0 . 0  30 .910  
0.0 0.0 1 .163  0 .082  0 .0  
0 .0  0.0 2.200 0.1191 0 .0  

0.0 0.0 U8.890 0.0 0.0 
0.0 0.0 1 . 3 U O  0 .420  0.0 
0.0 0 .0  0 .0  0.0 27.810 
0.0 0.0 0.0 0.0 u .110  

0.0 0 .0  18 .560  0.0 0.0 
0.0 0.0 0 .439  1 .000  0.0 
0 .0  0.0 0 .350  0.0 0.F 
0.0 0.0 
0.0 0 .0  1.900 0 .680  0 .0  

0.0 0.0 0 .220  0.0 r.0 

0.0 0.0 1 .207  0 . ~ 8 9  0.0 

0.0 0 .0  0 .620  
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TABU A-1 (CONTINUED) 

LIGHT ELENENTS, MATERIALS OF CONSTRUCTION, AND ACTIVP.TION PRODUCTS 

NUCL DL?.N FB1 FP 
IN119M 6.422-00 0.0 0.0 
TN119 5 .50E-03  0.050 0.0 
TN121M 3.73B-03 0.0 0.0 
TN121 2 .313-02  0.0 0.0 
SNl lU 0.0 0.0 0.0 
SN115 0.0 0.0 0.0 
SN116 0.0 0.0 0.0 
SN117M 5.73E-07 0.0 0.0 
SN117 0.0 0.0 0.0 
SN118 0.D 0.0 0.0 
SN119N 3 .212-08  0.0 0 .0  
SN119 0.0 0.0 0.0 
SN120 0.0 0.0 0.0 
SN12lN 2.89"-10 0.0 0.0 
SN121 7.13E-06 0.0 0 .0  
SN122 0.0 0.0 0.0 
SR123N 2.89E-04 0.0 0.0 
SN123 6.42F-08 0.0 0.0 
SNl2U 0.0 0.0 0.0 
SNl25M 1.19E-03 0.0 0.0 
SN125 8.53F-07 0.0 0.0 
SB121 0.0 0.0 0.0 
SB123 0.0 0.0 0.0 
SBl24M 7.45F-03  0.0 0.0 
SRl2U 1.3UE-07 0.0 0.0 
SB125 8. law-09 0.390 0.0 
SBl26M 6.082-04 
SB126 6. U2E-07 
TE124 0.0 
TE125N 1.38F-07 
TF125 0.0 
TF126 0 .0  
TP180 0.0 
TP181 0.0 
TA182N 7.00F-04 
TP.182 6.98P-08 

W180 0 .0  
57181 5.73E-08 
W182 0.0 
W1831 1 .31F-01  
W183 0.0 
W184 0.0 
W185N 7 .22F-03  
51185 1.07E-07 
W186 0.0 
W187 8.06F-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 

FP 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 

1 .000  0.0 
0 .0  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

FT FP. 
0.050 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0 . 0  
0.0 0 .0  
1.000 0.0 
0.0 0.0 
0.0 0.0 
1.000 0.0 
0.0 0 . 0  
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.800 0.0 
0.0 0.0 
0.0 0.0 
0.990 0.0 
0.0 0 . 0  
0 .0  0 . 0  
1 .000  0 .0  
0.0 0.0 
0.0 0.0 
0.0 0.0  
0.0 0.0 
1 .000  0 .0  
0 .0  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1 .000  0.0 
0.0 0.0 
0.0 0.0 
1.000 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

STGNG FNGl SIGN2V FN2Nl SIGNA STGNP Q FG A B U N D P . V C 2  
6.32E-01 0 .600  0.0 0.0 0.0 1 .168  0 .052  0.0 
6.322-01 0.600 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
6.323-02 0.0 0.0 
0 .0  0 .0  0.0 
4.67E 0 0  1.000 0.0 
0.0 0.0 0.0 
7.03F 00 0.0 0.0 
6 .322-03  1.000 0 . 0  
0 .0  0.0 0.0 
3 .78E 00 0.0 0.0 
3.59E-01 0.007 0 . 0  
0.0 0 .0  0.0 
0.0 0.0 0.0 
1.14E-01 0 .995  0.0 
0.0 0.0 0.0 
0.0 0 .0  0.0 
8.85F-02 0.960 0.0 
0.0 0 .0  0.0 
0.0  0.0 0 . 0  
5 .172  0 1  0.100 0.0 
6 .26F 0 1  0 .013  0.0 
0.0 0.0 0.0 
7 .993  F 3  0.0 D.0 
1.19F 00 0.500 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
4 .421  00 0.715 0.0 
0.0 0.0 0.0 
8.98F 00 0 .0  9 .0  
3.60E 0 0  0 .130  0 . 0  
n. n 0.0 0 . 0  
2;06F 0 2  0;O 0;O 
0.0  0.0 0.0 
0.0  0.0 0.0 
6.322 00 0.0 0 .0  
0.0 0.0 0.0 
1 .31F 0 1  0 .024  0 .0  
0.0 0 .0  0.0 
6.45F 0 0  0.0 0 .0  
3 .93F 0 0  0 .005  0.0 
0 .0  0.0 0.0 
0.0 0 .0  0.0 
1.8UE 0 2  0.0 P.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 0.3 1.U87 0 .565  0 .0  
0.0 0.0 1.530 0.0 0.0 
0.0 0.0 2 .073  0.453 0.0 
3.839-05 6.00E-04 0.0 0.0 0 .650  
5.812-04 5.99E-04 0.0 0.0 0 .340  
U.17E-06 1.00E-04 0.0 0 .0  14.2UO 
0.0 0.0 0 .317  0.0 0.0 
1.08E-04 1.80E-04 0.0 0.0 7 .570  
4.08E-07 2.00E-05 0.0 0.0 24.010 
0.0 0.0 0.089 0 .0  0.0 
1.742-05 4.OOE-05 0.0 0.0  8.580 
U.OOE-06 0.0 0.0 0 .0  32 .970  
0.0 0.0 0 .177  0 .0  0 .0  
0.0 0.0 0 .112  0.0 0 .0  

0.0 0.0 4 ,710  8.00E-07 0.0 
0.0 0.0 0 .682  0.0 0.0 
0.0 0.0 0.575 0.0 5 .980  
2.003-07 0.0 0.0 0.0 0.0 
0.0 0.0 1.1R3 0 .296  0.0 
0.0 0 .0  0 .997  0 .069  0.0 
0.9 0.0 0.0 0.0 57.250 
0.0 0.0 0.0 0.0 42.750 
0.0 0.0 O . U U 3  0 .791  0 .0  
0.0 0.0 2 .200  0 . @ 1 3  0 .0  
0.0 0.0 0.68U 0 .628  0 .0  
0.0 0.0 1 . l U l  0 .947  0 . 0  
0.0 0.9 2.195 0 .646  0 .0  
0.0 0.0 0 .0  0 .0  0.610 
0.0 0.0 O . l U 5  0.0 0.0 
0.0 0.0 0.0 0.0 6 .990  
0.0 0.0 0.0 0.0 18 .710  
0.0 0.0 0.0 0 .0  0 .012  
0.0 0.0 0 .0  0 .0  99 .989  
0.0 0.0 0.037 1 .090  0.0 
0.0 0.0 1 .205  0 .895  0.0 
0.0 0.0 0.0  0.0 O.lU0 
0.0 0 . 0  0 .170  0.0 0.0 
0.0 0.0 0 .0  0.0 26 .410  
0.0 0.0 0.260 0.0 0 .0  
0.0 0.0 0 .0  0.0 14 .uoo  
0.0 0.0 0 .0  0.0 30.6UO 
0.0 0.0 0.290 0.0 0 .0  
0.0 0.0 0.160 0.0 0 .0  
0.0 0.0 
0.0 0.0 0 .677  0.S78 0.0 

0.0 0.0 28.010 

v 
0 
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NUCL DLAB FB1 FP 
PA234 2.852-05 0.0 0.0 

U232 3.05E-10 0.0 0.0 
5 2 3 3  1.36F-13 0.0 0.0 
0234 
U235 
5236 
0 2 3 7  
0 2 3 8  
U239 
0240 

NP236 
NP237 
NP238 
NP2 39  
NP2UOB 
NP240 
PO236 
PO238 
PU239 
PU2UO 
P5241 
PU242 
PO243 
PU24U 
PO245 
AB2U 1 
AII242B 
AB242 
A1243 
P.fi2U4 
AB245 
CB242 
CB243 
CB2 4 
CB245 
CB246 
CB247 
CB248 
CB249 
cs250 
BK249 
BK250 
CF2U9 
CF250 
CF251 
CF252 
CF253 
CF254 
E5253 

TASU A-1 (CONTINUED) 

ACTINIDES AND THEIF DAUGHTEFS 

8.89E-14 0.0 0.0 
3.092-17 0.0 0.0 
9.19E-16 0.0 0.0 
1.19R-06 0.0 0.0 . 

4.87F-18 0.0 0.0 0.0 
4.92E-04 0.0 0.0 0.0 
1 .373-05  1.000 0.0 0.0 
8.75E-06 0.0 0.430 0.0 
1.03E-14 0.0 0.0 0.0 
3.82E-06 0.0 0.0 0.0 

F P l  FT FP. FSF F+6 SIGNG FNG21 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 1 .000  0.0 1.43F 0 2  0.0 
0.0 0.0 1 . 0 0 0  0 . 0  7.99E 0 1  0.0 
0 .0  0.0 1 . 0 0 0  0.0 2.81E 0 2  0.0 
0.0 0.0 1 , 0 0 0  0.0 l.OcF 0 2  0.0 
0.0 0.0 1 . 0 0 0  0.9 7.37E 0 1  0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

3 . 4 l F - 0 6  0.0 
1.58E-03 0.0 
1.83F-04 0.0 
7.713-09 0.0 

9.00E-13 0.0 
3.25E-12 0.0 
1.50F-09 0.0 
5.80E-14 0.0 
3 .872-05  0.0 
2.65F-16 0.0 
1.82F-05 0.0 
5.07E-11 0.0 
1.45F-10 0.0 
1.20F-05 0.0 
2.87F-12 0.0 
4.4U?-OO 0.0 
9.30F-05 0.0 
4.92F-08 0.0 
6.863-10 0.0 
1.213-09 0.0 
2.663-12 0.0 
4.66"-12 0.0 
1.30F-15 0.0 
6.24E-14 0.0 
1.80F-04 0.0 
1.26P-12 0.0 
2.552-08 0.0 
5.98E-05 0.0 
6.24F-11 0.0 
1.682-09 0.0 
2.44F-11 0.0 
8.3OP-09 0.0 
u.5OE-07 0.0 
1 .332-07  0.0 
3.87E-07 0.0 

2 . ~ 7 ~ - 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 
0.180 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.000 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

~.~ 

1 . 0 0 0  
0.0 
0.0 
0.0 
1 .ooo 
0.0 
0.0 
0.0 
0.0 
1 .000  
1 .ooo 
1 .ooo 
1 . 0 0 0  
0.000 
1 .ooo 
0.0 
0 .999  
0.0 
1.000 
0.0 
0.0 
1.000 
0 .0  
0 . 0  
1 .ooo 
1.000 
1 . 0 0 0  
1 .ooo 
1.000 
1 . 0 0 0  
0 . 9 1 7  
0.0 
0 . 0  
0.000 
0.0 
1 .ooo 
0.992 
1.000 
0 . 9 6 9  
0 . 0 0 3  
0 .003  
1 . 0 0 0  

0.0 8.352 0 0  0;o 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 3.59E 0 2  0.0 
0.0 0.0 0.0 
0.0 1.76P 0 2  0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0 . 0  0.0 
0 . 0  3.662 0 2  0.0 
0.0 4.43F 0 2  0.0 
0 . 0  8.97E 0 2  0.0 
0.0 3.94F 0 2  0.0 
5.3 4 . 3 8 1  0 2  0.0 

0.0 0.0 0.0 
1260.0  1 .01F 0 0  0.0 

0 .0  1 . 7 5 2  0 2  0.0 
0.0 1.30E 03 0.162 
0 .0  1 .262  0 3  0.0 
0 .0  0.0 0.0 
0.0 5.66F 0 2  0.0 
0.0 0.0 0.0 
0.9 0.0 0.0 
0 . 1  1.90E 0 1  0.0 
0.0 2 .932  0 2  0.0 
1 . 3  2.23E 0 2  0.0 
0 .0  2.57E 0 2  0.0 

262 .0  4.11'2 0 1  0.0 
0.0 2.0UE 0 2  0.0 

83300.0 5.892 0 1  0.0 
0 .0  1 . 7 7 f  0 0  0.0 

100000.0  1.26P 0 0  0.0 
0;o 
0.0  
0.0 

793 .0  
0.0 

31000.0 
0 . 0  

996900.0  
0 .0  

1 .33P 
2 .212  
2.852 
5.06.F 
2.33E 
2.72P 
7.96E 
5.81F 
2.18P 

03 0.0 
0 2  0.0 
0 2  0.0 
03 0.0 
0 3  0.0 
0 1  0.0 
0 0  0.0 
0 2  0.0 
0 2  0.0 

SIGF 
0.0  
1.55E 02 
5.80E 02 
3.86E 00 
4.09E 0 2  
3.242 00 
3.76F 00 

SIGN2N SIGN3N 
0.0 0.0 
5.20E-03 6.OOE-05 
6.60E-03 1.2673-05 
1. 44E-0 2 8.80 P O 5  
3.00E-02 9 .402-05  
1.30E-02 1.UUB-OU 
0.0 0.0 

5.983-01 3IOOF-02 3.OOP-04 
0.0 0.0 0.0 
0.0 0. n 0.0 .. . 

31542 00 0;o 0.9 
2.45E 00  2.603-03 1 .90F-05  
1.OlE 0 3  0 .0  0.0 

Q FG 
1 .533  0 .79  
5.414 0.0 
4.910 0.00 
4.856 0.0 
U.681 0.0 

u . 5 7 3  0.112 0 . 0 7  0.0 
4.268 0.0 
0.400 0.0 
0 .211  0.21 
0 . 4 7 6  0.0 
4 .956  0.0 
0.839 0.68 

0.0 0.0 0.0 0 .228  0 .23  
0.0 0.0 0.0 1 . 0 6 5  0 .32  

0.280 0.0 0.0 0.0 0.0 
1.072 0 2  0.0 0.0 5 .870  0.0 
1.94F 0 1  5 ,203-03  6.00F-Oq 5.587 0.0 
1.06E 03 1.00E-02 1.16E-04 5 .243  0.0 
2.46F 00 7.002-03 7.OOF-05 5.255 0.0 
1.11F 0 3  1.58E-02 1.583-04 0 . 0 0 7  0.0 
2.22P-01 1.48E-02 1.48F-OU U. 980 0.0 
2.58F 00 0.0 0.0 
0.0 0.0 0.0 u.680 0.0 
0.0 0.0 0.0 0.400 0.0 
U.18E 00 1.002-03 1.00E-05 5.630 0.0 
3.80E 0 3  3.70F-02 3.80E-04 0.048 0.0 
1.832 03  3.702-02 3.80F-OU 0 .225  0.0 
7.8UF-01 0.0 0.0 6. 158  0. 12 
1.45F 0 3  0.0 0.0 1.256 0.5' 
0.0 0.0 0.0 
3. 16P 00 0.0 0.0 
9.952 0 2  1.OOP-02 1.OOw-04 6 . 2 0 1  0.01 
4.92E 00 0.0 0.0 

0.0 5 .295  0.01 1.472 03  0 .0  
0.0 0.0 0.0 5 .536  0.00 
4. 29P 02 0.0 0. 0 5. 300 0.0 
0.0 0.0 0.0 21.410 0.00 

0. 300 0.0 3.16E 01  0.0 0.0 
0.0 195.000 0.0 0.0 0.0 

0.0 0.0 0.0 0 . 0 4 2  0.00 
1.90F 0 3  0.0 0.0 1.507 0 .61  
2.0U2 0 3  0.0 0.0 6 . 6 3 7  0.05 
0.0 0.0 0.0 6 .290  0.00 
4. 17P 03 0.0 0.0 6 .039  0 .02  

12 .260  0.0 5 .692  0 1  0.0 0.0 
0. 109 0.0 8 .222  02 0.0 0.0 

0.0 0.0 0.0 194.400 0.0 
0.0 0.0 0.0 6. TU' 0.0 

0 .239  0 .01  

0 .313  0 . 0  
6. 217 0.0 

5.902 0.0 

I 
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TABLE A - l  (CONTINUED) 

FISSTON PRODUCTS 

FT SIGNG FNGl Y23 Y25 Y 02 Y28 Y 49 Q FG 
1 . 0 2 3  0. 403 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0  0 .0  

0.0 1 .90E 00 0 . 3 3 3  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 4. 50F-02 1 . 6 0 ~ 0 2  6.00E-02 1.9’3-02 5.OOI-02 2 .029  0.542 
0.0 0.0 0 .0  5.OOP-03 1.3OF-03 6.00F-03 1.97Y-02 5 . 0 0 3 - 0 3  2.029 0 .542  
0.0 0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0.842 0.190 
0.0 0 . 0  0.0 0.0 0.0 0.0 0 . 0  0 .0  0 . 5 9 7  0.036 
0.0 6 . 2 6 3  0 1  0 . 0 1 3  0.0 0.0 0.0 0.0 0.0  0.0 0.0 
1.000 0.0 6 .0  0.0 0.0 0.0 0.0 0.0 0.496 0.500 
0.0 2 . 5 3 3  0 2  0 . 0  0 . 0  0 .0  0.0 0.0 0.0 0.0 0.0 
0.0  0 . 0  
0.0 8.8573-02 0 .960  0.0 0.0 0.0 4 .242-02  0.0 0 .0  0 .0  
0.800 0.0 0.0 0.0 0.0 0.0 0 . 0  0 . 0  0 .475  0.806 
0.0 7 .993  0 3  0.0 0.0 0.0 0.0 0.0 0 .0  2.318 0.823 
0.0 4 .02E 00 0 . 7 1 5  0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 3 .203-02  8.00F-03 2.803-02 0.0 U.UOF-02 1.182 0.296 
0.0 0.0 0.0 5.20E-02 1.30E-02 0.5OE-02 7 .372-02  7 .10F-02  1.072 0.134 
0.0 1.19E 00 0.500 0.0 0.0 0.0 1.OlF-03 0.0 0 . 6 8 4  0.628 
1.000 0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0.290 0.500 
0.0 8 .98F 00 0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 
0.0 2.295-01 0.500 2.00F-01 4.40E-02 8.OOF-02 5.66E-02 2.OOP-01 0 .182  0.506 
0.990 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 .100  0.9U7 
0.0 0.0 0.0 0.0 0.0 0.0 1 .017-03  0.0 2.195 0 .646  
0.0 3.60E 00 0 .130  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 6.55F-02 0 . 0  1 .616  0 .303  
0.0 0.0 0.0 6.OOF-01 1.3OF-01 1.20E-01 6.55’-02 3.90F-01 1 .745  0.512 
0.0 0.0 0.500 0.0 0.0 0.0 1.010-02 0 . 0  1 .064 0.570 
0 .985  0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0 . 0 9 3  0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0.272 0 . 0 0 6  
0.0 6 .29F 01  0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0 .0  2.760 0.597 0.0 0.0 0 . 0  0.0 0.0 0.0 
0.0 0.0 0.0 l . lOE-01 3.9OF-02 1.8OF-02 5.053-02 1. 1OF-01 2.313 0.782 
0.0 3 .4uF 00 0 .110  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 9.0OE-05 3.OOF-05 1.003-05 0.0 9.OOP-05 0.867 0.085 
0.0 1 .90P 00 0.500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 2.00F 0 0  1.00F 00 4.OOE-01 3.58F-01 l .7OF 00 1.980 0 .581  
0.0 0.0 0.0 0 .0  0.0 0.0 3.58E-01 0 . 0  2.570 0.677 
0.0 0.0 0.500 0.0 0.0 0.0 1.72-01 0.0 1.782 0.572 
0.600 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .335  0 .122  
0.0 0.0 0.0 0.0 0.0 0.0 c. 0 0.0 0 . 6 1 3  0. 152 
0.0 3 .45F 0 1  0 . 6 8 0  0.0 0.0 0.0 0.0 0 .0  0 . 1 1  1 0.342 
1.000 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0  0 .472  0.500 
0.0 1.3373 0 1  0.0 7.00F-04 4.00F-04 1.OOF-04 0.0 6.00F-Ou 0.0 0.0 
0.0 0.0 0.0 2.60E 00 2.0OP 00 8.00F-01 1 . 3 1 r  00 2.60F 00 3.500 0.6’0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.347 0 . 6 3 3  
0.0 0.0 0.0 0.0 9.0 0.0 5 . 0 5 ~ - 0 1  0.0 3.347 0 . 6 3 3  

0 . 0  7.00E-02 2.20E-02 6.703-02 0.0 7 . 0 0 ~ 0 2  4. 449 0. u v  

0.0 0.0 

0.0 0.0 0.500 1.1oP 9 0  3.70F-01 1.8OF-01 3.133-01 1.10F 00 o.’4U 0.692 

0.0 2.31F-01 0 .150  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 .000  0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0 .200  0.500 

0.0 1.90E 00 0.960 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 
0.0 1 . l h F  0 1  0.0 6.OOF-04 5.00r-04 2.OOF-OU 0.0 6.OOF-00 2.410 0.888 

NUCL DLAN FB1 FP FPl  
SB122 2.87F-06 0.0 0 . 0 3 1  0.0 
TF122 0.0 0.0 0.0 0.0 
fN123N 1 .933-02  0.0 0.0 0.0 
TN123 6.93E-02 1 .000  0.0 0.0 
SN123N 2.89F-04 0.0 0.0 0.0 
SN123 6 .42F-08  0.0 0.0 0.0 
SB123 0.0 0.0 0.0 0.0 
TF123N 6.86F-08 0.0 0.0 0.0 
TF123 0.0 0.0 0.0 0.0 
TNl24 1.73F-01 0.0 0.0 0.0 
SN129 0.0 0.0 0.0 0.0 
SB124M 7.45F-03  0.0 0.0 0.0 
SBl2u 1.3UY-07 0.0 0.0 0.0 
TEl24 0.0 0.0 0.0 0.0 
SN125N 1.19E-03 0.0 0.0 0.0 
SN125 8.533-07 0.0 0.0 0.0 
SB125 8.14E-09 0.390 0.0 0.0 
TI312511 1.38F-07 0.0 0.0 0.0 
T3125 0.0 0.0 0.0 0.0 
SN126 2.2OP-13 1.000 0.0 0.0 
SB126M 6.08E-04 0.0 0.0 0 .0  
SB126 6.42F-07 0.0 0.0 0.0 
TE126 0.0 0.0 0.0 0.0 
SN127M 2.89E-03 0.0 0.0 0.0 
SN127 9.173-05 0.0 0.0 0.0 
SB127 2.07F-06 0.220 0.0 0.0 
TE127M 7.363-08 0.0 0.0 0.0 
T F l 2 7  2.05P-05 0.0 0.0 0.0 

7 1 2 7  0 .0  0.0 0.0 0.0 
SN128 1.96E-04 0.970 0.0 0.0 
SB128M 1.05F-03 0.0 0.0 0.0 
SB128 2.14E-05 0.0 0.0 0.0 
TF128 0.0 0.0 0.0 0.0 

T128 4.62F-04 0.0 0 . 0 6 3  0 .0  
XE128 0.0 0.0 0.0 0.0 
SN129N 1.93E-OU 0.0 0.0 0.0 
SN129 1.283-03 0.0 0.0 0.0 
58129 4.483-05 0.160 0 . 0  0.0 
TE129N 2.36F-07 0.0 0.0 0.0 
TE129 1.673-04 0.0 0.0 0.0 

1 1 2 9  1.29F-15 0.0 0.0 0.0 
XE129M 1.OOP-06 0.0 0.0 0.0 
XF129 0.0 0.0 0.0 0.0 
SN130 4.04F-03 0 .900  0.0 0.0 
SB130M 1.65F-03 0.0 0.0 0.0 
SB130 3.50E-Ou 0.0 0.0 0.0 
TE130 0.0 0.0 0.0 0.0 

1130M 1.26F-03 0.0 0.0 0.0 
I 1 3 0  1 .553-05  0.0 0.0 0.0 

XI1130 0.0 0.0 0.0 0.0 
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TABU A-1 (CONTINUED) 

FTSSTON PRODUCTS 

NUCL 
CS139 
BF139 
LP139 
XF 140 
cs 1 4 0  
BAlUO 
LP. 140  
CEl40 
XElU1 
CSl41  
B A l U l  
LA141 
CPlUl 
P F l U l  
XE142 
cs 1 4 2  
BP142 
LP.142 
CE142 
PR102 
NDlu2 
XF143 
CS143 
BAl43 
LA143 
CE143 
PP143 
ND143 
LA14u 
CF14u 
PFlUu 

CE145 
PP145 
ND145 
CE146 
P F l 4 6  
ND146 

P?147 
NDl47 
PMlU7 
s n 1 4 7  
CF148 
PP148 
ND148 
PM148il 
P n l u 8  
SMl48 
PPlU9 

ND14u 

~ ~ 1 4 7  

D I A n  FBI 
1.22F-03 0.0 
1.39E-04 0.0 
0.0 0.0 
u.33E-02 0.0 
1.05E-02 0.0 
6.273-07 0.0 
4.792-06 0.0 
0.0 0.0 
3.U7E-01 0.0 
2.89P-02 0.0 
6.42F-04 0.0 
U.9UF-05 0.0 
2.48F-07 0.0 
0.0 0.0 
4.62F-01 0.0 
3.01E-01 0.0 
1.OSE-03 0.0 
1.26E-04 0.0 
0.0 0.0 
1.OOF-05 0.0 
0.0 0.0 
6.93F-01 0.0 
3.47F-01 0.0 
5.78E-02 0.0 
8.25?!-04 0.0 
5.83P-06 0.0 
5 .86F-07  0.0 
0.0 0.0 
1 .73E-dl  0.0 
2 .823-08  0.0 
6 . 6 8 E - 0 4  0.0 
0 .0  0.0 
3.85F-03 0.0 
3.22F-05 0.0 
0.0 0.0 
8.25F-04 0.0 
U.81F-04 0.0 
0.0 0.0 
1.07F-02 0.0 
9.633-04 0.0 
7 .23F-07  0.0 
8.382-09 0.0 
0.0 0.0 
1.61?-02 0.0 
5.78P-03 0.0 
0.0 0.0 
1.91E-07 0.0 
1.493-06 0.0 
0.0 0.0 
5.02F-03 0.0 

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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PP 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 

FT 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

STGNG FAG1 
0.0 0.0 
0.0 0.0 
8 . 8 5 F  00 0.0 
0.0 0.0 
0.0 0.0 
9 .15E 00 0.0 
8.56E 00 0 . 0  
5.42E-01 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
1.83B 0 1  0 . 0  
1.25E 0 1  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0 .0  
1.03E 00 0.0 
1 .37% 0 1  0.0 
1.37E 0 1  0.0 
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NUCL DLAM FBI 
DY163 0.0 0.0 
TB164 8.373-06 0.0 
DY164 0 .0  0.0 
DY165M 9.17E-03 0.0 
DY165 8.31F-05 0.0 
A0165 0.0 0.0 
DY166 2.36E-06 0.0 
R0166R 1.83E-11 0.0 
H0166 7.16E-06 0.0 
EF166 0.0 0.0 
EF167 0.0 0.0 

SUR OF YTELDS OF ALL 

PP 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0  

PP 1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

TABLE A-1 (CONTINLED) 

FISSION PR@DUCTS 

FT 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FISSIOR PRODUCTS 

STGNG PNGl 
7.32P 02  0.0 
0.0 0.0 
1.83E 03  0.740 
0.0 0.0 
2.97E 0 3  0 .0  
3.29E 02  0 . 0 1 5  
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.03E 02  0.0 
4.42F 02  0.0 

Y23 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0  
0.0 
0.0 
0.0 
0.0 

Y25 
0.0 
6. OOF- 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

YO2 
0.0 

.06 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Y28 YU9 
0.0 0.0 
0.0 3.00F-04 
0 .0  0.0 
0.0 1.30E-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 

6.8OF-05 

Q 
0.0 
1.580 
0.0 
0 .568  
I). 532 
0.0 

1.814 
0.756 
0.0 
0.0 

0. 147 

FG 
0.0 
0.0 
0.0 
0.020 
0.028 
0.0 

0.988 
0 .023  
0.0 
0.0 

0 .027  

2.01F 00 2.00E 0 0  2.00F 00 1.98E 00 2 - 0 1 ?  00 

f 
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TASLE A-2 (CONTINLIED) 

NUCLTDE 
0. 30 

P 32 0.0 
P 33 0.0 
P 34 0.0 
S 32 0.0 
s 33 0.0 
s 34 0.0 
s 35 0.0 
S 36 0.0 
s 37 0.0 

CL 35 0.0 
CL 36 0.0 
CL 37 0 . 0  
CL 38 0 . 0  
AR 36 0.0 
AP 37 0.0 
AP 38 0.0 
AP 39 0.0 
AP 40 0.0 
AP 41 0.0 
K 39 0.0 
K U o  0.0 
R 41 0.0 

PHOTONS/DISIWIEGRPTION FOR THE LTGHT 

0.63 1.10 1.55 1.99 2.38 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 2.68F-01 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0 . 0  
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 3.92E-01 5.1213-01 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 1.173 00 5.00E-04 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 1.04E-01 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 

E V A N  (MEV) 
ELFBENTS 

2.75 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

K 42 2.10E-03 1.OOE-04 3.00F-04 1.76E-01 5.00E-OU 3.OOF-OU 0.0 
K 43 1.31E 00 9.18F-01 1.8UE-02 0.0 0.0 0.0 0.0 
R UU 0 . 0  

CP n o  0 . 0  
CP 41  0.0 
Cf. 42 0.0 
CA 43 0 . 0  
CP u u  0.0 
CP. us 0 . 0  
C?. 4 6  0.0 
CA u7 0.0 
C? U8 0 . 0  
CA 49 0 . 0  
sc n 5  0 . 0  
SC U6 0 . 0  
SC U7 3.9'E-01 
SC 48 3.56F-02 
sc 49 0.0 
SC 50 0 . 0  
TI 46 0.0 
TI U 7  0.0 
T I  U S  0.0 
T'I 49 0.0 
TT 50 0.0 
TI Sl 1.01p 00 
v 49 0.0 
V 50 0.0 
V 51 0.0 

0.0 6.4173-01 8.98E-02 3.9OP-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 
c. 0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
1.0513-01 8.3313-01 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 
0.0 
1.41P 00 
0.0 
0.0 
0.0 
e.25:-01 
0.0 
0.0 
0.0 
0.0 
0.0 
1.342-02 
0.0 
0.0 
0.0 

0.0 
0.0 
1.02E 
0.0 
3.05F 
0.0 
1.02E 
0. F 
0.0 
0.0 
0.0 
0.0 
3.89F- 
0.0 
0.0 
0.0 

0.0 
0.0 

00 0.0 
0.0 

00 0.0 
3. OOE 

00 1.00E 
0.0 
0.0 
0.0 
0.0 
0.0 

,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 

-0u 0.0 0.0 
00 0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

3.25 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.569-01 
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 

6.62E-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 .o 0.0 
0.0 0.0 

3.70 4.22 U.'O 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 1.90E-03 0.0 
0.0 0.0 P.0 
0.0 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. D 0.0 
0.0 0.0 0.0 
2.OOP-04 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
4 .OOE- 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

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 

8.41E-01 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

.02 0.0 0.F 
0.0 0.0 
0.0 0.0 .. 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

5.25 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. F 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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. c 

9.57E-02 8.FOF-03 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 F.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 F.0 0.0 
0. 0 0.0 0.0 
0.0 0.0 0.0 
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TASU A-2 (CONTINUED) 

PAOTONS/DISINTEGFATION FOF “HE LIGRT EIENF4TS 

0.30 0.63 1.10 1.55 1.99 2.38 2.75 
NUCLIDE FMFAN (NEV) 

ZB 71 1.7OF-02 1.05E-01 3.803-02 0.0 0.0 0.0 0.0 
GA 6 9  0.0 0.0 0.0 0.0 0.0 0 .0  0.0 
G?. 7 0  0.0 0.0 4.70E-03 0.0 0.0 0.0 0.0 
G I  7 1  0.0 0.0. 0.0 0.0 0.0 0.0 0.0 
GE 7 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SR 88 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SF 8 9  0.0 0.0 1.OOF-04 0.0 0.0 0.0 0.0 
SI, 9 0  4.69E-03 4.39E-06 0.0 0.0 0.0 0.0 0.0 
SP 9 1  0.0 4.75B-01 3.05E-01 4.56E-02 0.0 0 .0  0.0 
Y 90H 6.772-01 7.32E-01 0.0 0.0 0.0 0.0 0.9 
Y 9 0  4.94E-02 1.622-02 2.48E-03 4.48P-04 1.36P-05 0.0 0.0 
Y 91M 0.0 8.753-01 0.0 0.0 0.0 0.0 0 .0  
Y 91 0.0 0.0 3.3OP-03 0.0 0.0 0.0 0.0 
ZP 9 0  0.0 0.0 0.0 0.0 0.0 0 . 0  0 . 0  
ZF 9 1  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ZP 9 2  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ZP 9 3  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ZP 94 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ZF 9 5  0.0 1.15F 00 0.0 0.0 0.0 0.0 0.0 
ZF 9 6  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
NE 9 2  0.0 2.6OE-02 8.41E-01 0.0 7.30p-03 0.0 0.0 
NB 93N 9.67B-02 0.0 0.0 0.0 0.0 0.0 0.0 
N B  9 3  0.0 0.0 0.0 0.0 0.0 0.0 3.0 
NE 9U 0.0 2.50E 00 0.0 0.0 0.0 0.0 0 . 0  
N B  9 5  0.0 1.22E 00 0.0 0 .0  0.0 0.0 0.0 
NB 96 0.0 2.41F 00 7 .15F-01  0.0 0.0 0.0 0.0 
NE 9 7  0.0 1.03E 00 1.85F-02 0.0 0.0 0.0 0.0 
MO 92 0.0 0.0 0.0 0.0 @. 0 0.0 0 .0  
MO 9 3  0 .0  0.0 0.0 0.0 0.0 0 . 0  0.0 
MO 93H 5.1OF-01 1.09E 00  0.0 9.5UF-01 0.0 0.0 0.0 
MO 9a  0.0 0.0 0.0 0.0 0.0 0.0 0 .0  
MO 9 5  0.0 0.0 0.0 0.0 0.0 0.0  0.0 
MO 9 6  0.0 0.0 0.0 0.0 0.0 0.0  0 . 0  
MO 97 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0  
NO 9 8  0.0 0.0 0.0 0.0 0.0 0 . 0  0.0 
HO 9 9  1.24E-02 1.9OP-01 0.0 0.0 0.0 0.0 0.0 
MP100 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  
NO101 0 .0  6.52E-01 3.50E-01 1.91E-01 1.67E-01 0.0 0 . 0  
TC 99M 0.67E-01 0.0 0.0 0.0 0.0 0 . 0  0 .0  
TC 9 9  0.0 0.0 0.0 0.0 0.0 0 .0  0 . 0  
T C l O l  9 . 3 l E - 0 1  6.92F-02 0 .0  0.0 0.0 0 .0  0 .0  
RrJ101 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
CD113M 9.00F-04 0.0 0.0 0.0 0.0 0 . 0  0 . 0  
CD113 0.0 0.0 0 .0  0.0 0.0 0 . 0  0.0 
CD115M 0.0 0.0 2.883-02 2.70F-03 0.0 0.0 0.0 
CD115 1.22F-02 3.05E-01 0.0 0.0 0.0 0 . 0  0.0 
CD119H 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
CD119 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  
CD121 0.0 0.0 0.0 0.0 0.0 0 .0  0 .0  
TN113 0.0 0.0 0.0 0.0 0.0 0 . 0  0 .0  

3 .25 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.70 
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 .o 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0 .0  
0 .0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.22 4.50 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.9 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0. n 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0 . @  
0.0 0.0 
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 

5 . 2 5  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
d .  0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 

n. c 

, 



0 '0 0'0 
0 '0 0'0 
0'0 0'0 
0'0 0'0 
0 '0 0'0 
0'0 0.9 
0 '0 0'0 
0'0 0'0 
u '0 0'0 
0'0 0'0 
0 '0 0'0 
0 '0 0'0 
0 '0 0'0 
i) '0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0 '0 0'0 
0 '0 0'0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
i) '0 0'0 
0 '0 0'0 
0'0 0'0 
0 '0 0'0 
0'0 0'0 
0'9 0'0 
0 '0 0'0 
0'0 0.0 
0'0 0'0 
0'0 0'0 
0'0 0'0 
0 '0 0'0 
0'0 0'0 
0'0 0'0 
0 '0 0'0 
0'0 0'0 
0'0 0'0 
0 '0 0'0 
0'0 0'0 
0 '0 0'0 
0 '0 0'0 
0'0 0'0 
iJ '0 0 '0 
0 '0 0'0 

sz -s 0~9n 

0 '0 
0'0 
0 '0 
0'0 
0 '0 
0'0 
0 '0 
0 '0 
0 '0 
0'0 
0 '0 
0'0 
0'0 
0 '0 
0'0 
0 '0 
0'0 
0 '0 
0 '0 
0 -0 
0 '0 
(J '0 
0'0 
0 '0 
0 '0 
0 '0 
0 '0 
0'0 
0 '0 
0-n 
0'0 
0 '0 
0'0 
0 '0 
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 VI 

0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0.0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

OL'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-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 

SZ'E 

0'0 Lo-aLz'9 0'0 L8L1 0'0 0'0 0'0 0 '0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 9811 

0'0 5811 0'0 0'0 0'0 0'0 0'0 0 '0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 USBLA 

0'0 0811 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 €814 0'0 0'0 0'0 0'0 0'0 0'0 

0'0 0'0 0'0 0 '0 0'0 0'0 0'0 PE8L1 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 28th 
0'0 0'0 0'0 0 '0 0'0 0'0 0'0 1811 

0'0 081h 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 LO-BS9'6 0'0 20-626's Z8LVG 
0'0 0'0 0'0 0 '0 0'0 0'0 ZO-aL9.S UZOLUS 

0'0 L81U 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0 '0 0'0 0 '0 0'0 08LU 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 9ZLdL 
0'0 0'0 0 '0 0 '0 0'0 0'5 0'0 SZLdL 
0'0 0'0 0'0 0 '0 0'0 0'0 0'0 WSZL3L 

0'0 nZLdb 0'0 0'0 0'0 0 '0 0'0 0'0 
0'0 0'0 0'0 2 0-aOE '8 0'0 00 BSO'Z 0'0 3ZLES 
0'0 0'0 0'0 0 '0 0'0 00 alL-1 0'0 U9ZLES 
0'0 0'0 0'0 0'0 0'0 LO-aZ9'9 ZO-i~tL'tl SZLBS 
0'0 0.0 ZO-LZ~.~ ~o-ai-10*9 ZO-ZEO*~I 00 PLO*L 0'0 bZLES 
0'0 0'0 0'0 0'0 0'0 LO-Z9S'S 0'0 UnZLES 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 EZLES 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 LZLES 
0'0 no-a00'S ZO-ii8S'L EO-aOE'L EO-306'b ZO-Bnb'b 0'0 SZLNS 
0'0 0'0 0'0 ZO-dE9.L 0'0 20-IEO'L 00 390'1 WSZLNS 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 bZLNS 

0'0 EZLNS 0'0 0'0 0'0 0 '0 0'0 0'0 
0.G Q.0 Q . c'n Q*Q n '0 0-n UEZLNS 

0'0 ZZLPS 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0 '0 0 '0 0'0 0'0 LZlNS 

0'0 ULZLNS 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 OZLiiS 
0'0 0'0 0'0 0'0 0 '0 0'0 0'0 6LLNS 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 U6LLNS 

0'0 8LLliS 0'0 0'0 0'0 0 '0 0 '0 0 '0 
0'0 LLCNS 0'0 0'0 0'0 0'0 0'0 0 '0 

0'0 0'0 0'0 0 '0 0'0 0'0 0'0 ULLLNS 
0'0 0'0 0'0 0 '0 0'0 0'0 0'0 9LLNS 

0'0 SLLIIS 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 trLlNS 
0'0 0'0 0'0 0'0 LO-atrS'8 0'0 0'0 LZLNi 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 ULZLNi 
0'0 0'0 0'0 0 '0 0'0 00 dEE'L 0'0 6LLNi 
0'0 0'0 0'0 0'0 20-abL'Z ZO-&6tr'E ZO-aOO'S U6LLNi 

(AaP) N'i3Y3 aai13nN 
SL'Z 8E 'Z 66'1 SS'L OL'L €9'0 OE '0 

SLkaUBiii JH3i7 aH6 Bod N3I~Ya3dJNiSia/SNOkOHa 
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c 
TASLE A-2 (CONTINUED) 

?HO?ONS/DTSTNTEGRPTION FOP ACTINTDES A N D  VHF-IQ DPUGHTEPS 
NUCLIDE ENFAN (IIEV) 

08234 0.0 0.0 0.0 7.60E-01 0.0 0.0 1.56E-01 9.OOF-01 
0 . 0 3  0.04 0.06 0.10 0.15 0.20 0 .30  0 . 6 3  

0 2 3 2  0.0 0.0 2.03E-03 0.0 6.99F-04 0.C 7.923-05 0.0 
21233 0.0 0.0 3.75E-02 1.50E-02 7.20E-03 6.00F-03 1.OOY-02 0 .0  
U23U 0.0 0.0 2.47E-01 4.232-03 0.0 0.0 0 .0  0.0 
11235 0.0 0.0 0.0 2.753-02 1.59E-01 1.13F-01 0 .0  0.0 
13236 0.0 0.0 2.253-01 0.0 0.0 0.0 0 . 0  0.0 
U237 3.87E-01 2.10V-02 3.732-01 '.00E-04 2.2OF-02 2.00"-01 2.45E-02 0.0 
U238 0.0 2.76E-01 0.0 0.0 0.0 0.0 0.0 0.0 
U239 5 .8 lE-02  6.09F-02 0.0 5.63E-01 0.0 0.0 0.0 0.0 
u240 0.0 1.lOF 00 0.0 0.0 @.O 0.0 0.0 0.0 

NP236 0.0 2.25F-01 0.0 0.0 0.0 0.0 0.0 0.0 
NP237 1.35F-01 0.0 1 . 3 l f - 0 1  1.22E-01 7.73P-03 3.873-03 0.0 0.0 
NP238 0.0 l . l O F  00 0.0 0.0 0.0 0.0 0.0 0.0 
NP239 0.C 2.02F-01 3.553-0 1 1.202-03 2.6OP-0 1 1.95F-0 1 1.38E-0 1 1.81E-02 
NP240N 0.0 4.18E-01 0.0 0.0 0.0 0.0 2.56E-02 3.67P-01 

0.0 0.0 0.0 0.0 0.0 . r a n  n,, - -..-_-r 0.0 iA. 59B-06 
NP2UO 0.0 0.0 0.0 
PV236 0 . 0  5 . 8 T - O C  0.0 ,. , " P I - " -  I .  I U L  u o  0.0  
PU238 0.0 4.35F-00 0.0 7.97E-05 1.OlF-05 U.06F-08 2.023-08 8.81F-07 
00239 0 . 0  1.9OF-05 6.07E-05 2.02F-05 0.0 8 .  14E-06 2.06E-05 6.00F-06 
PU240 0.0 2.723-01 0.0 9.36E-04 3.20F-05 0.0 0.0 2.08P-07 
PO241 0.0 0.0 0.0 0.0 1.93E-06 0.0 0 .0  0.0 
PU242 0.0 2.6872-01 0.0 0.0 0.0 0 .0  0 .0  0.0 
PU243 0.0 1.05F-02 0.0 1.76E-01 0.0 0 . 0  1.23E-02 0.0 
PU2U4 0.0 0.0 0.0 0.0 0.0 0.0  0 .0  0.0 
P0245 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0  0.0 
AR2U1 2.901-02 0.0 3.58E-01 U.OOF-04 0.0 7.35-06 6.177-06 8.69"-06 
~ n 2 4 2 n  0.0 1.20" 00 0.0 0.0 0.0 0.0  0 . 0  0.0 
AN242 0.0 7.39F-01 0.0 0.0 0.0 0.0 0.0 0.0 
E11243 0.0 U.UOE-02 6.252-01 0.0 1.95F-01 0.0 0 .0  7. 8SE-01 
bN244 0.0 2.50E-01 0.0 4.97E-03 1.95F-0 1 0.0 0 .o 7. ESP-01 
~ n 2 u s  0.0 0.0 0.0 0.0 0.0 0 . 0  0.0 0.0 
CN2U2 0.0 4.4OP-ou O.@ 4 . 0 4 E - 0 5  2.092-05 2.10F-07 0 . 0  1.7973- OU 
c n 2 4 3  0.0 4.U6E-02 7.062-02 0.0 0.0 1.79E-0 1 1.29E-0 1 0.0 
CH244 0.0 1.07F-04 0.0 2.00E-05 1.00F-05 0.0 8.733-07 1.873-06 
CN2U5 0 .0  0.0 0.0 0.0 2.OSF-01 0.0 0.0 0.0 
CN246 0.0 2.11F-01 0.0 0.0 0.0 0.0 0 . 0  0.0 
c112u7 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0.0 
Cn2U8 0.0 1.80F-01 0.0 0.0 0.0 0.0 0 . 0  0.0 
CH2U9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
CH250 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
BR2U9 0.0 0.0 0.0 0.0 0.0 0.0 3.37E-05 0.0 
BK250 0.0 5.772-01 0.0 0.0 0.0 0.0 0 .0  0.0 
CF2U9 0 .0  2.173-04 1.5UF-01 3 . l l F - 0 3  0.0 2.&3--03 1.08F 0 0  0.0 
CF250 0.0 1.82E-01 0.0 0.0 0.0 0.0 0.0 0.0 
CF251 0.0 0.0 0.0 0.0 0.0 u.95"-01 0.0 0.0 
CF252 0.0 1.52F-04 0.0 1.00E-OU 0.0 0.0 0.0 0.0 
CF253 0.0 0.0 0.0 0.0 0.0 0.0 0.0  0.0 
CF25U 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
ES253 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1.10 1.55 1 . 9 9  
4.04'2-01 8.59E-02 9.30F- 
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 .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 
5 . 1 w - 0 1  0.0 0.0 
0.0 0.0 0.0 
1.88E-02 4.05Y-02 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 4.90E-09 '.OOE- 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0. r) 0.0 
0.0 0.0 0.0 
0.0 0.0 0 . 0  
2 .05r -01  0.0 0.0 
2.05F-01 0.0 0.0 
0.0 0.0 0.0 
9 . 1 8 f - 0 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 .o 0.0 0.0 
0.0 0.0 0.0 
8 .162-01 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 2.06E-OS 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

2.75 PBC'VE 2.38 
03 0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 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 
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0.0 0.0 0.0 
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TASU A-2 (CONTINUED) 

PHOTONS /DIST NTEGRATTON FOF FTS SfON PFODWCT S 
NWCLIDE EMFRN ( I E V )  

E? 8411 0.0 1.52E 00 0.0 7.06E-01 1.52P-01 0.0 0.0 0.0 
BF 80 0.0 6.31P-01 6.15E-02 2.03E-01 0.0 0.0 1.153-01 0.0 
KR 84 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SF 85 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
E* 85 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
KP 8511 1.32E-01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
KP 85 1.01F-02 3.302-03 0.0 0.0 0.0 0.0 0.0 0.0 
F B  85 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0  0.0 
BP 86 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
KP 86 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PB 8611 0.0 8.89P-01 0.C 0.0 0.0 0.0 0.0 0.0 
?B 86 0.0 0.0 8.62E-02 0.0 0.0 0.0 0.0 0.0 
SF 86 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 
BF 87 0.0 0.0 0.0 5.61E-01 0.0 9.19F-02 2.993-01 0.0 
KP 87 0.0 7.53F-01 0.0 0.0 0.0 0.0 3.27F-01 0.0 
PB 87 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SF 87M 1.29F 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SR 87 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
B? 88 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
KP 88 2.62F-01 3.1OP-01 0.0 1.41F-01 1.93F-01 3.53F-01 0.0 0.0 
RB 88 0.0 1.85P-01 0.0 0.0 1.97E-01 0.0 2.243-02 0.0 
SF 88 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
B? 89 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
K? 89 2.47F'-01 6.931-01 2.05F-01 3.08E-01 6.50B-02 7.93F-02 8.80F-02 0.0 
88 89 0.0 0.0 1.45E 00 3.803-02 0.0 2.733-01 2.801-02 0.0 
SP 89 0.0 0.0 1.OOF-04 0.0 0.0 0. c 0.0 0.0 
Y 89 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Kp 90 3.luE-01 5.442-01 5.06E-01 3.9OP-01 0.0 8.51F-02 9.61E-02 0.0 
FB 90 0.0 8.371-01 1.17F-01 7.812-02 0.0 0.0 0.0 1.853-01 
SF 90 U.69F-03 4.392-06 0.0 0.0 0.0 0.0 0.0 0.0 
Y 90E 6.533-01 6.96P-01 0.0 0.0 0.0 3.90F-03 0.0 0.0 
Y 90 4.9uE-02 1.62F-02 2.48E-03 4.48E-OU 1.36F-05 0.0 0.0 0.0 
ZF 90 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
KR 91 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
RE 91 0.0 6.353-01 0.0 0.0 0.0 0.0 0.9 0.0 
SF 91 4.7UF-01 3.05F-01 4.56E-02 0.0 0.0 0.0 0.0 0.0 
Y 91E 0.0 8.75F-01 0.0 0.0 0.0 0.0 0.0 0.0 
Y 91 0.0 0.0 3.3OF-03 0.0 0.0 0.0 0.0 0.0 
ZP 91 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
KF 92 0.0 0.0 0.0 0.0 @.O 0.0 0.0 0.0 
RB 92 0 . 0  0 .0  9.73E-01 0.0 0.0 0.0 0.0 0.0 
SF 92 2.3OF-03 2.79P-02 7.OOF-04 9.5OF-11 0.0 0.0 0.0 0.0 
Y 92 0.0 3.941-02 1.19E-01 4.25E-02 3.68E-03 0.0 0.0 0.0 
ZP 92 0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 
KR 93 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
?B 93 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SP 93 2.50E-01 3.9OP-01 5.60E-01 1.243-01 3.51P-02 6.9OF-02 0.0 0.0 
Y 93 5.3UF-02 7.44P-03 1.97E-02 6.413-03 4.67F-02 0.0 0.0 0.0 
ZF 93 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
NB 93M 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 

0.30 0.63 1.10 1.55 1.99 2.38 2.75 3. 25 3.70 8.22 U . 7 0  5. 25 
0.0 0.0 0.0 0.0 
8.92F-02 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 n. 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 . 9  
5.5uR-02 1.36F-01 2.39E-01 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
O.@ 0; 0 
0.0 0.0 
0.0 0.0 
2.19F-C2 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.3 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

u.78~-02 2.913- 

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 0.0 
0.0 6.0 
0.0 0.0 
0.0 0.0 

.01 U.89p-02 3.963-02 



TABLE A-2 (CONTINLED) 

PHOTON S/DTSI NTEGQAT'IO R FOR F T S  STON PRODUCTS 
NG'CLTDF PYEPN (MEV) 

BB 9 3  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
KF 94 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
R B  9 4  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
S? 9u 0.0 0.0 0.0 9.16E-01 0.0 0.0 0.0 0.0 0.0 0.0 
Y 9 4  0.0 5.33p-02 3.65E-01 2.55F-02 4.10E-02 1.622-02 0.0 1.223-02 1.05E-03 0.0 

0.30 0 .63  1.10 1.55 1.99 2.38 2.75 3. 2 5  3.70 4.22 

ZP 9u 0.0 0.0 0.0 0.0 0.0 
PB 9 5  0.0 0.0 0.0 0.0 0.0 
SF 95 0.0 0.0 0.0 0.0 0.0 

ZP 95 0.0 1.15P 00 0.0 0.0 0.0 
NE 95N 7.83P-01 0.0 0.0 0.0 0.0 
NB 95  0.0 1.22F 00 0.0 0.0 0.0 
no 9 5  0.0 0.0 0.0 0.0 0.0 
Y 9 6  0.0 0.0 0.0 1.10E 0 0  0.0 
ZQ 96 0.0 0.0 0.0 0.0 0.0 

Y 9 5  3.66F-01 U.12E-01 2.U7E-01 1.4uE-01 6.60P- 

NB 9 6  0.0 
E@ 9 6  0.0 
Y 97 0.0 
Z? 9 7  0.0 
NB 97M 0.0 
NB 9 7  0.0 
MO 9 7  0.0 
ZP 98 0 .0  
NB 98N 4.00E-01 
NB 9 8  9.903-02 
MO 9 8  0.0 
NB 9 9  8.67F-01 
N@ 9 9  5.71F-02 
TC 99N 0.0 
TC 9 9  0.0 
RG' 9 9  0.0 
N B l O O  0.0 
MOlOO 0.0 
TClOO 0 .0  
v 1 0 0  0 .0  
N B l O l  0.0 
NO101 1.73F-01 
TC101 1.02F 0 0  
PG'101 0.0 
NO102 0.0 
TC102M 0.0 
TC102 0.0 
FU102 0.0 
1 0 1 0 3  0.0 
TC103 2.28"-01 
PO103 6 .203-03  
PA10311 1.33n-01 
PA103 0 .0  
E O l O U  2.33Y-01 
TClOu 0.0 

0.0 
0.0 
0.0 

.02 3.2UE- 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

.02  u . i o E - o z  0.0 

2.41? 00 7.15F-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 
1.10F 00 8.59E-02 0.0 0.0 0.0 0.0 
1.19E 00 0.0 0.0 0.0 0.0 0.0 
1.03B 00 1.852-02 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 .o 
4.5OP-01 2.70E-01 1.58F-01 7.23F-02 3.502-02 0.0 
2.1OF 00 3.16E-01 2.41E-01 1.16P-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  
2.032-01 3 .403-03  0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0  0.0 0.0 
1.U3F 00 1.99?-01 4.7UE-02 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0 .0  0 .0  
7.312-01 3.83E-01 2.58E-01 1.67E-01 0 .0  0 .0  
6.922-02 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0 . 0  
0.0 1.18B 0 0  0.0 0.0 0.0 0 . 0  
7.46F-01 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 n.0 0.0 0.0 
0.0 0.0 0.0 0.0 F.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0 .o 
7.74E-01 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.0 
0.0 
0.0 
0.0 

n. o 

0.0 
0.0 
0.0 
0.0 
0 .O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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;5UP-01 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 

u.70 
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 
@.O 
0.0 
0.0 
0.0 
0.0 
F.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.0 
0.0 
0.0 
0.0 
0.0 
0.0 
F. 0 
0.0 
0.0 
0.0 
0.0 

5.25 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

, 



TABLE A-2 (CONTINLED) 

PHOTON S/DI S I  NTFGRP. "TON FOP FISSION PFODUCT S 
NUCLIDE EMEAN (MEV) 

FU104 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0  0 .0  
FH104M 0.0 4.531-03 0.0 0.0 0.0 0.0 0 . 0  0.0 
PHlOu 0.0 1.77F-02 0.0 0.0 1.80F-03 0.0 0 .0  0.0 
PDlOU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
NO105 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0.0 
TClO5 3.67E-01 0.0 0.0 0.0 0.0 0.0 0 . 0  0.0 
RDlO5 3.79F-01 7.98E-01 4.933-02 3.90E-03 0.0 0.0 0 . 0  0.0 
PHlOSM U.3OF-01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
FFlO5 2.53E-01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PDlO5 0.0 0.0 0.0 0.0 0.0 0 . 0  0.0 0.0 
TC106 0.0 0.0 0.0 0.0 0.0 0 . 0  0.0 0.0 
PO106 0.0 0.0 0.0 0.0 F.0 0.0 0.0 0.0 
FH106I4 1.32F-01 2.30F 00 5.50E-01 1.81E-01 0.0 0.0 0.0 0.0 
FH106 1.53F-01 3.432-01 5.202-02 7.501-03 2.30E-03 1.7OF-03 1.34F-OU h.25E- 

0.30 0 . 6 3  1.10 1.55 1.99 2 .38  2.75 3 . 2 5  

PD106 0.0 0.0 0.0 0.0 0.0 
FU107 9.10F-02 9.561-02 1.18E-01 0.0 0.0 
RH107 1.02F 00 3.29E-02 0.0 0.0 0.0 
PDlO7M 7.OOF-01 0.0 0.0 0.0 0.0 
PD107 @.O 0.0 0.0 0.0 0.0 
AG107 0.0 0.0 0.0 0.0 0.0 
RUlO8 1.54E-01 0.0 0.0 0.0 0.0 
FH108 5.783-01 8.341-01 0.0 0.0 0.0 
PD108 0.0 0.0 0.0 0.0 0.0 
AG108 0.0 2.00E-01 0.0 0.0 0.0 
CD108 0.0 0.0 0.0 0.0 0.0 
RH109 0.0 0.0 0.0 0.0 0.0 
PD109M 6.27E-01 0.0 0.0 0.0 0.0 
PD109 0.0 3.OOP-04 0.0 0.0 0.0 
AG109M 2.93F-01 0.0 0.0 0.0 0.0 
AG109 0.0 0.0 0.0 0.0 0.0 
CD109 2.93F-01 0.0 0.0 0.0 0.0 
PHI10 1.87E-01 0.0 0.0 0.0 0.0 
PDl10 0.0 0.0 0.0 0.0 0.0 
A G ~ I O M  0.0 2.40E 00 2.74E-01 5.983-01 0.0 
A G I I O  0.0 5.22E-02 0.0 0.0 0.0 
C D l l O  0.0 0.0 0.0 0.0 0.0 
PDll lM 0.0 0.0 0.0 0.0 0.0 
P D l l l  0.0 0.0 0.0 0.0 0.0 
A G l l l M  0.0 0.0 0.0 0.0 0.0 
A6111 7.97F-02 0.0 0.0 0.0 0.0 
C D l l l M  9.73E-01 0.0 0.0 0.0 0.0 
C D l 1 1  0.0 0.0 0.0 0.0 0.0 
PDl12 6.00E-02 0.0 0. @ 0.0 0.0 
AG112 0.0 4,01??-01 7.67E-02 3.18E-02 0.0 
CD112 0.0 0.0 0.0 0.0 0.0 
PD113 0.0 0.0 0.0 0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

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 .o 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.14F-02 0.0 
0 .0  0.0 
0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

A G 1 1 3 M  1.8311-01 2.06F-01 i l 2 4 E - 0 1  7,203-02 3.30F-02 1;6OF-02 2.0077-02 0.0 
A G 1 1 3  1 .83E-01 2.06E-01 1.24E-01 7.20E-02 3.30F-02 1.60E-02 2.00E-02 0.0 
CD113M 9.00E-04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
CD113 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3.70 
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 

-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 

4.22 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
n. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

u.70 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.F 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
cI.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.25  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. Q 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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TABLE A-2 (CONTINUED) 

PHOTONS/DISINTEGSATfON POP FISSTON PRODWCTS 
NUCLIDE PNEAN (REV) 

SB122 0.0 6.282-01 1.532-02 0.0 0.0 0.0 0 . 0  0.0 
TE122 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
IN123n 0.0 0.0 1.00F 00 0.0 0.0 0.0 0.0 0.0 
TN123 0.0 0.0 1.00E 0 0  0.0 0.0 0.0 0.0 0.0 
SN123R 5.33E-01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SN123 0.0 0.0 1.96"-02 0.0 0.0 0.0 0.0 0.0 
SB123 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TE12311 8.27E-01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TE123 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
IN124 0.0 0.0 1.93E 0 0  0.0 0.0 0.0 0.0 0.0 
SN124 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0  0.0 
SBl2uR 1.10E-01 5.56E-01 0.0 0.0 0.0 0.0 0.0 0.0 
SB124 0.0 1.16E 00 7.97P-02 6.09E-01 7.342-02 0.C 0.9 0.0 
TE124 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SN125N 1.06F 00 1.0313-02 0.0 1.63E-02 0.0 0.0 0.0 0.0 
SN125 3.U2E-03 2.23F-02 5.18E-02 3.81E-02 5.94E-03 U.68E-OU 0.0 0.0 
SB125 4. l l F - 0 2  6.62E-01 0.0 0.0 0.0 0 . 0  0.0 0.0 
TPl25N 4 , 8 3 3 - 0 1  0.0 0.0 0.0 0.0 0.0 0 .0  0.0 
TE125 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
97126 3.07E-01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SB126M 0.0 1.71E 00 0.0 0. r) 0.0 0.0 0.0 0.0 
SB126 0.0 2.05F 00 0.0 8. 30E-02 0.0 0.0 0.0 0.0 
TE126 0.0 0.0 0.0 0.0 0.1) 0.0 0 .0  0.0 
SN127il 0.0 7.78E-01 0.0 0.0 c.0 0.0 P.0 0.0 
SN127 3.05X-01 3.43P-01 2.06F-01 1.20E-01 5.50E-02 2.702-02 0 .0  0.0 
SB127 2.21E-01 8.58F-01 0.0 0.0 0.0 0.0 0.0 0.0 
TP127R 0.0 U.20F-05 0.0 0.0 0.0 0.0 0.0 0 .0  
"E127 8.OOp-04 2.OOF-03 0.0 0.0 0.0 0 . 0  0.0 0.0 

7 1 2 7  0.0 0.0 0.0 0.0 0.0 0 . 0  0.0 0.0 
51128 5.55B-02 6.85F-01 0.0 0.0 0.0 0.0 0.0 0.0 
SB128H 0.0 1 .19P 00 8.186-01 0.0 0.0 0.0 0 . 0  0.0 
SB128 8.85P-01 2.38E 00 3.89E-02 0.0 0.0 0.0 0.0 0.0 
TE128 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

T128 0.0 1.12E-01 2.6475-03 0.0 0.0 0.0 0.0 0.0 
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TASU A-3, ISOTOPIC CONCENTRATIONS (G-AT~METRIC TON OF U) OF CLADDING AND STRUCTURAL WTERIALS AS A FWCTION OF 
IRRADIATION TIME (DAYS) 

?EFEFENCE PHF FQUILIBP7Ufl FUEL CYCLE -- 3.3 O/P ENWICIIFD U 

POPE?= 30.00flW, B U R N U P  33000.  f lHD,  FLUX= 2.92E 13N/CM**2-SFC 
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3.22E- 13 
2.18F-03 

1.35E- 10 
1.51E-18 
1.283-30 
6.8221-33 
1.35F-06 
2.97E- 11 
0.0 
1.74II- 18 
1.19E-21 
2.9 6E- 36 
1.50P 00 
U.18E-06 
1. 19E- 12 
0.0 
5.66E-17 
6.81E-22 
6.072-33 
2. 14E- 33 
4.55"-24 
2.0 2P- 14 
2.90E-27 
6.371-22 
6. 182-25 
U. 7'E- 19 
7.74E- 12 
1.52E-11 
3.8uE- 18 
0.0 
1.30E- 12 
1. 10E-08 
8.4 1E- 18 
5.17E-06 
8.97F-07 
4.35F-07 
5.541-10 
u . O O E  00 
4. SUE-09 
2.85F- 12 
6.08E-01 
3. UOE-02 
6.01E-06 
1. Sur-  13 
2.09E- 10 

1. o v -  17 

7.163-16 1.38E-15 
0.0 0.0 

TOP.TTONS, GPAN ATOflS 
HEPVY flFlTAL CHBRGED TO PEACT@ 

550. 9 
3.69E-02 
6.19E-06 
6.45E- 11 
8.93P-31 
6.9OY-13 
2.76E-03 
1.  UOE-17 
2.06F- 10 
3.43E-18 
3.01p-30 
8.961-33 
1.71E-06 
4.77E- 1 1 
0.0 
3.033-18 
3.02F-21 
7.8OE-36 
1.5OF 00 
5.30E-06 
1.9 la- 12 
0.0 
1.  127'- 16 
1.73E-21 
1.631-32 
8.21F-33 
1.219-23 
a. 11E-1U 
6.12E-27 
1.6513-21 
1.03E-2u 
9.729- 19 
1.2UE- 11 
2. USF- 11 
5.05E-18 
0.0 
2.09F- 12 
1.14E-OR 
1. 11E- 17 
6.56E-06 
1.1YF-06 
5.51 E-07 
5.741- 10 
4.00' 00 
U .71-09 
2.96E- 12 
6.08*-01 
3.409-02 
7. 622-06 
2.030- 13 
3.35F-10 
2. 3UE-15 
0 . 0  

660. D 
U.Q9E-C2 
9.21P-06 
1. 12E-10 
1.78E-30 
1.2-F-12 
3.363-03 
1.78E- 17 
2.90E-10 
6.682-18 
6.09F-30 
1. 142-32 
2.083-06 
7.10E-11 
0.0 
4.703-18 
6.55E-21 
1.76E- 35 
1.50E 00 
6. U6P-06 
2.84E- 12 
0.0 
1.98E-16 
3.759-21 
3. TUE-32 
2.45P-32 
2.70E-23 
7. U6E- 1 4  
1.167-26 
3.6UE-21 
1.59F-2U 
1. ''62-18 
1.85E- 11  
3.6UP- 11  
6.413-18 
0.0 
3. 129- 12 
1. 18E-08 
1.UOE-17 
8.00E-06 
1.39P-06 
6.73F-07 
5 . 9 7 ~ 1 0  
U . O O E  00 
u. 90F-09 
3.08F-12 
6.OAE-01 
3. UOE-02 
9. 30E-06 
2.58F-13 
4.99E-10 
3.67F- 1 5  
0.0 

l 7 0 .  D 
5. 343-02 
1 .302-05  
1.80E-10 
3.05E- 30 
2.10E- 12  
3.98F- 03 

3.87E- 10 
1.17E- 17 
1. 112-29  
1 .41F-32  
2.48F-06 
1. OOF- 10 
0 .0  
6.77E-18 
1. 27E- 20 
3.56F-35 
1. 50E 00 
7.67E- 06 
4. 002- 12  
0 . 0  
3.22F- 16 
7.28E- 2 1 
7.76E-32 
6.19E-32 
5.39E-23 
1.25F- 1 3  
2. O2E- 26 
7. 25F-21 
2.34F- 20 
2.96P- 18  
2.61E-11 
5. lUE-11 
7. 93E- 18 
0.0 
4. UOE- 12 
1.23F-88 
1.7UF- 1' 
9.51F-06 
1.65E-06 
7.99P- 0' 
6.22P- 10 
4.OOF 00  
5 . l l F - 0 9  
3.21E- 12  
6.08F-01 
3.40E- 02 
1. 10F-05 
3.19P- 1 3  
7. OUE- 10 
5.04E- 15 
0.0 

2.203- 17 

IR 

880. D 
6 .219-02  
1.76F-05 
2 . 7 3 ~  10 
4.9'E-30 
3. 23E- 12 
4.62F-03 
2.67F- 17  
U. 97E- 10 
1.912-17 
1.89E-29 
1.71E-32 
2.88F-06 
1. 36E-10 
0.9 
9.2uF- 18 
2.29E- 20 
6.66E-35 
1. 50E 00 
8.9UE-Oh 
5.43E-12 
0.0 
4.933-16 
1.311-20 
1.49E- 31 
1.39F-31 
9.9qE-23 
1 .97F-13  
3.32F- 26 
1.33P-20 
3.31F-211 
4.67E-1R 
3.532-  11 
6.98F- 11  
9.63E- 18  
0.0 
5.96p-  12  
1. 29E-09 
2 . l l E - 1 7  
l . l l F - 0 5  
1.92E-06 
9.31E-07 
6.U8F-10 
kOOF 90 
5.32E-09 
3.3uF- 12  
6.09F-01 
3.ulE-02 
1.293-05 
3.87P- 13 
5 .55E-  10 
7.7UE-15 
0.0 

990. D 
7.12E-02 
2.32E-05 
3.95E- 19 
7.63B-30 
u. 70E- 12 
5.29E-03 
3.  19v-17 
6. 18F-10 
2.93E- 17 
3.02E-29 
2.OUF-32 
3.31E-06 
1.79F- 10 
0.0 

3 .86a-20  
1. 1?9-34 
1.50F 00 
1.03F-05 
7. 15E- 12 
0.0 
7.21E-16 
2.21P-20 
2.69F-31 
1 .407-25  
1.73F-22 
2.98E- 13 
5.2273- 26 
2.31E-20 
4. 5UE-24 
7.0613- 18 
4.65E-11 
9.18E-11 
1. 15E- 17 
0.0 
7.8513- 12 
1.34E- 08 
2.52F- 17 
1.27P-05 
2.20E-06 
1.O'F-06 
6.76P- 10 
4 .00E 00 
5.54F-09 
3. U8P- 12 
6 .  d9E-01 
3.41E-02 
1.482-05 
4.63F-13 
1.26E- 09 
1.07E- 14 
0.0 

1.213-17 

1100. D 
8 .07E-02 
2.98"-05 
5.51E-10 
1.12F-29 
6.5UF- 12  
5 .98F-03  
3.f7'n- l7 
7.51F-10 
4.30E-17 
U. 62F- 29 
2. U 1F-32 
3.75F-06 
2.30P- 10 
0.0 
1.5UE-17 
6.22E-20 
1.96F-3U 
1.50F 00 
1. 16F-05 
9.19F-12 
0.0 
1.02P- 1 5  
3.55*-20 
U.61F-31 
4.03F-25 
2 .852-22  
4.3uF-13 
7.91F-26 
3.81F-20 
6. O'F- 24 
1.03P-17 
5.97E-11 
1.18F-10 
1.36P-17 
0.0 
1.9 IF- 11  
1 .39=08  
2.972-17 
1.441-05 
2.5OF-06 
1.21-06 
7 . 0  3F- 10 
U . 0 O E  00 
5.77F-09 
3.63F- 1 2  
6 . 0 9 f - 0 1  
3. U lF-C2 
1.67P-05 
5.46F- 1 3  
1.62F-09 
1. U 3 f -  1 U  
0.0 

4 

0 
0 



TABU A-3 (CONTINUED) 

RFFFRENCE PWF EQUTLTBFTUN FQEL CYCTE -- 3 .3  O/O ENFTCBFD U 

POWER= 30.00NW, BU?NUP= 33000. NWD, FLUX= 2.92E 13N/CW**2-SEC 

NUCLIDE CONCENTQPTTONS, G R A N  ATOMS 
BASTS = nT OF H F A V P  NFTAL CBAFGED TO P F P C T ~ P  

CHBFGE 110. D 220. D 330. D 4UO. D 550. D 660. D 770. D 880. D 990 .  D 1100. D 
P 3n 
S 3 2  
s 3 3  
s 3 4  
s 35 
S 3 6  
s 37 

CL 35 
CT. 3 6  
CL 3 7  
CL 38 
AR 36  
A? 37 
AF 38 
PF 39 
A 3  40 
AF U l  
K 3 9  
K 40 
K 4 1  
K 42 
K U 3  
K U u  

CA 40 
CP 4 1  
CA U2 
CA U 3  
CP 4u 
CP 45 
CA 46  
CA U7 
CA 4 8  
CA 4 9  
sc u s  
SC U 6  
sc u7 
sc 4 8  
sc u9  
SC 50 
T I  a 6  
TT U7 
T’I 48 
T I  4 9  
TT 50 
TT 5 1  

v 4 9  
V 50 
V 5 1  
V 5 2  
v 53 
v 

CF 50 

0.0 
0.0 
0.0 
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 
3.OUE-0 1 
2.77E-9 1 
2.77P 00 
2. ou3-0 1 
2.OOE-0 1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.OUF 00 

7.32E-30 
9.42E- 17 
0.0 
9.73E-25 
0.0 
0.0 
9.14E-22 
0.0 
0.0 
6 .6  1E- 1 8  
1.51E-25 
0.0 
0.0 
1 . l l E - 2 2  
5.56E- 2 3 
2.03E- 13 
1.28E- 1 7  
0.0 
0.0 
6. UlE- 1 5  
3.773- 1 9  
2 .0  1E- 15 
5.87E-18 
0 . 0  
0.0 
1 . 9 1 E -  1 7  
9.86E- 08  
7.4 7E- 0 7 
1.20E-08 
8.16E-08 
2.  58E- 1 2  
0.0 
0.0 
2.993-09 
1.26E-06 
1 .343-07  
6.84E-09 
1.23E- 10  
7.69E- 1 4  
3.04E-01 
2.77E- 0 1 
2.77E 0 0  
2.07E-01 
2 .OOF-0 1 
2.31E- 10  
0 . 0  
6.22E-05 
8.75E- 0 3  
8.96E- 10  
5.68E- 1 2  
2.6 1E- 1 4  
5 .037  0 0  

5.873-29 
9.51E-16 
0.0 
1.563-23 
0.0 
0.0 
3.66 E- 21 
0.0 
0.0 
5.3OF-17 
1.21F-24 
0.0 
0.0 
1.78F-21 
7.982-22 
8.13E- 13 
2.57F-17 
0.0 
0.0 
2.573-14 
1.32F- 18 
4.03F- 15 
1.18F- 17 
0.0 
0.0 
1.387- 16 
1.972-07 
1.49F-06 
1.96E-08 
1.651-07 
2 .8  1F- 12 
0.0 
0.0 
1.04E-OP 
1.77E-06 
1.35F-07 
6.843-09 
1.25E- 10 
7.69E- 1 4  
3.047-01 
2.77F-01 
2.76E 00 
2.11E-01 
2.00E-01 
2.32P- 10 
0.0 
1.2UE-04 
2.17F-02 
1.2OF-09 
5.67F-12 
2.64F- 14 
5.01E 00 

2.06E-28 
3.56E-15 
0.0 
8 . l l E - 2 3  
0.0 
0.0 
8.5 3E-2 1 
0.0 
0.0 
1.82E- 16 
4.2531-24 
0.0 
0.0 
9.253-21 
3.70E-21 
1.86E- 1 2  
3.9 6E- 1 7  
1. 49E-24 
0.0 
5.86E-lU 
2.673- 18 
6.2 1E- 15 
1.8 1E- 17 
0.0 
0.0 
u.  30E- 1 6  
2.98F-07 
2.263-06 
2.463-08 
2.5 1E-0’ 
3 . l l E - 1 2  
0.0 
0.0 
2.06E-08 
2.OOP-06 
1.37F-0’ 
6.97E-09 
1 . 2 9 ~  1 0  
7.85E-14 
3.04E-0 1 
2.77E-0 1 
2.76E 00 
2.14E-01 
2.OOE-01 
2.36E-10 
0.0 
1.85E-OU 
3.513-02 
1.5 43- 0 9  
5.78E- 1 2  
2.72E- 1 4 
5.00E 00 

5.21E-28 
9 .103-15  
0.0 
2.68E-22 
0.0 
0.0 
1.60E-20 
0.0 
0.0 
4. U7E- 16 
1.073- 23 
0.0 
0.0 
3.0 6R- 20 
1.0 9E- 20 
3.37E- 12 
5 .  SOE- 17 
6.752-24 
0.0 
1.079- 13 
4. 38F- 1 R  
8.6 2F- 15 
2.5 2E- 17 
0.0 
0.0 
9.53E- 16  
u .  023-07  
3.04P-06 
2.8 1E-08 
3. U l E - 0 7  
3.47E- 12 
0.0 
0.0 
3.273-08 
2.13E-06 
1.41E-07 
7.17F-09 
1.35E-10 
8.09F- 14 
3.04E-01 
2. ?7F-01 
2.763 00 
2.18E-01 
2.00E-01 
2. 4 UE- 10 
0.0 
2. 48R-04 
4.87E-02 
1.92E-09 
5.94E- 12 
2.84P- 14 
0 .939  00 

1. 1073-27 
1 . 9 0 ~  1U 
0.0 
6.923-22 
0.0 
0 . 0  
2.661-20 
0.0 
0.0 
9.11E-16 
2.26E-23 
0.0 
0.0 
7.89E-20 
2.517-20 
5.42E-12 
7.239- 17 
2.01E-23 
0.0 
1.71a- 1 3  
6.4473- 18 
1. 13E- 1 1  
3.30F- 17 
0.0 
0.0 
1.763-15 
5.09F-07 
3.86E-06 
3.071-08 
u .  36E-07 
3.88F- 12 
0.0 
0.0 
U - 6  1 ?-08 
2.233-06 
1. 47F-07 
7.433-09 
1. U3E-10 
8.399-14 
3.04E-01 
2.77F-01 
2 . 7 5 1  00 
2.2lE-01 
2. 009-01 
2.533- 10 
0 .0  
3 .1 lE-04  
6.29E-02 
2.351-09 
6.15E-12 
2.389-14 
4 .971  00 

2.08E-27 
3.51E-14 
0.0 
1.537-21 
0.0 
0.0 
4. l l F - 2 0  
0.0 
0.0 
1.65E-15 
4. 27E-23 
0.0 
O . @  
1.75E-19 
4.95E-20 
8.06E-12 
9. 18E-17 
4. R3E-23 
0.0 
2.55E-13 
8. 8UF-18 
1. 442- 1 u 
4.19F-17 
0.0 
0.0 
2.90E- 1 5  
6 .2 lF-07  
4.70??-06 
3.29F-08 
5.36E-07 
4.35P- 1 2  
0 .0  
0.0 
6.06E-08 
2.32E-06 
1.52F-07 
7.71E-09 
1.51E-10 
8.74E- 1 4  
3.OUE-01 
2.77E-0 1 
2.75E 00 
2.25F-01 
2.OOF-0 1 
2.63E- 10  
0 .0  
3.77E-04 
7.75E-02 
2.832-09 
6.38E- 12  
3.13E-14 
U.969 00 

3.62F- 27 
5.95F- 14  
0 .0  
3. OSE- 21 
0.0 
0.0 
6 .  OSE- 20  
0.0 
0.0 
2.77F- 1 5  
7.46F- 2 3  
0.0 
0.0 
3. 47E- 19  
8.78E- 2 0  
1. 14E-11 
1. 14F- 1 6  
1.01F-22 
0.0 
3.60F- 1 3  
1.16E- 1 7  
1.78E- 1 4  
5.19E- 1 7  
0.0 
0.0 
4 .43F-15  
7. 381-07  
5 .  59E-06 
3.48E-08 
6.43F- 07 
4.88E- 1 2  
0.0 
0.0 
7.59P- 08 
2.42F-06 
1. 59F- 07  
8.03E-09 
1.60F- 1 0  
9. 11E-lU 
3. Our- 01 
2.779- 0 1 
2.75F 00 
2.29P- 0 1  
2.01F-01 
2.74P- 1 0  
0 . 0  
4. U3F-04 
9.26E-02 
3 .372-09  
6.6UF- 12  
3.31E-14 
4.9UF 00 

5.97E-27 
9. u8E-  1 4 
0.0 
5 .613-21  
1.57F-25 
0.0 
8.55F-20 
0.0 
0.0 
U.371-15 
1.23E-22 
0.0 
0.0 
6.39F- 19  
1. UUE- 1 9  
1.549- 1 1  
1. 38E- 16  
1.89E-22 
0.0 
4. 8873- 1 3  
1. 47F- 17  
2. 16E-111 
6.30T- 17  
0.0 
0.0 
6.41 E- 15 
8.593-07 
6.51E-06 
3.66E-08 
7.55E- 0 7  
5.U83-12 
0.0 
0.0 
9.2OP-08 
2.53E-06 
1.65F-07 
8.363-09 
1.70E-10 
9.505- 1U 
3.0uF-01 
2.7’F-0 1 

2.33E-01 
2.0172-01 
2.86E-10 
0.0 
5.12E-0U 
1.08E-0 1 
3.96F-09 
6.91 F- 1 2  
3. U9F- 1 4 
4.93E 0 0  

2 . 7 4 ~  00 

9.39E-27 
1.44E- 13 
0.0 
9.71E-21 
3. 22E-25 
0.0 
1 .  17R- 19 
1. 3673-25 
0.0 
6.6OF-15 
1. 937-22 
0.0 
0.0 
1.11E-18 
2.23P- 19 
2.03E- 11 
1.653-16 
3. 30P- 22 
0.0 
6. 42E- 13 
1.82E- l7 
2. 58E-  14 
7.  53E- 17 
0.0 
0.0 
8 . 8 8 E -  15 
9.86E-07 
7.46E-06 
3.83E-08 
8.75R- 07 
6. 133- 12  
0.0 
0.0 
1.09E-07 
2.63a-06 
1.72F- 07 
8 .693-09  
1. 80F- 10 
9. 90E-14 
3.04F-01 
2.77E-01 
2.7UE 00 
2.383-01 
2.OlE-01 
2.98E- 10 
0 .0  
5.8 13- 04  
1 .251-01  
U.  623-09 
7.18E-12 
3.68E- 1u 
4 .913  00 

1. u2”-26 
2. l l F - 1 3  
0.0 
1.6OF-20 
5.861-25 
0.0 
1.57F- 1 9  
‘i.27E-25 
0.0 
9 . 6 2 ~  15 
2.93E-22 
0.0 
0.0 
1.83F- 1 8  
3.29E- 19 
2.61E- 1 1  
1.9 5F- 1 6  
5.U2F-22 
1.5OF-25 
8 .269-13  

3. OUF- l U  

0.0 
0.0 
1 . 1 9 ~  14 
1.12F-06 
8.4672-06 
4.009-08 
1.00F-@6 
6.85E-12 
0.0 
0.0 
1.26F-07 
2.7UF-06 
1.79E-07 
9.03”-09 
1.9 1F-10 
1.03F- 1 3  
3.OUE-01 
2. ’6F-0 1 
2. 73n  00 
2.u2F-01 
2 .01 t -01  
3. 1 IF -  10 
0.0 
6.52E-04 
1. U2F-0 1 
5.33E-09 ?. US-12 
3.88E-14 
‘J.89E 00 

2.2 1F-17 

8 . 8 8 ~ -  17  



TABU A-3 (CONTINUED) 

PFFFFENCF FWR FQUTLIBFTU! PUFL CYCLE -- 3.3 O/O FNPICAED U 

POWPF= 30.00111, BUFFUP= 33000. !WD, FLUX= 2.92F 13N/CN**2-SEC 

CF 5 1  
CO 5 2  
C" 53 
CF 511 
CF 5 5  
f lN 5 4  
f l N  55 
PIN 5 6  
f l N  57 
M N  58 
PE 54 
FF 55 
WE 5 6  
FP 57 
FE 58 
PE 5 9  
CO 58fl 
CO 58 
co 5 9  
CO 60M 
CO 6 0  
CO 6 1  
CO 6 2  
NT 58 
NT 5 9  
NT 6 0  
NT 6 1  
NT 6 2  
NT 6 3  
"I 6U 
NT 6q 
CU 6 2  
CU 6 3  
CU 6U 
cu 0 5  
CU 6 6  
Z N  63  
ZN 64  
Z N  6 5  
ZN 6 6  
ZN 6 7  
ZN 68 
ZW 691 
ZN 6 9  
ZN 70  
ZN 71M 
ZN 7 1  
G P  6 9  
G P  70  
GP 7 1  
GF 7 0  

CF?.RGE 
0.0 
5.7UF 0 1  
6.UlF 00 
1.57F 00 
0.0 
0.0 
3.27F-0 1 
0.0 
0.0 
0.0 
4.OUE 00 
0.0 
6.10E 0 1  
1.UUF 00 
3 .10F-01  
0.0 
0.0 
0.0 
9.15F-01 
0.0 
0.0 
0.0 
0.0 
1.12E 02  
0.0 
U.18F 0 1  
1.8'F 00 
5.6UF 0 0  
0.0 
1.61E 00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

110. D 
4 .52E-0 3 
5 .747  0 1  
6.U03 0 0  
1 . 5 9 2  0 0  
2.99E-09 
1.163-04 
3.26E-01 
1 .822-06  
4. U6E- 12  
1 .543- lu  
4 . 0 4 E  00 
1.75E-03 
6.10E 0 1  
1.46E 0 0  
3.13F-01 
4.213-05 
0 . 0  
3.23F-03 
9.05F-01 
5 .  UUE-07 
1,OUF-02 
1.02E-08 
3. SOP- 1 1  
1.12E 0 2  
7 . 6  3E-02 
U.18F 0 1  
1.89' 00 
5.63E 0 0  
1. 31F-02 
1.61E 00 
5.23E-07 
0.0 
1 .U9E-05 
1.16F- 10  
3.731-04 
9.86F- 1 2  
0.0 
2.09F-F9 
7 ,199-14  
1.06E-07 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.c 
0.0 
O.@ 
0.0 

220. D 
U.81E-03 
5 .742  01  
6 .39F  00 
1.61E 00 
3.03F-09 
2.06E-04 
3.25F-01 
1.82E-06 
4.53F-12 
1.563- 14 
U.03E 00 
3.37 E-03 
6.10E 01 
1.49E 00 
3. 17F-01 
5.05E-05 
0.0 
3.98F-03 
8.96 E-0 1 
5.39E-07 
2.03E-02 
1.85E-08 
3.4913-11 
1.12E 02 
1.532-01 
4. 18F 01 
1.90E 00 
5 .62E 00 
2.61E-02 
1 . 6 1 f  00 
5.23E-07 
0 .0  
5 .933-05  
4.61F-10 
7.47F-OU 
1.98E- 1 1  
0.0 
1.67E-08 
1.08F-12 
4.25F-07 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

NUCLTCF CONCEWTPP.TTOYS, G 9 P . N  ATOMS 
BASTS = flT OF REAVY f lBTPL CHARGED 

330.  D 
4.90E-03 
5.7UF 0 1  
6.38F 0 0  
1.63F 00 
3.12E-09 
2.78F-04 
3.25E-01 
1.85E-06 
4.70E- 12  
1.62F- 14  
4.03F 00 
0.9 OF- 0 3  
6.10E 0 1  
1.51F 00 
3.2 2E-0 1 
5.3 5B-05 
0.0 
4.203-03 
8.87E-01 
5 .  u5E-07 
2.993-02 
2.713-08 
3.56E- 1 1  
1.12E 02  
2.3OE-0 1 
u.17E 01  
1.92E 00 
5.61E 00 
3.9U9-02 
1.61E 00  
5.343-07 
0.0 
1.34E-Ou 
1.06E-09 
1.13F-03 
3.043- 11 
0.0 
5.70E-08 
5 .3  1E- 12  
9.7QE-07 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

440. D 
5.0UE-03 
5.7UE 01 
6.37F 00 
1.65F 00 
3.259-09 
3.38E-0U 
3.2UE-01 
1.90E-06 
4. 9 2E- 12 
1.6 9E- 14 
4.03E 00 
6.37E-03 
6.09E 01  
1 .533  00 
3.279-01 
5.6 1E-PS 
0.0 
u. 322-03 
8.7777-01 
5 .553-07  
3.932-02 
3.62E-08 
3.66E- 11 
1.12P 02 
3.10E-01 
4. 17P 01 
1.9UF 00 
5 .595  00 
5.30E-02 
1.61F 00 
5.50F-07 
0.0 
2.38E-0u 
1.9UE-09 
1.52F-03 
4.23E- 11 
0.0 
1.38E-07 
1.65E- 11 
1.76E-06 
0.0 
0.0 
0.0 
0.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

550. D 
5.2OE-03 
5.7UP 01  
6 .363  00 
1 .671  00 
3 .41  E-09 
3.889-04 
3.2UE-01 
1.96E-06 
5.18E-12 
1.78E-14 
4.03F 00 
7.799-03 
6 .09P 0 1  
1.56E 00 
3.32F-01 
5. 91E-05 
0.0 
U .  43F-03 
8.68E-01 
5.69E-07 
4.86B-02 
u.617-08 
3.78F- 11 
1.11E 02 
3.93'-01 
4. 17E 01 
1.95P 00 
5.58E 00 
6 .  '09-02 
1.61E 00 
5.702-07 
0.0 
3.'43-04 
3.16F-09 
1.933-03 
5.55F- 11 

660. D 
5.  40E-03 
5.74F 0 1  

1.69F 0 0  
3.59E-09 
4. 33E-04 
3.23E-0 1 
2.04E-06 
5 .  u8F-12 
1. ERE-14 
4.02E 00 
9. 17E-03 
6.09F 0 1  
1.58E 00 
3.38E-0 1 
6.241-05 
0.0 
4 ,563-03  
8. 59F-01 
5.86E-07 
5.79F-02 
5.682-08 
3.92E- 1 1  
1. 11E 0 2  
4.79P-0 1 
4.17E 01 
1.91E 00 
5 . 5 7 E  00 
8. 15E-02 
1 .6 lE  00 
5.93F-07 
0.0 
5. 42F-OU 
U.76F-09 
2. 35F-03 
7.04P- 1 1 

6 . 3 5 ~  00 

0.0 9.0 
2.77F-0' 4.94E-07 
4.03E-11 8.42F-11 
2.83E-06 4.21F-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. n 

TO PEBCTO! 

770. D 
5 .60F-03  
5.74E 0 1  
6 .341  00 
1.71F 00 
3 .792-09  
4.73E-OU 
3.23E-01 
2. 12F-06 
5.81F- 1 2  
1.99E- 14 
4.02E 00 
1.05F-02 
6 .09F 0 1  
1.61E 00 
3 .432-01  
6.60F-05 
0 . 0  
4. 69E-03 
8. u91-01 
6.03F-07 
6.71E-02 
6.83F- O R  
U.08P-11 
1. 11E 0 2  
5.69E-01 

1 . 9 9  00  
5 .55E 00 
9.66E-02 
1 .61F 00  
6.18E-0' 
0 . 0  
7.43E- OU 
6.80E- 09  
2.79E-03 
8.71F- 1 1  
0.0 
8 . l2E-07  
1.58F-10 
5. 9UE-06 
0 . 0  
0.0 
9.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

u. 1 7 ~  0 1  

? 

880. D 
5.823-03  
5.7UE 0 1  
6.32F 00 
1.73v 00  
U.00F-09 
5. 10F-OU 
3.23E-0 1 
2.20'-06 
6.16E-12 
2. 11F-14 
4.02E 00 
1.197-02 
6. 08F 0 1  
1.64F 00 
3.49F-01 
7.9OF-05 
0.0 
U. 82F- 03  
R.3QE-01 
6.22E-07 
7.63E-02 
8.08F-9e 
4.24E-11 
1 .1 lF  0 2  
6.63'-01 
4. 16F 0 1  
2.01F 0 0  
5.5uF O@ 
1.12E-0 1 
1.61F 0 0  
6.uuE-07 
0.9 
9.79E-011 
9.3UF-09 
3 .25F-03  
1.06E- 10 
0.0 
1.26F-OF 
2.76 7- 10 
8.06F-06 
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

990. D 
6 .057-03  
5.74E 01 
6 .313  00 
1.75F 00 
u. 22E-09 
5 .  UUE-OU 
3.23F-01 
2. 292-06 
6.5UF- 12 
2.24F- 14 
u .023  00 
1.32E-02 
6.08' 01 
1.6'E 00 
3 .553-01  '. 41 E- 05 
0 .0  
0.952-03 
8.29E-01 
6.  UOB-07 
8.55E-02 
9.u12-08 
4. u 1 r -  11 
1. 11E 02 
7.6OE-01 
4. 16F 01 
2.03F 00 
5 .525  00 
1.29E-01 
1.61E 00 
6.70'2-07 
0 .0  
1.25E-03 
1.2UE-08 
3.72F-03 
1.26T- 10 
0 .0  
1.863-06 
4.53P- 19 
1. 063-05 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. @ 
0.0 
0.0 

1100.  D 
6.27w-03 
5.73E 0 1  
6.29E 00 
1.772 00  
4.45C-09 
5 .77r -  00 
3.22F-01 
2.37E-06 
6.93E- 12  
2.3'F-lU 
4 . O l E  00 
l.U5V-02 
6 .087  0 1  
1.70E 00 
3.61E-01 
7.84E-05 
0.0 
5 .093-03  
8.18w-01 
6. 5''-0' 
9. 47F-02 
1. 08F-07 
u.57E-11 
1.11" 0 2  
8.61?-01 
4.16' 0 1  
2.05F 00  
5.51F 00 
1. U57-0 1 
1.60' 00 
6.97'-0' 
0.0 
1 .56F-03  
1.6 1P-08 
4 .221-03  
1.49E- 10  
0.0 
2.64'-06 
7.09F- 10 
1.36F-05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .9  
0.0 
0.0 
0. P 
0.0 

SP 88 0.0 2.26E-04 4.51E-OU 6.81F-04 9.18E-OU 1.16F-03 l .42F-03 1.68F-03 1.96'-03 2.25P-03 2 .552-03  



POW 

SF 4 9  
SF 9 0  
SF 9 1  

Y 90N 
Y 90 
Y 9111 
Y 9 1  
ZF 9 0  
ZR 9 1  
ZF 9 2  
ZF 9 3  
ZF 94 

ZF 9 6  
NB 9 2  
N B  93N 
NB 9 3  
NB 9 4  
NB 9 5  
N B  96  
NB 9 7  
MO 9 2  
no 9 3  
no 93N 
no 94  
no 9 5  
NO 9 6  
NO 97 
NO 9 8  
no 9 9  
NO100 
NO101 
TC 99M 
TC 9 9  
TClOl 
PUlOl 
CDll3N 
CD113 
CDI 15N 
CD115 
CD119N 
CD119 
CDl21 
'IN113 
TN119N 
IN119 
IN12111 
IN121 
51114 
S N l l 5  
SN116 
SN117N 

"- n r  
Ai- 7 3  

TABU A-3 (CONTINUED) 

FEFEPENCE FUF EQUILI8FIUM PUFL CYCLE -- 3.3 O/O ENRICAED 0 

EF= 30.00NW, BUFNUP= 33000. NWD, FLUX= 2.922 13N/CN**2-SFC 

CHARGE 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.82F 03 
3.072 02 
4.622 02  
0.0 
4 .60E 0 2  

7.25E 0 1  
0.0 
0.0 
1.039 0 1  
0.0 
0.0 
0.0 
0.0 
9.57E-0 1 
0.0 
0.0 
5.32E-01 
9.26F-0 1 
9.58F-0 1 
5. M E - 0 1  
1.36E 00 
0.0 
5. UOE-0 1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.19F-01 
1.13E-01 
4.68E 00 
0.0 

* A  V. U 

110.  D 
8.8OP-06 
9 . 8  1E- 1 0  
1.67"-08 
0.0 
2.20E-05 
2.55F- 1 0  
2.53F-05 
1.42E 03 
3.06E 02  
U.62E 0 2  
3 .86 P- 0 2 
4.60E 0 2  
7.57E-0 3 
7 . 2 5 3  0 1  
3.89E-0' 
3. l l P - 0 9  
1.03E 0 1  
1.75E-03 
2.67E-03 
2 . 7 2 ~ 0 8  
2 . 2 9 ~  1 1 
9.57E-0 1 
4. U5E-05 
3 . 3 6 ~ 0 9  
5.32E-0 1 
9. 19E-01 
9.68E-0 1 
5.U6F-01 
1 .363  00 
2.83E- 05 
5. UOE-0 1 
2.993-08 
2 .2  1F-06 
7.39E-04 
2.87E-08 
2.24F-04 
0.0 
1. USE-09 
0.0 
2.26E-11 
0.0 
2.62E- 14 
2.85E-15 
0.0 
4. 72E- 14 
5.14E-13 
2.52E- 1 5  
0.0 
2.19E-0 1 
1.13E-01 
U . 6 8 E  0 0  
9.78E- 04  

220.  D 
1.08E-05 
3. 33E-09 
1.672-08 
0.0 
2.20E-05 
2 . 5 6 ~ 1 0  
3.22E-05 
1.U2E 03 
3.06E 02 
4.63E 02 
7.723-02 
4 .60E 02  
9.92.L"' 
7.25E 01 
3.90E-07 
1.24E-08 
1.03F 0 1  
3.492-03 
U. 682-03 
4.68E-08 
2.29E-11 
9.57E-01 
8.90E-05 
3.36E-09 
5.32F-0 1 
9.18E-01 
9.773-0 1 
5.46F-01 
1.362 00 
2.83E-05 
5.40E-01 
2.993-08 
2.21E-06 
1. SOP-03 
2.873-08 
4.47E-04 
0.0 
1.51 E-09 
0.0 
2.279-11 
0.0 
2.62E- 1 4  
2.85E-15 
0.0 
4.72E-10 
5. l4F-13 
2.532-15 
0.0 
2.19F-01 
1.13E-01 
4.67E 00 
9.82P-04 

=-"A 

NUCLTDE CO?JCFNTPATT@NS, GFP.A ?.TONS 
BbSTS = NT OF HEP.VY NETAL CHAFGSD 

330. D 
1.15E-05 
6.80E-09 
1.70E-08 
0.0 
2.2UE-05 
2.6 1E- 10 
3.4 6E- 05 
1.42E 03 
3.06E 0 2  
4.63" 0 2  
1.17E-01 
u.60E 0 2  
:.08E-02 
7.25E 0 1  
3.9 8F- 0- 
2.787-08 
1.03E 0 1  
5.27E-03 
5.09E-03 
5.59T-08 
2.33E-11 
9.57F-0 1 
1.38E-OU 
3.4 3F- 09 
5.32E-01 
9.19E-01 
9.87F-01 
5. u6F-01 
1.369 00 
2.89E-05 
5.39E-0 1 
3.05E-08 
2.2 5F-06 
2.2 7E- 03 
2.9 2F- 0 8 
6.72E-OU 
0.0 
1.5 1F-09 
0.0 
2.31E-11 
0.0 
2.6 BE- 14 
2.9 1E- 1 5  
0.0 
4. R2E- 14 
5.2UF- 1 3  
2.58E- 1 5  
0.0 
2.192-01 
1.13E-01 
a .66E 00 
1.00E-03 

4UO. D 
1.197-05 
l . l u E - 0 8  
1.762-08 
0.0 
2.31E-05 
2.69E- 10 
3.60E-05 
1.42F 03 
3.061 02 
u.63E 02 
1. 57F-01 
8.607 02 

! 3 ~ - n ?  
7.25F 01 
u. lo?-0' 
U. 93F-08 
1 .037  01 
7.09E-03 
5.86E-03 
6.15E-08 
2.40F-11 
9.57E-01 
1.8 1E-04 
3.532-09 
5.32E-01 
9.21E-01 
9.97E-01 
5.46E-01 
1.35E 00 
2.98F-05 
5.39E-01 
3.1 UE-08 
2.322-06 
3.05P-03 
3.0 11-08 
9.02e-04 
0.0 
1 .5  1-3-09 
0.0 
2.38E- 11 
0.0 
2.76E- 14 
3. O O E -  15 
0.0 
u. 96F- l U  
5.39E- 13 
2.66F- 15 
0.0 
2.19E-01 
1.13E-01 
4 .662  00 
1.03E-03 

" L  

550. D 
1 .24p-05 
1.73E-08 
1.82E-OB 
0.0 
2.39E-05 
2.797- 10 
3.7UF-05 
1.92E 03 
3.055 02 
U . 6 U F  02 
1.99E-01 
8 . 6 0 E  0 2  !. !8E-O2 
7 . 2 5 1  01 
4. 25F-07 
7.72F-08 
1 . 0 2 7  0 1  
8.98F-03 
6.121-03 
6.651-08 
2.  U9S-11 
9 . 5 7 ~ 0 1  
2.30P-04 
3.669-09 
5.32E-01 
9.2UE-01 
l . O l F  00 
5.467-01 
1.35E 00 
3.08-05 
5.399-01 
3.25F-08 
2.403-06 
3.85E-03 
3.12E-08 
1.14F-03 
0 .0  
1.51E-09 
0 .0  
2. U7E-11 
0.0 
2. 86E-14 
3. 113-15 
0.0 
5. 15S-14 
5. SEE- 13 
2.75E- 15 
0 .0  
2.19F-0 1 
1 .139-01  
4.65E 00 
1.07E-03 

660. D 
1 .29F-05 
2.46E-08 
1.89E-08 
0.0 
2. 49E-05 
2.90E- 10 
3.88E-05 
1 .427  03 
3.05F 0 2  
4.64E 0 2  
2. 4 .603  U2B-0 0 2  1 

?. 22E-"2 
7.25F 0 1  
fi, 42E-0' 
1. 11E-07 
1.02F 0 1  
1.092-02 
6. 37F-03 
7.209-08 
2. 59F- 11 
9.57E-01 
2. 8OF-04 
3.81F-09 
5.32E-0 1 
9.26E-01 
1.02E 00 
5. u6F-01 
1.35P 00 
3. 21E-05 
5.39F-0 1 
3.38E-08 
2. 50E-06 
4.67F-03 
3.24E-08 
1.38E-03 
0.0 
1.51E-09 
0.0 
2. 57"- 11 
0 .0  
2. 97F-14 
3 . 2 3 ~  1 5  
0.0 
5.35E-14 
5.80F-13 
2.86"-15 
0.0 
2. 19E-0 1 
1.13'"-0 1 
8 . 6 5 E  00 
1. l l F - 0 3  

TO FEACTC 

770.  D 
1 .34E-05 
3. 352-08 
1.97B-08 
0 . 0  
2.60F-05 
3.02F- 10 
4.04E-05 
1.82F 03 
3.OSE 02  
4 . 6 4 1  0 2  
2. 87p- 0 1 
4.6OF 0 2  !. 2""-02 
7.25F 01 

1. 52E- 07 
1.02F 0 1  
1.30E-02 
6 . 6 2 - 0 3  
7.80F- 08 
2.70E- 11  
9 .572-01  
3.33F- 04 
3.973-09 
5.32E-01 
9 .292-01  
1.03E 00  
5. U6F-01 
1.35E 00 
3. 34E-05 
5.38F-01 
3.52E-08 
2.6OF-06 
5.52F-03 
3.38F-04 
1.6UE-03 
0 . 0  
1.51E-09 
0.0 
2.68E- 11  
0 .0  
3. lOF-14 
3. 37F- 1 5  
0.0 
5 .  SEE- 14 
6. 049- 1 3  
2.98E- 1 5  
0.0 
2. 19E-01 
1.13E-01 
4 . 6 4 E  0 0  
1.15E-03 

u . 6 0 ~ - 0 7  

)Q 

880. n 
1.892-05 
4. 42E-08 
2.06E-08 
0.0 
2 . 7 1 ~ 0 5  
3 . 1 5 ~  10 
4.201-05 
1.42E 03 
3.04E 02 
U.64E 0 2  
3.34F-01 
4 .60p  02  !. 33B-02 
7.25'" 0 1  
0. ROT- 07 
2.00E-07 
1.027 0 1  
1.519-02 
6 .912-03  
8. u7F-08 
2.827- 1 1  
9.57E-01 
3.88E-OU 
4.13F-09 
5.32F-01 
9.32F-0 1 
1.04F 00  
5.u6F-01 
1.35P 0 0  
3. U8E-05 
5.383-01 
3. Cj'E-08 
2.717-06 
6.38 E-03 
3.52P- O R  
1.9DE-0 3 
0.0 
1.50F-09 
0.0 
2.80E- 11  
0.0 
3.23E- 10 
3.51E- 1 5  
0.0 
5.81F- 1 U 
6.29F- 1 3  
3.11E-15 
0. r) 
2.19F-0 1 
1.13P-01 

1.20F- 0 3 
4.63F 90 

990.  D 
1. 8 6 7 - 0 5  
5.69E-08 
2. lU7-08 
0.0 
2. 82"- O S  
3.287- 10 
4. 377-05 
1.42E 03 
3 .00F 02  
4 .657  02 
3.83E-01 
U.60E 02  
1- 389-n2 
7.25Y 01 
5.00F-07 
2.55E- 07 
1.02E 0 1  
1.73F-02 
7.21E-03 
9. 20E-08 
2.93F- 11 
9.57E-01 
4. U 5 9 - 0 U  
U. 31E-09 
5.32E-01 
9.34E-01 
1.05E 00 
5.46E-01 
1.35E 00 
3.62E-05 
5.38E-01 
3. 82E-08 
2. 82F-06 
7 .281-03  
3.67E-08 
2. 1'F-03 
0.0 
1.503-  09 
0.0 
2.92E- 11 
0 .0  
3. 36Y- 14 
3.66E- 15 
0.0 
6.06E- 14 
6. SUE- 13 
3.24E- 15 
0 .0  
2.1073-01 
1. 13E-01 
u. 632 00 
1.25E-03 

1100.  n 
1. 52n-05  
1.16E-08 
2.2 3-08 
0.0 
2.93F-05 
3. U2F-10 
4. 55F-05 
1.u2F 03 
3.08F 0 2  
u . 6 5 E  0 2  
4.34F-01 
4.607 0 2  

7 . 2 5 9  0 1  
5.20F-07 
3. 16w-07 
1.02F 0 1  
1.9"-02 
7. 50n-03  
9.96E-08 
3.05F-11 
9.56E-01 
5 . O U S - O U  
4. "E-09 
5.32F-0 1 
9.37E-01 
1. 017 00 
5. U6F-0 1 
1 .357  00 
3.77F-05 
5.37F-0 1 
3.98E-04 
2.93E-06 
8 .197-03  
3.81F-08 
2.uSF-03 
0.0 
1. 50"- 09 
0.0 
3. 0U"-  1 1  
0.0 
3 .50F- lu  
3 . 8 1 r - 1 5  
0 .0  
6 . 3 0 ~  14 
6.8OE-13 
3.37F-15 
0.0 
2.19F-01 
1. 137-01  
u.627 00 
1.30E-0 3 

1; U U F - 0 2  

d 

0 
W 



TASLE A-3 (CONTINLED) 

PEFEFENCE PUR EQWILIBRIUR FWEL CYCLE -- 3.3  O / O  ENBICBED rJ 

POIFF= 30.OOMt7, BURNUP= 33000. RWD, FLUX= 2 .92F 13N/CM**2-S3C 

~ ~ 1 1 7  
SN118 
SN119M 
S N l l 9  
SN120 
SN121R 
S N l 2 l  
SN122 
SN123R 
SN123 
SN12u 
SNl25M 
SN125 
SB121 
SB123 
SBl2UM 
SBl2U 
SB125 
SB126R 
SB126 
TE12u 
TF125R 
TE125 
TE126 
TA180 
TP.181 
TP182M 
TP182 

W180 
V181 
W182 
W183M 
27183 
V184 
H185M 
W185 
W186 
W187 

TOTALS 

CBAFGE 
2.47E 00 
7.73E 00 
0.0 
2.7UF 00 
1.04F 0 1  
0.0 
0.0 
1 .U7E 00 
0.0 
0.0 
1.822 00 
0.0 
0.0 
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 
3.08? 03  

110. D 
2 . 4 7 3  0 0  
7.73E 0 0  
1.03E- 05 
2.74E 00 
1.04E 0 1  
6.39E- 0 6 
1.343-05 
1 .47P 0 0  
1. U8E-08 
1.53E-07 
1.82E 00 
3 .352-09  
1.95E-07 
8.89F-04 
U.04P- 0 5 
1.14E-13 
1.353-07 
3.80E- 0 5  
9 .6  1E- 1 3 
1 .523-09  
6.98E-08 
3.9OE-07 
1.09F-06 
U. 87E-09 
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 
3.0877 0 3  

220. D 
2.472 00 
7 .74E 00 
1.80F-05 
2.732 00 
1 . 0 4 3  0 1  
1.28E-05 
1.342-05 
1.47E 00 
1.48E-08 
2.372-07 
1.82-F 00 
3 .363-09  
1.95E-07 
1.782-03 
8.OUE-05 
2.272-13 
3.232-07 
7.37E-05 
1.87E- 12 
3.242-09 
3.63E-07 
1 .112-06  
4 .71  E-06 
2.55E-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 
3.08E 0 3  

NWCZTDE CONCENTFATIONS, GI1P.R P.TORS 
BP.STS = PIT OF HE?.VY RBTPL CAAFGED 

330 .  D 

7.7UE 00 
2.38E-05 
2.73E 00 
1.04E 0 1  
1.9 3E-05 
1.37E-05 
1.47E 00 
1.5 1E-08 
2.852-07 
1.82E 00 
3.U3F-09 
1.9 9E-07 
2.68E-03 
1.2 l e -04  
3.U7E- 1 3  
5.18E-07 
1.0 8P-ou 
2 . 7 9 ~  12  
U .9 9E-09 
9.0 1E-07 
1.8 9E-06 
1.lOFI-05 
6.80E-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 
3.08” 03  

2 . 4 7 ~  00 
4uO. D 

2.47E 00 
7.75E 00 
2.8 4E-05 
2.73F 00 
1.OUE 01 
2.592-05 
1.4 1E-05 
1.U7E 00 
1.56F-08 
3.16F-07 
1.82E 00 
3.533-09 
2.05E-07 
3.59E-C3 
1.6 1E-04 
U. 78”- 13 
7.215-07 
1.41E-04 
3.75E- 12 
6.81E-09 
1.69E-06 
2.66E-06 
1.98E-05 
1.11 OF- 07 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.08E 03 

550. D 
2.47E 00 
7.75* 00 
3.22E-05 
2 .732  00 
l.0UF 0 1  
3.293-05 
1.46P-05 
1.U7E 00 
1.62-08 
3.39E-07 
1.82E 00 
3.669-09 
2. 139-07 
u. 53E-03 
2.03E-04 
6.23E-13 
9.3QE-07 
1.74E-OU 
U.79P-12 
8.762-09 
2.752-06 
3.423-06 
3.12E-05 
2.483-07 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
3.08T 0 3  

0. 0 

660. D 
2.WE 0 0  
7 . T E  00 
3. S5F-05 
2.72E 00 
1.OUE 0 1  
u .00E-05 
1.52P-05 
1.U’F 0 0  
1.683-08 
3.58E-07 
1.82F 00 
3.812-09 
2.21P-07 
5.49E-03 
2. USE-011 
7.8UE- 1 3  
1. 161-06 
2.06E-0U 
5.92F-12 
1.09F-08 
U.09E-06 
U. 172-06 
4. FOP-05 
U. OUP-07 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.08E 0 3  

FLUX 2 .582  1 3  2.5833 13 2.63E 13 2.71E 13 2 . 8 1 s  1 3  2.93E 1 3  

TO FFACTOP 

770. D 890.  D 
2. 48F 0 0  2.48E 00 
7 .76F 00 7.77F 00 
3 .84E-05 U. l l E - 0 5  

1.OUF 0 1  1.OUE 0 1  
U.752-05 5.5272-05 
1.59F-05 1.653-05 
1.U7E 00 1.47F 00 
1 .752-08  1.83E-08 
3 .76F-07  3 . 9 3 ~ 0 ~  
1.82E 00  1.82F 00 
3.97F-09 4. 13E-09 
2.31- 07 2. 40F-07 
6.47E-03 7. 48n-03  
2.89P-OU 3.33F-04 
9.62E-13 1.16E-12 
1. 402-06 1.6UF-06 
2. 39F-0U 2.71E-0U 
7. 142- 1 2  8. USE- 1 2  
1. 32F-08 1.56F-08 
5 .73F-06  7.68’-06 
4.91E-06 5.66E-06 
6.1UP-05 8 .02P-05  
6.16E-07 8.96E-07 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 .0  0.0 
0 . 0  0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0. r) 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.08” 03  3.08E 0 3  

3.05F 1 3  3.18F 13 

2 . 7 2 ~  00 2 . 7 2 ~  00 

990. D 
2.U8E 00 
7.77E 00 
fi. 36F-05 
2.719 00 
1 .045  0 1  
6 .333-05  
1.72’-05 
1.47F 00 
1. 90E-08 
U. 101-07 
1.82E 00 
4. 3lE-09  
2.50E-07 
8.52E- 03  
3.79E-OU 
1.37E-12 
1. 90E-06 
3.0UE-04 
9.88E- 12 
1 .83F-08  
9.95E-06 
6. 41F-06 
1. 015-0u 
1.26F-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  
3.0872 c 3  

3 .31E 1 3  

1100. D 
2.48F 00 
7 .78F 00 
U. 60”-05 
2.71F 00  
1.OUE 0 1  
7.17F-05 
1 .792-05  
1.47F 00 
1.98E-08 

.27F-07 
1.8272 00 
4. U8F-09 
2 .6  1F-07 
9 .58F-03  
4. 25F-OU 
1.60F- 1 2  
2. 17E-06 
3.37E-00 
1. 14E-11 
2. l l F - 0 8  
1.262-05 
7 .17P-06  
1.25F-00 
l .71F-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 
3.08’ 0 3  

3.U5E 1 3  

0 
P 



Tmlr A-4, ISOTOPIC CONCENTRATIONS (G-AT~METRIC TON OF U) OF ACTINICES AND THEIR DAKHTERS AS A FWCTION OF 
IRRADIATION TIME (DAYS) 

RFFEDENCE PUP FQUILIBPIUM FUVL CYCLE -- 3 . 3  010 ENRICHED U 

POWPR= 30. OOHU, BUFNUP= 33000. MAD, FLUX= 2.923 13N/CM**2-SFC 

PUCLIPP CONCENTRATIONS, GFPM PTOMS 
BPSTS = MT OF HFPVP fl'3TPL C A I Q G E D  TO F F A C m V  

CHARGE 110. D 220. D 330 .  D 440. D 550. D 660 .  D 770. D 880. C 990.  D l lOP.  D 
HE 4 
TL207 
TL208 
TL209 
PB206 
PB207 
PB208 
PB209 
PB2lO 
PB211 
PB2 1 2  
PB214 
81209  
B12 1 0  
BT211 
BT2 1 2  
BT213 
81214  
PO2 1 0  
PO21 1 
PO2 1 2  
PO2 1 3  
PO2 1 u 
PO2 1 5  
PO216 
PO218 

RN219 
RN220 
RN222 
FR221 
FF22 3 
SA223 
SA224 
PA225 
PA226 
FP.228 
AC22 5 

AC228 
TH227 
TH228 
TH229 
TH230 
TH23 1 
TH232 
TH233 
TH234 
PP.23 1 
PA232 
PP.233 

 AT^ 1 7  

~ ~ 2 2 7  

@.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 

3.742-05  
3.57E- 2 0  
3. 8OP- 1 7  
1.35E-22 
1.171-20 
1.97E- 1 6  
1.19E-12 
5.53E- 1 9  
0.943- 17 
2.70E- 1 9  
2.17E- 1 4  
3 .771-20  
8.89P- 1 7  
3. 23E- 20  
1 .6  1 E-20 
2 . 0 7 ~  15 
1 . 3 1 ~  1 9  
2.77F- 2 0  
1 . 0 UF- 1 9 
1.94E-25 
1.093-25 
1.913-28 
4 .6  9F-27 
2 .24F-25  
8.52E-20 
4 .29E-2 1 
1.49E- 2U 
4.98E-22 
3. 18F- 17 
7.74E- 1 8  
1 .343-20  
5.51E-21 
1.237- 1 6  
1.79F-13 
5.95E- 17 
1.1873-12 
7.46E-20 
4.02E- 17 
2.03E- 1 3  
7.79F- 24  
2.79F- 1 6  
3 .  h22- 1 1 
4. fi E?- 1 2 
8.84'5-07 
1.56E-09 
1.5OE- 08 
2. 40F-14 
5.68E-0 8 
7 .423-08  
9.0 1P- 1 1 
1.13E-09 

1.72E-04 
2.83E- 19  
1.5UE-16 
6.502-22 
3.67E- 19 
3.29F- 15 
9.-"2F-12 
2.66E-18 
3.87E- 16 
2.14E-18 
8.79E- 14 
1.43F- 19 
9 . 5 4 F -  16 
2.532-19 
1.28F-19 
8.37E-15 
6.31E-19 
1.057-19 
1.53F- 18 
1. SUE-24 
4. U2E-25 
9.193-28 
1.787-26 
1.78E-24 
3. USE- 19 
1.63P-20 
7.16E-24 
3.96P-21 
1.29F- 16 
2.94E- 17  
6.443-20 
2.922-20 
9.74E-16 
7 .242-13  
2.852-16 
4.50T-12 
5.7 1E- 19 
1.93E- 16 
1.08E-12 
5.95F-23 
1.862-15 
1.39E-10 
1.74E-11 
1.6uF-06 
2.40F-09 
5.73E-08 
9.14F-14 
5.91E-08 
2.07F-07 
2.5273-10 
4.31E-09 

5.18E-04 
9.0 OF- 1 9  
3.6 SF- 1 6  
1.6 3E-21 
2.5 5F- 1 8  
1 .6 lF-14  
3.39F-11 
6.67E- 18 
1.27E- 1 5  
6.80F- 1 8  
2.08F-13 
3.0 6E-19 
3.6 9F- 15 
8.27F-19 
4.0 5E- 19 
1.98F- 1 4  
1. ?BE- 1 8  
2.2 5E- 1 9  
6.9 4E- 1 8  
U. 9OF-24 
1.0 5E- 24 
2.31E-27 
3.8 1E-26 
5.6 5E- 24 
8.1 BE- 19  
3. (1 9E- 20 
1.8 OE-23 
1.2 6E- 20  
3.063-16 
6.2 9E- 17  
1.6 2E- 19  
8.0 OE- 20 
3.09E- 1 5  
1.72E- 1 2  
7 .133-16  
9.621-12 
1.8472-18 
4.85E- 1 6  
2.95E- 1 2  
1.9 2E-22 
5 .532-15  
3.28F- 10 
3.85E- 1 1  
2.27P-06 
3.16E-09 
1.2 3-3-07 
2. OOE- 1 3  
5.9 lF-08  
3.863-07 
U.'9E- 1 0  
9.0 5E- 0 9  

1. 3'E-03 
2.01E-18 
7 .063-16  
3.2u5'-21 
9.755- 18 
4.8UF- 111 
8.46P- 11 
1. 33F- 1' 
2.9072-15 
1. 52F- 17 
u. 0 2F- 13 
5.17E- 19 
9.7 2F- 15 
1.8 9E- 18 
9.0 3F- 19  
3.83F-14 
3. 15E- 18 
3.80F- 19 
1.96E- 17 
1.09E-23 
2.0 2F-24 
4.59E-27 
6.  4 3E-26 
1.26F-23 
1. SEE- 18 
5.892-20 
3 .572-23  
2.80F- 20 
5.90E- 16 
1.06E- 16 
3 .229-  19 
1.65F-19 
6.89F- 15 
3.31"-12 
1.42E- 15 
1.62E- 11 
4.  18E-18 
9.6 5E- 16 
6.08E- 12 
4.37F-22 
1.19E-14 
6.33E-10 
6.85F- 11 
2.79E-06 
3.85E-09 
2.09E-07 
3.51E-13 
5.89E-08 
6.030-07 
7 .  72F- 10 
1.5 1E-08 

3.2UF-03 
3.69E- 18 
1.22E-15 
5. T "-21 
2.70E-17 
1.132- 13 
1.77P-10 
2.36w- 17 
5.U5E-15 
2.79E-17 
6.  97E- 13 
7 .67  E- 19 
2. 1OF- 14 
3.56F-18 
1.66F-18 
6.65F- 14 
5. 6OF-18 
5 .649-19  
U. 28F- 17 
2.01F-23 
3.51E-24 
8.16E-27 
9.  WE-26 
2.325'-23 
2.742-18 
8.73B-20 
6.36E-23 
5.15E-20 
1.027- 15 
1.57E-16 
5 .  72F- 19 
2.89'-19 
1.27 P- l U  
5.75F- 12 
2.52E- 15  
2.412-11 
7. 842-18 
1 .722-15  
1.07E- 11 
8. 18E-22 
2. 16F-14 
1.107-09 
1.09E- 10 
3.20E-06 
4. U7P-09 
3.12E-07 
5 . 4 3 E -  13 
5 .  88B-08 
8.49E-07 
1.13F-09 
2.237-08 

6.87F-03 
6 . 0 3 ~  1 8  
1.981-15 
9.5932-2 1 
6.12F-17 
2. 23w-13 
3.30E-10 
3.92E-17 
9.05E- 1 5  
4 .  56F- 17 
1. 13P-12 
1.05F- 1 8  
4.04"-14 
5.92F- 18 
2.'2F-18 
l.!l8F-13 
9. 31E-18 
7. 6gW- 1 9  
7.96E-17 
3. 280-23 
5.68P-24 
1.36E-26 
1.30E-25 
3.795- 23  
4. UUP-18 
1. 19F- 19 
1.06F-22 
8. 42E-20 
1.66E-15 
2.15E-16 
9.51E-19 
4.57F-19 
2 .072-14  
9.31F-12 
4. 18E-15 
3.29E- 11 
1.30E-17 
2.85E-15 
1.69F-11 
1.36F-21 
3. WE-14 
1.78F-09 
1.6475- 10 
3.52E-06 
5.03 E-09 
4.31E-07 
7.79E- 1 3  
5.8713-08 
1.12F-06 
1. SUE-09 
3.03E-08 

1. 321-02 
9.07F- 18 
3.052- 1 5  
1. 52F- 20 
1.21E-16 
3.96E- 1 3  
5.72F- 10 
6.22E- 17 
1. 38E- 1 U  
6.86F- 17  
1.74F- 1 2  
1. 35E- 1 8  
7.20F- 14 
9.02E- 18 
4. 08F- 1 8  
1.66E- 1 3  
1. U8F-17 
9.92F- 19  
1.33E-16 
4.9UF-23 
8.74E- 24 
2. 15F-26 
1. 68F-25 
5.70E-23 
6.83F- 1 8  
1.5UF-19 
1.68F-22 
1.2'F-19 
2.55F-15 
2.77F- 16  
1. 51F- 1 8  
6.71F- 1 9  
3. 12F- 14  
1 .  43P- 1 1  
6.63F- 1 5  
4.2UF- 1 1  
1.98E- 1 7  
4.53F- 1 5  
2. U7E- 1 1  

5. 1873- 1 4  
2.742-09 
2.  UOE- 10  
3. 75F-06 
5.52E- 09  
5 .  62E- 07  
1.06F- 1 2  
5 .85F-08  
1.39E-06 
2.01E-09 
3.91F-08 

2 . 0 7 ~ 2 1  

2. 31E-02 
1.28E- 17  
4.513-15 
2. 33E- 20 
2.15E-16 
6. 46F- 1 3  
9. 365'- 10  
9.52E-17 
1.98E- 1 4  
9.707- 1 7  
2.57F- 1 2  
1.6'- 18 
1.21P- 1 3  
1. 29E- 1" 
5.172-18 
2.45P- 2.26P- 1 3  1 7  

1.23E- 1 8  
2.0UF-16 
6 .98F-23  
1.29F-23 
3.29El-26 
2.07E-25 
8.06 F- 2 3  
1.01F- 17  
1.90F- 1 9  
2.562-22 
1.79E- 1 9  
3.77E- 1 5  
2.31 3.42F- F- 1 16  8 

9.31E- 1 9  
4.41E-14 
2.12F- 1 1  
1.01E- 1 4  
5.23E- 1 1  
2.84E-17 
6.92E- 1 5  
3 . 4 3 F -  1 1  
2.97F-21 
7.27F- 1 u 
4.0uF-09 
3. u2F- 10 
3.890- 0 6  
5 .92F-09  
7 .03F-07  
1.38F- 1 2  
5.83-2-08 
1.68E-06 
2.51E-09 
4. 85F-08  

3.773-02 

6. U3P- 15 
3. 4577-20 
3.56E- 16 
9. 91E- 1 3  
1. U6E-09 
1 ~ U 15- 16 
2. 70E- 14 
1.315-16 
3. 66E- 12  

1.959- 1.7-E- 1 3  17 

7. 79E- 18 
3. 49E- 1 3  
3. 35F- 17 
1.47E- 18 
2.95F- 16 
9. 425-23 
1.84E-23 
u. 88F-26 
2. 4AF-25 
1.09F-22 
1. 4 4 E -  17 
2. 27E-19 
3. BOT-22 
2. 42E- 19 
5.38E- 15  
4 .  093- 16 
3. 42E- 18 
1 .24e-  18 
5 .  95E- 14 
3.02E- 11 
1. FOE- l U  
6.26F- 11 

1.93F- 14 
U. 56B- 11 
4.06E-21 
9.75P- 14 
5.76E- 09 
4.837- 10 
3. 96E-06 
6.2UE-09 
8.52E-0' 
1.74F- 12 
5.82E-08 
1. 95F- 06 
3.05E-09 
5 .8 lF -08  

1 . 7 3 ~ -  17 

I .  99E- i 8  

3. 8 9 ~ -  17 

5.78F-02 
2.25E-1- 
8.89?- 15  
4 .  96=20 
5 . 5 u F -  16 
1.45F- 1 2  
2 .21r -09  
2.0 3"- 16  
3.5577- 1 4 
1.707-16  
5. O'F- 12  
2.32F- i 8  
3.0 47-  1 3  
2.327-1' 
1.01E-1' 
4 . 8 3 ~ 1 3  
4 .  82F- 1' 
1. - 1F-18 
U.07F-16 
1.22F-22 
2 .552-23  
T. 0 2E- 26 
2.895-2' 
1.4 1E-22 
1.99E-17 
2.607-19 

3.lUW-19 
7. UUE- 1 5  
4.77"-16 
U. 9 2F- 1 8  
1.59F- 18 
7.7373- 111 
u. 18F-11 
2.16E-14 
7.29"-11 
5 .123-17  
1.48F- 14 
5.86F-11 
5.35E-21 
1.26F- 1 3  
7 .97F-09  
6.76F-10 
3.97F-06 
6. U7F-09 
1.01E-06 
2 . 1 5 ~ - 1 2  
5.8OF-08 
2.22E-06 
3.6 1F-09 
6.79?-08 

5. 4 7 ~ - 2 2  

C 



TABLE A-4 (CONTINED) 

FEFEPENCF PU? FQUILTBRTUM FUfL CYCLE -- 3 . 3  010 FNFICHED O 

POWEP= 30. OONU, BURNUP= 33COO. W D ,  FLUX= 2.92E 13N/Cfl**2-SEC 

PA234 
u232 
0 2 3 3  
U234 
0 2 3 5  
0236 
0 2 3 7  
U238 
0 2 3 9  
11240 

139236 
NP237 
NP238 
NP239 
NP2UON 
NP240 
PU23 6 
PIT238 
PU239 
PU2 4 0 
PO24 1 
PU2 4 2 
PO243 
PU2UU 
PU2 4 5 
P.M2U 1 
lfl2U2M 
I n 2 4 2  
AM243 
P.M244 
An245 
CM242 
CN243 
CM244 
c n 2 4 5  
CX246 
CN24' 
cn2u 8 
CM249 
CM250 
BK249 
BK250 
CF249 
CF250 
CF251 
CF252 
CF253 
CF254 
ES253 
TOTBLS 

CPPFGF 
0.0 
0.0 
0.0 
1.13E 00 
1.UOE 0 2  
0.0 
0.0 
4.063 0 3  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
P . 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 
c . 9  
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 
4.20E 0 3  

n.0 

110. D 
8.3OP-13 
2.50E-08 
6.363-06 
1.05E 0 0  
1.24F 0 2  
3.375 0 0  
8.04E-03 
u . 0 5 F  0 3  
1 .785-03  
1.22E-34 
4 . l l E -  10 
5.373-02 
1.29E-04 
2.56E-0 1 
1.053-36 
6.33E-06 
7.89F-09 
1 .883-03  
6.73F 00 
3.69$-0 1 
2.61T-02 
6.57F-04 
1.92E-07 
6 .283-24  
9.03F-30 
9.30E-05 
8.31E-07 
2.179-07 
1. USE-05 
4 .75E- 1 0  
6.65"-28 
3.93F-06 
3 . 0 7 ~ 0 9  
3.u5E-07 
2.649-C 9 
2.15E- 1 1  
2. 44n- 1 c 
1.26F- 16 
1.06E- 2 1 
0 .0  
1 .6  1 E- l 9 
9 .23E-23 
3.20E-2 1 
U.09E-2 1 
3.6OF-22 
1.51"-23 
0. c 
0.c 
0.0 
U.19E 0 3  

220.  D 
1.33P- 12 
5.532-08 
1.12F-05 
9.94E-01 
1.09E 02  
6.29E 00 

4,OUF 0 3  
1.77F-03 
2.06F-31 
1.231-09 
1.60E-01 
3.85E-04 
2.55E-01 
1.77E-33 
6.33F-06 
4.451-08 
1.07E-02 
1.15F 0 1  
1 .232  00 
1.65E-01 
8. U2F-03 
2. 46E-06 
1.06E-20 
1.52E-26 
1. lUE-03 
1.76B-05 
2.66E-06 
3.73E-04 
1.232-08 
1.06F-24 
9.23F-05 
1.83F-07 
1.80F-05 
2.66F-07 
4. 40F-09 
9. 9'E-12 
1.04 E- 1 3  
8.73B-19 
7 .128-23  
2.56F-16 
1 ,473-19  
9.85E- 18 
1.21E- 17 
1.94E- 18 
1.65E-19 
9.6UF-23 
0 .0  
3.72E-23 
4. 17F 0 3  

1 . 2 7 ~ - 0 2  

N U C I I D E  CONCEN 
BPSTS = fl? OF 

330.  D 
2.0 5E- 1 2  
9.7 BE- 08 
1.49E-05 
9.17F-01 
9.61E 0 1  
8.8UE 00 
1.72E- 02  
U.OUE 0 3  
1.8 1E-03 
1.5 82-29 
2. UOF-Oq 
3.073-01 
7.55B-04 
2.60E-01 
1.363-31 
6.5yE-06 
1.2UF-0' 
2.9 9E- 02  
1.49E 0 1  
2.34E 00 
4. 4 E€'- 0 1  
3.55E-02 
1 . 0 6 ~ 0 5  
8.14F-19 
1.19E-24 
4.5;E-03 
9.269-05 
1.07E-05 
2.39E-03 
8.OUF-08 
7.9 3F-23 
5.37E-OU 
1.253-06 
1.77E- 04 
3.8 3E-06 
0.77F-08 
3.34E- 10 
5.32E-12 
4.572-17 
5.6 9F- 2 1 
1.9 2E- 14 
1.1272- 1 7  
1.0 6E- 1 5  
i. 27F- 15 
2.8 57- 16 
3.'2E-l7 
2.79B-20 
8.86E-24 
1.4OE-20 
U,16E 0 3  

4 4 0 .  D 
3.0 3E- 12 
1. SEE-07 
1.76E-05 
8.53F-01 
8.42F 01 
1.11F 0 1  
2.15E-02 
U.03F 0 3  
1.862-03 
3.4 8E- 28 
3.94E-09 
u. 88F-01 
1.2UE-03 
2.67"-01 
3.0OE-30 
6.96F-06 
2.60F-07 
6.27E-02 
1.733 0 1  
3.532 00 
8.66E-01 
9.47E-02 
2.91E-05 
1.79E- 17 
2.71E-23 
1. 12E-02 
2.76E-04 
2.7 55- 05 
8 .71r -03  
3.0 1F-07 
1.7 2E-21 
1.763-03 
5.4 97-06 
8.863-04 
2.50F-05 
8.787-07 
4. 0 5E-09 
8.821-11 
7.8 1E- 16 
1.339-19 
4. 16E- 13  
2.5 1E- 16 
2.92E-14 
3. 48E- 10 
9. '1E- 15 
1.73F- 15 
1. SUE- 18 
6.29.F-22 
9.0 1E- 19 
4.1UF 0 3  

IPPTTONS, C.FP V PTOMS 
HEAVY METFL CHPSGED 

550. D 
4. 27E-12 
2.422-07 
1.957-0C. 
7 .91E-01 
7 .359  0 1  
1.3174 0 1  
2. 57F-02 
u. 023 0 3  
1 .929-03  
3. 8'F-27 
5.8UF-09 
6.993-01 
1.8U9-03 
2.76F-01 
3.349-29 
7. U6F-06 
4. 63E-07 
1.12E-01 
1.89E 0 1  
4.71E 00 
1 . 3 9 a  00 
1.97E-01 
6.283-05 
2 .  0OF- 16 
3.13E-22 
2. 16E-02 
6.04"-04 
5.50F-05 
2.32F-02 
8 .  32F-0' 
1.89F-20 
4. 22=03 
1.65E-05 
3.05E-03 
1.06'Q-OU 
4.81"-06 
2.823-08 
7.90F- 10 
7 .251-  15 
1.58E- 18 
4.58F-12 
2 . 8 7 ~ 1 5  
3.829-  13 
U.56F-13 
1.493-13 
3. 425- l a  
3. UQF-17 
1.71E- 20 
2. 2 u ~ - 1 7  
4.135 0 3  

660. r) 
5.76E- 1 2  
3. 58F-07 
2.07F-05 
7. 31E-01 
6. 38E 0 1  
1.48F 0 1  
2.98F-02 
4.01F 0 3  
1 . 9 9 ~ 0 3  
2. ROF-26 
8. 12F-09 
9.32E-01 
2.55E-03 
2.86F-01 
2. U2E-28 
8.06F-06 
7. 4UE-07 
1.81E-01 
2.007. 0 1  
5.827 03  
1.98P 00 
3.50E-0: 
1 16F-04 
1. 04F-15 
2.353-21 
3.5UF-02 
1.08F-03 
9.361:-05 
5.07E-02 
1.892-06 
1.36F-!9 
8.29E-03 
3.922-05 
8. 28B-03 
3.38E-0U 
1.93F-05 
1.38F-07 
U.79F-09 
4.58E-1U 
1.23E-17 
3. 29n- 11  
2. lUE-lu 
3. 13F- 1 2  
3.75E- 1 2  
1.39F-12 
3.9UE- 1 3  
4. 2.55F-19 UOF- 1 6  

3.09F-16 
4. 119 0 3  

TO VEPCTOR 

770. D 
7.50F- 1 2  
5. 09F-07 
2. 14P-05 
6.7UF-01 
5. 50F 0 1  
1.627 0 1  
3.38E- 0 2  
4. 2.07F-03 OOF 0 3  

1. 51F-25 
1. O'E-08 
1. 18E 00 
3.38P-03 
2.98F-01 
1. 30E- 27 
8.72F-06 
1.11-06 
2.71F-Gl 
2. 07E 0 1  
6 .823  00 
2.59F 00 
5. 56E-01 
1.92E-04 
7.76F- 1 5  
1.32F- 20 
5 .  17E-02 
1. 1.42E- '02-03 0 4  

9.64E-02 
3.7UE-06 
7.28F-19 
1. 42P- 0 2  
7.87F- 05 
1. 91E-02 
8.95E-04 
6.21E-05 
5.28F-07 
2.222-08 
2.21E- 1 3  
7. 16P- 1' 
1.?6F-10 
1. 19F-13 
1.85E-11 
2.232- 1 1  
9. 13F- 12 
3.12F- 12 
3.80F- 15 
2.53F- 18  
2.83E-15 
4. 10F 0 3  

830. D 
9.49E- 12 
7.02E-0' 
2. 15F-05 
6.20E-01 
O.'lF 0 1  
1.75F 0 1  
3.7-"E-02 
3.98" 0 3  
2.15E-03 
6.493- 2C. 
1.3'E-08 
1.451: 00 
4. 30E- 0 3 
3.09E-01 
5.60 E- 27 
9. U5F-06 
1.57 F-06 
3. 845-01 
2.12" 0 1  
7 . 6 9 1  00  
3.20F 30  
8.15F-01 
2.94F-04 
3.357- 14 
5.922-20 
6.93E-02 
2 . 4 1 r - 0 3  
1.99E-04 
1.657-01 
6.69E-06 
3.12F-18 
2. lqF-02 
1.39-04 
3.89F-02 
2.056-03 

1.69F-06 
8. UOE-08 
8 .717-13  
3.34F- 16 
7.55F- 10 
5.3UF- 13  
R .  58E- 11 
1. O5F- 10 
4.642- 11 
1.88F - 11 
2. U7F- 1 U 
1.85F- 1 7  
1.93F- 1 4 
U.09F 0 3  

1 . 7 0 ~ - 0 4  

990.  D 
1. 17E-11 
9.38E-07 
2. 12E-05 
5.683-01 
u .01e  01 
1.85F 01 
4. 13B-02 
3.97E 03 
2.24E-03 
2.36&-24 
1.69E-fl8 

5. 32F-03 
3 .2 lE-01  
2.OUr-26 
1. 02P-05 
2. 13F-06 
5 .19E-01 
2.15E 01 
8.42F 00 
3.'7F 00 
1.12E 00 
4.  2OE-04 
1.22E-13 
2.25E-19 
8.712-02 
3. lhE-03  
2.615-04 
2. € I F - 0 1  
1. 10F-05 
1. 13F-1' 
3 .12r -02  
2. 2UF-04 

u. 21E-03 
4. 12--0u 
4. 68E-06 
2. -"2P-07 
2.9UF- 12 
1. 31F- 15 
2.73E-09 
2.01E-32 
3. 31E- 10 
4. 09F- 10 
1. 94E- 10 
9.11F-11 
1.29E- 13 
1. O'F- 16 
1.04F-13 
U.O'E 03 

1 . 7 2 ~  00 

7 . 2 1 ~ - n 2  

110C. D 
1.4OP-11 
1.22n-06 
2.06F-05 
5.19F-01 
3.40F 0 1  
1.932 01  
4. 4-72-02 
3.96F 0 3  
2.327-0 3 
7 . 5  1F-24 
2.OuF-08 
l . q 9 F  00  
6. 1 - 3 3  
3.33E-01 
6.u8F-26 
1.1OF-05 
2.797-06 
6. '8E-0 1 
2.17F 0 1  
9.02P 00 
4. 29F 00 
1.46E 00  
5.717-04 
3.87E-13 
'7. U2F- 19 
1 .0ur -01  
3 .693-03  
3.2UF-01: 
3 .88E-01 
1.70E-05 
3.56F- 17 

3.32a-CU 
1.247-01 
7.89F-03 
9. OlF-0u 
1.16Z-OL: 
7.78"-0' 
8.75F-12 
4.49F-15 
8.61E-09 
6.60F- 1 2  
1. low-09 
1.3?F-09 
6.90F- 1 C 
3.73F-10 
5.6 3E- 1 3  
5. l l F - 1 6  
U.69F-13 
4.C6F 0 3  

u. 1 7 ~ - 0 2  

FLUX 2 .583  1 3  2.58F 13  2 .631  1 3  2 . 7 1 ~  13  2.81F 1 3  2.93F 13 3.05F 1 3  3.18f 1 3  3.31F 13  3.45E 1 3  

, 



POF 

A 3  
ZN 7 2  
GA 7 2  
GP 7 2  
GP 7 3  
GE 73 
G A  7 U  
GF 
G A  75 

GE 75 
AS 7 5  
GA 7 6  
GF 7 6  
AS 7 6  
SF 7 6  
GE 7711 
GE 7 7  
AS 7 7  
SE 77M 
SE 7 7  
GI: 78 

P.S 78 
SE 7 8  
AS 7 9  
SF 79M 
SF 7 9  
BF 79 
PS 80 
SE 80 
BP 80M 
BR 80  
RP 80 
AS 8 1  
SE 81M 
SP 8 1  
BP 8 1  

RF 8 1  
SE 8 2  
BR 8211 
BF 8 2  
RP 8 2  

SE 83 
BW 8 3  
KP 83M 
RR 83 
SE 8 U  
BP 8 U M  

GF 75n 

AS 7 8 n  

KF 8 i n  

SF 83n 

TABU A-5, ISOTOPIC CONCENTRATIONS (G-AT~METRIC TON OF U) OF FISSION PRODM 
TIME (DAYS) 

RFFERENCF PWR EQUIZIBP7UM FUEL CYCLF -- 3.3  O / O  "NPTCHED 0 

I F R =  30.00118, BURNUP= 33000.flWD, FZnX= 2.922 13N/CM**2-SEC 

NUCZTDF! CONCENTFATIONS, G a p  p1 ?TOMS 
BASTS = M* O F  HFPVY METAL C H P Q G E D  

CHLFGE 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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 
O.@ 
0.0 
0.0 
0.0 
0.0 

110. D 
2.05E-03 
1.06E-07 
3 .203-08  
3.19E-06 
4.68E-08 
1.66E-05 
U.18E-09 
5.83E-05 
2.10E-09 
8.05E- 1 0  
8.60E-0 8 
1.15E-OU 
1.79E-09 
3.6UE-OU 
6.2UE-09 
2. l l P - 0 7  
8.17E-09 
2.9lE-06 
2.60E-05 
9.80E- 1 2  
1.18E-03 
2.UlF-06 
0.0 
2. U9F-06 
2.962-03 
6. U7E- 0 7  
2.813-07 
8.02E-03 
7.06E-07 
3.17E-08 
1.393-02 
3.27E-09 
8. UOE-08 
4.633-04 
1.07F-08 
1.10E-06 
3.463-06 
2.06E-02 
3.72E-11 
1.OlE-05 
4.57E- 02  
6.OUE-09 
2.27E-06 
6.02E-05 
3.9 1E-07 
6.91E-06 
8.851-05 
6.83T-05 
7 . 5  1B-0 2 
3.81E-06 
1. U 1F-07 

220.  D 
fi. 25F-03 
1.40E-07 
4.23F-08 
8.07E-06 
4.9UE-08 
3.472-05 
U.56E-09 
1.16E-04 
2.079-09 
7.963-10 
8.50E-08 
2.30E-04 
1.80E-09 
7.36E-04 
1.25E-08 
8.49E-07 
8.23E-09 
2.932-06 
2.62E-05 
9.882- 12 
2. QlE-03  
2. UUE-06 
0.0 
2.52E-06 
6.01E-03 
6.23E-07 
2. TOE-07 
1 . 5 8 ~ 0 2  
1.41P-06 
3.0UE-08 
2.7U2-02 
3.15E-09 
8.38P-08 
8.9OF-04 
1.05F-08 
1.09E-06 
3.37E-06 
U. 06E-02 
7.15E-11 
7. USE-05 
8.96E-02 
1.16E-08 
4.393-06 
2.29E-04 
3.53E-07 
6.282-06 
8.01 E-05 
6.19E-05 
1.43E-01 
3.57E-06 
1.323-07 

330 .  D 
6 .56F-03 
1.6'E-07 
5.06E-08 
1 .423-05  
5.17E-08 
5.38E-05 
U. 87E-09 
1.8 23- OU 
2.06E-0 9 
7 . 9 2 ~  10 
8.4 5E-08 
3. U5E-OU 
1.82'3-09 
1.11E-03 
1.91E-08 
1.9 33-06 
8.3 1F-09 
2.963-06 
2.64F-05 
9.98F- 12 
3.643-03 
2.46E-06 
0.0 
2.553-06 
9.1 UE-03 
6.061"-07 
2.6 3F-07 
2.343-02 
2.12E-06 
2.9 5E- 0 8 
4.05E-02 
3.06E-09 
8.53E-08 
1.2913-03 
1.05E-08 
1.09E-06 
3.32E-06 
6.03E-02 
1.06E- 10 
1.6 5E-04 
1.3 2E-0 1 
1.7 5E- 08 
6.59P-06 
5.07E-04 
3.2UE-07 
5.8 2E-06 
7.382-05 
5.7OF-05 
2.05E-01 
3. UOE-06 
1.2 5F-07 

u40. D 
8.952-03 
1 . 9 0 ~ 0 7  
5.77E-08 
2.13F-05 
5.37E-08 
7 .372-05  
5.15E-09 
2.533-64 
2.05E-09 
7.8 93- 10 
8. U2F-08 
U.59E-04 
1 .837-09  
1.50E-03 
2.6 1E-08 
3.47F-06 
8.38P-09 
2.98E-06 
2.662-05 
1.0 1E- 11 
4. 883-03  
2. U99-06 
0.0 
2. 58'3-06 
1.23E-02 
5.92Y-07 
2.57E-07 
3.082-02 
2.8 3E-06 
2.873-08 
5.332-02 
2.992-09 
8 .77B-08  
1.67E-03 
1.05T-08 
1.09E-06 
3.2'E-06 
7.97F-02 
1. U 1E- 10 
2.921-04 
1.73E-01 
2.37E-08 
8.93E-06 
8.97E-04 
3.00E-07 
5.433-06 
6.853-05 
5.29"-05 
2.61Y-01 
3.265-06 
1.20E-07 

550. 0 
1.14F-02 
2.12E-07 
6. u2F-08 
2.9UE-05 
5.553-08 
9 .  UUE-05 
5.39-7-09 
3.28E-Ok 
2.05T-09 
7.86E-10 
8.UOE-08 
5.72E-OU 
1. R5T-09 
1.88E-03 
3.38E-08 
5 .  501"-06 
8. US?-09 
3 .01  E-06 
2.699-05 
1.029-  11 
6 . 1 3 ~ 0 3  
2.52E-06 
0.9 
2.60E-06 
1 .56r -02  
5.8OE-0' 
2 .51a-07 
3 .80 '~-02  
3. SUE-06 
2.8OF-08 
6.  SEE-02 
2.92E-09 
9.077-09 
2.02P-03 
1.06F-08 
1.10E-06 
3.23E-06 
9.88p-02 
1.777-  10 
4.56 E-04 
2.13Y-01 
3.04E-08 
1 .1ue-05  
1. 40E-03 
2.78E-07 
5.09E-06 
6.38E-05 
4.93w-05 
3.12FI-01 
3.13E-06 
1.15F-07 

660.  D 
2.312-07 1.39F-02 

7.01F-08 
3.825-05 
5.72P-08 
1.16F-04 
5.622-09 
4.072-03 
2.042-09 
7.8u9-10 
8. 38E-08 
6.85F-04 
1.869-09 
2.27E-03 
4. 21'3-08 
8.06p-06 
8.52E-09 
3.03E-06 
2.71F-05 
1.03F-11 
7.36"-03 
2.54"-06 
0.0 
2.63E-06 
1.89E-02 
5.69F-07 
2. &'E-07 
4.521-02 
u. 26F-06 
2.7UE-08 
7.81F-02 2.8'F-09 

9. UlF-08 
2.36E-03 
1.07E-08 
1. l l E - 0 6  
3.2OF-06 
1. 18E-01 
2.157-10 
6.59'3-OU 
2.53F-01 
3.753-08 
1.41F-05 
2.03F-03 
2. 5772-07 
U. '8F-06 
5.95E-05 
U. 60E-05 
3.57E-01 
3.02E-06 
1.11?-07 

:TS AS A FUNCTION OF IRFU 

T O  RFACTC 

770.  D 
1 .65F-02 
2. 5OF-07 '. SEE-OR 
4.78E- 0 5  
5 .  88E-08 
1.38E-OU 
5.8UE-09 
C. 89E- OU 
2.  OW-09 
7.83E- 1 0  
8. 362-08 
7.97F- OU 
1.882-09 
2.67E- 0 3  
5. 10F-08 
1. 12E-OS 
8 .592-09  
3. 05F-06 
2 .731-05  
1.OUE-11 
8. 60E-03 
2. 57P-06 
0 . 0  
2.66E-06 
2.22F-02 
5.59E- 07 
2.42P-07 
5.22E-02 
U. 97E-06 
2 .692-08  
9 .01F-02  
2.82F-09 
9.78E-08 
2.68F-03 
1. 09E-08 
1.13E-06 
3. 1733-06 
1. 36E-01 
2.55E- 1 0  
9.02F-OU 
2.91E-01 
4.51E-08 
1.70E-05 
2.79E- 0 3  
2. 39E-07 
4. U9E-06 
5 .56F-05  
U. 292-05 
3.98E-01 
2.91E-06 
1.07E-07 
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880. D 
1.9177-02 
2.68E-07 
8. 112-08  
5.82F-05 
6.03E-08 
1.60E-Ou 
6.05E-0 9 
5. 7uE-OU 
2.0UF-09 
7.82E-10 
8.35E-08 
9.ORF-Ou 
1.89E-09 
3.067-03 
6 .06p-08  
1. U9w-05 
8.66E-09 
3.07E-06 
2.75E-05 
1.05F-11 
9.83Y-03 
2.59E-06 
0.0 
2.68E-06 
2.56E-02 
5.50E-07 
2.38E-07 
5.90E-02 
5.68E-06 
2.63E-08 
1.02E-0 1 
2.77F-09 

2.981-03 
1. 11"-08 
1.15E-06 
3.15E-06 
1. 5UE-01 
2.95E- 10 
1.19E-03 
3.287-0 1 
5.33E-08 
2.01 E-0 5 
3.687-03 
2.21E-07 
U. 239-06  
5 .  18E-05 
4.OOP-05 
4.33E-0 1 
2.AlE-06 
1.03E-07 

1 . 0 2 ~ 0 7  

, 

DIATION 

990.  D 
2.17F-02 
2. 8UF-07 
8. 62"-08 
6 . 9 2 ~ 0 5  
6. 18E-08 
1.83Y-04 
6.25E-09 
6.62'3-04 
2.03'3-09 
7.81E-10 
8. 3UE-08 
1.  @2E-03 
1.90E-09 
3.46E-03 
7.08'3-08 
1.92E-05 
8. '3F-09 
3.10E-06 
2.77E-05 
1 . 0 7 r -  11 
1.11R-02 
2. 62"-06 
0.0 
2.71F-06 
2.91E-02 
5.UlF-07 
2. 35E-0' 
6. SEE-02 
6. 39E-06 
2. 58"- 08 
1.1317-01 
2.733-09 
1.06F-07 
3.26E-03 
1. 12E-08 
1. 17E-06 
3. 12E-06 
1.72E-01 
3. 36E- 10 
1.51P-03 
3 . 6 5 ~ 0 1  
6.19E-08 
2.33F-05 
U .  2.OUF-07 70E-03 

3. 9'F-06 
4.83F-05 
3.73F-05 
U. 6UF-01 
2.72F-06 
9.91E-08 

1100.  D 
2.UUF-92 
3.00"-0' 
9.1 l F - 0 8  
8.08F-05 
6.32F-08 
2. 07E-OU 
6 .  UU"-09 
7.53F-90 
2.03E-09 
7 .802-10  
8.3UE-08 
1.13F-03 
1. 922-09  
3 .873-03  
8 .167-08  
2. 42F-05 
8.79E-09 
3.125-06 
2 .799-05  
1.O8F-11 
1.23F-02 
2.647-06 
0.0 
2.7 3F- 0 6 
3.26E-02 
5.34F-07 
2.31E-07 

-'. 09E-06 
2. S u r - 0 8  
1.25E-01 
2.69-09 
1. 107-07 
3 .521-03  
1.1UE-08 
1.18E-06 
3.10E-06 
1.897-0 1 
3.782-  10 
1.88F-03 
U.01P-01 
7 .09p-08  
2 .672-05  
5.8 6F-0 3 
1.88P-07 
3 . 7 4 r - 0 6  
U. 50"-05 
3.472-05  
U.9 l p - 0 1  
2.63-06 
9.58r-08 

7 . 2 4 ~ - 0 2  

._ 

c 

0 
v 

1 



TABLE A-5 (CONTINLED) 

PEFPRENCE FWR PQUILIBPION FUEL CYCLE -- 3 .3  010 FNWCAED U 

POWER= 30.001W, BUFNUP= 33000. MWD, FLUX= 2 .922  13N/CM**2-SEC 

KF 8 4  0.0 
SF 85 0.0 
B? 85 0.0 
KR 85M 0.0 
K? 85 0.0 
FB 85 0.0 
BF 8 6  0.0 
K" 8 6  0.0 
R B  86M 0.0 
FB 8 6  0.0 
SF 8 6  0.0 
BP 8 7  0.0 
KF 87 0.0 
FB 87 0.0 
SF 8711 0.0 
SR 87 0.0 
BF 88 0.0 
KF 88 0.0 
?B 88 0.0 
SP 88 0.0 
BF 89 0.0 
KF 8 9  0.0 
FB 89 0.0 
SF 8 9  0.C 

Y 8 9  0.0 
KR 9 0  0.0 
PB 9 0  0.0 
S? 9 0  0.0 
Y 90fl 0.0 
Y 9 0  0.0 
ZR 9 0  0.0 
KF 9 1  0.0 
R B  9 1  0.0 
SP 9 1  0.0 
Y 91M 0.0 
Y 9 1  0.0 
ZP 9 1  0.0 
K? 9 2  0.0 
R B  9 2  0.0 
SP 9 2  0.0 

Y 9 2  0.0 
ZP 9 2  0.0 
K" 9 3  0.0 
?B 9 3  0.0 
SP 93 0.0 

Y 9 3  0.0 
ZP 9 3  0.0 
NB 9 3 1  0.0 
ETB 9 3  0.0 
K? 9U 0.0 
"B 9U 0.0 
SF 9 4  0.0 

CHAPGE 110. D 220.  0 330 .  D Q U O .  D 550. D 660. D 770 .  D 886. D 990.  P 1100.  D 
1 .43F-01  2.82E-01 U.17F-Ol 5.51E-01 6.833-01 8.13E-01 9.U3E-01 1.07E 00 1.207' 00 1.33F 00 
8 .807-07  8.2OF-07 7 .762-07  7.382-07 7.05E-07 6.753-07 6.47F-07 6.21F-01 5.973-07 5.7UF-07 
4.07E-06 3.792-06 3.59E-06 3.41E-06 3.26E-06 3.12E-06 3.00F-06 2.887-06 2.76P-06 2.66F-06 
4.03P-04 3.76E-Ou 3.56E-Ou 3.383-04 3.23w-OU 3.1OF-04 2. Q7F-04 2.85w-04 2.74F-OU 2.64F-OU 
U.71P-02 
1.3UE-0 1 
2.16E-06 
2.82F-0 1 
5.78E- 1 1 
5.8-'E-06 
1 . luE-05  
2.71E-06 
2.322-04 
3. U8E-0 1 
2.19E-12 
4.5 1E- 10  
1.143-06 
7 .352-04  
7.79E- 0 5  
0 .972-01  
u .  09F-0' 
1.80E-05 
8.67F-05 
3. 48E- 0 1 
3 . 2  1E-0 1 
3 .371-06  
1.78E-05 
7.99E-0 1 
1. USE- 10  
2.11E-04 
2 .9  3E-0 3 
7 .24E-07 
8.1OP-06 
U. 18E-03 
2.13F-04 
0 .537-01  
3.67E-01 
1.22F-07 
5.89E-07 
1.083-03 
1.60F-03 
8. SOF- 0 1 
2. U6E-08 
7 .22E-07 
6.21E-05 
U.75E-03 
9.13E-0 1 
6 .361-08  
3.27E- 1 0  
5.323-0 9 
1.61E-07 
9.09F-06 

9.022-02 
2.60E-01 
2.OOF-06 
5. U5F-01 
7.53F-11 
1.20 E-05 
4 .80E-05  
2.51F-06 
2.15F-04 
6. 7 1 E-01 
9.20E- 12 
3.853-09 
1.05F-06 
6.8UE-04 
7.252-05 
9 .6  1E-0 1 
3.78F-07 
1.67F-05 
8.03E-05 
4 .  03E-0 1 
8.87E-01 
3.14F-06 
1.66E-05 
1.54P 00 
U. 0 1 E-10 
4.08E-04 
1.17E-02 
6 .762-07  
7.55F-06 
3.9OF-03 
1.98E-04 
5. U97-01 
1.0UF 00 
1.16E-07 
5 .562-07  
1.02E-03 
1.51E-03 
1 . 6 6 1  00 
2.37E-08 
6.682-07 
5.912-05 
U.52F-03 
l . 7 9 P  OC 
2.50F-07 
2.592-09 
5.2CE-09 
1.55F-0' 
8.7UE-06 

1.30E-0 1 
3.8 1E-0 1 
1.881-06 
7.9UE-01 
9.36E- 1 1 
1.82E-OS 
1.1 OF-04 
2.36E-06 
2.03"-04 
9.77E-0 1 
2.15F-11 
1.3 SE-08 
9.9 Uw- 0 7  
6. U6P-OU 
6.8 UE- 0 5  
1 . U O - z  00 
3.5UF- 07 
1.57E- 05 
7 .553-05  
3.97E-01 
l.U8E 0 0  
2.963-06 
1.563-05 
2.23E 00 
6.823-10 
5.93E-04 
2.60E-02 
6. UOE-07 
7.15P-06 

1.88E-04 
5.533-01 
1.78E 00 
1.113-07 
5.31E-07 
9.7 9E- O U  
1. U UE-03 
2.UUE 00 
2.313-08 
6.6 3E-0' 
5.70E-05 
4 .361-03  
2.6UE 00 
5.5 3F-07 
8.61F-09 
5.16E-09 
1.5 1E-07 
8 .492-06  

3 . 7 0 ~ 0 3  

1.67E-01 
4.963-01 
1.782-06 
1 . 0 3 E  00 
1. 13E-10 
2. 46E-05 
1.98E-04 
2.2 3E-06 
1.92E-0u 

3.992-11 
3.31E-08 
9. u2E-07 
6.13?-04 
6.50E-05 
1.82F 00 
3.34F-07 
1. 48E-05 
7.15E-05 
3.803-01 
2.OSF 00 
2.81V-06 
1.U9E-05 
2 .882  00 
9.75F- 10 
7.68E-OU 
U. 543-02 
6.11E-07 
6.81F-06 
3.52E-03 
1.79F-OU 
5.36E-01 
2.50E 00 
1.07F-07 
5.11F-07 
9.11 lE-OU 
1.39E-03 
3.18E 00 
2.26E-08 
6. U3P-07 
5.53F-05 
4.2 3F-03 
3.46E 00 
9.67E-07 
2.OlE-08 
5.162-09 
1. U8P-07 
8.29F-06 

1 . 2 7 ~  00 

2.021-01 
6.08E-01 
1.697-06 
1.253 00 
1.33E- 10 
3.13F-05 
3.13E-04 
2 .  l l E - 0 6  
1.837-04 
1. 5UP 00 
6. SUE-11 
6.71?-08 
8.95E-07 
5.85E-04 
6.20F-05 
2.22B 00 
3.16E-07 
1.41 E-05 
6.80E-05 
3.62F-01 
2.592 00 
2.687-06 
1. U2F-05 
3.49E 00 
1.287-09 
9.3UE-04 
6.977-02 
5. ESP-07 
6.527-06 
3.371-03 
1.71F-04 
5.15P-01 
3.19E 00 
1.03E-07 
4.93F-07 
9.093-04 
1.347-03 
3.91F 00 
2 .237-08  
6.252-07 
5.38E-05 
4. l l F - 0 3  
U.25P 00 
1.  U97-06 
3. ERE-08 
5.19B-09 
1.  USE-07 
8.12F-06 

2.3UE-0 1 
7.15F-01 
1.6lF-06 
1.47F 00 
1.55E-10 
3.84F-05 
4 .56F-04  
2.01E-06 
1.7UF-04 
1.81E 00 
9.93E-11 
1.20E-07 
8.53P-07 
5.59F-04 
5.92E-05 
2.60F 0 0  
3.OOE-07 
1.34E-05 
6 .482-05  
3. u5F-0 1 
3.11F 00 
2. 56E-06 
1.35F-05 
U.07E 00 
1.6OE-0 9 
1.09E-03 
9. 86F-02 
5.62F-07 
6. 25F-06 
3.232-03 
1. 6UE-04 
4.9UF-0 1 
3.86F 00 

4. 77E-0' 
8.79E-OU 
1.30E-03 
4.61E 00 
2.2OE-08 
6.097-07 
5.2UE-05 
U. 01E-03 
5.02P 00 
2. 10E-06 
6.62F-08 
5.232-09 
1.42F-07 
7.963-06 

1. OOE-07 

2.64P-01 
8.19F-01 
1. 53F-06 
1.68E 00 
1.77E- 10  
4.59F-05 
6. 30E-04 
1.912-06  
1.661-04 
2.06E 00 
1. U33- 1 0  
1.99E-07 
P. lUE-07 
5.35F-OU 
5 .67F-05  
2. 9-E 00 
2.85E-07 
1 .28F-05  
6. 18:-05 
3.29F-01 
3 .61F  00 
2.U5F-06 
1. 3OEI-05 
U.62F 00 
1.93E-09 
1 .24F-03  
1. 32F-01 
5 .  UOF- 0 7  
6.00E-06 
3. 1OF-03 
1 .  58E- 04 
4.75E-01 
4.5OF 00 
9.76P- 08 
4.62Q-07 
8. 52F-OU 
1. 25E-03 
5.29E 00 
2 .18F-08  
5.95F-07 
5 .12F-05  
3. 91E-03 
5 .782  00 
2.82E- 06 
1.0UE-07 
5 .282-09  
1.  UOF- 07  
7.82F-06 

2.92F-01 
9.20E-01 
1.452-06 
1.87E 00  
2.0 IF -  1 0  
5.38F-05 
8.36F-00 
1.81F-06 
1.59Y-OU 
2.30F 00 
1.987- 1 0  
3.10F-07 
7.76E-07 
5.12E-04 
5 .037-05  
3.32F 0 0  
2 .712-07  
1.227-05 
5.9OF-05 
3.137-01 
4 . 0 8 E  0 0  
2.35E-OF 
1.2UY-05 
5.1UF 00 
2.27-0 9 
1.38F-03 
1.69-0 1 
5. 20P-O7 
5.77F-OF 
2.99E-03 
1.52R-Oh 
4.56F-01 
5.12F 00 
9 .51F-08  
4.482-07 
8 .267-04  
1 .221-03  
5.95E 0 0  
2.16E-OR 
5.81F-07 
5.00 E-0 5 
3.82F-03 
6 .517  0 0  
3 .627-06  
1. 53E-O7  
5 .351-09  
1. 38E-07 '. 693-06  

3.181-01 
1.02E 00 
1.3RY-06 
2 .063  00 
2. 26F- 10 
6.21F-05 
1.073-03 
1.733-06 
1.522-04 
2.53E 00 
2.65E- 10  
U. 60E-07 
7. 411-07 
4.91F-04 
5 .2 lF -05  
3 .65F 00 
2.57F-07 
1.17E-05 
5.63F-05 
2.99E-01 
4.53F 00 
2.253-06 
1.19E-05 
5 .637  00 
2.633-09 
1.523-03 
2.111-01 
5.013-07 
5 .  q5E-06 
2.877-03 
1.46F-04 
4.39"-01 
5.72E 00 
9.27E-08 
U, 3 q W -  07 
8.037:-04 
1. 1EW-03 
6 .59F 00 
2.15F-08 
5.683-07 
4 . 8 9 E - 0 5  
3.74E-03 
7 . 2 2 3  00 
u.  52F-06 
2. 16F-07 
5. U2F-09 
1.36F-07 
7. "E-06 

3. 42E-0 1 
1.11P 00 
1.32E-06 
2.24F 00 
2.53F- 1 0  
7 .062-05  
1.35B-03 
1.6UF-06 
1. U6F -00 
2.75F 0 0  
3. USE- 1 0  
6.5'43"-07 
7.08F-07 
4.71E-Ou 
5.OOF-05 
3.97F 00 
2.45E-07 
1.12E-05 
5. 3Rn-0+ 
2.86F-0 1 
u.967 00 
7 .167-06  
1.lUV-05 
6 .107  00 
3.CC'F-09 
1.65E-0 3 
2.56E-01 
4 .E 3 7 - 0 7  
5.3UQ-06 
2 .77F-03  
1. U l F - O u  
4.22F-01 
6 .29F 00 
q.05F-08 
U. 237-07  
7.8OF-04 
1 .155-03  
7.22F 0 0  
2.13w-08 
5.567- 07  
4.79P-05 
3.66F-03 
7.91E 00 
5.50F-OE 
2.92F-07 
c.U9"-09 
1.35"-0' 
7.463"-06 



TABLE A-5 (CONTINUED) 

PEFEPENCE PUP EQUY,IBPIUM FUEL CYCLE -- 3 . 3  O/O FN?ICFlFD W 

POUEP= 30.00MU. BWPNWP= 33000. IIWD, FZIJX= 2.92F 13N/CM**2-SEC 

NWCZ'IDE CONCFNTPATTONS, GPPM ATOMC 
BPSTS = MT OF AFPPY WTAL CHAPGFI! TO PEACTOF 

CHPPGP 110.  D 220.  D 330.  D U U O .  D 550.  D 660. D 770. D 880 . .. 

Y 9 u  0.0 
ZB 911 0.0 
?R 9 5  0.0 
S a  9 5  0.0 
Y 9 5  0.0 
ZP 95 0.0 
NE 9514 0.0 
NB 95 0.0 
MO 9 5  0.0 

Y 9 6  0.0 
ZP 96 0.0 
NB 96  0.0 
Pi0 9 6  0.0 
Y 97 0.0 
ZR 9 7  0.0 
NB 97M 0.C 
NB 9 7  0.0 
MP 9 7  0.0 
Z? 9 8  0.0 
NB 98M 0.0 
NB 98 Q.0 
110 9 8  0.0 
NB 9 9  0.0 
MO 9 9  0.0 
TC 99M 0.0 
TC 9 9  0.0 
PU 9 9  0.0 
N B l O O  0.0 
NO100 0.0 
T C l O O  0.0 
RW100 0.0 
N B l O l  0.0 
M C I l O l  0.0 
TClOl 0.0 
R W l O l  0.0 

TC1021 0.0 
TC102 0.0 
RU102 0.0 
110103 0.0 
TC103 0.0 
FWlO3 0.0 
FH103N 0.0 
BH103 0.0 
NO104 0.0 
TC1OU 0.0 
R W l O U  0.0 
R H l O u R  0.0 
? H l O U  0.0 
PDlOU 0.0 
M O l O 5  0.0 
TC105 0.0 

no102 0.0 

._ 
1.  u2i:oll 
9.20E-0 1 
9. lOP-08 
4.83E- 06  
8 .853-05  
5.29E-0 1 
6.1173-Oh 
1.91E-0 1 
1.89E-0 1 
1.91E-05 
9.20E-0 1 
3.613-06 

7.81F-07 
7.97E-03 
7.50E-06 
5.63E-OU 

7.7OE-06 
1.54E- 05 
5.32E-06 
8.56E-0 1 
1.96E-05 
3.293-02 
2.567-0 3 
8.60E-0 1 
U.23'-07 
2.583-05 
9.37E-01 
2.U2F-08 
4.693-03 
6.923-06 
1.0 1E-OU 
9.7  2E- 0 5  
7.51E-0 1 
6.5UF-05 
1.34E-05 

6.383-01 
1.773-06 
3.853-06 
2.18E-01 
2.18E-04 
2.56E-0 1 
4.28P-06 
5.95E-05 
3.29E-01 
8.23E-08 
1.83E-07 
1.06E-02 
1.353-06 
2 . 7 3 ~ 0 7  

-. - - - -A, .  
I .  135  Y Y  

8. ~ E E - O  1 

2. ~ ~ - 0 7  

~ _ . _  - 
1.36F-OU 
1.81E 00 
8.8611-08 
4.69F-06 
8.595-05 
6.8 1E-01 
7.97E-OU 
3.30E-01 
7.85P-01 
1.863-05 
1.82E 00 
5.443-06 
6.007-03 
7.682-07 
7.8UE-03 
7.372-06 
5 .53F-04  
1.76E 00 
7.62E-06 
1.52E-05 
6.09E-06 
1 .71F 00 
1.943-05 
3.26E-02 
2. SUE-03 
1.75E 00 
1.72E-06 
2.58E-05 
1.88P 00 
U. 92 E-08 
1.91E-02 
6.96E-06 
1.02E-OU 
9.77F-05 
1 .51F 00 
6.71 E-05 
1.37E-05 
2.5UE-07 
1.31E 00 
5.OSE-06 
4. 07F-06 
2.67E-01 
2.67E-0u 
6.82E-01 
4.87F-06 
6.783-05 
7.21F-01 
2.20E-07 
4.89F-07 
6.1UE-02 
1.69E-06 
3.40E-07 

1.33E-0U 
2.68E 00 
8. 7 0 ~ - 0 8  
4.605-06 
8.42E-05 
7.19E-0 1 
8. u 5E- OU 
3.77F-0 1 
1.56E 00 
1.822-05 
2.71E 00 
6.37E-06 
1. Yur-02 

7.6 OE-07 
7.76E-03 
7.30E-06 
5.477-04 
2.632 00 
7.572-06 
1.51E-05 
6.7273-06 
2.583 00 
1.933-05 
3.251-02 
2.531-03 
2.627 00 
3.89E-06 
2.59'2-05 
2.842 00 
7.5 5E-08 
4.36E-02 
7.OlF-06 
1. 03F-OU 
9.8 5F-05 
2.287 00 
6.88F-05 
1. 1E-05 
2.613-07 
2.013 00 
5.295-06 
U. 27E-06 
2.88E-01 
2.8 8F-04 
1.12E 00 
5.375-06 
7. U7E-05 
1.16E 00 
3.6 8E- 0- 
8.19E-07 
1.62E-01 
1.96E-06 
3.95E-07 

. nn- 

1.29E-0u 
3 .5UF 00 
8.59F-08 
U. 53F-06 
8.28E-05 
7.24F-01 
8.5 1E-04 
3.892-01 
2.39E 00 
1.79E-05 
3.59E 00 
6.9UF-06 
r;. :2r-02 
7. SUP-07 
7. -OF-03 
7.247-06 
5.43E-04 
3.50E 00 
7.553-06 
1.51E-05 
7 ,263-06  
3.UUE FO 
1.93E-05 
3.2UT-02 
2. 52E-03 
3.49F 00 
6.9 1E-06 
2.6OF-05 
3 . R l E  00 
1.0UE-07 
7 .893-02  
7.07T-06 
1.04E-04 
9.9UE-05 
3.05E 00 
7.04F-05 
1. UUE-05 
2. 66E-07 
2.73E 00 
5. SOP-06 
U. UUE-06 
3.033-01 
3.0 3E-04 
1.5UF 00 
5.80E-06 
8.06F-05 
1.65F 00 
5.2 1F-07 
1.16E-06 
3 . 1  4E-01 
2.20E-06 
u. U2F-07 

1.27F-0U 
4.38B 00 
8.50F-08 
U .  472-06 
8.171-05 
7.192-01 
8.46E-Ou 
3.893-01 
3 .22F 00 
1.77p-05 
4. u5r 00 
7.399-06 
7.38?-02 
7 .  49E-07 
7.6'E-03 
7.20 '-06 
5.  UOB-04 
U. 36B 00 
7 . 5 3 ~ 0 6  
1.51I3-05 
7.75E-06 
U.31F 00 
1 .937-05  
3.2U3-02 
2.52-03 
u .  352 00 
1.OAF-05 
2.619-05 
4 .782  00 
1. 3UE-07 
1.26E-01 
7.12F-06 
1.04B-04 
l . O O I 3 - o u  
3 .82P 00 
7.18F-05 
1.47"-05 
2.722-07 
3 .48E  00 
5.70E-06 
4.603-06 
3.16E-01 
3.15"-04 
1.93T 00 
6.2OY-06 
8.613-05 
2.17E 00 
6.783-07 
1 .519-06  
5.20E-0 1 
2.427-06 
U .  85E-07 

1.24E-04 
5.21E 00  
8. u3F-08 
U.UlE-06 
8.063-05 
7.12E-01 
8.37P-04 
3.86E-01 
4.03F 00 
1. 75E-05 
5.31E 00  
7.80E-06 
1. !7E-0? 
7. U55-07 
7 . 6 l F - 0 3  
7. 16F-06 
5.37F-04 
5.21E 00  
7.52F-06 
1.50E-05 
8. 21E-06 
5.17F 0 0  
1.93F-05 
3.243-02 
2.52F-03 
5.20F 00 
1. 55E-05 
2.63"-05 
5.76E 00 
1.66E-07 
1.85E-01 
7. 18F-06 
1.05E-04 
1 .0  1 E-011 
u.60E 0 0  
7.32F-05 
1. '0'-05 
2. '7F-07 
4.25F 00 
5.89F-06 
4. 752-06 
3. 27E-0 1 
3.273-04 
2.29F 00 
6. 57E-06 
9.13E-05 
2.72F 00 
8. 37F-07 
1.86E-06 
7.80E-01 
2.62E-06 
5.26E-07 

1. 22F-04 
6.03E 00 
8. 37F-08 
4. 37F-06 
7.97F-05 
7.04F-01 
8.28F-OU 
3.82F-01 
U.82E 00 
1.73F- 05 
6. 16F 00 
8.19F-06 !. 73E-O! 
7 .  U2F- 0 7  
7 ,58E-03 
7. 13B-06 
5.35F-04 
6.06E 00  
7.51E-06 
1. 50F- 05 
8.6UF-06 
6.@UF 00 
1.93E-05 
3.242-02 2.52F- 03 

6.OUF 00 
2.1op-05 
2.6UF-05 
6.7UE 00 
2.01~7-07 
2.57E-01 
7.23E-06 
1.06F- 04 
1.02F-OU 
5.37E 0 0  
7 .45F-05  
1. 52E- 05 
2.827- 07 
5.OUF 00 
6.07F-06 
U .  90F-06 
3. 39F-01 
3.38F-04 
2.62F 00 
6.92F-06 
9. 61F-05 
3.31F 00 
9.  97E- 0 7  
2.22P-06 
1.09F 00 
2.81E-06 
5.6UF-07 

D 990.  D 1100.  P 
1.20E-0u 
6.83E 00 
8 .32F-08  
4.332-06 
7.89E-05 
6.97F- 0 1 
8.19F-OU 

5.59E 00 
1.71E-05 
7.00E 0 0  
8. 58E-06 
2. POE-O! 
7.39F-07 
7.552-  0 3 
7.10E-06 
5.33F-04 
6.917 0 0  
7.51F-06 
1.5OP-05 
9.05F-06 
6.92B 00 
1.93F-05 
3.24P-02 
2.53E-03 
6 .862  00 
2.73E-0 5 
2.66E-05 
7.73E 0 0  
2.382-07 
3. U3m-0 1 
7.29P-06 
1.07E-Ou 
1.03E-Ou 
6.15F 0 0  
7.59F-05 
1 .555-05  
2.87F-07 
5.85f 0 0  
6.2UF-06 
5.04F-06 
3.49E-01 
3. U Q F - O U  
2.91F 00 
7.2CE-06 
1.01E-04 
3.92' 00 
1.16P-06 
2.57P-06 
1.46F 0 0  
2.99E-06 
6.00E-07 

3.7813-01 

1.18E-0u 
7.637' 00 
8.27P-08 
4.293-06 
7. 81F-05 
6.90E-01 
8.113-04 
3.7UE-01 
6.3UE 00 
1. 703-05 
7 . 8 U F  00 
8.96F-06 
-4 20F-01 

7 .52F-01  
7.08E-06 
5.31E-OU 
7 . 7 5 3  00 
7.51"-06 
1.50E-05 
9. P4F-06 
7.793 00 
1.93E-05 
3.25E-02 
2.533-03 
7.67E 00 
3. U4E-05 
2. 6-f-05 
8.73E 00 

u .  4 u r - 0 1  -. 34E-06 
1.082-OU 
1. OUE-OU 
6.922: 00 
7. 715-05 
1. 58F-05 
2.925-07 
6 .685  00 
6. 41P-06 
5 .  17P-06 
3.60E-01 
3.60E-OU 
3. 17E 00 
7 .583-06  
1.05F- 04 
4. 5 7 5  00 
1. 31E-06 
2.923-06 
1 . 8 8 9  00 
3. 16F-06 
6.3UE-07 

i: ~ ~ E - O T  

2. -83- 07 

I .  ~ ~ E - O U  
8.42E 00  
8.2uF-OR 
4.25F-06 
7.74F-05 
6.83F-01 
8.03F-011 
3 .  70F-0 1 
7.07F 0 0  
1.68E-05 
8.66F 00  
9.32F-06 
u; I u F - n l  
7. 35E-07 
7.50"-03 
7.06F-06 
5.307-0u 
8 . 5 8 F  00  
7 .519-06  
1. SO?-05 
9 . 8 1 ~ 0 6  
8.67F 00 
1.932-05 
3.25-02 
2. SUE-03 
8.U6F 00 
U. 233-05 
2.68F-05 
9.72F 00  
3.19E-07 
5.603-01 
7. UOF-06 
1.09F-OU 
1.057-04 
7.69F 00 
7 .83F-05  
1.6OF-05 
2.97F-0' 
7 .532  00 
6.57E-06 
5.30F-06 
3.69E-C 1 
3.69F-Ou 
3 . U O p  00 
7.88P-06 
1 . 1 0 ~ - 0 ~  
5.2UF 00 
1.46F-06 
3.25F-06 
2.36F 00  
3.323-06 
6.6-F-07 

c 



TABU A-5 (CONTINUED) 
PFFFRENCE PWF FQUTLIBFIUM FUEL CYCTF -- 3.3  O/O FNYTCHVD U 

POPEP= 30.00MW, BURNUP= 33000. MWD, FLUX= 2 .922  13N/CM**2-SFC 

NUCLTDF CONCENTRATIONS, GFPN ATOMS 
BASTS = RT OF HFAVP METPZ C P P R G E D  TO PFACTOQ 

C H P P G E  110. D 220 .  D 330 .  D U U O .  D 550. D 660. D 770. D m n .  r, w n .  n i i n n .  n 
FO105 0.0 
FHlOSR 0.0 
PH105 0.0 
PD105 0.0 
TC106 0.0 
PO106 0.0 
PA106M 0.0 
RH106 0.0 
PF106 0.0 
RU10' 0.0 
Q H 1 0 7  0.0 
PD107M 0.0 

AG107 0.0 
QU108 0.0 
PA108 0.0 
PD108 0.0 
AG108 0.0 
CDlO8 0.0 
RH109 0.0 
PD109M 0.0 
PD109 0.0 
P.Gl09fi 0.0 
AG109 0.0 
CD109 0.0 
R H l l O  0.0 
PDllO 0.0 
A G l l O f i  0.0 
AGllO 0.0 
C D l l O  0.0 
P D l l l R  0.0 
D D l l l  0.0 
AG111K 0.0 
A G l l l  0.0 
CDl l lM 0.0 
C D l l l  0.0 
P D l l 2  0.0 
P.Gl12 0.0 
CD112 0.0 
PD113 0.0 
AG113M 0.0 
AG113 0.0 
CD113M 0.0 
CD113 0.0 
TN113 0.0 
PD114 0.0 
A G l l U  0.0 
CD114 0.0 
I N l l u M  0.0 
I N l l u  0.0 
SNllU 0.0 
P D l l 5  0.0 

~ ~ 1 0 7  0.0 

5 .  USE-OU 
1. SUE-06 
3.3UB- 0 3  
1. UOF-0 1 
8.1073-07 
1.OOE-0 1 
2.00E-05 
2.66F-0' 
5 .  U8F-02 
3.55"-06 
1 .863-05  
6 .21F-08  
6. SUE-02 
8.29E- 10 
2.293-06 
1. UUE-07 
3 .563-02  
9.92E- 1 7  
1 .333-12  
l S 3 6 E - 0 7  
u.63E-10 
2 .243-04  
1.85F-07 
1 .'7F-02 
4.69F-16 
9.18E-09 
8 .13F-03  
3.22E-C5 
8.32??-09 
8.92E-04 
1.6UY-0 6 
1.372-06 
7 .813-08  
6.8UE-04 
3.13E-11 
U.7OE-03 
u. 33F-0 5 
6.59E-06 
2.83E-03 
6 . 9  1E-08 
5.92E-09 
1 .4  lw-05 
1.33E-06 
1.59F-03 
6.06E-09 
5.75E-08 
2.007-09 
5 .  ?9E-03 
7.09F- 1 1 
2.7 02- 1 5  
5.4UF-11 
1.56E- 08  

6.80E-OU 
1.923-06 
U. 17E-03 
3.32E-01 
l . l l E - 0 6  
2.39E-01 
2. U9E-05 
4.40E-07 
1.53F-01 
5.182-06 
2.712-05 
9.07E-08 
1.8 1 E-01 
u. U0"-09 
3.572-06 
2.25P-07 
1.08E-01 
5.26F-16 
1.362-11 
2.17F-07 
1. 41F-09 
3.62F-04 
2 . 9 8 ~ 0 7  
5.38E-02 
9 .09F-15  
1.392-08 
2.362-02 
1.772-0u 
2.53F-08 
5.322-03 
1.72E-06 
1.91F-06 
1.09E-07 
9.53F-OU 
1.87P-10 
1.31E-02 
5.95E-05 
9.06F-06 
7.42F-03 
7.48E-08 
6.412-09 
1 .532-05  
6.66F-06 
1 ,822-03  
5.7UE-08 
6.843-08 
2.3'E-09 
1 .4  1 E-02 
1.06E-09 
3.19E-lU 
1.25E-09 
1.82P-08 

7.903-04 
2.23E-06 
4.82F-03 
5.62E-0 1 
1.3 SE-06 
3.97E-01 
2.9UP-05 
6.2 7E-0' 
2.99E-0 1 
6.49F-06 
3.4 OF- 05 
1.1 UE-07 
3.36E-01 
1.2 OE-08 
4.613-06 
2.903-07 
2.09F-01 
1.U6E-15 
5.58F- 1 1  
2.8 1 F-07 
2.78E-09 
4.78E-OU 
3.94F-07 
1.02F-0 1 
5.4 1E- 1 4  
1.76F-08 
u. 4 9F- 02  
4.7 UE- OU 
4.88F-08 
1.5UF-02 
1.82E-06 
2.36F-06 
1.3UE-07 
l .17F-03 
5.52F-10 
2.4 1E-02 
7.2 6F-05 
1.11F-05 
1.3UE-02 
7.97E-08 
6.8 32-09 
1.63F-05 
l.'TF-05 
1.92E- 03  
2.20E-07 
7.735- 08 
2.685-09 
2.3 6E-0 2 
5.13E-09 
1.40E- 1 3  
8.18E-09 
2.03F-OR 

8.862-04 
2.49E-06 
5 .  36"-03 
8.21Y-01 
1.57F-06 
5.63E-01 
3.37E-05 
8.21F-07 
4.93F-01 
7 .  6 2P-06 
3.99F-05 
1.34E-07 
5.232-01 
2. U7E-08 
5.50E-06 
3.46-2-07 
3.3UF-01 
3.1 OE- 15 
1.55F-10 
3.37F-07 
4.57F-09 
5.83F-04 
4.80E-07 
1.57E-01 
1.97E- 13 
2.09F-08 
7.08F-02 
9.37F-04 
7.78E-08 
3.28E-02 
1.9 3E- 06 
2.7UF-06 
1.55E-07 
1. 36F-03 
1.21F-09 
3.721-02 
8.39E-05 
1.28E-05 
2.05E-02 
8.39F-08 
7 .  19E-09 
1. TlP-05  
3.6 3Y-05 
1. 97E-03 
5.78E-07 
8.5 1E-08 
2.95"-09 
3.38E-02 
1.57E-08 
4.1OF-13 
3.15E-08 
2.22E-08 

9.72v-OU 
2.742-06 
5.837-03 
1 .117  00 
1.76E-06 
7.31E-01 
3.80E-05 
1.02F-06 
7.3713-01 
8.64E-06 
4 . 5 3 1 - 0 5  
1.5271-07 
7.38E-01 
U. 323-08 
6.3OF-06 
3.97P-07 
U.78E-01 
5.6UF-15 
3.47E-10 
3.872-07 
6.79P-09 
6.82F-OU 

2.18E-01 
5 .  WY-13 
2.38p-08 
1.01P-01 
1.5-?-03 
1.127-07 
5.902-02 
2.95F-06 
3.097-06 
1.75F-07 
1 .532-03  
2.26El-09 
5.22E-02 
9.42-2-05 
1.442-05 
2.86P-02 
8.77F-08 
7.528-09 
1.79E-05 
6.  UlF-05 
2.00E-03 
1.23E-06 
9 .21  F-08 
3.20F-09 
4.47T-02 
3.7613-08 
9.51E- 13 

2.39Q-08 

5.627-07 

a.  06 E-08 

1.05F-03 
2.97F-06 
6.25E-03 
1.BlY 00 
1.933-06 
8.98F-0 1 
U. 2uE-05 
1.21F-06 
1.F3F 00 
9.59F-06 
5.02F-05 
1. T O E - 0 7  
9.78E-0 1 
6. 8 U m - 0 8  
'.04F-06 
4.43F-07 
6.UlF-01 
9.29E-15 
6.78E- 1 0  
U. 33Q-07 
9.U6F-09 
7. 8OF-04 
6.42F-07 
2.82F-01 
1. 28p-12 
2.65E-08 
1. 35E-0 1 
2. 38E-03 
1.51F-07 
9.55E-02 
2. 17Z-06 
3. U1E-06 
1.94E-07 
l.7OE-03 
3.81E-09 
6.915-02 
1. OUF-OU 
1.582-05 
3.713-02 
9. 14F-08 
7.83F-09 
1. ET?-05 
1.03E-04 
2.OOF-03 
2.29E-06 
9. 87F-08 
3. U3F-09 
5.632-02 
7.713-08 
1.91F-12 
2. 17E-07 
2.55F-08 

1. 13E-03 
3.18F-06 
6.6UF-03 
1.73F 00 
2.10E-06 
1.06F 00 
4.68F-05 
1 .  UlF-06 
1.38E 00 
1.05F-05 
5.U9E-05 
1. 86F- 07 
1.2UF 00 
1.OlF-07 
7.752- 06  
4. 88E-07 
8.20E-01 
1.U3E-lu 
1.20E-09 
4.77F-07 
1.26F-08 
8.77F-04 
7.22E-07 
3. U9E-01 
2. 65F- 1 2  
2 .9 lF -08  
1.72F-01 
3. 34F-03 
1 .942-07  
1. 43F-01 
2. 3CF-06 
3.72F-06 
2. l l E - 0 7  
1.85F- 03  
5.95E- 09  
8 .772-02  
1.13P-OU 
1 .72 f -05  
U. 78E-02 
9.49F-08 
8. 13F-09 
1.942-05 
1.55E- OU 
2. OOF-03 
3 .89F-06  
1.05E-07 
3 .641-09  
6.8UF-02 ' 

1.42F-07 
3.4TF- 1 2  
2.70F-08 4.552-07 

..._ - 
1.20E-03 
3.39F-06 
6.99F-03 
2.08" 0 0  
2.26F-06 
1.22F 0 0  
5. l a ? - 0 5  
1.60E-06 
1.7-F 00 
1.13F-05 
5.9UF-05 
2.02F-07 
1.53F 0 0  
1.41E-07 
8. 42F-06 
5.3OF-0' 
1.01F 0 0  
2.08F-lU 
1.98F-09 
5. 19E-07 
1.63P-08 
9.7UE-OU 
8.02F-07 
4.15E-0 1 
5.02E-12 
3.16E-08 
2.13Q-01 
4.U7E-03 
2. U1E-07 
2.04F-01 
2. U3p-06 
U.01E-06 
2. 28F-07 
2.OOF-03 
8.82F-09 
1.08E-01 
1.21E-011 
1.85F- 0 5  
5 .87F-02  
9.82E-08 
8. 41E-09 

2.22E-OU 
1.99Z-03 
6 . luF-06  

3.852-09 
8.10E-02 
2. U2E-0' 
5 .  85F- 1 2  
8.71E-07 
2.847-08 

2 . 0 1 ~ - 0 5  

I. 1 1 ~ - 0 7  

- _ _  - 
1.2?E- 03  
3.599-06 
'.31E-03 
2.U3E 00 
2.415-06 
1.38E 00 
5 .  60E-05 
1.78E-06 
2 .223  00 
1.22P-05 
6.3'7-05 
2.17E-07 
1 .83F 00 
1.90E-0' 
9.05F-06 
5.70E-07 
1.22F 00 
2.92E- 10 
3.1OE-09 
5 .  591-07 
2.OuE-08 
1.0'E-03 
8.83Y-07 
U.82E-01 
8.88E- 12 
3.39E-OR 
2. 57F-01 
5. '3E-03 
2.91E-0' 
2.78E-01 
2.5'7- 06 
4.29F-06 
2. UUE-07 
2.1UF-93 
1.252-08 
1. 3OF-01 
1. 30E-Ou 
1.97E-05 
7.oq5-02 

8.69E-09 
2. 079-05 
3. O'E-OU 
1. 9'73-03 
9.21Y-06 
1.17E-07 
U. 05E-09 
9.42'3-02 
3.88E-07 
9. 30E- 12 
1.55E-06 
2.984-08 

1 . 0 1 ~ - 0 7  

_ _ _  - 
1.3UE-03 
3.77E-06 
7.60"-03 
2.80F 00 
2.56E-06 
1.53F 00 
6. C6F-05 
1. q7Y-06 
2.71E 00 
1.29E-OC 
6.77F-Oq 
2.322-07 
2.16P 00 
2. 48Q-07 
9 .6  5F-Oh 
6.08E-07 
l.UU2 00 
3.977-111 
4.6U7-0Q 
5.96E-07 
2 .5 lF-08  
1. 17F-03 
9.6UF-07 
5.U7F-01 
1.43F- 1 1  
3.6 lF -08  
3.OUF-01 
7 .13F-03  
3.UU"-07 
3.66F-01 
2.7OF-06 
4. 56P-06 
2.60?-07 
2 .27F-03  
1.72F-08 
1.537-01 
1 . 3 F - O u  
2.092-05 
8.32Z-02 
1 .047-07  
8.95F-09 
2.13F-05 
u. 11E-OU 
1.95F-03 
1.32P-05 

u.23E-09 
1.08F-0 1 
q. 933-07 
1.4 1F-11 
2.60F-06 
3.11F-08 

1 . 2 2 ~ - 0 7  



TABU A-5 (CONTINLED) 

PFFFREWCE PP9 EQUILTBPIUM FUEL CYCLF -- 3.3 010 ENRICHFD U 

POWFP= 30.00MW, BUPNUP= 33000.  Y Y D ,  Flux= 2.92E 13N/CR**2-SEC 

NUCLZP CONCENTDATIONS, GPBq P T O V S  
BASTS = MT OF H E A V Y  METAL CHPSGED TO RFPCTO? 

CHFYGI!  110. D 220.  D 3 3 0 .  D UUO. D 550. D 660.  D 710.  D 880. D 990.  D 1100.  D 
b G l T 5 N  0.0 
b G l l 5  0.0 
CD115M 0.0 
CDllC 0.0 
tN115N 0.0 
IN115 C.0 
S N l l 5  0.0 
AG116 0.0 
CD116 0.0 
TNll6N 0.0 
'IN116 0.0 
SN116 0.0 
A G 1 1 7  0.0 
CD117M 0.0 
CD117 0.0 
TN117N 0.0 

SN117N 0.0 
SN117 0.0 
CD118 0.0 
IN118M 0.0 
TN118 0.0 
SN118 0.0 
CD119N 0.0 
CD119 0.0 
IN119N 0.0 
ZN119 O.@ 
SNll9M 0.0 
SN119 0.0 
CD120 0.0 
INl2OM 0.0 
TN120 0.0 
SN120 0.0 
CD121 0.0 
IN121N 0.0 
'IN121 0.0 
SN121M 0.0 
SN121 0.0 
SBl21  0.0 
IN122 0.0 
SN122 0.0 
SB122M 0.0 
SB122 0.0 
TF122 0.0 
fN123M 0.0 
IN123 0.0 
SNl23M 0.0 
SN123 0.0 
S9123 0.0 
TF123M 0.0 
TE123 0.0 
'IN124 0.0 

~ ~ 1 1 7  0.0 

1.9UF-0 9 
2.993-07 
6 .  4 1E-05 
6.27F-05 
5.27E-06 
1.583-03 
9.222-05 
4.963-08 
1.95E-03 
1.89E-07 
2.17E-10 
2.UlE-OU 
2.263-08 
5 . 1 l E - 1 0  
2.96E- 0 6 
2.38E-06 
u .  253-07 
3.53E-08 
2.0 2F- 0 3 
1.013-06 
8.7011- 1 0  
1.71F-09 
2.02F-03 
2.93 ' -08 
1 .  09F-07 
3.93E-07 
2.293-09 
U. 693-06 
2. 16E-03 
2.29E- 08  
6.12E-10 
8.803-09 
2.3017-0 3 
8.90E-08 
7.88E-08 
2.193-10 
6.81E- 1 0  
U .  20F-05 
2.55E-03 
3.37E-0 9 
2.76E-03 
1.24F- 10 
1.19F-06 
1.46E-05 
1.633-08 
5.56E- 10 
1.33E-07 
2.04E-03 
9.85E-0U 
6 .363-10  
1.573-0 9 
2. UOE-0 9 

2.2611-09 
3.49F-07 
8.923-05 
7.343-05 
6. 18F-06 
3.20E-03 
2.10E-Ou 
5.742-08 
4.32F-03 
3.842-07 
4. 41E-10 
9 . 9  1 E-OU 
2.60F-08 
1.13E-09 
3.41F-06 
2.742-06 
4.903-07 
1.7UF-07 
4. U6F-03 
1.16F-06 
1. OOE- 13 
1 . 9 7 ~ 0 9  
4.48E-03 
3. 37F-08 
1.25E-07 
4.492-07 
2.623-09 
9.07E-06 
4.74E-03 
2.59"-08 
6.92E-10 
9.943-09 
5.01E-03 
1.00E-07 
8.87E-08 
2. 18E-10 
2.912-09 
4.72F-05 
5.55E-03 
3.8013-09 
5.96E-03 
2.70E-10 
2.59E-06 
6.38E-05 
1.86F-08 
6.25E-10 
1.50F-07 
3.53F-03 
3.08E-@3 
U. 82E-09 
1.UlF-08 
2.76E-09 

2.53E-09 
3.9OP-07 
1.05F-04 
8.25E-05 
6.9UE-06 
4.70:-03 
3. U 6E- O U  
6.372-08 
7.0 3E-03 
5 .752-07  
6.6 OE- 10 
2.253-03 
2.89E-OR 
1.88E-09 
3. 78F-06 
3.OUE-06 
5. UUF-07 
U.28E-07 
7.2UE-03 
1.2 9-2-06 
1.1 UE- 13 
2.lOE-09 
7.283-03 
3 .72r -08  
1.383-07 
U.96E-07 
2.89E-09 
1.30E-05 
7.662-03 
2.8UE-08 
7.58E- 10 
1.09E- 08 
8.053-03 
1.09E- 07 
9.69F-08 
2.22E-10 
7.00E-09 
5 .153-05  
8.862-03 
4.1 UF-09 
9.51F-03 
4.39E-10 
U. 21E-06 
1.5 3F- O U  
2.OUE-08 
6.85F- 10 
1.6UF-07 
U.642-03 
5.96F-03 
1.5UE-08 
K. 22F-08 
3.OSF-09 

2.76E-09 
U. 26E-07 
1.18"-04 
9.05E-05 
7 .612-06  
6.0 1E-03 
U.97F-04 
6.93E-08 
1.00E-02 
7.58F-07 
8.7 1'3- 10 
4 .0  OE-03 
3. lUE-08 
2.76E-09 
I?. 1 l E - 0 6  
3.31F-06 
5 .9  1-07 
8.09E-07 
1.03F-02 
l.UOE-'36 
1.2'E- 13 
2.38F-09 
1.OUE-02 
u. 02F-08 
1 .493-07  
5.363-07 
3.137-09 
1.6 53-05 
1.093-02 
3.06E-08 
8. 15F- 10 
1. 17E-08 
1.14F-02 
1. 17F-0' 
l.OU?-07 
2.29E- 10 
1.33F-08 
5 .52F-05  
1.2UF-02 
4. UUT-09 
1. 341-02 
6. 33E- 10 
6.08F-06 
2.9OF-OU 
2.202-08 
7 .39F-  10 
1.77F-07 
5.50E-C3 
9.43E-03 
3.5313-08 
1.342-07 
3.30F-09 

2.97E-09 
4 . 5 8 E - 0 7  
1.297-OU 
9 .802-05  
8.24E-06 
1.1UB-03 
6.62F-OU 
7 .431-08  
1.32F-n2 
9.3uF-07 
1.07'F-09 
6.23T-03 
3.365-08 
3.78F-09 
U.UlF-06 
3.5UE-06 
6.33*-07 
1 ,338-06  
1.36*-02 
1.50E-06 
1. U27- 13 
2.557-09 
1.371-02 
U. 30E-08 
1.595-07 
5. 73E-01 
3.3U7-09 
1.97P-05 
1. U3E-02 
3.26F-08 
8.687-10 
1.25E-08 
1. U9P-02 
1.257-07 

2.36E- 10 
2.20e-08 
5.86p-05 
1.62E-02 
U.72?-09 
1.75E-02 
8.5572- 10 
8.21P-06 
u .  El*-04 
2.352-08 
7.89B- 10 
1.9OF-07 
6.18E-03 
1.331-02 
6.73E-08 
2.83E-07 
3.53E-09 

I .  117-07 

3. 17E-09 
U.89F-07 
1. UOF-04 
1.05F-04 
8. RUE-06 
8 .087-03  
8. U l E - O U  
7. 91E-08 
1.6'F-02 
1. 10E-06 
1.26F-09 
8 .912-03  
3. 5TE-08 
0.962-09 
a. 69E-86 
3.77F-06 
6.7UE-07 
2.OOF-06 
1.71E-02 
1. 59F-06 
1. 57B-13 
2.71E-09 
1 . 7 3 ~ 0 2  
4. 56E-08 
1.69:-07 
6.O'F-07 
3. 5u:-09 
2.25E-05 
1.80E-02 
3. U4E-08 
9.  17E-10 
1.323-08 
1. 871-02 
1.32E-07 
1. 173-07 
2.45F- 1 0  
3. 37E-08 
6.18E-05 
2.01E-02 
U. 97E-09 
2.18E-02 
1. l l F - 0 9  
1.06E-05 
7.32E-OU 
2.49E-08 
8.3713- 1 0  
2.0 1 B-07 
6.753-03 
1.763-02 
1. 15F-07 
5.283-07 
3. 7UF-09 

3.36F-09 
5. ?BE-07 
1.517-OU 
1.12F-OU 
9.4372-06 
8.86F-03 
1.03F-03 
8.362-08 
2.03E-02 
1.26F- 06  
1.44F-09 
1.2OF-02 
3. 7BE-08 
6.29F- 09  
b. 95F-06 
3.98F-06 

2.8UF-06 
2.09E-02 
1.68F-06 
1.72F-13 
2.86F-09 
2. l l F - 0 2  
0 .  80E-08 
1 .783-07  
6. UOF-07 
3.74E-09 
2.50F-05 
2. 19p-02 
3.62E-08 
9.6UF-10 
1. 39F-08 
2.27F-02 
1. 38F-07 
1.222-07 
2.55E- 10 
4. 87E-08 
6 .49F-05  
2.42F-02 
5. 21E-09 
2.6UF-02 
1.39F-09 
1.33E-05 
1.05F-03 
2.62E-08 
8.83F-10 
2.12F-07 
7 . 2 5 3 - 0 3  
2 .21r -02  
1. 82F- 07 
9.00F-07 
3 .94F-09  

7 . 1 2 ~ 0 7  

3.5UF-09 
5. U6E-07 
1.61F-0U 
1.19F-OU 
9.99F-06 
9. U8F-03 
1 .237-03  
8 . l9E-08  
2.42F-02 
1. UOF-06 
1.61F-0" 
1.55:-02 
3. 97F-08 
7.8OF-09 
5.20E-06 
U. 19F-06 
7.49F-07 
3.853-06 
2.48F-02 
1.77"-06 
1.89E- 1 3  
3.01F-09 
2.51E-02 
5.OUE-08 
1.87E-07 
6 .723-07  
3.92F-C'9 
2 . 7 3 ~ 0 5  
2. 59E-02 
3.782-08 
1.0 1 E- 0 9 
1. U5F-08 
2.69E-02 
1. U U E -  07  
1.28E-07 
2.653-10 
6.733-08 
6.78E-05 
2.8uE-02 
5. 4UF-09 
3 .1 lF-02  
1.70E-09 
1.63E-05 
1.45E- 0 3  
2.7UE-08 
9.28F- 1 0  
2.23E-07 
7.70-03 
2.68F-02 
2.73E-07 
1. UUF-06 
u. 13F-09 

3.71P-09 
5. 73E-07 
1. 1 l F - 0 4  
1.25E-0U 
1. 06F-05 
9.98F-03 
1. USE-03 
9. 2GF-08 
2.82E-02 
1.5UE-06 
1.769- 09 
1.9UP-02 
L. i jT-OEi 
9. U9F-09 
5.1158-06 
4. 38F-06 
7.8UY-07 
5.033-06 
2. 90P-02 
1. 85E-06 
2.06F- 13  
3.15E-09 
2. q3T-02 
5. 26"-08 
1.95E-07 
7.022-  07 
u .  093-09 
2.9UF-05 
3.02*-02 
3.95E-08 
1.053-09 
1. 51E-08 
3.13F-02 
1. 5OE-07 
1. 33B-07 
2.75"- 10 
9.01E-08 
7 .063-05  
3. 273-02 
5.652-09 
3.61E-02 
2.0UE-09 
1.96T-05 
1 .933-03  
2. 86E-08 
9.71P-10 
2.34P-07 
8. l l E - 0 3  
3.17E-02 
3.93F-07 
2. 185-06 
u .  3 l F - 0 9  

3.88P-09 
5.98F-07 
1.8 l n - O U  
1.32F-Ou 
1. 113-05  
1.OUE-02 
1.68E-03 
9.59F-08 
3.2UF-02 
1.66F-06 
1.91"-0" 
2.36F-02 
6.33F-05 
1.13E-08 
5.6AE-06 
U .  S72-06 
8.17E-07 
6.39F-06 
3.333-02 
1.93'3-06 
2.23W-13 
3.28F-09 
3.37F-02 
5 . 4 8 F - 0 8  
2.03F-07 
7 .  302-07  
u. 26F-09 
3.1 47-05 
3. U6P-02 
U. 10E-08 
1.09F-09 
1. S7F-OA 
3.58F-02 
1. 56F-07 
1.38F-07 
2.863-10 

7 .332-05  
3.71'-02 
5.862-09 
U .  13E-02 
2.U 1F-09 
2.31F-Oq 
2.50E-03 
2.97E-08 
1 .0  1E-09 
2. u UP-07 
8.5OF-03 
3.68F-02 
5 .463-07  
3.19r"-06 
U. U 8F-09 

I. 17:-07 

C 



TABLE A-5 (CONTINUED) 

FEFERENCE PW? PQUTLTBRTDM FUEL CYCLE -- 3.3 010 ENPTCHYD U 

POWEP= 30.00MW. BUPNUP= 33000.PlWD. FLUX= 2.92'2 13N/CM**2-SEC 

SN124 0.0 
SBl2UM 0.0 
SB12u 0.0 
TEl2U 0.0 
SNl25M 0.0 
SN125 0.0 
SB125 0.0 
TE125M 0.0 

SN126 0.0 
SB126M 0.0 
SB126 0.0 
TF126 0.0 
SW127M 0.0 
SN127 0.0 
SB127 0.0 
TF127M 0.0 
TE127 0.0 

SN128 0.C 
SB128M 0.0 
SB128 0.0 
';E128 0.0 

2128  0.0 
XE128 0.0 
SN129N 0.0 
SA129 0.0 
SB129 0.0 
TE129M 0.0 
TE129 0.0 

T i 2 9  0.0 
XE129M 0.0 
XF129 0.0 
Sh'130 C.0 
SE130M 0.0 
SB130 0.0 
TE130 0.0 

I130M 0.0 
I 1 3 0  0.0 

XF130 3.0 
SN131 0.0 
SB131 0.C 
Tb131M 0.0 
TE131 0.0 

7 1 3 1  0.0 
XE131t! 0.0 
XEl31 C.0 
SN132 0.0 
SB132?l 0.0 
SB132 0.0 
Tf132  0.0 

' I132 0.0 

T ~ 1 2 5  0.0 

1127 0.0 

NUCITDE CONCENTRATTONP, G"AM PTOMS 
BASTS = MT OF HEAVY METaI CABRGED 

CAAPGF 110. D 220 .  D 330. D U40.  D 550. D 660. D 
3 .81F-03  8.36E-03 1.35E-02 1.91F-02 2.51P-02 3. 15E-02 
2 .773-12  8 .673-12  1.72F-11 2.80E-11 4.103-11 5.62E-11 
2.862-06 1.13F-05 2.UlE-05 U.0UE-05 5.963,-05 8.122-05 
1.20E-06 9.7UF-06 3.20"-05 7.31F-05 1.3'E-OU 2.27E-OU 
1.567-07 1.96E-07 2.28E-07 2.56E-07 2 . e l7 -07  3.OSE-07 
U. 10E-04 5.05L-04 5.82E-04 6.5OF-OU 5.11F-04 7.68E-OU 
3 .83P-  0 3 
3 . 7 2 ~  0 5 
1.02E-04 
8.0 1E-0 3 
9.97E- 1 1  
1. 13E-06 
5.UBE-06 
1. u2E- 08 
2.68F-05 
1 .2 1F-0 3 
3.3O't-03 
1.07E-0U 
1.7 1F-02 
3.61E-05 
6.52E-06 
4 .473-05  
6.7UE-02 
6.12E-08 
1 2 !E-0 4 
8.53L-05 
1.74"-07 
3.7YF-OL 
9.89E-03 
9.3OE-05 
1. u2w-0 1 
7.96E- 0 9 
5.8UE-05 
7 .143-06  
1 .733-05  
9 .971-06  
2.99E-0 1 
6.86E-08 
8.6 53-66 
6 .  U8F- 04 
1. 37E-05 
9 .382-05  
1.lOY-03 
8.97E-0 5 
U.7UE-0 2 
U .  971-04 
3.80E-0 1 
1.26E-05 
0 .0  
1.22F-0 5 

8.35F-Ou 
2 . 7 ~ ~ - 0 2  

9 .06  F-03 
1.29E-04 
5.20E-00 
1.843-02 
2.36E-10 
1.38E-06 
1.382-05 
1. U2E-08 
3.0UE-05 
1 .37P-03  
5 .672-03  
1.28 E-04 
U -  OOE-02 
U. 08E-05 
7.38E-06 
5.02E-05 
1. U7E-0 1 
1. 42F-07 
5. U3F-04 
8.9UF-05 
1.7UE-07 
3.92E-04 
1.16E-02 
9.85E-05 
3.03E-0 1 
1.33F-08 
1.20E-04 
7.25F-06 
1 .762-05  
1 .0  1E-05 
6.08E-0 1 
1. U6F-07 
1 . 7 9 ~ 0 5  
2.60E-03 
1.392-05 
9 .522-05  
1.12F-03 
9 .102-05  
4. 81F-02 
5.09E-04 
7.88E-01 
1.271-05 
0.0 
1.232-05 
2.76E-02 
5.40E-04 

1.50E-02 
2.50E-04 
1.35F-03 
3.07P-02 
3.992-10 
1.70E-06 
2.533-05 
1.45F-08 
3.3uE-05 
1.5 013-03 
7 .3  3 - 0 3  
1. U 5P-OU 
6.63E-02 
U.47F-OS 
8.0QE-06 
5. U8E-05 
2.36P-01 
2.39E-0' 
1.343-03 
9.292-05 
1.77P-07 
U. 07E-04 
1.22"-02 
1.03E-OU 
4. 72E-0 1 
3.33E-08 
1.3 UE- 04 
7.36F-06 
1.78F-05 
1.03F-05 
9.2uE-01 
2.323-01 
2.8 1F-05 
6.01F-03 
1. U 1P-05 
9.66F.-05 
1.13E-03 
9.2 3E-05 
U.88E-02 
5.18E-OU 
1 . 1 v  00 
1.28E-05 
0.0 
1.2U"- 05 
2.7 8E-0 2 
A. U8E-04 

2.15E-02 
3.89E-6U 
2.642-03 
4.45E-02 
5.88E- 10 
2.0723-06 
a. 15E-05 
1. U9F-08 
3.60E-05 
1.623-03 
8.5673-03 
1.565-04 
9.522-02 
U. 81P-05 
8.703-06 
5.8'E-05 
3.34Y-01 
3. S 3 Y - 0 7  
2.582-03 
9.6OF-05 
1.82E-07 
4. 20"OU 
1.27F-02 
1.06E-00 
6. U6'3- 01 
6.6213-08 
2.50E-04 
7.46"-06 
1.81F-05 
1.OUE-05 
1.25E 00 
3.27E-07 
3.9G?-05 
1.10E-02 
1. U3E-05 
9.7 8E-05 
1.153-03 
9.36F-05 
4.95F-02 

1.53E 00 
1.29E-05 
0.0 
1.25E-05 
2.8OF-02 
8.55F-09 

5 . 2 7 ~ 0 ~  

2 .63r -02  
5.39Y-OU 
U. u3F-03 
5.97E-02 
8.03P- 10 
2 .  50E-06 
6.  UOE-Pq 
1. SUE-08 
3. 837-05 
1 .  '2F-03 
9.52F-03 
1.69E-OU 
1.26F-01 
5.12E-05 
9.26P-06 
6 .235-05  
U.36E-01 
U .  853-07 
U .  34F-03 
9.88F-05 
1.897-0' 
U. 33P-04 
1.31E-02 
1.09F-OU 
8 .25 r -01  
1.16T2-07 
3.18F-OU 
7.56E-06 
1.83E-05 1.06F-05 

1 . 5 7 r  00 
U. 33P-07 
5.20F-05 
1.79F-02 
1. UUF-05 
9.918-05  
1.167-03 
9 .  USE-OS 
5.01 F-02 
5.35P-04 
1.86E 00 
1.30F-05 
0 .0  
1.26E-05 
2.33F-02 
8.62E-04 

3. 5UP-02 
6.97E-04 
6.75E-03 
7.61E-02 
1.OUF-09 
2.9qE-06 
9. UqE-05 
1.6073-08 
u. 05E-05 
1.82E-03 
1.03E-02 
1.80"-0U 
1.59E-01 
5. 41B-05 
9.783-06 
6. 57E-05 
5. USE-0 1 
6.3UP-07 
6.697-03 1.01E-0 U 

1.963-07 
8. U5E-04 
1. 35"-02 
1.12E-04 
1.01E 00 
1.8SE-07 
3.88E-04 
7.65s'-06 
1.852-05 
1.07F-05 
1.903 00 
5. SOB-07 
6.60'?-05 
2. 67E-02 
1. u6E-05 
1.00'3-04 
1. 18E-G3 
9. 60E-OC 
5.0'5-02 
5. Y U  e-0 4 
2. 16F C O  
1. 31E-05 
0.0 
1. 27E-05 
2.85E-02 
8 . 7 0 E - 0 4  

TO T(EACT09 

770. D 880.  D 990. r) 1100.  r 
3. 83E-02 U.5UF-02 5 .293-02  6 .06F-Q2 
7 .36F-11  9.31F-11 1.15'3-10 1.38E-10 
1.05P-OU 1.3lE-OU 1.58E-OU 1.8SP-OU 
3. 463-04 U.97F-Ou 6.82"-OU 9.02F-OU 
3.27E-07 3.U8E-07 3.67E-07 3.865-07 
8.23F-Ou 8.76E-04 9.26E-0U 9.73F-OU 
U. 28E-02 
8. G2E-OU 
9.62E-03 
9.37F-02 
1.31E-09 
3.53E-06 
1 .363-04  
1.66F-08 
4. 251-05  
1 .91F-03  
1. 10F-02 
1.90E-04 
1 .93~2-01  
5 ,681-05  
1.03P-05 
6.89F-05 
6 .6uF-01  
8.01E-07 
9 .71F-03  
1. 04E-04 
2.03P-07 
4.56E-Ou 
1 .391-02  
1. 15F-OU 
1.19E 00 
2.80F- 07 
u. 62E-04 
7.7UF-06 
1.88E- 05 
1.09E-05 
2.2UF 00  
6. 79F-09 
8 .13F-05  
3 .78F-02  
1. u8E-05 
1.02E-Ou 
1. 19F-03 
9.71E-05 
5.13F-02 5. 52P- 04 

2.43P 00 
1.32E-05 

5.03W-02 
1.03E-03 
1. 31F-02 
1.12E-0 1 
1 .612-09  
4. 12E-OE 
1.91F-0U 
1 .73s -08  
U. U5E-05 
2.OOF-03 
1. 172-02  
1.99E-08 
2.28E-0 1 
5 . 9 4 P C 5  
1. O'F-OS 
7= 19E-0' 
7.867-01 
9.87F-07 
I .  35E-02 
1.06F-Ou 
2.11F-G- 
4.67E-04 
1.u3E-02 
1.18F-Cu 
1. 38F 0 0  
4.05E-07 
5 .38E-Ou 
7.83E-06 
1.9OF-05 
1. 10E-05 
2.58F 0 0  
8.20 E- 0' 
9.807-05 
5.13F-02 
1. U9F-05 
1.03E-Qu 
1.21 7-  0 3  
9 82F-95  
5.19F-02 
5.60E-OQ 
2.67F 0 0  
1.33E-05 

0 . 0  n. o 
1.29F-05 1.30:-05 
2.88F-02 2. 90'-02 
8.77E-OU 8. 8 U F - O U  

5.79W- 02 
1.21E-03 
1.71E-02 
1. 323-01 
1.93E-G9 
4.76F-06 
2.60P-Ou 

4.6'47-05 
2.08"-03 
1. 2372-02 
2. O R e - O U  
2.6UE-01 
6. 18E-05 
1.12E-05 
7 .  UBE-05 
9. 137-01  
1.19F-06 
1.80F- 02 
1.09'3-CU 

4.77E-3U 
1.46F-02 

1. 57P 00  
5.552-07 
6. IS?-OL 
7.92Y-06 
1.92E-05 
1. 12'3-05 

9 .72P-07  
1. 16E-OG 
6 . 7 3 ~ 0 2  
1 . 5 1 ~ 0 5  
1.OUE-04 
1.22-03 
9.9UE-05 
5.25F-02 
5.6qF-04 
2.89F 00 
1. 3UE-05 
0 .0  
1.31F-05 
2.921-02 
8.92E-04 

I .  E O F - O ~  

2 . 2 3 ~ - 0 7  

1 . 2 1 ~ - n u  

2 . 9 j E  00 

6 .57F-02  
1.38F-03 
2. 16F-02 
1. 53E-01 
2.282-09 
5. 45:-06 
3. 49F=Ou 
I .  87E-08 
U. a l p - 0 5  
2. !6F-03 
1.28"-02 
2. 16E-Ou 
3 .01F-01  
6. 42E-03 
i. 16E-05 
7. 76F-05 
1.04F 00 
1 .UlF-06  
2.35'-02 
1. 11F-04 
2.28-07 
U.  87E-OU 
1. U9F-02 
1.23P-00 
1.76" 00 
7 .66F-07  
7.02F-01; 
8.0OF-G6 
1.9UP-05 
1.13F-05 
3.27F 00 
1.13F-06 
1.35F-JU 
8.627-0 2 '. 52"-05 
1.05F-02 
1 .232-03  
1. O O F - O f i  
5 . 3  1F-02 
5.77F-OU 
3.0'P OU 
1.35F-OE. 
0.0 
1.32F-05 
2.959-02 
6.99F-0u 



113 

F, 
p

o
m

t
m

N
s

N
o

r
~

~
o

u
i

r
r

w
m

m
m

w
o

m
m

w
r

m
~

w
~

o
r

c
r

s
=

r
o

r
w

m
u

o
w

w
c

~
o

w
w

=
r

m
r

o
 

u
 

o
o
o
o
o
o
o
o
o
c
o
o
c
~
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
c
o
o
o
o
o
o
o
o
o
o
c
o
o
 

rs 
I

I
I

I
I

I
 

I
l

l
 

I
I

I
I

I
I

I
I

 
I

l
l

 
I

I
I

I
 

I
I

I
I

I
 

I
l

l
1

 
I

I
I

I
 

I
I

I
I

I
 

d w
 w

 
P

I w
 w w w

 w 
P

I w
 P

I w k
, r4 P

i w
 w

 W
 

P
 w w

 
p
l w w w

 w
 w

 P
I w

 111 w w
 w

 w w w
 w

 w w w P
I w

 w w
 L
 w w

 P
I w

 c
 P

I w
 

a. 
r

a
o

~
~

m
m

m
c

m
~

r
m

u
~

o
m

~
r

o
m

o
o

r
a

~
m

~
o

m
o

m
o

m
m

~
w

~
m

m
~

~
~

~
~

~
m

c
~

m
m

m
w

~
 

r
w

~
m

m
o

~
~

r
r

w
c

o
a

~
~

m
w

o
w

r
w

r
w

o
~

c
c

m
m

~
m

w
m

~
m

y
1

c
c

r
w

r
=

r
~

~
u

m
~

r
r

m
r

m
r

 
P

I 

0
 

.................................................... 
€4 

m
N

m
N

r
w

w
m

~
m

m
m

~
l

r
r

m
m

m
e

~
~

c
m

w
=

r
~

=
r

m
N

m
w

m
~

r
c

N
w

N
~

r
w

w
r

m
r

r
w

m
N

c
r

m
V

I
 

t
,
 

O
W

O
b

V
I

I
D

 
0
0
0
0
0
0
 

I
I

 
I

l
l

 
P

' P1 w
 w

 w
 w

 
m
m
m
m
m
w
 

e
r

m
o

m
w

 
...... 

r
m

r
m

r
=

Y
 o

m
m

w
m

o
r

m
r

 
0
0
0
0
0
0
0
0
0
 

1
1

1
1

 
I

l
l

 
w

 Pl w
 Pl 

P
' P, 

P
I w

 w
 

~
V

I
N

~
C

D
V

I
~

N
~

 
m

v
w

m
e

m
m

m
m

 *
a
0
 

0
0
0
 r

w
m

=
r

o
w

w
~

~
o

m
w

 
0
0
0
0
0
0
0
0
0
0
0
0
 a

m
-

0
 

0
0
0
0
 

I
1

 
Pl 

P
I w

 
m
s
3
 

m
m

m
 

I
l

l
 

P7 
Pl 

w
 Pl 

m
m

w
a

 
w
o
u
r
 

-
r
 a

m
m
o
m
 

m
h

=
r

i-m
m

m
 

m
 U

) 0
 c
 w

 e
 w
 

....... 
.......... 
w

j
~

~
w

m
c

f
w

r
r

 
... 

C
N

I
 

=
=

Y
O

 
0
0
0
 

I
I

 
vi w

 I%
 

m
m

w
 

m
y

1
3

 
r
m
m
 

... ............ 
~

~
r

w
~

c
a

r
c

t
m

~
 

.... 
r

e
m

=
 

a
o
m
3
m
m
a
N
o
r
r
s
o
 

0
0
0
0
0
0
0
0
0
0
0
0
 

O
P

 w
w

w
w

w
w

p
lw

w
w

P
<

 
s

w
m

r
r

m
m

m
m

r
r

w
w

 
=

r
m

r
m

m
o

r
m

a
r

r
~

w
 

N
N
m
N
e
w
w
m
N
m
m
P
 

. 
I

I
I

I
I

I
 

I
l

l
 

............ UI 
c
 tu w

 m
 m
 m

 
C

) 0
 0
 0
 0
 0

 0
 

I
I

I
I

I
I

I
 

P
, P

I 
P

I Pl w
 w P

l 
c

)
r

r
 e

~
m

h
l

 
** 

w
 r
 t- c

 w
 N

 

r; 4
 m

'm
'm

' m' $
 w

r
m

w
w

 
0

0
0

0
0

 
1

1
1

1
1

 
w

w
r-1

w
w

 
r

m
s

m
m

 
r

m
m

m
r

 
r

m
e

w
=

r
 

..... o
m

~
w

m
o

r
~

r
 

0
0
0
0
0
0
0
0
0
 

I
l

l
1

 
I

l
l

 
R

 Pl P1 P
I w w w w

 w 
m

o
~

m
m

a
o

r
m

 
w

n
o

m
r

w
m

o
m

 
w

~
m

~
m

m
m

m
r

 
......... 

r
w

m
s

o
w

w
e

m
o

m
w

u
m

r
o

 
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
 

1
1

1
1

 
I

I
I

I
 

I
I

I
I

I
 

w P
i w

 
P

I w
 P2 

P
I w Pl w

 w
 w w w w

 w
 

m
o

m
m

w
m

r
m

w
~

~
m

w
m

m
c

 
c

m
r

m
r

~
m

~
m

w
~

~
~

m
r

n
w

~
 

~
i

r
w

m
c

w
-

c
m

m
~

e
e

m
m

 
................ 

L
n
 

a 
2

 
rn 
.. 
c
 

w N
 

0
1
 

Y %! I- 
w 

ll 
u 

fl D
 

P
. 

P
 

P
 

E
 

0
 

0
 

0
 

m
 

E
 

D
 

I-, 
a
 

m
 

H
 

tl 
H

 

w 

.. 
m
 II 

Pa D 
P
 

D
 

!n a. 
a
 

L
 

pr 

D
 
E
 
0
 

0
 

0
 

m
 

.
.

.
.

.
.

.
 

....................................................... 
w

~
m

m
r

w
w

m
~

m
m

r
:

t
r

w
m

m
m

~
r

~
~

m
~

~
r

r
~

m
m

m
r

m
r

r
~

w
~

~
w

r
m

c
m

r
~

r
w

~
r

c
m

~
 

w
 

V
 

2
 

w
 
a
 

w
 R
 

w p
l 



TABU A-5 (CONTINUED) 

REFERENCE PI79 EQUILIBRTUM FUEL CYCLE -- 3 . 3  010 ENRICHED U 

POWER= 30. OOMU, BU?NUP= 33000. MUD, FLUX= 2 .923  13N/CM**2-SEC 

NUCLICE CONC5NTFATTONS, GFAN ATOMS 
BPSTS = "I '?F HEAVY NSTPL CBAsGFD TO FPACTOR 

XF142 
c s 1 4 2  
BP142 
LP142 
a 1 4 2  
PO142 
ND142 
XElu3  
CS143 
EA143 
LP143 
CFlU3 
PFlU3 
NDl43 
LA144 
CFlUU 
P a l u u  
NDluU 
CFlU5 
DF145 
ND145 
CElU6 
FF146 
WD146 
CFlU7 
PF147 
ND147 
PMlU7 

CE148 
PFlU8 
ND148 
PFIlu8N 
PPI148 
S3148 
P F l 4 9  
NDlu9 
PM149 
S111U9 
NDl5O 
PMlSO 
SM150 
ND151 
PMl 5 1 
SM151 
EUl5 1 
P P l 5 2  
511152 
EUl52M 
EU152 
GD152 

~ ~ 1 4 7  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.G 
0.0 
0.0 
c.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 

CHPFGE 110. D 220 .  D 330 .  D 440.  D 550. D 660. D 770. D 8 A O .  D 990. D 1100. D 
1.30E-C8 1 .263-08  1.25E-08 1.24F-08 1.235-08 1.22W-08 1.222-08 1.223-08 1. 21E-08 1.21W-08 
1.76E-07 1.71E-07 1.68E-07 1.66E-07 1.641-07 1.623-07 1.60E-07 1.593-07 1 ,583-07  1.'j7'r-07 
8.23E-05 8.01E-05 7.873-05 7 .762-05  7.66E-05 7.58E-05 7 .51E-05 7.44E-05 7.38E-05 7.33F-0' 

PM153 0.0 

7.25E-04 
8 . 7 3 ~ 0  1 
1.83E- 05 
6.6 9E-0 4 
1.60E-0 9 
8. 96E-08 
1.21tE-06 
1 .046-04  
1.47E-02 
1.  441"-0 1 
6.49E-01 
4 .81P-07  
7.06E-01 
3 .05E-05 
1.193-0 1 
1.56E-05 
1.86F-03 
5.69E-01 
5 .68E-05 
9 .75F-05  
C . SUE-0 1 
3.4?9- 0 6  
3.79E- 0 5 
5.07E-02 
2.54E-0 1 
9 .185-03  
1.66E-06 

.63F-0 6 
2 .  SUE-0 1 
3 .922-03  
2.2 2E-03 
1.68E-02 
3.42E-0 6 
1.74F-04 
6.20F- 0 3  
2.93E-C2 
1.03E-0 1 
2. fi 1E-0 6 
1.5UE-01 
8.lUE-06 
1.14E-03 
5.75E-0 2 
4. 77E-05 
2 .7  1E-06 
5.4733-02 
1.16E-07 
1.30E-05 
6 .623-06  
1 .2  6E-0 6 

7.06F-04 
1 .732  00 
4. 65F-05 
3.73E-03 
1.562-09 
7.89E-OR 
1 .20  E-06 
1.0 1F-04 
1.432-02 
1.4072-01 
1 .402  00 
4 . 6 2 - 0 7  
1 .22F 00 
5.23E-05 
4.4 3E-0 1 
1.51F-05 
1 .813-03  
1 .122  00 
5.542-05 
9.50E-05 
9 . l l E - 0 1  
3.352-06 
3.71E-05 
5.00E-02 
4.63E-07 
3.67E-02 
1.6UE-06 
U.58F-06 
5 .072-01  
7 .251-03  
4.97E-03 
7 .2 lE-02  
3. 44F-06 
1.75E-04 
7. 16F-03 
3.402-02 
2.11E-01 
2.79E-06 
3.86E-01 
8.60E-06 
1.20F-03 
1.03F-01 
1.25F-OU 
2.922-06 
1.23F-01 
3.07E-07 
6.19E-05 
3.83F-05 
1.39E-06 

6.9 3F-04 
2.58E 00 
7* 6 6E- 0 5 
9.612-03 
1.54P-09 
7.71E-08 
1.17E-06 
9.90E-05 
1.YOB-02 
1 .381-01  
2.10E 00 
U.49E-07 
1.60F 00 
6.83E-05 
9.29E-0 1 
1.u8E-05 
1.77E-03 
1.6UE 00 
5.45E-05 
9.353-05 
1.37E 00 
3.30E-06 
3.65E-05 
4.97E- 02  
6.01E-0: 
7 .557-02  
1.6 3E-06 
4.573-06 
7.60E-0 1 
9.523-03 
5.39F-03 
1.57E-01 
3. U6F-06 
1. '72-OU 
7.9 lE-03  
3.952-02 
3.23E-0 1 
3.14E- 06 
6.3 1F-0 1 
8.9 92-06 
1.26P-03 
1. UOE-01 
1.953-04 
3.103-06 
1.972-0 1 
4.88E-0' 
1.30E-0u 
9.792-05 
1.5OP-06 

6.8 3F-0a 
3.41: C O  
1.09P-04 
1.852-02 
1.5UY-09 
7.56E-08 
1. 147-06 
9.7 3P- 05 

1.35E-01 

4.38E-07 
1.87E 00 
7.99P-05 
1. SUE 00 
1. 457-05 
1. 7CF-03 
2 .157  00 
5.38L-OS 
9 .237-05  

3.2 6p-06 
3.6 241-05 
4. 9uE-02 
6.90F-01 !. 202-01 
1.63E-06 
U.55P-06 
1.01' 00 
1.10E-02 
6.333-03 
2.6UE-0 1 
3.482-66 
1.79E-04 
8. 50E-03 
u.13E-02 
4.388-01 
3.48E-06 
8.972-01 
9.35E-06 
1.31E-03 

2.51E-04 
3.27E-06 

6.UUE-07 
2.00p-04 
1.82Z-04 
1.59P-06 

i . 3es -02  

2 . 7 4 ~  00 

1 . 8 4 ~  00 

1 . 7 1 ~ - 0 1  

2 . 7 1 ~ - 0 1  

6 .  T F - 0 4  
4.24" 00 
1 43E-Ou 
3.055-02 
i. 5UF-09 
7. 44P-08  
1.126-06 
9.589-05 
1.363-02 

3.33E 00 
4.29"-07 
2.07E 00 
8.821-05 
2.26E 00 
1.43B-05 
1 .?1p-03 
2 .647  00 
5.322-05 
?. 127-05 
2.31E 00 

3. 585-05 
U. 93F-02 
7.026-01 
1.669-01 
1.63E-06 
4.55P-06 

1 .  19F-02 
7 .01P-03  

3.50E-06 
1.81F-04 
8.983-03 
u .  225-02 
5.57"-01 
3.813-06 
1.17E 00 
9.69F-06 
1.36E-03 
1.98E-01 
2.929-04 
3 . 4 1  E-06 
3.427-01 
7 .  79E-07 
2.621-04 
2 .  86 P-04 
1 ,671-06  

I .  348-01 

3 . 2 3 ~ 6  

1.27'9 00 

3. e75-ci 

6.68B-04 
5 ,06E 00 
1.79E-04 
4.6OF-02 
1. SUE-09 
7.33F-Oe 
1.11E-06 
9. USE-05 
1.342-02 
1.32E-0 1 
3 .863  00 

2.21F 00 
9.40E-05 
3.06E 00 
1. ulE-05 
1.692-03 
3.11r 00 
5. 27E-05 
9. OUT-95 
2.805 00 
3. 21r -06  
3.56F-05 
u.  93E-02 
7. 69F-0 1 
2.112-Cl 
1.632-06 
U. 55F-06 
1.52E 00  
1.25E-02 
7. 48P-03 
5.23E-01 
3.529-06 
1.83E-04 
9. 38F-03 
4.24E-02 
6.772-01 
4. 14E-06 
1.U5P 00 
1.00F-05 
1. UOF-03 
2.22F-01 
3.23R-04 
3.55"-56 
4.09F-01 
8.97E-07 
3. 12E-04 
4. 05E-C4 
1. 75E-06 

4 . 2 0 ~ - 0 7  

6 .61F-04  
5.873 00 
2. 18F-04 
6. 5CE-02 
1.55F- 09 
7 .232-08  
1.09F-06 
9.34E-05 
1. 321-02 
1.30F-01 
4.3UE 00 
4. 132-07 
2.30E 00 
9 .8 lE-05  
3.9413 00 
1. 39E-05 
1 .67F-03  
3.56E 00 
5. 232-05 
8. S6Y-05 

3. 19F-06 
3.53F-05 
3. 9UE-02 
7.78E-01 
2.53E-01 
1.63F-06 
4. 55F- 06 

1.27E-02 
7.80E-03 
6.69E-01 
3.54F-06 
1.85E- OU 
9.72F-03 
4. 23F-02 
8.005-01 
4. 47E-06 
1.7UF 00 
1.032-G5 
1. USE-03 
2. UUE-Ol 

3. 69F-06 
4.71F-01 
1.00E-06 
3.51F-04 
5. 3En-OU 
1.83F-06 

3 . 2 9 ~  a n  

1 . 7 7 ~  on 

j. u7p-ok 

6.55"- O n  
6.68F 0 0  
2.6OF-OU 
8.79F-02 
1.562-39 
7.142-08 
1.08E-06 
9.23F-05 
1.31E-0? 
1.29p-01 
4.78" 00 
4.06E-07 
2.36F 00 
!.01E-04 
4 . 8 8 E  00 
1.382-05 
1 .650-03  

5.19E-05 
8.89F-05 
3.78' 00 
3. 1'E-06 
3 .512-05  
4 . 9 5 E - 0 2  
7.75E-0 1 
2.91E-C1 
1.633-06 
4.553-06 
2.02F 0 0  
1.28E-02 
8 .01F-03  
8.22F-01 
3.56F-06 
1.88E-OU 
1.00E-02 
4. 19E-02 
?.25F-01 
4.79E-06 2.027 00  

;.06F-05 

2.65"-01 
3.6UF-Ou 
3. 8 l p - 0 6  
5.28F-01 
1. 1OF-06 
3.RlE-04 
6.81E-Oh 
1.90 E- 06  

3 , 0 9 ~  no 

I. 4 9 ~ - n 3  

6. 50E- 04 
7 .48F  00 
3.04E-00 
1. 15"-01 
1.57E-OS 
7.06F-08 
1.061-06 
9.13II-05 
1. 30F-02 
1.28F-01 
5 .16E OC 
3.99B-07 
2.4OF 00  
1. O2B-CU 
5.87? 00 
1.361-05 
1.63E-03 
4 .417  00 
5. 15E-05 
8. 83E-05 
U.29P 00 
3. 16E-06 
3.5Op-05 
u .  973-02 
7.65'-01 
3.2UY-01 
1.63E-05 
4.56p-06 2.27E 00 

1 .27r -02  

9.8OF-01 
3. SEE-06 
1. 90E-Fu 
1.03E-02 
4. 13F-02 
1 .059  00 
5 .  12'-06 
2.293: 00 
1.09F-05 
1.533-03 
2.8UE-0' 
3.78E-OU 
3.94B-06 
5 .  ROE-01 
1. 197-06 
U. 03E-04 
8.31Y-04 
1.9-P-06 

R. IUE-03 

6.  U5"-0U 
8.27E 00 
3.5OE-04 
1. U6F-0 1 
1.582-09 
6.99F-08 
1.05E-06 
9.04F-05 
1.282-02 
1 .26F-01  
5.49" 0 0  
3 .9  3P- 07  
2.42F 00 
1.03E-OU 
6 .9 lE  00 
1.35P-05 
1.627-0: 
4.ROP 00 
5.12E-05 
8.77E-05 
4.817 00 
3. 1UE-06 
3 .48F-05  
5.OOF-02 
7.50F-01 
3 .527-3  1 
1.63F-06 
u. 56F-06 
2.52F 00 
1.25F-02 
8.21E-C3 
1.lUE 0 0  
3.59E-06 
1.921:-OU 
1.05F-02 
4. 07P-02 
1.18E 00  
5 . 4 4 E - 0 6  
2.57' 00 
1.12E-05 
1. 572-03  
3 .0  3F-0 1 
3.90F-Ou 
4. 0 5r -06  
6.28F-G 1 

4. 2lE-04  
9.89E-0!1 
2.03F-06 

1 . 2 7 ~ - 0 c  

\ \  



Tmu A-5 (CONTINLED) 

FFPERENCE PWR FQQILIBFIUN FQPL CYCLF -- 3.3 010 ENPICHYD Q 

POIFF= 3O.OONW, BUFNQP= 33000. HWD, FLUX= 2.92E 13W/CN**2-SEC 

NUCLIDE CONCENTRP'IONS, GPP fl ATONS 
BASIS = MT OF PPAVY NETAL CHARGED TO ?FACTOF( 

CHBFGE 110. D 220. D 3 3 0 .  D U U O .  D 550. D 660. D 770. D 880. D 990. D 1100.  D 
s n 1 5 3  
FQ153 
GD153 
PU15U 
SN154 
PU154 
GD154 
sn155 
"0155 
G D 1 5 5  
SN156 
EQl56 

SN157 
FU157 
GD157 
FQ158 
GD158 
3 8 1 5 9  
GD159 
TB159 
9U160 
GD160 
9 1 6 0  
DY160 
G D 1 6 1  
TB161 
DY161 
GD162 
TB162N 
TB162 
DY162 
TB163N 
TB163 
DY163 
TB164 
DY16h 
DYl65N 
DY165 
H0165 
DY166 
8016611 
80166 
FR166 
FP167 
TOTALS 

FLUX 

GDi56 

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 
F.0 
0.0 

1 . 1 8 E i 0 3  
3.263-02 
U .  67F-08 
3.66E-07 
1.433-02 
2.13E-03 
8.953-06 
1.903-06 
3 .012-03  
4.053-05 
2.1273-05 
2.00E-03 
5.893-03 
1.19P-08 
2.18E-05 
6.70E-05 
4 . 4  UE-07 
2.7 1E- 0 3 
9.12P-08 
5.55B-06 
3.823-04 
5.221-09 
1.51E-OB 
7.10E-06 
2.37E-06 
2.99E-09 
8.03P-0 6 
u .  80E-05 
3.79E- 0 9  
2.733-09 
0.0 
2.553-05 
6.46E-10 
2.81E-08 
1 .27F-05  
7.56E-F8 
3. '5P-06 
4.053- 1 1 
5. 543- 10 
1.79F-06 

32P-08 
98E- 1 0  
97E-08 
31F-07 
54E- 08 
9 6 3  0 1  

I. I S E - O ~  
8.083-02 
5.36E-07 
4.26E-07 
3.18E-02 
9.31E-03 
7.58F-05 
2.43E-06 
4.782-03 
6.61E-05 
2.743-05 
3.172-03 
i. 962-02 
1.61E-08 
2.94E-05 
9.16E-05 
6. U8E-07 
7.20E-03 
1.33E-07 
8.20E-06 
1.05E-03 
8.01P-09 
U .  49E-Ou 
2.99E-05 
1.97E-05 
4.66E-09 
1.25F-05 
1. U2E-09 
6.18P-09 
u .  46E-09 
0.0 
8.59P-05 
1.00E-09 
4.88E-08 
4.78E-05 
1.247-07 
1.332-05 
9.6UE- 11 
1.973-09 
8.28E-06 
9.31F-08 
6.253-09 
4.OUF-08 
2.555-06 
1.23"-07 
5.92E 01 

2.372-03 
l.uUE-01 
2.043-06 
u.-'6E-O' 
5.18F-02 
2.26E-02 
2.6 8E- 04 
2.973-06 
6.74F-03 
9.25E-05 
3.25E-05 
4.352-03 
3.953-02 
1.953-08 
3.5 6E- 05 
1. l o p - 0 4  
8.13E-07 
1.3 1P-02 
1.672-07 
1.04E-05 
1.9 3E-03 
1.0272-08 
8.59F-OU 
6.78E-05 
6.61B-05 
6.OOE-09 
1.6 1E-05 
2.60E-04 
8.11E-09 
5.85E-09 
0.0 
1.737-04 
1.293-09 
6.542-08 
1.07F-04 
1.62F-0' 
2.92E-05 
1.7 SF- 10 
u. U 1E- 09 
2.14E-05 
1.25f-0' 
2.38E-08 
6.68F-08 
5.87E-06 
4. 10E-07 
8.88F 0 1  

3.025-03 
2.21E-01 
5.0 3E-06 
5.18E-07 
7.39"-02 
4.28E-02 
6.60E-04 
3.25F-06 
9.17F-03 
1.24E-0u 
3.702-  05 
5.82P-03 
6.633-02 
2.242-08 
u .  09T-05 
1.25F-04 
9.563-07 
2.01-c-02 
1.965-07 
1.24P-05 
2.97E-03 
1.22E-08 
1.36P-03 
1.2OF-OU 
1.53F-04 
7.15E-09 
1.92E-05 
3.9 1E-OU 
9.75F-09 
7.03E-09 
0.0 
2.80"-04 
1.53E-09 
7.96F-08 
1.93F-04 
1.952-07 
5.27E-05 
2.867- 10 
8.193-09 
u. 392-05  
1.522-07 
6. U3E-08 
1.04E-07 
1.10F-05 
9.88E-07 
1.18E 02 

3.71F-03 
3. 1OF-01 
9.817-06 
5.57F-07 
9 .  782-02 
7.055-02 
1.33??-03 
3.61E-06 
1.22F-02 
1.63F-OU 
u .  09F-05 
7.69F-03 
3 .  OZE-Oi 
2.51F-08 
4.58F-05 
1.38F-Ou 
1.08E-06 
2.82T-02 
2.23F-07 
1.423-05 
U. 13-03 
1.393-08 
1.95E-03 
1.852-04 
2.89F-04 
8.20E-09 
2 . 2 0 ~ 0 5  
5.33E-Ou 
1.12E-08 
8.10E-09 
0 .0  
4.017-04 
1.75F-09 
9.2UE-08 
3.06E-0u 
2 . 2 4 ~ 0 7  
8. U8F-05 
4.39"- 10 
1.37P-08 
7.91E-05 
1.775-07 
1. QUE-07 
1.59F-07 
1.88E-05 
2.02E-06 
1.U8F 02  

U. UlF-03 
4. 0873-0 1 
1. h 6 E - 0 5  
5 .941-07  
1.23"-0 1 
1.06E-0 1 
2.365-03 
3.9uE-06 
1.603-02 
2.092-04 
u. 472-05 
1. 01T-02 
i. 49E-0i 
2.75F-08 
5.03F-05 
1. U9E-04 
1.200-06 
3.74E-02 
2. 475-07 
1.605-05 
5. 39P-03 
1. 55F-08 
2.627-03 
2.642-04 
4. 823-04 
9. 17E-09 
2. 463-05 
6.83E-OU 
1. 263-08 
9.10E-09 
0.0 
5 .  35E-OU 
1.953-09 
1.OUE-07 
4. 452-OU 
2.52E-07 
1. 27E-OU 
6. U6E- 10 
2.12E-08 
1.31E-OU 
2.00E-07 
2.863-07 
2. 405-07 
3.04P-05 
3.733-06 
1.78F 0 2  

5.13P-03 
5. 135-01 
2.56F-05 
6.29E- 07  
1. 50E-01 
1.49F-01 
3.8OF-03 
4.25F-06 
2.05E-02 
2.64E-04 
4. 82F-05 
1.31F-02 
2. i(jj+ci 
2.993-08  
5.452-05 
1.60E-04 
1.32E- 06 
4. 76E-02 
2.70E-07 
1 .78E- 05 
6. 7UF-03 
1.71E-08 
3.35F-03 
3. 552-04 
7.36F-04 
1.OlF-08 
2.71E-05 
8.43F-OU 
1.39E- 08 
1.00F-08 
0 . 0  
6.77E- 04 
2.14F-09 
1. 15E-07 
6. 1OP-OU 
2.78P- 07 
1.79E- ou 
9. 15P- 10 
3 . 1 3 P - 0 8  
2.06E-Ou 
2.22P- 0 7  
5. 25E- 07 
3. 57F- 07 
u.75F-05 
6.48F-06 
2.07E 0 2  

5.85E-03 
6.23E-01 
3.67E-05 
6.62E-07 
1. '9E-0 1 
1.98F-0 1 
5.72F-03 
4.56E-06 
2.58F-02 
3.245- 0 
5 .16F-05 
1.673-02 
2.89F-Oi 
3.2173-08 
5.86E-05 

1.U2F-06 
5.89P-02 
2.92F-07 
1.96E-05 
8.16F-03 
1.85E-08 
U.16F-03 
4. 60E-OU 
1.05F-03 
1.1OE-08 
2.95F-05 
1.01E-03 
1 .5 lE-08  
1.09E-08 
0.0 
8.26E-04 
2.33F-09 
1.26F-07 
8.0CF-Ofi 
3.O3P-c7 
2. u2r -ou  
1.26F-09 
4. U1E-08 

2. u3E-07 
?. 03'2-07 
5.22F-07 
7.22F-05 
1.08E-05 
2.37E 0 2  

1 . 7 2 ~ - 0 u  

3. 0 7 ~ - o u  

6.5?F-03 
7.35E-01 
5.027-05 
6.9UP-07 
2.09F-01 
2.533-01 
8.1UE-03 
4. 865-@6 
3.16F-02 
3.015-04 
5.48p-05 
2. 10E-02 

3. 42F-08 
6.25F-05 
1.85E-04 
1.535-06 
7. luF-02  
3. 13E-07 
2. 14X'-05 
9.633-03 
1.99E-08 
q. 02F-03 
5.78F-OU 
1. 44E-03 
1.18F-08 
3. 17E-05 
1.20E-03 
1.63F-08 
1.18E-08 
0.0 
9. 83E-04 
2.50E-09 
1.36T-07 
1.OlE-03 
3.26F-07 
3. 162-Ou 
1.67-09 
5.99E-08 
4. 40F- 011 
2.6uF-07 
1. 4RE-06 

3 . 8 9 F - 0 i  

7. U ~ E - O ~  
1 .  O ~ E - O U  
1.7uE-05 
2.67E 02  

7 .  29E-03 
8. U6E-0 1 
6.58F-05 
7.2UF-07 
2.4OF-01 
3. 13F-01 
1.11F-02 
5.lUE-06 
3 .791-02  
u. 62F-OU 
5.78F-05 
2.6OF-02 

3.62F-08 
6 . 6 l E - 0 5  
1.99F-OU 
1.62'2-06 
8.51E-02 
3 . 3 3 ~ 0 7  
2.32"-05 
1.11F-02 
2. 12F-08 
5.95E-03 
7.08'P-OU 
1.89E-03 
1.26F-08 
3.38F-05 
1.40E-03 
1.74F-08 
1.26Y-08 
0.0 
1 .1  SF-03 
2.66F-09 
1.46E-0' 
1 .255-03  
3 . u 8 f - 0 7  
3.99F-OU 
2.17F-09 
7. 88P-OR 
6.09F-OU 
2.83E-07 
2.327-06 
1.0 UP-0 6 
1.56F-0u 
2.71F-05 
2.96F 02  

5. i Z E - O i  

589 13 2.58E 13 2.63E 1 3  2.715 13  2.81E 13 2.935 1 3  3.05F 1 3  3.18F 1 3  3 .31F :3  3 . U 5 F  1 3  

c 



TABLE A-6, sl%WAi?'f TABLE OF ISOTOPIC ACTIVITIES (CI/METRIC TON OF u) OF CLADDING AND STRUCTURAL hTERIALS AS A 
FWCTION OF POSTIRRADIATION TIME (DAYS) 

NUCLIDES WHOSE CONTRIBUION TO THE SPECIFIC ACTIVIIY OF THE FUEL IS LESS THAN 0,001 CI/METRIC TON OF U AT A 

POSTIRRADIATION TIME OF 150 DAYS ARE EXCLUDED, 

QEFEQFNCF: PWR EQUILTBRTUE FUEL CYCLE -- FUEL EFCPY TIMFS 

POWED= 30.00MW, BURNUP= 33000. EWD, FLUX= 2.92F 13N/CN**2-SEC 

NUCLIDF RADIOACTTVITY, CUFIES 
BASIS = NT OF H E A V Y  NFTPL C H A R G E E  TO REACTOR 

CHAPGE 
CP 4 5  0.0  
SC 4 6  0.0 
CR 51 0.0 
MN 5 U  0.0 
FE 5 5  0.0 
FE 5 9  0.0 
co 5 8  0.0 
CO 6 0  0 .0  
NT 5 9  0.0 
NT 63 0 .0  
SF 89 0.0 

Y 9 1  0 .0  
ZF 9 3  0 .0  
ZR 9 5  0.0 
NB 93N 0.0  
N B  9 5  0.0 
NO 9 3  0.0 
TC 9 9  0.0 
SNll7N 0.0 
SN119M 0 .0  
SNl2lN 0.0 
SN123 0.0 
SBl2u  0.0 
SB125 0.0 
TF125M 0.0 
SUBTOT 0.0 

DISCHARG?? 30. D 90. D 160. D 365. D 3653.  D 
3.17E-02 2.7921-02 2. 17F-02 1.62E-02 6.833-03 6.87-09 
4 .26F 00 3.33E 00 2.03E 00 1.143 00 2.09E-01 3.35E-13 
2.95F 0 4  1.39E 04 3. 12F 03  5.45F 02 3.29E 00 0.0 
2.U9E 0 2  2 .321  02  2.02F 0 2  1 - 7 2 ?  02 1.08F 0 2  5.8??-02 
2.00E 0 3  1 . 9 %  03  1.87F 03 l .?8? 0 3  1.532 0 3  1.39F 02  
2.28E 0 2  1.U3E 02  5.692 0 1  l .94E 01 8.24"-01 8.39F-23 
9.323 03 6.96E 03 3.89p 0 3  1.97F 03 2.68E 0 2  3.53E-12 
6.UQE 03  6 . 3 7 3  03 6.23F 0 3  6.08E 03 5.64E 03 1.-'2F 0 3  
3.852 00 3.85F 00 3.85F 00 3.853 00 3.85" 00 3 .85B 00 
5.65E 0 2  5 . 6 9  0 2  5.6UF 0 2  5 .633  02 5.61E 0 2  5.24" 0 2  
3.81E 0 1  2.56E 0 1  1 . l S F  0 1  4.52E 00 2.94F-01 2.73F-20 
1.01E 0 2  7.10E 01 3.50E 0 1  1.53P 01 1.372 00 2.02p-17 
1.032-01 1.03F-01 1.03"-01 1.03"-01 1.03E-01 1.03E-01 
2 .893  0 4  2. 10E 04  1. 11P 011 5.25E 03 5 .90F  0 2  3. 512-13  
8.323-03 8.79E-03 9.72E-03 1.08E-02 1.393-02 5.31F-02 
2.80E 0 4  2.62E 04 1.79p 04 9.745 0 3  1.23F 03 7.U6F-13 
2.00E-02 2.00E-02 2.00E-02 2.00E-02 2.00F-02 2.00"-02 
1.40E-02 1.40E-02 1.UOF-02 1.40F-C2 1.40E-02 l.uOE-02 
1.21E O U  2.743 0 3  1 .402  0 2  4.392 00 1 .72r -04  0.0 
2.412 0 1  2.21E 0 1  1.87F 0 1  1.5UF 01 8.74F 00 9.62E-0u 
3.37F-0 1 3-37-01  3.37E-01 3.36E-01 3.34F-01 3.08F-01 
4.47E-01 3.78E-01 2.71E-01 1.84F-01 5 .  90E-02 7. luE-10 
ll.73E 00 3.35E 00 1 .67F 00 7.U5E-01 6.983-02 2.24F-18 
4.47E 0 1  4 .383  01 4.20F 0 1  4.00E 01 3.u6p 0 1  3 .432  00 
1.62E 0 1  1 . 6 %  0 1  1.66E 0 1  1.623 0 1  1.43p 0 1  1.42T 0 0  
1.18E 05 8.C3E 00 4.52F 0 4  2.622 O U  1.OOF 0 4  2.uOE 0 3  

TOTPLS 0.0 1.U22 0 5  8.03P 04 U.52F 00 2.62F 04 1 .00a  0 4  2.uOE 0 3  



TmLE A-7, S M R Y  TABU OF ISOTOPIC ACTIVITIES (CI/METRIC TON OF u) OF ACTINIDES AND THEIR DAEHTERS AS A FWCTION 
OF POSTIRRADIATION TIME (DAYS) 

NUCLIDES WHOSE CONTRIBUION TO ME SPECIFIC ACTIVITY OF THE FUEL IS LESS THAN 0,001 WMETRIC TON OF U AT A 
POSTIRRADIATION TIME OF 150 DAYS ARE EXCLUDED, 

REFEFENCE PUP FQUILIBRIUM FUEL CYCLF -- FUEL C E C P Y  TTflBS 

?OWFR= 30.00MU. BURNUP= 33000.  MUD, FLUX= 2 .923  13N/CM**2-SEC 

N U C L I D E  F ACIOACTIVITY, CUPIES 
ERST’S = MT OF B E A V Y  METAL C H P P G E D  TO SFACTOR 

CAARGE DISCHAPGF 30. D 90. D 160.  D 365. D 3653. D 
PB212 0.0 1.50E-03 1. 61B-03 1. 90E-03 2.292-03 3. UOE-03 1 .60f -02  
B I 2 1 2  0.0 1 .502-03  1.61E-03 1.90E-03 2.293-03 3. UOE-03 1.6OR-02 
0 0 2 1 2  0.0 9.59E-04 1.03E-03 1.21E-03 1. U6F-03 2. 172-03  1.027’-02 
PO216 0.0 1.502-03 1.61F-03 1.90E-03 2.29F-03 3.40F-03 1.60F-02 
RN220 0.0 1.50E-03 1.61F-03 1.9OF-03 2.29F-03 3.4OF-03 1.60E-02 
RP.224 0.0 1.50F-03 1 .6 lE-03  1.9OP-03 2.29F-03 3. UOF-03 1.60E-02 
TH228 0.0 1.u9E-03 1.633-03 1 . 9 2 3 4 3  2.2’E-03 3.3BP-63 1.bUF-02 
TB231 0.0 7.93E-01 1.71E-02 1.7lE-02 l . 7 l E - 0 2  l . 7 l E - 0 2  1.71E-02 
TH23u 0.0 3. lUE-01 3. 14E-01 3.14F-01 3.14E-01 3.14E-01 3.14E-01 
PX233 0.0 3.24F-01 3.31E-01 3.38F-01 3.40E-01 3. UOE-01 3.43-01 
PA23UM 0.0 3.21E-01 3. 14P-01 3.lUE-01 3.14E-01 3. 14E-01 3. 14E-01 

0 2 3 2  0.0 6.07E-03 6.36E-03 6. 88E-03 7. 46E-03 9.01F-03 1.7UE-02 
023U 1.64E 0 0  7.51F-01 7.52E-01 7.53F-01 7.55F-01 7.59F-01 8 .304-01  
0 2 3 5  7.07E-02 1.71E-02 l .T lE-02  1.71F-02 1.71E-02 1.71E-02 1.71E-02 
U236 0.0 2.882-01 2.88E-01 2.88E-01 2.88E-01 2.88F-01 2.88F-F1 
0237 0.0 8 . 6 5 3  0 5  3.97E 0 4  8.631: 0 1  2 .543  00 2.UlF 00 1.57P 00 
U238 3.22E-01 3.14E-Pl  3.14E-01 3.1411-01 3.1473-01 3.14E-01 3. lUE-01 

NP237 0.0 3 .333-01  3.40F-01 3.40E-01 3.40E-01 3.40E-01 3.43X-01 
NP239 0.0 1.85F 0 7  2 .701  03  1.82E 01  1.82E 01 1.82E 01 1.82E 0 1  
PO236 0.0 3.50E-01 3.4UF-01 3 . 3 l E - 0 1  3.16E-01 2.75E-01 3.08P-02 
PU238 0.0 2.72P 0 3  2.77E 0 3  2.80E 0 3  2.82E 03  2.86E 0 3  2.70F 03  
PU239 0.0 3.18E 0 2  3.233 0 2  3.23E 0 2  3 .233  02 3.23F 0 2  3.23E 02 
0 0 2 4 0  0.0 4 .773  0 2  4.77E 0 2  4. 77E 0 2  4.7% 02 4.77F 0 2  4.79P: 0 2  
PO241 0.0 1.05E 05 1 .05F 05 1.04E 0 5  1.03E 05 1.00F 05 6 . 5 3 3  0 4  
PU242 0.0 1.38F 0 0  1.38E 00 1.38E 00 1.38E 00 1.38E 00 1.38E 00 
AM241 0.0 8 .592  0 1  9.97E 0 1  1.27E 0 2  1.59E 02 2.5OF 0 2  1.Ulp 0 3  
~ ~ 2 4 2 ~  0.0 9.16E 00 9.16E 00 9.15E 00 9.14E 00 9.12E 00 8.75kI 0 0  
AM242 0.0 6.34E 0 4  9.16E 00 9.15E 00 9.14F 00 9.12E 00 8.75P 00 
AM243 0.0 1.81E 0 1  1.82E 01 1 .823  0 1  1.82E 01  1.82E 01  1.82E 01  
CM242 0.0 3 .342  04 2.96E 0 4  2.29p 04 1.70E 04 7 . 1 2 r  0 3  7.18E 00 
CM2u3 0.0 3.71E 00  3.70E 00 3.69E 00 3.68E 00 3.63E 00 2 .993  00 
CM244 0.0 2.04E 03 2.443 0 3  2 .421  0 3  2.40E 0 3  2.3% 0 3  1.67Y 0 3  
c n 2 u 5  0.0 3.UlE-01 3.41E-01 3 .u lE-01  3.41E-01 3.41E-01 3.UlF-01 
c n 2 0 6  0.0 6.84E-02 6.841-02 6.84F-02 6.84E-02 6.84E-02 6 .839-02  
BK249 0.0 3.583-03 3.36P-03 2.9UE-03 2.52E-03 1.60E-03 1.13E-06 
SUBTOT 2.03E 00 1.96E 0 7  1.83E 05 1.33E 05  1.26E 05 1.14E 05  7.20E 04 

TOTALS 2.03P 00 3.91E 0 7  1.83E 05 1.33E 05 1.26P 05 1.1473 05 7.20F 0 4  

, c 



TABLE A-8, S w  TABU OF ISOTWIC THEWL PCWER (WMETRIC TON OF U) OF ~ T I N I M S  AND THEIR DAUCHERS AS A FWCTIGN 

NUCLIES WHOSE CONTRIBUTIW m-ME SPECIFIC PWER OF ME FUEL IS LESS MAN 0,001 W/METRIC TON OF U AT A POSTIRRADIATION 
OF POSTIRRADIATION TIME (DAYS) 

TIME OF 150 DAYS ARE EXCLUKD, 

REFERENCE PHR E Q U I L I B R I o H  F!JFL CYCLE -- FUEL fECAY TTHYS 

POHE?= 30.00HP, BURNUP= 33000.HHD, FLUX- 2.92F 13N/CH**2-SEC 

NUCLIDE IAERHAL POUFF, UATTS 
BASIS = HT OF A V A V Y  METAL CAPPGED T O  FEACTOR 

CRAFGE DISCHARGE 30. D 90. D 160. D 
PA234N 0.0 1.65E-03 1.62E-03 1 .623-63  1.622-03 

11234 4.713-02 2.16F-02 2.16E-02 2.17F-02 2.171-02 
0 2 3 6  0.0 7 .811-03  7.813-03 7 .8 lE-03  7.812-03 
W237 0.0 5.74F 0 2  2.6421 01 5.73P-02 1.683-03 
0 2 3 8  8. 15F-03 7.953-03 7.95E-03 7.95F-03 7.951-03 

NP237 0.0 9.77E-03 9.982-03 9.99E-03 9.992-03 
NP239 0.0 2.51E 0 4  3.653 00 2.461-02 2.463-02 
PW236 0.0 1 .222-02  1.20F-02 1.15F-02 1.1OE-02 
PU238 0.0 9.02E 0 1  9.17E 0 1  9.27F 0 1  9.359 01 
PO239 0.0 9 .893  0 0  1.00E 0 1  1.OOE 0 1  1.00E 01 
PO240 0.0 l.U9F 0 1  1.49E 01 1.49E 0 1  1.49E 01 
PU241 0.0 4.36E 00 4.343 00 4.31E 00 4 .273  00 
PW242 0.0 4.07E-02 4.07E-02 4.07F-02 4.07E-02 
AN241 0.0 2.87E 00 3.33E 00 4 .243  00 5.30F 00 
AM242H 0.0 2.61P-03 2. 01E-03 2 .602-03  2.60E-03 
AH242 0.0 8.46F 0 1  1.22E-02 1 .22P-02  1.222-02 
AH243 0 .0  6.6272-01 6.63E-01 6 .633-01  6.633-01 
CM242 0.0 1.23E 0 3  1.09E 0 3  8 . 4 5 1  0 2  6.27E 02 
c m u 3  0.0 1.36F- 0 1 1.3 6F- 0 1 1.36F-0 1 1.3 5E-01 
CN24U 0.0 8.55E 0 1  8 .522  0 1  8.47F 0 1  8.41F 01 
CH245 0.0 1.07E-02 1.07E-02 1.07E-02 1.07E-C2 
CM246 0.0 2.24E-03 2.242-03 2 .24u-03  2.245-03 
SUBTOT 5.52P-02 2.72E 0 4  1.33E 03 1.06E 0 3  8.40E 02 

365.  D 
1.62E-03 
2.1912-02 
7.81E-03 
1.60E-03 
7.95E-03 
9.99E-03 
2.463-02 
9.58P-03 
9.47E 01 
1.OOE 01  
1.49E 01 
4.16W 00 
4.07F-02 
8.33E 00 
2.60E-03 
1.222-02 
6.63F-01 
2.62F 02 
1.33E-01 
8.23E 01 
1.073-02 
2.2UE-03 
4.78F 02 

3653. D 
1. 62E-03 
2.39E-02 
7.82E-03 
1.OUP-03 
7.95B-03 
1.01E-02 
2. USE-02 
1.07E-03 
8.94P 0 1  
1.00E 0 1  
1.49E 01  
2.71E 00 
4.07F-02 
4 .7 lE  0 1  
2. U9F-03 
1. 17E-02 
6.63F-01 
2 .655-01  
1.1OF-01 
5.83P 0 1  
1.07E-02 
2.24E-03 
2. 24F 0 2  

TOTPLS 5.72E-02 7 .462  0 4  1.33E 0 3  1 .06F  0 3  8.40E 02 u.78?! 02 2.24P 0 2  



TMU A-9, SINWRY TABU OF ISOTOPIC ACTIVITIES WMETRIC TON OF U) OF FISSION PR~DUCTS AS A FUNCTION OF 

NUCLIDES WHOSE CONTRIB~ION TO THE SPECIFIC ACTIVITY OF THE FUEL IS LESS MAN 0 , W l  CI/METRIC TON OF U AT 
POSTIRRADIATION TIME (DAYS) 

A POSTIRRADIATION TIME OF I.!% DAYS ARE EXCLUDED, 

PFFEPENCP O W 4  PQUILIBF?tOM FUEI C Y C I E  -- FUPL f2CAY TIM?!? 

POIF?= 30.0011W, BURNUP= 33000.  MWD, FLUX= 2.922 13N/C!4**2-SEC 

NUCL'IDE F FDIQACTIVTTY, COPIES 
BASIS = MT OF H E A V Y  METbL CPPTtGFD TO FEPCTO? 

C H I R G E  DISCAAFGE 30. D 90. D 160.  D 365.  D 3653.  D 
A 3 0.0 

se 7 9  0.0 
KP 8 5  0.0 
FB 86 0.0 
SR 8 9  0.0 
SR 90 0.0 

Y 90 0.0 
Y 9 1  0.0 

ZP s3 0.0 
NB 9311 0.0 
ZR 9 5  0 .0  
NB 95M 0.0 
N B  9 5  0.0 
TC 9 9  0.0 
RU103 0.0 
PH103M 0.0 
RU106 0.0 
RH106 0.0 
PD107 0.0 
AGllOM 0.0 
A G l l O  0.0 
A G l l l  0.0 
CD113M 0 .0  
TN114M 0.0 
IN114 0.0 
CD115N 0.0 
SN117M 0.0 
SN119M 0.0 
SN123 0.0 
TF123M 0.0 
58124 0 .0  
SN125 0.0 
SB125 0.0 
TE125M 0.0 
SN126 0.0 
SB126M 0.0 
SB126 0.0 
TF127M 0.0 
T2127 0.0 
TF129H 0.0 
TF129 0.0 

' I129 0.0 
1 1 3 1  0.0 

XFl31M 0.0 
XF133 0.0 

7 .092  0 2  7. OSE 02 6.99E 0 2  6.91E 02 6.70F 02 4.03E 0 2  
3.98E-01 3.98E-01 3 .981-01  3.982-01 3.98E-01 3.987'-01 
1.13E O U  1.13E 0 4  1 .11F 04 1.102 O U  1.062 04  5.967' 0 3  
4.93E C2 1.62E 02 1 . 7 6 r  0 1  1.31E 00 6.57Y-Oa 0 .0  
7.18F 0 5  4.812 05 2.16F 05 8.51Y 04 5.53E 03  5 .157-16  
7 .762  04 7.75E 0 4  7.72E 04 -".681 04  7.572 04 6.07E 0 4  
8.07E 04 7.75F 0 4  7.72E O U  7.68E Ou 7.582 O U  6.07F 0 4  
9.382 0 5  6 .632  0 5  3.27E 0 5  1.43E 05 1.28E 04 1.897-13  
1.892 00 1 . 8 9 2  00 1.80F 0 0  1.89E 00 1.892 00 1.892 00 
1.45E-01 1.52E-01 1.66F-01 1.83P-01 2.31E-01 8 .UOE-01  
1.37E 0 6  9 .97E 05 5 . 2 6 2  05 2.492 05  2.802 0 4  1 .672-11  
2.80E 04 2.11E O U  1.122 0 4  5 .292  03  5.942 0 2  3.5uF-13 
1 .382  06 1.28E 06 8.72n 05 4.73P 05 5.95F O U  3. 61B- 1 1  
1.43E 0 1  1.43E 0 1  1 .432  0 1  1.43E 01 1.432 01  1.u3F 0 1  
1.22E 06 7 .21E 05 2.52E 05 7.41F 04 2.05E 0 3  2.095-22 
1.22E 0 6  7 . 2 2 3  05 2.52P 0 5  7.41E 04  2.05E 0 3  2.092-22 
S.US2 05 5.15E 0 5  4.59F 0 5  4.03E 05 2.732 05 5.507 0 2  
7.UOF 05 5.1EE 0 5  4.59E 05 u.032 05 2.732 0 5  5.50E 0 2  
l . lOE-01 l . lOE-01 l . lOF-01  1.102-01 1.1OE-01 1.1OF-01 
3.682, 0 3  3.39E 0 3  2.882 0 3  2.372 03  1.352 0 3  1.66E-01 
1.59F 0 5  4.01E 0 2  3. 74F 0 2  3.09E 02 1.762 0 2  2. 162-02  
3 .962  04 2.48E 03 9.70F 00 1.502-02 8.89F-11 0.0 
1.05E 0 1  1.05E 01  1.04E 0 1  1.03E 01 9.993 00 6.UOE 0 0  
1.55E 00 1 . 0 2 3  00 4.45E-01 1.69E-01 9.807-03 1.58I"-22 
2.212 0 0  9.87F-01 4.30F-01 1.63E-01 9.492-03 1.532-22 
5.51E 0 2  3.40E 0 2  1.29P 0 2  4.18E 01 1.532 00 l.u8F,-23 
5.96E 0 1  1 .3% 01 6 .92P-01  2.16F-02 8.45B-07 0.0 
1 .642  0 1  1.51E 01  1.282 0 1  1.052 01 5.96F 00 6 .562-04  
8 . 8 8 3  0 3  7 .523  0 3  5.39E 0 3  3.662 0 3  1.177 0 3  l .42P-05  
6.10E-01 5. l l E - 0 1  3.58E-01 2.362-01 7.022-02 2.4UE-10 
u.06E 0 2  2 . 8 7 3  0 2  1.44F 0 2  6 .392  01 5.997 00 1.92E-16 
1.35E 04 1.U8F 03 1.772 01  1.022-01 2.77E-08 O . @  
8 .70P 0 3  8,642 0 3  8.292 0 3  7.89E 0 3  6.83F 03  6 . 7 8 1  0 2  
3.112 0 3  3.20F 0 3  3.252 0 3  3.19F 0 3  2.83E 0 3  2.81F 0 2  
5.46F-01 5.963-01 5.46F-01 5.46E-01 5.46E-01 5.462-01 
2 . 2 5 1  0 1  5.06E-01 5.46F-01 5.46E-01 5.46E-01 5.46F-01 
5.702 0 1  1.12E 01  9.25E-01 5.49E-01 5 . u l 2 - 0 1  5.41E-01 
1.5UE 04 1.32E 04 9.002 0 3  5 .772  03  1.572 0 3  1.30E-06 
7.20E 04 1.33E O U  8.90E 0 3  5.70F 03 1.55E 0 3  1.29F-06 
5.73E 04 3.13E OU 9.20E 0 3  2.217' 03 3.387 01  0.0 
3.372 05 2.00Y 04 5.90P 0 3  1.U2E 03 2.177 01  0.0 
3.'1E-02 3.73P-02 3.74F-02 3.743-02 3.7UE-02 3.7UE-02 
8 .612  FS 6.712 O U  3.83F 0 2  9.23E-01 1.99F-08 0.0 
6.39E 0 3  2 .562  03 1 . 0 3 7  0 2  1.78F 00 1.O'F-05 0.0 
1.61F 0 6  3 . 8 3 2  OU 1.43F 0 1  1.441-03 2.80E-15 0 . 0  

c 



TASLE A-9 (CONTINUED) 

FEFEFENCE PH? EQUILTBRTWfl FWFL CYCLE -- PDF1 fECPY T f f l E S  

POUFS= 30.0OMl7, BURNUP= 33000. HHD, FLWX= 2.92E 13N/Ct!**2-SEC 

CAAPGX 
c s 1 3 4  0.0 
CS135 0.0 
CS136 0 .0  
CS137 0 .0  
BP137N 0.0 
EA140 0.0 
LA140 0.0 
CE141 0.0 
PI1143 0.0 
CE144 0.0 
PP14U 0.0 
N D l U 7  0.0 
PNlU7 0.0 
Pfll48N 0.0 
PHl48 0.0 

EW152 0.0 
GD153 0.0 
ED154 0.0 
ED155 0.0 
E0156 0.0 
TB160 0.0 
SWBTOT 0.0 

s n i ~ i  0.0 

N W C I I D E  FAOIOACTIVITY, CWRIES 
BPSIS = flT OF H E P V Y  METAL CHAUGED TO QF9CTI)R 

DISCHARGE 30. D 90. D 160. D 365. D 3653. D 
2 .462 05 2.40p 05 2 .272  05 2.122 05 1.76E 05 8 .38p  0 3  
2.86E-01 2.862-01 2.86P-01 2.86F-01 2.862-01 2.86E-01 
6.08E 0 4  1.23E 04 5.01E 0 2  1.209 01 2.163-04 O . @  
1.08F 0 5  1.C8E 05 1.07E 05 1.07E 05 1.052 05 8 . 5 6 3  0 4  
1.OlE 0 5  1.01E 05 1.OOE 05 9.982 00 9.85p 04  8.OOE 0 4  
1.45E 06  2 .863  05 1.11F 0 4  2.51E 02 3.793-03 0 .0  
1.5OE 06 3.30P 05 1 .282  00 2.892 02 U.36E-03 0.0 
1.39E 0 6  7.3E.E 05 2.042 05 U.56E 04 5.67E 02  0.0 
1.2OE 06  2.94E 05 1.41E O U  4.09E 02 1.29P-02 0.0 
1.11E 0 6  1.03E 06  8 .928  05 7.523 @5 4.562 05 1.512 0 2  
1.12E 06  1.03E 06  8.93F 05 7.52E 0 5  4.56P 05 1.51E 0 2  
5 . 8 8 r  05 9.04E O U  2.13F 0 3  2.70E 01 7.39F-05 0.0 
1.022 C5 1.C6E 05 1 .02F 05 9.732 04 8.39E 0 4  7.75p 0 3  
3.88E 04  2.37E OU 8.8OP 0 3  2.77F 03 9.40P 0 1  2.57F-22 
1 .992  05 6.06E 0 3  7.09F 0 2  2.232 02  7.55E 00 2 .072-23  
1.25E 0 3  1.25E 03 1.25E 03  1.25E 03 1.243 03 1.162 0 3  
1.25E 0 1  1 .2fE 01  1 .24F 0 1  1.22E 01  1.18P 0 1  7.0UE 00 
3.55E 0 1  3.26E 0 1  2.75F 0 1  2.25E 01 1.25F 01  1 .020-03  
6 .993  0 3  6 . 9 7 1  03 6.92F 0 3  6 .863  03 6.692 03  4.53F 0 3  
7.48E 0 3  7 . 2 f E  03  6 .812  0 3  6.332 03  5 . l l F  0 3  1.63F 0 2  
2.26E 05 5 . 6 6 3  OU 3.54F 03 1.390 02 1.07E-02 0.0 
1.28F 0 3  9.61E 02  5.40F 0 2  2.753 02 3.84E 01  7 . 2 1 5 - 1 3  
2.103 0 7  1. C8E 07 6 .192  0 6  4.19E 06 2.222 06 3.18E 0 5  

TOTALS 0.0 1.38E 0 8  1. O8E 07  6.19F 06 4.19E 06 2.222 06 3 .18p  05  



c * 

A 
ZN 
G A  
GE 
AS 
SE 
E? 
KF 
PB 
SP 

Y 
ZF 
BE 
no 
TC 
?U 
FH 
PD 
?. G 
CD 
TN 
SN 
SB 
TE 
T 

XE 
cs 
E? 
LA 
CE 
PP 
ND 

sa  
FU 
GD 
TB 
DY 
A 0  

pn 

TABU A-10, THEWL PMR (W/METRIC TON OF U) OF FISSION PRODUCT ELEMENTS AS A FWCTICN OF POSTIRRADIATION TIME (DAYS) 

aEFERENC? PUP E Q U I L I B ~ T D M  FUEL CYCLE -- FUEL TECAY T’IRFS 

POWE?= 30.00MU, BUFNUP= 33000. HWD, FLUX= 2.92E 13N/CN**2-SEC 

CHP RGE 
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.F 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 . - -  

0. a 
0.0 

TOTPLS 0.0 

D I  SCHAR GE 
2.52F-02 
2.70E-02 
1.91E 0 1  
3.81E 0 1  
4.U8F 0 2  
5 .363  0 3  
4 .433  04 
5.19E 0 4  
1.16E 05  
5.62E 0 4  
1.06F 05 
z.ii7p 0 0  
1.0813 05  
5 .952  04 
7.63E 04 
1.66E 0 4  
2.81E 0 4  
1.30E 0 3  
2.34E 03 
2.94P 0 2  
1 .20F 03 
4.1’E 0 4  
1.04” 05 
9.04E 04 
1.60E 05  
7.26E 0 4  
1.11F 05 
5.91E 04 
9.27” 04 
3.20E 0 4  
4 . O U R  0 4  
5.35E 03 
6 .753  03 
1.36E 03 
2.523 03 
1.53P 0 1  
? . 7 3 E  0 1  
1 . 4 4 1  00 
5 .  U6E-0 1 
1.52E 0 6  

10 .  D 
2.52E-02 
7.55F-04 
1.75E-02 
3.57E-C6 
5.092-02 
2.53P-00 
3.52E-01 
1.84E 0 1  
1.61E 00 
2.36E 03 .~ 

3.652 03 
6.362 0 3  
6.62E 03 
5.18F 02  
1.03E 0 2  
3.40P 03 
6.11E 03 
8.00E-03 
1 .04F 0 2  
2.892 00 
7.54E-01 
7.10E 0 1  
1.20E 02  
5 . 8 5 E  0 2  
3 . 8 1 E  0 3  
8 .461  0 2  
3 .253  03 
3.22E 03 
1.71E 04 
3 . 1 5 E  03 
1.02F 04 
1.02E 03 
9.94F 02  
3.36E 0 1  
1.48E 03 
5.08F-02 
1.03F 01  
1.23E-03 
1.04F-02 
7.52E OLi 

ELEIIENT TB+PNAL FOWFR, WATTS 
BASTS = MT OF R F A V Y  NETAL CHaQGED 

30. D 
2.5 13-02 
5.89F-07 
1.37E-05 
5.83E-19 
9.3 5E-0 6 
1 . 5 l E - O U  
2.8UE-05 
1.83E 0 1  
7.67% 0 1 
1.83E 03 
2.98E 03 
5 . 2 2  0 3  
6.20E 03 
3.61E 00 
7.2 B E - 0  1 
2.U18 03 
5.75E 03 
9.16!-06 
6.684 0 1  
1.26E 00 
7.263-03 
3.61E 0 1  
4.13E 0 1  
1.742 0 2  
2.69E 0 2  
6 .491  0 1  
2.88B 0 3  
1.35E 0 3  
5.823 03 
2.29E 03 
8.6UF 03 
2.94F 0 2  
3.971 0 2  
2.211 00 
6.2’E 0 2  

8.222 00 
2.08P-05 
1.67E-OU 
u.7u-F ou 

4 . 7 0 ~ - 0 2  

60 .  D 
2.50E-02 
1.29F-11 
2.99”- 10 
3.85E-38 
2. 357-11 
1.51E-04 
2.06P- 11 
1.82F 01 
2.52E-01 
1 .263  03 
2.23E 03 
3.79E 03 
5.2UE 03 
2.13E-03 
1.0 1”-02 
1.U3p 03 
5.31F 03 
9.16E-06 
5.61E 01 
7.80F-01 
3.80E-03 
2.36E 01 
3.72E 01 
1.02E 02 
1.78F 01 
2.2373 00 
2 .682  03 
5.83” 02 
1.1573 03 
1.55E 03 
7.58E 03 
U.51F 01 
2.U3E 02 
2 . 1 m  00 
2.04F 02 
4.312-02 
6. 12F  00 
U.59E-C8 
7.79E-06 
3.3673 04 

90 .  D 
2.49F-02 
2.817-16 
6.52E-15 
2.542-57 
5.887-17 
1 .51  F-Ob 
1.  U9F-1’ 
1 .81F 0 1  
8.29F-02 
8 .797  02 
1 .70”  03  
2 .757  8: 
u.21F 03 
1.22F-06 
9.69E-03 
8.589 02  
U.95F 03 
9.16E-06 
5 .13F  0 1  
U. 86E-01 
2 .507-03  
1 .92F  0 1  
3 .56E 01  
6 .46F 0 1  
1 .347  00 
2.22E-0 1 
2.58B 03 
4.31E 02  
2 .268  02  
1 .132  03 
6.95F 03 
6.93E 00 
1.68E 0 2  
2 .182  00 
9 .79F 0 1  
3 .962-02  
4 . 5 9 r  00 
1. OOE- 10 
7 .  UQ8-06 
2.71E 04 

120. D 
2. U7F-02 
6. 12F-21 
1. U2E-19 
0.0 
1. UEF-22 
1.51E-04 
1.08E-23 
1 .805  0 1  
2.73F-02 
6.23’7 0 2  
1 .335  0 3  

3 .283  0 3  -’. 13E-10 
9.69”-0 3 
5.17E 0 2  
4 .631  03 
9.162-06 
4 .73F 0 1  
3.OSP-0 1 
1.653-03 
1.62F 0 1  
3. U3E 0 1  
4. 30F 0 1  
1.013-0 1 
3.60”-02 
2.51E 03 
4.01F 0 2  
U.UU” 0 1  
8 .90F 02  
6.43E 0 3  
1.06E 00 
1.22E 0 2  
2.18E 00 
7 .12P  0 1  
3.63E-02 
3 . U U P  00 
2. 19E-13 
7. U4E-06 
2.30: 0 4  

- nnn n-  
L . U V L .  “ 2  

TO PEACTC 

160. D 
2. U6F-02 
3.7UE- 27  
8. 6-”2- 26 
0. n 
5.03E-30 
1. 51F-04 
7.02F-32 
1.79E 0 1  
6 .19E-03 
U.07F 0 2  
9.97F 0 2  
I. >./E 0 3  
2.29F 03 
3.461- !4 
9. 69F-03 
2.68E 0 2  

9.16E-06 
U.24E 0 1  
1.66E-01 
9. 49F-04 
1.30E 0 1  
3.29E 0 1  
2.7UE 0 1  
3. 253-03  
3. USF- 03 
2.U2F 03  
3.93F 02  
5.09F 00 
1 . 0 5 E  0 2  
5. 83F 03 
8.762-02 
8 . 6 3 1  0 1  
2.18E 00 
6 .32E 01  
3.2UE-02 
2.3UE 00 
6. 23E- 17 
7. U4F-06 
1 .92F 04 

. -3n- 

u . 2 7 ~  03 

j? 

270. D 
2.42F-02 
3 . 0 3 E - 4 4  
7.OUE-43 
0.0 
1. U7F-50 
1. 51E-Ou 
0.0 
1.75F 0 1  
1.05E-OU 
1.71E 0 2  
5.98F 0 2  
18 n r r n  $2 
7.70” 02 
U.77F-26 
9 .69F-03  
5 .50P  0 1  
3 . 4 U E  03 
9.16E-06 
3.13P 01  
3.93E-02 
2. 0’E- 0 u 
7.0UF 90 
2.99E 0 1  
1.23E 01  
2. U9E-05 
5 .  50”-06 
2.21F 03 
3.89E 02  
1.32E-02 
U.’9E 02  
4.U6E 0 3  
8.94E-05 
5 .223  0 1  
2.17F 00 
6.05E 0 1  
2. 36E- 0 2 
I). 131-01  
1.10E-26 
7. 44E-06 
1.32F O U  

v .  v-.. 

365. D 
2.38’-02 
5.  27P-59 
1 .  22E-57 
0.0 
0.0 
1 .5 lF-04  
0 .0  
1.72E 01  
3.12E-06 
1.19E 02  
u.95” 02 
?.“E 02 
2 .873  02  
2. ’2E-36 
9. 69F-03 
2.29’Y 01  
2. 87B 03 
9.167-06 
2.U2E 0 1  
1.88E-02 
5.53E-05 
U.16E 00 
2.78‘7 01 
8. 36” 00 
2. U6E-05 
2.08-t-08 
2 .035  03 
3.87E 02 
7.70E-05 
3.74E 02 
3.53E 03  
2.kOE-0’ 
U.U5E 01  
2.17E 00 
5 . 9 5 3  01 
1.80E- 02 
3.26R-01 
U .  193-35 
7. 4UE-06 
1 .055  OU 

1096.  D 
2.13F-02 
0.0 
0.0 
0.0 
0.0 
1.5 1E-OU 
0.0 
1.52’7 0 1  
1 .28s-08  
9.uun 0 1  
U.24’7 0 2  
5 .653-02  
1 .21F-01  
0.0 
9.6973-03 

7 .22F 0 2  
9.16’7-06 
3.26F 00 
1.2OF-02 
2.2OF-09 
7 .35F-02  
1.66F 0 1  
2.95E 00 
2 .469-05  
U.  677-27  
1 .11F 03 
3.70F 0 2  
U.95F-22 
6.27E 0 1  
5 . 9 U F  02 
3.59F- 27  
2.55F 0 1  
2.13F 00  
5.26’7 0 1  
2 .22P-03  
2.892-04 
0 .0  
7. 43p-06  
3.502 0 3  

u.07’7 00 

3653. D 
1. u3E-02 
B. 0 
0.0 
0.0 
0.0 
1.51E-Ou 
0.0 
9 .685  00 
1.2 8E- 08 
7.9573 0 1  
3.q7E 0 2  
2 .2u r -ou  
1.U9E-011 

9.69E-F3 
3.26E-02 
5.78E 00  
9.16L-06 
2.9FF-03 
8. U6F-03 
8.9 2E-25 
5.91F-OU 
2.76E 00  
U. 8 3E- 0 1 
2. u6F-05 
0.0 
2.29F 0 2  
3.14F 02  
0.0 
1.23E-0 1 
1.17F 00  
0.0 
4.601 00 
2.02F 00 
3.75E 01  
1.46E-06 
6.13E- 1 5  
0.0 
7.4OE-06 
1.OUF 0 3  

0. n 



Tmu A - l l ,  TWELVE-ENERGY-GROW PHOTON SPECTRWI OF THE FISSION PRODKTS AS A ~ C T I O N  OF POSTIRRADIATION TIME (DAYS) 

REFEPENCE PWR EQUILIERTUM FUEL CYCLF -- FUFL DECP.Y TlMES 
POWER= 30.00 flu, BURNUP= 33000.MWD, FLUX= 2.92F 1 3  N**2-SFC 

TWFLVE GROUP PAOTCN RFlFPSE RATES, PAOTONS/SFC 
BASTS = MT OF HEAVY MRTAL CHP-FGFD TO FFACTOR 

EflEAN 

3.00E-01 
6.30E-01 
1.10E 00 
1.55E 00 
1.99E 00 
2.38E 00 
2.7513 00 
3 .253  00 
3.70E 00 
U.22E 00 
u.70E 00 
5.25E 00 

(MFv) INITTAL 
9.12E 1 7  
1.72E 1 8  
6.UOE 17 
3.90E 17 
6.5UF 1 6  
7 .14E 1 6  
2.98E 1 6  
5 .192  1 6  
3 .07E 1 5  
9.40E 1 5  
4.32E 1 5  
1.09F 15 

10. D 
5.45E 1 6  
2.49E 1 7  
1.19F 1 6  
3.73E 16 
1.60E 15 
1.18F 1 5  
2 .66f  1 2  
8.42E 1 0  
0.0 
0 .0  
0.0 
0.0 

30 I 
2.19E 
1.74E 
4.97F 
1.28E 
7 . 9 3 3  
4.24E 
2.57F 
8.09E 
0.0 
0.0 
0.0 
0.0 

TIMF AF‘IEP DISCAARGE 
, D  60. D 90. D 

16  1.31P 16  1.06E 1 6  
1 7  1.29E 17 1.02E 1 7  
1 5  2.60E 15  1 .96F 1 5  
16  2.99E 15  1.05E 1 5  
14  4 . 4 W  111 3 .409  1 4  
1U 1.09F 14 0 . 5 3 7  1 3  
1 2  2.42E 12 2 .293  1 2  
10  7 . 6 4 F  10 7.22E 1 0  

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

120. D 
9 .202  1 5  
8.27E 1 6  
1.71rI 15 
6 .38F 1 4  
2.99E 1 4  
3.15E 13 
2.16F 1 2  
6 .82F 1 0  
0 . 0  
0.0 
0.0 
0.0 

160 .  D 27C. D 
8.00E 1 5  5 .97F  1 5  
6 .40F 16 3 .73E 16  
1 .54F 1 5  1 .25F 15  
5 .187  14 4 . 2 2 3  1U 
2.66E 14 2.05F 1U 
2.68E 1 3  2.14F 1 3  
2.01F 1 2  1 .63F  12 
6.33E 10  5 .  l 4 F  10 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

365.  
u.81F 
2. EO? 
1.08F 
3.6UP 
1.63E 
1.-9F 
1.36E 
4.30E 
0 . 0  
0.0 
0 . 0  
0.0 

I D 1096. I) 
1 5  1 .12F 1 5  
16  1 .297  16 
1 5  U.29F l U  
10  1 .34F 14  
l U  2.9YE 1 3  
13 4 .43F  1 2  
1 2  3.U2F 1 1  
1 0  1 .08F 1 0  

0.0 
0.0 
0.0 
0.0 

3653. D 
1.76E 111 
4 .017  1 5  
1 .36F lU 
1.05P 1 3  
1.2UF 1 1  
3.08F 1 0  
2.73” 09 
8.65F 07 
0.0 
0.0 
0.0 
0.0 

TOTAL 3.90F 18 3 .55F 17 2.15E 1 7  1.49F 17 1 .169  1 7  9 .467  1 6  7.43E 16  U.52F 1 6  3 .457  1 6  1.U6F 16 4.33F 1 5  

IEVISIIC 3.29E 18 2.50E 17 1.44E 17 9.41E 16 7.22R 1 6  5 . 8 4 7  1 6  U . 5 8 E  16 2 .783  1 6  2.12E 1 6  9.19F 1 4  2.74” 1 5  

EMEAN 
( M W  

3.00E-01 
6.30E-01 
l . l O E  00 
1.55E 00 
1.99E 00 
2.3872 00 
2.75E 00 
3 .252  00 
3.70E 00 
4.22E 00 
U . 7 0 E  00 
5 .252  00 

INITIAL 
9.12E 0 9  
3.61E 1 0  
2.35T 1 0  
2 .012  10 
4.34E 0 9  
5.662 0 9  
2.74.F 0 9  
5 .63F 0 9  
3.7973 08 
1.32E 0 9  
6.77E 08 
1.9072 08 

TWELVE GROUP ENFBGY I1ELEASE RATES, IPV/WATT-SFC 
BFSTS = MT QF H E A V Y  METPL C H P R G F D  TO RFPCmOP 

TIME APfFF DISCAaTlGE 
10. D 30. D 60. D 90. D 120. D 1 6 0 .  D 

5 . 4 5 E  0 8  2.19E 0 8  1.31E 08 1.06E 0 8  9 .20F 0 7  8.00E 07 
5 - 2 2 ?  0 9  3 .667  0 9  2.72E 09  2.15E 0 9  1.7UF 0 9  1.34F 0 9  
4 .382  0 8  1.82F 08 9 .522  07 7.17!? 07  6 .282  07 5.64F 0 7  
1.93E 0 9  6.59” 08 1.5UF 08 5 .417  07 3.30E 0 7  2.683 0 7  
1.06E 08  5 .26P 07 2.95E 07 2.26E 0 7  1 .987  07 l .77F 0 7  
9.39E 07 3.37E 07  8.63F 06  3.60F 0 6  2 .509  0 6  2.12E 06  
2.44E 05 2.35E 05 2.2272 05 2.107 05 1.987 OS 1.8UE 05 
9.12F 03 8.76E 03 8.28P 03 7.82E 03 7 .393  03 6.86”  03 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

270.  D 365. D 

4 .59”  0 7  3 . 9 1 1 ~  0 7  

1 . 3 6 ~  n7 1 . 0 8 ~  0 7  

5.97E 0 7  4 . 8 l F  0 7  
7 . 8 3 a  08 5 . 8 9 E  08  

2.18E O 7  1.88F 0 7  

l .7OF 06  1.42E 0 6  
1 .49F 0 5  1.25E OS 
5.S7F 03 4.65: 0 3  
0.0 0.0 
0 . 0  0.0 
0.0 0.0 
0.0 0.9 

1.12F 1096. 07 r 
2.70F 08 
1.57E 0 7  
6 .91F 0 6  
1 .95F 0 6  
3.52* 0 5  
3. 13T 04 
1. 17F 03 
0.0 
0.0 
0.0 
0. 0 

3653. D 
1 . 7 € 7  Oh 
8.41F 0 7  
U.98E 06  
5.YUE OC. 
8 . 2 0 5  03 
2.76F 0 3  
2.SOE 0 2  
9.37F 0 0  
0.0 
0.0 
0.0 
0.0 

TOTAL 1.10E 1 1  8.33F 09  U.800  0 9  3.1UE 0 9  2.41F 0 9  1.95F 0 9  1.53E 0 9  9 .26F  0 8  7.07” 08 3.06F 08 9.1UE 07 

G A M U A  WATTS 5.28E 0 5  4.01E 0 4  2.31E 0 4  1.51E OU 1.16E 0 4  9.36F 0 3  7 . 3 4 F  0 3  4 . U 5 F  0 3  3.u07 03 1.477 0 3  4.uOF 0 2  



c 
TASU A-12, SWY OF THE M ~ S T  IMPORTANT CONTRIBUTORS TO !%ti PHOTON ENERGY GWUP OF THE FISSION PRODUCT 

Gm RAY SPECTRLM 

NUCLIDES THAT CONTRIBUTE MIRE THAN 5% OF THE SPECIFIC ENERGY RELEASE FATE IN A GROUP AT A WSTIRRADIATION 
TIME OF 150 DAYS ARE INCLUDED, 

PPINCIPPL PHCTON SCUPCES I N  GROUP 1 ,  MEV/WITT-SFC 
MEPN ENEPGY = 0.300RFV 

NUCL 7 DE TIME 4FTER DISCRIPGE 

PF106 a .182  0 7  3.02E 0 7  2.91P 0 7  2 .753  0 7  2.60E 07 2.467 07  2.28" 0 7  1.85F 0 7  1.55F 07  3.89" 06 
CE144 4 . l l F  0 7  4.012 0 7  3.82F 07 3.55F 07 3.30E 07 3 . 0 7 7  07 2.78p 07  2.13F 07  1.697 0 7  2 . 8 3 3  06 
PP144 3.12F 07  3.02F 0 7  2.883 07 2.67E 0 7  2.49L 07 2 . 3 1 7  07 2.09F 0 7  1 .602  0 7  l .27E 07 2.13" 06  

INITIAL 10. D 30. D 6 0 .  D 00. D 120.  D 160. D 270. D 365. D 1096.  D 

FRTNCIPAL "HC' ION SOUFCEC I N  GFOUP 2 ,  MFV/UAI'T-SEC 
MEPN ENFPGY = 0.630RFV 

NUCLIDE ' V R E  PFT'P DISCRAQGY 
INTTT 4L lo .  D 30. D 60. D 90 .  D 120. D 160. n 270. D 365. D 1096.  D 

ZF 9 5  1.23E 0 9  1.103 0 9  8.91E 08 6.47F 0 8  4.707 OR 3.41p 08 2.232 08  6.89F 07  2.50F 0 7  1.03p 0 4  
FB 9 5  1.312 0 9  1.29F 0 9  1.21E 09 1.03E 0 9  8.25E 08 6.U3F 0 8  4.48E 08 i . 5 i F  08 5.63F 0 7  2.363 00 
RH106 1.973 08 1.427 0 8  1.372 08 1.30E 08 1.22E 08 1 .16F 08 1.07F 0 8  8.71F 07 7.28F 0 7  1.83E 07 
CS13U 4.592 08 4 . 5 5 E  08 4.472 08 U.3uE 08 4.2213 08 0 . 1 1 1  O R  3.96E 0 8  3.58P 08 3.283 06 1 . 6 6 2  08 
BA137M 8.2113 0 7  8.232, 0 7  8.22F 07 8.21F 07  8.19E 07 8 . 1 7 F  07 8.15F 0 7  8.10F 07  8.05F O7 7.68P 07 

PPIICIPAL PPOTON SCUPCFJ TN GOOUP 3,  MFV/IlATT-SFC 
MEPN ENEPGY = 1.1OOMPV 

NUCLIDE TTME AFTFP DTSCHPUGF 
TNTTTAL 10. D 30. D 60.  D 90 .  D 120. D 160. D 270. D 365. D 1096.  D 

V 1 0 6  5.22" 0 7  3.77r 0 7  3 . 6 3 2  07 3 . 4 3 3  07 3.2UF 07  3.06E 07 2.8US 0 7  2.31F 07  1.93F 0 7  4 . 8 5 P  06 

PO144 1.32F 07  1.28E 0 7  1.22E 07  1.13F 07  1.05" O7 9.?5F 06 8 .852  0 6  6.76F 06  5 .361  0 6  9 . 0 l F  05 
FU154 6.75P 06  6.7QE 0 6  6 .732  06  6.702 06 6 .68F 06 6 .65F 06 6.02F 06  6.5UF 0 6  6.46F 06 5 - 9 3 "  06  

CS134 1 .042  0 7  1.03E 0 7  1.01F C7 9.QOE 06 9.532 06 9.27E 06  8 .93F 06 8.07F 06 7.39F 0 6  3.75E 06 

PPTNCIPPL PHC'ICN SCUFCES I N  GROUP u ,  MFV/WITT-SFC 
PIEAN FNFRGY = 1.550PIEV 

NUCLIDE Y M E  AFTFF DTCH4QGE 
INITfPL 10. D 30.  D 60. D 90 .  D 120. r) 160. D 270. D 365. D 1096.  D 

RH106 1.06E 0 7  7 . 6 6 3  0 6  7 . 3 8 2  06  6 . 9 7 3  06 6 .593  06 6 . 2 2 7  06 5.773 06 4 .691  06 3 .921  0 6  9.85F 05  
P G l l O H  P.21E 0 6  4.09E 0 6  3.88E 06 3.57E 06  3 .29F 06 3 .03E 06 2 . 7 l E  06  2.01E 0 6  1.55E 06 2 .090  05 
CS134 1 .@1P 0 7  1.uOF 07 1.37E 07 1 .340  0 7  1 .307  07 1.26E 07 1.22E 0' l . l O F  O7 1.01E 0 7  5. 12F 06 
PFlUU 7.79F 06 7 . 5 5 2  06 7 .192  06 6 .68p  06  6.21E 0 6  5.77* 06 5.23F 0 6  U.0OF 06  3.17F 0 6  5.338 05  

PRINCTPAL PAO'ICN SOUPCFS TN GROUP 5 ,  MEV/UATT-SEC 
MEPN FNFRGY = 1.990RFV 

NnrT TnP 'TMF BF'PFR n T S C R B 9 B F  _-- . - . . - . . - - - . - . - . . . . - . 
INIT1P.L 10. D 30. D 60. D 90. D 120. D 160. D 270. D 365. I) 1096.  D 

aH106 U.17F 06  3.02F 0 6  2.901: 06 2.7UE 0 6  2.59F 06 2.45T 06 2.27E 0 6  1.852 06  1.54E 0 6  3.8RS 05  
P P l a 4  2.282 0 7  2.21E 0 7  2.10F 07 1.96E 07  1.82E 0 7  1.69B 07 1 . 5 3 2  0 7  1 .17F 07 9.29E 0 6  1.56F 06 

3653.  F 
3. 11F 0 4  
5.581 P 3  
u.20r  03 

3653.  D 
1. U9F-08 
3 ,027-08  
1.47F 05 
1.56" 07 
6 . 5 ~ ~  07 

3653.  D 
3 .88F 04  
3.52F 05 
1.7?'n 03 
u.38F 06 

3653.  D 
'.E91 03 
1.90B 0 2  
4.80F OS 
1.05'J 0 3  

3653.  D 
3 . 1 1 F  0 3  
3.07F 0 3  
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I 

LZ-uZ6 '1 
0'0 

LO-dn2'L 
nO-ZEL 'L 
zo-iLL'9 
ZG-36S'E 
9 L -an6 'S 
L 0-uE b ' L 
no-at L 'n 
zo ZOE'L 
ZO 3nS'S 
90 uZO'n 
EO dE9'8 
nO d60'Z 
h0 JLL'S 
90 iL8.Z 
L 1-3htl.9 
EO UbL'L 
80-PL6'L 
so a9s.i 
so 3SO.S 
so &E'S 
LO 262'~ 
LO dLE'n 
zo ZZE'Z 
LO 3tlL.Z 
LO ZLL'L 
ZO 3Z8'6 
z o -~z n L 
LO d90.E 
ZO-uz L 'n 
LO-350 '1 
ZO-JnS '6 
90-381 '1 
LO dEO'E 
20- S~L * L 
L L -ZOL 'S 
no-db8'L 
no-699 'Z 
Le XSS'E 
ZO-iL8 '1 
no-dl S 'Z 
no-an h 'n 
LO 291.5 
zo-3Lz 'E 
110-868 'E 
no -an s '9 
LO 228.3 
ZO-d9E'n 
EO-dli '1 
no-390 .L 

zo 3ZL'L 
no-dSE '1 
>O-d6O'S 
6 0 -35 L L 

00 3LO.L 
Z 0-LE8 '5 
a 'ES9E 

8o-aLo '1 
OE -an€ 'n 
LO-dnL'L 
no-3~1 'L 
ZO-LZL '6 
ZO-USE 'E 
EL -UL9 '1 
LO-dE6 '1 
tlo-nt L 'n 
20 PUE'L 
20 3ns.s 
90 BSZ'S 
no 300'1 
LO h8h'o 
nO BLL 'S 
90 BEL'L 
11-aSO'Z 
EO B~L'L 
LO-BOL'L 
so Bt7S.L 
so ago's 
90 BE9.S 
ZO POO'b 
zo 3nE.n 
zo BZE'Z 
ZO 3nL'Z 
LO BLL.1 
ZO LL.6 
Z0-&9L '9 
LO dbZ'Z 
eo-3SL 'E 

ZO-s9L 'tl 
so-at9 '9 
LO PEb'L 
EO-BEL 'L 
L L -an0 'z 
n(?-aso - L 
SO-809 'S 
In LL9.L 

80-392 'n 

Eo-un 
bo-gin 'L 
SO-POL '6 
LO unb'Z 
ZO-3LE '1 
no-asr 'z 
110 -PEn * L 
LO LZZ'E 
20-3nL 'L 
no-3OE 'E 
tlO-Zt96 'E 
LO UOE'S 
SO-L6E '5 
YO-hn9 'n 
60-3tlE 'n 
LO-BLO 'S 
IO-BEL '1 
a '960~ 

5 0-3iE 'tl 
81 -kt18 '6 
00 dLt'L 
nO-aEL 'L 
LO-B80 '1 
20-BOZ'Z 
E L -36E '8 
LO-iiE6'L 
bo-PLL 't 
ZO 3OE'L 
ZO dnS'S 
90 dL9.S 
nO ZSO'L 
LO 380'Z 
bo dZL 'S 
so 1LO.S 
ZL-366'~ 
EO ii6L.L 
LO-BLZ'L 
so iitl5.L 
so 290'5 
90 as9-s 
zo 31s-9 
zo 3EE'tl 
20 dZE'Z 
zo 3tlL.Z 
LO ~LL'L 
ZO 386'8 
ZO-BEL '5 
LO 26S'L 
zo -309 'E 
80-36b 'Z 
20-ii69.Z 
SO-3LE 'S 
00 310.9 
EO-JEL 'E 
11-3GL '1 
s0-anE.n 
SO-3E8 'Z 
00 anS'i 
EO-1E8 'E 
no-3ZL '1 
so-azL*n 
LO nor *L 
EO-aOL'9 
no-zEL-t 
SO-656 '9 
LO BSO'L 
E 0 -dE6 '8 
nO-uL9 '1 
tl0-3bL 'E 
LO a6E'Z 
50-391 '2 
9o-dgn -1 
60-uS0.E 
LO-d8Z '2 
E 0 -608 ' S 
a *S~E 

SB 

nO-3OE'L 
91 -3L6 'E 
00 d0tl.L 
nO-XEL 'L 
10-301 '1 
ZO-lL.8'1 
21 -dEO '1 
LO -3E6 ' L 
no -31 1 'n 
10 dOE'L 
zo ats-s 
90  EL'S 
no &O'L 
LO JLL'E 
DO 3ZL'S 
so 2ZZ'tl 
ZL -29E '9 
EO Z6L'L 
LO-2EZ '1 
so iES'L 
io 690's 
90 az9.s 
ZO aE6'9 
ZO 2EE't 
ZO PZE'Z 
zo 2nL.z 
LO 3LL.L 
ZO 396'8 
20-dbL '5 
LO 39n'L 
ZO-dE9 'E 
80-I9Z 'Z 
zo -&OS 2 
so-ailt 'S 
00 aLn'S 
EO -a61 'E 
ZL -3LL '6 
s 0 -322 'e 
so -dES 'Z 
00 JLE'9 
EO-28E 'E 
no-aot *L 
LO -~EZ *n 
00 dLZ'6 
EO406 'S 
h0 -~OL * L 
SO-aEZ '9 
LO 3EZ'L 
EO-dL8.L 
tr0 -ann . c 
no-a60*~ 
LO dL0'Z 
SO-aEn '2 
90-iioz '1 
60-d6E 'E 
LO-dE6 '1 
EO-311 '5 
a 'OLZ 

no-dLS 'n 
h 1-3 L8 'Z 
00 JlS'L 
h0-381 'L 
10-311 '1 
ZO-kEE '1 
ZL -PZE '1 
LO-&E6 '1 
no-kLL 'n 
zo aOE'L 
ZO ZihS'S 
90 u6L.S 
I70 B90'L 
LO 396'n 
tl0 3ZL'S 
so PZZ'E 
ZL -2 Ltr 'h 
EO a6~'L 
LO-3SZ '1 
so JES'L 
so 390's 

ZO 39b'L 
LO PEE'tr 

90 BAS'L 

20 dZE'Z 

LO ~LL'L 
ZO 3E6'8 
ZO-ti89 'S 
LO iiLE'L 
zo-319 'E 
80-366 '1 
ZO-dEZ 'Z 
SG-X96 't 
00 1LE.tl 
EO-66L 'Z 
ZL-aZE '8 
50-3n8 'L 
5rl-dZZ -z 
00 180'S 
EO-3S8 'Z 
no-as0 '1 
SO-ZLL 'E 

EO-i86 'tl 
nO-aE9 '1 
SO-a9n 'i 
00 a9~'6 
E 0-an9 '9 
tlo-agz 'L 
no-BS6 '2 
LO uL9'L 
io-aso 'Z 
LO-P9n'6 
60-3nZ 'E 
LO-3nS '1 
EO-iLE 't 
a '091 

zo anL-z 

3U 3bE.i 

tiO-8EZ 'L 
EL -39E L 
00 a9s-L 
no-381 'L 
LO-PZL '1 
20-a LL * L 
ZL-3nh ' L 
LO-BE6'L 
no-ail 'n 
zo BOE'L 
zo atls-s 
90 aZ8.S 
to a90.1 
LO B88'S 
ti0 itZL'S 
SO aS8.Z 
21-38L'E 
EO a6L.L 
Lo-asz L 
so aES'L 
so P9O.S 
90 PSS'S 
zo i99'L 
zo aEE'n 
20 ii2E.Z 
zo 3tlL'Z 
LO BLL'L 
ZO aZ6'8 
ZO-a99 '5 
LO 39Z'L 
ZO-PO9 'E 
80-d68 ' L 
ZO-3OZ '2 
50-168 'tl 

E 0-a09 * z 
ZL -a08 L 

So-d90 '8 
so-ii LL 'Z 
00 3hS'n 
EO-k99 'Z 
no-a 80 * L 
so-ats 'E 
00 819.9 
~o-atlg 'n 
no-sL9 * L 
so-a91 *s 
00 uEL'8 
EO-il6L '9 
nO-a61'1 
tO-3EO 'E 
LO untl't 
50-316 '1 
LO-ii65'8 
60-8 EE 'E 
LO-38E '1 
EO-azo '0 
CI 'OZL 

00 3~6'~ 

EO-PZO'L 
EL -aLE 'tl 
00 d6S'L 
nO-B81 'L 
LO-BZL '1 
EO-PL6 '6 
21 -BtlS '1 
LO-3E6 '1 
tlO-iiLL *b 
zo AOE'L 
zo ans's 
90 dn8.S 
h0 8LO'L 
LO 389'9 

SO ZSS'Z 
ZL-PLZ'E 
EO 36L.L 
LO-39Z 'I 
sir 3ES.L 
so ii9o.s 
90 PZS'S 
ZO 328'L 
ZO dEE'n 
zo JZE'Z 
zo 3n~'z 
LO JLL'L 
ZO iTLo'8 
zo-as9 'S 
LO atz-L 
zo-a0 9 'E 
80-318 -1 
zo-sn L 'z 
SO-ati8 'n 
00 Btl9.E 
EO-3Lh 'Z 
ZL -aOh 'L 
SO-3~0 '6 
SO-3EO 'Z 
00 8LZ'n 
EO-aLS'z 
no -dZ Z ' L 
SO-38E 'E 
(io dEL'9 
EO-36E -0 
tlO-L88'L 
SO-dL6 'tl 
00 dOL'8 
EO-AS8 'S 
no-3SL '1 
tlo-at n 'E 
LO dEE'L 
so-218 '1 
LO-db6.L 
60-3% 'E 
LO-38Z'L 
EO-do8 'E 

no BZL 's 

a '06 

EO-cln b '1 
ZL -BL h'L 
00 AE9.L 
nO-a8 1 'L 
LO-BE 1.1 
€0-39 L '8 
ZL-PS9'L 
LO-3E6 '1 
no-ai L 'n 
ZO 3OE'L 
LO dtlS'S 
90 J98'S 
nO aLi1.1 
LO 2.6S.L 
80 BZL'S 
SO 30E'Z 
ZL -39L'Z 
EO 36L'l 
LO49 z '1 
so iES'L 
so ago's 
90 30s.s 
ZO U6.L 
zo 3EE'tl 
zo BZE'Z 
zo at;z 
LO BLL.1 
ZO B06'8 
zo -BE 9 '5 
LO 3LL'L 
20-30 9'E 
80-3s L '1 
ZO-38O'Z 
S 0-B6 L 'tl 
00 39E.E 
EO-BEE '2 
ZL-BLO'L 
DO-BOE'L 
SO-iL96'L 
00 B68'E 
EO -BLE '2 
hO-iItlL'L 
SO-PSZ'E 
00 P99.S 
EO -a€ L '4 
no-d69'Z 
50-36 L 'n 
00 Un'L 
EO-BLS'S 
tlo-BL 1.1 
tlO-a88 'h 
LO 3EZ'L 
SO -30 L ' L 

60-JSE'S 
10-38 L '1 
EO -38 s 'E 

LO-dOn'L 

a -09 

EO-3EO'Z 
ZL -a2s 'tl 
00 d99'L 
n0-a~~ 'L 
LO-dEL '1 
EO-iTLZ '9 
ZL-39L'L 
~0-3~6 *I 
00-at L 'tl 
zo 30E'L 
20 3nS'S 
90 &LE'S 
no ~LO'L 
LO aZ9.8 
bo d2L'S 
so az0.z 
ZL -3tlz 'Z 
EO 36~'L 
LO-iTL2 -1 
so ZES'L 
SO 390's 
90 a9t.s 
ZO PEL'8 
20 BEE'tl 
zo IZF'Z 
LO JtlL'Z 
LO 3LL'L 
ZO 306'8 
to-3z9 '5 
LO 3ZL.L 
ZO-a65 'E 
80-a L9 '1 
zo-azo~z 
SO-POL 'h 
00 a60.E 
€0-361 'Z 
ZL -at 9 '9 

SO-368'1 
00 ILS'E 
EO-azz 'Z 
no-aLE 'E 
SO-3EL 'E 
00 30Z.S 
EO-388'E 
t10-3lZ'S 
so-s L9'tl 
00 ZtL8.9 
EO-d8L 'S 
no-ago * L 
no-BSh '6 
LO BEL'L 
so-a09 '1 
LO-a 58 - 9 
80-3bO '1 
LO-P80'L 
EO-39E 'E 

no-a L s-z 

a 'OE 

EO-aSS '2 
ZL-Ztl8'6 
00 369'1 

L 0-3tlL '1 

ZL -BO8 '1 
L0-3E6'L 
00-311 'b 
zo POE'L 
eo 3tlS'S 
90 368'S 
no ~LO'L 
LO 36E.6 
no PZL'S 
so ai78.L 
Z 1-806' L 
EO a6L.L 
LO-aLZ' L 
so 1ES'L 
so 3SO'S 
90 atln's 
20 dtlZ'8 
zo aOE'tl 
20 3ZE.Z 
ZG JnL'z 
LO BLL'L 
ZO ab8'8 
z a-at 9 '5 
LO B60'L 
2 0 -a62 ' E 
80-&29 ' L 
Z 0-386 L 
SO -30 L 'h 
00 326'2 
E 0-dol * 2 
z L -3SE '9 
no-az6'~ 
SO-Ph8.1 
00 38E'E 
E0-3E L ' 2 
n0-a9 2 '5 
SO-3SO 'E 
00 316'tl 
E 0 -az L 'E 
tl 0-3Z L '8 
SO -30s ' tl 
00 669'9 
E 0-d96' n 

no-det 'I 

EO-3tl8 'n 

tlO-3tlO '1 
EO-J8ti* L 
LO dLO'L 
SO-PES'L 
LO-a6 h 9 
8 O-XZ9 L 
LO-d20.L 
E 0-3zz ' E 
a '01 

noS 'ET-w fl 

EO -a98'2 
11-PStl'L 
00 IOL'L 
00 -B6 L ' L 
L 0-PE L '1 
E 0-dn 1 * n 
21-388'1 
L O-XE6 '1 
tlo-ut I 'n 
10 3OE'L 
eo rns's 
90 368's 
no 3~0'1 
LO 3EL.6 
tlo iLL*S 
so JtlL'L 
ZL -BEL' 1 
EO d6L'L 
LO-a LZ '1 
so XS'L 
SO 386'b 
90 a8E.S 
z0 331'8 
ZO anZ'b 
zo aZE'Z 
zo 3tlL'Z 
LO BLL'L 
EO 368'8 
zo-BL9'S 
LO 3LO'L 
ZO-38S.E 
80-309'1 
ZO-i96.L 
50-169 'n 
00 3E8'Z 
EO-as0 'Z 
ZL-aLZ'9 
00-dnE 'tl 
SO-318' L 
00 AEE'E 
EO-a80-2 
tlO-UB'S 
SO-3EJ'E 
00 Z58.n 
EO-2E9 'E 
tl0-266 '8 
so -asn * tl 
00 aotl-9 
EO-aSE'tl 
tlO-3EO ' L 
E 0 -3E 9 ' L 
LO 350'1 
SO-aOS'L 
L 0-3 L E '9 
80-36L' L 
L 0-dLO * L 
E 0-as L 'E 
liiiLIh1 

Wl 

nsza 
ESZd3 
25213 
LSZd3 
os Zd3 
6tlZd3 
6hZXE 
8nZU3 
LhZU3 
9tlZG13 
StlZU3 
nnZYS 
Enzu3 
ZnZP3 
ElIZUY 
L nZUK 
tlnZnd 
ZtlZnd 
L tlznd 
OtlZQd 
6tZnd 
8EZnd 
9EZnd 
LEZdN 
8EZR 
9Ezn 
sEzn 
nEzn 
EEzn 
zEzn 

zczm 

8 zzu 

LEZVd 

OEZHL 
6ZZHL 

LZZHS 
L z Z3Y 
SZZ38 
9ZZYd 
hZZ?d 
EZZYd 
LZZ&i 
Z ZZNLI 
OZZlO 
6 L ZNd 
LLZLX 
8 LZOd 
9 1 ZOd 
SLZOd 
nLZOd 
EL ZOd 
ZLZGd 
LLZOd 
OLZOd 
ELZiB 
ZLZiE 
L LZIE 

3' 
1 3 



80 dOn'Z 

31-all '1 
no 319.1 
EO JEE'Z 
EO-3ZZ '1 
EO UZL'8 
90 ano'z 
80 USE'Z 
nO a9Z'tr 
90-d9Z'8 
50 ILO'L 
90 JhO'Z 
so IOL'E 
a 'ES~E 

80 dn1-E 

nO-iiE8 'S 
so hLO'L 
EO ii8E.E 
EO-SZZ '1 
EO 3ZL.8 
90 ano'z 
80 3LO.E 
90 a~6-t 
90 -hE9 '2 
so ZLO'L 
90 3nO'Z 
SO d16'E 
a -960~ 

80 J6L'E 80 JEO'h 80 3Sn.h 80 aS9.n 80 dZ8'0 80 3ZO'S 80 LhZ'S 80 doh's 80 Jill's 
LO IS9'Z 
SO i~6.L 
EO BL8'E 
EO-iizz '1 

90 BtrO'Z 
80 a8E'E 
80 a10-1 
LO-~EL '5 
so iiL0.L 
90 ano-z 
so 3L8'f 
a -09t 

EO att-8 

LO i6L'n 

EO I68'E 
EO-IZZ L 

so aE0-z 

EO att.8 
90 5no.z 
80 30fi.E 
80 d0Z.L 
~0-2~8 'n 
SO PLO'L 
90 3trO.Z 
so JS8.E 
a *OZL 

LO i06'S LO JZE'8 
so ai0.z so ZZL'Z 
EO BL6.E EO ZZ6'E 
EO-3ZZ'L EO-3ZZ'L 
EO 311 '8 EO ZLL'8 
90 an0.Z 90 ZhO'Z 
80 3Ln'E 80 azn'E 
80 39E'L 80 anS'L 
~0-36L'h LO-3ES'E 
SO ZLO'L so L0.L 
90 ano'z 90 3no'z 
so 3E8.E so JZ8'E 
a -06 (5 '09 

zo LLL'L zo 380.1 
SO Z9L'Z SO 36L'Z 
EO Ptr6'E EO 8S6.E 
EO-IZZ 'L E 0 -3zz '1 
EO SLL'8 EO 311.8 
90 JhO'Z 90 3hO'Z 

80 3SL'L 80 J16'1 
80 ZIEO-E 80 atrn*E 

LO-3 L8 'Z ~0-3En' Z 
so BLO'L SO 3~0'~ 

a *OE a -01 

90 3hO.Z 90 BhO'Z 
SO d6L'E SO I8L.E 

zo d99.L 
so a1z.z 
EO 3n6'E 
E 0-az z - L 
EO 311'8 
90 dno'z 
80 3Uh'E 
80 386'1 
LO-3 L z * z 
so 6LO'L 
90 IUO'Z 
so JEL'E 
IYiLINI 



TABU A-14, EIGHIEEN-ENEKY~F~OW PHOTON SPECTRW PRODUCED BY THE ACTINIDES AND THEIR DAUKTERS AS A FWCTION OF 

POSTIRRADIATION TIME (DAYS) 

FFFEPENCE PW? EQUILTEPTUU PWEI CYCLF -- FUEL DFCPY TIMSS 
POWER= 30.00 EH, BUPNUF= 33000.NW5, FLUX= 2.92F 1 3  N**2-SEC 

PCTINTDF P H O T O N  PELEASE PATES, PHOTONSISFC 
BPSTS = NT OF R E I V Y  PIFTPL CRAFGFD TO PEACTOR 

FNERN 
(NEVI 

3.00E-02 
4.OOE-02 
6.00E-02 
1.00E-01 
1.50E-01 
2.00F-01 
3.OOE-01 
6.30E-01 
l . l O E  00 
1.55E 00 
1:99E on 
2 .383  00 
2 .752  00 
3 .253  00 
3.70F 00 
4 .223  00 
U.70E  00 
5 .25F 00 

TIME PP'IFP DISCH4"GE 
I N  ITIP L 10. D 30. D 60. D 90. D 

5 .23F 16  4.U4E 15 5.693 14 2.63E 1 3  1.37E 1 2  
2.00E 17 8.15E 1 5  5.8OF 1 3  7.55E 12  6.14F 1 2  
2.55E 1 7  1 .713  1 6  5.86E 1U 2.74E 1 3  3.55" 1 2  
3.90E 1 7  5.15E 1 3  1.22E 12 1.18E 11 6 .832  1 0  
1.80E 17 9.65L 15 5.85F 1 3  1.83F 12 u.07E 1 1  
1.41E 17  9.80E 1 5  3.723 14 1.64F 13 9 .227  1 1  
9.563 1 6  5.27F 15 4.?8E 1 3  1.78E 12 1 .9% 1 1  
1.60E 1 6  6 .552  l U  2 .533  12 7.15F 11 6.947 17  
8.59E 1 5  2.82P l U  5.394: 1 1  1.38E 11 1 .384  1 1  
2 .753  0 8  2.52F 08  2.uUE 08 2 . 3 3  08 2.24E 08  

6 . 6 9 2  0 7  6 .602  0 7  6.39E 07 6 .10F 07 5 . 8 5 E  0 7  
5.02E 07 5.00E 0 7  5.01E 07 5 . 0 6 E  07 5.13F 0' 
1.93E 0 7  1 .91F 0 7  1.85E 07 1.76F 07 1.69'2 0 7  
1.24E 0 7  1.23E 0 7  1 .197  0' 1.13T 0' 1.09E 0 7  
7 .84E 0 6  7 .73E 0 6  7.48E 06 7 .15F 06 6.85E 0 6  
3 .71F 06 3.661 06 3.5UE 06 3.387 06 3.24F 06 
2.33F 0 6  2.30E 06  2.23P 06 2.13F 06 2.04E 0 6  

i , 3 ' ~  nR 1 . 3 2 ~  0 8  1 . 2 8 ~  0 8  1 . 2 3 ~  08 1.18" 0 8  

120. D 
2.UUE 1 1  
6 .0uF 1 2  
2 .632  12  
6.24E 10 
3 . 3 9 E  1 1  
2.12F 1 1  
1.23E 1 1  
6.76E 1 1  
1.38E 1 1  
2.16F 08  
1. 13E 08 

5.214: 0 7  
1.63E 0 7  
1 .05F 0 7  
6 .59E 06 
3 .12F 0 6  
1 .96F 06  

5 . 6 3 ~  0 7  

160 .  D 
2.09F 1 1  
5 . 9 8 3  1 2  
2 .823  1 2  
5.79F 1 0  
3.34F 1 1  
1 .787  1 1  
1.197 1 1  
6.552 1 1  
1 .383  1 1  
2.06F 0 8  
1.087 0 8  
5 .377  0 7  
5 . 4 0 7  0 7  
1.55" 0 7  
9 .97F 06 
6 .292  0 6  
2.987 06 
1 .873  06 

270. D 365 .  D 
2 .60F 1 1  3.058 1 1  
5 . 8 8 2  1 2  5.82" 1 2  
3.U7F 12  U.02F 1 2  
4.92F 1 0  U . U 5 3  10  
3 .292  1 1  3 .263  1 1  
1.'7F 1 1  1.77" 1 1  
1 .197  1 1  1.19E 1 1  
6.12F 1 1  5 .897  1 1  
1 .38F  1 1  1 .38F 1 1  
1 .86F  0 8  1.75" 0 8  
9 .76F 0 7  9.15n 0 7  

u . q u p  5.89F 0 7  07 6.U19 4 .537  07  07 
1.UOF 07  1 .317  0 7  
8.98V 0 6  8.UOF 06 
5 .672  0 6  5.30E 0 6  
2.68F 0 6  2 .51n  0 6  
1 .69F 0 6  1.58E 0 6  

109F. D 
6 .281  11 
5 .71F  12  
8.05F 1 2  
3 .882  10 
3 .20F 11 
1.'4F 1 1  
1 .18F 1 1  
5 . u a r  1 1  
1 .387  11 
l .U6F F 8  
7 .63F  07 
3.-2? 07  
1.13F 0 8  
1 .07F 07 
6 .90F 06 
4 .352  06 
2 .06F 06 
1 .30F 06  

TOTAL 1.3UF 1 8  5 .542  16  l . 7 O E  15  8 .222  1 3  1.35E 1 3  1.05F 13 1.05F 1 3  l . l O F  13 1 .157  1 3  1.57F 

NZV/STC 1.67E 1 7  7.20E 15 1.55E 14 7.43E 12 1.4Ow 1 2  1.12E 12  1.11F 1 2  1 .12F  1 2  1 .135  12  1 .35F 

P CTTNTDE FNEF G Y  RELEAS E FP-TES, R E V  /W 9TT- SFC 
BASTS = MT OF HPAVY ME'TPL CHAPGED TO FFACTOR 

EUEAN TTNE AFYP DTSCHIRGE 
fI4EVl INITIAL 10. D 30. 0 60. D 90. D 120. D 160 .  D 27C. D 365. D 1096. 

3653.  I! 
1.5UF 1 2  
5.60? 1 2  
1.9UE 1 3  
5 . 0 3 1  1 0  
3.17E 1 1  
1.66" 1 1  
1.16E 1 1  
5.425 1 1  
1.38E 1 1  

6.07? 0 7  
2 .843  0' 
2.16E 0 8  
8 .21F 0 6  
5 .27F 0 6  
3.32E 06  
1.57F 0 5  
9 .90 f  0 5  

1 . 1 7 ~  0 8  

3 2.79F 1 3  

2 2.05F 1 2  

3 .'00E-02 
U.00E-02 
6.00E-02 
1.00E-01 
1.50E-0 1 
2.00E-01 
3.OOE-01 
6.30E-01 
1.lOE 00 
1 .55P  00 
1.99E 00 
2 .382  00 
2 .752  00 
3 .253  00 
3.70E 00 
4 .223  00 
u.-'OE 00 
5 .252  00 

5.23F 0 7  
2.67E 08 
5.11E 08 
1 .302  0 9  
8 .99P 08 
9.U3F 0 8  
9 .563  08 
3.36E 08 
3.15E 08  
1.42E 01 
9.06E 00 
5 .31F 00  
4.60E 00  
2 .10F 00 
1.53E 00 
1 .108  00 
5.81E-0 1 
4.08E-0 1 

4.44E 0 6  
1.09E 0 7  
3.U2E 0 7  
1.72E 0 5  
4 .833  0 7  
6. 53F 0 7  
5.27F 07 
1.38E 07 
1 .03F 0 7  
1.30E 0 1  
8.79E 0 0  
5 .232  00 
4.58E 00 
2.07F 0 0  
1 .51F 00 
1. C9E 00 
5.73F-0 1 
4.032-01 

5.69F 05 
7 . 7 3 E  0 0  
1.17F 0 6  
4.08E 03 
2.92E 05 
2 . U 8 F  06  
0.98F 05 
5.32E 04 
1.9E7 O U  
1.26E 01  
8.51E 00  
5.07E 00  
U.60E 0 0  
2.00E 00 
1.46? 00 
1.05E 0 0  
5.55F-01 
3.9OE-0 1 

2.63F O U  1.37E 0 3  
1.017 04  8.19F: 03 
5.48F O U  7.11E 03 
3.93F 0 2  2.28E 0 2  
9.15E 03 2.03E 0 3  
1 . 0 9  05 6.15E 0 3  
1.78E OU 1.953 0 3  
1.5OE 04 1 .46F O U  
5.07E 0 3  5.07E 0 3  
1.21F 01  1 .165  0 1  
8 . 1 W  00 7 .819  0 0  
4.8UF 00 4.6nF 0 0  
u.6UF 00 4.70? 00 
1.91E 00 1.83F 0 0  
1.4OF 00 1 .347  0 0  
1.OlF 00 9.6UE-01 
5.3OF-01 5.08T-0 1 
3.73F-01 3.575-0 1 

2.44E 0 2  
8 . 0 5 3  0 3  
5.26E 03 
2.08F 0 2  
1.70E 1.42E 0 3  03 

1 . 2 3  0 3  
1.42F 0 4  
5 .07F 0 3  
1.11E 0 1  
7 .51E 0 0  
u.U7E 0 0  
4 . V F  00  
1.76: 00 
1.29E 00 
9.28E-0 1 
U.89F-01 
3 * UU?-0 1 

2 .097  n2  
7.98E 0 3  
5.63F 0 3  
1 .937  0 2  
1.67F 0 3  
1.19E 9 3  
1 .19F 0 3  
1.37F 04 
5.07F 0 3  
1.06P 01  
7 .17F  0 0  
U.2E.E 0 0  
4.95T 0 0  
1.68F 0 0  
1.23F 00 
8.85F-01 
11.667-01 
3.28F-'71 

2 .60F  0 2  
7.8UF 0 3  
6.93" 03 
1 .64F  0 2  
1 .6uF  0 3  
1.18F 0 3  
1 .19F 0 3  
1 .29F O U  
5 .072  03 
9 .61F  00 
6 .47F  0 0  
3 .84F 0 0  
5.4OE 0 0  
1 .51F  00 
1 .11F 0 0  
7. 9'F-0 1 
4.20F-0 1 
2.95F-0 1 

3 .05E  0 2  
7.76" 0 3  
8.04E 03  
1.48V 0 2  
1 .637  0 3  
1.183 0 3  
1.19E 0 3  
1.24F 04  
5.06E 0 3  
9 .02p  0 0  
6.07F 0 0  
3 . 5 9 F  0 0  
5.887 0 0  
1.42E 0 0  
1.04F 0 0  
7.  U6F-0 1 
3.93"-0 1 
2.763-0 1 

D 
6 .287  02  
7 .61F 03 
1.61F 04  
1.29F 92 
1.6OF 0 3  
1.16E 03 
1.18F 0 3  
1. 1UE 04  
5 .06F  0 3  
7 .50F 00 
5.06F 00  
2 .952  0 0  
1.03" 0 1  
1. 16F P O  
e. 5 1E-0 1 
6. 12F-01 
3. 23F-01 
2. 27'-0 1 

3653. D 
1.5UE 0 3  
7 . 5 8 1  0 3  
3 .887  O U  
1 . 6 8 5  0 2  
1 . 5 8 3  0 3  
1 .117  0 3  
1 . 1 6 3  03 
1.14" O U  
5 . @ 6 P  0 3  
6 .03E  00 
U.037 0 0  
2 .257  @O 
1.08F 0 1  
8.80F-0 1 
6.50Y-0 1 
U .68F-0 1 

1 .733-0  1 
2. u 7 ~ - 0  1 

TOTAL 5.58E 0 9  2.40E 0 8  5.17F 06 2 .483  05 4 . 6 7 "  0 4  3.74": 04 3 .69F 0 4  3 .72F  0 4  3,777 04 U.U9F OU 6.8UF 0 4  

G P U W P  WPTTS 2.68F 0 4  1.15F 03 2.U8E 0 1  1.19E 00 2.250-01 1.80p-01 1.77E-01 1 .79F-01  1 .817-01  2.16F-01 3.29F-01 



TABU A-E, ISOTOPIC ACTIVITIES (CI), AS A FUNCTION OF TIME AFTER PROCESSING, OF THE ACTINIDES AND THEIR DAUGHTERS I N  

CALCULATIONS ARE BASED ON REMOVING 93,% OF U AND Pu AT 150 DAYS AFI-ER DISCHARGE, 

ME WASTE RESULTING FROM A METRIC TON OF URANICM CHARGED TO A PWR 

REFEnENCE PWR E Q U T L I B F I U n  FOE1 CYCLE -- WASTE DECAY TTHFS 

POWEF= 30.00flW, BURNUP= 33000. MWD, FLUX= 2.92F 13N/CC**2-SEC 

NUCLTDE FPDIOP C T T V F Y ,  CUP IPS 
BPSTS = H? OF HFAVY METAL CHAPGFD TO PEACTOP 

HE 4 
TL207 
T I 2 0 8  
TL209 
PB206 
PB207 
PB20 8 
PB209 
PB210 
PB211 
PB212 
PB2lu 
ET209 
ET210 
Bf211 
B12 1 2  
BI213 
BI214 
PO210 
PO21 1 
PP212 
PO213 
P021U 
P@215 
PO216 
0 0 2  1 8  

?N2 1 9  
RN220 
PN222 
FP22 1 
FR223 
PA223 
QA22U 
XP225 
PP226 
SP228 
AC225 
FC227 
AC228 

TH228 
TH229 
TH230 
TI123 1 
TH232 
TH233 
TH234 
PA23 1 
PA232 
PA233 
PA23uM 

 AT^ 1 7  

~ ~ 2 2  7 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0. e 

0. n 

CHPPGE DISCHAPGP 1. Y 3. Y 10.  Y 30. Y 100. Y 300. Y 1000. Y 3000. Y 10000.  Y 100000.  Y 
0.0 0.0 0.F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.21E-06 2.03E-06 3.443-06 7.70E-06 1 . ? ~ ~ E - 0 5  2. 37E-05 2. U9F-05 2.593-05 2.863-05 3.90F-05 2.7OE-0U 
8.23'F-04 5.77F-011 2.913-04 5.09F-05 2.83E-05 1.U5E-05 2. l l F - 0 6  2.5UP-09 1.06E-10 4.31P-10 6.69P-09 
7 .673-10  7.73F-10 7.87E-10 9.342-10 2.18E-09 1.61F-08 1.39F-07 1.53E-06 1.333-05 1.22F-0u 2 .85F-03  
0.c 
0.0 
0.0 
3. U9E-08 
8. SUE- 10 
1.21E-06 
2.291-03 
2.00E-08 
0.0 
8. U U E -  1 0  
1 .213-06  
2.29E-0 3 
3.493-  08 
2.00E-08 
5.77F- 1 0  
3.6UE- 0 9 
1 .46F-03 
3. u 1F- 08 
2.00E-08 
1.21F-06 
2 .29F-03  
2.00E-08 
3.4 9P- 08 
1.21E-06 
2.29E-03 
2 .003-08  
3. U9E- 08 
1.823-08 
1.21E-06 
2.243-03 
3 .4  9F- 08 
1.99E-08 
3 . 8 8 E -  1 2 
3. U 9E-08 
1.30E-06 
3.883-  1 2  
1.23P-06 
2.270-03 
3.50E-08 
2.06F-05 

3.17E-11 
0.0 
3. lUE-01 
2.  U7E-05 
1.16"-37 
3. 4OF-0 1 
3.14E-0 1 

1 . 7 1 ~ - 0 2  

0.0 
0.0 
0.0 
3.5 1 E-08 
1.62F-09 
2.OnF-06 
1.6OF-03 
2.89E-08 
0.0 
1.62E-09 
2.OUF-06 
1.60F-03 
3.5 1 E-08 
2.892-08 
1.19E-09 
6.12F-09 
1.03F-03 
3. 44E-08 
2.89P-08 
2.04F-06 
1.60F-03 
2.89P-08 
3.5 1 E-08 
2.OUE-06 
1.6OP-03 
2.89E-08 
3.51E-08 
2.852-08 
2.0UF-06 
1.6OF-03 
3.51F-08 
2.892-08 
6.632-12 
3.51F-08 
2.OUP-06 
6.633-12 
2.0 1 E-06 
1.60E-03 
3.51 E-08 
2.06E-05 
8.55E-05 
3 . l e E - 1 1  

1.582-03 
2.47E-FS 
0.0 
3 . 4 0 r - 0 1  
l .58E-03 

0.0 

0.0 
0.0 
0.0 
3.58E-08 
3.93E-09 
3. 4 5F- F6 
8.08E-OU 
1). 6 8F-08 
0.0 
3.933-09 
3.4 5F-06 
8 .  O B ? - O U  
3.583-08 
4. 682-08 
3.21F-09 
1.03F-08 
5.17E-04 
3.503-08 
U. 6 8F-08 
3.45E-06 
8 .08F-04  
U.68F-08 
3.5 8P- 08 
3. 4 5F- 06 
8.08F-04 
4.682-08 
3.58F-08 
4.82E-08 
3.45E-06 
8. 0 8 t - O U  
3.58E-08 
U.68P-08 
1.13E-11 
3. SEE-08 
3. 44E-06  
1.13F-11 
3. UOE-06 

3.58E-08 
2.07E-05 
8.553-05 
3.20E- 11  
0.0 
1.5777-03 
2.u7E-05 
0.0 
3.uOE-01 
1.57E-03 

8.  nu^-04 

0.0 
0.0 
0.0 
U. 25P-08 
1.95F-08 
7.72E-06 
1.4 17-OU 
1.1073-07 
0.0 
1.95E-08 
7.72E-06 
1.41E-04 
0.253-08 

1.95E-08 
2.32E-08 
9.OuE-05 
4.15F-08 
1. 10F-07 
7.72P- 06 
1.41rl-04 
1. 1 OE-07 
u.  25F-08 
'.72E-06 
1. 4 1E-04 
1. 1OT-07 
u.25F-08 
1.083-07 
7.723-06 
1.41F-04 
u.25E-08 

2.21E-11 
4.25E-08 
7.71E-06 
2.210-11 
7.6 1E-06 
1 . 4  1E-04 
4.25E-08 
2.1072-05 
8.56E-05 
3.253- 11 
0.0 
1.57E- 03 
2.47E-05 
0.0 
3. UlP-01 
1. S7E-C3 

I. 10:-07 

I. ~ O E - O ~  

0. n 
0.0 
0.0 
9.89E-08 
1.13E-07 

7.87F-05 
2.96F-07 
0.0 
1.132-07 
1.58-05 
7. E7'0-05 
9.89P-08 
2.96E-07 
1.13P-07 
4.73P-08 
5.OUE-05 
9.672-08 
2. 96P-O7 
1.582-05 
7. 87E-05 
2.963-07 
9.89E-08 
1.581-05 
7. 87E-05 
2.96E-07 
9 .893-08  
2.21 F-07 
1.58E-05 
7 .87P-05  
9.89E-08 
2.96F-07 
3 . 2 o t - 1 1  
9.893-OR 
1.58P-05 
3.2077-11 
1.55E-05 
7. 87F-05 
9.89F-08 
2.263-05 
8.56E-05 
3.39P-11 
0 .0  
1.57E-03 
2. UT?-05 
0 . 0  
3.42E-01 
1 .573-03  

i . 5 e ~ - o 5  

, 

0.0 
0 .0  
0.0 
7. 33E-07 
7.50E-07 
2. 382-05 
U. 01E-05 
1.11E-06 
0.0 
7.50E-07 
2.382-05 
u.  OlE-05 
7.33E-07 
1. 111-06 
7.50F-07 
7. laE-08 
2. T7E-05 
7. 17F-F7 
1. 11E-06 
2. 38F-05 
u .  01E-05 
1. l l F - 0 6  
7.333-07 
2. 38F-05 
4.OlE-05 
1 . l l F - 0 6  
7. 333-07 
3.33E-07 
2.38E-05 
u .  01E-05 
7. 33F-07 
1. l l E - 0 6  
3. R9F-11 
7 . 3 3 ~ 0 7  
2. 38P-05 
3.89P-11 
2.35F-05 
4. 01F-05 
7. 33r -07  
3.3UP-05 
8. 57F-05 
3.89E- 1 1  
0.0 
1. 57F-03 
9. U8F-05 
0.0 
3. USE-0 1 
1.57P-03 

0.0 
0.0 
0.0 
6.30F-06 
5.01F-06 
2.50F-05 
5.85F- 06 
6.FOE-06 
0 .0  
5.01P-06 
2.50R-05 
5.85F-06 
6.30P- 0 6  
6.00E-06 
5.01F-06 
7 .  50F-OR 
3.75F- 06  
6.16F-06 
6.  OOF- 06  
2.50F- 05 
5. 85F-06 
6.00F-06 
6.3OF-06 
2.50E- 05 
5.851-06 
6.OOF-06 
6.30F-06 
3.50E-07 
2.5OF-05 
5.85F-06 
6.30E-06 
6.OOF-06 
5.35F-11 
6.30F-06 
2. SOF-05 
5 .  35F- 11 
2. UTE- 05  
5. 85F-06 
6.3OF-06 
9.00E-05 
8.6OF-05 
5.35P- 11 
0 .0  
1. 57F- 0 3  
2.51E-05 

3.5UF-01 
1. 57F- 0 3  

n. o 

0.0 
0.0 
0.0 
6 .96F-05  
6.30 E-0 5 
2.6OF-05 
7.05E-09 
6.30E-05 
0.0 
6.3OE-05 
2.60 E-0 5 
7.OSF-09 
6.96E-05 
6. 30E-05 
6.3OP-05 
7.79E- 08 
4.51E-09 
6.8OP-05 
h.3OP-05 
2.60F-05 
7.05F-09 
6.30E-05 
6.96F-05 
2.60F-05 
7.05F-09 
6.3OF-05 
6.96E-05 
3.6UE-07 
2.603-05 
7.05F-09 
6.967-05 
6.30F-05 
1.08F- 10 
6.96F-05 
2.60E-05 
1. OBF- 10 
2.563-05 
7.05E-09 
6.962.-05 
3. BEE-04  
8.73F-05 
1.08F- 10 
0.0 
1.57E-03 
2.60F-05 
0.0 
3.68F-01 
1.57E-03 

0 . 0  
0 .0  
0.0 
6. OUE-04 

2. 86a-05  
2.95F- 10 
u.  78E-Ou  
0.0 
0.78E-04 
2.863-05 
2. 95F- 10 
6. 04P-04 

U. -'8F-OU 
8. 59F-08 
1.89EI- 10 
5.91E-OU 

2. 862-05  
2.95F-10 

6.OUF-04 
2. 86E-05 
2.95E- 10 
u. 78P- OU 
6.OU3-04 
U. 01E-07 
2.863-05 
2.95E- 1 0  
6.04P-OU 

2. 95P- 10 
6 . 0 4 Y - O U  
2. A6E-05 
2.95E- 10 
2.82E-05 
2.95E- 10 
6.OUP-04 
1. 10E-03 
Q.21F-05 
2.95E- 10 
0.0 
1. 57E- 0 3  
2. R6E-05 
0.0 
3.7TE-01 
1.577-03 

4. 7 8 ~ - 0 u  

u. 7 8 ~ - 0 u  

u. 7872-ou 

u .  7 m - o ~  

4. 781-04 

0.0 
0.0 
0.0 
5.55F-03 
2.791-03 
3.9 1E-05 
2.79F-03 1.20F-09 

0.0 
2.79F-03 
3.91E-05 
1.20F- 0 9  
5.55-03 
2.79E-03 
2.79F-03 

7.67F- 10 
T. 4 3 P - 0 3  
2 . 7 9 t - 0 3  
3 .9  1F-05 
1 .20r -09  
2.79F-03 
5.55F-03 
3.QlF-05 
1.2PP-09 
2. ?9F-03 
5.55E-03 
5.47P-07 
3.9 1-05 
1.202-09 
c .552-03  
2.79-03 
1.203-09 
5 .552-03  
3.9 1P-05 

3.85p-05 
1.2OP-09 
5.55F-03 
3.59F-03 
1.17E-04 
1.20F-09 
0.0 
1.57F-03 
3 .9  1F-05 
0.0 
3.75E-01 
1.57F-03 

I. 1 7 ~ 0 7  

i . 2 0 ~ - 0 9  

0. Q 

0.0 
1.29E-01 
2.210-02 
2.70E-Ou 
1.8 6P- 08 
2 . 2 l F - 0 2  
0.0 
2.21E-02 

1.86E- 08 
1.29P-01 
2.2 lE-02 
2.21E-02 
8.119-07 
1.19E-08 
1.27F-C1 
2.21E-02 
2. 'OF-OU 
1.86F- 08  
2.21E-02 
1.29E- 0 1 

1.86E-08 
2.21F-02 
1 . 2 9 ~  0 1  
3.79E-06 
2. TOE-00 
1.86E-08 
1.29E-01 
2.21P-02 
1.86"-08 
1.29E- 0 1 
2. 'Oe-Ou 
l .86F-08 
2.67E-04 
1.86'-08 
1.29F- 0 1 
2.2OP-02 
3.53P- O U  
1.862.-08 

1.57E-03 
2. 'OF-04 
0.0 
3.65E- 0 1 
1.57F-03 

0. n 

2 . 7 0 ~ 0 ~  

2 . 7 0 ~ - o u  

0. n 

. *' 



.. I 

TASU A-15 (CONTINUED) 

RFFFRFNCE P H R  EQUIliBETUfl FUEL CYCLE -- WASTE DFCPY TTFlVS 

POWEF= 30.00flU, BURNUP= 33000.  !UD, FLUX= 2.92F 13N/Cfl**2-SEC 

PA23U 
U232 
0 2 3 3  
U23u 
U235 
U236 
U237 
0 2 3 8  
U239 
u2uo 

NP2 3 6 
NP237 
88238 
NP2 3 9 
YP2UOfl 
ND240 
PU2 3 6 
PO238 
PU239 
PU2fiO 
DU2U 1 
PU2U2 
PU2u3 
PU2UU 
PO245 
Afl241 
~11242fl 
AR2U2 
Afl243 
AM2uu 
Pfl245 
cf l2u2  
Cp12U3 
CM24U 
c n 2 4 5  
CW2U6 

Cfl2U8 
crr2u7 

c n 2 u o  
~ 1 1 2 5 0  
BK209 
BK250 
CF249 
CF250 
CF25 1 
CF2 5 2 
CF253 
CF254 
FS253 

CHP.RGE 
0.0 
0.0 
0.0 
1.64E 00 

0.0 
0.0 
3.22E-0 1 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2 .03E 00 

7 . 0 7 ~ -  02  

n,o 

DT SCBAPGE 
3.14B-04 
3.73E-05 
2.31E-07 
3. ’7F-03 
8 .553-05  
1 .443-03  
1.27E-02 
1 .572-03  
0.0 
2.16E-17 
8 .322-53  
3.40E-0 1 
4.83F- 18 
1.R2E 0 1  
a. 323-15  
0.0 
1. 58E-0 3 
1.41E 0 1  
1.62E 0 0  
2.39F 0 0  
5.1UE 0 2  
6.90E-03 
1.26E-09 

0 . 0  
1 .593  0 2  
9.14E 00 
9.1473 00 
1.82E 0 1  
5.633- 1 8 
3.783-08 
1.70E 04 
3.68” 0 0  
2.40E 03 
3. u 1E-0 1 
6.84E-02 
2.525-07 
7.91E-07 
2. SUE-1 1 
9.23E- 14 
2.52E-03 
9.23F- 1 4  
3.72E-06 
3 .6  9E- 0 5  
2.74E-07 
4.503-05 
8.16E-09 
1.77E- 1 0  
8 .383-08  
2.02F 0 4  

2 . 1 7 ~ -  17 

1. Y 
1 . 5 8 ~ 0 6  
5.04P-05 
1.8UF-06 
3.9333-03 
8.552-05 
1.44E-03 
1.18F-02 
1.57E-03 
0.0 
6.08E- 15 
0.0 
3.40E-01 
0.0 
1.82F 0 1  
6.0872- 15 
0.0 
1.243-03 
R . 1 O E  01 
1.62F 00 
2.63E 00 
4.91F 0 2  
6.9OF-03 
2.52F-07 
6.09F-15 
0.0 
1.59E 02  

9.10E 00 
1.82E 0 1  
7.92F-18 
1.693-08 
3.61P 03 
3.60F 00 
2.31E 03 
3.41E-01 
6. RUE-02 
2.523-07 
7.91F-07 
1.70E-17 
9.23E- l u  
1.12E-03 
9.23E-14 
7.12E-06 
3.503-05 
2.743-07 
3.46E-05 
5.47E-15 
2.69E-12 
6.323- 13 
6 .71F  03 

9 . 1 0 ~  no 

NUCLIDE PADTOACTIVITY, C P T F S  
BASIS = n? O F  B V V Y  nE:TAL C H A Q G E D  TQ PEACT 

3. Y 
1.57E-06 
6.8 1F-05 
u.91E-06 
4. USE- 03 
8.553-05 
1.443-03 
1 . 0 7 ~ 0 2  
1.57E-03 
0.0 
1.82F-14 
0.0 

10. Y 
1.573-06 
R.72E-05 
1 .5  1F-05 
6.32”-03 
8 . 5 6 E - 0 5  
1.442-03 
7.6973-03 
1. 57E- 03 
0.0 
6. 07E- 14 
0.0 

3.40E-01 3. UlE-01 
0.0 0.0 
1.82E 01  1.82F 01 
1.829-14 6.07E-lU 
0.0 
7.6 1E-04 
9.69E 0 1  
1.62T 00 
3.08E 00 
4.462 0 2  
6.9 1E-03 
2.523-07 
1.82E- 14 
0.0 
1.603 0 2  
9.02E 00 
9.02P 00 
1.82P 0 1  
2.37E- 17  
3.36E-09 
1.68E 0 2  
3.449 00  
2 . 1 4 B  03 
3. 4 1’- 0 1  
6.8 33-02 
2.523-07 
7.9 1E-07 
7.6 2F- 30 
9.2 3F- 14 
2.24E-04 
9.2 3F- l U  
9.2 8E- 06  

-3.15”-05 
2.7 33-07 
2.05P-05 
2. 4 53-27 
6.23E-16 
1.653-23 
3.08E 03 

0.0 
1.39F-OU 
9.29E 01 
1.62E 00 
U.U3F 00 
3 .20F 02 
6. 93E-03 
2.52Q-07 
6.O7w- 1U 
0.0 
1.63F 02 
8.74E 00 
8 . 7 4 E  00 
1 .821  01 
7.90F- 17 
1. 19E-11 
7 .17F 00 
2 .962  00 
1.6UE 0 3  
3.4 19-01 
6.83F-02 
2.529-07 
7.9 1F-07 
0.0 
9 . 2 3 ~  10 
7.95E-07 
9.2 3a- 14 
9.70”-06 
2.17F-05 
2.721-07 

0.0 
1. 182-28 
0.0 
2 .29F 03 

3 . 2 7 ~ - 0 6  

30. Y 
1.579-06 
7.6677-05 
4.43F-05 
1.121-02 
8. 56B-05 
1.45E-03 
2.98F-03 
1.57B-03 
0 .0  
7.827- !3 
0.0 
3.  u23-0 1 
0.0 
1.81B 0 1  
1.82E- 1 3  
0.0 
1.07E-06 
8 .05F  0 1  
1 .638  00 
6 .77F  00 
1.2UE 02  
6.98E-03 
2.529-07 
1.82F-13 
0 .0  
1.6UP 0 2  
7.97-F 00 
7.987 00 
1.81E 01  
1 .373-16  
1. 18F-18 
6 .54F 00 
1.92F 00 
7.6277 0 2  
3. UlT-01 
6.81E-02 
2.5217-07 

0 . 0  
9.22E- 14 
7. REF- 14  
9 .22E- lu  
9 . 3 2 ~ 0 6  
7.52?-06 
2 .  68Y-07 
1.737-09 
0 . 0  
0 . 0  
0.0 
1.2OE 03 

7 .91  E-07 

100. Y 
1. 57P-06 
3.9lF-Oc 
1. 4TF-04 
2.362-02 

1. u6E-03 
1.15F-04 

A. 5 7 ~ 0 5  

0 . 0  1.57F-03 

6.06E- 13 
n. n 
3;  45F-0 1 
0.0 
1.80E 0 1  
6.06F-13 
0.0 
4.313-lU 
U.90” 0 1  
1.67F 0 0  
8 .61F 00 
4.80F 00 
7. 15E-03 
2.52E-07 
6.07E-13 
0.0 
1.50P 0 2  
5.8OP 00 
5.80F 00 
1.ROF 0 1  
7.89E-16 
0.0 
u.75F 00 
4. 21F-01 
5.22E 0 1  
3. 39F-01 
6.7uF-02 
2.52E-07 
7.91F-07 
0 .0  
9. 19F-1U 
0.0 
9. 19F- 14  
8.12E-06 
1.84”07 
2.5UF-07 
1.88E-16 
0.0 
0.0 
0.0 
3.21F 0 2  

300. Y 
1. 57E-06 
5.70P- 06 
4. 46F-OU 
3.851-02 
8.60-F- 05 
1. 51F-03 
8 .01F-06  
1.57E- 03 
0 . 0  
1. 82F- 12  
0.0 
3. SUP-01 
0.0 
1 . 7 7 ~  0 1  
1.82E- l ?  
0.0 
3. 22F-35 
1 .25F 0 1  
1.76F 00 
8.57F 00 
3.342-01  
7. u2F- 0 3  
2.52P-07 
1 .82P-12  
0.0 
1.09F 02  
2 .333  00 
2.33F 00 
l . 7 7 F  0 1  
2. 37F- 15 
0 . 0  
1.91E 00 
9. 53E-03 
2.46F-02 
3.33F-01 
6. SUP-02 

7.91F-07 
0 .0  
9. 12B- 14 
0 . 0  
9. 12F- 1 4  
5. URF-06 
U .  68E- 1 2  
2. 17E-07 
0.0 
0. 0 
0 .0  
0 . 0  
1 .76F 02 

2. 5 2 ~ -  07  

‘0 9 

1000. Y 
1. 57F-06 
6.76F-09 
1 .533-03  
U .  UOE-02 
8. 73E-05 
1.58F-03 
7.55E-06 
1.57F-03 
0.0 
6.06F-!2 
0. r) 
3.681-0 1 
0.0 
1.66E 0 1  
6.05B-12 
0.0 
0.0 
2.23E-01 
2.06F 00 
7.98F 00 
3. 15E-01 
7.65-03 
2.52E-07 
6.07E- 1 2  

3.59F 01  
9.56E-02 
9.56E-02 
1.66E 0 1  
7. 89F- 1 5  
0.0 
7.8UE-02 
1.44E-09 
6.3RE- 14  
3.lUP-01 
5.90F- 02  
2.52E-07 
7 .903-07  
0.0 
8 . 8 7 E - l U  
0.0 
8.87F- 1 U 
1.38E-06 
8. 87E- 1 
1.27E-07 
0.0 
0.0 
0.0 
0.0 
8.11E 0 1  

0. n 

3000.  Y 
1. S7E- 06 
2.93F-17 
4 .703-03  
4.39F-02 

2. 1 OE- 03  
6 . 3 8 ~ 0 6  
1 .573-03  
0.0 
1.81?-11 
0.0 
3.750-01 
0 .0  
1 .382  01 
1. 81F- 1 1  
0 .0  
0.0 
2.075-05 
2 .781  00 
6.50” 00 
2.66E-01 
7.821- 03 
2.52E-07 
1.82F- 11 
0 . 0  
1 .721  00 
1.05F-05 
1.05F-05 
1.38B 0 1  
2.36Y- l u  
0.0 
8.6OF-06 
2.19F-28 
2.36E- 14 
2.66F-01 
U .  40E-02 
2. 52F-07 
7. R7E-07 
0. 0 
8. 19P-14 
0.0 
R .  19E-lU 
2.693-08 
8. 19E- 14 
2.723-08 
0.0 
0.0 
0 . 0  
0 . 0  
4.01; 01  

9 . 2 1 ~ - 0 5  

l O O O @ .  Y 
1.57’B-06 
0.0 
1.56E-02 
U. 31E-02 
1.17F-04 
3.047-03 
3.55F-06 
1.57F-03 
0.0 
6.00F- 1 ! 
0.0 
3 .75F-01  
0.0 
7 .3uF 00 
6. OOF- 1 1  
0.0 
0.0 
2 .83E-19 
4 . l l F  00 
3.17P 00 
1. USF-01 
8 . 0 7 ~ 0 3  
2.52P-O7 
6 .OlF-11  
0 .0  
1.U8E-0 1 
1. U3F- 1 9  
1. 43F-19  
7 . 3 u p  00 
7.82F- 1 4 
0 .0  
1 .17F-19  
0.0 -. 82F- 1 4  
1.48F-0 1 
1.57F-02 
?.52’-07 
7.76F- O7 
0. 0 
6.20F-14 
0. 0 
6 .202-14  
2 .777-  1 U 
6.20“- 1 u 
1.24F-10 
0.0 
0 .0  
0 .0  
0.0 
2.33E 0 1  

100000. Y 
1.57F-06 
0.0 
1.29E-01 
3.38E-02 
3.53F-Cu 
3.93F-03 
1.87F-09 
1.57p- 03  
0.0 
E.. 50F-  10 
0.0 
3.659-01 
0.0 
2.11E-03 
5.50E- 10  
0.0 

0.0 
5.78F-01 
3.11E-OU 
7 .79F-05  
7.0 1F-C3 
2.51E-07 
9.51E-10 
0.0 
8.22F- 05  
0.0 
0.0 
2.11F-03 
7. 16?-13 
0.0 
0.0 

7. 16F-13 
7.7 RE-05 

2.5 1E-07 
6. SOF-07 
0.0 
1.7 2E- 1 5  
0.0 
1.72F- 1 5  
0.0 
1.72E- 1 5  
0.0 
0.0 
0.0 
0.0 
0.0 
2.?5E 00  

n. 0 

0. n 

2 . 7 8 ~ - 0 8  

c 



TASU A-16, ISOTOPIC THEWL PoWER (w), AS A FLNCTION OF TIME AFTER PROCESSING, OF THE ACTINIES AND THEIR DAUGHTERS 

CALCULATIONS ARE BASED ON REMOVING 99,s OF U AND Pu FRCM ME SPENT 'FUEL AT 150 DAYS AFTER DISCHARGE, 

I N  THE WASTE RESULTING FRCM A METRIC TCN OF URANILM CHARGED TO A PWR 

REFEPENCE PWF EQUILfBRTDn FUEL CYCIF -- WPSTE D E C P Y  TIFIRS 

P@WE?= 30.  O O M W ,  BURNUP= 33000. IIWD, FIUX= 2 .929  13N/CF!+*2-SEC 

NUCLIDE IAFFIIAI FOWFR, WATTS 
BPSTS = IIT OF H E E V Y  IFTPI CHAFGVD TO RFACTOR 

CHAPGE DTSCHPFGE 1. Y 3. Y 10. Y 30. Y 100. Y 300. Y 1000.  Y 3 0 0 0 .  Y 10000.  Y 100000.  P 
HE 
TL207 
TL208 
TL209 
PB206 
PB207 
PB208 
PB209 
PB210 
PB211 
PB212 
PB214 
E 2 0 9  
BT210 
BT211 
BT212 
BT213 
BT214 
PO210 

PO212 
PO213 
PO2 1 
PP215 
Pc12 1 6  
PO218 
PT217 
FN2 1 0  
R8220 
WE222 
FR22 1 
FF223 
PA223 
RA224 
?A225 
PP226 
r(P.228 
PC225 
AC22' 
AC228 

TH228 
TH22 9 
TA230 
TU23 1 
TH239 
TI3233 
TH234 
P I 2 3  1 
PA232 
PA233 
PP23uU 

~ 0 2 1  i 

~ ~ 2 2 7  

0.0 
0.0 
0.0 
0.0 
0.0 
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.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 
9.0 
0.0 
0.0 
0. @ 
0.0 
0. P 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

n. o 

0.n 

0.0 
3.653-09 
1.922-05 
1.253- 1 1 
0 . 0  
0.0 
0.0 
u. 019- 11  
3.55F- 1 4  . OSF-09 

4.86F- 1 1  
0 .0  
2.22E- 1 2  
U.72E-08 
3.97E-05 
2.141-10 
2.78E-10 
1.82E-11 
1.6 1F- 10 
7.75P-05 
1.693-09 
9 .09% 10 
5.31E-08 
9 .353-05  
7.23E- 10 
1.u6E-09 
4 .9 lF-08  
8.67E-05 
6.50F- 10 
1.30F-09 
4.26F- 1 1 
4.21E-OR 
7.82E-05 
2.29F- 11 
5.6UF-10 
2.993-  16 
1.2013-09 
6.55F-10 
2.06E- 14 
U .23E-0 8 
7 .USF-O5 
1.06E-09 
5.827- 07  
1.35F-05 
7.68W- 1 3  
0.0 
1.12E-04 
7.53E-01 
8.86F-uO 
4 . 5  9E- 0 4  
1.6 2E-0 3 

3 . 2 8 ~ - n 6  

0.0 
6.15E-09 
1.3QE-05 
1.26E- 11 
0.0 
0.0 
0.0 
4. OUF- 11 
6.7 1F- 14 
6.82E-09 
2.3OF-06 
7 . 0 3 ~  11 
0 .0  
u.26E-12 
7.95E-08 
2.78E-05 
2.16E-10 
4.02F- 10 
3.75F- 11 
2.70E- 10 
5. WE-05 
1 . 7 1 ~ 0 9  
1.32P-09 
8.94F-08 
6.56E-05 
1.05F-09 
1.47F-09 
8.262-08 
6.08F-05 
9.41 F- 10 
1.31F-09 
6.68E- 11 
7.09E-08 
5 .  U9E-05 
2. 31E-11 
8.17E-10 
5 . l l E - 1 6  
1.21F-09 
1.03E-09 
3.52E-14 
6.922-08 
5.23F-05 
1.06F-09 
5.832-07 
6 .79  E-08 
7.70E-13 
0.0 
5.622-07 
7.53E-07 
0.0 
4.6OF-OU 
8.13E-06 

0.0 
1. OUT- 08 
6.77E-06 
1.293- 11  
0.0 
0.0 
0.0 
0.12F-11 
1.6 3E- 13 
1.15E-08 
1.16F-06 
1.1 4F- 1 0  
0.0 
1.03E- 1 1  
1.3UE-07 
1. 40F-05 
2.20F- 1 0  
6.E.lF-10 
1.0 1E- 1 0  
4.57E-10 
2.74F-05 
1.7UF-Oa 
2.13F-09 
1.51F-07 
3.302-05 
1.6 9E-09 
1.50E-09 
1. UOF-07 
3.06F-05 
1.52E-09 
1.331-09 
1.13F- 10 

2.76F-05 
2.3 5F- 1 1 
1.32F-09 
8.75E- 16 
1.23F-09 
1.7UF-09 
6.02E- 1 4  
1.17E-07 
2.6 3F-05 
1.08E-09 
5.8 572- 07 
6.7uE-08 
7.73E-13 
0.0 
5.5 9E- 0 7  
7 .5  3F-07 

1 . 2 0 ~ - 0 7  

0.0 0.0 
2.332-08 u. 75E-08 
1.18F-06 6.6OE-07 
1. = 3 E -  11 
0.0 
0.0 
0. 0 
4.88E-11 
8.09F-13 
2. SEE-08 
2.03F-07 
2.68E- 10 
0.0 
5 .  13F-11 
3.0 lE-07 
2. USE-06 
2.61E-10 
1.531-09 
6. 1 4E- 10 
1.022-09 
U.79E-06 
2.06E-09 
5.00E-09 
3.383-07 
5. -"8F,-OF; 
3.98'7-09 
1.78F-09 
3.13P-07 
5.362-06 
3. SEE-09 
1.58E-09 
2.53E-10 
2.68F-07 
u. 83F-06 
2.79F- 11 
3. 11E-09 
1.7OF- 15 
1. 46F-09 
3.8 9F-09 
1. 177-13 
2.62R-07 
u. 62E-06 
1.28F-09 
S.95E-07 
6.757-08 
7.85F- 13  
0.0 
5.59B-07 
7.539-07 

0.0 0. G 
U.60E-04 4. 60E-04 
8.08F-06 8.08F-06 

3.56F-11 
0.0 
0 . 0  
0 .0  
1.lUR-10 
U . C 7 F -  12 

1.13F-07 

0 .0  
2.96F-10 
6.147-07 
1.37F-06 
6.08E- 10 
u. 13F-09 
3.555-09 
2.09F-09 
2.67E-06 
u. 80 E-09 
1.35F-08 
6.907-07 
3.22F-06 
1.077-08 
U .  14F-09 
6.38T-07 
2.98F-06 
9.663-09 
3.68F-09 
5.16E- 10 
5 .  U 8  E-07 
2.69F-06 
6.51B- 11 
8.392-09 
2.467-  15 
3.39B-09 
7.947-09 
1. TOE- 13 
5.35q-07 
2.58F-06 
2.993-09 
6.380-07 
6 . 7 5 ~ 0 8  8. 19E- 13  

0 . 0  
5.597-07 
7.54E-07 

5.2777-08 

7.22"- 10 

0 .0  
a. 62E-04 
8.08E-06 

0.0 
7.18F-OR 
3.37E-07 
2. 64F-10 
0.0 
0.0 
0.0 
8. U3E-10 
3. 11E-11 
7.9673-08 
5.76E-08 
2. 693-09 
0.0 
1.97F-09 
9.27F-07 
6.97F-07 
4. 50F-09 
1. 54F-08 
2.36E-08 
3. 15F-09 
1.36F-06 
3. 56F-08 
5.OUF-08 
1.OUE-06 
1. 6UF-06 
P.01E-08 
3.07F-08 
9.64E-07 
1.52F-06 
3.60F-08 
2.73P-08 
7. BOP- 10 
8.27F-07 
1. 37F-06 
U. 82F-10 
3. 13E-08 
3.00E-15 
2.52F-08 
1.2OF-08 
2.06:-13 
8.085-?7 
2.221-08 1.31F-06 

9. UUE-07 
6.76F-08 
9. UOE-13 
0.0 
5.59E-07 
7.57F-07 
0.0 
4. 67E-04 
8. 08F-06 

0. 0 
7.542-08 
4 .9 lF-08  
2. 271-09  
0 .0  
0 . 0  
0 . 0  
7.2YE-09 
2.08F- 1 0  
8.36F-08 
8. UOF-09 
1. U6F-08 
0 . 0  
1. 323-08  
9.7UF-07 

3.872-08 
8.35E- 08  
1. SEE-07 
3. 31F-09 
1.99F-07 
3.06F-07 
2.73F- 07 
1.10F-06 
2.39F-07 
2. 17F-07 
2.6UF-07 
1.01F-06 
2.22F-0' 
1. 96F-07 
2. 3UF- 07  
8.20F- 10 
8. 69F- 07  

4. 14F-09 
1.70E-07 
U. 12F-15 
2. 16F-07 
1. 26v-08 
2. RUF-13 
8. 49F-07 
1. Q2F-07 
1.90E-07 
2. 54F- 06 
6.78F-OR 
1 . 2 9 ~  1 2  
0.0 
5 .59F-07  
7.64E-07 
0. F 
4.78E-04 
8. oaf-OF, 

i . 0 2 ~ - 0 7  

2. cor- 07 

0.0 
7.83F-08 
5.91 E- 1 1 
2.50E-08 
0.0 
0.0 
0.9 
8. OOF- 08 
2.61F-09 
8.69F-08 
1.01 E- l l 
1 .53F-07 
0.0 
1.66F-07 
1.01P-06 
1.22F- 1 0  
4. 28E-07 
8 .773-07  
1.9R'-06 
3. UUE-09 
2.39F-10 

2.8-B-06 
1. lUF-06 
2.893- 10 
2.2BE-06 
2.92E-06 
1.059-06 
2.679- 1 0  
2.053-06 
2.59-06 
8.52E- 1 0  
9.02F-07 
2. 41 E- 1 0  
4.5qF-08 
1.78E-06 
8 .36E- lF  
2.39F- 06 
1. 31E-08 
5.7'iF- 1 3  
8.813-07 
2. 31F-10 
2.10F-06 
9. RUE-06 
6.893-08 
2.62F- 1 2  
0.0 
5 .  59F-07 

3.389-06 

7. W E - n 7  
0.0 
0.98F-Ou 
8.08F-0 6 

0.0 
8.631-08 
2. Q7F- 12 

0.0 

0.0 
6.95E-C7 
1. 98E- 08 
9.57F-08 
4. 239-13 
1. 169-06 
0.0 
1.26F-06 
1. 12E-06 
5.12E-12 
3. 723-06 
6.653-06 
1. 5OF-05 
3.79E-09 
1. @OR- 11 
2. 94F-05 
2. 18F-05 
1.257-06 
1.21F- 11 
1.73E-05 
2.53F-05 
1. 16E-06 
1. 12F-11 
1.56F-05 
2.25F-05 
9.397-10 
0.95E-07 
1. OlF- 11 
3.9RE-07 
1. 35B-  05 

2.073-05 
1. 44E-08 
1. 56F- 12 
9.727-07 
9. 667-  12 
1.83E-05 
3. 10F-05 
7.26'7-08 
1. 1373-12 
0.0 
5.59E-0- 
8.73F-07 
0.0 

8.08E-06 

2 . 1 ' 7 ~ - 0 7  

0. n 

2.275-1u 

5. 073-04 

0.0 
1.18F-0' 
1. OOE- 1 1  
2.00F-06 
0.0 
0.0 
0 .0  
6.39E-06 
1. 16F-0' 
1 .31F-07 
1.72F- 1 2  
6.81E-06 
0.0 
7.352-06 
1.52F-06 
2.08E- 1 1  
3 .  U1"-05 
3 .89F-05  
8.79E-05 
5 .189-09  
u. 06F-11 
2. 'OF-04 
1.27r-ou  

u. 90w- 1 1  
1.OlF-OU 
2.33"-04 
1 .58r -06  
U.5UF-11 
9.10F-05 

1.28E-09 
1.361-06 
4.10F-11 
3.65F-Oh 
1. 9 1F-05 
9. 2 7 r -  14 
1 .9  1 f - 0 4  
1.971-08 
6 . 3 6 r - 1 2  
1.331-06 
3.92F-11 
1.68F-OU 
1.01F-04 
9.19F-08 
2.90F- 1 1  
0. 0 
5. 59F-07 
1.19F-06 
0 .0  
5.07F-04 
8.08E-06 

1 . 7 1 ~ - 0 6  

2. 0 7 ~ - 0 u  

0.0 
R.15F-07 
1.56F- 10 
u.65F-05 
0.0 
0.0 
0.0 
1. u97-0 4 
9.16E- 0 1  
9.OUF-07 
2.67E- 11  
5.38F-05 
0.0 
c. 8 I f -  F5 
1.05E-05 
3.2 3E- 10 
7. 06E-OU 
3. @'F-@U 
6.95F-Ou 
3.581-08 
6. 31F-10 
6.2CE-03 
1. 0 1E- 0 3  
1. 1RE-05 -'. 6 l F - 1 0  '. 99E-04 
5.U2F-03 
1.09F-GS 
7.0 57- 10 
7 .  19F-04  
U.81E-03 
8.86F-09 
9.39F-06 
6.36F-10 
8.52F-65 
6.25-OU 
l .u3E-12  
4. u u r - 0 3  
1.36E-07 
9. R6F- 1 1  

6.09F- 1 0  
3.91E-03 
6 .2  3E- 00 
2. TEE-07 
U. KOE- 10 
0.0 
5.59E-0' 
8 .25F-06 

U.93E-04 
8.08E-06 

9 . 1 7 ~ 0 6  

0. n 

d 

w 
0 
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TABLE A-17, SMY TABLE OF THE RELATIM INHALATION HAZARDS OF ISOTOPES OF THE ACTINIDE ELEF~ENTS AND THEIR DAUGHTERS 
THE RELATIM INHALATION HAZARD IS DEFINED AS THE VOLLME OF AIR h3) REQUIRED TO DILUTE THE RADI~ACTIVITY IN WASTE TO 
THE LEMLS GIMN IN TABLE 11, GILWIN 1, OF 10 CFR M ,  NUCLIDES WHOSE HAZARD MEASURE IS LESS MAN 106 6 OF AIR AT A 
TIME A F E R  PROCESSING OF 3 YEARS ARE EXCLUDED, 

RFFERFICE PWP FQUIlTBRTOn FUEt CYCLF -- WASTF DPCP.Y TTHFS 

POWE?= 30.00NW, BURNUP= 33000.  NUD, FLUX= 2 .923  13N/C!!**2-SEC 

AC227 
TR227 
TF228 
TH229 
TF230 
01.231 
PP233 

0 2 3 2  
0 2 3 3  
02  3 U  
0 2 3 5  
0 2 3 6  
0 2 3 8  

NF237 
NP239 
PO236 
PO238 
P0239 
P0240 
PO241 
PrJ2U2 
AM2U1 
AM2U2M 
An2U2 
P.M2u3 
CN2U2 
c n 2 u 3  
c n 2 u 4  
CM2U5 
CR2U6 
CM2U7 
CM248 
CF2u9 
CF250 
CF251 
SUBTOT 

NUCLIDE T N A A L P T I O N  R P Z P F D ,  n**3 OF A T R  AT PCG 
BASIS = MT OF APPVY N E T 1 1  CHPRGFD TO RFPCTOR 

CAAPGE CISCAAPGE 3. Y 30. Y 300. Y 3000. Y l O O O O O .  Y 
0.0 1.62E 0 7  4.31F 07  1.97E 0 8  3.13E 08 3.58F 08 3.38F 0 9  
0.0 1.23E 05 3.40E 0 5  1.55F 0 6  2.u7E 06 2.82' 06 2 .673  0 7  
0.0 7.58E 0 9  2.68F 0 9  2.62F 0 8  1.95E 07  9.83F 02  6.20" 0 4  
0.0 1.75F 0 6  1.793 06 4.9uF 06 3. 15F 08 3.02F 10 6. U7F 1 2  
0.0 2 .58F 08 2.593 08 2.82F O R  1.13F 09 1.37E 10 2.7573 1 1  
0.0 6.17E 08 6.17E 08 6.18F 08 6.26E 08 7.16F 08 6.76E 0 9  
0.0 1.70E 0 7  1.70Y 07  1.71E 0 7  1.77F 07 1.88F 07  1.83p 07 
0.0 1.24E 0 7  2.27F 07  2.55F 0 7  1.90F 06 9.78'-06 0.0 
0.0 1.15F 0 4  2.U6E 0 5  2.22F 66 2.23F 07 2.35F 98 6.u5E 0 9  
8 . 1 8 2  1 0  1.89E 08 2.23F 08 5.59F 08 1.937 09 2.19E 09 1.69E 0 9  
3.5UF 0 9  U.28F 0 6  4 .283  06 4 .282  0 6  n.30F 06 4 . 6 l F  06  1.76F 07 
0.0 7 . 2 l F  0 7  7.21E 0' 7 . 2 3 2  0 7  7.56F 07 l .O+F 08  1.96F 0 8  
1.07E 1 1  5.2UP 08 5.24B 08 5.2UF 08 5.2UF 08 5.24F 08 5 . 2 U f  08 
0.0 3 . u O E  1 2  3.uOE 12 3.u2E 1 2  3.54F 12 3.75E 12 3.65p 1 2  
0.0 6 .06F 08  6 . 0 9  08 6.0UF 08 5.89F 08 k 6 1 F  08 7.03F O U  
0.0 2.6313 0 9  l . 2 7 E  09  l . 7 8 F  06  5.363-23 0.0 0.0 

0.0 2.69E 1 3  2.69F 13  2.72E 1 3  2.93F 1 3  U.6UF 1 3  9.63' 1 2  
0.0 3.98F 1 3  5. 14E 13 1. 13F 1 4  1.43F 14 1.08F 14 5. 18F 0 9  
0.0 l . 7 l F  1 4  1.49F l U  U. 14F 13 1. 11E 11 8 . 8 7 F  10 2.60F 07  
0.0 1.15E 1 1  1.15E 11 1.16F 11 1.2UE 11 1.30F 11  1.17T 1 1  
0 . 0  7.93F 1 4  8 .OlF  111 8.207 1 4  6.U7E 1 U  R.62F 12 4 . l l Q  08 
0.0 4.57E 1 3  4.51" 1 3  3.99F 13 1.16F 13  5.23F 07  0 . 0  
0 .0  9.14F 0 9  9.02E 0 9  7 .98F 09 2.33F 09 1.05F 0 4  0.0 
0.0 9.08E 1 3  9 .08P 13  0.06F 1 3  8.8uF 13 6.92F 13  1.05F 1 0  
0.0 4.25F 1 5  4.21E 13  1.63F 1 2  4.77E 11 2.15F 06 0.0 
0 .0  1.84E 1 3  1.72F 13 9.59P 1 2  2.T7F 10 1. lOF-15 0.0 
9.0 R.OlF 1 5  7.14E 1 5  2.54F 1 5  8.20E 10 7.87p-02 2 .393  00 
0.0 1.71E 1 2  1.712 12 1.70F 1 2  1.66F 12 1.33E 12 3 .89F 08 
0.0 3.42F 1 1  3.42E 11  3.UOF 1 1  3.27F 11 2.20Y 11 1 . 3 9 r  0 5  
0.0 1.26E 06 1.26F 06 1.26F 0 6  1.26F 06 1.26P 06 1.2673 0 6  
0.0 3.957 0 7  3.96F 07  3.96E 0 7  3.95E 07  3.93F 07 3. 25F 0 7  
0 .0  7 . U U F  0 7  1 . 8 6 E  O B  1.86F 0 8  1.lOF 08 5.38' 05 0.0 
0.0 1.8UP 08 1.57E 08 3.?6F 0 7  2.34E 0 1  U.107-01 8.59F-03 
0.0 4 .57F 06  4.56E 06 U.U6F 0 6  3.62F 06 U.53F 05 0.0 
1.93E 1 1  1.37E 16 9.75F 15 U.84F 1 5  1.00F 15 2.38P l U  2.02F 13 

0.0 2 . 0 2 ~  1 4  1 . 3 8 ~  15 I. ISF 15 1 . 7 9 ~  14 2 . 9 6 ~  08 0.n 

TOTALS 1 .937  1 1  1.37E 1 6  9 .75F 1 5  U.8UF 15 1.0OF 15 2.38F 1U 2.02F 1 3  

, 



TABU A-18, SMY TABU OF THE RELATIVE INGESTION HAZARDS OF ISOTOPES OF THE ACTINIDE EWNTS AND THEIR DAKHTERS 
THE RELATIVE INGESTION HAZARD I S  EFINED AS THE VOLLME OF WATER (M3) REQUIRED TO DILUTE THE RADIOACTIVITY I N  THE WASTE 

TO THE LEVELS GIVEN I N  TABU 11, CoLlMN 2,  OF 10 CFR x], 
A TIME AFTER PROCESSING OF 3 YEARS ARE EXCLUDED, 

NUCLIDES WHOSE HAZARD MEASURE IS LESS MAN 1 M3 OF WATER AT 

WFPVENCS PWQ E Q U I L I B R I U N  FOE1 CYCLE -- WASTF DFCPY TYNES 

POWSB= 30.00NW, BURNUP= 33000. MWD, FLUX= 2.921 13N/CM**2-S7C 

NUCLIDE INGFSTION R A Z A R D ,  M**3 CF WATPR AT u C G  
B F S T S  = MT OF R E P V Y  MFTP.L C H P R G E r  TO REACTCIS 

CHAFGF DISCHPBGE 
NP237 0.0 1.13F OS 
NP239 0.0 1.82E OS 
PO238 0.0 ? .92F 0 6  
PU239 0.0 3.23F OS 
PU2UO 0.0 U.77E OE 
PU2U1 0.0 2 . 5 7 ~  06 
AM2ul 0.0 3.97E 07 
AM2u2M 0.0 2.29E 06 
AN242 0.0 9.14E 04 
AM243 0.0 4 .5UF 06 
CM2u2 0.0 9 . S l F  OR 
CM243 0.0 7.35E 05 
cm24u 0.0 3.43E 08 
CM2U5 0.0 8.SUE O U  

SUBTOT 0.0 1 .25F 09 
CM246 0.0 1 . 7 1 ~  04 

3. Y 30. Y 300.  Y 
1.13E 05 1. l 4 P  0 5  1.18E 05 
1 . 8 2 ~  os 1 . 8 1 ~  05 1 . 7 7 ~  os 
I. OUE 07 1.  IF 0 7  2 . 5 0 ~  06 
3.23E 05  3 .262  05  3.522 OS 
6. 177 OS 1.3SE 06 1.71: 06 
2 .237 06 6 . 2 0 F  0 5  1.67E 03 
4. C1F 07 u. 10E 07 2.737 0 7  
2.26E 06 1 . 9 9 1  0 6  5 .823  OS 
9.02E OU 7.987 0 4  2.337 OU 
4.542 06 U . 5 3 E  06 4.42F: 06 
8.421 06 3 . 2 7 1  OS 9.5UF GU 
6.89F 0 5  3.8UE 05 1.11E 03  
3.06F 08 1.09E 08 3.517 0 3  
8 .533  OU 8.522, 0 4  8.32E OU 
1.71P 0 4  1.70F 0 4  1.6UT 04 
3 . 8 5 3  08 1.76F 0 8  3.747 07 

3000. Y100000. Y 
1.2% 05 1.22F 0 5  
1.38E OS 2 .11F 0 1  
4. 157 00 c.0 
S.57F 05 1. 16F 0 5  
1.307 06 6 .  22F 0 1  
1. 33F 03 3.90F-01 
U. 3lr 05 2.06F 0 1  
2.612 00  0.0 
1.05F-01 0.0 
7.467 06 5 .273  0 2  

U.39?-21 0.0 
3 . 3 T - 0 9  1.023-07 
6.6UP 0U 1.9UE 0 1  
1. 10F 04 6.95F-03 
6.097 06 2.38F 05 

U . ~ O F - O ~  n.0 

c 

d 

w 
W 

T@TALS 6 . 5 0 2  0 4  7.25F 0 9  3.8% 0 8  1.76? 08 3.74E 07  6. 12F 06 1. 86F 06 



TABLE A-19, 
NUCLIDES WHOSE RADIOACTIVITY EXCEEDS 0,001 CI/METRIC TON OF u CHARGED TO M E  REACTOR ARE INCLUDED, 
ASSLMED MAT, AT M E  TIME OF PROCESSING, 100% OF THE XE AND k I N  M E  WASTE I S  RDCYIMD, 

SUWWY TABU OF RADIOACTIVITY OF THE FISSION PRODUCTS AS A FVNCTION OF TIME AFTER PRICESING 

I T  I S  

PEFERENCE PWP EQUILIBPIUM FUFZ CYCLE -- WPSTE D E C P Y  -7NFS 

POPER= 30.00MS, BURNUP= 33000. NWD, FLUX= 2.923 13N/CN**2-SEC 

NUCLIDE RADIOACTTVTTY, CUPTES 
B9SfS = N'T OF H E P V Y  METAL CHAPGEE TO FB?C*OR 

CHAFGE 
F 3 0.0 

SE 79 0.0 
S? 9 0  0.0 
Y 9 0  0.0 
ZF 9 3  0 . 0  
NB 93N 0.0 
TC q9 0.0 

CD113R 0 .0  
SB125 0.0 
TFl25N 0.0 
S9126 0.0 
SB126N 0.0 
SB126 0.0 

1 1 2 9  0.0 
c s 1 3 4  0.0 
CS135 0.0 
CS137 0.0 
BP.137N 0.0 
PRlU7 0.0 
SM151 0.0 
RUlS2 0.0 
r3U15U 0 .0  
XU155 0.0 
SUBTOT 0 . 0  

~ ~ 1 0 7  0.0 

DISCRPRGE 3. Y 
6.91E 0 2  5.84E 02  
3.9872-0 1 3. 9 8 F - 0 1  
7.68F O U  7.13E 04 
7.68E 04 7.13E O b  
1.89E 00 1.89E 00 
1.835-01 U.25E-01 
1.43F 0 1  1.43E 0 1  
1.1OF-01 1. 10E-01 
1.03F 0 1  8 . 8 6 3  00 
7 .892  0 3  3.65E 0 3  
3.19E 03  1.51F 0 3  
5.46F-01 5.46E-01 
5 .467-01  5.U6F-01 
5.493-01 5. Q l F - 0 1  
3.743-02 3. m e - 0 2  
2.1277 0 5  7.70E O U  
2.86X-01 2.86E-01 
1.07E 05  9.96E 04 
9.98F 04 9.31E OU 
9.73F 04 U.4OE 0 4  
1.25E 0 3  1.22E 0 3  
1.22F 0 1  1.C3E 0 1  
6.86E 0 3  6.02E 0 3  
6.33E 0 3  2.01E 03 
6.96r3 0 5  4 . 7 l P  05  

30. Y 300. Y 3000.  Y l O O O O O .  Y 
1 .27P 0 2  3.1UF-05 0.0 0.0 
3.98F-01 3.971-01 3 .86p-01  1.37?-0 1 
3.66F 00 4.693 01 5.54F-28 0.0 
3.66F O U  U.69F 01 5.5U77-28 0 .0  
1.89F 00 1.89F 00 1.88F 00 1.ROF 0 0  
1.52E 00 1.89F 00 1.88F 00 1.ROF 00  
1.U3E 0 1  1.U3r 0 1  1.U2F 0 1  1 . 0 3 F  0 1  
l . lOE-01 l . lOF-01 1.10"-01 1.09P-01 
2 .333  00 3.64F-06 0.0 0.0 
3 .563  0 0  0.0 0.0 0.0 
1 .48F 00  0.0 0.0 0.0 
5.46F-01 5.455-01 5.3'F-01 2.'32-01 
5.U6p-01 5.US'f-01 5.35E-01 2.733-01 
5. Q l E - 0 1  5 .UOE-01  5.30E-01 2.7OF-01 
3.7UP-09 3.745-02 3. 7UF-02 3. '3F-02 
8.UOF 0 0  0.0 9.0 0.0 
2.86F-01 2.863-01 2.863-01 2.8077-01 
5 .342  O U  1.0UE 02 8.37F-26 0.0 
U.993 O U  9.75F 01 7.82F-26 0.0 
3.4777 0 1  O.@ 0.0 0.0 
9. 83F 0 2  1. l U E  02 5.232-08 0.0 

1.E7F 0 3  1.55E-02 0.0 0.0 
6.Ui3F-02 0.0 0.0 0.0 
1.8OF 05 u.30F 02 2.0UF 0 1  1.53' 0 1  

2.16P 0 0  3.602-07 0.0 0. n 

TOTPLS 0.0 4.1RE 06 6 .77F 05 1.80F 05  U.3OE 02 2.04E 0 1  1.53Q 0 1  

, 



TABU A-20, SWRY TABU OF RELATIVE INHALATION HAZARDS OF THE FISSION PRODUCTS IN WE WASTE RESULTING FRCM A 
METRIC TON OF URANI~M CHARGED TO A FWR 

RELATIVE INHALATION HAZARD IS DEFINED AS M E  VOLLME OF AIR (M3) REQUIRED TO DILUTE THE RADIOACTIVITY I N  M E  WASTE 

TO M E  LEVELS GIVEN I N  TABLE 11, b L l M N  1, OF 10 CFR 20, NUCLIDES WHOSE HAZARD MEASURE I S  BELW lo6 M3 OF AIR AT 
A TIME AFTER PROCESSING OF 3 YEARS ARE EXCLUDED, 

AND XE I N  THE WASTE I S  REMOVED, 
I T  I S  ASSLMED MAT, AT M E  TIME OF PROCESSING, 100% OF THE KR 

REFBPENCF PUF EQWILIBSIUR FUEL CYCLP -- WASTE DFCPY '"TflES 

POWER= 30. OONW, BWqXUP= 33000. RWD, FLUX= 2.92= 13N/C!l**2-S9C 

NWCLIDE INHALPTION HAZARD,  V**3 OF AIR AT PCG 
BASTS = MT OF HEPVY NETPL C H A B G E C  TO REPCT@Q 

CHAPGE DISCHPRGF 3. Y 30. Y 300.  Y 3000. Y100000. Y 
H 3 0.0 3.u6E 0 9  2 . 9 2 2  09 6 .37m 0 8  1.572 02 0.0 0.0 

SI1 90 0.0 2 . 5 6 ~  i s  2 . 3 8 2  is 1 . 2 2 ~  1 5  1 . 5 6 ~  12 i . 8 5 ~ - 1 7  0.0 
Y qn n,n 2.56" 1 3  2 . 3 8 P  13 1 - 2 2 ?  13 1.C.E.F 10 ! . e g r - l 9  n.0 

Z R  9 3  0.0 U.72F O R  U.72P 08 U.72F 08 U.72r 09 0.71F 08 U.50F 08 
NB 93V 0.0 U . 5 7 2  0 7  1.06F O R  '3.792 O R  U.727 O R  U.71F O R  U . W F  O R  
TC 9 9  0 .0  7.17E 0 9  7 .172  09 7 .17F 09  7 .162  09 7.10E 09 5 .172  09  
RU106 0.0 2.013 1 5  2.5UE 1 U  2 .07P 06 0.0 0.0 0.0 
SB125 0.0 8.772 1 2  4.06E 12  3.96F 09  0.0 0.0 0.0 
TE125R 0 .0  7.9?F 1 1  3.79P 11 3.69F 0 8  0.0 0.0 0.0 

I 1 2 9  0.0 1.87F 0 9  1.87E 09 1 .872  0 9  1.87F 09 1.87E 09 1.86F 09  
c s 1 3 u  0.0 5.312 1 U  1.93E l U  2 .10F 10 0.0 0.0 0.0 
CS135 0.0 9 . 5 4 2  07  9. SUE 07 9.5UF 0 7  9.5UP 07 9.53E 07 9. 32P 07 
CS13- 0.0 2.13E 1 U  1.99E 1 U  1 . 0 7 2  l a  2.0RP 11 1.67F-15 0.0 
PRlU7 0.0 U.87E 1 3  2.20E 13  1.74F 10  0.0 0.0 0.0 
SN151 0.0 6.2uF 1 1  6.09E 11  U.91F 11 5 .722  10 2.61F 01  0 .0  
EU152 0.0 3 .06= 10 2.572 10 5.402 0 9  9.09F 02 0.0 0 .0  
EW15U 0.0 6 .862  1 3  6 . 0 2 F  13  1 .872  1 3  1.552 08 0 .0  0.0 
RU155 0.0 2.11E 1 2  6 .692  11  2.16F 0 7  0.0 0.0 0 . 0  
SWBTOT 0.0 5 .473  1 5  3. 13E 15  1 .362  1 5  1.85E 12 1.00E 10 8 .03F 0 9  

TOTALS 0.0 1.01E 1 6  3 . 3 9 3  15 1.36E 1 5  1 . 8 5 P  12 1.00F 10 8.03p 0 9  



TASU A-21, SWY TASLE OF RELATIVE INGESTION tlAzAms OF THE F I S S I ~  PRODKTS IN THE WASTE RESULTING m A 
METRIC Tm OF URANILM CHARGED TO A FWR 

RELATIVE INGESTION HAZARD IS DEFINED AS THE WLUVIE OF WATER (M3) REQUIRED TO DILUTE M E  RADIOACTIVITY I N  THE 
WASTE TO THE LEMLS GIVEN I N  TASU 11, C O L W  2, OF 10 ER 20, 
WATER AT A TIME AFTER PROCESSING OF 3 YEARS ARE EXCLUKD, 
100% OF THE k? AND XE I N  THE WASTE I S  REMOVED, 

NUCLIDES WHOSE HAZARD MEASURE I S  BELW 1 M3 OF 
I T  I S  ASSWED THAT, AT THE TIME OF PROCESSING, 

REFERENCE PWR E Q U T L I B R I U M  FUEL CYCLF -- WPSTF DFCPY TTflES 

POWER= 30.00MW. BUFNUP= 33000. MWD, FLUX= 2.92E 13N/CV**2-SEC 

NUCLTDE INGESTTON R A Z A P D ,  n**3 OF W A T E R  AT P C G  
BASIS = MT OF HEAVY NFTAL CHAPGEI: TO PFACTOF 

CRAFGE DISCHARGE 3. Y 30.  Y 3CO. Y 3000. Y100000. Y 
H 3 0.0 2.30E 05  1.95E 0 5  4 .253  O U  1.053-02 0.0 0. c 
SP 9 0  0.0 2.56E 11 2.38F 11 1.229 1 1  1.56E 08 1.85P-21 0.0 
Y 90 0.0  3.8UP 0 9  3.57E 09 1.83P 09 2.35F 06 2.-7E-23 0.0 

TC 99 0.0 7.17E O U  7. 17P OU 7.17E OU 7.16E OU 7.10E 04  5 .  17F 0 4  
SB125 0.0 7.89E O 7  3.652 07  3.563 0 4  '3.0 0.0 0.0 
TE125fl 0.0 3.19E 0 7  1.51E 0' 1 .08F OU 0.0 0.0 0.0 

cs13u 0.0 2 .363  10 8.56E 09 9.33p 05 0.0 0.0 0.0 
CS137 0.0 5.31F 0 9  4.98E 09 2.67E 0 9  5.21E 06 4.183-21 0.0 
BP13711 0.0 9.98E OU 9.31E OU 4.993 O U  9.75E 01 7.823-26 0.0 
PHlUT 0.0 U.87E 0 8  2.203 08 l.7UF C5 0.0 0.0 0.0 
s11151 0.0 3.12F 0 6  3.05E 06 2.U6P 0 6  2 .86r  05 1.313-04 0.0 
EU152 0.0 1.53P 05 1.28E 0 5  2.70F OU 4.55E-C3 0.0 0.0 
E0154 0.0 3.43F 08 3.01F 08 9.35F 0 7  7.77P 02 0.0 0.0 
SUBTOT 0.0 2.90F 1 1  2 .553  11 1.27E 1 1  1.65E 08 6.953 05  6.73F 05 

TOTPLS 0.0 4.492 1 1  2.66P 11 1.27F 1 1  1.65* 08 7.05F 0 5  6.83F 0 5  

1 1 2 9  0.0 6.24E 05  6.24P 05 6.2UE 0 5  6.24F 05 6.24E 05 6.21" 0 5  

. 1 



.I I 

TABU A-22, TWELVE-ENERGY-GROUP P~KITON SPECTRLM AS A FUNCTION OF TIME FOR FISSION PRODUCTS IN THE WASTE RESULTING 

IT IS ASSLMED TWT, AT THE TIME OF PROCESSING, 100% OF THE KR AND XE IN THE WASTE IS REMOVED, 

FROM A METRIC Tm OF URANILM CHARGED TO A WR 

FFFERFRCF PWR EQWILIBRTUN FWEL CYCLP -- WASTE DECAY TTRES 
POWEF= 30.00 FW, BWFNUD= 33000.MWD, ?'LOX= 2.92E 1 3  N**2-SwC 

TUFLVE GFOWF PHOTON FELEa SF RATFS,  PHOTONS/SFC 
BPSTS = M ?  OF H E P V Y  N F A L  CHAFGED TO PEACmrJ* 

??UPAN 
(MFV) 

3.00E-01 
6.30E-01 
1.10E 00 
1.55E 00 
1.99F 00 
2.38F 00 
2 . 7 5 3  00 
3.25E 00 

u.22F 00 
U.7OF OC 
5 . 2 5 3  00 

TOTbL 

3 . 7 0 ~  00 

INTTTAL 
B . O O F  1 5  
6.UOE 16 
1.54E 1 5  

2.66E 14 
2.68F 13 
2.01E 1 2  
6.332 1 0  
0.0 
0.0 
0.0 
0.0 

7.43'2 16 

5 . 1 8 ~  1 0  

1. 
3.41E 
2. 14F 
8.51E 
2.863 
1.12F 
1.31E 
1.01F 
3.17F 
0.0 
0.0 
0.0 
0.0 

2.61E 

Y 
15 
1 6  
1 4  
14 
1 4  
1 3  
1 2  
10 

16 

3 .  Y 10. Y 
8.51E 14 1.70F l U  
l . l U p  16 3.87? 15 
3.69E 1U 1.32E 1 U  
1.10E 1 U  9.19E 12 
2.03E 13  9.61F 10 
3.27P 12 2.57E 10 
2.53F 1 1  2.029 09 
7.99F 09  6 = 3 9 F  07 
0.0 0.0 
0.F 0.0 
0.0 0.0 
0. C 0.0 

1.2873 16 4.18E 15 

30 
9.74F 

5.26V 
6 . 3 U V  
1.84F 
2.60E 
2.05E 
6 507  
0 . 0  

0.9 
0.0 

2.15E 

2.  no" 

n.o 

. Y 100.  Y 
1 3  1.72F 1 3  
1 5  3.91E 1 4  
13  2.97v 12 
1 1  l . l O E  11 
10 3.28E 0 9  
0 4  2.76E-17 
03 2.18E-18 
0 1  6;91F-29 

0.0 
0.0 
0.0 
0.0 

15 4.11F: 1 4  

300.  Y 1000.  Y 
1.4bP 1 1  6 . 3 6 F  0 9  
3.90E 1 2  7 . 5 1 P  1 0  
4.71E 0 9  9 . U 6 7  05 
2.U3F 0 9  1 .65E 0 9  
2.3hF 0 7  7.U7F-01 
0 .0  0.0 
0.0 0.0 
F. 0 D. 9 
0.0 0 .0  
0.0 0 . 0  

0.0 0 .0  

U.05F 12 8 .31F 10 

0.0 n. o 

3000. Y 10000. Y 
6.25F 0 9  5.96F 0 9  
7.40E 10 '.05F 10 
2 . 9 8 r  0 5  5.22F 0 3  
l.63"1 0 9  1 .55F 0 9  
2.79F-22 0.0 
0.0 0 .9  
0.0 0.0 
0. 0 0.0 
0.0 0 .0  
0 . 0  0 .0  
0.0 0 . 0  
n . O  0.0 

8.19F 10 7 . B O E  10 

100000.  Y 
3.277 0 9  

0.0 
8.30F O B  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.F 
0.0 

h.19P 1 0  

3 . 7 8 ~  i n  

REV/SFC 4.58F 16 1.62F 1 6  8.09E 1 5  2.65E 15 1.35E 1 5  2 .553  14 2.51B 1 2  5 .18F 1 0  5.10F 10  u.86F 10 2.61F 10 

TWELVE GF'JTJP ENFRGY FELZASE R4TES, RlYV/WATT-SEC 
BASTS = U? OF HFIVY RETAL CHAFGED TO F134CT@F 

EREAN 
(NEVI 

3.00F-01 
6.30E-01 
l . l O E  00 
1.55E 00 
1.99E 00 
2 . 3 8 3  00 
2 .752  00 
3 . 2 5 2  00 
3.70E 00 
U.22E 00 
4.70F 00 
5.253 00 

T N I T I P Z  
8.00E 07 
1.3UP 09  
5.6UF 07 
2.68F 0 7  
1 . 7 7 3  0 7  
2.12E 0 6  
1.849 0 5  
6 .86F 03 
0.0 
0.0 
0 . 0  
0.0 

1. Y 
3.UlP 0 7  
4.50F 08 
3.12E 0 7  
1.48F 0 7  
7 . 4 2 3  0 6  
1.OUE 0 6  
9.223 0 4  
3.4UE 0 3  
0.0 
0.0 
0.0 
0.0 

3. Y 10. Y 
8 . 5 l E  06 1.TOF 06 
2.UOE 08 8.12E 0' 
1.35F 0 7  u . 8 3  0 6  
5.70P Oh 4 . 7 Y  0'' 

2.59F 0 5  2.0UE 03 
2.32E 04 1.85F 0 2  
8.65F 0 2  6 .922  00 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

1 . 3 5 ~  0 6  6 . w ~  03 

30. Y 
9 . 7 w  05  

1.93E 0 6  
3.285 O U  
1.22E 0 3  
2.06T-0 3 
1.889-04 
7.049-06 
0.0 
0.0 
0 .o 
0.0 

u . 2 0 ~  0 7  

100.  Y 
1.72E 0 5  
8.21E 0 6  
1.09E 05 
5.68E 03 

2. 19E-2u 
2.00E-25 
7.49E-27 

0.0 
0.0 
0.0 

2 . 1 7 ~  02  

0.0 

300. Y 
1.UUF 0 3  
8.18P 0 4  
1.73F 0 2  
1.26E 0 2  
1-57?? 00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1000. Y 3000. Y 
6.36E 0 1  6.25F 0 1  
1 .58F 0 3  1.56p 03 
3 . 4 7 r - 0 2  1.09E-02 
8 .52P 0 1  8.UOF 0 1  
4 . 9 5 F - 0 8  1.85E-29 
0.0 0.0 
o . n  0 .0  
0 .0  0.0 
0.0 0.0 
0 . 0  0.0 
0.0 0.0 
0.0 0.0 

10000. Y 
5.96F 0 1  
1.48F 03 
1.92F-0U 
8 .OlF  0 1  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 

100000.  Y 
3 . 2 T  01 
7.9UF 0 2  
0.0 
4.29Fl 0 1  
0.0 
0.0 
0.C 
0.0 
0.0 
0 .0  
0 .o 
0.0 

TOTAL 1 . 5 3 E  09  5.38P 08 2.7OF 08 8.82F 07  U.U9E 0- 8.50F 06 8.36F 04 1.73F 03 1.7FF 0 3  1.62F 03 8.69F 0 2  

GANIA WATTS 7.34E 03 2.59E 0 3  1.3OP 0 3  4.2UF 0 2  2.16P 0 2  4.09F 0 1  4.02F-01 8.30E-03 8.18"-03 7.79F-01 4.1flF-03 

c 



BI211  
B’I212 
BI213  
PO2 1 0  
PO21 1 
PO2 1 2  
PO2 13 
PO2 1 4  
PO2 1 5  
PO21 6 
P@218 
AT2 1 f 
TN2 1 9  
TN220 
FN222 
FP22 1 
FP 2 2 3  
PA224 
FA226 
IC22 5 
AC227 
TH227 
TH22R 
TH229 
TH230 
TH232 
PA23 1 

11232 
U233 
U23U 
0 2 3 5  
023  6 
U23R 

NP237 
PlJ236 
PU238 
PO239 
PO2 4 0 
PU24 1 
PO242 
PO244 
AM2u 1 
AM243 
c u 2 4 2  
CM2u3 
CM24U 
c u 2 u 5  
CU246 
CN247 
CM248 
BK249 
CF2P9 
CF2 5 C 
CF251 
CF252 
CF253 
CF25U 
W 2 5 3  
TOTAL 

9 1 

TASU A-23, NEUTR~~ 

I T  IS ASSlMED THAT, 

IV1T-f PL 
U. 31 E- 0 3  
1.5UE-01 
3.2UE- 0 9 
9.06 E- 0 7  
2.05F-05 
1.619 0 1  
2.95E- 0 U 
1.26E-04 
6.6UE-03 
9.76E 00 
5. U6E-05 
1.633-04 
u .98E- 0 3  
7.39E 00 
3.713-05 
1.05E-04 
2.8 53-03 
5 . 0 8 F  00 
2.22E- 05 
7.8UE-05 
8.32p- 12  
2.79E-03 
U.31P 00 
u, 965-0 5 
2.2RE-0 2 
1 .993-08  
3.6 1 E-02 
6 .57F-02  
2.8 UF- 04  
4.U6F 00 
8.8 5E- 0 2 
1.117F 0 0  
1.16E 00 
4.33T 02  
3.73P 00  
2 .791  04 
2.53E 0 3  
3.77E 0 3  
6.23F- 10  
8.9SE 00 
2.24E- 1u 
3.22F 05  
S.12E OU 
U.96E 0 7  
1.06E O U  
5.79F 0 6  
5.54E 0 2  
1.30P 0 2  
u. 1 l f - 0 4  
1.93E-01 
1.32E- 1 2  
1.38E-02 
1 . l l E - 0 1  
7.18--04 
1.51E 00 
2.87P- 111 
4.572-04 
3.293-04 
S.58E 07 

1. Y 
7.253-03  
1.08E-0 1 
3.26E-0 9 
1 .953-06  
3.45E-OS 
1.13E 0 1  
2.97E-04 
1.833-04 
1.12E-02 
6.85E 00 
7.9OE-05 
1.6UE-Ou 
8 .  37E-03 
5 . lQE 00 
5 .379-05  
1.06E-OU 
4 .79F-03 
3.56E 00 
3.21E-05 
7 .90E-05 
1.31E- 1 1  
4.573-03 
3.02E 0 0  
4.97E-05 
2.28F- 0 2  
1.993-08 
3 .6  1E-02 
8.R6E- 0 2  
2.27E-03 
4.65F 0 0  
8 . 8 5 t - 0 2  
1.37F 00 
1.16E 00 
4.33E 0 2  
2 .923  00 
1.60E OS 
2.53E 03 
4.15E 0 3  
5.94B- 1 0  
8.95E 00 
6.2  9F- 1 2 
3 .233  05 
5 . l l F  011 

1.OUE O U  
5 . 5 8 P  0 6  
5 . 5 U E  0 2  
1 .309  0 2  
4 .  115-04 
1.93P-0 1 
5 .89E-13 
2.6 3E-02 
1.06P-0 1 
7 ,185-04  
1.17E 0 0  
1.92E-20 
6 .963-06  
2.  U 8E-0 9 
1 .66E 0 7  

1 . 0 5 ~  07 

N SOURCE, AS A FUNCTION OF TIME AFER PROCESSING, FOR ISOTOPES OF ACTINICE EWNTS f 
ME WASTE RESULTING FROM A METRIC TON OF UWWILM WED TO A PWR 

AT THE TIME OF PROCESSING;. %,5% OF M E  1 1  AND PU I N  M E  WASTE I S  REMOMD, 
RPPPRENCE PWF FQUILIEPIOM FUEZ C Y C I E  -- WASTE DECAY ‘I 

ALPHA-N NWJTRON S@ORCE I N  DISCAPUGED PIIFL, WPOTFOPS/SEC 
BASIS = UT OF R E P V Y  METAL CRAPGED “0 REACTOR 

3. Y 10. Y 30. Y 100. Y 300. Y 1000. Y 
1.2372-02 2.7’5E-02 5.60F-02 8 .47F-02  8.892-02 9.24E-02 
5.43F-02 9.51E-03 5 .291-03  2.71)”-03 3.9UE-0U 4.75E-07 
3.33E-09 3.95F-09 9.19E-09 6.81E-08 5.85E-07 6.46”-06 
5.26P-06 3.20E-05 1.85F-04 1.23E-03 8.22E-03 1.03F-01 
5.843-05 1.31E-Ou 7.57P-09 U. 03E-OU U .  23E-04 4. UOF-04 
5.67E 00 9.93E-01 5.53E-01 2.82”-01 U .  l lE -02  4.96P-05 
3.032-04 3.603-04 8.37F-Ou 6.20E-03 5.73E-02 5.89E-01 
2.960-0U 6.959-04 1.87-03 7.00E-03 3.80E-02 3.98F-01 
1.89E-02 u.23E-02 8.63P-02 1.30”-01 1.37E-01 l.U2E-01 
3 . 4 5 3  00 6.03E-01 3.363-01 1.71P-01 2.5OF-02 3.01E-05 
1.28F-04 3.019-04 8. IlE-OU 3. 031-03 1.6UE-02 1.722-01 
1.67E-OU 1.98E-04 U.61E-04 3.U2E-03 2.9UE-02 3.2UE-01 
1.42E-02 3.1’E-02 6. U79-02 9.77E-02 1.03E-01 1 . O 7 E - O l  
2.612 00 U.57E-01 2.5aE-01 1.30E-01 1.89E-02 2 .281-05  
8.70E-05 2.04E-04 5 . 5  1E-04 2.06F-03 1.129-02 1.17P-01 
1.08E-04 1.28E-Ou 2.q8E-04 2.21E-03 1.90E-02 2.10E-01 
8.lOE-03 1.81F-02 3.703-02 5.59F-02 5.88E-02 6.10F-02 
1.79E 00 3.luE-01 1.75E-01 P.92E-02 1.30E-C2 1. 57F-05 
5.20E-05 1.22E-Ou 3.30E-04 1.232-03 6.68E-03 7.00E-02 
8 .053-05  9.553-05 2.22E-04 1.65E-07 1.429-02 1.S7F-Ol 
2.2lE-11 U.9UE-11 1.01F-10 1.53E-10 1.603-10 1.66F-10 
7 .72F-03  1.733-02 3.53E-02 5.332-02 5.6OE-02 5.81P-02 
1.52F 00 2.67E-01 l .u9E-01 7 .6 lF -02  1.112-02 1.34E-05 
5.06”-05 6.01T-05 1 . 4 0 E - 0 4  l .94E-03  8.91F-03 9.8UF-02 
2.29p-02 2.33E-02 2.5OP-02 3.7OP-02 0.06E-02 3.85E-01 
2.OOP-08 2.03F-08 2.12E-OR 2. U U E - O R  3.35E-08 6.80B-08 
3.612-02 3.61F-02 3.62E-02 3.63E-02 3.67B-02 3.80F-02 
1.20E-01 1.5UF-01 1.35E-01 6.881-02 1.00E-02 1.19B-05 
6.05E-03 1.R6E-02 5.U6E-02 1.81E-01 5.50E-01 1.88E 00 
5 .27E 00 7.48E 00 1.32E 01 2.AOE 0 1  U.56” 0 1  5.20E 0 1  
8.85E-02 P.85E-02 8.86E-02 8.87E-02 8.90E-02 9.OUF-02 

1.16F 00 1.16E 00 1 .161  00 1 .16F  00 1.16F 00 1.16F 00 
4.34F 02  4.3UF 0 2  U.35F @2 U . 4 0 E  0 2  U.51E 0 2  4 . 7 0 F  02 
1 . 8 0 E  00 3.28P-01 2.53E-03 1.02E-10 7.61F-32 0 . 0  
1 . 9 1 f  05 1.833 05 1.59E 05 9 .67”  O U  2.U7E 04 U.UOF 02 
2.53E 03  2.5UE 03 2.55E 03 2.61E 0 3  2.753 0 3  3.23E 0 3  
U.R7E 03 6 .99F 03  1 .075  04 1.36F 0 4  1.35E 04 1.26- 04 
5.00E-10 3.87F-10 1.50E-10 5.80”-12 4.0uF-13 3.81E-13 
8 .962  00 8.99E 00 9.06F 00 9 .27F 00 9.632 00 9.93E 00  
1.88E-11 6.27T- 11 1.88E-10 6.273-10 1.88E-09 6.26F-09 
3 .25F 05 3.30E 05  3.33F 05 3 .059  05 2.22E OS 7 .28F  O U  
S.11E 0u  5.11E 04 5.10F 04 5.07” 04 4.98F 0 4  4 .673  04 
U .9 lP  05 2.09E 00  1.91E 04 1.39F 0U 5.56E 0 3  2.293 02  
9 .95P  03  8.552 03 5.5UE 03 1.22F 03  1.60E 0 1  u.1SF-06 
5 .17E 06  3.05E 06 1.R4E 06 1 .26-  05 5 .932  0 1  1.5UF-10 
5.5UE 02  S.5UE 02 5.53E 02 5 . 4 9 2  02 5 . U O E  0 2  5.09E 0 2  
1 .30F  0 2  1.30E 0 2  1.30E 02 1.29E 0 2  1.25E 0 2  1.13F 02  
U. 11E-04 U.llE-04 U. 1lR-04 U. IlF-OU U. l lE -04  4.  l l F - 0 4  
1.93E-01 1.93F-01 1.937-01 1.93P-01 1.93E-01 1 .93 r -01  
1. 17E-13 11.162-16 u .  13F-23 0 .0  0.0 0 .0  
3. UUE-02 3.592-02 3. USE-02 3.OlE-02 2.03E-02 5. 11F-03 
9.49E-02 E.55E-02 2.27E-02 5.56-04 1. UlE-08 2.68F- 10  
7.17E-04 7.13E-04 7.02F-OU 6.65E-OU 5.70E-04 3.32F-04 
~ . ~ O P - O I  ~ . I O F - O I  ~ . ~ U F - O U  6 . 3 3 ~ - 1 2  0.0 0.0 
8.62E-33 0.0 0.0 0.0 0.0 0.0 
i . 6 1 ~ - 0 9  3 . 0 5 ~ 2 2  0.0 0.0 0. n 0.0  
6.50E-20 0.0 0.0 0.0 0.0 0 .0  
6 .24F  06 4.562 06 2.42E 06 6.11E 05 3.2OV 0 5  1.37F 0 5  

1 . 3 7 ~  00 1 . 3 1 ~  n o  1 . 3 7 ~  00 1 .397  00 1 . w  00 1 . 6 0 ~  00 

‘IMES 

3000. Y 
1.02E-01 
1.9AE-08 
5.62F- 0 5 
7.87E-01 
4 . 8 5 E - 0 4  
2.07p-06 
5.12F 00 
3.02E 00 
1.5’-01 
1.26E-06 
1.31F 00 
2.82E 00 
1.18?-01 

8.RRF-01 
1.A2F 00 
6 . 7 3 ~ 0 2  
6. SSE-07 
5. 31F-01 
1.36F 00 
1.933- 10  
6.41E-02 
5.59P-07 
A. 55E- 0 1 
1.21E 00 
1. 853-07  
4. 19F-02  
5 .16F- lu  
5.79F 00 
‘=.19F 0 1  
9.53 E- 02 
1.99E 00  
1.16E 00 
4.78E 02  
0.0 
4.099-02 
4.36F 0 3  

3.22E-13 
1.01E 0 1  
1.88E-08 
3.50E 0 3  
3.90F 00 
2.51?-02 
6.332-25 
5 .69P-11  
4.31E 0 2  
8.39F 0 1  
4.11E-04 
1.92F-0 1 
0.0 
9.95E-05 
2. U7E- 10  
7.12E-05 
0.0 
0.0 
0.0 
0.0 
5.A2F 04 

9 . 5 u p - n ~  

1.037 n u  

’RESENT IN 

1oor)o. Y 
1.3”F-01 
8.063-08 
5.165-04 
U . 5 8 F  00 
6.61E-04 
8. U2E-06 
4 .7OE 01  
2.14E-01 1.77E 01  

5. 12E-06 
7 . 6 5 3  00 
2.59E 0 1  
1.605-01 
3. 87F-06 
5.209 00 
1.67E 01  
9. 1RE-02 
2.663-06 
3. l l E  00 
1.25E 01  
2. SOP- 10 
8. ”SF-02 
2.272-06 
7 .862  no 
3 . 9 7 ~  on 
f .51E-07 
c. 72F-02 
0 .0  
1.93- 01  
5.092 0 1  
1.213-01 
2.89E 00 
1 .16F 00 
u . f8E  02 
0.0 
5.593- 16 
6 . 4 U P  03  
5 . 0 0 B  03 
1.79E-13 
1.05F 01  
6.21E-08 
3 .009  0 2  

3.U25-16 
0.0 
1.88E- 10 
2.39F 02  
3.00E 01  
U. 11E-04 
1.89F-01 
0.0 
1. O2E- 10 
1.87E- 10 
3. 26E-07 
0.0 
0.0 
0.0 
0.0 
3.349 ou 

2 . 0 7 ~  04 

100000.  Y 
9.6 1”-01 
1.253-06 
1.20F-02 
3.62F C1 
4.  5RF-03 
1.3lF-OU 
l . l O F  03  
1.uOF 02  
1.48” 00  
7.9YF-05 
6.040 0 1  
6.03F 0 2  
1 . l l F  00 
6.01E-05 
4 .  10F 0 1  
3.9PF 02  
F.3SF-0 1 
4 .  13F-05 
2.45F 01  
2.91F 02  
1.73F-09 
6.0qF-01 
3 .52F-0s  
1.83” 02 

1.16-05 
3.9 6F- 0 1 
n.0 
1.59F 02 
U.00F 01  
3.65E-01 
3 .73F 00 

U.65E 0 2  
0.0 
0.0 
9.04- 02  
4.91F-01 
9. U 3 E -  1- 
9.09F 00 
5.69F-07 
1.67E-01 
5.9uF 00 
0.0 
0.0 
1.73”- 09 
1.26F-0 1 
5 . 3 1 ~ 0 5  
u. 0qr-011 
1.58F-01 
0.0 
0.0 
5 .18F-12  
0.0 
0.0 
0.0 
9.0 
0.0 
u.u8v 0 3  

2 . 4 ~ ~  n i  

1 . 1 6 ~  no 



c 

PU23 8 

FU242 
PU24U 
CM2U2 
m 2 4 u  
CM2 4 6 
CN2U8 
CM250 
CF2 5 0 
CF252 
t F 2 5 4  

P I J ~ U O  

T e T n i  

TABLE A-23 (CCNTINIIED) 

REFFFFIPCE PUR EQUTLTBF’TIJN FUFL CYCLE -- UXSTT DECAY TIMES 
SPONTANEOUS FISSTOIP NFrJTPON SnUBCS TB DISCHARGED FUEL, NEUTPONSISEC 

BESTS = NT 01 AEP.VY METAL CHAVGED TO RFACT04 

INITIAI, 1. Y 3. Y 10. Y 
1.93F 03 1 . l l T  04 1.33E OU 1.2’E 04 
1.02F 04 1.12E 0 4  1.32E 04 1.89E 04 
3.5U3 03 3.5UP 0 3  3.543 0 3  3.55E 0 3  
2.87E-09 8.063-07 2.41F-06 8.OUF-06 
1.01E 08  2.1UT 0 7  9.99F 05 U.253 O U  
3.38P 08  3 . 2 6 3  08  3.02E 08 2 .313  O R  
2.OuY 06 2.04E 0 6  2.04E 06 2 .093  0 6  
8.11E 0 3  8.12E 0 3  8 . 1 2 1  03 8.12E 03 
1.221-03 1 .223-03  1.22F-03 1.22E-03 
3.R7E 0 3  3.67E 0 3  3.30F 0 3  2.283 03 
1.973 Of 1.52E 05 R.97E OU 1.437 O U  
2.653 0 1  u.03E-01 9.342-05 1.772-17 

30. Y 
1 . 1 0 3  04 
2.89E 0U 
3.58E 03 

3.88F 04 
1.07E 08 
2.0UE 06 
8.12F 0 3  
1.222-03 

7.59F 01 
0.0 

2. U 1F-05 

7. 8 9 ~  02 

100. Y 
6 .71F 0 3  
3.6’2 0u 

8 . 0 4 E - 0 5  
2.822 OU 
7.35E 06 
2.01F 06  
8.12E 03 

1.93E 01 
8.2UQ-07 
0.0 

3.667 03  

1 . 2 2 ~ 0 3  

300. Y 1000. Y 

3 .663  0 4  3.UOF 04 

2.UlF-04 8.03F-OU 
1. 13E 04 11.6573 02  
3.u6F 03 8.98E-09 
1.96E 06  1.76E 06 
8. 1 l F  03 8. 10E 03 
1.212-03 1.17E-03 
U. 91E-OU 9 . 3 0 ~ 0 6  
0.0 0.0 
0.0 0.c  

1 . 7 1 ~  0 3  3.063 01  

3 .809  0 3  3 . 9 2 3  03 

3000.  Y 
2. R U V - 0 3  
2.’7E 0 4  
U.01F 03 
2. UOF-03 
5.10E-02 
3.323-09 
1.31E 06  
8. @‘E 03 
1.OAF-03 
8.59F-06 
0.0 
0.9 

U.42E 08  3 .493  08 3.05E 08 2.333 O R  1.09E 08 9 . U 4 R  06 2.02F 06  1.81E 06 1.35E 06  

10000.  Y 
3.8RF- 1’ 
1 . 3 5 3  ou 
u. 14F 03 
7.96E-03 
6.963-  16 
1.lOE-OR 
4.69E 05 
7 . 9 6 3  03 
A. 20E-0u 
6.50E-06 
0 .0  
0. 0 

i o m o o .  Y 
0.0 
1.33F 09 
3.59F 03 
7.292-02 
0. n 
1.013-o’ 
8 .32E-01 
6.fi77 0 3  
2.27F-05 
1. 8OF-0’ 
0.0 
0.0 

4 .951  05 1.03E O U  

.......................................................................................................................... 
TOTAL U.973 08  3.€6F 08  3.11F 08 2 .373  08 1.12E 08 1.01E 07 2.3UF 0 6  1 .953  06 1.41E 0 6  5.28Y 05 1.47F O U  



TABLE A-24, EIGHEEN-ENEFGY-GROW PHOTON SPECTRLM, AS A F L N C T I ~  OF TIME AFTER PROCESSING, FOR ISOTOPES OF Aci 
ELEMENTS PRESENT IN THE WASTE RESULTING FW A METRIC Tm OF U W I W  CHARGED TO A PWR 

I T  IS ASSWED THAT, AT ME TIME OF PROCESSING, %,% OF THE u AND PU IS REMOVED FRCM ME WASTE, 

REFEREACF P U B  FQUIIIEPTUM FUEL CYCLF -- UPSTE DIICAY TIHES 
POUPR= 30.00 MU, BUFNUP= 33000.MUD. PIUX= 2.92E 1 3  N**2-SEC 

PCTINTDE PBOTOR FFLEASE RATFS, PA@TONS/SEC 
BPSIS = UT OF H E A V Y  UETIL C H P U 6 7 D  TO RPPCTOR 

EMEAN 
VEV) 

3.OOE-02 
U .  OOF-02 
6.00E-02 
1.00E-01 
1.50E-01 
2.00E-01 
3.00E-01 
6.303-01 
l . l O E  00 
1.55E 00 
1.99E 00 
2.38F 00 
2 . 7 5 3  00 
3.25E 00 
3 .70F 00 
U.22E 00 
u.70E 00 
5.25E 00 

INITTPL 
1.73E 1 1  
1.lUF 1 2  
2 .773  1 2  
3.27F 1 0  
3.23F 1 1  
1.56E 1 1  
1.17E 1 1  
6.5UE 1 1  
1.38E 11 
2.OUE 08 
1.07E 08 
5.32F 0 7  

1.5UE 0 7  
9.892 0 6  
6.2UE 0 6  
2 .952  0 6  
1.86E 0 6  

5.377 0 7  

1. Y 
1.73F 11 
9.20E' 1 1  
2.782 1 2  
1.222 1 0  
3.12F 1 1  
1.5% 11 
1.16F 1 1  
5.6573 11 
1.38F 1 1  
1.58E 08 
8.33E 0 7  
4. l4E 07 
3.96F 0 7  
1.2OF O7 
7.701 06 
U . 8 6 E  0 6  
2.30E 0 6  
1 .05F 0 6  

TTNF AP'IFP DTSCRIFGY 
3. Y 10. Y 30. Y 

1.7UE 1 1  1.77P 11  1.78E 1 1  
8.62P 1 1  8.50E 11  8 . 1 3 3  1 1  
2.79E 1 2  2.822 12 2.8UF 1 2  
7.00F 0 9  6.44E 0 9  5.8U3 0 9  
3.09E 11 
1.SUF 1 1  
1.16F 1 1  
5 .u2E 1 1  
1.38E 1 1  
1.37E 0 8  
7.22E 07 
3.59E 07 
2.70B 07 
1.04E 0 7  
6.68F 06 
4.22F 0 6  
2.00P 06  
1 .26F 06  

3.09E 11 3.08": 1 1  
1.51F 11  1.114" 11 
1.13F 11 1.08E 1 1  
5.UOE 11 5 . 3 9 3  1 1  
1.38F 11 1.37E 1 1  
1.0UE 08 u.89" 0 7  
5.50E 07  2.58E 0 7  
2.7UP 07 1.29E 07 
1.U6E 07  7.OOP 0 6  
7 .95F 06 3.73F 0 6  
5 .  1OF 06 2.uOE 0 6  
3.22Y 06 1.51F 0 6  
1.52F 06 7.15E 0 5  
9.58E 05 4.502: 05 

100. Y 
1.6UE 1 1  
6.682 1 1  
2.65E 1 2  
5.OBF 0 9  
3.06E 1 1  
1.33E 1 1  
1.00E 11 
5.353 1 1  
1.3'F 1 1  
U.21E 0 6  
2.213 0 6  
1. l o ?  0 6  
1.02F 0 6  
3.17E 05 
2.042 0 5  
1.29E 05 
6 .092  O U  
3.83E 0 4  

3 0 0 .  Y 

4. 1SP 1 1  
2.09E 1 2  
4.35F 0 9  
3.003 1 1  
1.28F 1 1  
9.66E 5.25a 1 0  1 1  

1.3UE 1 1  
9 .36F 0 5  
U.55E 05 
2.38F 0 5  

6.41E 04 
U.11" o u  
2.59E 0 4  
1.23E 011 
7.,27 0 3  

1.203 11 

1 . 7 8 ~  os 

1000.  Y 
4 . 0 8 E  1 0  
2.39F 11  
1 .08F 1 2  
3 . 2 2 F  09  
2 . 8 2 2  1 1  
1.2OF 1 1  
9 .13F 10 
U.937 1 1  
1 .26F 1 1  
1 . 6 8 7  0 6  
U.98F Oc 
3.75F 05  
9 . 6 1 F  0 4  
q . 8 2 F  Ob 
3.682 04 
2.32F 0U 
l . l O F  O u  
6.91F 0 3  

3000. Y 
4.2UF 0 9  
1.92P 1 1  
5.272 1 1  
2.58" 0 9  
2 .357  1 1  
9.99F 10 
7 .74F 10 
U . l l V  1 1  
1.05F 1 1  
7 .65*  0 6  
1.067 0 6  
1.U9F 06  
9.81E C U  
U . 9 5 E  0 4  
2.75E O U  
l.'uF 04 
8.22" 0 3  
5.17" 03 

TOTAL 5.50E 1 2  5.17E 1 2  5.09E 1 2  5 .11F 12 5 . 0 7 P  1 2  U.69t 1 2  3.RlE 1 2  2.U7F 12 1.65F 1 2  

MEV/SEC 9.00F 1 1  8.31E 1 1  8.14E 11 8.12E 11  8 . 0 7 1  1 1  7.81F 1 1  7.2UE 1 1  6 .19F 1 1  U.93F 1 1  

BCTTNTDF E N E Q G Y  PELEASE R E V S ,  A"V/WPTT-SFC 
BASIS = NT O f  BFPVY MFTPL C A A V G E D  TO PFICTOF 

EUFAN 
(NEVI 

3.00E-02 
u. 00E-02 
6.00E-02 
1.0OE-0 1 
1. SOE-01 
2.00E-01 
3.00F-01 
6. 3013-0 1 
1.lOE 00 
1 . 5 5 F  00 
1.99E 00 
2.38E 00 
2 .75F 00  
3 . 2 5 3  00 
3 .70E 00 
4.22H 00 
P.70E 00 
5.25E 00 

INITTPL 
1.73E 0 2  
1.52F 0 3  
5.5UF 0 3  
1.09F 0 2  
1.61E 03  
1.0UE 0 3  
1.17F 0 3  
1.37F 04 
5.07E 0 3  
1.05E 0 1  
7 . l l F  0 0  
4 .222  00 
4.92E 00 
1 .675  0 0  
1.22E 0 0  
8.78F-0 1 
U.63E-01 
3.25E-0 1 

1. Y 
1.73F 0 2  
1.23E 0 3  
5.56F 0 3  
4 .072  0 1  
1.56F 03 
1.0UE 03 
1.16E 0 3  
1.19? ou 
5.06E 0 3  
8.15E 00  
5 .532  00 
3.29E 00  
3.63F 0 0  
1.30E 00 
9.50E-0 1 
6.83E-01 
3.60F-0 1 
2.53F-01 

TIME I F I F "  PTSCAAVGE 
3. Y 10. Y 30. Y 

1.7UF 0 2  1.77E 02 1.78E 0 2  
1.15E 03 1.13F 03 1.08E 0 3  
5.58F 03 5.6UF 03 5.67F: 0 3  
2.33" 0 1  2.15F 0 1  1 . 9 9  0 1  
1.55F 0 3  1.5UF 0 3  1.5U" 03 
1.03E 03 1.01E 0 3  9.57E 0 2  
1.16E 0 3  1 .137  0 3  1 . 0 8 t  0 3  
1.14F 04 1.13F OU 1.13" 00 
5.067 0 3  5 . 0 E 3  03 5 . 0 4 7  03 

U . 7 9 E  00 3.65E 00 1.71F 0 0  
2 .853  00 2.18E 00 1 .027  0 0  

1.13E 00 8.61F-01 u.0UE-01 
8.2UE-01 6.292-01 2.957-01 
5.931-01 U. 53P-01 2.13E-01 
3.13P-Ol 2.39E-01 1.12E-01 
2.20E-01 1.68E-01 7.87F-02 

7 . 0 6 ~  00 5 . 3 ~ 7  no 2 . 5 ~  00 

2 . ~ 7 ~  00 1 . 3 ~ ~  00 E . ~ I ~ - O I  

100. Y 
1.6UF 0 2  
8 .91F 0 2  
5.29E 0 3  
1.69F 01 
1.53F 0 3  
8 . 8 5 E  0 2  
1.00E 03 
1.12P o u  
5.01E 0 3  

1. 47E-0 1 
8.73T-02 
9.352-02 
3. 4UE-02 
2.51E-02 
1.812-02 
9.54F-03 
6.707-03 

2 . 1 7 ~ - 0 1  

300.  Y 
1 .203  0 2  
5 .532  0 2  
U.18P 0 3  
1.USF 0 1  
1.50E 03 
8.51V 0 2  
9.66? 0 2  
l . lOF O U  
U.92E 03 
u. 84F-02 
3.02E-02 
1.89?-02 
1.633-0 2 
6.943-03 
5.07F-03 
3.65E-03 
1.92E-03 
1.353-03 

1000.  Y 
U . 0 8 F  0 1  
3.18P P2 
2.16" 0 3  
1 .07F 0 1  
1 . U l F  03 
7.98F 0 2  
9 .137  0 2  
1.OUF 04 
U.6lF 03 
8. h8F-02 
3.3OF-02 
2 . 9 7 ~ 0 2  
8 .81F-03  
6 . 3 0 ~ 0 3  
U. SUF-03 
3.26F-03 
1 .72F-03  
1 . 2  1 F-0 3 

3000.  Y 
4 .2u3  0 0  
2.56E 0 2  
1 .057  0 3  
8 .60F 00  
1.18E 0 3  
6 . 6 6 7  0 2  
7.7UE 0 2  
8.64F 0 3  
3.85" 0 3  
3.95"-0 1 
7. o m - 0 2  
1.18P-01 
8.993-03 
5.373-0 3 
3. 40F-0 3 
2. QUE'-03 
1.2941-03 
9.05F-OU 
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