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ABSTRACT 

.- 

T h i s  report documents t h e  code module BURNER f o r  nucleni: reactor 

exposure c a l c u l a t i o n s  The compul:er requirements  are  shown, as are the 

r e fe rence  d a t a  and i n t e r f a c e  d a t a  f i l e  requirements ,  anti the programxcd 

equa t ions  and procedure of c a l c u l a t i o n  are descr ibed  ~ 

h i s t o r y  of a reactor i s  followed over t h e  per iod  between s o l  

the spacey  energy neu t ron ic s  plrobl.en. The end-of - p e r i o d  n u c l i d e  C O ~ C ~ R -  

t s a t i o n s  are determined given the  necessary  informat ion .  A s t eady  s t a t e  

continuous f u e l i n g  model. i s  treated i.11 a d d i t i o n  110 the usua l  f:ixc:d f u e l  

model, The c o n t r o l  o p t i o n s  provide  f l e x i b i l i t y  t o  select  ainoug an 

unusual ly  wide v a r i e t y  o f  p rog ramed  procedures .  The code also provides  

u s e r  op t ion  t o  make a number of a u x i l i a r y  ca lcu l .a t ions  and p r i n t  such 

informat ion  as t h e  l o c a l  gamma source ,  cumulat ive exposure,  and a fiile 

scale power d e n s i t y  d i s t r i b u t i o n  i n  a s e l e c t e d  zone, The code 1s used 

l o c a l l y  i n  a sys t em f o r  computation which contai.ns t h e  VENTURE dif-f i is i -on 

theory  neu t ron ic s  code and o t h e r  modul.~-s. 

The ope ra t ing  





V i i .  

COMTUTER CODE ABSTRACT 

1, I d e n t i f i c a t i o n :  BURNER is a code iiiodule f o r  exposure c a l c i d a t i o n s .  

2. Function: This  code is  designed t o  s o l v e  tlhe n u c l i d e  chain e q u a t i o n s  

t o  estimate t h e  n u c l i d e  concen t r a t ions  a t  t h e  end of an expusure t i m e  

and a l s o  a f t e r  a shutdown period i n  a compatible code systein. 

3.  Method of So lu t ion :  The exp l i c i t  cha in  equa t ion  s o l u t i o n  i s  cast in a 

general. form f o r  a p p l i c a t i o n .  AI- ternat ively,  by u s e r  optio.ti,  e i t h e r  a 

d i f f e r e n c e  formulat ion using average gene ra t ion  rates o r  the mat r ix  ex- 

ponen t i a l  approach may 13e  app l i ed  wirh s e l e c t e d  cha ins  a l s o  t r e a t e d  

e x p l i c i t l y ,  Given t h e  ~ C X ~ S S ~ K ~  c r o s s  s e c t i o n s ,  (n ,gama) ,  (n , a> ,  

(n,2n) (n ,p) ,  (n,d) (n, t>  , and ( n , f > ,  t ransmutat ion products  may be 

d e t e m i n e d ,  and f i s s i o n  product  yield f r a c t i o n s  may be incident-energy 

dependent. Nuclides arc both a zone and a subzone level are exposed t o  

t h e  zone-average f l u x .  

steady 56ate, continuous f u e l i n g  model. There i s  a provisl-on f o r  a 

f ine-scnl-e exposure to h e  calcul.al:ed w i t h i n  s e l e c t e d  zones,  arid t h e  

The u s u a l  f i x e d  fuel. model is  t r e a t e d  and a l s o  a 

gamma source and cumulated exposure information may be obtained.  

4 .  Related Material: Code blocks s a t i s f y i n g  t h e  b a s i c  requirements of 

the DOE r e a c t o r  physics  code coord ina t ion  e f f o r t  w i l l  i n t e r f a c e  w i t h  

t h i s  module by way of de f ined  e x t e r n a l  d a t a  f i l e s ,  

5. Restrictions: Data a r r a y s  are v a r i a b l y  dimensioned and allocated d l s c  

space only as necessary f o r  e f f e c t i v e  a p p l i c a t i o n  t o  a wide range O €  

probl.ems, w i t h  a reasonable  use of memory. 
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6 .  

7. 

8. 

9. 

10. 

1s.. 

12.  

Computer: This  code has  been run  on IBK computer models 360f75 ,  91, and 

195 

Running Time :  

d e p l e t i n g  zones and as t h e  square  of t h e  number of nuc l ides  i n  a zone. 

For t y p i c a l  p roduct ion  type  problems f o r  which each zone con ta ins  a num3er 

of mesh p o i n t s ,  t h e  exposure c a l c u l a t i o n  f o r  a modest number of n u c l i d e s  i s  

t r i v i a l  compared wi th  t h a t  r equ i r ed  f o r  s o l u t i o n  of the neut ron  fJ.ux 

p rob l e m  . 

The computation t i m e  varies approxfmately as t h e  number o f  

Programming Languages: 

t o  t h e  ASA 1966 Std., e s p e c i a l l y  i n  t h e  s e r v i c e  r o u t i n e s .  The source  

deck con ta ins  approximately 24,000 cards.  

FORTRAN language is used w i t h  a f e w  ex tens ions  

Operat ing System: 

w i t h  a FORTRAN IV, H level  compiler  v e r s i o n  21.8, not  extended. 

The OS-360 IBM ope ra t ing  system i s  used under HASP 

Machine Requirements: A 64,000 word co re  i s  needed, and p r e f e r a b l y  

cons iderably  more f o r  u sua l  a p p l i c a t i o n  ( t o t a l  requirements  are  

u s u a l l y  governed by t h e  neu t ron ic s  code used) .  Aux i l i a ry  d i s k  

s t o r a g e  i s  r equ i r ed  f o r  up t o  10 s e q u e n t i a l  s c r a t c h  f i l e s  and 4 

d i r e c t  access  s c r a t c h  f i l e s .  

Authors:  G. W. Cunningham and D.  R. Vondy, Oak Ridge Na t iona l  

Laboratory,  P.  0. Box X, Oak Ridge, Tennessee 37830. 
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Introdiic t ion  

This  r e p o r t  docriments the code module HUKNER w h i  rlrr c a l c u l a t e s  t he  

e f f e c t s  of exposure.  Given neutron f l u x  va lues  as dependent on ma te r i a l  

l oca t ion  and energy,  t h e  n u c l i d e  concen t r a t ions  a t  the end of an exposure 

s t e p  arc p r e d i c t e d  from those a t  t h e  s tar t .  RIJRNER hat; been developed 

t o  se rve  i n  a computation system w l t h  o t h e r  compatible codes developed 

i n  the DOE r e a c t o r  phys i c s  area, e s p e c i a l l y  those such as VENTURE o r  

SYN3D which so lve  the neutron f l u x  problems. This  module i s  i n  operati-on 

on t h e  l o c a l  computers a t  ORNL, i n  t h e  system 

a 

b 

C 
which c o n t a i n s  t h e  VEN'1'UKE 

code. 

l:n t h e  local.. computation system t h e r e  are a number of modules, each 

designed t o  perform s p e c i f i c  tasks ,  They are accessed i n  accordance with 

u s e r  i n s t r u c t i o n s  along a p resc r ibed  p a t h  of c a l c u l a t i o n ,  under t h e  d i r e c -  

t i o n  of a c o n t r o l  module. As t h e  development e f f o r t  contiiiiies, t h e  capa- 

bi . I . i ty  i s  being enhanced t o  t reat  more s o p h i s t i c a t e d  and complicated 

s i t u a t i o n s .  For  example, a r e l a t i v e l y  simple c o n t r o l  module is  i n  I . I R ~  

a t  t h e  t i m e  t h i s  i s  w r i t t e n .  We expect t o  add t o  t h e  system another  con- 

t r o l  rmdule which w i l l  e f f e c t  a d e s i r e d  c a l c u l a t i o n a l  p a t h  and au tomat i ca l ly  

a.. 
I). R. Vondy, T.  13. Fowler, G. W. Cunningham, "VEPJTURE: A Code Block f o r  
Solving Multigroup Neutronics Problems Applying the Fin i t e -Di f f e rence  
Diffusion-Theory Approximation t o  Neutron Transport ,  Version 11, "Oak 
Ridge Na t iona l  Laboratory r e p o r t  ORNL-5062/Rl ( 1 9 7 7 ) .  

bC. H. 4dams, "SYN3D, A Single-Channel, S p a t i a l  Flux Syn thes i s  Code f o r  
D i f fus ion  Theory C a l c u l a t i o n s  ,'I ERDA Report ANL-96-21 ( J u l y  1976) .  

D. R. Vondy, T .  H. Fowler, W. Cunningham and L. M. P e t r i e ,  A 
computation System f o r  Nuclear Reactor Core Analysis ,"  Oak Ridge Nati-onal 
Laboratory r e p o r t  QRNL-5158 (Apr i l  1977). 

C 
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e x e r c i s e  c o n t r o l  over i n s t r u c t i o n s  t o  t h e  c a l c u l a t i o n a l  modules from 

simple,  g l o b a l  i n s t r u c t i o n s  by t h e  u s e r  f o r  r e a c t o r  h i s t o r y  c a l c u l a t i o n s .  

A neu t ron ic s  module i s  of course  essential f o r  so lv ing  u s u a l  d e p l e t i o n  

problems. 

ca ted  i n  t h i s  system. 

i n t e r f a c i n g  d a t a  f i l e s ,  i nc lud ing  an  inpu t  d a t a  processor  that  o r i g i n a t e d  

a t  LASLa which has  been modified and extended t o  se rve  l o c a l  requirements.  

A p a r t i c u l a r  advantage of a t r u l y  modularized computation system is  i ts  

f l e x i b i l i t y ;  given the necessary  d a t a  f i l e s  a l r eady  i n  existence o r  

generated from u s e r  i npu t  d a t a ,  t h e  exposure module may be  used without  

access  of o the r  c a l c u l a t i o n a l  modules. Thus given f l u x  d a t a ,  t h e  changes 

i n  an i n i t i a l  set of n u c l i d e  concen t r a t ions  may b e  determined f o r  a per iod  

of exposure.  A disadvantage of a modular system f o r  r o u t i n e  a p p l i c a t i o n  

t o  simple s i t u a t i o n s  invo lves  t h e  c a l c u l a t i o n a l  pa th :  a v i a b l e  ca l cu la -  

t i o n a l  procedure must be s p e c i f i e d  as def ined  by the pa th  through the 

modules. 

p roper ly  sequenced. 

t o  supply d a t a ,  and then  a neu t ron ic s  module must b e  executed be fo re  execut- 

ing  t h e  exposure module, i n  o rde r  t o  supply i t  wi th  neut ron  f l u x  values .  

Other modules are necessary  t o  perform s p e c i f i c  t a s k s  as a l l o -  

Ce r t a in  modules process  u s e r  i npu t  d a t a  t o  gene ra t e  

The process ing  of u se r  i npu t  d a t a  and computations must be 

Normally t h e  use r  i npu t  d a t a  must be  processed f i r s t  

Method of Solving Problems 

This exposure module w a s  designed f o r  a p p l i c a t i o n  t o  t h e  longtime 

r e a c t o r  exposure problem, w i t h  emphasis on those  a s p e c t s  a s soc ia t ed  wi th  

assessment of r e a c t o r  performance. Typ ica l ly  a neu t ron ic s  module is  

executed t o  determine t h e  neut ron  f l u x  d i s t r i b u t i o n  a t  some po in t  i n  

. 

a 
G. E. Bosler  et a l . ,  "LASIP-111, A General ized Processor  f o r  Standard 
I n t e r f a c e  F i l e s , "  ERDA Report LA-6280-MS (Apr i l  1976). 
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t i m e  f o r  t h e  r e a c t o r  model, given n u c l i d e  concen t r a t ions  o r  a state con- 

d i t i o n  t o  be s a t i s f i e d .  Exposure t o  t h i s  f l u x  over an i n t e r v a l  of t i m e  

causes  t h e  n u c l i d e  concen t r a t ions  t o  change. The pe r iods  between suc- 

c e s s i v e  r e a c t o r  f u e l i n g s  are t r e a t e d  by a l t e r n a t i n g  between n e u t r o n i c s  

and exposure c a l c u l a t i o n s .  T h i s  s e p a r a b i l i t y  assumption i s  necessary 

when l a r g e ,  t i m e  consuming n e u t r o n i c s  problems are involved. To hold 

down computation c o s t ,  a r e l a t i v e l y  long exposure pe r iod  i s  requ i r ed  

between n e u t r o n i c s  problems. Techniques are used t o  make a r e l i a b l e  

c a l c u l a t i o n  over a long exposure per iod.  

j u s t e d  t o  e f f e c t  t h e  d e s i r e d  average power l e v e l ,  and reexposure may 

be done t o  use  average f l u x  v a l u e s  over pe r iods  du r ing  which s h i f t s  can  

occur ,  as due t o  c o n t r o l  rod p o s i t i o n i n g .  

a n a l y s i s  under t h e  severe burden of h igh  computation c o s t  f o r c i n g  rela- 

t i v e l y  c o a r s e  approximations.  

l a r g e  number of a l t e r n a t i v e s  a v a i l a b l e  t o  d e s c r i b e  a problem i n  d e t a i l  

s o  as t o  s a t i s f y  t h e  primary o b j e c t i v e s  of t h e  c a l c u l a t i o n .  

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

peaking, r e a c t i v i t y  effects of changes i n  t h e  concen t r a t ions  of t hose  

n u c l i d e s  c o n t r i b u t i n g  s i g n i f i c a n t l y  t o  t h e  neutron ba lance ,  and f u e l  

nuc l ide  account ing i n  t h e  mass balance sense.  

The f l u x  level may b e  read- 

The o b j e c t i v e  i s  r e l i a b l e  

The a n a l y s t  must choose from among t h e  

The primary 

I f  20 n u c l i d e s  are considered i n  1,000 zones, t h e r e  are 20,000 

nuc l ide  concen t r a t ions  t o  fol low; i f  1,000 n u c l i d e s  w e r e  considered i n  

10,000 zones, t h e r e  would b e  t h e  burden of fol lowing 1Q,OOO,OOQ n u c l i d e  

c o n c e n t r a t i o n s ,  unreasonable i n  t h e  p re sen t  state of t h e  a r t  of compu- 

t a t i o n .  Problems must be t a i l o r e d  t o  emphasize t h e  more important as- 

p e c t s  and methods implemented which u t i l i z e  t h e  a v a i l a b l e  computation 

c a p a b i l i t y  e f f e c t i v e l y .  
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S e l e c t i o n  of a p p r o p r i a t e  methods must be based on a number of 

cons ide ra t ions .  

very s imple t r ea tmen t  t o  a s o p h i s t i c a t e d  one. There hixs  been wide use 

of t h e  elementary f i n i t e - d i f f e r e n c e  s o l u t i o n .  Given the l.i.near cha in  

q u a t  i on  

W e  see t h e  need i n  a p p l i c a t i o n  over t h e  range from 3 

dNn It) 
= - a N (t) + P n ( t )  

d t  n n  

fo r  a very s h o r t  time i n t e rva l  A ,  

where N i s  the c o n c e n t r a t i o n  of a m c l i d e ,  a is i ts  s p e c i f i c  loss  rate 

(neutron abso rp t ion  p l u s  decay) ,  and P is  i t s  generat-ion ra te  from a l l  

p o s s i b l e  sources .  Th i s  formulat ion al lows f o r  complicated cha in  r e l a t i o n -  

s h i p s ,  bu t  u n f o r t u n a t e l y  t h e r e  are many s i . t u a t i o n s  where i t  i s  q u i r e  i n -  

accu ra t e .  

of an  expansion would be f (a A) 1 2 ,  s o  t h e  e r r o r  of t h e  expansion dec-reases 

i n  p ropor t ion  t o  A .  

w e  implement a p r e c i s e  s o l u t i o n  of t h i s  d i f f e r e n t i a l  equa t ion  using average 

gene ra t ion  rates. 

n n 

n 

Since 1 - a A i s  an  approximation of exp (-a A ) ,  t h e  next t e r m  
n n 

2 
n 

It i s  o f t e n  inadequate  t o  t a k e  many s h o r t  s t e p s ,  so 

A l t e r n a t i v e l y ,  t h e  convent ional  ma t r ix  exponen t i a l  technique i s  

of fe red  on demand. 

equat ions e x c l u s i v e l y  wi th  an  explicit s n l u t i o n ,  o r  with only s p e c i a l  

designated Ones to supplement the appl.iC!atiOn Of One of t h e  o t h e r  schemeso 

Each scheme h a s  advantages and disadvantages,  and c o s t  of cornputatisn 

b e a r s  cons ide ra t ion .  W e  only hope t h a t  t h e  a n a l y s t  will not become bogged 

down t e s t i n g  all. of t h e  p o s s i b l e  a l t e r n a t i v e s ?  

Also, t h e r e  i s  p r o v i s i o n  t o  s o l v e  t h e  n u c l i d e  cha in  
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an u s u a l  a p p l i c a t i o n  f o r  r e a c t o r  c o r e  a n a l y s i s ,  only a few energy 

groups are t r e a t e d  t o  make the multidimensional neu t ron ica  problems 

t r a c t a b l e .  Typ ica l ly  each n u c l i d e  lias several sets of microscopic 

c r o s s  s e c t i o n s  t o  account Tor spacial dependence Sf neutron r e a c t i o n  and 

t r a n s p o r t .  The d a t a  requirements for exposure c a l c u l a t i o n s  are compacted 

s i g n i f i c a n t l y  by a s s o c i a t i n g  t h e  cha in  equa t ions  and d a t a  such as  F i s s ion  

y i e l d  w i t h  a b s o l u t e  nuc l ide  names, 

The a n a l y s t  is given f u l l  f l e x i b i l i t y  over the problem d e f i n i t i o n ,  

which does place t h e  burden on him t o  make c e r t a i n  t h a t  t h o s e  a s p e c t s  o f  

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

of experience is e s s e n t i a l  f o r  r e l i a b l e  a p p l i c a t i o n ;  some of t h i s  nixes- 

A reasonable  amount 

s a r y  background can be esti3blished by a p p l i c a t i o n  of t h e  methods t o  s i m p l e  

models a t  r easonab le  computation c o s t .  Such c a l c u l a t i o n s  are u s u a l l y  

e s s e n t i a l  as backup t o  c o s t l y  three-dimensional c a l c u l a t i o n s  i n  order to 

assess modeling and a s p e c t s  of importance inc lud ing  power d e n s i t y  peaking, 

r e a c t i v i t y  behavior ,  and t h e  estimates of the f u e l  enrichment r equ i r ed  

t o  s a t i s f y  c r i t i c a l i t y  and p h y s i c a l  design c o n s t r a i n t s .  

I n  t h i s  r e p o r t  w e  d i s c u s s  a number of a s p e c t s  t o  support  a p p l i c a t i o n ,  

p r e s e n t  information needed f o r  e f f i c i e n t  implementation and v e r i f i c a t i o n  

at o t h e r  i n s t a l l a t i o n s ,  show t h e  mathematical equa t ions  p rogramed ,  and 

document i n p u t  requirements.  

EPJD OF SECTION 
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SECTION 02 : USER LNPOKFZr\'L'ION 

The u s e r  i s  reminded that exposure ca l cu la t ions  are done on a micro- 

scopic  scale. Only changes i n  those  nucl-ides i d e n t i f i e d  i n  t h e  c1iai.n 

s p e c i f i c a t i o n s  w i l l  be ca lku la t ed .  It  i s  p o s s i b l e  to lump t o g e t h e r  

nucl.i.des and d a t a  f o r  treatmen': i n  the aiaciroscopic sensc only if R . C J S Q C ~ -  

a t 4  exposure e f f e c t s  are n o t  t o  be treated.  Thus , strrzr:txral material. 

may be rep resen ted  by a mixture of the i so topes . .  'l'ak.e care, however, 

that such lumping does not  cause  the  l o s s  n.E the a b i l i t y  t o  produce t h e  

desi.red r e s u l t s .  Care must a l s o  be taken  t o  e f f e c t  t r u e  neut ron  absorp-  

t i o n  rates,  i n t e g r a l  04 , so usua11y pseudo n u c l i d e  concen t r a t ions  can 

no t  be used (dep le t e  B , n o t  n a t u r a l  BOT-QTI). It i s  t h e  i n t e g r a l .  cJ$ 

which m u s t  be  c o r ~ r x t ;  smeared nuclide concen t r a t ions  can be used t o  

e l i m i n a t e  f i n e  genlrnetsic detail. 

10 

A diagram of t he  f low of an exposure c a l c u l a t i o n  i s  shxm I n  

F igu re  02-1, hopefu l ly  se l f -explana tory .  The th ree  Implemented methods 

of s o l u t i o n  are i n  p a r a l l e l  f o r  selective a p p l i c a t i o n  p e r  u s e r  instriac- 

t:i.ons. A s  sho-wn, a s u p p l m t m t a l  e x p l i c i t  cha in  sol.utioii i s  available 

for a p p l i c a t i o n  when this iucithcad i s  not  a p p l i e d  exc lus ive ly .  I n ~ t r u ~ t i o n s  

f o r  a calculation are conta i~ ied  in t he  record f o r  this modide (F;XP?NS) i n  

the. F i l e  CONTRL, and s p e c i a l  data, inc.l.i-xdlag chain d e s c r i p t i o n s ,  are i n  fa'.le 

EXPOSE (see Section 0 4 ) .  

This module is desigiied to perform a task which may be very sI*r~ple 

or raLher complicated a The nuc l ide  coneentrat5ons are es t ima ted  f o r  the 

end of an exposure pe r iod ,  R shutdown pe r iod ,  o r  both.  The resra7.l:~ ( f i n a l  

concentrations and exposure data) depend on t h e  i n s t r u c t i o n s  f o r  t h e  

cal.c.ubations, the ~refereiice d a t a  suppI.ied , and the neutrs i l  f l u x  and n u c l i d e  
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ENTER 

ACCESS KEY INFORMATION FROM INTERFACE FILES 

ALLOCATE STOJUGE, SELECT INPUT/OUTPUT 

PREPARATORY PROCESS INTERFACE DATA 

SELECTIVE DOCUMENTARY EDITS 

CALCULATE SPECIFIC REACTION RATES AS NEEDED 

LOOP OVER ZONES, SUBZONES 

RENORMALIZE POWER LEVEL 

SPECIAL EDITS 

LOOP OVER EXPOSURE TIME STEPS 

EDITS, WRITE INTERFACE FILES 

CALCULATE SHUTDOWN (see inse t )  
e 
4 T- LOOP OVER ZONES, SUBZONES 

SPECIAL EDITS 

LOOP OVER SHUTDOWN TIME STEPS 

EDIT RESULTS, WRITE INTERFACE FILES 

RETURN FOR FINE SCALE, POINTWISE CALCULATION 

EDITS, WRITE INTERFACE FILES 

1 MATRIX EXPONENTIAL 1 
I -AVERAGE GENERATION RATE 

I = EXPLIC \ I  

(all OK S u p p l e m e n t a l )  e- 

l 
INSET 

4 *  
Figure 2 .1 .  User F l o w  D i a g r a m  of BURNER Module. 
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concen t r a t ions  accessed.  It is  of s p e c i a l  importance atid concern t o  an 

analyst  t o  make c e r t a i n  t h a t  t h e  d e t a i l s  under h i s  c o n t r o l  are c o n s i s t c a t  

and adequate ly  p re sen t  tllie problem he d e s i r e s  1.0 he solved.  Some v e r i -  

f i c a t i o n  t e s t i n g ,  inc luding  t h e  s o l u t i o n  of a s i m p l i f i e d  v e r s i o n  of the  

problem, i s  u s u a l l y  d e s i r a b l e .  The s a m e  i n t e r p r e t a t i o n  of e x t e r n a l  in-  

t e r f a c e  d a t a  f i l e s  m u s t  be  made by all. modules used and by any other 

codes involved as t o  gene ra t e  data f i l e s  o r  to process  resultls. 

It i s  no t  intended t h a t  some weird combination of the p r o c ~ d u r e s  be 

app l i ed  t o  a s i n g l e  problem. 

those  a v a i l a b l e .  

of a l l  p o s s i b l e  results and should c a r e f u l l y  select only those  r e a l l y  

needed; m ~ r e  e l a b o r a t e  r e s u l t s  m a y  be  obtained at any po in t  i n  a eal- 

c u l a t i o n  by supplying s p e c i a l  i n s t r u c t i o n s  f o r  t h a t  s t e p  of t h e  calcu-  

la t  ion. 

Bather, a procedure should 1 3 ~  selected f r o m  

‘The u s e r  should resist t h e  temptat ion t o  produce e d i t s  

The provision f o r  t r e a t i n g  an exposure p e r i o d  i n  more than one s t e p  

i s  made pr imar i ly  t o  a l low the flux level to be renormalized a t  the end 

of each s t e p  t o  e f f e c t  the d e s i r e d  average power Level. 

If a s i n g l e  exposure per iod  i s  Its b e  cons idered ,  then the BURNER 

module need be accessed only once. Usual ly  a neutronics problem must be  

so lved  first.  I f  s e v e r a l  exposure pe r iods  are t o  be treatrd, then usua l ly  

a neutronLcs module and t h i s  module are accessed one a f t e r  t h e  o the r .  

A s i n g l e  se t  of i n s t r u c t i o n s  f o r  BURNER may be used, 01- a new record of 

i n s t r u c t i o n s  can be  made a v a i l a b l e  i n  t h e  f i l e  C o N T U  \&en d e s i r e d .  'rile 

system admits  access of other modules along t h e  c a l c u l a t i o n a l  r o u t e  as 

d e s i r e d .  Far example, a f i n a l  neutronics c a l c u l a t i o n  may be  requi red  t o  

e s t a b l i s h  ~ ~ d - ~ f - c y c l e  cond i t ions ,  and may be desired f o r  special r e s u l t s  
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such as t o  s o l v e  t h e  a d j o i n t  f l u x  problem. Quite g e n e r a l l y ,  n u c l i d e  concen- 

t r a t i o n s  can no t  be changed a r b i t r a r i l y  during t h e  per iod between fue l -  

ings.  Howeve.r, a separate module could be  used t o  a l t e r  s p e c i f i c  n u c l i d e  

concen t r a t ions  t o  s imula t e  c o n t r o l  rod p o s i t i o n i n g  and a l s o  perhaps t o  

account f o r  temperature and coo lan t  d e n s i t y  changes; s i m i l a r l y  t h e  concen- 

t r a t i o n s  may be changed wi th  new inpu t  d a t a  i n  o rde r  t o  e f f e c t  r e f u e l i n g  o r  

c o n t r o l  rod pos i t i on ing .  

There i s  p rov i s ion  t o  do a n  a u x i l i a r y  exposure c a l c u l a t i o n  on a f i n e  

s c a l e  w i t h i n  s e l e c t e d  zones which impacts t h e  d a t a  requirements and p l a c e s  

a d d i t i o n a l  demands on t h e  n e u t r o n i c s  code. 

The  use r  i s  reminded t h a t  t h e  exposure c a l c u l a t i o n  i s  done without  

accessing the geometric d e s c r i p t i o n  of t h e  problem. End-of-exposure s t e p  

n u c l i d e  concen t r a t ions  are obtained f o r  each zone and subzone, without  

r e fe rence  t o  geometric d e t a i l s .  However, t h e  c a l c u l a t i o n  may depend on t h e  

zone volumes provided (when t h e  f l u x  level is renormalized) ,  and e d i t s  of 

r e s u l t s  depend on volumes, so  they should be c o n s i s t e n t .  

Recommendations __._ on Chain .I-_ Eguation So lu t ion  Method 

User beware: 

Generally f o r  simple nuc l ide  cha ins  w e  recommend t h e  e x p l i c i t  

s o l u t i o n  method. This method i s  not recommended f o r  t r e a t i n g  s i t u a t i o n s  

where t h e r e  i s  s i g n i f i c a n t  feed-back (thn-t: cannot be r ep resen ted  s imply) ,  

nor €or  e l a b o r a t e ,  complica.ted coupling situations ( r e l i a b l e  e l a b o r a t e  

d e s c r i p t i o n s  are d i f f i c u l t  t o  w r i t e ) .  

For  e l a b o r a t e ,  complicated coupling s i t u a t i o n s ,  t h e  ma t r ix  exponen- 

ti.a.1 method wi th  in t e rmed ia t e  n u c l i d e s  having l a r g e  l o s s  coe f f : i c i en t s  

assumed t o  be a t  equ i l ib r ium,  i s  recomnlc~nded. 

The average gene ra t ion  rate method can be used t o  produce r e l i a b l e  
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s o l u t i o n s ,  bu t  i t  is  deemed t o  be c o s t  i n e f f e c t i v e  and is  recommended 

a g a i n s t  g e n e r a l l y  

The f u l l  matrix exponen t i a l  method implemented i s  rattier expensive 

t o  apply ,  and so  i t s  use  should be l i m i t e d  to t r s t j -ng  s p e c i f i c  s i t u a t i o n s ,  

benchmarking, or  p o s s i b l y  t h e  s i t u a t i o n  where t h e  concen t r a t ions  of the 

n u c l i d e s  Ear up t h e  chains must be  determined a c c u r a t e l y  m- a t  least  

spo t  checked. 

Q u l t e  g e n e r a l l y  i t  i s  d e s i r a b l e  t o  treat a long  exposure per iod  

(between neut ron ,  f 1 . u  s o l u t i o n s )  i n  two s t e p s  r a t h e r  than  one t o  e f f e c t  

t h e  d e s i r e d  power level. on t h e  average.  A l t e r n a t i v e l y ,  as w h e n  c o n t r o l  

rods  m u s t  be cons idered ,  i t  may be  necessary  to repeat t h e  exposure 

c a l c u l a t i o n  us ing  a weight ing  between start-and-end-of-exposuse-perisd 

neu t ron  f l u x  estimates t o  produce a c c u r a t e  results e 

For t h e  reverse exposure problem, exposure w i t h  a nega t ive  t i m e ,  

we f i n d  t h a t  an exposure p e r i o d  should be s h o r t  and t h a t  on ly  s imple 

n u c l i d e  coupl ing  should be t r e a t e d  avoid ing  in t e rmed ia t e  n u c l i d e s ,  

l i m i t i n g  t h e  v a l u e  of t h e  larges-l: l o s s  c o e f f i c i e n t  ( t / u a  (E)@(E)dE) t o  

less than  1.0.  It m y  be necessary  t o  d i s c a r d  f a l s e  v a l u e s  of nuc l ide  

concen t r a t ions  which can lead  t o  u n r e a l i s t i c  resul.ts (not  programmed). 

END OF SECTION 
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SECTION 03: PROGRAMMER INFORMATION 

We cons ide r  b a s i c  docurtientation t o  be t h e  FORTRAN source deck 

l i s t i n g  a v a i l a b l e  elsewhere.  Coarse docurnentation of t h e  program 

r o u t i n e s  i s  presented he re .  Table 03-1 i d e n t i f i e s  t h e  r o l e s  of t h e  sub- 

r o u t i n e s  and c a l l  r e f e r e n c e s ;  s e r v i c e  r o u t i n e s  are i d e n t i f i e d .  For 

documentation of t h e  s e r v i c e  r o u t i n e s ,  see ORNL-5062. Table  03-2 

i d e n t i f i e s  a recommended ove r l ay  s t r u c t u r e .  

Basic information about t h e  use  of s c r a t c h  flies i s  shown i n  

Table  03-3. 

Conversion 

For conversion t o  o t h e r  computers, care must be taken t o  avoid l o s s  

of i n t e g r i t y .  Conversion t o  a long-word machine i s  bes t  done wi th  a 

F O R T W  source deck processor  t o  e l i m i n a t e  t h e  double p r e c i s i o n  and 

r e f e r e n c e s  t o  double p r e c i s i o n  l i b r a r y  r o u t i n e s ,  and a l s o  t o  coiivert 

t h e  use of apostrophe t o  d e l i n e a t e  H o l l e r i t h  s t r i n g s  ( l i m i t e d  t o  s e r v i c e  

r o u t i n e s ) .  De ta i l ed  conversion recommendations w i l l  be provided wi th  

t h e  code package. 
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D E T T R H l N f '  N O R 7  OF RATRIX 
S'Tq  INVENTORY A N D  YEACTIOH RATES (ABSORPTIUN, FISSTON, - 

P R O D U T T i O X ,  A N D  CAPTURE (N,G) ) BY ABSOLUTF NUCLIDE 
4 3 X T E  CJOHDENSED E D I T  - 
XCEaKAL ETPOSURE CALCULATTON - 
PROCESS NEXT-TO-LATEST G R  UPXS - 
1 N̂  1. T I L I ET E R F AC E Pip 13 TE S S I FJG 

A N D  E X P O S E )  A N D  DhTA PREPWRATIDI? - 
CONTI N U O G S  F U E L I N G  EX POSORP CAZCULATHOW - 
C'ONTRBL GEOISIETilY (GEODST) A N I )  POINT FLUX (RTFLUX) - 

P R O C E S S i  NG F O R  POINT CALCULATION [METHOD 1) -" 
C 0 N'I'HOZ P 01 BT PL U X ( R ZPZ fg H-MO DI FI ED) P R  OC E S SI N G  - 

FOR POI?iT C A L C U L A T I O N  (PIETHOD 2) - 
I N I T I A L  DENSITY PREPARATION, CONPUT% REACTION RATES A N D  - 
SETUP S T O R R G E  FOR POTXT EXPOSURE A N D  SHUTDOWN - 
CALCULATION -= 

C0WTFOb SETUP FOR P O I N T  EXPOSURE AND SHUTDOWN - 
OBTAIW E X P O S U R E  CONTROI .  XWPORP¶ATIOI! F H O R  INTERFACE COFTTRL - 
SETUP DHWWWBC DATA STORAGE SPACE - 
rONPUTE SPECIFIC REACTION RATES F O R  ABSORPTION, F I S S I O F ,  - 

?Y'J*PISS1ONP ( N , G )  (N,A) , (N,P), (1,21), (N,D) I A N D  (N,T) - 
E D I T  S P E C I F I C  BEACTIOW R S T E S  - 
SETUP I N T E F t N A L  CROSS-REFERENCING I N F O R M A T I O N  F O B  ABSOLUTE - 

( N D F: S RF , 6 EO D ST G RU P X S - 

N J C L I D E ,  N U C L I D E  CLASS,  A N D  Z O N E  CLWSS 
FREPARE A N D  E D I T  F I N A X .  SOPINARY TABLE 
D E T E R H I N E  STORAGE R E Q U I R E D  A H D  210DE OF SOLUTION A N D  

PRE-E'RTTE D I R E C T  ACCESS UNITS T F  N E E D E D  
EDIT CONTENTS OP EXFOSZ P I L E  - CHECKS DECAY, Y I E L D ,  AID 

P I A W T R I X  DATA F O B  ERRORS 
SETUP DECAY CUXSTAYTS AND CORRESPONDENCE BETWEEN DENSITY 

AND EXPOSURE DRTW 
E D I T  ATOW DENSITIES 
PROCESS Z N A T D N  A N D  W R I T E  TNPTIWL D E l J S I T I E S  01 SCRRTCH 

O N E  ZoVE/STJBZONE AT A TXEE 
OVYPALT, CALCULATION CONTROL 
PROCESS PZFEllW &ND WHITE ZONE AVERAGE FLUX ON SCRATCH 

CHECK N U C L I D E  NWBES AhTD CLASSES PROn 2 SOURCES 
C O P Y  PRZICTPWL CROSS SECTIONS FROM G R U P X S  T O  SCRATCH 
COMPUTE SPECIFIC REACTION RATE FOR FISSION IN E N E R G Y  

COMPUTE S P E C I F I C  BEACTION BATE F O R  F I S S I O N  IN ENEBGY 

C O N T R O L S  EBPOSiJRE A N D  SHUTDOWN CALCULATION 

%WITPALIZE D I F E C T  ACCESS OWITS I F  BXEDED 

OW? G R O U P  AT A TIME - P E R P O R R  I N I T T A T .  POWER A D J U S T H E I T  

R A N G E S  OF YIELD D A T A  FOR POINT CALCULATICN 

RBKGES O F  Y I E L D  DATA 

(CONT) 
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B Z T  4 
BZTZ 
CWEK 
CHOV 
CNPH 
C H P I  
CPHl 
CP82 
DEEF 

D O E X  
DOPC 

D 0 s I-I 
DOHBFP 
ECBK 
E D E D  
EDEP 
EPPD 

E P 8 2  
$SET 

ETAB 
E X P A  
FEWB 
FLOC 
FLUE 
F O U L  
GCBX 

G U 7 C  
R Q U R  
TSTR 

1 X 2 D  

I X 3 B  

J E R Y  
J D C P  
LAGY 
LAOD 

ADDITIOMAE INTERFACE PROCESSING ( R Z F L U X  ABD ZNATDN) A N D  - 
I COlYPUTE RENICTTON RATES A N D  SETUP STORAGE FOR 

EXPOSURE A N D  S H U T D O W N  CALCULATION - 
- DTETERflINE I F  Z N T E H P  ‘EXISTS A N D  C H E C K  INPUT DATA 

PRSCESS TEHPERWTURES PRO9 ZNTEMP 
DEBUG PCTTX CHECK FOR POINT CALCULATION (NETHOD 1) 
CHECK NUCLIDE SET R E F E R E N C E S  PUB CONTINUOUS FUELING HODEI. - 
COMPARE 2 ROLLEPITH A R R A Y S  
COHPAR”: 7 lHTEGER ARRAYS 
COPY ONE SET OF E I P O H T  DATA FROW ONE U N I T  TC ANOTHER 
EDIT‘ O r r E  S E T  O F  EKFOillT DATA 
STTUP AND CHECK INPUT P A R A i l E T E R S  FOR CONTINUOUS FUELING - 

- 
- 

- 
- 
- 

HODEL - E X P O S U R E  W Y  vnqIous  PIETHODS 
SCRATCH FILE DATA TRAWSFER FIANACENENT FCR SPECIAL ACCESS - 
SHYTDOWN BY V ARIODS M ETHOBS 
S M UT D 0 W P? C A LC D L A TI Om 
CHECK HEUTRON ENFRGY GROUP STRUCTURE 
E D I T  SECCBBAPY ENEFGY DEPOSITION DATA FROM EXPOSE 
SETUP F U R  SECONDARY ENERGY D E P O S I T I O N  EDTTS 
S E T  DEFAULT VALUE FOR &WERGY/FISSTfJN A N D  EWEBGY/CAPTURE - 
E D I T  BAXIMUPlllS AND SYSTEH TOTALS OF EXPOHT DATA 
DETERNINE WHPCB ENERGY GR05P N U E B E R  IS CUTOFF A N D  

C B L C O L A T E  A N D  E D I T  SECONDARY ENERGY BEPOSTTION 
SETUP AND CONTROL FOB W R I T I N G  INTERFACE EXPORT 
WRITE FATAL ERROR MESSAGE AND STOP 
FUNCTION TO DETEPRHNE (FLUX) Q (EXPB5UWE TIME] CONSTANT 
SUES “ E H E  FLUX OVFR R A N G E  OP GROUPS SPECTFIED 
EDIT PIOWITER?[BCr I H P O B R A T I O N  
CHECK FCF IHPLEMEWTED GEONETRY FOR P O I N T  CAIKULATIOQJ 

OBTAIN ZONE CLASSES PRO9 GEODST 
CHECK FOR UNIQUENESS IN LEST O F  H O L L E R I T H  NAiaES 
FUNCTION TO ASSIGN A REAL VARIABLE TO AB TNTEGER VARIABLE - 
FUNrTYON TO DETERRINE SUBSCRIPTS O F  A TWO-D1HENSIONAL 

- HETMODS (HOT SEQUENTIAL) - 
- 
- 
- 
- 

- IP NECESSARY - 
1 

I FRACTLUPAL PART FOR PLUENCE CALCULATION - 
- 
- 
- 
- 
- 
- 

( H E T H O D  I )  I 

- 
- 

I LOCATIOV WITHOUT TYPE CONVERSION 

A R R A Y ,  G I V E Q  D I P I E N S I O I S  l ? ? D  IQSTTION IN ARFWY 

A R R A Y ,  GIVEN D I r i E N S I O N S  AND POSITION IF7 A R R A Y  

0 

- 
FUNCTION TO D E T E R ~ T N E  S ~ J B S C H I P T S  OF A THREE-DIMENSTONRE - 

0 - AVERAGE GEWEWATIOY RATE SOLUTION F O R  EKPOSCJRP 
SETUP OFF-DIAGONAL H A T R I X  ELEMENTS F O R  MATRIX EXPONENTIAL - 
SETUP RATRIX EXPONENTIAL SOLUTION FOR E X P O S U R E  
E X P L I C I T  CHAIN SBLCITIOAT POP1 EXPOSIJRE 
AVERAGE G E N E R A T I O N  RATE SOLUTION FOR SHUTDOWN 
SETUP OFF-DIAGONAL H A T R I X  ELEFIEWTS F O R  H A T R I X  E X P O N E N T I A L  - 

- AND A V E R  AGE GENERWTXON RATE SOP.UTTONS (EXPOSURE) - 
- 
- 
- A Y D  A V E R A G E  GEWERaTTOW RXTE SOEUTI[O#S ( S H U T D O W N )  

(CUI NT) 
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C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

LEGF 

LEHY 
LUCY 
H A I N  
R E I T  
M E Y A  

BEPA 

WESA 
MESB 
NETS 
M NRP 
M S H K  

HSHO 

MSH3 
RXRP 
NRCF 

OBXP 
O F I X  
OHOV 
OOWN 
PARI  

PDPT 
PDST 
P P I X  
PGEO 

PLOC 

PNAW 

PONI  
POWL 
POWN 
POWP 
PPOE 

PR N A  

PRND 

FUNCTION TO COYPARE (LT,EQ,GT)  TWO REAL NUHEERS - 
WITHIM FPSIT.Om! - 

SETUP MATRIX EXPONENTIAL SOT,OTION POP SHUTDOWN - 
E Y P L I C I T  C H A I N  SOLQTION FOR SHUTDOWF' - 
I N I T I  ALIZ E INP  UT/OUT P UT Q N I T  S - 
NATRI X EKPONENTI A L  SOLUTION - 
MATRIX EXPONENTIAL - ELIMINATE NUCLIDES ASStJMZD TO BE IW - 

EQUILIEPIUM - 
MATRIX EXPONENTIAL - COMPUTE DENSITIES  FOR ?lUCLIDES I N  0 

EQrJ I L I  B R I  U Y 
MATRIX EXPONENTIAL 1 TERY METHOD - 
MATRIX EXPONENTIAL 2 TERM METHOD - 
HATRIX EXPONENTIAL - TRANSPOSE MATRIX ELEMENTS - 
LOCATE SMALLEST P O S I T I V E  VALUE I Y  AF A R R A Y  - 
CHECK COARSE HESH DATA f R O H  GEODST F O R  POINT - 

CALCULATION (YETHOD 1) - 
SETUP COARSE H E S H  PARAMETERS F O R  1-D A V D  2-D GEOMETRIES - 

F O R  P O I F T  CALCULATION (METHOD 1) - 
CALCULATE F I N E  MESH DISTANCES F O R  POINT CALCULATION - 

(METHOD 1) - 
EDIT F I N E  YESH SPACING FOR POINT CALCUI.ATION (METHOD 1) - 
LOCATE LAFGEST P O S I T I V E  VALUE I F J  A?? A R R A Y  - 
CONVERT R E G I O N  ASSIGNHENTS F O R  COARSE MESH INTERVALS - 
TO REGION ASSLGPYENTS F O R  P I N E  YESH INTERVALS FOR POIBT - 
CALCULATION (METHOD 1) - 

EXPOSURE CALCULATIONS (FOR OVERT A Y  CONVENIENCE) P 

NOIIRAL EXPOSURE CALCULATION (FOR OVERLAY COMVENIENCE) - 
CONTINUOUS FUELING EXPOSURE (FOR OVERLAY CONVENIENCE) - 
SHUTDOWN CALCULATION (FOR OVERLAY CONVENIENCE) - 

- 

E D I T  START A N D  END OF STEP INVENTORY A N D  REACTION RATPS - 
BY ABSOLUTE NUCLIDE - 

CALCULATE POWER DEWSITY - 
POWER DENSITY S T R T I S T I C S  FOR POINT CALCULATION - 
POINT EXPOSURF CALCULATION - 
PROCESS GEODST GEOMETRY F I L E  FOR POINT CALCULATION - 

(METHOD 1) - 
LOCATE PCINTS WITHIN SELECTED ZONES A N D  CCMPUTE - 

POINT VOLUMES FOR POINT CALCULATION (METHOD 1) I 

WRITE POINT NUCLIDE DENSITIES  CN INTERFACE F I L E  PTATDN - 
FOF POINT CALCULATION - 

E D I T  FEED A N D  DISCHARGE RATES I N  K G / D A Y  - 
ACCUMULATE POWER A V D  LOCATE M A X I V U M  POWER DENSITY P 

POINT SHUTDOWN CALCULATION - 
ACCUHYLATS POWER ALONG PATH FOR CONTINUOUS FUELING MODEL - 
EDIT POWER, ACTINIDE FEED RATE, A N D  EXPOSURE BY ZOKE PATH - 

A N D  SrJBZONE PATH FOR CONTINUOUS FUELING flODEL - 
COMPUTE S P E C I F I C  REACTION RATES FOR ABSORPTION, F I S S I O N ,  - 

NU*FISSIO?I, (N,G),  (N,A) , ( N , P ) ,  (N ,2N) ,  (N,D),  A N D  (E?,T)- 
FOR POIPT CALCULATION ... 

EDIT S P E C I F I C  RXRCTION RATES FOR POINT CALCULATION - 
(CO NT) 
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C 
C 
C 
c 
C 
c 

C 
C 
c 
c 
c 
C 
C 
c 
C 
c 
c 
c 
C 
C 
c 
C 
c 
c 
C 
c 
C 
c 
C 
c 
c 
C 
C 
e 
C 
c 
C 
C 
C 
C 
C 
C 
C 
6: 
c 
c 
C 
c 

e 

PENS 

PRNT 

PRNY 
PPNZ 
PRN3 

PRPF 

PRR F 

PRTD 
PRTII 
PRTT 
PRTR 
PRTT 
PT AT 

PTNS 

PUR8 
PZT2 
QVRT 
QNAW 
BEED 
REHT 
R EOR 

WTTE 
ROXY 
R O X Y  
RSTI 

SEEK 
S R R M  
SKER 
S K N U  

STOOR 
TI 3EF 

TPNE 

VOI. P 

XEQC 

DETE!?MI?JJE STORAGE BZQUISED A N D  NODE OF SOLUTION A N D  - 
I N I T I A L I Z E  DIRECT ACCESS UWITS I F  NEEDED F U R  POINT I 

C ALC UL &T ION 
PRE-UqPTE DIRECT ACCESS UNITS I F  FEFDED FCP P O E H T  - 

C A L C U 1. AT 3: 0 N 
E D I T  ATOH DENSITIES FOR POPNT CALCULATION I 

S E T U P  INITIAL DENSTTIES  FOR Perm C A L C U L A T T O N  - 
PROCESS RTFLUX A N D  WRITE SELECTED P O I F T  FLUXES ON SCRATCH - 
EDIT S P E C I F I C  REACTION RATE FOR F I S S I O N  IN ENERGY RANGES - 

O F  YIELD DATA FOS POIHT CALCTJLAWION _. 
E D I T  S P E C I F I C  REACTION RATE FOR FISSION I N  ENERGY RANGFS - 
OF YIELD DATA - 

PRINT D o r m E  PRECISION A R R A Y  - 
P R I E T  HOLLERITH A R R A Y  - 
PRINT INTEGER A R X A ' P  I 

PRINT R E A L  A R R A Y  - 
P R I N T  HOELERPTH T I T L E  - 
OBTAXY BEFERENCE ZONE NUFIBERS F R O R  PTATTDN I F  I T  E X I S T S  1 

DETERMINE NUCLIDE SET B N D  I N I T I A L  DENSITY INDEX (ZOBEIE OR - 
SUBZONE) FOR POINT CALCUEATIOP I 

CONTROLS POINT EXPOSURE A N D  SHUTDOWN CALCDLATION - 
PPOCESS TEMPERATURES FROY ZNTENY (POINT CALCULATION) - 
WRITE INTERFACE P I L E  QNATDN - 

- 
- 

ONF GROUP AT A TlYE FOR POINT CAT,CULATION (HETHOD 9) - 

F O R  POINT C4ECWLATIOW (METHOD 1) - 

WRITE INTERFACE FLLE ZNATBN (CONTINTTOUS FUETTWG EXPOSURE) - 
ERTRY I N  RETE - DATA TRANSFER (EXTP2VAL DEVICE TO MEHORY) - 
CALCULATE REACTION RATE TYPE DATA FOF EKPBBT - 
CHANGE VOLUME A N D  LOCATION DATA ORDER FOR POINT - 

CAECULATIOB (RETHOD 1) - 
DATA TRANSFER (MEMORY TO EXTERPIAZ DYVICE) - 
ENTRY IN RITE - SPECIAL A D D R E S S  I N I T I A L I Z A T I O N  - 
ENTRY IH DOPC - SPECIAL ADDRESS I N I T I A L I Z A T I O N  I 

PUWCTION TO A S S I G N  A N  INTEGER VARIABLE TO A REAL VARIAFLE - 
LOCATION WITHOUT TYPE CONVERSION - 

INTERFACE PILE MANAGEflENT - 
WRITE INTERFACE F I L E  PROCESSIHG ERROR rlESSAGE - 
WRITE S E E K  RELATED ERROR HESSAGE AND STOP - 
DETERWINE WUCLIDES I N  SUPPLEMENTAL E X P L I C I T  CHAINS - 

NOT TO B E  TREATED WITH HATRTX EXPONENTIAL OR AVERAGE - 
GEMESATION RATE NETXODS - 

ROVE A R R A Y  Y TO A R R A Y  X I 

MULTI-PVPPOSE ROUTINE TO PROVIDE CPU T I R E ,  CLOCK TIME, - 
CPU TIME R E M A I N I N G ,  I/O COUNT REBAINING, COMPUTER MODEL, - 
J O B  HARE, DATE A N D  TINE INFORMATIOW - 

E D I T  POPSR NORMALIZATION FACTOPS, EXPOSURE SUBSTEP TIAES,  - 
A N D  SHUTDOWN SUBSTEP T I R E S  - 

COMPUTE R E G T O N  VOLUHES A N D  ZONE QBLUHES PROM POINT I 

VOLUMES FOR POINT CALCIJLATION ( R E T H O D  1) (DEBUG ONLY) - 
T N I T I A L I 7 E  At? A R R A Y  WITH A CONSTANT 

(COFT) 
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C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
c 
C 
e 
C 
C 
C 
e 
C 
C 
C 
C 
C 

KEXC 
XEYC 

XPYC 
ZCRI 

Z,FMP 

Z F H V  

ZFM 3 

ZIGY 
'7NAW 
YOMD 
ZONI 
7UCY 
ZUCZ 
ZZPD 
ZZPF 

MULTIPLY A R R A Y  X BY A CON STANT - 
ROVE DATA FROM A R R A Y  Y TO A R R A Y  X A N D  'YULTTPLY BY A - 

COIISTANT s 

ADD A R R A Y  Y MUT,TIPT.IED B Y  A CONSTANT TO A R R A Y  X - 
SUM BY ZONE CLASS ABSORPTIONS BY NUCLIDE CLASS, - 

F I S S I L E  ABSORPTIOYS, F E R T I L E  CAPTURES, F I S S I L E  - 
DESTRUCTION RATE, A N D  F I S S I L E  INVENTORY - 

PROCESS RZPLUX (MODIFIED) FOR ZONF NUMBERS A N D  POINTS - 
PER ZONE FOR POIBT CALCULATION (HETHOD 2 )  - 

DUCIMY VOLUME A N D  LOCATION DATA F O R  POINT CALCULATICN - 
(METHOD 2) - 

PROCESS RZFLUX (YODIFIED) A N D  WRITE POIP!T FLUXES ON - 
SCRATCH ONE GROUP AT A T I T E  FOR POINT CALCULATION - 
(METHO9 2 )  - 

SFTUP INTEGRATION RANGE F O R  FISSTON REACTION R?.TE I 

WRITE IYTERFACE F I L E  ZNATDN - 
EDIT ATOH DENSITIES  FOB ON!? ZONE/SUBZONE - 
ACCUMULATE MASS RATES I N  KG/SEC - 
CHECK A N D  E D I T  E X P L I C I T  CHAIP? DATA - 
DETERMINE N A X I M U M  YXPLICIT  CHAIN LENGTH 
EDIT Z O N E  POWER DENSITY A N D  BRITE INTERFACE P I L E  ZNPOWD - 
CALCWLATE ACTINIDE PEED RATE (KG/SEC) BY PATH FOR - 

CONTINUOUS FUELING MODEL - 

- 

- 
(CONT) 
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C 
C 
c 
C A  
C 
C 
C 
C A  
C 
C $  
C 
c 
C 
C 
C 
e 
C A  
C 
c 
C A  
c s  
C 
e $  
c 3  
C B  
C $  
C 

CLOSDA CLOSE DIRECT ACCESS SCRATCH P I L E  (OPENED WITH DEFILE) 
CR ED EWTRY I N  C R I T  - DTJ3PIY - DATA TRRWSFER EXTENDED CURE TO 

C R I T  DUMMY - DATA TRBNSFEM PAST CORE TO EXTENDED CORE 
DEPTLF: OBEY DIRECT ACCESS SCRATCH F I L E  (REPLACES IBFI 

E X I T  13M FORTRAN H L1BXARY 
FBSAM DUYMY - LOCAL I / O  PACKAGE 
FCHECK ENTRY I N  PBSAH - DU4MHY - LOCAL I/O PACKAGE 
P D I S P  ENTRY I N  FBSAM - D U A M Y  - L O C a L  1/0 PACKAGE 
PPNTR ENTRY I N  FRSAM - IPVflEfY - LOCAL 1/0 PACKAGE 
FPOINT ENTRY I N  PBSAH - DUHPSY - LOCAL I/0 PACKAGE 

PRECOR RELEASE D Y N A N T C A L L Y  ALLOCATED STORAGE 
PREW ENTRY IN FBSArI - DUMMY - LOCAL I / O  PACKAGE 
F B R I T E  ENTXY I N  PBSAM - DUE%?SY - LOCAL I / O  PACKAGE 
GETCOR DYNWRIC STORAGE ALLOCATION 
ICLOCK FUNCTION RETURNS CDW TIME: IN HUNDREDTHS OF SECO?JDS 

T D A Y  STgBXOUTINE RETURNS THE DATE KM-DD-YY (REAL*89 
IHCYDIOS IBH PORTBAA H L I B R B B Y  ( D I F F E R E W  FOR H EXTENDED) 
PP1CCgATBL f R P l  FOBTXAM B LIBRARY (DIFFERENT FOR H EXTENDED) 
I O E E F T  SUBROUTINE RETURNS THE I/O COUNT RXRATHING FROM A N  

FAST CORE 

DEFINE F I L E  STATEMENT] 

F R E A D  ENTRY I N  FBSAH - D ~ M Y  - LOCAL r/o P A C K A G E  

(INTEGER *Q) 

I B I T H A L  ESTIMATE ( INTEGER*49  
C A ITTIHE FUICTIOH RETURNS THE CLOCK T I B E  IF? ITPNDREDTHS OF SECONDS - 
c (INTEGER*4) - 
C $ JOBNUM SUBROUTINE RETURNS THE J O B  N A M E  (REBL*8) - 
C $ J S T I H E  FUNCTION OB SUBROUTIHE RETIYRRS THE R E H A I I I Y G  J O B  STEP - 
c CPU TIME PPOM AN I N I T I A L  ' E S T I E A T P  (INTEGER*&) - 

C (PNTEGEW*4) - 
C R T I H E  SUBROUTXNE RETURNS TIME OF D A H  HH.Y#.SS  (REAL*$) I 

e 
C % NOT SUPPLIED IN PXOGRAM PACKAGE - 
C A ASSEMBLER LANGUAGE - 
c 
C+**+**8********s*****~*~~*~s~***4+************~~*~***~*~~*********- 

C $ VODET, FUNCTION R E T U R N S  THE COMPUTER HODEL I U M E I E R  (75,91,155,195)  - 

- 

- 

(CONT) 
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c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 

ANOR 
A R S I  
AUXE 
B P I X  

R G X S  

B I N P  

BROV 

PPIA 

B P I B  
B P I C  

F P I N  
B R C I  
B R D S  
ERN A 
BRND 
B R N F  
BRNO 
B R N S  
B R N T  
B R N W  
BRNX 
BRNY 
B R N Z  
B R N l  
B R N 3  
B R R 4  
B R N 7  
B R P P  
B R R F  
B U R N  

B Z I N  

BZT1 
BZT2 
C H E K  

A R R I  
R E E D  
Z Z P D  
BRN 4 
SERM 
BGXS 
E P F D  
S K N U  
A R R I  
P O N I  
R I T E  
Z O N I  
CHEK 
R E O R  
P R T I  
B R P F  
P Z T 2  
B P I A  
P E R R  
BRN 1 
R E E D  
R E E D  

D O P C  
R I T E  
ZUCY 
HQDE 

L E G F  
S I N P  
I S T F  
C N P B  
R E E D  
R E E D  
R E E D  
AUXE 
XEQC 
BRNA 
BZT2 
R E E D  
P R T R  
IX3D 

BRNO 
S TOR 

C M P I  

E R N F  
F E R R  
S T O R  
F R N O  
POWL 
S T O R  
?. Z P D  
P G E O  
S T O R  
P R T F  
P R N  A 

B P m  
R E E D  
DOPC 
R I T E  

F ERR 

zwcz 

R E E D  
B P I N  
R E E D  
C P l P I  
R I T E  
9 I T E  
R I T E  
BRNY 

BRND 
CHOV 
S E E R  
R E E D  
P R T I  

BRNY 
XXQC 

P RTP 

BXNW 
GN'TC 
Z I G Y  
BRNY 
POWP 
XEQC 
ZZPP 
PRN 3 

P T N 5  
PRND 

B P I C  
S E E K  
ROXX 

R I T E  
BURN 
R I T E  
P R T B  

EDEP 

BRN S 
D E E P  
SERM 

P R T R  

DOEX 
X EXC 

P R T T  

B R N X  
P R T T  

DOEX 
P P O E  
X EXC 

P RTT 

ZFMP 
PRNS 

S KER 
R OXY 

S EEX 
B Z I N  
S EEK 
P RTX 

EXPW 

BRNT 
P ERR 

R E E D  

P A R I  
XEYC 

R E E D  

9 R N 4  
R E E D  

P X 2 D  
QI? AT 
XEYC 

PB TR 

ZPMV 
P R R T  

P D P T  
Z C R J  

R I T E  

B R N 7  
SEEK 

P A R I  
Q N A W  
ZCFl 

P TAT 

ZFH3 
P R N Z  

F R E C O B  GETCOR 

S K E R  
PFRR FOUL 
SKER K EXC 

O E X P  OCHN 

DRNZ R R N 3  
P R R F  

POWL 
ZNAW 

S E P R  

B Z T 1  
S K E R  

P D P T  
F E E D  
ZOND 

P T N S  

P R P F  

P U R N  

T P N E  

B R R F  

.. (cowe) 
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C 
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C 
C 
C 
C 
C 
(3 
C 
c 
C 
C 
c 
C 
c 
(3 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CHOV 
@ M E "  
CMPT 
CPH 1 

DEEF 
DOEX 
DOPC 

D O S H  
DOWN 
ECHK 
EDED 
E D E P  
EPFD 
E P H 2  
E S E T  
ETAB 
EXPH 

c P n 2  

FERR 
FLUC 
F L U E  
F O U L  
GcnK 
GNZC 
HQLYF: 
I S T R  
I X 2 D  
I X 3 D  
J A G Y  
JAOD 
J E f l Y  
J U C Y  
L A G Y  
LAOD 
LEGF 
LEMY 
LUCY 
M A I N  
MEIT 
R E M A  
MEPA 
MESA 
AESB 
BETS 
ABRP 
MSBK 
MSHO 
MSH 1 
MSH3 

IX2D 

FEED FITE 
PRTR R F E D  R STI 

J A G Y  J E M Y  YUCY 
FEPR PHEW REED RITE 
CLOSQA DEFILE FCHECK 
L A G Y  
B R N Y  

EDED 

B E F D  
C P H l  
LEGP 
STOR 
SEEK 

REED 

FEPR 

JAOD 

J W O D  

LAOD 

LAOD 

B F C I  
A NOR 

PRTD 

PRTD 

LEMY 
D O S H  

E T A B  

XERC 
CPH:! 
MXBP 
X EYC 

R E Y D  

METT 

M E I T  

BRDS 
AEFlA 

PRTI 

LUCY 
STOR ZNAQ 

REED SEER 

XEYC 
EcnK EPH2 
€3 EED R EBT 
KPYC 

SEEK S KER 

DOPC TINEE? 
NEPA 3 ESA 

SEEK 

SKER 

ESET 
RITE 

STOR 

MESB 

FESAH 

FLUC 
SEEK 

HETS 

(CO "T) 
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C 
c 
C 
C 
c 
C 
C 
c 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
c 
C 
c 
C 
C 
c 
c 
C 
C 
C 
C 
e 
C 
c 
C 
C 
c 
C 
C 
C 
c 
c 
C 
C 
e 
c 

MXEP 
XRCF 
O E X P  
OFTK 
OPIOV 
OOWN 
PARI 
PDPT 
PDST 
PPIK 

PG eo 

P L O C  
P W l R  
P O N I  
POWL 
POPN 
PBWJP 
PPOE 

PRN'D 
PRNIS 
PRFT 
PRBY 
PRMZ 
PRN3 
PRPF 
PRR? 
PRTD 
PRTH 
PRTP 
PRTR 
PRTT 
PTAT 
PTNMS 
PURY 
PZT2 
QNAT 
QWAW 
XEHT 
REOR 
R I T E  

R S T I  
SEEK 
SERES 
S KEF 
SRWU 
ST09 
TI f?ER 

PRNn 

REED 
OFIX 
BPIX 
BMOV 
DOWN 

R N R P  
DOEX 
XEQC 
GCHK 
PRTI 
V0Z.P 
R E E D  
R E E D  

D O S H  

PRTF 
R E E D  
R EBD 
DOPC 
R I T E  

CESPI 
PRTR 
R RED 
R E E D  

P RTI 

P F I X  
PRTR 
REED 
REED 
PRTR 

CRED 
P P 01 N T 

REED 

SEEK 

T DAY 
J S T I R E  

R I T E  
ONOV 

MXRP 
PDPT 
XEXC 
WiSHK 
PRTR 

RITE 

PNAW 

RITE 

L EGF 
9EED 

REED 

POVW 
R E E D  
R I T E  
RTTE 
R E E D  

CRIT 
F WRIT E 

R I T E  

XEQC 

PRTS 
PDST 
XEYC 
BSFiO 
RESD 

SEFK 

PRNY 

PRTI 
RITE 

SE4K 

PRWY 

SEEK 
SEEK 
XEYC 

FERR 

PBRW 

Y S B 1  
RITE 

SERE 

STOR 

R E E D  
S EEK 

SEBH 

S KER 

FR EV 

TEHE MODET, I C L O C K  

(CCWT) 

PRNY 

M S H 3  
SEEK 

STOR 

RITE 
SEBM 

FPBTR 



n 3- 1.1. 
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c***+******+************************************************************- 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
c 
C 
C 
C 

- 
SUBROUTINE ************** CALLED FRO11 SUPROUTINE ******************- 

AVOR 
A R R I  
AUXE 
B F I X  
BGXS 
B I N P  
BnOV 
B P I  A 
B P I B  
B P I C  
B P I N  
B R C I  
BRDS 
BRNA 
BRND 
BRNP 
BRNO 
BRNS 
BRNT 
BRNW 
BRNX 
BRMY 
BRNZ 
BRN 1 
BRN3 
B 9 N 4  
F R N 7  
BR P P  
B R R F  
BURN 
B Z I N  
FZT 1 
B Z T 2  
CHEK 
C E O V  
CflPH 
C M P I  
CPH 1 
C P H 2  
DEEP 
DOEX 
DOPC 
DOSH 
DOUB 
EC HK 
EDED 

M E I T  
B F I X  
BURN 
O F I X  
B I N P  
BRNI  
0 NOV 
B P I N  
B P I N  
BPIW 
R R N l  
H A I N  
M A I N  
B Z I N  
B Z I  N 
B I N P  
B F I X  
B Z I N  
B Z I t l  
B I N P  
B I N P  
B F I X  
BZIW 
BRDS 
B Z I N  
BGXS 
B I N P  
B P I C  
B Z I N  
BriFll 
B R X l  
B I N P  
B Z I N  
B P I A  
B Z I N  
ERN4 
BGXS 
EXPH 
EXPH 
B Z I N  
B F I X  
B R D S  
DOWN 
OOWN 
EXPH 
E D E P  

RMOV 

BHOV 

BROB 

B I N P  

BRN4 

B MOV 
BRNS 
POUN 

BURN DOWN 

PRNZ 

PFIX 
M A 1  N ? R M S  

(CONT) 
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C 
C 
C 
C 
C 
C 
C 
c 
It 
c 
C 
C 
C 
C 
c 
c 
C 
C 
C 
c 
C 
C 
c 
C 
c 
c 
c 
C 
e 
c 
c 
c 
c 
C 
C 
C 
C 
C 
c 
C 
C 
c 
C 
c 
C 
C 
C 
C 
c 
C 
C 
c 

E D E P  B V R V  
ZPFD B I # P  
SPH2 EYDH 
E S E T  EXDH 
TTAB EDEP 
EXPW BTJRW 
P E R R  BIND 

R I T E  
F L U C  EXPH 
F L U E  EXPH 
FOUL B R N I  
FRPCOR BRDS 
G C H R  PGEO 
GETCOR B R D S  
GNZC 
H Q U E  
I S T R  
I X 2 D  
IX3D 
YAGY 
J A O O  
JEMY 
J U C Y  
L A G Y  
LAOD 
LEGF 
LEMY 
LUCY 
M A I N  
EIE IT 
K E M A  
MEPA 
KESA 
MESB 
METS 
MNRP 
MSHK 

MSHl 
MSH3 
MXSP 
N RCF 
OEXP 
O P I X  
OUOV 
OOWN 

PDPT 
P D S T  
P P I X  
PGEO 
PLOC 

Msno 

PnRr 

BjlF?P 
B R N X  
B R X 3  
BMOB 
CHEK 
DOEX 
JAGY 
DOEX 
DOEX 
D O S E  
LAGY 
BRBZ 
DOSH 
D O S H  

JEPIY 
MEIT 
MEIT 
N EIT 
YEIT 
MEIT 
PDST 
PGEO 
PGEC 
P G E O  
PGEO 
EXPH 
PCEC 
BUR A 
0 YXP 
OEXP 
B U R N  
B F I X  
B F I X  
PFIX 
PURW 
BPIA 
PGEO 

B?CI 

C M O V  

(JEMY 

z EMY 
EXPH 

LEMY 

POST 

BMCrV 
BMlOV 

(CO NT) 
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C 
C 
c 
C 
c 
C 
C 
C 
c 
C 
c 
C 
C 
C 
C 
c 
c 
C 
c 
C 
c 
C 
C 
c 
C 
c 
c 
c 
C 
c 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
C 
c 
c 
c 
c 
C 
C 
c 
C 
(: 

c 
c 

PNAW 
PONI 
POHL 
D O V P  
POWP 
PPOE 
? R N A  
PRND 
PRNS 
PRITT 
PRWY 
PRNZ 
PBW3 
PRPP 
PRUF 
PWTTS 
PRSB 
P R T I  

PRTF 

PBTT 
PTAT 
PTlS 
PGRH 
PZT2 
QNAT 
Q N A W  
REED 

REHT 
REOR 
RITE 

R O K X  
OiOXY 
RSTI 
SEEK 

SERY 
S R E R  

SK N U  
STOS 

PFIX 
BMOV 
BFPX 
P U R N  
B MOV 
BMOV 
B P I C  
B P I C  
BPPC 
B P I C  

B P I C  
B P I  A 
B P I C  
BZXN 
REIT 

BGXS 
PBNZ 
BPIA 
PPOE 
B G X S  
B P I A  

BRW 1 
BPIC 
BEOY 
BMOV 
SFPX 
BBPTZ 
CHEK 
FLUE 
PRNA 
PZT2 
ZFP3  
EXPH 
BPIA 
BGXS 
BRPF 
P N A V  
SEEK 
B K D S  
BEDS 
CPH2 
BGXS 
EDEP 
PRN3 
BGXS 
BXHP 
Q N A W  
BTNP 
BPPX 
P F I X  

PFrx 

aRN4 

e p x a  

POW?? 

RHOV 

POWN 

MSHK 

BPIA 
PTAT 
BPIB 
PRN3 
BPNP 

BPTB 

BGXS 
BRN3 
CPH 1 
GNZC 
PRND 
QNAT 
Z N A W  

BHOV 
B R R F  
P R N A  
ZFM3 

BINP 
EXPH 
PTAT 
B7Tl 
ARC?: 
7 N A W  

B I N P  
PGEO 

PURN 

RSB 1 

BPI B 
ZPFlP 
BZT2 
PZT2 

BIZJP 
ERN7 
CPH 2 
NRCF 
P R N Z  
QNAW 

BRN A 

PRPT 
ZWAW 

wwi  

B R C I  
FERR 
QNAT 
PGEO 
BXWZ 

BROV 
PNAW 

(CONT) 

ERN4 

c HEK 
R EHT 

A ROV 
BRPP 
b0PC 
P F I X  
P B N 3  
R EHT 

BRRT 
DOPC 
PRNZ 
z ZPD 

BRNZ 
G VZC 
QNAW 
PNASI 
B R N 3  

BPIA 
POWN 

CAEK 

CPH2 
ZFHP 

B R C I  
B R R F  
EDEP 
PGEO 
PRPF 
SEEK 

BRRZ 
EXPH 
PRN3 

B R W 3  
PGEO 
S K X R  
PI? NZ 
EDPP 

DOWN 

M SHK 

PDST 
ZFM3 

B R N A  
BZT 1 
ETAB 
PLOC 
PRRF 
VOLP 

B B N 3  
NRCF 
Q N A ?  

BZT1 
PNAW 
Z N A W  
PRN3 
EXPW 

E XPH 

PGEO 

PGEO 
ZZPI)  

B R R D  
BZT2 
EXPH 
PW AW 
PTAT 
ZFMP 

B R N 7  
PGEO 
Q N A W  

DO PC 
P R N X  
Z Z P D  
PTAT 
GNZC 

G N Z C  
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C TIHER 
C T P N Z  
c VOL P 
C XEQC 
C x EXC 
C XEYC 
C XPYC 
C Z C A I  
C ZPRP 
c ZFMV 
c ZFM3 
c ZIGY 
c Z N A W  
c Z U N D  

C ZUCY 
e ZUCZ 
C ZZPD 
e ZZPF 
c 

c 2 r i  w I 

M A I N  
B U R N  
P G E O  
BFXS 
E P T X  
BPIX 
EXDH 
BFIX 
B P T B  
BPIB 
BPIY 
BINP 
BFIX 
EMOV 
B A O V  
BRNP 
BRalIR 
EPIX 
R MOV 

BMOV BURY ETBB OEXP PFTX 
RMOV R R N 3  P FPX P R N 3  ZFM3 
BMOV ETAB EXPA PFIX REHT 

BMOV 

DO" 

BROV 

(COHT) 
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c 
c 
C 
c 
c 
c 
c 
c 
C 
c 
c 
C 
c 
C 
C 
c 
c 
C 
C 
C 
C 
c 
C 
c 
C 
C 
C 

C 
c 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 

e 

ACES1 
A C E S 2  
CPEED 
F nc es 

GEOIDS 
GLOBE 

PAR MS 

P A R Y Y  

PBURN 
POINT 

REACX 

RRTCL 

U N I T S  

U S R I D  
VC T RL 

B Z I F  
B P I C  
B Y O V  
BGXS 
BZIH 
P U R N  
E P I A  
AUXE 
B P I C  
B R " 1  
DOEX 
J A G Y  
P A R I  
PRNS 
REHT 
B I N P  
OEXP 
B F I X  
DOWN 
PORN 
B P I A  
B F I X  
BURN 
OEXP 
B F I X  
PURN 
AUXP 
B P I C  
BRVZ 
DEEF 
J A G Y  
O E X P  
PRNZ 
ZFMP 
B F I X  
BRNI  
FOUL 
QNAW 
B R C I  
BRCT 

EDEP 
P rJR N 
BRNS 
Y1NP 
EDEP 

FPTF 
BFIX 
BPIB 
B R N 3  
D O S H  
JEHY 
P P I X  
P R N Z  
ZFMP 
RPTC 
OF1 x 
B I N P  
T D E P  
PURN 
B P I B  
PIINP 
B Z I N  
O F I X  
B I N P  

B F I X  
B ? I B  
S R N  1 
DOEX 
J E II Y 
P D S T  
PRN3 
ZFM3 
E I N P  
R ' J R N  
M A I N  
R EHT 
EXPM 

EXPH 

B Z I N  
BPI: A 
EXPH 

B P I  C 
B G X S  
BRl?O 
BUR N 
DOWN 
J K Y  
PGEO 
PRN3 
ZPY3 
BRNS 
OMQV 
B MOY 
ETAB 
Q I A T  
E P I C  
BMOV 
DOEX 
OMOV 
B MOV 

BGXS 
B R C I  
BRN3 
DQSH 
J U C Y  
P F I X  
PURN 
ZIGY 
B MOV 
B Z I N  
P F I X  
ZNAW 
PNAW 

OFIX 

c nov 
B P I B  
O F I X  

PGEO 
B I N P  
BRNS 
B Z Y N  
E DEP 
L AGY 
P HAW 
P U R N  
Z N A W  
3 U R N  
OOWN 
B P I A  
EXPH 
Q NAP 
PRriS 
BPI& 
DOSH 
QOWN 
B P I C  

B I N P  
BRNS 
B WRN 
DOWN 
L A G Y  
PGEO 
PZT2 
Z N A W  
B P I A  
DOWN 
PNAW 
ZZPD 
QNAT 

OMOV 

DEEP 
B P I C  
O A O V  

PURW 
B MQY 
BXFlW 
R Z T l  
FTAB 
LEMY 
P O N I  
P Z T 2  
T O N I  
B Z I N  
PRES 
B P I B  
TIAIM 
REHT 
PURE! 
BPIE 
DOWN 
P F I X  
BZ I N  

B MOV 
BRNU 
B Z I N  
EDEP 
LEMY 
PNAF! 
Q NAT 
ZZPD 
B P I B  
EDEP 
PO" 

QNAW 

Q N A W  
BRWS 
OCWN 

B P J A  
B R N X  
BZT2 
EXPN 
2, UCY 
PCWB 
QNAT 
Z ZPD 
EDEP 
PURN 
B PIC 
P P I X  
Z N R W  

B P I C  
E DEP 
PCUN 
DOEX 

B P I A  
BRNX 
B Z T l  
ETAB 
LUCY 
POWN 
Q N A W  

B P I C  
ETAB 
P U R N  

ZNAW 

B U R R  
P R N S  

B P I R  
BRNZ 
DEEF 
FOUL 
MEIT 
P P O E  
QNAW 
Z Z P F  
EXPH 

B Z I N  
PNAW 
ZZPD 

BRN 1 
EXPH 
PURN 
P F I X  

B P I B  
BRWY 
B Z T 2  
EXPH 
M E I T  
P R N S  
REAT 

B P I N  
EXPH 
QNAT 

ZZ PD 

(CONT) 
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TABLE 03-1 END 

c 
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T A B L E  03-2  O V E R L A Y  STRUCTURE 

L 
C 
C 
c 
c 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
c 
C 
C 
c 
c 
C 
C 
c 
C 
c 
C 
c 
c 
S 
C 
c 
c 
c 
c 
C 
c 
C 
s 

C 
e 

HAIN 
RPITCI 
WBDS 
SRY 1 
noex 
D O S E  
JE’nY 
L E 3  Y 
J A O D  
L A O D  
RETT 
A Y O H  
M E S A  
YES5 
W E K A  
AEFA 
NETS 
SUCY 
LUCY 
J A G Y  
L A G Y  
I’ D Y T 
DOPC [ R O X Y  1 
RITe [REED,ROXX) 
SEEK 
PRTI) 
PR‘I’H 
PRTS 
PRTR 
PXTT 
1 X 2 D  
1 x 3 0  

AXRP 
XFQC 
XEXC 
XEYC 
XPYC 
S‘I‘O H 
LEGF 

nmr 

f.. T BB A R Y 
L I B R A R Y  
T.TBR AB Y 
LIBRWRY 
LIBRARY 
LIBRARY 
L I B B  A R Y  
LIBRARY 
L f B R  R R Y  
LIBRA R K 
LIBRARY 
L I B R A R Y  
LIBRARY 
LIBRARY 
LIBRARY 
L I B B  A R Y  
L T B R A R Y  
LIBRARY 

(CO NT) .. 
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C 
C 
e 
C 
c 
e 
C 
C 
c 
c 
c 
C 
C 
c 
C 
c 
c 
C 
c 
C 
e 
C 
e 
c 
C 
c 
C 
c 
c 
c 
e 
e 
c 
c 
c 
c 
C 
e 
C 
e 
C 
c 
C 
C 
c 
e 
c 
C 
e 
61 
C 
c 

C l P I I  
e PIPI 
I S T R  
R S T I  
FEBB 
SERM 
S K E H  
T I A E R  
G E T C O R  
P R E C O R  
DEFILE 
L'LOSDA 
I TT 1 M E 
C R I T  ( C R E D )  
PRSAM (ENTRIES) 
ICEOCK 
IDAY 
I c)L E F T 
JOB23Ur"l 
JSTIZ?IE 
RBDEL 
TIFIE 
( O T S E R S )  
ACES 1 
AGES2 
CPEED 
PACES 
GEODS 
GLOBE 
P A R H S  
PABMY 
PBrJRN 
P O I N T  
REACX 
RRTCL 
U N I T S  
USRID 
VCTRL 
cons A 91 
CTABE E 
DZF I L C O M  
H G i l i T I O  * 

LIBRARY 
ETIBRARY 
LIBRARY 
LIERARY 
LTBRARY 
LIBRARY 
LT BR A R Y  
LIBRA BY 
I, I ER A R Y 
C TB X A R 79 
L I E R  A R Y  
L I B R A R Y  
LIBRARY 
LIBRARY D U M M Y  
LIBRARY DDKMY 
SYSTEM LIBRARY 
SYSTEM LIBRARY 
SYSTEH L I B R A R Y  
S Y S T E M  LIBRARY 
SYSTEFI L I E R A R Y  
SYSTEH LIBRARY 
SYSTEM LIBRARY 

COMMON 
CCMMBN 
CORMON 
COTINON 
COHMON 
CBPlMON 
COMMON 
C'OMHON 
COYMON 

C O R R Q N  
CCRMOX 
CC)BMON 
CCHHON 
COMMON 
CQMMOFS 
COPINON 
COHRBN 
GOCIAON 

IBH F O R T R A N  LIBRARY 

co m ri o 11 

* * * * C * + * * * * f t * s * * * * * * * * + s * * * * 9 * t * % * s t * * i c * ~ * * ~ * * * ~ * * ~ * * ~ * * * ~ * *  * * 3 * * * 
PlINP B Z I a  BURN FO!JL BPI8 PUR8 
GWZC DEEP BRNY PTNS PRNY 
B R N 7  CLgOV ZNAW ic PFIX 

BRNS ZZPD **********e**++**  POVN 
BGXS BBN3 ADXE * * * PNAW 
BZT 1 B R N Z  TPNE B H A  BPIB BPIC PDST 
BRWF BRNT * PTAT ZFMP P R N S  

(CONT)  



03-20 

C BRNW B Z T 2  * P GEO ZFM3 PRF?Z - 
C zucz BRXA * GCHK ZFMV PR?lT - 
C ZUCY BRND * MSHO P Z T 2  - 
C Z I G V  BRRF 8 M S H K  PRNA - 
C E P F D  PRRF * PISHI PRNB - 
C BRNX * XSH3 B R P F  - 
C HQUE * NRCP P R P F  - 
C S K N U  * VOLP - 
C * PLOC - 
C * PRH3 - 
C * R EOR - 
C * CHEK - 
C * - 
C * 
C . . . . . . . . . . . . . . . . . . . . . . . . .  - 
C * * * * - 
C OEXP EXPH EDEP OOWN - 
C POUL CPH 1 EDED DOWN - 
C A R R I  ECHK ETAB - 
C Z C R I  E S E T  - 
C P A R I  PLUC - 
C B RNO FLUE - 
C * R EHT - 
C * C P H 2  - 
C * E P H 2  I 

C * - 
C * - 
C ***************** - 
c * * - 
C O F I X  Ol lOV 
c BFIX B MOV - 
C * - 
C * - 
C ***************** - 
C * * - 
C Z O N D  PONI - 
C ZZPF P P O E  - 
C Z O N I  QNAR - 
C POWP QNA T - 
C - 
C * * * * * * * * * * * * * * * * * * * * * * * * * * 8 + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * -  

TABLE 03-2 END 
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TABLE 03-3 SCRATCH INPUTJOUTPOT 

C*********************~*~******+*+tt******~**~*****~*****~******~***~*******+*+tt***- 
c 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 
C 
c 
e 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
c 
C 
c 
C 
c 
c 
C 
c 
c 
e 
C 
c 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 

LOGICAL UNIT 24 ( I D A 2 1  SPECIFIC REACTION RATES BY ZONE A I D  
S U BZON E 

NrJHBER OF RECORDS NZOKE + N S Z  
LENGTH OF RECORD N ACT*N NS RJORDS 
OPTIONAL DEPENDING ON M E M O R Y  STORAGE AVAILABLE 

LOGICAL UNTT 27 ( I D A 3 )  S P E C I F I C  REACTION RATE FOR F I S S I O N  
I N  ENERGY RAKGES OF Y I E L D  DATA 
BY ZONE AND SUEZONE 

NUMBER OF RECORDS NZONE 4 N S Z  
LENGTH OF FECORD NYER*NNS WORDS 
OPTIONAL DEPENDING ON MEVORY STORAGE AVAILABLE 

A N D  PRESENCE OF ENERGY DEPENDENT Y I E L D  D A T A  

LOGICAL UNIT 40 ( I D A 4 )  S P E C I F I C  REACTION RATES BY P O I N T  
NUMBER OF RECORDS N P T  
LENGTH OF RECORD NACT* N NS WORDS 
O P T I O N A L  DEPENDING O?! MEYORY STORAGE AVAILABLE 

FOR P O I N T  CALCULATION 

LOGICAL U N I T  2 8  ( I D A 5 )  S P E C I F I C  R E A C T I O N  RATE FOR F I S S I O N  
I N  ENERGY RANGES OF Y I E L D  DATA 
BY P O I N T  

NDMBER O F  RECORDS NPT 
LENGTH OF RECORD NYES*NNS WORDS 
OPTIONAL DEPENDING ON MEMORY S T O R A G E  AVAILABLE 

ABD PRESENCE OF ENERGY DEPENDENT Y I E L D  DATA 
FOR P O I N T  CALCULATION 

L O G I C A L  U N I T  52 ( I S R I )  ZONE AVERAGE FLUX 
NYEIRER OF RECORDS NGROUP 
LENGTH OF RECORD NZONE WORDS 
A L W A Y S  USED 

L O G I C A L  U N I T  46 ( I S F ( 2 )  I N I T I A L  D E N S I T I E S  
NWMBER OF R E C O R D S  NZONE + N S Z  
LENGTH OF RECORD NNS WORDS 
ALWAYS USED 

(CONT) 
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C 
C 
c 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
c 
C 
c 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 

LOGICAL nNIT 48 (ISP.3) P R I N C I P A L  C H O S S  SECTIOWS 
(LATEST VEPSI 08) 

NUMBER OP RECORDS NGROUP 
LENGTH OF RECOED NPSCS WORDS 
ALWAYS USFD 

LOGICAL U N I T  49 (ISR49 "EYE AVERAGE: FLUX 
WUHBER OF QECORDS WGROUP 
LPNGTH OF RECORD NZOMF W O R D S  
USED W H E N  TRO RZFLUX F I L E S  ARE READ 

LOGICAL U N I T  47 (ISP.5) I N I T I A L  P O I N T  D E N S I T I E S  
NWH3ER O F  RECORDS NPT 
LENGTH OF RECORD NBS K O P D S  
ALWAYS USED FOR P O I N T  CAI.CULlTION 

XOGICAL U N I T  5 4  ( I S R 6 )  P R I N C I P A L  C R O S S  SECTIONS 
( N E XT-T 0-L ATE ST VEF S IO N 1 

RTJMBER OF RECOFDS NG RO u P 
LENGTH OF RECORD HPSCS WORDS 
USED UHYN TEMPERATURE CORRELATIOE I S  TO BE DONE 

LOGICAL U ? I T  45 ( I S R 7 J  EKPOSIJRE H I S T O R Y  DATA 
NTJPlBER OF RECORDS 1 
LENGTH OF RECORD 40 FORDS 
PLUS 
NUMBER O F  RECORDS 3 
LENGTH OF RECORD NZORE WORDS 
PLUS 
NUMBER OF RECORDS 4 
L E N G T H  a F  R E C O R D  N Z O N E  4 NSZ WORDS 
IF DATA FROM ALL EXPOSURE CALCULATIONS IS TO BE SAVED 

" J L T I P L Y  THIS REQUIREHEVT BY THE NWNEER OF EYPOSDRES TO 
BE D O N E  

U S E D  WHEN EXPOHT INTERFACE I S  WRITTEN 

LOGICAL U N I T  4 5  (ISR7) REGION ASSIGNMENTS TO F I N E  HESH 
NUREER OF RECORDS "I NTF 
LENGTH O F  RECORD N I  NT I * N I  NT 3 GQRDS 
USED F O E  POINT CALCULATION WHEN DATA IS TAKEN FROM GEODST 
A N D  RTFLUX ( 3 - D  ONLY) 

LOGICAL U N I T  4 5  ( I S R 7 )  P O I N T  FLUX 
NUllBER OF RECORDS NGROUP 
LENGTH OF RECORD NPT WORDS 
ALRAYS USED F C R  POIBT CALCDLATIOW 

(CONT) 

.. 



03-23 

C 
C 
c 
C 
C 
C 
C 
c 
C 
c 
c 
e 
C 
e 
c 
C 
C 
e 
c 
C 
C 
c 
C 
C 
c 
C 
c 
C 
c 
C 
c 
e 
6 
c 
c 
C 
c 
c 
c 
c 
c 
c 
c 
c 
C 
C 
C 
c 
c 
C 
C 
C 
c 

L O G I C A L  UNIT 5 3  ( P S R 8 )  EXPOSURE H I S T O R Y  DATA 
H U N E 3 E 9  OF RPICOIiDS 3 
L E N G T H  OF RECORD NZONE W O R D S  
PLIJS 
NUMBER OF RECORDS 4 
LENGTH OF RECORD NZOWE + NSZ WBBDS 
USED WHEN EXPCHT I N T E R F A C E  TS W R I T T E N  

LomcaL UNIT 53 ( I S R ~ )  POINT F L U X  
NUFlBER OF R E C O R D S  N G R O U P  
LENGTH OF XECQRD N PT WORDS 
USED FOR P O I N T  C A L C U L A T I O N  WHEN TWO FLUX F I L E S  ARE R E A D  

X O G I C A L  U N I T  51 (ISR9) S R V E  C U R R E N T  DENSITY ARRAY 
A'Ui'lBEW OF RECORDS 1 
LENGTH OF RECORD NBS*(NZONE + WS'L) WORDS 
USED WHEN WEIGHTED A V E R A G E  EXPOSURE EENSXTPES ARE TO RE 

USED WHEN FIULTTPLE PASSES A R E  DONE FOR C O N T I N U O U S  F U E L I N G  
WRITTEN ON ZNATDN I N T E R F A C E  

IT 50 (IS910) D E N S I T I E S  TO E$ VRITTEN ON QNATDN 
I NT ERF ACE 

NOFIBER OF R E C O R D S  N2ONE f NSZ 
L E N G T H  O F  RECORD NXS WORDS 
U S E D  WHEN C O N T T N U @ U S  FUELING O P T I O N  S S  S P E C I F I E D  

NGROUP 
NISO 
WAXORD 
MPSCS 
NSTRPD 

T A L F  
TN P 
IW2N 
I R D  
I NT 
NZOME 
ws 2 
"S 
NYEB 
w PT 
NINTH 
NI NTJ 
NTNTK 

N U N B B R  OF E N E R G Y  GROUPS 
NLJXBER OF NUCLIDES I N  CROSS SECTION DATA 
M A X I Y r J M  SCATTERIUG O R D E R  
LENGTH OF PRINCIPAL CROSS SECTION RECORD 
N U H l 3 E R  CF COUXDIRATE DIRECTIONS F O R  W H I C H  TRAXTSPORT 

( N , A )  CROSS S E C T I O N  F L A G  0 , l  
(N,P) C R O S S  S E C T I O N  F L A G  0 , 1  
(N,2N) CROSS SECTION FLAG 0 , l  
( N , D )  C R O S S  SECTIOC FLAG 0 , l  
(??,TI CROSS SFCTION F L A G  0 , 1  
IOJ?IBER OF Z O N E S  
NUMBER OF S U B Z O N E S  
H A X I H U H  WUNBER OF N U C L I D E S  I N  A N Y  SET 
N U F l B E R  OF EA!ERGY RABGES FOR YIELD DATA 
NUMBER OF POTNTS TREATED IW POINT CALCULATION 
N U N B E R  OF F I F S T  D I R E N S I O I !  FINE RESH INTERVALS 
NUFIBER OF SECOND D I M E N S I O N  FINE MESH I M T E R V A L S  
NU'YIBER OF THIFD D T r l E B S I 6 8  FIXE W X S H  INTERVALS 

C R O S S  S E C T I O N S  ARE GIVEN 

END OF SECTION 





04-1 

SECTION 0 4 :  DATA INTERFACING 

The e x t e r n a l  d a t a  f i l e s  addressed i n  KURNER are: 

CONTRL ( read only)  

NDXSRF (read only)  

GRUPXS (read only)  

I n s t r u c t i o n  records  EXPINS,  
DVRINS,  and PROINS 

NucI.ide r e fe renc ing  d a t a  and 
nuc l ide  concent ra t ion  assignment 
d a t a  

Microscopic c r o s s  s e c t i o n  d a t a  - 
group ordered 

EXPOSE (read only)  Basic exposure d a t a  

RZFLUX (read  only)  

ZNATDN ( r ead jwr i t e )  

PTATDN (read / w r i t  e )  

EXP OHT ( read / w r i t  e )  

ZNTEMP (read only)  

QNATDN (wr i t e  only) 

Z N P O  (wr i t e  only) 

GEODST (read only) 

RTFLUX (read only) 

Zone average f l u x  - a l s o  f l u x  
va lues  a t  s e l e c t e d  p o i n t s  f o r  a 
geometry independent c a l c u l a t i o n  
( i f  modified) 

Nuclide concent ra t ions  (zone and 
subzone) 

Nuclide concent ra t ions  ( a t  s e l e c t e d  
po in t s )  

Continuously updated i n t e g r a l s  of 
exposure c ondi t  i o n  s 

Temperature d a t a  (zone and subzone) 

Nuclide concent ra t ions  leav ing  
t h e  zones and subzones f o r  t h e  
continuous f u e l i n g  model (same 
format as ZNATDN) 

Power d e n s i t y  da t a  (zone and 
subzone) 

Zone class d a t a  - a l s o  complete 
geometry processing f o r  a geometry 
dependent c a l c u l a t i o n  a t  s e l e c t e d  
p o i n t s  

Regular t o t a l  f l u x  - f o r  a geometry 
dependent c a l c u l a t i o n  a t  s e l e c t e d  
po in t  s 
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The pr imary zone exposure  ca l .cu la t ion  r e q u i r e s  t h a t  a t  least  

one v e r s i o n  of t h e  f i l e s  CONTRL, NDXSRF, GRUPXS, EXPOSE, RZPLUX, and 

ZNATDN be a v a i l a b l e  . 
G e n e r a l l y ,  and i f  n o t  s p e c i f i e d  o t h e r w i s e  i n  the c o n t r o l  r e c o r d  

EXPINS, t h e  latest v e r s i o n  of any f i l e  i s  used f o r  r e a d i n g .  A l s o  € o r  

f i l e s  wr i t t en ,  t h e  l a tes t  e x i s t i n g  v e r s i o n  of a f i l e  is  rewritzten i inless  

s p e c i f i e d  o therwise .  

Table  04-1 documents t h e  BURNER c o n t r o l  r e c o r d  EXPINS i n  f i l e  

CONTRL (page 04-3), and the s p e c i a l  fi.l.es EXPOSE (page 04-17), EXPOHT 

(page 04-24), PTATDN (page 0 4 - 3 0 ) ,  QNAT'DN (page 04-33), ZNTEMP (page 

04-38), and ZNPOWD (page 04-40) ,  and the  modif ied s t a n d a r d  f i l e  RZFLUX 

(page 04-35). 



04-3 

L‘_---- 
CR 
C 
(1 7, 
C 
cw 
C 
CD 
C 
CH* 
c a * +  
C 
CD 
CD** 
c 
CD 
C D  
C 
CD 
CD 
CD 
CD 
C 
CD 
C 
c 3 
e 
CD 
CD 
CD 
CD 
c 
CD 
c 
CD 
c 
CD 
c 
CD 
CD 
c 
Cz, 
CD 
cn 
CD 
CD 
C 
CD 
c 
CD 

EXPINS E X PO S UR E p! 8 B rJ L E D A T A P B EH “6 1 F 1% R 6 6 W EX PI P? S ) 

O P T I O N  NOT T R P L E H E V T E D  
O P T O N  N O T  R E C O H H E N D E D  

- x x  (1) EXPOSUSE TI?lE STEP ( D A Y S )  
( A  N E G A T I V E  TIFIE IS USED FOR S P E C I A L  SI’T’UATTOP?S) - - 

x xx (3) SkiUTDOFW THnC STEP AFTER EKPOSURE ( C A Y S  AT “EEWB - FLUX) - 
THE RATIO OF EACH SBUTDOBN SUBSTEP TIFIE IWTEEEVAL - 

s 

xx ( 3 )  
TO THAT UP TBE P X E V X O O S  SUBSTEP (APPLTCAPLE 
O N L Y  IF X X ( 7 )  .GT. 1) P 

(DEFAULT TQ 1.0) - 

- xx ( 5 )  RELATIVE P06aT:B LEVEL ( A L L  REACTIOIJ BATES A R E  
1 94ULTIPhlED BY T H I S  FACTOR IF K O N Z E B O  - PROPER 

N O R k l A L I Z A T I O N  OF THE PLDX LEVET. WY THE N E U T R O N I C 5  - - CODE TO EFFECT SORI? POWER LEVEE IS P a E s a a E D )  - 

- x x  (10) W E I G A T ’ I N C  PACTOR FOB USE @ I T K  T W O  FLUX ITlTERFRCE 
F’I‘LES (IF IK ( 1 3 )  . SQ. - 2 )  - 

- 
P H I ( U S E D )  = P H I g L Y ]  f XX(IQ)*(PHS[WTLV) - P f I T ( 1 . V ) )  - 

WHERE P H I ( T . V )  IS LATEST V E R S I O N  (IN TIHE) FLUX - 
# H E R E  PHI (YNTLV] IS NEXT-TO-LATEST V E R S I O N  (IN 

TIPIE) FLUX - 
(DEFAULT TO 0. 5 )  - 

- 
- xx (11) PLUENCF: LOWEP 1300ND FOR FI9ST E N E R G Y  RAPTGE (EV) - 
- xx (12 )  FLUENCE LOWER B O U N D  F O R  SECOFD EIVEPGY RANGE (EV) 

(COHT) 
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C 
CD X X ( 1 3 )  
C D  
C 
CD X X ( 1 4 )  
CD 
CD 
CD 
C D  
C 
cn xx (15) 
C D  
CD 
C 
CD X X  ( 1 6 )  
CD 
C 
CD Y X  (17) 
CD 
CD 
CD 
C 
CD XX(18)  
C D  
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD X X ( 1 9 )  
CD 
C 
C D  
CD 
CD 
C 

CD 
CD 
C D  
CD 
C 
CD XX(21)  
c 
CD XX(22)  
C 
CD X X ( 2 3 )  

CI) X X ( 2 0 )  

CONVERGENCE LEVEL FOR MATRIX EXPONENTIAL METHOD 
(DEFAULT TO 1.OE-8) 

LIMITING VALUE OF D I A G O N A L  TERIY FOR MATRIX 
EYPONENTTAL METHOD (EACH SUBSTEP I S  SUBDIVIDED 
INTO AS MANY TIME IE?CRENENTS AS NEEDED TO REDUCE 
TFE LARGEST DIAGONAL TERM TO T H I S  LEVEL) 
(DEFAULT TO 1 2 . 0 )  

MATRIX FXPONENTIAL TRANSFORM, FRACTION O F  LARGEST 
DIAGONAL TERM 
(DEFAULT TO 0.5) 

M I N I M U M  NUCLIDE DENSITY ALLOWED 
(DEFAULT TO 1.OE-50) 

XAGNTTUDE OF DIAGONAL TERM USED AS CRITERIA F O R  
APPLY1 N G  THE EQUILIBRIUM APPROXIMATICN TO A 
NUCLIDE WITH THE MATRIX EXPONENTIAL METHOD 
(DEFAULT TO 1O.O*XX(14))  

WEIGHTING FACTOR FOR EXPOSURE NUCLIDE D E N S I T I E S  
WRITTEN O N  INTERFACE F I L E  ( I F  I X ( 3 1 )  .NE. 0) 
'ZNATDN' FOR ZONE CALCULATION 
'PTATDN' FOB POINT CALCULATION 

El(WR1TTEN) = N(E) + X X ( l a ) * ( N ( S )  - N ( E ) )  
WHERE N(E) ARE D Z N S I T I E S  AT END OF EXPOSURE 
RHERE M(S) A R E  D E N S I T I E S  AT START CF EXPOSURE 

(DEPAULT TO 0.5) 

AVERAGE GENEQATIOI RATE VEIGHTING FACTOR FOR 
SOURCE TERY 

PRECURSOR DENSITY I S  
XX(19)  *N(T) + (1 .0 - X X ( 1 9 ) ) * I ? ( T + D T )  
(DEFAULT TO 0.5)  

COUVERGENCE CRITERIA ON POWER LEVEL FOR COhTTINUOUS 
FUELING MODEL TO DISCONTINUE POWER LEVEL 
I N I T I A L I Z A T I O N  PASSES (APPLICABLE I F  I X ( 5 1 )  .GT. 0 - 
AND/OR I X ( 5 2 )  .GT. 0 A N D  T X ( 6 1 )  .GT- 1 )  - 
(DEPAULT TO 0.005) - 

- 
RESERVED - 
RESERVED - 
RESERVED - 

- 
- 

(CO NT) 
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C 
CD 
C 
CD 
CD 
CD 
C 
CD 
CD 
cn 
c 
CD 
CD 
CD 
C 
CD 
C 
CD 
c 
c!l 
C 
CD 
CD 
CD 
CD 
C 
CY 
C 
CD 
C 
CD 
CD 
CD 
c 
CD 
CD 
cn 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CN 
C 

XX ( 2 4 )  

X X  ( 2 5 )  

X X  (26) 

X X  (27) 

xx (28 )  

X X  (29)  

XX ( 3 0 )  

X X  ( 3  1- 100) 

RESERVED 

REFERENCE TEMPESATURE (DEGREES C) O F  THE 
NEXT-TO-LATEST VERSION ' G R U P X S '  C R C S S  S E C T I O N  
I N T E R F A C E  F I L E  

REFEBFNCE TEMPERATURE (DEGREES C) OF THE 
LATEST VERSION 'GRUPXS' CFOSS S E C T I O N  I N T E R F B C E  
F I L E  

CORRELATION PARAEETER F O R  THE BRCTANGFRT 
DEPENDENCE O F  CROSS S E C T I O N S  O N  ZONX 
TEi' lPEEATURES {LINEAR CORRYLATION I F  0.8) 

RESERVED 

RESERVED 

RESERVED 

CORE RESIDENCE TIME (DPYS)  F O R  FACH ZONE PATH 
FOLLOWED BY T H E  CORE RESIDENCE TIHE (DAYS) FOB 
EACH SUBZONE PATH ( I F  ANY) - S E E  I X ( 5 1 )  
( D E F A U L T  TO X X  ( 1 ) )  

VALUES OF SCME OF THE PAPAMETERS ARE SHOWN HERE I?? 

RESERVED 

CBFDENSED E D I T  O P T I O N  
0- YES 
1- N O  

DEBUG E D I T  O P T I O N  (0)  
0- NO SPECTAL E D I T S  
1- CROSS REFERENCE TABLES,  EXPOSURE DATA, 

CHECK A N D  E D I T  DATA FROPl 'EXPOSE '  I N T E R F A C E  
F I L E ,  A N D  E D I T  I N T E R F A C E  PILE PARANETERS 

2- H I G H E R  LEVEL D9TA E D I T  
3- PLUS STARTING NUCLIDE D E N S I T I E S  
4-  PLfJS I N T E R N E D I A T E  LEVEL D A T A  
5- PLUS STARTING REACTION RATES 
6- PLUS ALL E D I T  O P T I O N S  ARE TURNEC ON 
7- PLUS RATRIX EXPONENTIAL A N D  AVERAGE GENERATIOH - 
8- PLUS ADDITIONAL MATRIX EXPONENTIAL DEBUG E D I T S  - 

- R A T E  DEBUG E D I T S  

- 
NOTE- USE OF 6 , 7 ,  O R  8 WILL PRODUCE RPRMS OF PAPER - 

- 
(CONT) 
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CD T X  ( 4 )  

CD I X ( 5 )  
c 

CD 
C 9  
CD 
CD 
CD 
C 
CN 
C M 
C 
CD I X  (6) 
CD 
CD 
c') 
C 
ChJ 
C 
CV 
C 

CD 
CD 
CD 
C 
CX 
c 
CD T X ( 8 )  
CD 

CD 
C D  
CD 
CD 
CQ 
cn 
C 
CD IX (9) 
CD 
CD 
C D  
CD 
C D  
C 

C 

C D  
CD 
C 

CD I X ( 7 )  

cn 

CD I X ( 1 0 )  

CD I X ( 1 1 )  

R ESEBVE D 

O P T I O Y  Oh? 5 A S T C  CHAIN EQUATION SOLUTION H E T H O D  
( C O N S I S T E N T  CHAIN DATA MUSS BE PRESENT ON 

IE!TERFACE FILE ' E X P O S E ' )  
0- MATRTX VKPONEYTIAT. 
1- E X P L I C I T  CHAIN 
2- AVERAGE GENERATIOW RATE 

(IF I X ( 5 )  .E&.  0 A N 9  NiYATXE( 'EXP0SE ' )  .EQ. 0 AMD 
L B E X C H ( ' B X P O S E V )  .GT. 0, DEFAULT TO 1) 

N r J X B E R  OF STJSSTEP EXPOSURE INTERVALS 
TK (6)  .GT. 1 I S  NORMALLY USED ONLY WHEN THE FLUX 

(DEFAULT T O  1 I F  X X ( 1 )  .NE. 0.0) 
LEVEL I S  TO B E  ADJUSTED ( S E E  I X ( 1 2 ) )  

EXPOSURE NOT CALCfJLATED IF X X ( 1 )  .EQ. 0.0 

FOR CONTINUOUS PUELIRG MODEL SET I X ( 6 )  .EQ. 1 

NUPlBET! O F  SUBSTEP SHUTDOWN INTERVALS 
I X ( 7 )  .GT. 1 I S  NORHALLY USED OVLY TC PRODUCE 

(DEFATJCT T O  1 I F  X X ( 2 )  .GT. 0.0) 
E D I T S  AT POINTS ALOYJG SHlTTDOBN S T E P  

SHUTDOWN NOT CALCULATED I F  X X ( 2 )  .LE.  9.0 

O P T I O N  ON VERSION O F  NUCLIDE DENSITIES AT START 
' Z  NWTDN' FOR ZONE CALCULATION 
'PTATDN'  FOR FOIMT CALCULATION ( I F  NOT AVAILABLE 
DENSITIES W I L L  i3E EXTRACTED PROW I N I T I A L  ZONE 
D E N S I T I E S )  

-1- USE VERSIOF? WITH THE SAME T I M E  AS THE ZONE 
FLUX PXLE 

0- USE LATEST VERSION (USUAL) 
1- DSE NEXT-TO-LATEST VERSION I F  I T  E X I S T S  

OPTIC)?? TO ACCOUNT FOR THF DEPENDE?JCE OF THE 
CFOSS SECTTOES ON THE LOCAL TEMPERATURE, R E Q U I R E S  - 
TWO 'GROPXS' FILSS, A 'ZNTEMPP F I L E ,  A N D  REFERENCE - 
TEMPERATURES ( S E E  X X ( 2 5 )  , X X ( 2 6 ) ,  A N D  X X ( 2 7 ) )  
0- N O  
1- YES 

- 
- 
- 
- 

RESERVED I 

N U N B E R  OF S W B D I V I S I O N S  OP EACH S U B S T E P  F O R  THE 
ATTERAGE GENERATION RATE METHOD ( I F  ZERO, THE 

- 
- 
I 

CHOICE I S  AUTOHATED) - 
- 

(CONT) 
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CD X X ( 1 2 )  
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD T X ( 1 3 )  
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 

CD 
CD 
CD 
CD 
C 
CD T X ( 1 5 )  
C 

c 
CD I X ( 1 7 )  
C 
CD I X ( 1 8 )  
CD 
CD 
CD 
CD 
CD 
C 
CN 
CN 
C 
CD I X ( 1 9 )  
C 
CD I X ( 2 0 )  
CD 
CD 
CD 
CD 
C 

CD I X ( 1 4 )  

CD r n ( i s )  

O P T I O N  ON POWER i 4 E W O ~ M  AEIZATPOW (SUESTEPS) - 
0- A T T E X P T  TO S A T I S I P Y  DESIPED POWER L E V E L  BY - 

ADJUSTING F L U X  LEVEL AT TEE START OF EACH - 
SUBSTEP AFTER THE FIRST Y 

1- DO NOT ADJUST THE FLUX LEVEL - 
2- N O R M A L I Z E  TO THE I N I T I A L  POWER LEVEL AT T H E  I 

STTkBT OF EACH SUESTEP D 

OPTION OR FLUX VALUES - 
' R Z F 6 0 X  F O R  ZONE C A L C I X B T I O N  - 
' R T P L D X v  POI? POINT CALCULATHOH (IF I X ( 7 3 )  .E&. 1 )  - 
'RZPLOX' ( A O D I P I E D )  FOX F O I B T  CALCULATION - 
(IF I X ( 7 3 )  .EQ- 2 %  - 

-2- H E I G H T  LATEST V E R S I B A  A N D  NEXT- YO-LATEST a 

V E R S I O N  (SEE X X  (101 1 I 

-1- U4E A LINEAR FLUX A Q P R O X I U A T I O N  WITH TE3.E FPUH - 
THE NEXT-TO-LATEST VERSION F I L E  TO THE LATEST - 
VEXSTON F I L E  ( I F  ONLY ONE EXISTS, USE TT) I 

0- USE LATEST V E R S I O N  (WSTTAL) - 
1- U S E  NEXT-TO-LATEST YEBSPOB IF I T  EXISTS - 

OPTION ON ZOONE (SUBZONE) 1ITUCLIDE DERSITY EDITS - 
(EXPOSI1RE) 0 

0- NONE - 
1- END OF E X P O S U R 3  S T E P  I 

2- EWD O F  EBCH EXPOSURE SUBSTEP 0 

RESERVED - 
RES EBVED 

R E S E R V E D  

OPTION ON SECONDARY EHERGY DEPOSITTQN EQSTS - 
0- HOFTE 
1- DECAY EBRRGY RELEASE O N L Y  - 
3- FISSION ENERGY RELEASE ONLY - 
3- CAPTURE E N E R G Y  RELEASE ONLY I 

4- DECAY f FISSION + CAPTUPE ElZRGP RELEASE - 
IF .GT. 0, E D I T S  BY ZONE AVD S U B Z 6 8 E  4 

- 

Y 

- 
- 
- 
- 
- 
- 
J 

- 
- IF .LT. 0, E D I T  TOTALS OW58 

RESERVED 

O P T I O N  ON ZONE (SUBZONE) EBUCLIDE DENSITY EDXTS - 

s 

- 
- 

( S H U T D O U N )  - 
- 0- NONE 

1- E N D  OF SHUTDOWEa STEP 
2- END OF EACH S H U T D O U N  SUBSTEP D 

- 
a 

(CONT) 
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CD IX ( 2 1 )  
CD 
CD 
CD 
CD 
C 

C 
CD I X ( 2 3 )  
C 

C 
CD T X ( 2 5 )  
C D  
CD 
CD 
CO 
CD 
CD 
c 
CW 
CY 
C F? 
C 
c 9 
CN 
CN 
C N  
C 
CD I X ( 2 6 )  
C D  
CD 
CD 
CB 
C 
CD 1 x 4 2 7 )  
CD 
CD 
CD 
CD 
CD 
c 
CD I X  (28) 
CD 
CD 
CD 
C 

CD I X ( 2 2 )  

CD I X ( 2 Y )  

SPECIAL NUCLIDE DENSITY E D I T  OPTION FOR A SINGLE - 
ZOZJE PROBLEM - 

-1- COLUMN EDIT I N  OPE15.6 FORMAT - 
0- NORMAL EDIT - 
1- COLUMN EDIT I N  1PE15.6 FORMAT - 

I 

RES E RVE D - 
RESERVED - 
RESERVED - 
OPTION ON WRITING INTERFACE FTLE 'EXPOHT* - 

(FLUENCE A N D  REACTION RATE TYPE DATA] - 
0- DO NOT WRITE - 
1- YES - SAVE LATEST A N D  NEXT-TO-LATEST DATA - 
2-  YES - SAVE ALL DATA - 
3- YES - SAVE LATEST DATA ONLY - 
4- YES - START OVER A G A I N  - 

I F  .GT. 0 ,  NO EDIT - 
I F  .bT. 0, E D I T S  OF CURULATIVE DATA B Y  ZONE A N D  - 

SUBZONE - 
OPTIONS I X  (26) , I X  ( 2 7 )  , X X  ( 1  1) , A N D  X X  ( 1 2 )  APPLY O N L Y  - 

WHEN ' EXPOHT# F I L E  I S  I N I T I A L L Y  WRITTEN - 
I F  THE F I L E  E X I S T S  THE OPTIONS S P E C I F I E D  - 
01' THE F I L E  ARE USED - 

PLUENCE DATA TO BE SAVED OW 'EXPOHT' F I L E  - 
1- TOTAL FLUENCE (AND F I R S T  A N D  SECOND I 

FLUENCE RANGES I F  X X  ( 1 1 )  A N D  XX(12) ARE - 
PROPERLY DEFINED) - 

REACTION RATE TYPE DhTA T O  BE SAVED O N  'EXPOHT' - 
F I L E  - 
0- NONE - 
1- F I S S I O N S  A I D  EXPOSURE - 
2- PLUS ENERGY - 
3- PLUS UNDEFINED - 

OPTION TO EDIT EXPOSURE S T E P  AVERAGE ZONE(SUBZ0NE) - 
POWER D E N S I T I E S  - 
0- NO - 
1- YES - 

- 
- 
- 

- 

- 

- 
0- NONE 

- 

.. 

- 
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CD IX (29)  
C D  
CD 
CD 
CD 
CD 
CD 
C 
CD IX(30)  
CD 
CD 
C D  
CD 
CD 
CD 
CD 
CT, 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD I X ( 3 1 )  
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD I X  (32)  
CD 
CD 
CD 
C 
CD IX(33) 
CD 
CD 
CD 
C 
CD I X ( 3 4 )  
CD 
CD 
CD 
CD 
C 
CD IX(35) 
CD 
CD 
CD 
C 

OPTION TO WRITE II!TERFACE P I L E  'ZNPOBDe WITH 
EXPOSURE S T E P  AVERAGE ZONE (SUBZONE) POWER 
DENS I T  I ES 
0- D O  NOT WRITE 
1- REPLACE THE LATEST VERSION OF A N  OLD F I L E ,  

2- WRITE NEW F I L E  
I F  NONE E X I S T S  WRITE NEW F I L E  

OPTION ON NUCLIDE DENSITY F I L E  WRITING 
'7NATDNq FOR ZONE CALCULATIOB 
'PTATDN' FOR POINT CALCULATION 
0- WRITY OVER LATEST EXISTING F I L E  WITH END OF 

1- U F I T E  NEW FILE WITH END OF EXPOSURE D E N S I T I E S  
2- WRITE OVER LATEST EXISTIWG F I L E  WITH END OF 

3-  URITE NEW F I L E  RITH E N D  OF SHUTDCUN D E N S I T I E S  
4- WRITE OVER LATEST EXISTING F P L E  WITH END OF 

EXPOSURE D E N S I T I E S  A N D  WRITE NEW F I L E  WITH 
E N D  OF SHUTDOWN D E N S I T I E S  

A N D  WRITE NEW F I L E  WITH END OF SHUTDOWN 
D E N S I T I E S  

EX PO SURE D E N S I T I E S  

SHUTDOWN D E N S I T I E S  

5- WRITE NEW FILE WITH END OF EXPOSURE D E N S I T I E S  

OPTION TO WRITE WEIGHTED AVERAGE EXPOSURE D E N S I T I E S  - 
(SEE X X ( 1 8 ) )  

FOR Z ON E C A L C U L A T I  0 N 
' PTATDN FOR POINT CALCULATION 

0- NO 
1- REPORT WEIGHTED TIME 

I, ITA TD N 8 

-1- REPORT NORMAL END O F  EXPOSURE T I H E  

OPTION TO CHECK A N D  E D I T  DATA F R O M  INTERFACE F I L E  
EXPOS E' 

0- NO 
1- YES 

OPTIOH TO E D I T  I N I T I A L  ZORE (SUBZONE) S P E C I P I C  
REACTION RATES 
0- NO 
1- YES 

OPTION TO EDIT I N I T I A L  ZONE (SUBZONE) S P E C I P I C  
REACTION RATE FOR P I S S I O N  I N  YIELD DATA 
ENERGY R A N G R S  
0- NO 
1- YES 

OPTION TO EDIT I N I T I A L  ZONE (SUBZONE) NUCLIDE 
D E N S I T I E S  
0- NO 
1- YES 

(CO NT) 
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CD El i (36)  
C D  
CD 
cr, 
e: 

CD 
CD 
CD 
c 
CD** 1x638: 
CD** 
Ci,*'c 
CD** 
CD'" 
C 

CD 

CD 
CD 
CD 
CD 
c 

cn 

CD 
CD 
CD 
c 

CD 
c YJ 
c 
CD I X ( 4 2 ]  
CD 
CD 
c 

CD 
CD 
c 
CD 
CfJ 
c 

c 

CD I X ( 3 T j  

CD T X 4 3 9 )  

c rj 

CD TX ( Q O )  

er, 

cn I X ( 4 1 )  

cn X X ( 4 3 )  

CD I X ( 4 4 )  

OPTION TO F99CE CALCULATIOR I N T O  I/O HODE (NORPIALLY - 
DETERMINED BY CODE YkSED OX HBPBORY A V A I L A B L E )  - 
0- NO ( A U T O R A T E D )  
1- YES - 

O P T I O N  T O  IHCRFASE STORAGE FOR COUPZIETG TERNS - 
FOR FlATHTX EXPOEENTIAL B E T H O D  (IN THE EVENT - 
STOP 4 3 2 1  OCCURS)  - 
(DEPAUL'T - NUFIBEX OF NUCLIDES IN EXPOSURE D A T A )  - 

OPTIUW TO S O L V E  THE TRANSPOSE OF THE NATBIX FOR - 
THE r i R T R I X  BXPONENTSAL FIETROD ( T H I S  IS A S P E C I A L  - 
FEATURE - NOT APPLICABLE TO A REACTOR CAECUZAT1ON)- 

- 

- 

0- NO 
1- YES 

B A ' T R I X  EXPONENTIAL E Q U I L I B B I U M  OPTIECN 
0- DEFAULT,  SAHE AS 1 
1- APPLY EQi3ILIBHXUPl  ASSUMPTION TO H I G H  LOSS 

2-  DO NOT APPLY E Q U I L I B R I I J P I  ASSWMPTICN ( R E Q T I I H E D  
N UC I, ID ES 

FOR HIGH ACCURACY ( B E N C H M A R K I N G )  BUT IS 
E X P E V S I B E  IN T F R H S  OF RUNNING TIME) 

?1FsPRTX E X P O N E N T I A L  POHRDLATPBkJ O P T I C B  
0- DEFAULT, SAPIS A S  4 
1- 10 TRABSPORWATIOW, ONE TEXH 
2- TRANSFORRATION, ONE TTRFl 
3- NO TRANSFORPIATION, TWO TERH 
4- TPBlJSWORWATION, T H O  TERN 

AWTRZX EXPONENTIAL REFEBEUCE N U W B E R  OF TERMS 
IN EXPABSTON 
( D E F A U L T  TO 6 8 )  

NUEBER OF S U B D I V I S I O N S  OF EACH SDBSTEP FOR THE 
YATRIX E X P O N E N T I A L  EETHOD (IF ZERO, THE CHOICE 
IS AUTOPlATEn) 

UPPER BOUND ON NUMBER OF SUBDXVTSTONS OF EACH 
SUBSTEP FOR T H E  H a T R I X  EXPONENTIAL PIETHOD. 
(IF I X ( 3 9 )  .En. 2 AElD THE NUYBER OF SWBDIVISIONS 

CORPUT2ED BY THE CODE EXCEEDS I X ( 4 3 )  THEN THE 
E Q U I E I B A X U H  ASSUMCIPTTOB WILL BE USED) 
( D E F A U L T  TO 10000) 

RYS E R V E  D 
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CD IX ( rS5 j  
CD 
c3 
CD 
c 
CD I X ( 4 6 )  
C 
CD IX ( & a ]  
C 
CD IX (48) 
C 

C D  
CD 
CD 
CT) 
e 
C D  I P  (50) 
e 
CD I X ( 5 1 )  
CD 
c D 
c 
CN 
C n 
c 
CN 
C 1 
CY 
c P7 
CN 
CN 
("w 
CN 
c Pi 
c M 
CH 
CN 
c 1 
CN 
CN 
c P? 
CW 
C N  
c V? 

cw 
CN 
CW 
CB 
CE 
CN 
c I? 
cu 
CN 

CD TX (49) 

ETPEICTT CHAIN PIISSING N U C L I D E  O P T I C N  (0) 
0- TREAT SUBCHAINS 
1- TREAT F I R S T  S U B C H A I N  O E E Y  
2- SKIP CHATU 

R E S E R V E D  

RESERVED 

RESERVED 

OPTION TO ALLOW E X P O S U R E  WTTH Z E R O  FLUX AND/OR 
Z E R O  "IOME VOlLTJPlE 
0- D O  18T TREAT THE "%OWE ( S U B Z O f l E )  
1- ALLOW ( F O R  TEPEATIBG OUT-OF-COPE DECAY I N  

FALSE Z O N E S  (SUSZONES)  1 

RESERVED 

FALSE Z O N E  NUNBER CUNTAIWIE?G PEED HATERIAL 
C O H P Q S I T I O N  FUR Z3NE PATHS [OR THE F I R S T  P N  A 
SEQUERCE OF FALSE ZOME T?7?fiBERS I F  I X ( 5 7 )  .EQ. 1) 

IF I K ( S 7 )  .GT. 0 AND/OR I X ( 5 2 )  .GT. 0 THE STEADY STATE, 
CONTIPTOOUS FUELING HODEL I S  TO EE APPLIED, 

T H I S  ZONE I S  THE FEED BOX (OR THE FIRST O F  A S E T  BP B O X E S ) -  
WHEFE FEFD MATERIAL FOR EACS FLOW PATH ORIGINATES. - 
THESE ARE FALSE Z O N E S  W H I C H  RUST B E  WITHIN THE DATA - 
DESCRIPTION OP THE PRBBLEPI, THAT ARE HOT ASSIGR'ED - 
TO G E D H E T R I C  LOCATIONS F O R  THE BEDTROWICS CALCULATION (TBE- 
FLUX UILL ??OT EE CALCULATED) I AVD HAVE ASSIGNED NUYBEXS - 
LESS THAN THE M A X I N U P I I  ZONE NTTRBER JCP THE FRQBLEM I F  - 
THE lDVENTRa SPECIAL IYJPQT PROCESSOR I S  USED, - 
THE NUCLIDE D E V S I T I E S  ALONG A FLOW PATH CALCULATED I N  - 
T H I S  tl0DE.L DEPEND ONLY Off THE FEQD M A T E R I A L ,  THF I 

NEUTRON F L U X ,  A H D  THE RESIDE CE TIPIE, S O  ALL NATERTALS - 
I N  THESE ZONES IWCI,UDING STIIUCTDRE, H O D E R A T O H ,  ETC. - 
MOST BE GIVEN I N  TYE PEED BOX ZONE (ZONES).  I F  THE - 
D E W S I T I E S  O F  THE NUCLIDES REPBESENTIKG STRUCTURAL - 
MATERIAL WERE R O T  SPECIFIED FOR T H E  PEED EOW ( O R  s o x e s ) ,  - 
HONE W0UT.D APPEAR I N  THE REACTOR AFTER THE EXPOSURE I 

CALCULATION EVEN THOUGH V A L U E S  WERE ASSIGNED IWITIALLY. - 
FOR SONE S T N P t E  SITUATIONS ET I S  P O S S I B L E  TO SEPARATE - 
OUT SELECTED FIATERIRLS USING THE S U E Z Q N E  REPRESENTATION - 
(THOSE ITATERIALS ACCOUNTED F O R  WOULD N O T  B E  ASSIGNED - 

CONCENTSATIONS I N  THE FEED B Q X ( E 5 )  1 .  I T  IS DESIRABLE - 
TO CAQWP AT LEAST ONE NQN-DEPCETIWG NUCLIDE CONCENTRATIOA - 
ALONG THE PATHS TO PROVIDE A MASS BALANCE CAECK. - 
MATERIAL ENTERING PL ZONE I S  TEAT LEAVING THE PREVIOUS - 
ZONE ALONG A PIT??, WHILE THE AVERAGE BETWEEN ENTERING I 

A N D  LEAVTNG NUCLIDE DENSITIES IN EACH ZONE ARE WRITTEN - 
IN T H E  NEW NUCLIDE DENSITY F I L E  'ZNATDN' FOR U S E  BY I 

THE WEUTRONICS CODE TCJ ESTIRATE THw FLOW DISTRIBUTION. - 

(CONT) 
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C n 
CN 
C N  
C 4 
C a 
C K 
CN 
CEI 
C a 
C N 
CN 
c FY 
C I? 
C Y  
C N  
CN 
CN 
C N  
CN 
CN 
CY 
CM 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
C'T 
CN 
CN 
CN 
CB 
CN 
C M 
CN 
C 
CW 
C 
CN 
C 1'1 
CY 
C 1  
C M 
CN 
CN 
CN 
C 

THE SPECIAL INPUT DATA F O R  T H I S  YODEL ARE THE RESIDENCE 
TIMES ALONG FLOW PATHS ( X X ( 3 1 )  UP TO X X ( l O O ) ) ,  
x x ( 2 0 )  8 I X ( 4 9 ) r  I X ( 5 l ) r  I X ( 5 2 )  , I X ( 5 3 ) r  I X ( 5 4 )  8 I X ( S S ) ,  
I x  ( 5 6 )  8 I x  (57) 8 I X ( 5 8 )  8 I x  (59)  8 I x  (60), I x  ( 6 1 )  8 

AID I X ( 6 2 ) .  THE EXPOSURE T I N E  X X ( 1 )  MUST BE 
S P E C I F I E D  - I T  WILL B E  USED FOR RECORD KEEPING A I D  I T  
WILL BE U S E D  FOR EXPOSURE OF A N Y  ZOMES NOT I N  THE FLOW 
PATHS, EXCLUDING THE FEED BOX ZONE(S) AS BIGHT BE USED 
TO PEPRESENT A FIXED BLAYKET, AND THE FINAL NUCLIDE 
DEMSITIES I N  THESE ZONES WILL BE PLACED I N  THE NEW 
NUCLIDE DENSITY F I L E  (WHICH REQUIRES ACTION TO BE TAKEN 
TO PBEVENT CONTINUING BUILDUP FROM EXPOSURE I N  A N  
ITERATION PROCESS. 
Q U I T E  GENERALLY A N  ITERATION PROCESS I S  NECESSARY 
(NEUTRONICS, EXPOS3RE) TO ESTAELISH A NEUTRON FLUX 
DISTRIBUTION WHICH DEPENDS ON THE NUCLIDE D E N S I T I E S  
AFTER EXPOSURE, THE COHPOSITION I8 THE FEED B O X ( E S )  HUST 
BE ALTERED TO EFFECT A C R I T I C A L  STATE, ANI! THE ITERATIVE 
PROCESS MUST CONVERGE TO A SOLUTION FOR RELIABLE 
ANALYSIS. I F  THE PEED BOX COMPOSITIONS ARE NOT ALTERED8 
A PSEUDO STEADY STATE CONDITION RESULTS F O R  A REACTOR 
WHICH I S  NOT JUST CRITICAL. A CAPAEILITY EXISTS TO 
EFFECT THE CRITICAL STAT3 BY APPLYING THE CRITICALITY 
SEARCH OPTION WHEN THE NEUTRON1 CS PROBLEM I-S SOLVED. 
HATERIALS I N  THE REACTOR MUST B E  CHANGED AS WELL AS THE 
CONTENTS OF THE PEED BOXES. AFTER EXPOSURE THE REACTOR 
CONTENTS DEPEND ON THE PEED, SO THE FEED MUST BE 
DETERMINED (CHANGING ONLY THE FEED D U R I N G  A 
NEUTRONICS CALCULATION R I L L  NOT CHARGE THE CURRENT 
ESTIMATE OF THE REACTOR CONTENTS SINCE THE FEED BOX 
L I E S  OUTSIDE OF THE REACTOR A N D  THE NEUTRCNICS SEARCH 
PROBLEM COULD NOT CONVERGE). 
NORE THAI? ONE PASS B A Y  BE HADE THROUGH THE REACTOR. 
HOLD-UP OUT-OF-CORE M A Y  BE ALLOWED WITH FALSE ZONES 
NOT I N  THE ACTUAL GEOMETRY ( I X ( 4 9 )  NUST BE SET .EQ-  1 )  . 
ROTE THAT THE ASSIGNHENT OF ZONES AND SUBZONES TO THE 
GEOMETRY HUST STAfiT WITH 1 FOR LOCATICIlS RECEIVING 
FEED A N D  INDEX UP ALONG FLOW PATHS. 
ONLY ONE EXPOSURE SUBSTEP H A Y  BE REQUESTED FOR T H I S  
OPTION. 

CONSTRAINTS ON INPUT: 

I X  
IX 
I X  
I X  
I X  
I X  
IX 

S TO 

( 5 1 )  .LE. NUHBER OF ZONES 
( 5 1 ) + I X ( 5 3 ) - 1  .LE.  NUMBER OF ZONES I F  I X ( 5 7 )  .EQ. 
(52) . L 9 .  NDllBER OF ZONES 
( 5 2 )  + I X  ( 5 4 ) - 1  .LE. NUHBER OF ZONES I F  I X ( 5 8 )  .EQ. 
( 5 5 ) * I X ( 5 3 )  .LE. f l I N ( I X ( 5 1 )  t I x ( 5 2 )  .NE.O) - 1 
(56) * I X  (54) .LE. "JFIBER O F  SUBZONES 
( 5 3 ) + I X ( 5 4 )  .LE.  7 0  
P WILL OCCUR I F  CONSTRAINTS ARE EXCEEDED 

(CONT) 
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CD I X ( 5 2 )  
CD 
CD 
C 
CD T X ( 5 3 )  
C 
CN 
C I? 
C 

C 
CN 
CY 
CN 
C 

C 
CD I K ( S 6 )  
C 

CD 
CD 
6D 
CD 
C 

CD 
CD 
CD 
CD 
C 
CD I X  (59) 
C 
CD IX(60)  
c 
CD I X ( 6 1 )  
CD 
CD 
C 
CN 
CY 
CN 
CN 
CN 
C 

CD I X ( 5 4 )  

CD I X ( S 5 )  

CD I X  (57) 

CD I X ( S 8 )  

FALSE Z 0 8 E  NUMBER CONTAINING FEED MATERIAL 
COMPOSITION FOR SUBZONE PATHS (OR THE F I R S T  IN A 
SEQUENCE O F  P A I S E  ZONE NUMBERS I F  IcX(58) .EQ. 1) 

NUMBER OF ZONE PATHS THROWGH THE REACTOR 

THE F I R S T  ZONE I N  THE F I R S T  ZONE PATH I S  ZONE 
NTTi'lBEP 1,  A N D  THE PATH FOLLOWS UP THE NUMBERS 

NUMBER OF SUEZONE PATHS THROUGH THE REACTOR 

THE FPRST SUBZONE I N  THE F I R S T  SUBZCNE PATH I S  
SWBZONE NVXBER 1, A N D  THE PATH POLLOWS UP THE 
NUnBERS 

NUMBER OF ZONES ALONG %ACH ZONE PATH 

NUFIBER OF S U B Z O N 3 S  ALONG EACH SUBZONE PATH 

OPTION OW ZONE FEED PIATERIAL 
0- USE ZONE I X ( S 1 )  A S  PEED FOR ALL ZONE PATHS 
1- USE ZONES I X ( 5 1 )  THROUGK I X ( 5 1 )  + I X ( 5 3 ) - 1  

AS FEED FOR EACH ZOFE PATH ( A  DIFFERENT ZONE 
FOR EACH ZONE PATH) 

OPTION O N  SUBZONE FEED MATERIAL 
0- USE ZONE IX(52)  AS FEED FOR ALL SUBZONE PATHS 
1- USE ZONES IX(52)  THROUGH I X ( 5 2 )  + I X ( 5 4 ) - 1  

AS FEED FOR EACH SUBZONE PATH (A DIFFERENT 
ZONE FOR EACH SUBZONE PATH) 

RESERVED 

RESERVED 

NUBBER OF PASSES TO ESTABLISH POWER LEVEL REPORTED 
EY THE NEUTRONICS CALCULATION 
(DEFAULT TO 1) 

THE CALCULATION I S  DONE T H I S  Y A N Y  TIMES- [OR UNTIL THE 
CONVERGENCE C R I T E R I A  (SEE X X  (20) ) I S  S A T I S F I E D )  WITH 
THE FLUX LEVEL ADJUSTED APTER EACH PASS UHICH IHPROVES 
THE POWER LEVEL A N D  N A Y  ACCELERATE THE CONVERGENCE RATE 
OF A USUAL FEED SEARCH I T E R A T I O N  PROCEDURE, 

(CONT) 
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CD* I X ( 6 2 )  
CD a: 
CD * 
CD* 
CD* 
CB* 
CD* 
C 
CD I X ( 6 3 )  
C 
CD I X ( 6 4 )  
c 
CD I X ( 6 5 )  
C 
C 3  I X ( 6 6 )  
C 

C 
CD I X ( 6 8 )  
C 
CD I X ( 6 9 )  
C 
CD T X ( 7 0 )  
C 

I X ( 7 1 )  
c 
CD I X ( 7 2 )  
C 

C D  
CD 
CD 
CD 
CD 
CD 
CD 
CD 
cn 
CD 
CD 
C D  
CD 
C D  
CD 
CD 
CD 
CD 
CD 
C 

CD I X ( 6 7 )  

CD IX(73) 

OPTION TO WRITE INTERFACE F I L E  'QNATDN' WITH - 
DISCHARGE D E N S I T I E S  (FOR CONTINUOOS FUELING MODEL - 
ONLY) - 
0- D O  NOT WRITE - 
1- REPLACE THE LATEST V F R S I O N  OF A N  OLD P I L E ,  - 

I F  NONE E X I S T S  WRITE YEW F I L E  - 
2- WRITE NEW F I L E  - 

RESERVED - 
RES ERVE D - 

RESERVED - 

RESERVED - 

RESERVED - 
RESERVED - 
RESERVED - 
RESERVED - 
RESERVED - 
R E S E R V E D  - 
OPTION TO PERFORM AUXILIARY POINT CALCULATION - 

O V E R  SELECTED Z O N E S  - 
0- NO - 
1- YES - TAT ZONE NUPIBERS S P E C I F I E D  I N  - 

I X  (84 ) - IX  (93), M A X I M U M  OF 10, ARE TREATED I F  - 
THE POIEIT NUCLIDE DENSITY F I L E  'PTATDNO DOES - 
NOT E X I S T ;  I F  T H I S  F I L E  EXISTS THE REFERENCF - 
DATA I N  THE F I L E  I S  USED TO CONTINUE THE I 

CALCULATION F O R  THE SAME ZONES TREATED - 
PREVIOUSLY. F I L E  OGEODST' I S  ACCESSED FOR - 
IDENTIFYING LOCATIONS OF P O I N T S  I N  THE ZONES - 
A N D  POINT !?LUX VALUES ARE OBTAXIED FROM. PILP - 
'IITPLUKs - - 

2- YES - THE REFERENCE DATA I S  I N I T I A L L Y  TAKEN - 
FROM THE F I L E  'RZFLUX' (MODIFIED) A N D  THE - 
POINT FLUX VALUES ARE ALWAYS USED FROM T H I S  - 
F I L E  ( A S  ?lAI)E AVAILABLE FROH A COMPATIBLE - 
NEUTRONICS CODE). I F  THE P O I N T S  DO NOT I 

AGREE WITH A N  EXISTING 'PTATDN' F I L E  THE - 
CALCULATION WILL NOT BE DONE. I 

- 
- 
- 
- 
- 

- 
- 
- 
.. 
- 
- 

- 

(CONT) 
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CN 
C N  
CN 
c B 
C 
CN 
CN 
C ?? 
CN 
c 1.9 
c 
CN 
C 
CD I X  (7Y) 
CD 
CD 
CD 
C 
CD IX(75)  
CD 
CD 
CD 
C 
CD IK(76)  
CD 
CD 
CD 
C 
CD I X ( 7 7 )  
CD 
C D  
CD 
C 

CD 
CD 
e 
CD I X ( 7 9 )  
CD 
CD 
CD 
cT9 
C D  
c 
CN 
CN 
C 

C 

C 

CD rK(78)  

CD IX (80) 

CD IX(81)  

IN A N  ATTEMPT TO PARALLEL THE ZONE C A L C U L A T I O N  - 
OPTIONS X X ( 6 ) ,  K X ( 4 0 ) ,  X X ( 1 8 ) ,  I X ( 8 ) ,  I X ( 1 2 ) ,  - 
I X ( 1 3 ) ,  I X ( 3 0 ) ,  A N D  I X ( 3 1 )  APPLY TO EOTH ZONE - 
A N D  POINT CALCULATIONS - 

THE PROCEDURE SHOULD MAINTAIN A SET CF POINT - 
D E N S I T I E S  CONSISTENT WITH THF ZONE DElSITlES - 
EUT CAN NOT ACCOUYT FOR EXTERNAL CHAWGES IN - 
THE ZONE DEYSSTIES (FROM A NEUTRONICS SEARCH, - 
OR AFTER REFUELING, O R  REPOSITIONING,  FOR EXAMPLE) - 

- 

NOT DONE I F  I X ( S 1 )  .GT- 0 O R  I X ( 5 2 )  ,GT. 0 

OPTION ON POINT NUCLIDE DENSITY E D I T S  (EXPOSURE) 
0- NONE 
1- END OF EXPOSURE S T E P  
2- END OF EACH EXPOSURE SUBSTEP 

OPTION OW POTINT NUCLIDE DEWSITY E D I T S  [SHUTDOWN) 
0- BORE 
1- END OF SHUTDOWN STEP 
2- END OF EACH SHUTDOWN SUBSTEP 

OPTION TO EDIT I N I T I A L  POINT S P E C I F I C  REACTION 
PATES 
0- N O  
1- YES 

OPTION TO E D I T  I N I T I A L  PQIWT SPECIFIC REACTION 
R A T E  FOR FISSION IN YIELD DATA ENERGY RANGES 
0-  NO 
1- YES 

OPTION TO EDIT INITIAL POINT NUCLIDE DmsrTrEs 
0- N O  
1- YES 

D E B U G  E D I T  O P T I O N  FGR POINT C A L C U t ~ T I 0 8  
(IN ADDITION TO THOSE REQUESTED WITH S X ( 3 ) )  
0- N O N E  
1- HINIYAL E D I T S  
2- PLUS PLUX I N P O S R A T I O N  
3-  PLUS VOLUME I N F O R N A T P O N  

2 . 3  M A Y  INCREASE STORAGE REQUIREHENTS FOR 
T X ( 7 3 )  .EQ. 1 

RESERVED 

RESERVED 

(CONT) 
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CD I X ( 8 2 )  
C 
CD I X ( 8 3 )  
C 
CD IX(84-93) 
CD 
CD 
CD 
CD 
c 
CD I X  (94-100) 
C 

RESERVED 

RYSERVED 

'JP TO 1 0  ZONE NUElBERS SPECIFYING THE 
T H E  POINT C A L C ~ L A T I O Y  IS TO B E  DONE 
( I F  I X ( 7 3 )  .EQ. 1 )  
I F  THERE ARE LESS THAN 1 0  E N T R I E S  , 
TERMINATES THE L I S T  OF ZONE NUMBERS 

RESERVED 

P 

- 
LOCATIONS WHEBE- - 

- 
- THE F I R S T  0 
- 
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S P E C I F I C A T I O N S  FOR I N T E R F A C E  F I L E  EXPOSE 

c***************************************************************************- 
C - 
C F  EXPOSE - 
C - 
CE DATA FOR EXPOSURE CALCULATIONS - 
C - 
CN THE B A S I C  DATA REQUIRED FOR S O L V I N G  THE C H A I N  - 
CW EQUATIONS I D E N T I F I E S  N U C L I D E S ,  F I S S I O N I N G  - 
CN 
CN 

BUCLIDES, FISSION PRODUCTS, A N D  GIVES D E C A Y ,  YIELD, E N E R G Y ,  - 
A N D  COUPLING DATA - 

C - 
c***********************************************************************- 

CR 
C 
CL 
CL 
CL 
C 
cn 
C 
CN 
C 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CN 
CN 
C 
CN 
C 

1D P I L E  REFERENCE IBFORRATION 

N E X P 1 ,  BI SOE, NAMOPT, NY ER, NGER, IFSLB,  NFPR , NDCYR , NEX P9 , N E X P l O  , 
WEXPl 1,NMATXE,LSEXCH,LBEXCH,"OEDCY,NOEFIS8NO~AP, 
NEXP19  , N E X P Z O  

20 

UNDEFINED DATA I S  RESERVED FOR FUTURE USE 

l E X P l  DOCUMENTING F I L E  REFERENCE NUPIBER 
B I S O E  REFERENCE NUNBER O F  N U C L I D E S  

NAMOPT OPTION O!i NUCLIDE BANES 
MUST BE ION-ZERO 

I F  0 - THEY ARE ABSOLUTE NAMES 
I F  1 - THEY ARE USER LABELS 

I N  F I L E  I S O T X S ,  ABSOLUTE NANES ARE 
H A B S I D ,  UHXLE USER LABELS ARE HISQNIY 

UNIQUE R A U E S  ARE R E Q U I R E D  HERE 

(CONT) 
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CY) 
CD 
CD 
C D  
CD 
CD 
CD 
C D  
CD 
C D  
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C D  
CD 
CD 
CD 
CD 
CD 
en 
CD 
CD 
c 

NY E R  

WGER 
NB!?LR 

NF PR 
NDCYR 
NEXP9 
NEXPlO 
N E K P l l  
NE4 ATX E 

LSEXCH 

LBEXCH 

N E X P l 5  
NOEOCY 

NOEFIS 

NOECAP 

N E X P 1 9  
NEKP20 

NUPSER OF ENERGY R A N G E S  F O R  Y I E L D  D A T A  

NUiY5EB O F  ENPRGY RANGES FOR G A N f i A  R A Y S  
F'JYBEF OF I D E N T I F I E D  FISSILE N U C L I D E S  V H Z C H  YIELD 

NUFIBER OF F I S S I O N  P R O D U C T S  R A V X B G  YIELD 
NUPIBEE? O F  N U C L I D E S  WHICH DECAY 
R E  s E R  YE D 
R E S E R V E D  

(GENERALLY NON - Z E 9  0 )  

FISSION PRODUCTS 

FE SE a VE B 
apbrIoH IF .GT. o S H D I C A T I I G  THE W O R E E R  
OF 3WTRIX EXPONEMTPAL D A T A  ENTRIES 
OPTPQW I F  . G T . O  IWDICCATPHG TIYE NUHBEB 
OF ENTRIES IN THE SUPPLRRENTHNG T A B L E  OF E X P L I C I ' l '  
CWAIW D A T A  ( U S E D  WITH H A T N I X  D A T A )  
O P T I O N  IF .GT.O %"DICATYNG THE NUflBER 
OF E 3 T R I E S  177 THE B A S I C  T A B L E  OF EXPLICIT 
CHB%H DATA ( U S E D  ONLY ALONE) 
R E S E R V E D  
O P T T O N  PNDTCATING D A T A  FOR THE DECAY PROCESS 
I S  TNCLUDED F O R  Gl\YlMA R A Y S  A N D  BETA P A R T I C L E S  
OPTION I N D I C A T I N G  DATA P U R  THE PISSIOW PROCESS 
1s I N C L U D E D  FOR GAH1RA R A Y S  R N D  BETA PART9CLLES 
OPTION I N D P C A T I I G  DATA F U R  THE CAPTURE PROCESS 

RESERVED 
R P S E R V E  D 

rs I N C L U D E D  FOR G A R H A  B A Y S  W N D  RETA PARTICLES 

(CONT) 



CD 
c 

- 
P 
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CR 
c 
cc 
c 
CL 
C 
CR 
c 
CI) 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C’3 
CD 
CD 
C 
CN 
CN 
C N  
CN 
CN 
CN 
c E’ 
CN 
CN 
C Y  
C 

6D CHAIN DATA FOR KATRIX EXPONENTIAL OR AVERAGE GENERATION RATE- - 
- PRESENT IF NRATXE .GT. 0 - 

( ( H A T X E ( J , I )  , J = 1 , 3 )  , I= l ,NAATXE) - 
- 
- 3 * N H  AT KE 
c 

- HATXE [l,I) SOURCE NUCLIDE 
MATXE (2,19 PRODUCT NUCLIDE 
MATXE ( 3 , I )  SPECIFIES THE TRANSROTATIOI PROCESS, 

0- NOT ALLOWED 
1- DECAY - 
2- (N,GAPIMA), USUAL CAPTURE WP THE CHAIN 
3- (W,ALPHA) I 

4- (N, PI  
5- (H, 2N), DOWN THE CHAIN 
6 -  (N, D) 
7- (N, TI 

- 
- 

- 
- 
- 
D 

- 
8- FISSION (DO N O T  s p m m  FOR A FISSION PRODUCT - 

9- TOTAL CAPTURE, TOTAL ABSORPTION LESS PISSIOW - 
F O R  WHICH Y I E L D  DATA I S  G I V E N ,  T H I S  I S  TREATED - - DIRECTLY 1 

- 
PARTIAL RATES OF PRODUCT GENERATION CAN B E  CONSIDERED. THE - 
PARTS PER MILLION I S  EXPRESSED AS AB INTEGER (500000 I S  THE - 
FRACTION 0. 5), ROUNDED TO THE NEAREST TEN (EAST D I G I T  ZERO) ,- 
ADDED TO THE NUHBER PROPI THE ABOVE TABLE TO SPECIFY THE 
TRANSMUTATION PROCESS. FOR EXAHPLE, I F  THE PARTIAL CAPTUBE - 
ROUTES OF P a - 1 4 7  TO PM-148 A N D  TO PPI-1483 ARE POTH TO BE I 

CONSIDERED, THE F I R S T  AT FRACTION 0.53, THE APPROPRIATE .-. 
ENTRIES TU INDICATE (N,GALnMA) REACTIOH PRODUCTS ARE 530002 - 
FOR THE PRODUCT PPI-148 AND 470002 F O R  P14-148H. L E S S  THAN - 
A TOTAL FRRCTION UP UNITY RAY BE S P E C I F I E D ,  BUT TAKE CARE. - 

- 

- 
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CR 
C 
cc 
C 
CL 
C 
Crg 
C 
CD 
CD 
C 
CN 
CN 
CN 
CN 
CN 
CN 
CR 
CN 
CY 
CN 
C 
CR 
CN 
cw 
CN 
CN 
CN 
CN 
CN 
C w 
CEI 
CN 
CN 
CN 
C 'M 

8 D  CHAIY DATA, COMPLETE BASIC D A T A  TO APPLY EXPLICIT SOLUTION ~- 
PRESENT I F  LBEXCH .GT. 0 - 

(NBXCH ( I )  , I= l ,LBEXCH) - 
LBEXCH - 

MBXCH EYTRY IN THT BASIC E X P L I C I T  CHAIN DATA T - 
OBTLINED HERE - 

THE FIRST ENTRY I S  THE FIRST NUCLIDE IN THE FIRST I 

CHAIN. THE FOEXT EPITRY IS THE TRANSHUTATION PROCESS FOR - 
GENERATION OF THE PRODUCT (SEE THE VALUES OF HATXIE(3,I) I N  - 
THE TABLE ABOVE), THE NEXT ENTRY IN THE LIST I S  THE FIRST - 
PRODUCT I N  THE F I R S T  C H A I N .  THrJS FOR ?# B U C Z I D E S  EH A CZ1AIB,-  
THERE ARE 2 *  ( N - 1 )  +1  E l T R I E S  F O R  THE CHAIN. THEN THERE I S  W - 
ZERO EVTRY.  DATA FOLLOWS FOB THE NEXT CHAIN. A F I N & I ,  - 
EXTRA ZERO I S  PLACED AT THE END AFTER THE LAST CHAIN WHICH - 
FLAGS THE END OF CUAINS, TWO ZERO ENTRIES AT THE END. - 
ENTES ACTIYIDE CHAINS F I R S T ,  

- 

- 

I 

REPEAT OF A NUCLIDE REFERENCE I N  A CHAIN I S  NOT ALLOWED. - 
GIVE?? A F I R S T  APPEARANCE IN ONE CHAIN, SUBSEQWENT ENTRIES OF- 
A NUCLIDE REPEBENCE INDICATE O T H E R  GENERATICB ROUTES WHXCM - 
CONTRIBUTP IWDEPENDEUTZY. CARE MUST B E  TAKEN TO SUPPLY ... 
REASONABLE SPECIFICATIONS - OElLY THE ACTUAL C H A I N S  SHOWN - 
WILL B E  TREATED, SO FULL S P E C I F I C A T I O N S  REQUIRING REPEATS - 
A R E  REQUIRED, AND ONLY LIHITED BRAMCHING I S  ALLOWED. - 
THE CONTRIBUTIONS ALONG A ROUTE THROUGH THE CHAINS ARE ONLY - 
THOSE F O R  THE NUCLIDES ACTUALLY G I V E N  FOR THAT CHAIN. 
A S  AN EXAYPLE, THE TABLE L 

1 tQ2 2 +02 3 + 0 1  4 + 0 2  5 0 1 +02 2 +01 6 +02 -4 +02 -5 0 0 - 
ALLOWS TWO ROUTES TO BE TREATED FOR GENERATION OF NUCLIDES - 
REFERENCED 9 A N D  5. THE -4 &ND -5 IN TRE SECOND C H A I R  - 
INDICATE THESE CONTBIBUTIOMS ARE ADDITIONAL. 

(COST) 

. . . . . . . - 
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CR 9D DECAY ENERGY RELEASE DATA 
r c - Cf’ PRESENT T F  NBEDCY .GT. 0 . A N D .  N D C Y R * ( U G E H * 2 )  . G T .  0 
C 
CL 
CL 
C 
CB 
c 
CD 
C D  
CD 
CD EBETA (I) 
CD 
CB A S  BETA PARTICLES (EV] 
CD EDCY(I) ~ h f i  A R 3 0 N T  OF EWERGY RELEASED PER ATOMIC D E C A Y  O F  - 
CD PARENT N U C L i D E  PDCYR (1) , (EV) 
C 
c-  -- .” __-_____ ._ _--__ 

- 
s ( ( E G A R A ( 1 , J )  ,1=1,NDCYR) , J - - l , ! l G E R ) ,  ( E B E T A ( 1 )  ,I=l,NDCYR], 

( E D C Y  [I) ,I- 1,  WDCYR) - 
- NDCYR* ( W G E P + Z )  - 
- EGAKA (1,J) THE AF1O‘JPTT OF E N E R G Y  S E L E A S E D  PER ATOMIC - DECAY O F  PAREIT W U C L I D E  I D C Y R  (I) 

AS G A P I R A  R A Y S  IN ENERGY RARGE J (EV) 
THE A # O G W T  OF EWEBGY RELEASED PER 
ATOKPC DECAY O F  PARENT N U C L I D E  I n C Y R ( 1 )  

- 
s 

- 
- 

-Fc -77 

- 
- 

. _ I _ _ _ _  ---____ .̂  __-- --...-- --- P- 

(CONT) 



0 4-2.3 

- c 
CEOP EXPOSE 
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * ~ * * * ~ * * * * ~ * ~ * * * * ~ * 4 * * * * * * ~ * * * * ~ 4 * * * ~ * * * -  

- - 



SPECIFICATIONS POq IWTERPACE P I L E  EXPOHT 

CS 
cs 
CS 
CS 
CS 
cs 
CS 
cs 
CS 
CS 
c s  
cs 
CS 

F I L E  I D E N T I F I C A T I O N  
ID P I L E  REFERENCE I N F O R Y A T I O H  +*******+* ( R E P E A T  FRO!! 1 TO I B I S T )  * 2D G E N E R A L  I N P O R f l A T I O W  

* 3D TOTAL FLUEWCE 
* 4D PLUENCE R A N G E  1 * 5D PLUENCE R A Y G E  2 * 8D P I S S T 0 1 S  * 9B !?"KPOSBRT? 
* 10D E N E R G Y  
* ?1D UNDEFINED 
* + S * * * * * * *  

ALWAYS 
ALWAYS 

ALWAYS 
NFLUT = 1 
IPLUl = 1 
NFLU2 = 1 
N R R l  = 1 
N R R 2  = 1 
N R R 3  = 1 
N R R Y  I- 1 

CR 1D FIE E REPERE NO E INFO €IRA T ION 
C 
CL EXPR1,ZXPH2,2XPW3,EPLUl,EF~~Z,IHIsT,~~O~~,IS~, 
CL 
CL HRR4,IXPnl$,IXPH19,IXPH20 
C 
CW 20 
c 

NPkUT, HFZU 1, NFLLUZ I IXP H 12 IXPH 13, NRR 1, NR R2, NRR 3 I 

(CONT) 
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CD 
Cb 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CN 
CN 
CN 
C 
CD 
CD 
CD 
C 
CN 
CN 
CN 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 

E X P H 1  
EXPH2 
E X P H 3  
E F L U 1  
E P L U 2  
I H I  ST 
I Z O N E  
IS2 
NFLUT 

NFL U 1 

N F L U 2  

IXPH12 
I X P H  13 
N R R  1 

NRR2 

N R R 3  

B R R 4  

IXPH 18 
I X P H 1 9  
I X P H Z O  

END O F  EXPOSURE T I N E  (DAYS) FROM LAST S E T  OF DATA 
RESERVE D 
RESERVED 
CUTOFF ERERGP (EV)  FOR F I R S T  FLUEBCE 
CUTOFF ENERGY (EV) FOR SECOND FLUENCE 
NIJMBER O F  S E T S  OF DATA 
NUMBER OF ZOVES 
NUMBER OF SUBZONES 
OPTION FCR TOTAL FLUEMCE 

0 - NOT P R E S E N T  
1 - PRESENT 
0 - BOT P R E S E N T  
1 - PRESENT 

O P T I O N  FOR FLUENCE I N  F I R S T  RANGE 

WHEN NFLUl = 1, E P L U 1  NUST BE GREATER T H A N  0 A N D  
L I E  IN THE ENERGY RANGE S P E C I F I E D  IN THE 
CROSS SECTION DATA 

O P T I O N  FOR PLUENCE I N  SECOND RANGE 
0 - NOT P R E S E N T  
1 - PRESEWT 

WHEN NFLU2 1, E F L U Z  MUST BE GREATER T H A N  0 AND 
L I E  IN THE ENERGY RANGE S P E C I F I E D  IN THE 
C R O S S  S F C T I O N  DATA 

RESERVED 
RESERVE D 
OPTION FOR P'I[SSIONS 

0 - MOT P R E S E N T  
1 - PRESENT 

0 - NOT P R E S E N T  
1 - P R E S E N T  

O P T I O N  FOR ENERGY 
0 - NQT PRESENT 
1 - PRESENT 

0 - NOT P R E S E N T  
1 - PRESENT 

OPTIOB FOB EXPOSURE 

O P T I O N  FOR UNDEFINED 

RESERVED 
RESERVED 
I N D I C A T O R  NORMALLY = 0, B U T  I S  S E T  = 1 I F  

A D I S C O N T I N U I T Y  E X I S T S  I N  EXPOSURE TIMES 
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Ck 
c 
CI 
c 
cv 
C 
co 
C i, 
C D  
CD 
CD 
C 
C N  
c 
C D  
C D  
C 
C N  
C 
C D  
C D  
C 
CN 
C 
CD 
C 
CN 
C 
i- 
CD 
CI) 
C 
C F' 
c 
C D  
C D  
C 
c !I 
C 

t I j  

C 
C W 
c 
cis 
i 
C t! 
C 
CD 
C 
C- 

cn 

E P 3 T  ( 2 2 )  

RPHl  ( 2 3 !  
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CL 
c 

(CONT) 
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(CONT)  
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C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * ~ * * * * -  
C c 

CEOF EXPOHT - 
C - 
C*$*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *~*** * * * * * * * * * * * * * * * * * * * * * * * * * * * -  

(CONT) 
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S P F C I F I C A T T O N S  FOR IPITE!?QACE FILE PTATDN 

CR 
C 
CE 
CL 
c 
CW 
c 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CN 
c 
CD 
C D  
CD 
C B  
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

FILE R E F E R E N C E  I N F O R N A T I O N  - 1D - 
TIPIX, XPTD 2 ,  XPTD 3 I WCY, AZPT, BPT,  NNS , N B L R F ? ,  I PTD9, IPTD '10, 
N Z O N E , ~ S Z , N I # ' P I , P I r W T J , B I B T K , T ~ D D 1 6 , % P T D 1 7 , T E P T D 1 8 , 7 e ) T D f 9 , I P T D 2 0  - 

1 

- 
- 20 - 

REPEWSN&E REAL TIHE,  DAYS - TIME 
R E S E R V E D  - X P T D 2  
R E S E R V E D  - XPTD3 

NS T R E F E R E N C E  CYCLE NUMBER 
PZ PT N O R B E H  UP Z O N E S  F O B  WHICH POINT DATA IS PRESENT - 
N PT NUPlBER OF POINTS - 

- 
WPT A N Z P N T ( 1 )  + NZEPWT(2) + ... 4 NZPNT(NZPT) 

W i l X l K U M  N l l f i D E R  OF NUCLIDES IPI A V Y  SET - 
NTJW3EB O F  BLOCKS OF ATON DENSITY DATA - 
( R U S T  D I V I D E  EVENLY T N T O  NPT) - 

TPTBIO OPTION T O  J P K L U D E  VOEUPlX I N F O R H A T I O N  IF .EQ. 1 - 

- 
RTj'S 
HTBLKPT 

I P T D 9  RESERVED 

FYZONE 4aDMi3ER OF 'ZONES 

- 
- 

P U R  D W D M E N T A T I O H  ( I F  N O N Z E R O  RUST' AGREE WITH OTHER - 
P AB AMET E a s )  

N S Z  NDHBEB OF SUBZONES ~" 

F O R  D X U H E N T A T I O N  ( I F  NONZEHO HUST AGREE WITH OTHER - 
P % R  AMETERS) - 
NUIXIBER O F  F IRST D I f l E Z V S I O F  FIRE KESH INTERVALS - 
F C R  DOCOHENTATION ( I F  N B N I E R O  RUST AGREE WITH OTHER - 
PARAMETERS) - 

- 

N I H T I  

( c 0 wr] 
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CD 
CD 
C D  
CD 
CD 
CD 
C D  
CD 
CD 
CD 
CD 
C 

NINTJ 

N T N T R  

IPTD16 
IPTD17 
IPTDl8 
IPTD19 
I P T D 2 0  

N U R B E R  OF SECOND DIMENSION FINE 3ESH INTERVALS - 
PARAMETERS) - 
NUflBER O F  THIRD D I H E l S I O N  F I N E  M E S H  I F T E R V A L S  - 
P A R A M E T E R S )  - 

FCR D O C U M E N T A T I O N  ( I F  N O N Z E R O  M U S T  AGREE W I T H  OTHER - 

F O R  DOCUMENTATION ( I F  N O N Z E R O  HOST AGREE WITH OTHER - 
R E S ERVE D 
RESERVED I 

R E S E R V E  D P 

R E S E R V E D  - 
R E S E R V E D  - 

- 

- 
_xI__----I----------------------------------------------- 
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C * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * + + * * * * * * * * * * * * * * * * * * * * ~ * * * * * ~ ~ * * * * * * * * * + + * * * * * * * ~ -  

c 
CEOP PTATDN I 

C 
C * * * * * + * * * * * * * * * * * * * * * * t * * * * * * * * * * * ~ * * * * * * ~ * * ~ ~ ~ * * ~ * * * * ~ * * * * * * ~ * * * ~ ~ * * * * ~ -  

- 

- 
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SPECIFICATIONS FOR INTERFACE FILE QNATDW 

c******************g**+**********+*+******+*+4**********4***4**4*4*********-  

CF Q N A T D N  
c 
CF Z O F E  (SUBZ ONE) P7 U C L f  DE D E N S 1  T I E S  (DISCHARGE) 
P 

CR 1D F I L E  REFERENCE l N F O R M A T I O N  
C 
CL TIME,NCP,NTZSZ,  NNS,NBLKAD 
C 
cw 5 
c - 
CD TINE REFERENCE REAL TIRE, D A Y S  - 
CD NC Y S E F E R E N C E  CYCLE NUMBER - 
CD NTZSZ NUMBER OF ZONES PLUS NUMBER OF SUBZCNES - 
CD PIN S N A X I H U M  NUMSER OF NUCLIDES I N  ANY S E T  - 
CD NBLKAD NUMBER OF BLOCKS OF A T 0 8  D E N S I T Y  DATA - 
CD (BUST D I V I D E  EVEWLY I N T O  NTZSZ) - 
C - 
c------------------------------------------------------------------------ 

{CONT) 



CF 2D 20NE (SOBZONE) NUCLIDE DENSITIES (DISCHARGE) - 
- c 

CL ( ( A D E V  (??,J) , N = l  ,BNS) I J=JL,JU) ----SEE STRIJCTURE BELOW---- 
C 

C 

I 

C v NRS* ( ( N T Z S Z - l ) / N B L K A D +  1 )  _. 

CC DO 1 M-1,NBLKWD .- 
CC 1 F I E A D I I )  * L E S T  AS ABOVE* - 

CC WITH H A S  THE BLCCK INDEX, J ~ . = ( ~ . - ~ ) + ( ( N ~ z s z - ~ ) / H B z K B D + ~ P ~ - ~  - 
-_ C 

CC A N D  J U = H +  ( { N T % S Z - l ) / N B L K A D + 1 )  
c 
CD ADEN (W,S) A T O N I C  DBWSITY OP NUCLIDE O R D E R E D  N IN THE 
C B  A S S O C I A T E D  SET G I V E N  IN C R D E R  POH EACH ZOR'E 

C 

- 

CD FOLLOYED IN CWDER FOR EacH SUBTONE - 

( C  0 NT) 
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cf: 
C 
CL 
ci. 
c 
CV 
c 
CD 
CD 
CD 
ea 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

TIYE 
PBBER 

TOP. 
EFFK 
EI vs 
DKDS 
TIL 
TNJA 
T N S t  
TNBL 
TNBAT, 
TNCRA 

(COEIT) 
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CD CF 
CD CE 
CD 
CD 
CD C R  
CD cc 
CD I T P S  
CD 
CD 
CD 
CD 
CD NZONE 
CD NG ROUP 
CD NPV 
C 

FRACTION OF C O R E  TREATED I N  PROBLEH 
COYVERSION FACTOR, R A T I O  OF THERIIAL E N E R G Y  TO 
FISSION + CAPTURE ENERGY AVAILABLE WITH 
THE CROSS S E C T I O N S  
ADDITIONAL DATA F L A G  I F  .GT.O (TWO RECORDS) 
RESERVED 
I T E R A T I V E  PROCESS S T A T E  

=0,  NO I T E R A T I O N S  DONE 
= I ,  CONVERGENCE S A T I S F I E D  
=2, NC’I’ CONVEBGED, BUT CCNVERGING 
=3, NCT CONVERGED, NOT CONVERGING 

NURBER OF GEOPIETRPC ZONES 
HUf lBEB O F  NEUTRON E N F R G Y  GROUPS 
N U f l B E R  OF BLOCKS OF LOCAL, P I N E - S C A L E  PEDX VALUES 

*- *- *- *- *- - 

- 
*- 

CR 
C 
CL 
c 
CW 
c 
CD 
CD 
C 

2 D  FLUX VALUES - 
( ( Z G P  (K,M) ,K=l, NGROUP) ,H=l,NZOEE) 

- - 
- 

NGROUP*NZONE 1 

ZGF REGULAR ZONE FLUX BY GROUP, ATERAGET: OVER ZONE - 
- 

NEUTRONSJSEC-CM**2 - - 

CR 
C 
CC 
c 
CL 
C 
CW 
C 
CD 
C 
CD 
CD 
C 

3 D  ADDITIONAL D A T A ,  F I R S T  CF TVO RECORDS 

PRESENT IF CR .GT.O 

( S H A R E a ( 1 )  ,I=1,100), ( S H A R E ( 1 )  ,I=1,100), ( L X ( P 9  ,I=1,200) 

10O*FIULT + 300 

SHARE8 N E U T R O N I C S  DATA FOR REFERENCE 

SHARE NRUTRONXCS DATA FOR REFERENCE 
L X  NEIJTRONICS FLAGS FOR REFERENCE 

DOUBLE P R E C I S I O N  O N  A SHORT WORD MACHINE 

*- 
3- *- *- *- *- 
ic- *- *- *- *- 
3- *- 

* 
(CONT) 
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CL ((FLF (K,E) , K = I , N G R O U P ]  ,H=l,NLP) 
C 

*- *- 
CW NGR OU P* NLP *- 
c Ir- 
CD PL P ‘LOCAL VALUE OF THE NEUTRON TOTAL FLUX, *- 
CD A S  A S S O C I A T E D  WITH A SUB-VOLUIIE WITHIN THE *- 
CD REPERENCE ZONE NBZ *- 
C *- 

C*************+********+**+********~~*****~~****~*************************~*- 
C - 
CEOP RZFLUX - 
C - 
C************************+********************~******************~***********- 
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S P E C I F I C A T I O N S  FOR I N T E R F R C E  FTLF ZNTERP 

CR 
e 
C L  
C 
C V  
C 
CD 

CD 
C 
CN 
C 
c---- 

ca 

P I L E  IDENTIFICATION 

3*MDLT 9. 1 

RNA333 P I L E  N A B F  (A61 'ZWTEiYIP' 
n u s E  U S E R  I D E N T I F I C A T I O N  ( A 6 )  
I V E R S  F I L E  VERSION N U i Y B E R  
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C w 
C 
CD ZTEMP 
CD 
CD 
CD 
CD 
CD 
CD 
CD .. 

MZT*NRZ 

TERPEXATURE OF REFERENCE T IN 
I RZFEBE NCE 

1 A C T I N I D E S  (FUEL) 
2 CCGLAN'T 
3 
4 STRUCTURAL 
5 S P E C I A L  

-I ---- I-- - 

M 0 DER A TI) R 

- 
Z O N E  B (DEGREES C) I - 

cw NZT*NS 2 - 
C - 
CD SZTEMP TEHPERATURE OF REFERENCE I IN SUBZONE N (DEGREES C) - 
e - 
CN 
c 

SEE NOTES ABOUT ZONE TEflPESATUBE DATA 

c* * * * * * * * *4 * * * * * * * * * * * * * * * * * * * * * * * * * *+* * * * * * * *~*~* * * * * * *~* * * * * * * * * * * * * * * *44*4 -  

C - 
CEOP ZNTEYI? - 
C 

(CO ET) 
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S P E C T P I C A T T O N S  FOE I M T E R F A C E  F I L E  ZNPOVD 

C---  

CF 
C 
CL 
CL 
C C 
c 
CW 
c 
CD 
C D  
CD 
CD 
CR 
C D  
CD 
C D  
CD 
CD 
C D  
CD 
CD 
C D  
Ci3 
CD 
CD 

-." _c________I_-__I_-__. -  __ _-________.-_______--------.--------- - - - 
P I L E  R E P E B F f l C E  I N P O B N B T I O N  1D 

POB, T I R E 8  X Z P D 3 ,  XZPDO, X Z P D 5 ,  XZFD6 XXPD7, KZPD8, 
HZCiYF, TZP  D10 , IZPD11, N S Z ,  PZPD 13,  IZ PD1 9,  IZPD15, 
~ZPD16,?ZPDf7,IZPa58,1ZPD19,$ZPD20 - 

- 
- 
- 
- 
I 

- 2 0  

I 

R E F E R E N C E :  R E A C T C B  POWER LEVEL, MATTS 
REFERENCE T I V E  IN THE HISTORY, D A Y S  
R E S  ERYE D 
RESERVED 
RESERVED 
RESERVED 
RESERVE I? 
RESERVED 
NTYMBEH OF R E A C T O R  ZOFES 
OPTJON FOR PEAK ZONE DATA 
OPTION ON FILE CONTENTS 
0- ZONE POWER D E N S I T Y  INCLUDES ANY SUBZONE 

C O N T R I B U T I O N  ( A L T H O U G H  NSZ M A Y  B E  Z E R O )  
1- ZONE POWER DENSITY ABD SUBZONY PCWER D E N S I T Y  

CARRIED SEP ARATECP - 
NUMBER OP P E A C T O B  S U B Z O N E S  

- POW 
T I R Y  
XZPD3 
XZPD4 
XZPDS 
XZP36 
XZPD7 
XZPD8 
Y Z O N E  
IZPDlO 
I Z P D l l  

- 
- - 
- - 
- - 
- 
I 

- 
- 
- 
- 
I 

PSSZ 
I Z P D l 3  O P T I O N  F O R  R E F E R E N C E  1 N P O R M A T I O N  
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CD I Z P D l 4  RESERVED 
CD I Z P D 1 5  RESERVED 
CD IZPD16 RESERVED 
CD I Z P D l 7  RESERVED 
CD I Z P D 1 8  RESERVED 
CD I Z P D 1 9  RESERVED 
CD TZPDZO RES ERVE D 

c------------------------------------------------------------ 
CR 2rJ ZONE AVERAGE POWER D E N S I T I E S  (TOTAL) 
C 
CC P R E S E N T  IF I Z P D l l  .EQ. 0 
C 
CL (ZPOW (a) ,M=l ,NZOBE)  
C 
C3n NZONE 
C 
CD ZPOW ZONE AVERAGE POUER D E N S I T Y ,  IATTS/CC 
C 
CN ZPOW (M)  = V F P A ( M )  *ZPD (M) * SUM ( O V E R  J FOR N Z S Z ( J )  
C nJ Y R S Z ( J )  *SZPD (J) 
L 

CR 
C 
cc 
C 
CL 
C 
cw 
C 
CD 
CD 
C 

3 D  PEAK ZONE POWER D E A S I T I E S  

PRESENT I F  I Z P D l l  .EQ. 0 A N D  I Z P D l O  .EQ. 1 

(PZPOW (M) ,A= 1 , “ZONE) 

NZONE - 
PZ POU P E A K  ZONE POWER DENSITY A T  THE MESH P O I N T  LEVEL, - 

W ATT S/CC - - 

(CONT) 
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(COBT) 
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c - 
CEOP ZIIPOWD 
C - 
C * 4 * * * * * * * * * * * * * * * * * ~ * ~ * ~ ~ ~ * * * ~ * * * * * * * * * 4 * ~ * * * * * * * ~ * * * * * * * ~ * * * * * * * ~ 4 -  

TABLE 04-1  END 
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Informat ion  ... About t h e  Exposure .I_____- Data 

‘rne d a t a  which must b e  s u p p l i e d  f o r  the exposure  c a l c u l a t i o n  i n  

f i l e  EXPOSE documented on page 04-17 i s  d i s c u s s e d  h e r e .  The pr imary d a t a  

r e q u i r e d  f o r  r e a c t o r  c a l c u l a t i o n s  are the  decay c o n s t a n t s ,  t h e  y i e l d  of 

p r o d u c t s  from f i s s i o n ,  and the c h a i n  coupl ing  informat ion .  Data t o  

produce a u x i l i a r y  i n f o r m a t i o n  i n c l u d e s  t h e  energy produced from t h e  

v a r i o u s  r e a c t i o n s  o r  decay. 

The n u c l i d e s  involved  are i - d e n t i f i e d  and t h e  o r d e r  number i n  this 

l i s t  i s  t h e n  used f o r  f u r t h e r  i d e n t i f i c a t i o n .  These n u c l i d e s  i n c l u d e  

t h e  a c t i n i d e s  and t h e  f i s s i o n  p r o d u c t s  and any o t h e r s  t o  be cons idered ,  

such as c o n t r o l  rod  o r  b u r n a b l e  poison  components. 

which t h e  g e n e r a t i o n  of p r o d u c t s  from f i s s i o n  are t o  be cons idered  

are a l s o  i d e n t i f i e d ,  The f i s s i o n  p r o d u c t s  are i d e n t i f i e d .  The decay 

c o n s t a n t s  and t h e  f i s s i o n  p r o d u c t s  are s p e c i f i e d  f o r  t h e  i d e n t i f i e d  

n u c l i d e s .  Note t h a t  f i s s i o n  product  y i e l d  v a l u e s  are f r a c t i o n s  (atoms 

produced p e r  f i s s i o n ) ;  t h e s e  o f t e n  sum to  2.0 o r  n e a r  a b o u t ,  b u t  may 

n o t  under schemes o f  r e p r e s e n t i n g  several n u c l i d e s  as one o r  more lumped 

pseudo n u c l i d e s .  

The n u c l i d e s  f o r  

Data f o r  t h e  m a t r i x  e x p o n e n t i a l  o r  average  g e n e r a t i o n  ra te  methods 

of s o l u t i o n  d e s c r i b e  i n d i v i d u a l  parent-product  coupl ings .  The program 

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

which produce them through f i s s i o n ,  s o  t h e s e  r e l a t i o n s h i p s  are n o t  t o  

be s p e c i f i e d .  A l l  n u c l i d e s  i n  t h e  s u p p l i e d  l i s t  of t h o s e  having  exposure  

d a t a  will b e  d e p l e t e d ,  s o  leave ou t  any not t o  b e  changed. Only s p e c i -  

f i e d  parent-product  c o u p l i n g s  w i l l  be t r e a t e d ,  s o  a l l  of t h e s e  which are 

deemed s i g n i f i c a n t  must b e  s p e c i f i e d .  Thus it i s  u s u a l  t o  i n c l u d e  Np239 
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i n  t h e  cha in  s t a r t i n g  wi th  U238, b u t  u s u a l l y  U239 i s  ignored. ( In  t h e  

procedures ,  s p e c i a l  a c t i o n  must o f t e n  b e  taken t o  treat nuc l ides  having 

l a r g e  loss  c o e f f i c i e n t s  l ead ing  t o  some degree of approximation anyway.) 

For an exp l i c i t :  cha in  r e p r e s e n t a t i o n ,  cons ider  t h e  example 

r r 2  38 

J- + 
pu239 -f pu240  

Here U233 has been omit ted.  I f  Np239 w e r e  l e f t  ou t ,  t h e  loss  of Pu239 

genera t ion  due t o  capture  i n  Np2” would be  ignored,  which would cause 

an overes t imate  of t h e  f i s s i l e  Pu239 genera t ion .  

r o u t e s  t o  Pu2 ’, two cha in  spec i f  i ca t  ions  are requi red  : 

Since t h e r e  are two 

U 2 3 8  c a p t u r e  Np239 decay Pu239 cap tu re  Pu240 

U238 cap tu re  Np239 cap tu re  Np2lt0 decay (-) Pu240 

The dominant rou te  t o  Pu240 is shown f irst .  

i n  Np”’ and a (-1 i s  shown be fo re  t h e  PuZ4O, i n d i c a t i n g  t h a t  t h i s  is an 

The secondary rou te  b r ings  

a d d i t i o n a l  con t r ibu t ion .  

Addi t iona l  c o n t r i b u t i o n s  are descr ibed  i n  the  s p e c i f i c a t i o n s  by a 

nega t ive  product n u c l i d e  number. When t h i s  c o n t r i b u t i o n  t o  t h e  nuc l ide  

concent ra t ion  i s  c a l c u l a t e d ,  i t  i s  added to t h a t  p rev ious ly  ca l cu la t ed .  

Fu r the r ,  no c o n t r i b u t i o n s  down t h e  cha ins  are c a l c u l a t e d  from t h e  i n i t i a l  

concent ra t ions  of those  nuc l ides  having nega t ive  i d e n t i f i c a t i o n  numbers; 

they  should have been accounted f o r  i n  some previous cha in  spec i f i ca -  

t i o n .  This i s  n o t  t r u e  i f  t h e  f i r s t  nuc l ide  number i n  t h e  cha in  is made 

negat ive .  For those  nuc l ides  having negat fve  numbers t o  t h e  f i r s t  posi-  

t i v e  one, no con t r ibu t ions  t o  them are ca l cu la t ed ;  bu t  con t r ibu t ions  

from them t o  t h e  f i r s t  p o s i t i v e  number nuc l ide  and a l l  those  beyond are 
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c a l c n l a t e d .  This  a l l o w s  t r e a t m e n t  of t h e  pr imary a c t i n i d e s  i n  one way 

while a supplementa l  t r e a t m e n t  could be used f o r  the e f f e c t s  of down-chain 

c o n t r i b u t i o n s ,  a v o i d i n g  long c h a i n s  ( u s e f u l  f o r  a c t i n i d e  r e c y c l e ) ,  

( - )Pu2 'L0 -f- ( - - )Pu2bl  t (-)PI1242 -f A n 7 4 3  -& et-, 

It should  be  n o t e d  t h a t  when e x p l i c i t  c h a i n s  are  t rea ted ,  t h e  average  

between s tar t  and end of s t e p  f i s s i o n i n g  nucJ.ide c o n e e n t r a r i o n s  i s  used 

t o  caI .culate  y i e l d  rates. This  reduces t h e  amount of c a l c u l a t i o n  r e q u i r e d  

compared w i t h  t h a t  f o r  f u l l  c h a i n  r e p r e s e n t a t i o n s ,  and i s  a r e a s o n a b l e  

a p p r O X t m a t i O i 1  f o r  f i xed  power g e n e r a t i o n .  S t i l l ,  t h e  a c t i n i d e  c h a i n s  

should  be s p e c i f i e d  b e f o r e  t h e  f i s s i o n  product  c h a i n s  i n  o rde r  t o  account  

f o r  the ef fec t  of change i n  f i s s i o n i n g  n u c l i d e  c o n c e n t r a t i o n s  as t h e  c h a i n s  are 

processed  i n  t h e  o r d e r  p r e s e n t e d .  

The r e a d e r  should  r e f e r  t o  the second sample  probluii  f o r  a reasonab1.e 

t r e a t m e n t  of t h e  a c t i n i d e s .  

END OF SECTION 
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A r a t h e r  involved  procedure  h a s  been implemented f o r  p r o c e s s i n g  

t h e  d a t a .  T h i s  p rocedure  i s  d e s c r i b e d  h e r e  i n  some d e t a i l  t o  convey 

s u E E i c i e n t  i.n€ormarion t o  a n  i n t e r e s t e d  reader f o r  assessment ;  i t  i s  

p o s s i b l e  t o  make changes t o  i n c o r p o r a t e  e x t e n s i o n s ,  b u t  t h e y  may 

s e r i o u s l y  impact t h e  code and i n t e g r i t y  w i l l  be a s s u r e d  only a f te r  

c a r e f u l  v e r i f i c a t i o n  t e s t i n g .  Reference  may b e  made t o  t h e  user f l o w  

diagram, Fig.  2 .1 ,  page 02-2, and t o  t h e  documentat ion of s c r a t c h  

i .nput /output  data f i l e s ,  Table  03-3 on page 03-21. 

The key d a t a  needed for a l l o c a t i n g  s t o r a g e ,  def ini .ng t h e  range  of 

t h e  c a l c u l a t i o n ,  and major  o p t i o n  selectiuris i s  o b t a i n e d  f rom t h e  data 

f i l e s  i n i . t i a l l y  and s t o r e d  in memory. The n u c l i d e  r e f e r e n c i n g  d a t a  are 

obta ined  f r o m  t h e  NDXSRF file aa.d t h e  exposure d a t a  f rom t h e  f i l e  EXPOSE 

and are s t o r e d  i n  memory. 

t a i n e d  from t h e  RZFLUX f i l e  and s t o r e d  on a s e q u e n t i a l  s c r a t c h  d a t a  f i l e  

blocked over  a l l  zones,  one group a t  a t . : ime. The  p r i n c i p a l .  microscopic  

cross s e c t i o n s  are o b t a i n e d  from t h e  GKUPXS f i l e  and r e s t o r e d  i n  a 

s e q u e n t i a l  d a t a  f i l e ,  one r i x o r d  f o r  a1.3. d a t a  at one group. 

The zone average n e u t r o n  f l u x  v a l u e s  are ob- 

When an  i n t e r p o l a t i o n  i-s t o  h e  made between the d a t a  on two f l u x  

f i l e s ,  t h i s  i s  done by a subsequent  access of t h e  d a t a  i n  t h e  second 

f i l e  and a new s c r a t c h  d a t a  f i l e  i s  w r i t t e n .  

The i n i t i a l  n u c l i d e  c o n c e n t r a t i o n s  are o b t a i n e d  from t h e  ZNATDN 

file and s t o r e d  i n  memory and a l s o  p laced  on a sequent ia l .  s c r a t c h  d a t a  

f i l e  blocked one r e c o r d  f o r  each z m e  and e a c h  subzone f o r  la ter  recovery .  

S p e c i f i c  reacricrti rates ( c r o s s  s e c t i o n  t i m e s  flux, summed o v e r  

groups)  can b e  a l a r g e  amount of data. These s p e c i f i c  r e a c t i o n  rates 
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are p laced  i n  a d i r e c t  a c c e s s  s c r a t c h  d a t a  f i l e  f o r  u s e  d u r i n g  t h e  

pr imary c a l c u l a t i o n ,  blocked one zone and one subzone t o  a r e c o r d .  

A s e p a r a t e  d i r e c t  access f i l e  i s  used t o  s t o r e  the f i s s i o n  rates when 

t h e  f i s s i - o n  product  y i e l d  d a t a  has an  incident :  energy  dependence. When 

space  i s  adequate ,  the  s p e c i f i c  r e a c t i o r i  rates are k e p t  i n  memory. 

The larest  n u c l i d e  c o n c e n t r a t i o n s  are always s t o r e d  i n  memory f o r  

a l l  zones and subzones.  

The n u c l i d e  c o n c e n t r a t i o n s  are determined f o r  a l l  zones a f t e r  one 

exposure i n t e r v a l  of t h e  t i m e .  S p e c i f i c  r e a c t i o n  rates are a d j u s t e d  by 

a running account  of t h e  f a c t o r  which aiust b e  a p p l i e d  t o  t h e  i n i t i a l  

f l u x  t o  approximate t h e  f i x e d  power level c o n d i t i o n .  Thus the r e a c t i o n  

ra te  d a t a  must b e  r e a c c e s s e d  a t  each s t e p  when s t o r e d  on a s c r a t c h  f i l e .  

The shutdown c a l c u l a t i o n  i s  done w i t h  d a t a  conta ined  i n  memory. 

A u x i l i a r y  c a l c u l a t i o n s  of cumulat ive exposure i n f o r m a t i o n  and t h e  b e t a  

and ganilna s o u r c e  are done w i t h  s e p a r a t e  a c c e s s e s  of t h e  n e c e s s a r y  d a t a .  

The a u x i l i a r y  c a l c u l a t i o n  of l o c a l  exposure i s  done QO. t h e  f i n e  s c a l e  

f o r  t h e  s e l e c t e d  zones as a subsequent  pas s  through t h e  b a s i c  procedure  

u s i n g  the f l u x  level  i n f o r m a t i o n  produced by t h e  pr imary c a l c u l a t i o n .  

END OF SECTION 
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SECTION 0 6 :  ShMPLE PROBLEMS 

The f i r s t  s a m p l e  problem w a s  o r i g i n a t e d  a t  SRL by M. V. Gregory i n  

a con t r ibu t ion  t o  t h e  ANS Mathematics and Computation Divis ion benchmark 

problem e f f o r t .  Given an i n i t i a l  concent ra t ion  of U"' and 24 

a c t i n i d e s  and 9 f i s s i o n  products  are considered f o r  an exposure of 50 

days t o  a f i x e d  f a s t  f l ux  of 6 . 1  X 10l4 and a thermal f l u x  of 2.5 X 10l4 

n/cm2-sec. The chain r e l a t i o n s h i p s  are shown i n  Figure  06-1. Note t h a t  

as descr ibed  t h e r e  are a number of coupl ings which cause feedback i n  t h e  

?roblem. 

input  d a t a  ca rds  showing a l l  d a t a ,  computation i n s t r u c t i o n s ,  condensed 

a 

Shown i n  Table 06-1 i s  a computer l i s t i n g  t h a t  i nc ludes  t h e  

b 

r e s u l t s ,  and s e l e c t e d  e d i t s .  The (n,y) capture  r o u t e s  t o  t h e  exc i t ed  

s ta te  of t h e  product nuc l ide  have been mocked up as equiva len t  (n,t) 

r e a c t i o n s  t e s t i n g  t h i s  provis ion  i n  t h e  code [ a l t e r n a t i v e l y  these  could 

have been equ iva len t  f r a c t i o n a l  (n,y> cap tu re ] .  The s p e c i f i c a t i o n s  f o r  

t h e  e x p l i c i t  chain t rea tment  inc lude  only t h e  p r i n c i p l e  chain rou te s ,  

excluding feedback mechanisms of a decay. 

Primary r e s u l t s  of benchmark q u a l i t y  are shown f o r  t h e  matrix 

exponent ia l  and t h e  average genera t ion  ra te  methods of s o l u t i o n  i n  

Table 06-2. It may be noted t h a t  a cons iderable  amount of c a l c u l a t i o n  

is  requ i r ed  t o  produce benchmark q u a l i t y  s o l u t i o n s .  Resul t s  f o r  o t h e r  

schemes, inc luding  t h e  e x p l i c i t  chain s o l u t i o n  method, are shown i n  

Table 06-3 .  With t h e  e x p l i c i t  cha in  method, t h e  genera t ion  rate of 

f i s s i o n  products  is taken as the average between s tar t  and end s t e p  

va lues ,  which i s  o f t e n  q u i t e  good f o r  usua l  r e a c t o r  eva lua t ions  bu t  

I .- 

a"Argonne Code Center:  

h 

Benchmark Problem Book, " ANL-7416 Supplement 2 
(June 1977) .  
See ORNL-5158 f o r  use r  i n s t r u c t i o n s .  
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Table  06-1. S e l e c t e d  Outpu t :  f o r  the Three Samp1.e P r o b l e m  

5IClnOLF C O S T R O L 1  WILL BE C A L L E D  TTRE OF DAY 1.119.41 n4TE 76.336 

. , _  

FY D 

Z D  / * TWO-GRODP DEPLPTION PRqBLPB ( B T N C H R a R K  P R g R  52Ll  (N<:I IS ( N < G ) f l  
*11234 0235 U 2 3 6  n2.17 TI238 U 2 3 9  No237  YP238 NP239 NPZ?O PO238 .*- 
*?IT239 P02n0 o i l 2 U l  PIT2U2 D r J 2 U . I  1\?12Ql , t V 2 4 %  A d Z Q Z Y A R L 4 3  1'1240 C11242 * 
"CW2U3 C?I%UL c"1uS 1135 X E 1 3 5  cs135 N D ~ U ?  P R i u 7  P n i a t i  ~ n i t t ~ x ~ 2 1 4 9  * 
*s1119 PPLL * 
1 0  / 
411730 U235 11236 u 2 3 7  U23Y 11239 XI1237 NP235 N P Z 9  A P ~ U C  ~ 1 ~ 2 3 8  * 
+or1233 PIJZU'j P U 2 4 1  2 0 2 4 2  PU243 A R 2 U 1  A1242 A n 2 4 Z f f A U 2 4 3  I . A Z i t U  Cn242 * 
* C 8 2 U 3  CFI2UU C H 2 U 5  I135 XE135 C 5 1 3 5  N e 1 4 7  PIllB7 P W l U 8  P N l U B Y P R I U 9  * 

l.? 0.P 0.0 0.0 1 . $ 9 2 * 1  8.6521 U 0.Q 

+snias FPLI. 4 

(*SVL * I  35R (*SIGPIRS*) 3 5 9  
2 3 3 , 9  235 .0  13h.0 237.0 239.0 239.0 237.0 2 3 9 . 0  239.0 2 ~ 0 . 0  238.0 
239.0 2U0.0 ZU1.1) 2U2.0 2'43.0 Z U 1 . U  242.0 242.0 243.0 2a4.F 2 4 2 . 0  
2 U l . Q  2 Q U . O  2U5.1) 135.G 1 3 5 . 9  135.0 l U 7 . 0  7 0 7 . 0  l u g . 0  108.0 149.0 
149.0 100.0 1 A n i l S S  
0.0 35R 0.0 3 5 9  / E P T S S , E C A P T  

0.0 3 5 8  / A D E N ?  

4 0 0 4 4 4 0 9 U U  / K U R  

0 ° C  3 3  0.0 3 %  0.0 35? / XN,TEHP,SIGPOT 

3 1 3 3 2 3 3 3 3 3 3 1 2 1 3 3 3 3 3 3 3 3 3 3 3  

P 1  o 3 5 n  / TDSCT,LORD,LZHI 
0 0 9 0 1 0 0  

33.575 5.98'2 16.859 16.991 0.5325N 0.40015 2 l t . 072  S . 2 6 U 8  
2 6 . 7 u t  0.0 7.3125 9.8658 366.0') 8.0305 51.823 11 .030  

0 . 8 9 9 3  0.0 2113.U7 0.0 0 . 0  1 3 1 .  3'4 3 3 6 0 . 4  2921.0 
0.5 105.8s  lC.376 
o.ua7uu 42.370 0 . 1 6 6 6 ~  0.17939 0.0813.~ 0.27283 0 . ~ 1 ~ 6 7  
47.012 0.0 0.0 1.5HIS 14.&03 0 .54033  29.986 O.I$:3UhO 
2 8 . 3 8 2  1. 113'3 31. 1 3 7  108.79 0.3078U 2 6 . 1 9 2  0.0 12.259 
1 . 5 6 6 3  37.165 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9"O 0.0 0.0 
F.0 35R 0.0 358 
0.0 0.002603 0.0 2 R  0.00U3972 0.0 0.00023144 0.0 28P 
0.0 16R 6 . 7 U R 6  0.0 12P 1 1 7 . U U  0.C 5R 

2 6 . 3 6 8  26.320 1 , U 3 7 9  172.12 0 . 7 3 1 U 1  6,1613 71.664 55*<12 
1 6 . 6 5 U  0.0 1 1 9 . 9 1  i 9 6 . 7 7  96.B79 152.21s 5 . 1 9 0 3  27.6119 

353.137 0.0 UU4.09 2U.980 0.0 U . 7 1 8 5  6 7 . 3 8 9  3.6915 8 2 . 3 9 2  
@.'I 1064730 .C  0.0 0.0 34.727 420.09 7551.6 3.0 233Y'l .Q 
10. U29 
0.0 iue.18 0.0 0 . 5 5 5 1 2  0 - c  u.2009 ~ . n 0 9 u ? ~ o  555 .12  0 - 0  
0.0 3.5U96 348 .89  '7) .016744 352.73 0.0 119.960 2.3877 693.40 
1776 .Q 0.0 403.29 0.93267 194.29 0 . 3 3 3 0 7  537.15 3.0 0.C 
0.0 0.0 0.0 0.0 0.0 rr.0 0.0 c.0 
0.0 35R 0.0 35w 
0.0 35R 

5 b  0.0 35P 0.0 3 5 3  / GRCDP 1 

~ 3 . 8 8 0 4  2.3381 20.076 97.056 0.0 3 . 1 2 0 2  7 .9059  3 2 . 1 2 9  

5D 5.0 3% 0.0  358 ,/ 5 R O U P  2 

0.0 167 39.543 0.0 1 Z R  31.087 0,O 5R 
7D 1 3 %  1 3 5 H  / G R O U P  1 

CI,W'CFL? 
Z 0 S T W I. fl 
C O  WPR'L? 
DPCYESE 

D A T V S ? S  

F 

STGC1 
STGCl 

S I G C l  
SLCCl 
S I G P l  
S IGF? 
SJGFI 
51GP1 

s L GI 2 1  1 
SI G c s 1 

SXGC2 
S l G C 2  
S X G C Z  
s T r, i." 2 
S I G C 2  
61SF2  
SIGP2 
SLGP2 
SSGFZ 

STGNZNZ 
STGCUZ 

s T w 1  
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e n  0.0 3514 
i n  1 3 5 ~  i 359 G R O U P  2 
RD 0.0 35R 
O V  GEODST 
1 D  1 10R 0 17R 
2D 0 . 0  1 . 0  1 
c.I, 1 . 0  1 1 
6D 1 
“V NDXFRP 
1 D  35  1 3 5  3 5  1 0 
2D / 
*U23U 0 2 3 5  U 2 3 6  0237  U238 0 2 3 9  NP237 NP238 NP239 NP24F PU238 * 
*PU239 PO2U0 PUZUl PU242 P02U3 AR2U1 A N 2 4 2  Ail242’lAM243 AM244 CM242 * 
*CM2U3 CNZUU CN2U5 I 1 3 5  XE135 CS135 NDlU7 P11U7 PMlU8 PMlU8MPNlU9 * 
* U 2 3 4  0 2 3 5  0 2 3 6  0 2 3 7  0 2 3 8  U239 4P237 NP238 NP239 NP240 PU238 * 
*PO239 PIJ2Ur) PUZUf V Z U 2  P02U3 A82Ul AI9242 1 N 2 4 2 R R H 2 4 7  AN244 CN2UZ * 
*SMl09 PPLL 

* s n i u 9  PPLL * 

*c12u3 c n 2 u u  c n 2 u 5  1135 ~ ~ 1 3 5  CY135 N D l u l  Pn147  P n l u 8  PMlUBnPRlU9 * 
c.0 3 5 8  / WPP 
234 .0  235.0 2 3 6 . 9  237.0 238.0 239 .0  237.0 238.0 739.0 2 4 0 . 0  238.0 
2 3 9 . 0  2U0.0 2U1.0 2UZ.O 2113.0 241 .0  2112.0 2 U Z . 0  243 .0  2UU.O 2U2.0 
2 4 3 . 0  244 .0  245.0 1 3 5 . 0  1 3 5 . 0  1 3 5 . 0  147 .0  1 4 7 . 0  1 4 8 . 0  1 4 8 . 0  1 4 9 . 0  
lU9 .9  1 O O . F  / AmWT 
3 1 3 3 2 3 3 3 3 3 3 1 2 1 3 3 3 3 3 3 3 3 3 3 3  
U U U 4 U U U U U I I  /NCLN 

3 5  0 0 0 / NDXS 
1 2 3 4 5 6 7 8 9 1 0  11 12 1 3  1 U  1 5  1 6  1 7  1 8  1 9  20 21 22  2 3  24 2 5  
26 2 7  2 8  29  30 31 32  33 3U 35 / NOS 
1 2 3 4 5 6 7 8 9 1 0  11 1 2  1 3  1 4  15 1 6  1 7  1 8  1 9  2 0  21 2 2  2 3  24 2 5  
26  2 7  2 8  29  30 31 32  33 3U 35 / NOR 

30  1 . 0  1.0 1 / VOLZ,VPPA.NSPA 
0 1  ZNRTDN 
1D 0.0 0 t 35 1 
2D 0.0 0 . 1 4 0 0 3 - 4  0.0 0.0 0 . 6 9 3 6 0 - 2  0 . 0  30R 
0 V  RZPLUX 
1 D  0 . 0  1 .0+6  1.0 1 .0  0 . 0  0 .0  1 . 0  1 .0  0.0 U R  

2ll 6.1?1U+lU 2.5018+1U 
0 V  EXPOSE 
1 D  0 3 5 0 1 O U 5 2 1 0 0 0  U 6  0 2 2 9  0 0 0 0 0 3  
2D / * TWO-GROUP DEPLETION PFOBLEN (BENCHNARK PRO8 SRL) (N,T)  I S  (N,G)N * 
*0234  0 2 3 5  0 2 3 6  0237  0 2 3 8  0 2 3 9  NP237 NP238 NP239 NP2‘40 PO238 * 
t p 1 ~ 2 3 9  P U Z U O  p u z u i  P W Z U ~  P U Z U ~  L W U I  ~ ~ 2 4 2  ~ n 2 4 2 ~ a n 2 ~ 3  Lrnzuu C H ~ U Z  * 
+CR2U3 C m Z U O  CN245 I 1 3 5  XE135 CS135 ADlU7 Pn147  PNlU8 PRlU@HP?I109 * 
* m i 1 1 9  PPLL * 
3 0  0 . 0  / YFR 

1 . 0  1 . 0  0.0 0.0 0 1 2 0 

2 5 1 2  1 4  / IPSLR 
2E 2 7  33 2 9  35 / I P P R  
26 27 29 30 31 32 3 3  U 6 8 9 1 0  1 4  1 6  18  21 / I D C Y R  
11 17 22 2 3  2 U  / I D C T B  ADDED 

3 . 6 2 6 - 6  1 . 1 9 0 - 6  4 .915-4  3.82’3-6 3 .410-6  1 . 5 8 3 - 3  
1 . 6 8 0 - 9  3.886-5 1 .196-5  4.440-4 / ALlDA 
2 .550-10  5 .390-11  4 .910-8  6 .860-10  1 .250-9  / LLRDA A D D E D  

5D @ . 0 6 1 7  0 . 0 5 7 8  0.C693 0 . 0 6 2 6  / 1 1 3 5  YIELD 
0 .002U 0 . 0 0 2 2  0 . 0 0 2 7  F .0024  / XE135 Y I E L D  

0 . 0 2 3 6  0 . 0 2 8 0  0 .0205  0 . 0 2 2 0  / ND149 ?IELD 

U D  2 . 8 7 0 - 5  2 .093-5  7 . 2 2 8 - 7  8 . 2 8 9 - 9  1 . ~ 8 8 - 6  1 .976-7  

0 . 0 1 1 3  o .0210  0 .0130  o .0120  / p o w 9  Y I E L D  

0 .9010  0 .8910  0 . 8 9 8 5  o .9010  / PPLL Y I E L D  
6 n  FULL NATRIX D A T A  FOR F E E D B A C K  PROCESSES 

1 2 2  2 3 2  3 4 2  U 5 2  8 7 1  5 6 2  6 9 1  
7 8 2  8 9 2  8 1 1 1  9 1 0 2  9 1 2 1  1 0 1 3 1  
11 1 2  2 1 2  13 2 1 3  1 4  2 l U  15 2 11) 17 1 15 1 6  2 
1 6  20 i 17 i a  2 1 7  1 9  7 1 8  2 0  2 



06-5 

1 9  20 2 20 21 2 2 1  2u 1 22 23  2 2 3  %U 2 2% 2 5  2 
2 1 5 5 U 5 / (N,2N) 
1R 2 2  8 3 3 2 7 1  1 R  '15 1 6 9 7 3 1  / B3TA-,BET4t 
1 1  1 1 1 7  7 1 2 2  11 1 2 3  12 1 24  1 3  1 / A L ? A R  
26 27  1 27 2H 1 2 7  30  1 3 0  31 2 30 3 2  7 
31  33 2 32 33 2 3 3  34 1 

8P / PRINRRY PIPLICIT  C H A I N S  ( 1 5  C H A I N S ,  227  % l T R T E S )  
5 2 6 1 9  1 1 2  2 13 2 14  2 1 5  2 1 6  1 2 0  2 2 1  1 Z U  
2 7 5  0 
5 2 6 1 9 2 10 1 - 1 3  1 - 1 ( l  2 -15 2 -16 1 -20 2 - 2 1  
1 -24 2 - 2 5  0 
5 2 6 1 9 1 1 2  2 1 3  7 1 U  1 1 7  2 18 8 3 0 2 7 1  22 2 23  
2 - 2 4  2 -25  9 
5 2 6 1 9 2 10 1 - 1 3  2 - l U  1 -17  2 -18 t330271 - 2 2  2 - 2 3  
2 -24 2 - 2 5  0 
2 2 3 2 n 1 7 2 8 2 - 9  1 -12  2 - 1 3  2 - l u  0 
5 5 u 1 7  2 8 2 -9  1 - 1 2  0 
2 2 3 2 4 1 7  2 8 I l l  2 -12 2 -13  2 - 1 4  0 
2 2 3 2 u  1 7 2 8 1  11 1 1  0 
5 5 -u 1 - 7  2 - 8  1 - 1 1  1 - 1  0 
2 5 - 1  2 - 2  0 

2 - 2 5  0 
- 5  2 -6 1 -9 1 -12 2 -13  2 - l U  1 -17 7 1 9  2 -20  2 - 2 1  1 - 2 4  

29 1 3 0  2 31 2 3 3  1 3 8  0 
29 1 30 7 32 2 -33  1 - 3 U  0 

26 1 27  1 28 0 35  0 0 
08 COF'?RL 

* IAPBIX ZXPONEYTIRL SOLUTION (A5SUNLHG E Q I J ' I L I B ? f I l l ~ )  * ANL-7Ulfi SO? 2 BENCHMARK PROYLEd YOQK ( I D . 1 5 - A 2 )  
*USE? * *IDEN? * 0.0 '74R 0 1 0 0 s  
ID * D V R I I ( S *  0 . 0  l0OA 10000  0 9 9 8  

i n  *PROIWS* 

I D  *PXPINS* 50.0 0 .0  99R 
$l* 3 $ 2 $  0 $ 3  DFBUGd 1 6 d S  0 $ 5  fIEl"0DS 9 $6 SUBSTEI>E$ 1 
* 7  S U B S T E P 5 k  0 $ 8 6  0 5 9 s  0 $ l o $  C $11 A G B T R C S  0 S12 POWERS 0 

* * 

$13% (1 614c 1 $150 0 5169 0 $176 0 $183 3 $ 1 9 6  0 S 2 n $  0 
k21X 1 6 2 2 - 2 9 s  0 3R $ 3 0 5  0 3 3 1 6  0 $ 3 2 5  1 1 3 3 %  1 0 3 4 s  0 $ 3 5 %  1 
k 3 6 6  0 8376 0 5 3 8 3  0 $ 3 9 6  0 SUO$ 0 $Ulb 3 $426 r) $ 4 3 $  0 
5 U O *  0 h a 5 5  0 S46-10'IR 0 55R 

11) * * 0.0 lD0h 0 1009  

FNn 

LASbTY 
0 8  ZNATV# 
1D 9.0 0 1 35 1 
2D 0.0  0.740F3-U 0.0 0.0 0 .69360-2  0.0 3311 
O V  C O N T R L  
1D *PQOIYS* / * EXTLICIT C H R l N  SOLOTIOY * ANL-7U16 SUP 2 B E Y C H n A R K  PROBLFH BOOK (TO.15-RZ) 
*USER * *IDEN? * 0 . 0  7UB 0 l0OR 
1D * D V R I I S *  0.0 100R 10000 0 9 9 P  
ID *FXPINS* 50.0 0 . 0  99R 

5TOP 

b l S  0 6 2 6  0 5 3  DZSUGS 1 54s 0 85 flETHOD0 1 bb SURSTEPEB 1 
67 ' iUR5TEPSb 0 b8S 0 $ 9 6  0 3108 0 $11 AGRLNC$ 3 $ 1 2  PCIWBRb 0 
b13C 0 $ l a %  1 6156 0 1165  0 617% 0 $ 1 8 6  0 § 1 7 $  0 5.206 0 
$218 1 6 2 2 - 2 9 1  0 8 9  $ 3 0 6  0 $ 3 1 k  0 S32R 1 $ 3 3 -  1 S 3 U 3  0 6356 1 

$446 0 $45$ 0 546-1005  0 55A 
6 3 6 4  o s37* 0 ~ 3 8 %  o g39n o auod  o mir  3 $426 3 (43% '3 

DRIVERE 

DRIVERS 

* * 

1D * * 0 . 0  l0OR 0 T O O R  
STOP 

EA n 

LASbIA 
O V  Z N A T D Y  

DRIVERE 

D X I V Z R S  
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l r )  0 . 9  0 1 3 5  1 
2D 0 . P  0 . 7 U C 0 3 - 4  0 . 0  C.0 0 . 6 9 3 6 0 - 2  7 . 3  309 
1 V  CON-RL 
1 D  *?QOIYS* / 
* F V E F 4 G E  GENPPAmION R A T E  50LIlCICN * P W L - 7 U 1 6  S U O  2 BFNCH'?AA?6 PQO5LFN B O n K  (ID.15-42) 
* l l c E F  * *IDFNm * 0 . 0  .UR 0 lOOP 

1D * r X P T V S *  5".0 0 . 3  99R 
i r  * ~ V R I N S *  0 . 0  IOOW l o o n 0  P q q p  

X l $  '3 6 2 6  0 $ 3  DE9UGB 1 $41 0 $ 5  PlETqODS 2 $6 S ' J B S T v P E $  1 
57 SrJIRS"I'PS'6 T 8 S  0 69$ 3 $ l o $  0 $ 1 1  A G R I N C d  3 '612 POWFRS 0 
"73t 0 C l U S  1 $152  @ 1 1 6 %  C $ 1 7 3  1 8 1 8 %  0 k19S C 5 2 C $  0 

$ 7 6 r  0 $ 3 7 %  0 U385 0 6 3 9 8  fl $ 4 C *  0 b U l *  7 $42R 0 U U 3 h  0 
X U U S  0 P U 5 b  0 $46-1008  0 5 5 9  

X Z I ~  1 ( 7 7 - 2 9 s  o R A  t 3 o a  o 1 3 1 %  o 5 3 2 5  i 2338 1 P ~ U S  n $359; 1 

1D * * 0.Q 1 9 O R  0 190R 

EYP 
Smnv 

L a S L I q  
O V  7N4-DN 
1 D  9.0 0 1 35 1 
2D 0 . C  0.74"03-U n.O 0 . 0  0 . 6 9 3 6 0 - 2  0.9 79R 

$ 4 U $  0 S45S 0 $U6-100% 0 55R 
'D * 0 . 0  103R 0 l O O R  

'TOP 
Y S  D 

YnDl'LE CONTROL1 I S  FINISHPD. USED 

* 
* 

D P I ' I E R E  

DF IVEPS 

* 
* 

D - L V E R E  

CORPLE?ION CODE 0 3 3 3 .  C O r l  TTNP U S E D  2 5 . 5 6  (SEC'JNDS). I/OrS U S E D  2604  

ROnULE COIYT30Ll WILL B E  CRLLED TI88 O F  D A Y  1 .52.2U DATE 7 8 . 3 3 6  

BPFEnFR REACTOP SRSPLE: FROBLEII FOR T H E  R'lRVER T3DE C O N T A L T  
1CIoI)'l 0 0 1 CONTRLd 

1 2 7 2 1 3  7 2 1 3  7 1 3  1 0  CDNTRLP 
E N D  D R I V E R E  

LF S L I  N DRIVERS 

0V GPIJPXS 
1 D  3 u5  0 2 0 1 276 C 3R 

1 29 0 2R 
21, / 

B R E E D E R  R E 4 C W P  CROSS S E C T I O N  9 a T A  ( 3  G R O U P )  * 
tN1123A C R - A  Y N 5 5 k  FE-R N I - A  X E 1 3 5 A P ~ 1 4 7 ~ P N ~ H R ~ P ~ l 4 8 A S ~ l U 9 A *  
*NSFPA SSPPA "A181 A C R - R R  FE-Ra 41-RA U 2 3 5 B  U 2 3 6 E  U238R PIJ23qB* 
*DU2UOBPU2418DU2U2B~16B N1238 C R - B  "558 F E - 8  NI-8 X P 1 3 5 B *  
* ~ N l U 7 8 P ~ 4 8 Y B P ~ 1 4 R B S K l 4 9 ~ ~ S F P B  S S P P B  -A1819*  

* n235A 11236A 0238R P 0 2 3 9 A P ~ 2 U 0 4 ~ 0 2 U 1 A P U 2 4 2 A 0 1 6 A  * 

6 .17000E-01  3 . 7 3 1 0 0 F - 0 1  1.000COE-02 2 . 0 3 6 2 5 E  09 6.89180E O R  1 . 5 0 3 3 8 5  08 
l . U Q 2 0 0 E  0 7  1 . 2 2 5 0 0 3  0 6  8 . 6 5 2 0 0 n  OU 5 .000U5E-03  

U D  / 
* U 2 3 5  0 2 3 6  '5238 PU239 PUZUO PO241 DLl2U2 316 N A 2 3  Cr i  * 
*)IN55 F v  N I  X E 1 3 5  F M l U 7  PMlUBNPBlU8 $MlU9 NSPP S S F P  * 
* - a i 8 1  C P  P E  NI 3 2 7 5  3 2 3 6  11238 p ~ i 2 3 q  P I J Z U O  p u z u 1  * 
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* ? 0 Z U 2  016 N A 2 3  CR E N S 5  F J  N T  .?e135 PfYlU7 P ! l l U a f l *  
*PN14R SM109 NSFP SSPP TAlEl  C ~ T N X ' j C ~ r H X ~ C I T S R S C I ~ ~ ~ s ~ I T ~ x ~ *  
* C I T N X S C I T N X S C I T N % S C Z T " K S C T T N  C 'I TN Y S C 1 'PN X S C 1 I' N XS C 1  T NXS 4 
* C T T N X S C I T N X S C I T Y K S C ~ T ~ X S ~ ~ r ~ ~ ~ ~ I T ~  
* C L " N X S r L T N X S C I T N % S C Z T " K S C I T Y  
* C I T N X S C I " N K S C I " N X S C ~ T N X S C I T Y Y S C L T N ~ ~ ~ ~ I ~ ~ X S  E T P N X S C L T N X S *  

*32 3 3  35  5fl 6 3  6U 6 5  h'7 7fi ? 7  * 
*81 1 3 1  1 3 3  1 3 5  I 0  1 1  1 2  l u  15  16 * 
*17 2 3  2 5  31 3 2  3 3  35 5R 6 7  h U  4 
* 6 5  6 7  76 77 8 1  * 

2 . 3 5 9 0 0 E  3 2  2 . 3 6 0 0 0 E  0 2  2 .38000E 0 2  2. 3?00UE 0 2  > - U 0 9 O C ?  02  2 .41000?  0 2  
2.47000E 0 2  1 .58600E 01 2.279COP 5 1  5 . 1 5 5 W E  0 1  5 . 4 4 7 7 0 E  0 1  5.5360OE 0 1  
5 . 8 2 1 0 0 F  0 1  1 . 3 5 0 0 0 9  0 2  7.470003 02  1 . 4 X ! ) O O E  0% % R  1 . 4 9 0 0 0 2  0 2  

2.35 '3002 9 2  2.36300F 0 2  2 . 3 9 0 0 0 f  0 2  2 - 3 Y 0 0 3 E  02  2.UO000E 0 2  2.U13007 02 
2.112000E 0 2  ' 1 - 5 8 6 0 0 E  0 1  2.27YDOF 0 1  5 . 1 5 5 0 0 3  11 5.UU7Ol!5 0 1  S .53600E 01 
5.921 '10? 0 1  1.3500r)B 0 2  l . l i70002:  02 1.U890SE 0 7  211 l .UYOL'0E  0 2  
0.p 2R 1,R10OOP 0 2  3.230COE-11 3 .2q730Z-11  3. 31COOF-11 
3 . 3 0 0 o c ? - i i  3 . 3 ~ n u o ~ - i i  3.  3 ? o o o ~ - i i  3 . 3 ~ 0 0 0 ~ - i i  0.0  1 7 R 
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4 . 0 0 3 0 0 3 - 0 2  3.03OOOE-01 . 3 .00?@0F-02  1 . 2 3 5 0 0 3  30 8.12200Y-01 4.:3HOOOE-1!1 
1 . 8 6 6 0 0 8  0 0  1 . 5 3 5 0 0 3  0 0  1 .67600E 00 1.51900E 00 ".0 2. ~ ~ O O O E - O ~  
2. 2 f inooa-o l j  1. Y ? O D O E - O U  ~ . O R O O O E - D S  1 . R ~ O U O E - O ~  0.3 1 . 4 6 0 0 0 F - 0 7  
0.0 2R 1 . 2 3 0 0 9 3 - 0 2  0 . 0  39 Z . ~ ~ O O O ~ - O S  
5.999909-05 1.8??0OE-'l6 1.23900F 00 R.OOU00E-01 4 . 1 4 3 0 0 5 - 0 1  1 . 9 6 6 0 0 P  0 0  
1 .q2900E 0 0  1.6YU90E 00  1 .50900E 00 0.0 3.165006:-06 3.050003-05 
l.R?C00E-1U 7.RUFOOE-05 2.520003-06 0 . 0  3.67UOPE-03 
0.0 2 R  l . Z R O O O f - O ?  0 . 0  ?X 2 .71000E 00 
2 .73000E 0 0  2R 3.22000E 0 0  3.140r)OE 00 3.2'7000E 0 0  3. lROO0E 00 
@. 0 2 .00000E 0 0  SR 0.0 

2.000POB 00 3R 2.71000E 00 2P 2.703006:  07  3.210031: 00 
3 .13000E 09 3.26000B 0 0  3 . 1 6 0 0 0 2  00 0 .0  Z.'ID:OOE 00 SR 
0.n 2.0?701)OE 00 n.O 21 2 , O O O O O E  00 
0.0 38 6 .17000E-01  7 9  0 .0  
6 . 1 7 ~ 0 0 ~ - 0 1  5 9  0.0 6 .17000E-01  0 . 3  2R 
6 . 1 7 0 0 0 3 - 0 1  9 .0  39 6 .17000E-01  10A 0 . 0  
6.170001:-01 l j R  0.0 6 .  17000E - 0 1  0 .0  22 
6 .  17000E-01  0.0 3F 
iD 1 . 7 8 0 0 0 r  O S  8 . 7 6 9 0 0 F  00 R.13000E 00 7 .78000E 09 7.51)000E 0 0  
8 . 1 7 7 C G E  0 9  7 . 2 9 0 3 0 8  00  3.610OOE 00 '3.46000E 00 3 . 9 1 9 0 0 8  O C  &.83000!? 00 
2 . 9 D r C 9 -  '33 U . 6 0 0 0 0 E  00 1.00000F-03 6 . 2 8 0 0 9 E  3 0  8 , 5 8 0 0 0 E  D O  2 .22000P-01  
8 .2600CE 0 0  5.0n000F-02 P.00OOOE-01 6 . 0 0 0 0 0 E  03 3 .81900E 00  2.YOOnOE 00 

2.00000E 0 0  
0.0 2 ~ :  2 . 0 0 0 0 0 ~  o c  0.0 38 

. . . . . . . . . . . . . . . . . . 
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2.64COOE-01 3. OU6005-07 1 .57300E-01  1 .46000E-01  1 . 8 5 3 0 0 E - 0 1  1 . 9 0 3 0 n E - 0 1  
1.230OOE-01 0 . 0  5.11@0@F-'3 '4  5 . U 8 0 0 0 E - 0 3  9 .6030PE-03  7 . 0 5 0 9 0 5 - 0 3  
1.05'COF-O2 1 . 0 0 0 0 0 E - 0 7  3.81000W-01 8.58COOF 90 2.22000E-C1 4 .83000E-01  
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1.693CCD-01 0 . 0  1 U Q  2.46FOOE 00 2.51000E 0 0  7.U9000E 30  
2 .93000E 0'3 2 .961002  3 0  2.980COF 00 2.92000E 00 0.0 11r 
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1 . 4 6 0 0 0 F  0 1  2.94OOOp-01 1 .33000F-02  0 . 0  2R 1.OOOOOE 01  

2 R  

2.OCOOOE-01 1.00000E-01 
O V  EXPOSE 
1 D  0 1 U O 2 2 1 5 5 0 0 0  
2D / * RQEFDER REACTOR SXDOSITRE 
*11235 * ‘0236 * *[1238 * 
* P l l U l  * * S M 1 & 9  * tNSFP * 
3D 1.0+5 0.0 / PER 

3.”6 0 . 5 + 6  / G E R  
1 2 3 U 5 6 7 / IFS7.P 
8 9 10 11 12  / IPPR 

10 0 3 3  0 1 1  1 0  0 

D9TA 
*ea239  * *PIT240 * *PU241 * *PU2U2 * *XE135 * 
* S ~ P P  * * p n l u p n *  * p n i u a  * 

* 

6 8 9 1 3  1 U  / I D C Y 9  
O D  1 . 6 8 9 - 9  2.093-5 8 .289-0  1 .976-7  l . U 8 8 - 6  / DECAY COWSTARTS 
5D ( 0 . 0 7 1 5  0 .06  0.06 0.0715 0 . 0 6  0 . 0 7 1 5  0 . 3 6  / XE135 YIFLD 

0 , 0 2 1  0 . 0 3  0 . 0 3  1 . 0 2 7  0.03 ‘3.F27 0.03 / PE147 Y I E L D  

1 . 5 0 1 1  1 .5466  1 . 5 4 6 6  1 . 5 0 1 1  1 . 5 4 6 6  1 . 5 0 1 1  1 . 5 4 6 6  /’ NSPP YIELD 
‘3.013 0.02 0 . 0 2  0.013 0.02 0 . 0 1 3  0.02 / s n i u q  YIBLD 

0.013~ 7~ ) 2 3  / SSPP r I T L o  
613 / I A T R I X  EXWNENTTAL O R  AVERAGE GFNERRTION PATE 

3 U 2  0 5 2  5 6 2  6 1 2  1 2 2  / 
9 1 3  9 0 0 0 0 2  13 1 0  2 9 14 1 0 0 0 0 2  1 4  10  2 1 2  1 1  2 / 

3 2 U 2 5 2 6 2 1 0  / 
1 2 2 0  / 
9 9 0 0 0 0 2  13 2 1 0  3 / 
9 1 0 0 0 0 2  1Q 2 -10 0 / 
8 0  / 
1 2 2 1 1 0  0 / 

8D / BASIC EXPLICIT CHAINS 

C TflE D A T A  T R  9 D ,  lo@, 11D RECORDS IS F I C T T T I O O S  f 
9D 0.0 5 R  5 . f l  0.516 O . l t 6  0 . 8 + 6  1.016 

10D 7 . 0 1 6  6 . 0 + 6  5.0+6 U . O + 6  3.016 2.0+6 1 .016  

11Il 6 . 5 + 6  5 .0+6  tl.R+6 6.5+6 5.U+6 6 .2+6 5.016 7 .916  5.0*6 6 R  

7 . 0 + 3  0 .416  0.116 1 . 0 1 6  1.016 9.013 1 . 0 4 6  0 . 2 ~ 6  1 . 8 + 6  2 . 0 + 6  

13.116 0 . 2 ~ 6  0.36 O . U + 6  0.5+6 0 . 6 + 6  0 . 1 1 6  2.016 7R 

0.0 14R 1,0+6 1 c l R  
STOP 

...--_TI...*. - . _. . . . . . . . ... 
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P 4  E D P I V F R E  

DQIVZPS 1 " = \ - " 9  

" 9 1  1 - 1  
250 3 .  Ct6 0 . 9 7  c . 5  1 - 2  

1 - 3  
1-11 

1 "  I? w 1 - c  
1 1 1 1  c 0  1 1 0 1  1 - F  

" " 2  2 -  1 
2 - 2  

r 1 3  2 -3  
2 -u  
2 - 5  
2 - 6  

0 0 7  3 - 1  
7 1 2 2 i ~ n i i n o n 9  3- 2 

n. 3 3 - 3  
r r u  4 - 1  

2 9 1 . 2 2 1 7  2 3 7 . 7 8 4 7  2 28 .0940  2 13.119311 2 1 2 . 5 0 6 6  2 3 0 . 9 3 0 0  U - 2  
n u- 2 
2 70 .3no7  1 1 8 . 1 1 ~ 0  1 ~ P . O O O C  2 2 2 . 0 3 0 1  2 2 2 . ~ 0 0 3  4 - 2  

r'0q 5 - 1  
27 2 2  22 2 2  22 2 2  5 - 2  

P 10 12 1 6  2 ?  2 1  5 - 2  
i a 1 1  i c .  14 2 1  5 - 2  
2 u h 1 u  10 2 1  5 -2  
1 3 5 1 7  17 2 1  5 - 2  

r 1 2  12-  1 
C 1 2 - 2  
1 2 1 1 0 1  1.0 1 2 - 3  
7 u 1 1 0 2  1 .0  1 2 - 3  
5 5 1 1 7 3  1.9 1 2 - 3  
7 8 2 1 3 u  1.0 1 2 - 3  
9 1" 2 1 q q  1.0 1 2 - 3  

1 1  1 2  2 1 7 6  1 . 0  1 2 - 2  
1 3  1 6  2 1 9 7  1.0 12 -3  
1- 20 2 1 0 9  1 . 0  1 2 - 3  
2 1  2 1  4 1 0 9  1 . n  1 2 - 3  
2 2  2 2  u l l n  1 .0 1 2 - 3  

0 1 2 - 3  
? 1 3  1 3 - 1  

21 1 3 - 2  
2 1  1 3 - 3  

N T - 4  RF1354PllU'AQn48nADMlU~ASmlU9AN~FPA S S F P A  T A l 8 l A  1 3 - 4  
2 1  1 3 - 3  

123 '8  11236B 1 2 3 9 8  P 0 2 3 9 P ~ U 2 U 0 8 ~ l 1 2 ~ 1 B 2 0 2 U 2 ~ 0 1 6 B  NA23B C R - B  I N 5 5 E  FE-B 13-U  
VI-F X F 1 3 5 B P ~ 1 4 7 E U ~ 4 B ~ B P ~ l U ~ 8 S Y l 1 1 ~ B N S F P B  SSPPB TA191B 13 -U  

U 1 3 - 3  
N 4 2 3 A  F F - 4  i E . - a  YI-P 13-U 

U 1 3 - 3  
" P V B  P n - 8  C @ - E  VI-P 13-U 
0 2 0  20 -  1 

1 '  2 0 - 2  

11275E 112361 1 2 3 8 9  P U 2 ~ 9 A D U 2 1 1 3 R P n 2 4 1 R P U 2 4 2 R 0 1 6 A  NAZ3A C P - A  " 5 5 A  FF-A 1 3 - u  

D 2 7 5 S  2 . 2 8 7 0 - 5 0 2 3 8 A  7. 50U3-3PlJ239A 9.5771-UPU240A 3 .3576-U  2 0 - 3  
3 n 7 U l P  6 .U215-qDU2U2A 2. 5 5 9 1 - 5 0 1 6 A  1 .7600-2N423R 9 . 0 5 5 5 - 3  20 -3  
P E - 4  9 . 7 8 5 6 -  -1CR-A 2.618,-3YT-A 1. 3783-3TR181A 1 . 0 0 0 - 1 0  20-3 

20- 3 

" 2 7 5 4  2 .3915  5U238R 7.9475-3P11239R 9.9061-11PU200R 3 . 8 2 6 8 - 4  20 -3  
D I1 2 U 1 9 1 . 3 6 4 3 - 2 Y A 2 3 4  8 . 4 0 3 2 - 3  2 0 - 7  
P F - A  10.0856-3CR-A 2 . 6 9 9 3 - 3 N I - A  1 .11206-3TR lE lk  1 .000 -  13 2 0 - 3  

2 0 - 3  

3 u  2 3 - 2  

7.7 27 1 - 5 0  U 2  U 2 A 2 .  9 20 1 - 5 01 6 A 

5 6  2 0 - 2  
n235Ll 2.3573-5U23A9 7 . 7 3 5 5 - 3 0 0 2 3 9 A  1 .1587-3PU240R 11.4748-11 2 0 - 3  



Dn2U 1 L 
PE-4 

7 8  
11235B 
cp-8 

'12355 
CF-R 

02358  
C"-I3 

11735B 
CQ-B 

9 1 0  

11 1 2  

13 20 

21  22  
r a 2 3 ~ 1  

0 
E N D  

DOTtTN 
FXPTNS 

0 0  
-1 1 

1 1  
8tr lNS 
F NP 

DUT'LIII 
E 7 1'1 N S 

0 0  
1 1  

1 0  
BLLNK 
EN3 

8. 57bI3-SPU2UZA 
19.1725-3CY-A 

2 .8395-  5 U 2 3 R R  
2 . 5 1 8 7 - J Y T - 8  

3 . 0 0 9 2 -  TjU2393 
2 . 6 9 9  3 ~ 3NZ-H 

3.0 5u 2 - 5 TI >3 8 a 
2.722-3-3x1-B 

4.3183 5U238B 
2.65R2-3WI-B 

1.0947-2PE-B 

0 1 2  0 9 6  
75.0 0.0 
0.0 0.0 

1 0 1 2 0 0  
1 1 1 1 0 1  

0 0 0 1 0 0  

0 1 2  0 96 

0 . 0  0 . 0  
0 0 1 2 0 0  
1 r l l l O O  

o f l r ? o o o  

7 5 . 9  0.9 

3.11 1 (. 8 - 5 0  1 6A 
2.1223-3x1-A 

9 " 3 176 - 3 v.4 2 3 6 
1. 3 7 8 ~ ! - 3 0 1 6 8  

9 "  0 7 4  7-3 NA 2 3 B  
'1 . 9 2 0 6 - 3 0 1 6 9  

1 0 . 0 2 2 2 - 3 1 9 2 3 8  
1 .U320-30168  

1.0170-2MA238 
1. 3941-3 r ) lhB  

3 . 0 7 1 5 - X ?  -E 

0.0 
0.0 

G O 0 0 0 1  
0 0 1 0 0 0  

0 0 0 1 3 0  

e.  0 
0.0 

0 0 0 0 0 0  
' ) 0 0 0 0 0  

O O O O O @  

1.8553-2NR23A 
1. U 328- 3TA 1 8 1R 

9 .3585-3FL-B 
1.136 92-7 

8 .4032-3PE-R 
1 . 3 Y 1 0 - %  

8 . 2 2 7 5 - 3 P 3 - 8  
2.0 1 0 5 - 2  

U. 2 2 4 U - 3 Y 3 . - B  
2 ~ 8 4  26-  2 

8 . 2 1 9 5 - 3 N I - P  

0.0 0.c 
9.O 1 . 0 + 3  

0 0 0 4 0 c  
0 3 0 0 o c  

0 0 0 ' ) O Q  

0.D 0.0 
0.0 F.0 

0 9 0 - 4  3 0 
0 0 0 0 3 0  

0 0 0 0 3 0  

8.21757 2 0 - 3  
1 . 0 0 0 - - 1 0  2 0 - 3  

2 0 - 3  
20-2 

9 . 9 8 5 6 - 3  2 0 - 3  
2')-3 
2 0 - 2  

1 0 . 0 8 6 6 - 3  2 0 - 3  
20-3 
20-2 

IO. 1 7 2 6 - 3  % ( j - 3  
2 0 - 3  
20 -2  

9 . 9 3 7 3 - - 3  2 0 - 3  
20 -3  
20-2  

4. 3761-3  2 0 - 3  
20- 3 
2 3  - 2  

DRIVEFE 

DFIVERS 

0"0 
1.0+5 

O 0 p 0 1 - 2 4  
0 0 0 c 2 5 - U H  

u5-72 
0 0 c 0 73-96 

P P T V E B E  

D H l Y E R S  

0.0 
0 . !I 

0 0 r) 0 1 -24  
0 O 0 0 25-119 

09-72  
0 0 0 0 73-36 

DBTVERE 

MODULF CONTROL1 TS PTNISAZO. USER COYPLFTION CODE 0530. CPO ?THE USED 33.79 ( 5 3 l 3 N l S ) .  1/0'5 USED 6721 

mODULE CONTROL1 W I L L  Y E  CALLED T I * E  OF D A Y  1 .57 .42  DATE 7 8 . 3 3 6  

G A S  C O O L E D  R E R C I O R  P R O a L E f l ,  (7 -D  f lODcLCD KS 2-D)  B D X N E H  C D D E  TFST C A S E  
1 10 1 

1 2  2 6 2 7 1 3 - 2  3 3 2 7 1 3  7 - 2  3 0 

F YD 

INPUT PROCESSOF 
c v  'LSOTXS 

ID u 20 0 3 2 R  1 1 4 
7 D  / * FOUB GROOP AICROSCOPTC GAS COOLED REAC"OR CR3SS SECTIONS * 

*BURNER CODE C I - 1 3 ~ X E - 1 3 5 P f l - l 4 7 P K l ~ ~ M ~ ~ - ~ ~ 8 S ~ - l ~ 9  V - 2 3 6 t  * FP2 PP1 TR-232THX132PA-233 0-233 11-234 U - 2 3 5 *  
*PK-lU9ND-IU3 H E  AECVFL* 

q.672?00E-01 3 .27516E-02  5.46603E-09 9 . 8 5 4 2 4 3 - 1 3  1.193471: O ?  1 .049U3E O R  
6.19C99E 0 6  5.09968E 0 5  1.119183E 07 1 . 8 3 1 5 5 3  05 5.829117E 0 2  1 .85540E 00  
5.00OOOE-03 

C 6 1 2  7 U  20 22  2U 3 0  36 3f i  UO U 6  52  5 8  6 U  7 0  7 6  a 2  88 9 3  
UD / 

..... . , 



06-12 

*ooooo  AnPx 0’300 * 
C . 0  3R 9.OCOOOE 0 2  0 .0  2R 

c 3P 1 0 UP 1 2 9  0 2R 1 
7 7 1 5 R  2 3 4 1 2 3 R  
1 2 3R 1 2 3P 1 16R 

5P 2.U6U95E 0 0  U.351729  0 0  U.U998UE 00 5.2U901E CO 2 .80576E 0(I 
U.63323E 00  U.75U155 0 0  U.76155E 00 7 .711U9E-07  8.U0718E-06 1.U2501E-OU 
1 . 7 2 6 2 7 E - 0 3  1 .57589E-04  0 . 0  3R 
7D 2 .61137E 00  U.53929E 00 1 . 9 4 2 1 1 5 - 0 1  4 .63977E 00 1.238’395-01 
2.55U81E-07 U.75962E 0 0  1 .14203E-01  0 . 0  6.3372UE- 1 C  
7D 1.022UUE 00 9 .  U7622E-01-1.611U3E-01 8 . 9 8 7 3 6 E - 0 1 - 1 . 0 9 7 0 1 F - 0 1  
0 .0  - 1 - 0 1  167E-01  
7n U.5598UE-0 1 5 .683125-02-  3 .07351  E-02 U . 5 9 4 7 7 ” -  02 -1 .36  361  E - 0  2 
0. @ -1. 2‘456UE-02 
TL! 6 . 2 2 0 7 4 E - 0 2  9.U3820E-04-2.0U589E-03 1 .491UlE-04-6 .1234UF-04  
0.0 -7 .56086E-0U 
UP / 

*ooooo  a n p x  0000 * 
0.0 3 R  9 .00000E 0 2  0.0 2a 

0 2R 

1 16R 

0 3 R  1 2R 0 3 R  1 2R 
1 2 3 1 5q 2 3 U 1 
2 3 R  1 i 7R 1 2 35 

5D 3 . 1 3 2 0 9 5  0 0  3.49211E 00 3 . 5 6 2 2 2 3  00 11.26628.5 00 3.57817E 00 
3.5921173 0 0  3.71071E 00  3 .85076E 00-1.3101273-13 1.8530UE-07 q.U7002E-06 
7 . 8  1 3 8  173-95 2 .36  1 7 0 8 - 0 1  F. 0 3R U. 1394873-06 
0 . 0  3R 
7n 3.U3969E 0 0  3 .51929E 00 1 .36078E-01  3.6U207E 00 7 . 2 8 1 0 6 ? - @ 2  

7 . 0 8 4 0 8 5 - 1 1  8.n09639-08-3.85OUUE 0 0  6.8627UE-02 0.0 
7 n  1 . 3 7 8 2 3 ~ :  00 3 . 9 ~ 2 0 3 9 - 0 1 - 1 .  ~ 7 2 3 3 ~ - 0 1  5 .27982E-01-6 .66327E-02  . -  
0: 7 -6. 275158-02  
7D 2 .00541E 00 8 .83380E-03  1 . 0 6 6 9 9 9 - 0 2  2 . 2 8 8 1 5 E - 0 2 - 5 . 9 6 6 3 3 E - 0 3  
c.0 - 5 . 6 7 0 3 2 E - 0 3  
7D 3.4884173-01-3.38483E-03 6 .080605-04-3 .32363E-03-3 .00659E-OU 
c.0 -3 .75276E-0U 
UD / 

* O O O O O  a n p x  0000 * 
7 . c  3R 9.00000E 02 0 .0  2R 

5D 0.0 1.5702UE-05 3.639U7E 0 1  1 .11992E 06 3 .0  
1.‘7025E-05 3 .63948E 0 1  1 .11993F  06 0 . 0  1 . 5 7 0 2 5 E - 0 5  3.639U8E 0 1  
1 . 1 1 9 9 3 E  0 6  

0 R R  1 28 0 4 l R  

U @  / 
* 0 0 0 0 3  AHPY 0000 * 

8 .28900E-09  0.0 2R 9 .00000E 0 2  0 .3  2R 
0 51) 1 0 2 R  1 2 P  0 2R 1 
2 3 1 5 R  2 3 2 
1 2 3R 1 2 39 1 16R 

1 2 3R 

5n 6.3335673 00 2.24317E 0 1  U.59573E 02 1 . 0 2 0 6 5 9  02 6 .37194E 00 
2 .25075E 0 1  4.6909UE 0 2  1.ClRUUF 0 2  2.6UUlUE-01 6.3U250E OC 3.U511UF 02 

7Tl 6.C0819F 0 0  1.61376E 01 9 .95159E-02  1 .14969E 02 2 . 7 3 5 7 2 E - 0 2  
1 .05621E-06  0.0 1 .11237E-02  
9 D  9.71UOOE-02 2.U2U3173-01-2. 3 9 7 7 9 E - 0 2  1 .58928E 00-2 .02812E-02  
0 .0  -1 .12029E-02  
7D 5 .70030E-02  1 .93196E-01  9.906UU5-04 1 ,3846UE 00 8.67579E-C4 
0.0 2.  UU6UUE-011 
7D - 2 . 0 7 5 8 3 E - 0 3 - 1 . 9 3 1 8 6 ~ - 0 2  3 .58152E-04-5 .8792UE-02  1 . 1 8 7 0 8 9 - 0 2  
F. 0 -5.02103E-0U 

1.C18UUE 0 2  3.09018E-OU 0.0 3R 

LID / 
* o o o o 3  a w x  0000 * 

2R 9 . 0 0 0 0 0 9  02  0.0 2R 

5D 5 .20293E 0 0  U.35190E 0 2  U.52295E 0 3  1 .16523E 00 5 . 2 0 2 9 3 E  00 
U.35190E 0 2  U.52296E 0 3  1 . 1 6 5 2 3 F  OU 5 .20293E 00 U.35190E 02 U.52296E 0 3  
1 .16523E 04 

i . 9 7 6 0 0 ~ - 0 7  0.0 
0 U l R  0 8R 1 2R 

OD / 



06-13 

+ 9 @ @ 0 3  Af lPX 0000 * 
l . U 8 8 ~ 0 " - 0 6  0 . 0  2R 9 .00000E 0 2  0.3 7 R  

*I R R  1 2R 0 41R 
5 D  1 . 3 U R R 6 ~ - 0 1  8 . 0 3 7 1 5 3  0 2  7.U1230E 0 3  6.U73519 02 1 .3U886F-01  
9 . "3715E 0 2  7.U1201E 0 3  6 . 4 7 3 5 2 P  0 %  1.3UR86E-01 f1.03715E 07 7.U1201E 0 3  
6 . 4 7 3 5 2 2  0 2  
U D  / 

*90000  AflPX '5000 * 
*.O 38 9.00000" 02 0.0 2R 

3 3 R  1 3R 0 75 1 2R 0 2R 
1 2 3 1 5R 2 3 ?e 1 
2 7R 1 2 3R 1 2 3F 1 16R 

50 6.1987UE 00  2 . 1 7 3 b I F  0 1  Z.ZC188B 0 2  3 . 5 5 9 8 1 E  04 7 .29U913  00  
2 . 1 7 1 1 8 3  0 1  2 . 2 0 5 8 0 3  0 2  3 .55977E 04  1 .0U199E-01  U.723083 00 1.U9346F 02  
3.5398143 o u  U . I ~ ~ U ~ F - O S  0.0 3 4  U. 132U2E-05 
0 . 3  3Q 2 . 8 6 1 7 9 6 - 0 3  0 . 0  3R 
7 D  6 . 7 5 3 1 5 7  00 1 . 6 9 1 6 2 F  0 1  3 .399f i lE -01  7 . 2 2 1 0 7 2  01 3 . 2 5 3 0 9 1 - 0 2  
3 . 6 6 8 4 7 a - 0 5  1 . Q Q 3 0 8 F  0 2  2.30U9RE-02 9.6D831E-09 
7D 00- 8 .1  E 3 36 9- 0 2 
n.0 - 2 .29  129E- 0 2  
7P 7.9162RF 0 0  2 .20639E-01  1. U~O68E-D2-7.7336~E-0~-R.~59fiOE-O~ 
0.0 - 1.07 1 UUP-0 4 

O . @  -2.Q1547E-OU 

3.2885 1E 0 0  - 1.29 2 8  U E - 0 2 -  3 - 74 0 93  E - 0  2 1 . 2 7  7 I j U  E 

7~ U . ~ ~ O R ~ F  0 0 - 2 . 9 1 0 0 9 ~ - 0 2 - 7 . 1 5 ~ 1 5 8 - 0 3 - 2 . 1 1 0 6 3 ~ - 0 1  9 . 9 8 2 5 3 3 - 0 6  

4n / 
*0coo9 4NPX 000c * 

0.0 3R 9.50000P 0 2  0.0 2R 
1 2R 0 2ii 0 1 2R 0 2R 1 

0 24 1 2 3 1 511 2 3 2 
1 2 3R 1 2 3ir 1 2 7R 
1 I 6 4  

Sn 6 , 4 5 3 9 2 E  011 1 . 6 1 3 0 2 F  0 1  7. 31880E 01 1.2289AP 0 1  3.59539E 0 0  
1 . 6 0 3 6 6 3  0 1  7.3UlYOE 0 1  1 .20661F  01  2.331ULP-01 1.5815UF 0C U.8272rE 0 1  
2.6913UE 90 3. 355813-01  0 . 0  3R 2 . 6 7 1 9 9 8  00 
0.0 311 9 .67491E-01  3 .25034E-92  0 .3  2R 
1 . 9 0 9 0 3 8 - 0 3  0.0 3 R  
70 7 . 8 9 2 2 9 3  0 0  1.18090F 01  2 . 2 5 6 2 2 F - 0 1  2 .51356E 91 4.600623-02 

7 @  A .  U2U3% 0 0  9.30622E-01-1.7Q70RE-02 7 . ~ 9 5 0 8 8 - 0 l - U . 5 7 0 8 1 * - n Z  
6 . 6 3 5 u = ~ - o a  9 .374733  on 1 . 1 3 7 3 3 3 - 0 2  

.- - 
0.0 -1. 13259E-02  
71) 5.81 333E 0 0  1 . 7 0 2 1 7 8 - ' I 1 - 3 . 2 4 S 4 1 ~ - ~ 3 - 1 . 3 9 5 3 9 E - 0 1  - 2 .  R76RRE-04 
0.c 7. 15092E-05  
7D 5.46002E 00 6 .9236UE-07-7 ,52168E-04  1.35115X 0 0 - 1 . 3 2 0 7 3 B - 0 5  
P.0 -1. 85689E-OU 
OD / 

*00000 AMPX 0000  * 
0.0 3R 9.9COOOF 0 2  0 .0  2R 

5D 1 . 9 6 9 6 7 F - 0 2  2.U3616E-01 1 .01253E 00 4 .79472E-01  1 . 9 6 9 6 7 E - 0 2  
2 .u3616E-01  1.0125' iE 0 0  U.7QU72E-01 1 .969678-02  2 . 4 3 5 1 6 2 - 0 1  1 .01253E 00 
8 . 7 9 4 7 2 F - 0 1  

0 8 R  1 2x  0 41R 

UD / 
* O O O O O  A V P X  0000 * 

0.0 3~ 9.onooa'E: 0 2  0.0 28 

5b 6 .86115E-02  7 .088 lUE-01  1. 1 3 3 7 3 3  01 6 . 1 9 3 5 5 F  00 6 . 8 6 1 1 6 E - 0 2  
7.08AlUE-01 1.13373F 0 1  6 .19355B 00 6 .86116E-02  7.OR81UE-01 1 .13373E 01 
6 . 1 9 3 5 5 E  00 

0 9P 1 211 0 U 1 R  

4n 
*OOOl2 AMPX 0000 * 

n.0 311 9 .00000E 0 2  0.0 2R 
0 1 29 0 2R 1 3 2R 1 2R 
0 2P 1 2 3 1 5 R  2 3 2 
1 2 3R 1 2 3R 
1 16P 

1 2 3R 

5D 6.7U676E 0 0  1.U73B9E 01  2 . 6 1 2 1 4 1  01 1 .58802E 01 7 . 7 0 1 9 7 2  00 



1.U4R7CE 0 1  2 . 6 1 6 6 0 F  0 1  1.5561187 0 1  1 .32916E-01  1.07U00E 00 7.C8836E 00 
7 .0U295n  0 0  3 .65095E-02  0.0 3 q  2 .38770E 00 
n. n 3R 9 . 6 6 7 2 6 E - 0 1  3 . 3 2 7 3 5 9 - 0 2  0 . 0  2R 
U.9227CE-33 0 . 0  3R 
7E 7 . 3 9 7 9 0 9  0 0  1 .77752E 0 1  2 . 1 Q 1 2 4 E - 0 1  1 .90617E 01 3 .78033E-02  
3.UEqUqE-06 1 .25215E 0 1  1 . 5 8 7 8 6 F - 0 2  
7 p  7 .10561E 0 0  U.579925-91-2.  1 5 0 8 1 E - 0 2  1 . 7 6 2 0 8 E - 0 1 - 3 . 5 R 8 8 0 9 - 0 2  
F . ”  - 1 . 5 9 7 3 2 E - 0 2  
ln 2 . 8 7 9 1  2F 0 0  1 .37820E-31-  1 . 1 1  8 0 0 E - 0 3  2 . 6 7 8  11E-32  2 .57  1 1 6 E - 0 3  
n . 3  3. 31 132E-OU 
7D 2.OBU31F 0 0  3 . 9 9 0 8 3 9 - 0 2  1 . 1 9 9 4 1 ~ - 0 4 - 4 . 6 6 2 6 4 E - ’ l 3  2 . 9 6 1 4 9 F - 0 3  
n. 0 - T .  151793-0U 
u9 / 

*no012  47PX 0 0 0 0  * 
0 . 0  3R 9 . 0 0 9 0 3 5  0 2  0.0 2‘( 

3 1 2a 0 2P  1 0 2P 1 29 
9 2F 1 2 3 1 5 P  2 3 2 
1 2 3R 1 2 39 1 2 3 R  
1 16R 

5~ F . - I u ~ ~ ~ E  0 0  1 . ~ 7 1 ~ 7 ~  ~i 2 . 5 0 ~ ~ 6 ~  01 1 . 5 8 ~ 0 2 ~  01 7 . 7 8 1 9 9 8  o e  
l . U R f i 5 7 v  0 1  2 . 5 1 2 9 2 9  0 1  1.556UEE 0 1  1 . 3 2 9 1 6 9 - 0 1  1.0537UF O C  6.051UEE 00  
3.‘l‘129UE 9 0  3 . 6 6 0 9 6 9 - 0 2  0 . 0  3R 2.3877CE 00 
0.” 39 9 .66726E-01  3 .32735E-32  0 . 0  2 8  
U.42272E-03 0 . 0  3 R  
7D 7 . 3 9 7 7 Z T  0 0  1 .37751E 0 1  2 . 1 9 1 3 7 E - 0 1  1 . 9 0 6 1 9 F  01 3 . 7 8 0 3 2 E - 0 2  
3 . 4 6 4 5 2 r - O F  1 .25217E 0 1  1 . 5 8 7 8 6 9 - 0 2  
711 3. 1 0 % 3 v  0 0  U .579378-01-2 .  1 5 0 8 2 8 - 0 2  1 . 7 8 2 0 9 E - 0 1 - 3 . 5 9 8 7 9 8 - 0 2  
0.” -1 .5Q732E-02  
7D 2.87914’: 0 0  1.~7820~-01-l.llfl00E-03 2 .67839E-02  2 . 5 7 1 1 5 5 - 0 3  
0.0 3 .  31 132E-OU 
7l? 2 . 0 8 4 3 2 ”  0 1  3 .990807-02  1 . 1 9 9 U l R - 0 4 - 4 . 6 6 2 7 0 E - 0 3  2 .861U8F-03  
0.0 -7. 19179E-0u  
un / 

*oo!J1’1 A U P X  0 0 0 0  * 
2.921‘lOE-07 0 . 0  2R q .00000E 0 2  0.0 2 3  

0 1 2R 0 2 R  1 0 2P 1 2R 
0 2P 1 2 3 1 5R 2 7 2 
1 2 3 R  1 2 3Q 1 2 3F 
1 16D 

5D 5.71U5UE 0 0  1.31765B 9 1  7 .27738E 0 1  6.5113235 01 7 . 9 6 1 1 6 E  00 
1.3321118 0 1  7 , 2 8 0 9 2 7  0 1  6 .U9819F  0 1  2.2047UE-01 2.UlUU59 00 6 . 0 3 9 3 6 7  01 
5.U9616E 0 1  5 . 5 7 7 5 5 E - 0 1  0 . 0  3rl 2 .71657E 0 0  
0 . 0  39 9 .66726E-01  3 .32735E-02  Q.0 2R 
2 . 1 2 8 2 6 7 - 0 3  3.0 3 R  
7D 6 .82956E 0 0  1 . 0 8 9 1 9 E  0 1  3 . 5 0 7 3 0 E - 0 1  1 . 2 6 9 2 8 9  01 1 .76091E-02  
6 . 8 6 9 9 9 E - 0 6  1.00202B 01  2.2768UF-02 
7D 6 . 7 3 9 8 7 7  0 0  4 .50553E ’11 1 - 1 8 7 6 8 9 - 0 2  1 . 2 2 8 3 7 E - 0 1 - 1 . 3 5 5 6 0 E - 0 2  
q.C -2 .  28105E-02  
713 6 . 8 8 4 5 6 9  00  5 .61  156€-02-8 .3U375?-03  6 . 7 9 7 3 2 1 - 0 2  2 . 2 4 7 3 6 E - 0 3  
0.0 3 .85785E-04  
7 D  U.86297E 00-7 .4U398E-03  5.77399Y-04-9.711169B-03 7 . 5 7 6  16E-03  
0 . ”  -1 .  00U262-03  

4 D  / 
*00012  R K P X  0 0 0 0  * 

0 .0  3R 9 . 0 0 0 0 0 9  0 2  0 . 0  2R 
0 1 ZR 0 2R 1 3 29  1 2R 
0 2P 1 2 3 1 5 a  2 3 2 
1 1 2 3F 1 2 3 P  2 3 9  
1 16R 

5P 5 . 7 U 8 Q l E  0 0  1 .61665E 0 1  9 . 5 2 1 U l v  01 2 .81781F  02 7 . 5 9 7 0 9 E  00 
1 .66390E 0 1  9 . 5 2 8 7 0 1  0 1  2.81U63E 0 2  9 .98576E-02  7 . 2 6 2 3 3 u - 0 1  1 .55603E 0 1  
2.U8U34E 0 1  1 .99326E O C  5 . 8 8 1 1 3 3  @ n  6 . 7 7 7 7 1 F  0 1  2.UU99LIE 02 2.60UO8E 00 
2.E.02QCE 0 0  2.5’3290E 00 2 . 5 0 3 0 0 F  00 9.66726E-01 3 .32735E-02  
0 .0  2R 2 .21612E-03  0.0 3R 
7D 5 . 3 4 3 7 U E  00 1.001U7E 3 1  1 . 5 1 9 3 8 E - 0 1  1.1894OE 01 1.68U919-02 
3 . 4 8 9 1 8 3 - 0 6  1. 252508  0 1  1.6OUU9P-02 



06-15 
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1 . " 9 h ~ @ P - C 9  7 . 9 7 3 8 3 2 - 1 0  1 . 3 7 7 5 9 F - 9 0  7.1584OE-07 1 . 6 4 5 9 2 P - 0 5  6 . 2 8 9 1 6 E - 0 5  
U.F5943"-@U U. 17'791E-07 1 .20033E-05  2 .431U5F-36  5 .63C473  0 7  7 .91755=-C8  
f i .QQ999F-02  2. 21553F-10  1 .12982E-10  1 .2379nF-07  U .070245- lC  R.87089E-10 
3.Q3U18E-13 1 .25R33F-09  7 . 5 3 3 3 0 F - 0 7  1.7597BE-0' 6 .73367 '3 -05  U.9q015F-OU 
2 . 4 9 8 7 9 P - 0 7  6 . 8 0 6 2 9 E - 0 7  1.32846E-OR 2 .42129E-13  1 . 5 8 6 0 3 E - 1 2  6 . 9 9 9 9 9 E - 0 2  
7 .24eR9E-12  3 .66040F-12  8 .50563E-10  3 . 2 n 6 7 2 E - 1 2  6 .3719RE-12  9 .08536E-12  
2 . 7 0 3 0 7 7 - 1 1  2.80091E-Oq U.70028F-98 1 . 7 3 1 6 6 8 - 3 7  4 . 9 5 5 2 5 5 - 0 4  8 .78735E-07  
2 .9499f lE-06  1. 32100E-07  7 .43417E-09  1 .50257E-13  6 .99999E-02  7 .33332E-11  

2 . 9 6 9 5 3 P - 0 8  5 .27534E-97  1 .92492F-06  U.89263P-04 1 . 5 6 3 0 2 P - 0 6  5 . 2 4 4 7 2 E - 0 6  
5. 15'83E-07 5 .  38853E-OR 2.2U6045-Q9 6 .99999E-02  2 .81597E- ln  6 . 6 1 2 9 5 9 - 1 1  
3. ' l11Ufiw-09 2.9539UP- 10 3. 41342E- 10 5 .38721F-  10 5 .70909E-10  1 .  2K4'43E-07 
2 . 3 3 4 5 6 F - 0 6  8 . 6 6 0 4 6 E - 0 6  U.81589Z-OU 1.90932E-OF 9.03120E-CK 1.1U393'-0F 
1.731Q6'-07 1.16464'3 O f 3  6 .99999E-02  5.68U528-10 1 . 1 1 7 9 6 3 - 1 Q  6 .45362E-08  
6 .  Q393RF-10  7 .27771E-10  1 .20288E-09  1.045961"-09 2 .99932E-07  5 . 9 4 5 8 8 3 - 0 6  
2 . 2 2 7 4 2 E - 0 5  U.7427UE-OU 1 .829428-06  1.OF22CE-05 1 . 7 9 0 8 5 n - 0 6  3 .42869E-07  
3.27 '99E-08 6 .99999E-02  7 .02769" -10  1 . 4 1 8 3 5 F - 1 0  9 .82597E-09  1 . 3 3 2 0 8 8 - 0 9  
1 .04Q70F-nO 7.6U579E- 0 9  1 . 3 8 7 0 7 F - 0 9  5 .001157F-07 1 .0605 ' lF -05  4 . 0 1 2 0 9 F - 0 5  
U.682UUF-OU 1 . 5 2 3 2 2 p - 0 6  1 .13553E-05  2.28876E-06 5 . 0 6 1 3 6 E - 3 7  6 . 2 4 5 4 9 E - 0 8  
6 . q 9 9 9 9 F - 0 2  7 .  35970E-10  1.5U126E-10 1 .  221U7t -07  1.1U996E-09 1 . 2 3 0 7 4 E - 0 9  
1 . 6 3 1  F2F-09  1 .53519E-09  f i . 79670E-07  1.51U82F- 05 5 .78  1 Clop-05 U . 63773E-  0 4  
1.1U7UO'Z-06 1 . 1 6 9 7 3 E - 0 5  2 .60872" -06  6 . 2 8 9 3 4 f - 0 7  9 . 2 7 2 1 8 r - 0 8  6.  99999" -02  
6.C51' lP-1 ' l  1 . 5 4 1 7 5 F - 1 0  1 . 3 5 0 7 1 E - 0 7  1 .04705F-09  1 . 2 7 6 0 2 E - 0 9  1 . 2 9 9 4 5 E - 0 9  
7 . 5 0 6 1 5 3 - 0 9  7 .Q2U599-07  1.88353E-D5 7 .23915E-35  4 .60826E-04  7 .64322E-07  
1. 79202F- '3< 2. 7 Q 6 9 5 5 - 0 6  7 . 0 6 4 7 7 E - 0 7  1 .1657SE-07  6 . 9 Q 9 9 Q n - 0 2  4.23RB9E-lC 
1.UU4QaF-10 1 .  3R816E-07 7 .9116UP-10  1 .20035P-09  8 . 5 4 5 2 7 8 - 1 0  1 .U7404F-09  
e . 6 e 9 1 R p - 0 7  2 . 1 3 9 2 8 5 - 0 5  8 . 2 6 1 4 9 F - 0 5  U.59298F-qU 4 . 0 3 8 6 1 E - 9 7  1 .21616E-05  
7 .965f i2E-16  7.UU99OE-07 1. 30105B-07  6 .99999E-02  2.27931:-10 1 . 1 6 1 5 4 F - 1 0  
1 . 3 ~ 5 7 3 ~ - 0 7  u . u u i e i = - i o  a . f i 6 2 5 3 r - i ~  u . i 5 3 8 2 ~ - 1 0  i . 3 2 3 6 3 ~ - 0 9  9 . 0 7 5 5 1 ~ - 0 7  
2 .27601E-95  9. 4116UF-05 3.0 2.1000OE-OU 5 . 0 0 0 0 0 9 - 0 5  
0.0 i 5 ~  2. 1 o o c n E - w  S . O ~ ~ O ~ E - O K  0. c 15P 
2 . i c c n n p - 0 4  ~ . F ~ O O Q E - O ~  0.0 15R 2 . 1 0 0 0 3 E - 1 4  5 .00000E-05  
0 . 0  1 5 3  2. ~ O O O Q E - O U  5. o n o o o u - o 5  0. o 15R 
2 . i ~ i n n ~ - o ?  ~ . O Q W O E - O ~  0.0 15F  2. i o n o 3 y - o u  5 . 0 3 o c * ~ - 0 5  
C.0 15R 2. lO000F-04  5 .00000E-05  0 . 0  15R 
2 . i n 0 0 0 ~  0 4  ' . u ~ ~ o E - o ~  r . 0  15R 2. l C O O O T - 0 U  5 . U O O O O P - 0 5  
n. 0 1 5 9  2. 109OOE-0U 5 .4"0005-05  0 . 0  15R 

0.n 1 5 9  2.10001P-0U 5.U0009E-05 0.0 1 5 R  
2. 1 0 f ' C C F - O U  5.UCnOOE-05 0 . 0  15R 

2 . 2 q ~ c ~ - i i  ~ . 0 1 6 3 6 9 - 0 q  5 . 9 a 3 u 2 ~ - 1 1  q . u 5 u 7 2 ~ - i i  i . i 6 u i o ~ - i o  i . 8 ~ 7 9 f i p - 1 0  

2. i o n n o F - o u  5 . u n 0 0 0 ~ - 0 5  0.0 1 5 ~  2. i i r o n 3 ~ - 3 4  5 .  u ~ o o o ~ - o ~  

2. ; 00003-0U 5.UCOOOY-05 
@.a 1 U Q  
STOP 

E N @  

n C F S D q  CPOSS SEC'"1OI P R O C C T T I N G  
1 1  1 1  

20 1 
'Y-232TH-232 232.  3.18 
71 HI23 2 -9 -23  2 232.  3.1R 
D R -  233DA-22 3 233 .  3 .19  

U-231 U-233 233. 3 .19  
U-23U U-234 23U. 3. 19 
11-235 U - 2 3 5  235 .  3 .21 
n -236  11-236 236 .  3. 26 
c c  12. 
PF H E  U. 

Q"CVFLFFCVEL 1. 
1 - 7 3 5  1 - 1 3 5  1 3 5 .  

XE-135x9-135 135.  

- 1 1  
- 1 1  
-11 
-11 
-11  
- 1 1  
-11  

1 

2 
2 
1 
1 
2 
1 
3 
5 
5 
5 
1, 

4 



06-19 

143.  
1u1. 
1U8. 
1 4 8 "  
1 UQ. 
149.  
1 1 6 .  

F P 2  FP2 116, 
EYP 

P U T L I N  BOD'JLE C 0 4 T R O L  I N S T X n C ~ I O Y S  
F X D I T '  CI 36 0 1 2  

1 0 0 ' ) .  

1PO". 1200. 1125.  
0 0 1 ~ 1 1  

1 1  
c 0 1 7 2 2  2 2 8 9 1 o 

FND 

DVFN"R ONE D I 7 l 3 9 S I O N A L  A X I A L  T 
0 0 1  

r l  

1350.  

2 

VE?SE TREA 

1 5 0 0 ,  4 6  

3. - 5  
1 1 1  - 1  8 uo 

1 

6 2 2 1 1  

1 5. 3 22.5 4 4 4 . 2 7 4  3 u5. 
7 46 .525  7 47.328 3 47.328 3 4 1 . 3 2 8  
1 1 .  1 1.5 

0 0 3  

O F U  

n o 5  
1 9 2 0  1 2  3 U 5 6 7 4 2 3  
19  2 1  9 1 0  11  1 2  13 1 4  1 5  1 5  2 3  

0 1 2  
34 

1 1 1 1  
2 2 1 1  
3 3 1 1  
4 5 1 1  
6 8 1 1  
9 9 1 1  

10 10 1 1 
11  1 1  1 1 
1 2  1 3  1 1 
1 4  1 6  1 1 
17  1 7  1 1 
1 R  18 1 1 
19 2g 3 2 
2 1  2 1  3 3 
2 2  22 2 1 
27 2 3  3 3 
0 
1 1 2 2 0  
2 2 2 1  
3 3 2 2  
u u 2 3  
5 6 2 4  
7 9 2 6  

10 10 2 2 1  

0.31 
0 .335  
0.3 
0 .295  
0. 29 
0.2795 
0.275 
0.2705 
0.266 
0 . 7 5 1 5  
0.31 
0 . 2 1 9 5  
1. 
1. 
1. 
1. 

. 6 1  
. 3 1  1 
.105 1 
- 3  1 
. 2 9 5  1 
. 2 3  1 

-67 

3 
2 

4 5 .  7 5  
IO. 

S 6 . 5 2 5  



06-20 

11 1 1  2 9 . 3 0 0 5  1 
12 12  2 1 0  - 3 3 5  1 
7 3  1 3  2 1 1  . 3 2 9 5  1 
14  15 2 1 2  .324 1 
16  1R 2 14  - 3 1 8 5  1 
10 19 3 1 . 62  1 
23  2c 3 2 . 6 1  1 
21 21 3 3 .6  1 
22 2 7  3 4 .59  1 
2U 26 3 6 .54 1 
27 27 7 9 . 6 2  1 
2e 2n 3 1 0  . 6 1  1 
2'4 2'4 3 1 1  . 6  1 
30 31 3 1 2  .59 1 
32 3 u  3 10 .54 1 

3 
,ll> 

1 7  
17 

TH-232DA-233 0- 233  3 -234  0 -235  0-236 C I-135XE-l35P~-147P~-148PNl48~ 
~ * - 1 4 q s n - i 4 9 ~ n -  1 4 3  P D i  P P ~  

p i - i u 9 ~ n - 1 ~ 9 ~ ! ~ -  143  Y D I  P P ~  

17 
"HX232"A-233 U-233 0 -234  U-235 21-236 C 1-135XE-135D~-147P1-148P8148M 

3 
C H E  RPLV"L 

0 2 0  -1 
C2R 

1 

9 
1 3  

U-235 
9 1 1  

17 1 9  
U-275 

n - 2 2 5  

P Y Q  

PIJ 'PLIN 
@ T N I N S  

1 3  

2. - 5  

2 .  - 5  

- 5  1.  

f l O D 0 L E  CONTBOL I N S T P U C T I O Y S  
0 1 3  0 7 2  

1503 .  + 6  

- 5  
2 1 

1 1 

F T P I Y S  0 6 0 4 8  
0. 0.0 

0 0 1 0 1  
2 

9 8  5 .  

R 

- h  

E YD 

8 O D U L F  C0W"POLl I S  F I N I S H E D .  IJSEB C O M P L E T I O N  COD? 0 0 0 0 .  CPlJ T I R E  USED 71 .68  ( S E Z O N D S ) .  I/O'S U S E D  12897  



BOLD VENTORE VERS-2 ROW AT X-10 ON 36@/  91. CONTROL KOU=CONTROLI, 3 A T E = 1 2 - 0 2 - 7 8 ,  T I f l E = 0 1 . 4 9 . 9 3 ,  JOBNAHE=GWCSAKP . 
I N I T I L S Z R T I C N ,  REFERENCE - REK4INING I/O; 29.9U. CPU R I R =  5 . 0 0  

R O N  T I T L E  A R C  CONTFOL RODOLE DRTA 
DEPLPTIOR BENCHilAPK COMPARING V A R I O U S  SOLUTION ?ET!IODS 
103co 0 0 0 0 0 0 0 c i 3 0 1 o o c !  

1 1 3  1 13 1 13 1 13 

I N I T I A L  I / O  P I L E  R4NAGEflENF TABLES 
P I L E  9 K K E  SUPPLIED 9 Y  

u522 ---- -- ------ -_--__ ------- _----_ 
B I L -  WDNBER SEEK USER-EXIST USZR-STAY< VPRSIJN WBITTEN IDEBTSPICATIOA 

10 CON?RL 1 1 GWCSRllP 1 2 - 0 2 - 7 8  

RODDLES YO BP ACCESSED IN ORDER 
7 1 3  1 13 1 1 3  1 1 3  

R E A D  D A T A  P . N D  ACCESS KODCLE 3 - P E E A I R I N G  I / O =  29.86, C P E  XIP= u.99 

S E P D  INPOT DATA ONLY (LCOK-A?ERD) - RERhIVING I /3=  2 9 . 0 3 ,  CPU SIN= U . 9 U  

4CCESS %OODLES 13 0 @ 0 0 - RERAINING I / O =  28 .99 ,  CPU H I N =  4 .93  
T I K E  AFTER I X P O S U R F  50.093 DAYS. ESTIIJATED K 3 . 0  , P I S S I L E  INVENTORY 2 . 7 0 9 5 9 3 E - 0 5  KG, CONVERSION F A T I O ( R 3 )  0.76453 

~ C C F S S  INPUT n o n o L E  1 - RPnRINIRC I/O= 2 8 . 7 7 ,  CPU I I N =  (1.91 

R E a n  T N P ~  D ~ T A  O N L Y  (LOOK-AHEAD) - REBAINING i/o= i9.51. CPO M:N= u.90 

ACCFSS NCDULXS 1 3  0 2 0 0 - R E n R I l I N G  I / C =  2 8 . 4 6 ,  CPU H I N -  U.89  
D I J E  4FTFR EXPOSURE 5 0 . 5 0 0  D A Y S ,  E S T I N A T Z D  R 2 . 0  , PISSIZE I N V E N T O R Y  2.709414E-35 K G ,  CONVERSION r t k T I O ( R 6 )  3.76lt28 

kCCESS I N P U T  YOD3LE 1 - T ( E K ~ I N I N G  I /O= 28.25. C T O  H i N =  4 . 8 7  

R E A D  INPET DATA 'JNLY (LOOK-AHEAD) - R E K A I X I N G  I / O =  2 7 - 9 8 ,  CPU R I B =  0 . 8 s  

~ C C E S S  n o D u L z s  7 3  o o o o - R E N A I H I N G  1/02 27.94, cou u x =  $.a5 
TIYE l F T E R  P.XFOSOBE 50.000 D A Y S ,  ESTXKaTED K 3.0 , P I S S I L E  INVENTORY 2 .7095u3E-05  RG, C D N V Z R S I O N  RATIO(+!S)  0.764:17 

4CCBSS I N P O T  RODOLE 1 - R E K A I X I N G  I / O =  2 7 . 7 2 ,  CPU BIN- U.32 

ACCPSS NODULFS 1 3  0 0 0 0 - R E K A I 3 I l i B  I/3= 2 7 . 4 6 ,  CPD X I B =  4 . 8 3  
T I f i E  AFTER EXPOS'JRB 50.000 D A Y S ,  ZSTIARTED 5 3.0 , P I S S I L E  IWVE3ITO3Y 2.703a24E-35 K G ,  C3!IVERSION RATi3(K'3)  C.76829 

FINAL 110 PILE n 4 N A s i n l n w  T . ~ B L E S  
F I L E  H 4 1 E  S D P P L I E D  BT 

USER ____-_____________-___I________ 

F I L E  NURBER SEER CSPR-EXIST CS3T(-ST4CR I E RSION WRITTEN IDENTZPICATION 
1 G  CONTFL 1 7 LASL 1 NPET P 
1 1  GRUPXS 1 1 LPSL I NPO'? P 
12 GZOD ST T 'I LASL I RPUT P 
13 WDXSRP 1 1 IPSL I !?PUT P 
14 ZNATDfi  1 1 USER IDENT 
15 RZFLUX 1 1 LAZL I NP'J? P 
16  3XPC SE 1 1 LASL I NPET P 

WRAP-UP YOil COKIPLETE. -- D R I V B I :  TO S Z E K  NEE CXSE - B Z f l A I I I N i ;  I/<)= 27.19, CPU ZIN= 4 . 5 7  - l I 3 2 = C ! . 5 2 . 2 i 1  

0 

1 
N 



BOLD VENTUR? YERS-2 R U N  AT X - I O  ON 360,' 9 ) .  CONTROL HOD=CONTAOL'?, D A T P 1 2 - 0 2 - 7 8 ,  TIHE=Ol  . 5 2 . 2 6 ,  JOBNAnE=GICSAHP 

I H I 1 I I I Z A T I O A .  REPERENCE - RERAINING I / O =  2 7 . 1 4 ,  CPU H I W  4.57 

R3N TTTLP A N U  CONTROL Pl9DOLE DATA 
BREEDER SEACTOB SAFIPLE PAOEILSfl POR ? 'RE BURNER CODE 
:0000 0 0 0 3 0 0 0 0 0 0 9 @ 0 0  

1 2  7 2 ' 1 3  7 2 1 3  7 1 3  1 

I N I T I A L  I/O F I L E  HANAGEMEWT TAELES 
P I L E  NIRE SUPPLIED B Y  -__--__-_----_- ---------------- USER 

SEEK U S E P - E X I S T  USES-STACK VERSI3N WRITTEN I D E N T I P I C A T I O N  P I L E  N U M R F R  
1 1 GUCSARP 1 2 - 0 2 - 7 8  IC COI*RL 

11ODnLFS -0 BE ACCESSED 7 %  OROEQ 
i 2 7 2 1 3  7 2 1 3  7 1 3  7 

SEAD DA"4 R Y D  ACCESS N0DIJL.F 1 - SEFIAIYING I / O =  2 7 . 0 6 ,  CPO B l Y =  4.57 

3ERD DATA F O R  A SPECIAL PROCESSOR - Q E M A I I I I X G  X/O= 2 6 . 5 2 ,  CPU NIN= 11.51 

4CCESS o P O C F S S O R  'DYENTR' - R F R A I K N G  X / O =  2 6 . 4 7 ,  CPU H I N =  4.54 

? P A n  INPUT D A T A  ONLY (EOOX-AHEAD) - R E R I I N I N G  f / O =  2 6 . 2 8 ,  CP3 *.::I= 4 .50  

ACCPSS R033LFS 7 0 0 0 0 - AEnAINING I / O =  2 6 . 2 1 ,  CPS 6:A= 4.49 
T T P P A T I O N S ,  CONYBRGENCE, SEARCH, PEAR ? O U E R  D E I S I T Y ,  X - 35 - U . 3 6 2 1 0 D - 0 5  3.0 5. 2 7 5 3 0 B  0 2  7 .  0 1 2 3 4 7 5  
? Q T M T ? i Y Y  CONVERSION R A T I O ,  ALSO ?OR C R I T I C A L  SYSTEM, PUEL C3RS@?!PTION (ATO.?S/WAT?-SEC) - :. 4 2 3 1 7  1. 45807  3. 1 3 0 8 2 E  13 

ACCESS PROCESSOR 'DUTLIN'  - R E B A I N I J G  I / O -  2 5 . 2 0 ,  CPU N I N =  4 . 3 9  

P E R D  INPUT DATA ONLY (LOOK-AHZAD) - RFRAINIHG I / O =  2 5 . 0 9 ,  CPU R I N =  4 . 3 9  

R C C E S S  R O ~ L P S  1 3  o o D o - R E R A I N I N G  I /O= 2 5 . 0 4 ,  CPU RII= 4.38 
*IY? APTER EYPOSURE 7 5 . 0 0 0  D A Y S ,  ESTIXAT'oD R 7.075330, F I S S I L E  INYENTORY 3. 2 U U 7 3 6 E  0 3  K G ,  CONVERSION RATID(H9)  1 . 4 3 1 8 6  

bCC7S.S R C D U L E S  7 0 0 0 r) - R E K A I B I I G  I / O =  2 U . 5 6 ,  CPG H I N =  U.33 
5 . 2 5 2 8 9 3  0 2  1 . 3 1 3 9 1 1 8  ITYFATIONS, COHYXXGEICE, SERRCB, PERK POKER D Z I S I T T ,  K - 2 1  4 . 5 4 1 7 3 ~ 7 - 0 5  0.0 

P R I E I T I Y E  C O N Y E F S I 0 1  3 X T Z 0 ,  ALSO FOR C R I T I C A L  SVSTZR, PUEL CONSU3PTIOH {AT3BS/HATT-SBC) - ? . 4 0 6 3 3  1 . 4 4 5 5 5  3 . 1 3 4 8 ' 4 E  1 0  

ACCESS HODULES 1 3  0 0 0 0 - REIIAISIHG I/O= 2 3 . U 5 ,  CPU d I N =  0 . 2 5  
k P T E R  EXPOSURE 150.000 DAYS, E S T I H A T E D  R 1. 01666U, F I S S I L E  I Y V E X T O P Y  3 . 3 2 2 6 0 9 E  0 3  K G ,  CONYEXSION RATIO(RE) 4 . 3 8 5 8 9  

ACCESS PODULES 7 73 0 0 0 - REHAINIWG I / O =  2 3 . 0 1 ,  CPU #IEI= 4 . 2 1  
5 . 1 2 9 7 2 E  0 2  1 . 0 1 5 2 5 0 5  :TEAATIOSS, COPYLRGENCZ, SEARCH, PEAK POWER DENSITY, K - 1 9  4 . 4 3 6 4 5 D - 0 5  0.0 

?RIr , I?IVS COBVERSION RATIO,  ALSO ?OR CRIYICAL. SYSTEM, P O L  COtISUIIPTTON (ATORS/UATT-SECI - i. 39038 1 . 4 3 3 2 8  3 .  i 3 B 5 3 E  ? g  
TIRE APTBR SXPOSURE 225 .000  DAYS, ESTIXATZD R 1. 3 1 7 8 3 5 ,  F I S S I L E  INVZYTORY 3 . 3 9 7 5 3 9 E  0 3  K G ,  CONYEPSION R h T I O ( Z 5 )  1 . 3 ? 3 7 4  

ACCESS MODULES ' 0 3 0 0 - QEISAINING I / O =  2 1 . 5 9 ,  CPU . I N =  U . i 8  
TTEWXTIONS,  CONVERGENCE, SEARCH, PEAK POWER DENSITY, K - 19 4.40652D-05 0.0 5 . 0 5 5 5 2 2  3 2  1 . 0 1 4 3 9 9 2  
? S l f l l r m I V E  COYVERSION RATIO, XLSO FOR C R I T I C A L  SYSTEFI, PUEL COYSUBPTION (ATOfiS/WATT-SEC) - 1. '17532 1 . Q 2 1 3 6  3 . 1 U 1 9 7 E  7 0  

FINAL I / O  F I L E  RAHAGERBNT TABLES 
F I L E  NARE S U P P L I E D  BY 

USER ---_--- - ------- - ------- -- ---- -_  
P T L P  XFFBEB SEEK USER-EXIST USER-STACK YE R S I  ON WRIT'? EN I D E B T I  FICB T I O N  

13 CONT RL 1 4 GUCSARP 1 2 - 0 2 - 7 8  
7 1  GRDPX.5 1 1 LASZ I NPUT P 



12 
13 
14 
15 
16 
77 
18 
19 
2'! 
30 
31 
32 
33 
39 

WRAP-UP NOW 

EXPOSE 
GEOD S T  
NDXSRP 
ZBRTDN 
RZPLUX 
RTPLUX 
ZNATDl 
ZRPORD 
EXPORT 
PTATDX 
ZNATDN 
PTATDN 
ZNhTDN 
PT AT DN 

CORPLETE. -- 

1 
1 
1 
7 
1 
1 
2 
1 
1 
1 
3 
2 
4 
3 

D R I V B R  TO SEER NEW CASE - R E R A I S I N G  I / O =  

1 
1 
1 
7 
1 
7 
1 
7 
7 
1 
1 
1 
1 
1 

20.U7, 

LASL I 
DVENTR 
DPENTR 
DVENTX 
GRCS A FiP 
GWCS AH P 
GWCSrlBP 
GWCSAMP 
GWCSAHP 
G WCS A E P 
GWCS AnP 
GPCSRRP 
GWCSAEP 
G WC SR fi P 

CPU E f N =  

NPUT P 
INPUT 
f l P D T  
I N P U T  

12-CZ-7R 
12-0  2 -76  
12- 0 2- 7 8  
12- C 2 -76  
12-G2-76 

12-02 -  7 8  
12-  0 2- 7 8  
3 2 - 0 2 - 7 8  
12-02-7a 

72-02-78 

U.3! - TImF=0?.57.42 

0 
0. 

I 
N 



BOLO VEllTU59 VERS-2 R O N  AT X-10 Oli 3 6 0 /  9 1 .  CONTROL cYOD=COXTROL?, D A T 2 = 1 2 - 0 2 - 7 8 ,  '?IAE=il'.. 5 7 . 4 4 .  JO3HAHE=GVCSA?P . 
I A I T I L I Z A T I O N ,  REFERZNCE - R E I I R I H I N C  Z/O= 20.4'1, CPU H T i # =  4 .01  

B U Y  T I ? L E  AH9 CONTROL nOOULE DATA 
GAS COCSED BEACTOB PRESLE?:.  { I -D NODELED A S  2-D) B'JRNER C 3 D Z  TZST CASE 
1 0 0 0 0  0 0 0 0 0 1 0  0 0 ' , ' 1 0 i ) O  

1 
0 

2 2 6 2 7 i 3 - 2  3 3 2 7 1 3  7 - 2  3 
0 5 C 0 0 3 0 s 

I N I T I A L  1/0 P I L 3  M4MAGESENT TAYLES 
P I L E  NANE SOPPLIED B Y  

USER 
YERSI3N WRITTEN IOENTIF.[CATION 

I 1 GWCSASP 1 2 - 0 2 - 7 8  
P I L E  NUriBER SEEK ' JSER-EXIST USER-STICK 

I 0  COHTRL 

ROD'JLES "0 3E ACCESSED Iq OPDER 
7 2 2 f i  2 7 lj 7 7 3  7 1 3  3 2 7 ' 3  7 13 7 1 3  7 

9EAD DATA A X 0  ACCESS IODULE 1 - RT3AINIh'G I / O =  2 0 . 3 3 ,  CPll MIN= 11.00 

3EAD DATA ?OR A SPECIAL PROCESSOR - R E A b I l I N C  I/O= 19.6 '1 .  CPU MIN= 3.93  

I\CCPSS PBOCESSOR 'DCRSPR'  - R E N A I N I Y G  I / O =  1 9 . 5 6 ,  c p r i  MIH= 3 .91  

R X A O  9 A " A  FOR A SPECIAL PROCESSOR - R E P l A I K N G  I / O =  1 9 . 1 1 2 ,  CSll kip= 3 . 9 0  

ACCE ss PROCS SSOR * n u x  I H 9 - REtlA;TING T / O =  1 9 . 3 0 .  CIJC tIN= 3 . 9 0  

RPAD l R P U T  3 T A  ONLY (LOOK-ABZAD) - R E R A I N I I G :  I/O= 1 9 . 2 7 ,  CPU 311= 3 . 8 9  

ACCESS nOl)!lLPS 6 0 0 0 0 - REFIAINLNG I / O =  7 9 . 2 2 ,  CPG M I N =  3 . 8 9  

ACCESC PQOCFSSOP 'DVEVTR' - B E t l A T t I I B G  I/O= 1 7 . 7 9 ,  CP'J f i l i i =  3 . b 5  

PPRD INDOT D A T A  ONLY (LOOK-AHEAD) - RZEAIl l IRG I/O= 1 7 . 6 0 ,  CPU R I N =  3 . 8 4  

ACCESS NODULES 7 1 3  0 0 0 - R F R A I N I N G  I/O= 1 7 . 5 0 ,  CPU !lI?l= 11.33 
I T E Q A T I O N S ,  CONVERGENCE, SEAFCH, PEAK POUER 3 E I I S I T 4 ,  5 - L;? - 3 . A i 8 1 5 D - 0 5  2 . 5 3 3 3 1 9 - 3 U  1 . 6 n 3 2 7 E  3 1  1 . 0 3 O C 0 3 8  
P R I t l I T I V E  COSVEFSION RATTO, lLS0 'FOR C R I T I C A L  SYSTES, FUEL CONSUHPTION {APOtlS/YITJ-SEC)  - 3. 5 9 6 5 5  5 .  59566 3 . 8 9 5 2 1 E  :0 
T I K E  8 P T E F  E X P O S U R ? l 2 9 9 9 . 9 9 6  D R Y S ,  FS'iiFiRTED K J ,  9 9 9 7 2 i I .  FISSILE INPENTO3l' Y.YO690UX 0 2  K G ,  C 3 N V E R S I O N  RRTIOiRB)  C .  5 9 7 9 4  
EXPOSURE T I r i E  S T E P  i000.000 D A Y S ,  TOTAL POWER 1 . 4 9 9 9 8 3 E  0 9  ?(TR) 
ZONY - P E A X  POWER DENSITY 4.5798842 0 3  I ( T : I ) / C C ,  P A T H  P O W E R  i . o ~ o ~ i a ~  09 W ( T H ) ,  ~ X S S ~ L E  P E E D  R A T E  1 . 3 2 0 2 7 9 ~  30 K ; / D I \ Y  
SOBZONE - P E A K  POWER DEHSITY 1 . 2 7 1 8 6 2 E  0 1  W ( T H ) / l C ,  P4TN POWER U . 1 9 1 6 9 5 E  08 W I T H ) ,  F I S S T L E  FZED R A T E  3.0 X G / 3 4 Y  

ACCESS RODULES 7 73 0 0 0 - I IEHIINING I / O =  1 5 . 6 5 ,  CPU AIN= 3 . 6 2  
ITERATIONS, CONVERGENCE, SEARCB, PEAK POWER DENSITY, K - 2 7  6 . 9 1 4 0 1 0 - 0 7  U.93232E-OU 1 . 6 0 3 0 0 E  0 1  3 . 9 9 9 9 9 9 9  
P R I N I T I Y E  C O B V E R S I O N  RATIO,  hLS0 ? O R  CRI'PICAL SYSTEH, FUEL CONSUBPTlON [ATOES/WATT-SEC) - 3 . 5 9 6 6 6  0 . 5 9 6 6 6  3 . 8 9 5 1 9 P  1 3  
T I N E  APTER E X P O S U R E 1 3 9 9 9 . 9 9 6  D A Y S ,  ESTidATZD R 0 . Y 9 9 7 3 0 ,  F I S S I L E  IRVEHTORT 8 . 8 0 7 7 2 0 1  0 2  K G ,  CONYPUSION RATIO{B3)  0 . 5 9 7 9 0  
EXPOSURE TI i¶E STSP 1000.000 DAYS, TOTAL TOWER 1 . 4 9 9 9 9 8 E  0 9  ? ( T X )  
ZOIT - PEAK POWER D E I S I T Y  U . 5 7 3 3 3 7 Y  01 W{TH)/CC,  P h T A  P O W E ?  : . 0 8 0 8 5 8 E  0 9  #(I"), FISSILE PEED RAPE 1 . 3 2 0 3 6 8 E  0 0  K;/DA'I 
SUBZONE - 'PEAK POWER DENSITY 1 . 2 7 1 7 3 7 2  07 # { T H ) / C C ,  P4PH POWFR 1 : . 1 9 1 4 3 2 E  0 8  U ( T H ) ,  PISSILE FEED Rill's 0.0 K ; / D A Y  

ACCESS HOIIULES 7 13 0 0 0 - REWAINIHG I / O =  13.89, C?U B I N =  3.115 
ITERATIONS,  CONVENGEYCE, SEARCH, PEAK POWER 3EWSITY,  K - 2 - 4 . 2 6 4 6 6 D - 0 5  - 1 . 8 0 9 9 6 3 - 0 6  1 . 6 0 2 9 6 E  C1 1 . 5 9 3 0 0 3 4  
P R I M I T I V E  CONVERSIOII RATIO, ALSO PiJR C R I T I C A L  SYSTEM, PD3L COASUNPTIOH (ATO*SS/WAPT-SEC) - 0 . 5 9 6 6 7  0 . 5 9 6 6 6  3.  R 9 5 1 9 E  1 3  
TIRE AFTER E X P O S U R E l U 9 9 9 . 9 9 6  D A Y S ,  ESTIRATED K 0 . 9 9 9 7 2 9 ,  F I S S I L E  IN ' IFNTORY 8 . 8 0 7 7 7 0 8  0 2  KG, CONVERSION F A ? ' I O ( f i B )  9 . 5 9 7 9 1  
EXPOSURE T I n E  STEP 10@0.000 D h Y S ,  TOTkL TOWER 1 . 4 9 9 9 9 3 E  0 9  N ( T H )  
ZONE - 2EAK POWER DEPSITY 4 . 5 7 9 3 9 5 E  07  Y ( T B ) / C C ,  PITH POXEX 1.08095EE 09 W(TB3,  F I S S I L E  FEED FATE 1 . 3 2 0 3 6 7 E  C O  K:/DAY 
SUBZONE - PEAK POWER DENSITY 1 . 2 7 1 6 9 8 2  O i  W{TH)/CC, JATR P O l E R  4 . 1 9 1 U Y 9 E  03 I ( T a ) ,  P I S S T L E  PEED RATE 0 .d  6 G / D A Y  



4CCESS NODULFS 3 0 0 0 0 - RFKAINING I /O= ?2.1U, CPU h r n =  3.31 

ACCESS PROCESSOR 'DUTLIN' - REKAINING I / O =  72.04, CPU U Y =  3.30 

ACCESS NODULES 7 13 0 0 0 - REMAINING I / O =  11.92, CPU tlIW 3 . 3 0  
I T P R A T I O N S ,  CONVERGENCE, SELqCB,  PEAK POWER DENSITY, K - I - i . i 1 9 a 2 ~ - 0 5  0.0 
P R I N I T I V E  CONVERSION RATIO, ALSO FOR C R I T I C A L  STSTEN, FUEL CONSUHPTIOU (ATOtlS/WATT-SEC) - 
SRD*DOWA CALCOLATION DONE POP T I R E  O.UO0 DAPS 

RCCESS flODULES 7 1 3  0 0 0 - SFRAINING i / O =  1 0 . 8 3 ,  CPU K I N =  3.22 
I T F R A ~ I O N S ,  CONVERGENCE, SEARCH, PERK POYES DENSITY, R - 3 2  1 . 2 3 0 6 0 0 - 0 5  0.0 
PRfMLTIVE CONVERSIOB RATIO, ALSO FOR C R I T I C A L  SYSTEn,  FUEL CONSUnPTION (P.TOilS/'dAT?-SEC) - 
SHOTDOWN CALCULATION DONE FOR T I H E  0 .000  DAYS 

ACCESS E O D D L F S  7 1 3  0 0 0 - REKRINING I / O =  9.73, CPU R I N =  3.08 
I T E P I T I O N S ,  CONVERGENCE. S€ARCH, PERK POWER DENSITY, R - 31r 1.15866P-05 0.0 
"?SEI T I V E  CONVERSION RATIO. A L S O  FOR C R I T I C A L  SYSTEn. FUEL CONSUEPTION (ATCAS/1ATT-SFC) - 
SHUTDOWN CkLCULATION DONE FOR TTKE 0.400 DAYS 

ACCESS EODULES 7 0 0 0 0 - REtl%INIYG I / O =  8.62, CPU RIN= 2.94 
I T P R k T I O N S ,  CONVERGENCE, SEARCH, PEAK POWER DENSITY, X: - 31 -2.04223D-05 0.0 
P R I Y I T I V ?  CONVERSION RATIO, ALSO FOR C R i T I C h L  SYSTEH, FUEL CONSORPTION (ATOKS/UATT-SEC) - 

F I L E  NORSER 
10 
11 
12 
1u 
1 5  
16 
'17 
13 
1 9  
20 
30 
31 
3 2  
33 
3u 

FINAL 'C/O P I L E  NANAGENERT TABLES 
F I L E  NARE SUPPLIED BY -------------------- --_-------_ 

SEER USER-EXIST USER-STACK VERSION 
COHTRL 1 
IS@TXS 1 
EXPOSE 1 
ZNATDN 3 
CXSPRS 1 
tSOTXS 2 
GRTJPXS 1 
GFOD ST 1 
NDTSRP 1 
SEARCH 1 
ZNATDN 4 
RZFLUT 1 
RTPLgX ! 
ZNP3VD 1 
QNATDN 1 

YRITTEN 
1 
1 
1 
1 
1 
1 
1 
1 
7 
1 
1 
1 
1 
1 
1 

USER 
I D E N T I P I C A T I  OW 

GUCSAEP 12-02-78 
LASL I NPUT P 
LASL I RPUT P 
GACSAEP 1 2 - 0 2 - 7 5  
CONSTI PATION 
LASL I NPUV P 
OPRL R ADE 
DPEWTR I N P U T  
DVENTR INPUT 
DVENTR INPUT 
GWCSAZ? 1 2 - 3 2 - 7 8  

GVCSRRP 1 2 - 0 2 - 7 8  
GWCSAK? 1 2 - 0 2 - 7 8  
GYCSAKP 72-02 -78  

G W C S A X P  i 2 - c 2 - 7 e  

1.60297E 01 1 . 0 3 ? 0 0 2 2  
0.59665 0.59666 3.895'19E 13 

1.599711: 01  3.9581608 
0.61099 0.52325 3 . 9 O 2 O 2 E  10 

1.603"5E 01  0 .9723847  
0.6G583 0.54871 3 . 8 9 3 5 9 E  13  

1.60641E U 1  2.9925759 
0 .59881  0 . 5 8 3 7 5  3 . 8 9 4 1 6 E  1 0  

WRAP-UP NOR CORFLETE. -- DRIVPR TO SEEK NBW CASE - REdAINING I/3= 7.57. CPD X I N =  2.82 - TIRE=02.07.28 



0 h 12dd S t  SE C E  >E 
0 h 6 h l i i S  n E  tic b E  hE 
0 h 6h lWd t t  € E  it iE 
0 n blQntWd Z E  Z C  Z i  Z E  
0 11 OtllWd L E  L E  L E  i E  
0 n L n l V d  Of OE U f  .If 
G tl L h l i r t i  6 5  6 2  h Z  bZ 
0 
0 P S E L 3 X  LZ LZ LZ LZ 

0 
0 E stlzw.. 5 5  5 2  sz EZ 
0 E r rn tks nZ sz n z  SZ 
0 t E Z  E Z  E L  t I l Z E 3  i z  
0 E Z O Z I d i S  E Z  z z  z z  z z  
c i O n z u Q  L Z  LZ LZ L Z  
0 E f n z w v  $ Z  O Z  C Z  52 
0 6 1  6 1  ol i iZtlZUQ 6 L  t 

E 6 :  d L  I t  z n z u v  8 t  0 
0 t L i  L L  LL LhZUQ LL 
c E ECZnd 5 L  5 1  9 1  91 

e ZnZCd S L  i t  i t  S t  
tnzijc: h t  n i  n i  1 ?  

c 
0 
0 2 OhZlld E L  E l  E l  E L  

1 Z l  2 1  z I. o E Z n a  Z L  C 
0 t BEZLid L L  1 L. L L  i t  
0 E C h Z d k  0 1  L L  01  G I  
0 I 6 t Z d l i  6 6 6 0 

a c t a s  8 C E B 8 d 
C E LEZdl2 1 i L 1 
C E 6 E Z U  5 s 9 9 
0 z a E Z n  5 5 5 1 
n E L E Z G  h b n n 
E i 9 E z n  i i t t 
2 1 S E Z U  z Z Z Z 
L t n f z n  L L b 1 

h 8 Z  6 2  dZ 

h 9 z  9 2  31 

S E L S S  a z  

S E L I _  9 z  

S Y 1 3 1  S K 3 k  7 0 S B U H  TOSAVIr S S O N  LlaON 'Uh 

n SI 113ZS65  Y L  5 3 S S Y 7 . 3  ZduLOSI L R 3 b 3 d d I O  LO YZFClClN 1H; - SVl3L:LV 
SC S I  U P J S L S  hI SZC'O.;OSI Xbf l ' JOS4Y LR983dal( I  d o  BvhbiilN h!1* - k U S I h  
S f  51 W3LSJ.S XI S L d O J , O S I  9 i l O Z L ; i i  dl i3Y3u'dIC S O  BZaLnB a h 6  - L i O S L Y  



1 1 1 

' I V H G D  CF SOLUTTClX - YATIIX EXPONFNTIAL 

* TlrO-GR3UP DEPLETION PROBLEM (UENCHKRRR P Q O n  SKL) (N,T)  15 (N,G)B * 
EXPOSURE NUCLIDES 
NOCLIDE RRNIBS A R E  ABSOLUTE 

1) rJ234 
2) U234 
3 )  0 2 3 6  
U) 0 2 3 7  
5 )  tJ7235 
6 )  7 2 3 9  
7) UP237 
9) NP238 
9 )  NP23? 

10 )  NP24F 
1 1 )  PO238 
1 2 )  ? \ I 2 3 9  
13) Or1240 
1 4 )  P n z u l  
1 5 )  P3292  
16)  PO243 
17) r (n2u i  
' 8 )  AE12U2 
19)  AM2428 
20)  RR2U3 
2 1 )  A82l lU 
22)  c 1 2 u 2  
2 3 )  CK243 
2U) c72uu 
25)  C82U5 
26)  I 1 3 5  
271 XP135 
23) CS135 
2 9 )  ! f D l [ r 7  
3 0 )  PNlU7 
31) PPI148 

33) 081U9 
3 4 )  SK149 
3 5 )  FPZL 

32) e n i u a n  

7 )  I135 26  
2)  XP135 27  
3) ND1U7 2 9  
") P K l U 7  30 
5) P M l U E  31 
6) PPl148n 3 2  
71 PNl4Q 3 3  
81 U237 U 
9) 11239 6 

1 0 )  NP239 8 
1 1 )  ~ ~ 2 3 9  9 
12)  Y P N ~  1 0  
131 FU241 1 4  
1 U )  PO243 1 6  
15)  a n 2 4 2  1 8  
1 6 )  AK2UY 2 1  
1 7 )  On238 11 
18) a n 2 4 1  1 7  
19)  C"2U2 2 2  
2 0 )  C8203 2 3  

D E C A Y  CONSTANTS [ l/SEZ) 

2 .873999E-05  
2.0 92999L - C  5 
7 .227997B-07  
8 .283996E-09  
1.487999E-'?6 
1 .97599?P-07  
3.62+497E-06 
1.18999RE-06 
4 . 9  14999E-04  
3.819997E-06 
3 . 8 0 9 9 9 8 9 - 0 6  
1 .582999E-93  
1 . 6 7 9 9 9 9 8 - 0 9  
3.8 859  99E - 0 5 
1 . 1 9 5 9 9 a E - 3 5  
4. U 3 9 999B - 04 
2 . 5 4 3  Y98E- 10 
5.09O001E-11 
4 .9099983-08  
6 .8599992-  10 

0 
cn 
1 

p3 
U 



2 1 )  CA2UU 2u  1.2500005-O9 

FISSION PRODUCT YIELD D A T A  

Z N E P G Y  A A I R G B  1 C U ~ P P  a? 0.0 

P I S S I O H  PRODUCT 
1 )  I 1 3 5  26 
2) XB135 2 7  
3) PR1U9 33 
u) q n i u 7  29 
5) PPLL 35 

‘?BANSdUTATIOHS 

PARPEIT DAUG’YEX 
1) r 2 3 9  U235 
2) 0 2 3 5  0 2 3 6  
3) rl236 0237  

U237 
02 37 
‘12 38 
U2 39 
NP237 
BP238 
KP238 
NP239 
81239  
XP2U0 
PO238 
PU239 
Wi2UC 

n 2 3 8  
YP237 
U239 
NP239 
NP232 
WP239 
0 0 2 3 8  
EiP240 
’90239 
PU240 
PO239 
PO240 
PU201 
PU242 

181 e 0 2 4 1  ~ n 2 4 1  
19)  DE242 PO243 
20)  PU2U3 An243 
21)  9 8 2 4 1  a n 2 4 2  
22) 4R241 ~ 7 2 4 2 a  
23) 313242 An243 

c n 2 4 4  
CKN? 
cnmu 
cfl245 
0 2 3 U  
U237 
c a 2 u 2  
PO242 
U 2 3 4  
NP237 
PU236 
PO239 
PU2L10 
XE 1 3 5  
CS135 
p n i 4 7  
enlug 

m i 4 9  

PUlU8U 
PY1 49  

StllU9 

FISSIONING N U C L I D E  
1) 2 )  3 )  

0 2 3 5  W238 PO 239 
2 5 I 2  

0 . 0 6 1 7 0 0  0 . 0 5 7 8 0 0  0 . 0 6 9 3 0 0  
0 . 0 0 2 4 0 0  0 . 0 @ 2 2 0 0  3 . 0 3 2 J 0 2  
0.011300 0 . 0 2 1 0 0 0  O.GlS000 
0.1323600 0 .028000  0 .020500  
0 . 9 0 1 0 0 0  0 . 8 9 1 0 0 0  O . E Y U 5 O C  

SPECIPIBD 

PROCE5S PRAC*ION 
( 8 .  G) 1 . 0 0 0 0 0 0  
(N.G) 1 .003000  
(N.Gl * .  0 0 0 0 3 0  
(’+. G) 1 . 0 0 0 0 3 0  
DEC hY 1 . 0 0 0 0 0 0  
(Y.G) 1.0003f30 
D E C A Y  1 . 0 0 0 0 0 0  
( Y  I G) 1 . 0 0 0 0 3 0  

G )  1 . 0 0 0 0 9 0  
DECAY 1 . 0 0 0 0 0 0  
(1 ,G)  ~ . 0 0 0 0 0 0  

DEC4Y l . 0 3 0 0 3 0  
DECC11 1 . 0 0 0 0 0 0  
(q .G)  1 . 0 0 0 0 0 0  
(NvG) 1.000030 
( 8 .  G) 1 . 0 0 0 0 3 0  
( N ,  G )  1. oocor)o 
DEChY 7 .  00OGOO 
(N,G) 1.0000’)0 
n x a y  1 . 0 0 0 3 ~ 0  
( q .  SI 1 . 0 0 0 0 0 0  
O J v T 1  1 . 0 0 3 0 0 0  
(X.G) 1 . 0 0 0 0 0 0  
(1. G )  ’. 00003G 
( X ,  3 1 . 0 0 0 0 0 0  
DECAY 1 . 0 0 0 0 9 0  
(V.G) 1 .00c )@00  
I V ,  G) ’ . 000000  
I N ,  G )  1 . 0 0 0 0 0 0  
l q ,  2N) 1 .000000  
(Nn2N) 1 .@00000  

D E C A Y  0.8 3027 0 
DECRY 1 . 1 6 9 7 3 3  
JECAY 1 . @ 0 0 0 0 0  
DEC4Y 1 . 0 3 0 0 0 0  
DECAY 1 . 0 0 0 0 0 0  
DECAY 1 . 0 0 3 0 3 3  
DECAY 1 .000000  
DECAY 1 .000  I O  0 
DECRY 1 . 0  0000 0 
D E C A Y  1 . 0 0 0 0 0 0  
(N, G) 1.00000’3 

7 .003000  ( a .  T) 
(H.G) 1 . 0 0 0 0 0 1  
(H.G) 1 . 0 0 3 0 0 0  
DECAT ~.000000 

P024:) 
1 4  

0.06 2 6 0 0 
0. c 0 2 4 0 0  
0 . 0 1  2 0 3 0  
0 . 0 2 2 0 0 0  
0 . 9 0 1  0 0 0  

? 
2 
3 
4 
U 
5 
6 
7 
8 
8 
9 
9 

1 0  
1 1  
12 
13 
I U  
1 4  
15 
16 
1 7  
1 7  
19 
19  
2 0 
2 1  
2 2  
2 3  
24  

2 
5 

1 8  
1 8  
l i  
; 7  

2 3  
2u 
26 
27  
29 
30 
30 
31 
3 2  
33 

77 
_I 

E ’I 

2 
3 
4 
5 
7 
6 
9 
8 
9 

1: 
10 
1 2  
1 3  
12 
13 
14 
15 
17 
16 
23 
1R 
1 9  
20 
20 
21 
2u 
23  
2Q 
2 5  

1 
4 

22 
15 

1 
7 

1: 
1 2  
13 
27 
23  
30 
31 
32 
33 
33 
34 

2 
1 
1 
2 
2 
2 
2 
1 
2 
1 
2 
7 
2 
2 
2 
1 
2 

e 3 5 2 7 1  
1 6 9 7 3 1  

1 
1 
1 
1 
1 
1 
’1 
1 
2 
7 
2 
2 , 

0 cn 
1 
h3 
co 



NOTE - E N F R G I  PER FISSIOA NOT D E F I N E D  J N  CROS5 S E C T I D N S ,  DEPAULT’ID TO 3.202-11 AXD ENERGY PER CXPTURE 3EPlULmED 10 3 . D  

P O S I T I Q H  IN D E N S I T Y  ARRAY FOR BICR NUCLIDE I N  EXPOSURE DAT4 
S E? 1 R U C L I D E S  INCLUDED 3 5  
I H N r t C  1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  14 1 5  16  1 7  7 8  19 20  
IHHUC 21 2 2  2 3  2 4  25  2 6  27 2 8  2 9  30 31 3 2  33  3 4  35 

I I A X I M U 3  RRFAY S I 2 2  U S E D  WP INITIRL PROCESSING I S  1 3 7 9  

S T O R A S 3  REQIJIRFD FOR E A 5 1 C  DAT9 I S  1 3 7 9  

S T 0 9 A G E  S U P P L I E D  I S  10700 
Y A Y I f l U F  STCBAGB R S Q U I R E D  I S  
R I N I I I P ! l  STOBPlGE SEQ’JIRED IS 

W D C R R  = ‘1 IODRBF = - 1  

JEHOAY ACTUALLY USED WILL BE 

I NTEQF AC E 
T Y F  = 
VOt = 
PIVS = 
TIL = 
*WSL = 
TNBPL = 
PC = 
7 3  = 
??US = 
NGQOfJP= 

F I L E  R 7 F L U K  VERSION 
0.3 POWXR = 
1.”000COE 30 EPPR = 
0.0 DKDS = 
1 .  O O O O O O E  0P TNA = 
0.0 ”NBL = 
6. C TACRA = 
1 . 0 0 0 0 0 0 E  00 CPT? = 
0.c xu = 

C NZOVE = 
2 NCY = 

.... 
3239  
3239  

3239  

7 I I N I ?  1 5  

1 .POOOOOE 00 
0.0 
0.0 
1.000c00” 30 
0.0 

1 
0 

ZPLUY 8 Y E P  FtiCE ?THE 6.0 DAYS I N D I C A W R  

I q T E u F A C F  PILF YPATDY VEPSIOW 1 @??I? 1 4  
C I B F  = 0.0 
4CY = 0 NTZSZ = 1 
YNS = 3 5  NBLRAD= 1 

1 



0 
m 

i 
\I3 
0 

EC-ZS665 t6  ' 9  a c z b  
S O - 2 6 6 Z O O n ' L  SE ZL 

t d S 6 v L N  iNOZ 

0 ' 0  0'0 91  a 9 0 h z t ' L  0 ' 0  0 ' 0  9 t  a g o n z t ' t  
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SqB'*vRC- 5.998'31D O t  PROK DIAGONAL ?ER?lS AND NULTIPLY DZNSITIES @ Y  2.481599D-03 

PflWPR 1.170581B 02 WATTS, MAXINUY POWER DENSITY 1.170581E 02 UA"TS/CC IN ZONE 
P O Y W R  1.293667E 02 WATTS, 1 A X T R T K  ?@PER DENSITY 1.283667E 02 RATTS/CC IN Z'INE 

A V L R ~ G E  POWISP n-r END O F  S U B S T E P  1.227izu~ 32 W A T T S  

END OF P X P 3 S U R E  STEP 4TOn DENSITIES AT T I Y E  5.000'333E 01 DAYS 

ZON9 NURBYR 1 
q 2  34 
T235 
n236 
f l 2  37 
n239 
'5239 
UP237 
No238 
Yo239 
UD240 
P1238  
O I J 2 3 9  
P'1290 
n7241 
?'?292 
*'1243 
A1291 
AY2L12 
9 n 2 4 2 1  
AA2U3 
R52ZBil 
C Y 2 4 2  
C 1 2 0 3  
c"r2u4 
C8245 
I135 
XE135 
C-135 
!f1;107 
?Ill47 
"?48 
PK1UBt I  
?!I749 
9 1 1 U 9  
FPLL 

U .288 2 1UE- 10 
5.8339028- 05 
2.860568E-06 
3.567799E-OR 
6.919149E-33 
7.183601E-39 
1.147389E-07 
7.8051 483-  10 
1.02QUU05-06 
1.32292 5E- 1 1 
D . U 1X691E-09 ' .0574727-05 
q.9592U9E-07 
3.3929372-37 
1.6 37U 33B-08 
1.3635571-11 
5.964038B-10 
'.209082E-12 
5.9!J8311r-12 
4.57F 6 3 3:- 1C! 
6.380 291E- 1U 
U.49681@'-11 
9.50Q-r8 1E-1U 
2.767478F-11 
2.433 333E- 13 
9.927520E-39 
9,147587'-10 _. 716926E-08 
1.211565E-07 
2 . 0 7 9  13qE-07 
4.5704 17E- 09 
3.867 2184-99 
1.996816E-08 
1.19776UE-98 
1.4522738-05 

1 A? START OF SUBSFEP 1 
1 A ?  ISND OF SUB5TEP 1 



l N 7 E H T O R Y  A N D  SEACTION RATES B Y  LSSOLUTE N E C L I D E  

*********** STlR? OF STEP TIME 0.3 DAYS *********** *********** END O F  SFEP TIKP 50 .000  D A Y S  * **  
N O .  N A R v  IN7E.ITORY ABSORPTION PISSIOY PRODUCT13A CAPTURE INVENTORY ABSORPTION FISSION PRODUCTI3N 

t K G )  (NvG) (KC) 
1 n234  0 .0  0.0 0 . 0  0.0 0 . 0  1.666!SE-:0 1.226993--C6 1 . 1 7 1 2 9 E - 0 8  0 . 0  
2 U2 jS  2.8876iE-05 5.10645Y-01 4 .15093C-01  0 .0  9 . 5 5 3 7 2 F - 0 2  2 . 2 7 6 4 0 E - 0 5  3.3UU70E-07 2 .71835E-07  0 . 0  
3 11236 0 .0  0 .0  0 .0  0.0 0 . 0  1.12Ci9SE-06 3.21 9 X E -  03  3.0461OE-55 0 . 0  
C U237 0.0 0 .0  0 .0  0.0 0.0 1.U0401E-08 1.62726’3-OC 9 . 0 7 8 9 1 B - 0 7  0.0 
5 11239 2.740‘292-03 4 . 3 9 3 5 5 1 - 0 1  U. 339752-02  0.0 9.U36!1E-01 2 .73433E-03  b .055263-01  3 . 5 9 6 3 3 2 - 0 2  0.0 
b P239  0 . 0  0 .0  0 .0  0.0 3.0 2 .85077E-59  2 .252571-06  9 . 1 3 2 0 5 3 - 0 7  0.0 
7 l P 2 3 7  3.3 0 .0  0 . 0  0.0 0 . 0  4 .  12172E-08  3.60479E-OU 2 . 8 2 7 9 4 E - 0 6  0.D 
8 h’P23R 0.0 5.0 c .0  0.0 0 . 0  3.C8446E-10 1.50720E-OS 1 . 3 6 7 8 3 B - 0 5  0.0 
9 NP23Q 0.0 0.0 0 . 0  0.0 0 . 0  U.085271-07 2 .180443-03  0 . 0  0 .0  

1 0  NP2LIO 0 . 0  0 . 0  0 .0  0 .0  0. 0 5 .27191E-12  0 . 0  0 . 0  0 . 0  
11 ~ n 2 3 ~ 1  c.0 0.0 9 .0  3.3 0 . 0  1 . 7 4 6 1 9 E - 0 9  1 .67556C-05  8 .5609OE-37  C . 3  
’ 2  ? n 2 3 9  C.O 0 .0  0.0 0 .3  0 . 0  4 .19651E-06  1 .67@64E-01  : . 06066E-01  0.0 
1 3  PU2bO 0 . 0  0.0 0.0 3 . 3  0 . 0  3 .96890E-07  2 .58422E-02  3 . 4 8 2 2 7 E - 3 5  0 . 0  
’4 OU2Ul 0 . 0  0 .0  0 . 0  0 . 0  0 . 0  1 .33736E-07  5 .21303E-03  3 . 7 1 8 1 3 3 - 0 3  0.0 
1 s  P‘J242 0.0 0.0 0 . 0  0 .0  5.0 6 .57962E-09  5 . 5 3 a 5 5 E - 0 5  4 . 5 4 7 4 3 E - 0 7  0 . 0  
1 6  Pn243  0 . 0  0.0 3. 0 0.0 3.0 S .50175E-12  S .9S365E-08  4. 2 5 1 7 9 2 - 0 8  3.0 
17 A1241 0 . 0  0.0 0 . 0  0 . 0  0.0 2 .34658E-10  ? . 9 R R 5 3 P - 0 6  7 . 8 1 7 Q 1 9 - 0 8  0 . 0  
1 8  Alj2U2 0 . 0  0 .0  3 . 0  0.0 0 . 0  2.Cl9350E-12 1 . 0 5 5 4 l E - 0 7  1 . 0 4 7 6 3 E - 0 7  0 . 0  
T q  AR2U2fl 0 . 0  0. n 3 . 0  0 .0  0. c 2 .0285UE-12 ?.342UYE-C7 2 .54253E-07  C.0 
2 3  A*2U3 0.0 0. n 0 . 0  0.0 0. 0 7.RUP?BS-13 2 . 9 5 6 6 ? ? - 0 6  8 . 9 9 1  73E-09 0 .0  
21  A1244 C.0 0.0 0. D 0.Q 0 . 0  2 .56495E-14  7.786UEE-10 7 .79649E-10  0 . 0  
7 2  C*1242 
23  CN2U.i 
24 C‘2UU 
2 5  Cr2U5 
26  T135 
2 7  I(p135 
2 8  cs135 
2 9  N D 1 U l  
30  O r i l U 7  
3 1  P1148  
32 D l l 4 8 W  
73 PMlU9 
-44 ‘ Y l U Y  
3 5  FPZi 

‘C I rnAiS 

0.0 0.0 0 . 0  0 .0  n.@ 1 . 8 0 6 9 3 E -  11 1.5484OP-OB 9 .  77685E-10  0.0 
0.0 9.0 0 . 0  3.0 0 . 0  3 .83706E-14  1 . 2 7 5 8 3 E - 0 9  1 . 0 4 3 3 3 8 - 0 9  0 . 0  
0.5 0.3 0.0 0 .0  0 . 0  8 .37630E-12  U.658‘24E-C3 2 . 2 4 9 7 3 E - 0 9  0 . 0  
c.3 0.0 0 . 0  0 .0  0 . 0  9 .8Y8951-1U 4 . 5 9 U l l F - C 9  3 . 9 9 0 7 5 E - 0 9  3.0 
0 . 0  0 . 0  0 . 0  0 . 0  3.0 1 .979?6Z-g9  0 .0  0 . 0  0 . 0  
c.0 0.0 0 .0  0 .0  0 .  0 2 . 0  5351 P- 70 2 .544613-02  0 . 0  0 . 0  
0. 0 0.0 0.0 0 . 0  0 . 0  1 . 7 2 9 8 2 3 - 0 8  0 .0  0 . 0  0 .0  
0 . 0  0.0 0 . 0  0.0 0.0 2 . 9 5 7 2 3 E - 0 8  0 .0  0 . 0  0.0 
C.L? 0.0 0 . 0  3 . c  0 . 0  U.92595E-08 3 .55514E-03  0 . 0  0.0 
0.0 0.0 0 . 0  0 .0  0.0 1 .12315E-39  1 . 0 3 3 9 3 5 - 0 3  0 . 0  c.0 
0 . 0  0.0 0 . 0  ,I.? 0.0 9 .  S0346E- 10 ‘1.48539P-03 0 . 0  0 . 0  
0 . 0  0.0 0 . 0  0.0 0 .0  U.94022E-09 0.C 0 . 0  0 .0  
0.0 3.0 0 . 0  0.0 0 . 0  2.96333E-’l9 - . 39535E-03  0.C 3 . 0  
0 .0  0.0 0.0 0 .0  0 . 0  2 .41lUOE-06 1.59Q67T-C2 0.0 0 . 0  

2 .769877-03  1.00000E 0 0  1 .58493E-01  0.3 5 . 3 9 1 4 8 2 - 0 1  2 .76594E-03  ; .00000E 00 4 . 1 7 6 6 8 3 - 0 1  G . O  

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ -  - _ _ _ _ _ _ _ _ - -  - - - - _ _ _ _ - - _  - - - - - - -____  _ _ _ _ _ _ _ _ _ _ _  
OTAES LOSS RATE 2.36U19E-07 
TOTAL LOSS RA? ?  1.C3OOOE 0 0  

1 .19209E-07  
1 .03000E 00 
9.63UUiE 7 2  
1.033COE 0 0  

*********** 
c 

C A P T U R E  

1 . 2 7 5 2 8 2 - 0 6  
6 . 2 5 6 5 2 5 - 0 2  
3 .  1 8 9 3 Z E - @ 3  >. 6:818E-01 

1. 33935E-06  
3.57650E-0U 
1 . 3 9 3 9 2 1 - 0 6  
2.180UUE-03 
0 . 0  
1. 58995E-05  
6 . 0 9 9 8 0  E-02 
2.5807GE-02 
1.5330OE-C3 
5. 65UOYE-05 
1 . 7 3  7 375-  36 
7 . 0 5  1 5 1 3-3 6 
7 . 7 8 4 1 7 2 - 1 0  
6 . 4 9 9  51 E-08 
2 . 9 5 7 6 7 4 - C b  
0 . c  
1 . 4 5 0 6 3 E - 0 8  
2. 32496E-10  
4 . 4 4 0  O2E-OY 
6 .03356E-  1C 
0 . 0  
2. 54467E-CZ 
3.0 
0 . 3  
‘3 .876798-03  
1 . 0 3 3 9 0 E - 0 3  
1 . 4 8 5 3 9 E - 0 3  
3 . 0  
7 .39535E-03  
: . 69967E-02  

5 . 7 8 6 9 8 E - 0 1  

(N,G) 

5 . 6 7 5 1 a F - 0 1  

- - - - - - - - - - - 

0 

! 
w 
iu 

SVS’Fn I355 SATE (Y/SEC) 7- q7850E 1 2  
RSLATIVP FLUX LEVVL 1 . 0 0 0 0 0 2  0 0  



SUMMARY TABLES FOR EXPOSDIlE EYDING RT TIaE 5.0000003 01 DAYS 
FOR CAS? ! l A T R I X  EXPONENTIAL SOLUTION 

A N L - ? ( 1 1 6  S U P  2 BENCHXAXK PROBLE?! BOOK ( I D .  75-A2) 

AVERAGE NEUTRON LOSSES BY NIlCLIDE CL4SS h 8 D  ZONE 2 2 9 5 2  - SYSTEa LOSS RAT3 5.731U6FE 1 2  N / S E C  

701E CLriSS FISSILE F E R T I L E  0. A C T I N I D E  FISSION PBOD 
ID. 1 2 2 u 

7 0 . 5 0 8 a 8 5 9  O.ir576802 0 .0032922  0.0305417 

SUR 0 . 5 0 8 4 8 5 9  0 .U576802  0 . 0 0 3 2 9 2 2  0.030SU17 
---------_ ---------_ -_-_-----_ --_-_--_-- 

€’OVER (WATTS) Z O N E  CLASS ABSORPTION F I S S I L E  INVENTORY ( X G )  EFFECTIVE CONVERSION R A T I O  
In. LOSSES 0.C D A Y S  5 0 . 0 0 0  DAYS REACTIOR PATE: NASS EALRNCE 

1 0 . 9 9 9 9 9 9 9  2 .887611E-05  2.70942QE-35 0 . 8 1 8 5 0  3 . ? 6 3 2 9  1 .22712UE 0 2  _-----___--  _-_-- -_____ _ _ _ _ - - _ _ _ _ _ _ _  _-_- - ----_ - - - _ _ _ _ _ _ _ _ _ _  _-- -__-- - - -_-  
OVERALL 0 . 9 9 9 9 9 9 9  2.8876.1 1 E- 05 2.7094 2 @ E - )  5 0 .81850  0 . 7 6 4 2 9  1 . 2 2 7 3 2 4 3  02  

OTHER LOSSES 0. 0000001  

TOTRL Losses 1.0000030 
- - - - - _ _  - - - 

PTSSILF  CONSDfiPTIOH PER U N I T  ENERGY GENERATION I S  1. ( r260266-lU RS/W,ATT-SEC 
FISSILE C O N S 3 8 D T I O N  FATE I S  1 . 7 4 9 9 1 0 6 - 1 2  KG/SEC 

‘ I T E R P A C P  P ILE Z M A T D N  VERSIOII 1 (OLD) H A S  BEZN WRITTFg 3N O N I T  1 4  WI?H D E A S I T I E S  A ?  TIYF 5.000COOE 01 DAVS 

P I S ? ?  
TYSTF 
TNS*S 

9 .999995E-25  
0.3 
n .o 

5.0C00’33E 0 1  

. 
STrlRARY 3P CALCUL4TIOI 

1 1 4 ~ 1 x  SXPONENTIAL - E X P O S U R E  
P I P ? .  STZPS ( IWTFPV4LS)  USfD 
YTN. STZPS (INTERVALS) USED 

5 70 
5 7 3  

F A X  A R R A Y  SIZE USE3 3 2 3 7  WORDS - P O P  Z O N E  CALCULAfION 

x n x  A F P A Y  SIZF USED 3237 W O R D S  

TPTAL CPO TIME USED 0 .220  RINUTES TOTAL CLOCK P I 3 E  USED 0 .438  RINOTES TDTAL I10 USED 1 5 2  

NORKAL -TlD O B  EXPOSURE RODULE 

0 
m 

I 
ij 
w 



CASE TITLP - BREBDFR RETICTO3 SAi lPLE PROSLEN FOR T R E  BURNEK C O D E  

B I T 2  C O N T 4 I N F E :  AXSAYS, CONTPOL 6 DATA 1 

G R U P X S  TITLF 
BREEDEQ PPRCTOR CROSS S E C T I O N  DATA ( 3  G R O U ? )  

N I S O L l  - THY N U P l B E R  OP D I F F E R E N T  ilRfQTrE I S O T O P E S  I N  S Y S T E n  I S  u2  
NISOA - THE 9UtlSER OF D I P P E R E H T  ABSOLUTE ISOTOPES I N  S Y S r E f l  i S  2 1  
NUCLAS - TRY HZNBEI: OF DIPPERENT I S O T O P Z  C L A S S E S  iN SYSTEEI I S  8 

Y 0. 
: 
2 

4 
5 
6 
7 

8 
9 
70 
:: 
3 2  

:3 
1u 
1 5  
16 
1” 
18 
19 
20 
21 
22 
23 
2a 
25  
26 
27 
28 
29 
30 
31 
32  
33 
3u 
35 
36 
37 
38 
30  
i l c l  
4 1  

7 

Y O R R  
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
13 
1 4  
15 
16  
17 
1 8  
19 
20 
2 1  

0 
c 

22 
2 3  
21; 
25 
26 
27 

2 9  
30 
31 
32  
33 
34  
35 
36  
37 
38 

2a 

T O S S  IXBSOL HABSOL 
1 1 U235 
2 2 8 2 3 6  
3 3 0 2 3 8  
4 4 OU239 
5 5 PUZUO 
6 5 PU2U1 
7 7 PO242 
E S 0 1 6  
9 9 Nh23 

1 0  3 5  C F  
I 1  1 1  4155 
1 2  12 P E  
13  1 3  N I  
1 4  1 8  X E 1 3 5  
75 15 P P l l U T  
1 5  16 P r i l 4 8 S  
17 17 P ? I l U E  

19 1 9  HSPP 
2’) 20 SSFP 
21 2 1  TA781 
25 0 
26 0 
27 0 
28  7 
29  2 
30 3 
31  4 
3 2  5 
33 6 
3 4  7 
35 8 
3 6  9 
37 110 
3 6  11 
39 7 2  
4 3  13 
41 14 
42 15 
43 1 6  
4lh 17 

18 i a  s q i u 9  

NCLIIS 
1 

2 
I 
2 
1 
3 
8 
6 
5 
5 
5 
5 
4 
u 
4 
4 
4 
4 
4 
7 
s 
0 
0 
7 
3 
2 
1 
2 
1 
3 
8 
6 
5 
5 
5 
5 
4 
LI 
4 
4 

I C L A S  
1 
2 
3 
4 
5 
6 
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 



HZCL 

u2 
4 3  
uu 
45 

- TB 

39 45 
40 0 
u1 0 
42 0 

N U K B E R  OF DIP? 

1 8  
1 9  
20 
21 

RENT % O R E  CLXSSES 

40. PZCLS I Z C L S  
1 1 1 0 1  
2 1 1 0 2  

2 1 0 3  3 
4 2 1 0 4  
5 3 7 0 5  
6 3 1 0 6  
7 LI 197 
8 4 1 0 8  
a 5 1 0 9  
'0 5 1 1 0  
11 b 0 
32 6 0 
1 3  7 0 
1 u  7 0 
1s 7 0 
16 7 0 
17 i! 0 
18 8 0 
13 9 ,3 

9 0 
21 9 0 
22 1 0  0 

nn 'L 

FETBO" OP S O L U Y O N  - ZXPLICIT CHkIN 
?"E LONGEST EXPLICIT CHRIN IS 10 

* BREEDEF P A C T O R  EXPOSURE DATA 

EXPOSURE HOCLIDZS 
NUCLIDE WAHES A R S  4 B S 3 L U T E  

1) 0 2 3 5  
2)  U236 
3 )  0238 
4) P U 2 3 9  
5) PWZU0 
6) PC241 
7) PO242 
8) XE135 
9 )  P M l U 7  

15) 9x149 
11) RSFP 
1 2 )  SSPP 

10)  ?!4148 
13) PKlBEH 

1) PC24'1 6 1.6889992-09 
2) XE135 8 2.092999E-35 
3 )  pa147 9 8.2889YSE-09 
4) P X 1 4 8 1  1 3  1.9753998-37 
5 )  P X l P 8  11) 1.6879995-06 

C 
a 
1 
w 
v1 



BREBGY BANG& 1 CUTDPP AT 1 . O O O O O O E  05 E7 

P I S S I O H I N G  NUCLIDE 

U 2 3 5  U236 U2 38 PO239 PU2UO PO281 PU2U2 
1 F I S S I O N  PRODWCT 7 

1) K2135 8 0 . 0 7 1 5 0 0  0 . 0 6 0 0 0 0  0.06iiOOO 0.07:500 0.060000 0 . 0 7 1 5 0 0  0 .060000  
2)  P R i 4 7  9 0 .027000 0 .030000  0 .030000  0 .027000  0.030030 0 . 0 2 7 0 0 0  0 .030000  
3) sF1:u9 10 0.013000 0 . 0 2 0 0 0 0  0 . 0 2 3 0 0 0  O.Dl33CO O.OZC'300 0 .013300 J .E20000  
4) NSFP 11 1.501100 7.546599 1.506599 1.507933 1.545599 7.501100 1.546599 
5) SSP? 72 0.0134170 0 . 0 1 3 4 0 0  0.0 '3400 @.C13;190 G.073400 0.013400 0.0131100 

1 )  2)  3 )  41 5) 69 7) 

2 3 4 5 6 

EV ENZRGY 3ANGE 2 CUTOFP kT 0.0 

F I S S I O N I N G  NUCLIDE 

1) 2i 3 )  P0239 9) PU2L10 5 )  PO24:) PU2U2 7) 
0235 0236 U 2 3 8  

1 )  Xf135  8 0.071500 0.060000 2 0.060000 3 0.071500 0 . 0 6 0 0 0 0  5 0.073500 6 0 . 0 6 0 0 3 0  7 1 F I S S I O N  PRODUCT 

2) Pi4147 9 0.027000 0 . 0 3 0 0 0 0  0 . 0 3 0 0 0 3  0 . 0 2 7 0 0 0  0.330000 0 . 0 2 7 0 0 3  0 . 0 3 0 0 0 0  
3j sn7s9 10  0 .013000 0 . 0 2 0 0 0 0  0 . 0 2 0 0 0 0  0.013SOO 0.320090 0.013033 0.029300 
8 )  NSFP 1 1  ?.501100 1.546599 7.545599 1.5G1103 1.545599 1 .507103 1.546599 
5) SSFP 1 2  0.073UOO 0.013400 0 . 0 9 3 4 0 0  0.013Q00 0 .073800  0.013500 0.013UO0 

PJ 211 2 
END CHAIN 1 

START CtiRIh! 2 

s n 7 u 9  
END CHAIN U 

S T l R T  CHATN 5 
X E 7 3 5  

EN0 CHAIN 5 
STRRT CHAIN 6 
SS PP 

V . E )  

LENGTH IS 

1 .oooaoo 
1.000000 

1 .000090  

'I .000000 

L'IIIGTW I S  

1.000000 

LENGTH I S  

0.900000 

1.000000 

LENGTli I S  

0.100000 

1 .03oocc 

LENGTR IS 

LENGTH I S  

1.000000 

7 7  7 4  

15 20 

10 1 1 0  
3 
2 
4 
2 
5 
2 
6 
2 
7 
0 

1 
2 
2 
0 

9 
9 0 0 3 0 2  

1 3  
2 

1 0  
0 

4 

6 

6 2 i  26  

A D D S D  CONTRIBUTION 

2 

4 

27 28 

29 32  

9 
1 3 0 0 c 2  

1u 
2 

-1c  
0 

8 
0 

1 2  
2 

1 1  
0 
0 

-, 
31) WSPP 
32) YRD CRAIN 6 
33)  EN5 OF CHAIN S P E C I P I C A T I O H S  



ENE9GY 1 .492000B 07 1 .22Q999E 06  8 . 6 5 4 9 W E  04 5.3304a6E-03 
PER 1.0000DOE 05 0.0 

YIELD RARGE NDnBER FOR EACR NEOTROR ENERGY GR3OP 
I G Y  1 1 2 

POSTTION I N  DENSITY ARRhY FOR EACH NUCLIDE IN EXPOSUPE DATA 
SET 1 RUCLIDES INCLUDED 74 
THNUC 1 2 3 U 5 6 7 1 4  15 18 1 9  2 0  1 6  17 
S ?T 2 NUCLIDES INCLUDED 1Cr 
I B N U C  1 2 3 U 5 6 7 1 4  75 18 19 20 1 6  17 
SYT 3 NOCLIDES INCLUDED @ 
YHNUC 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
S ET 4 NUCLIDES IXCLUDED 0 
I H N U C  0 G 0 0 0 0 0 0 0 0 0 0 0 0 

5 t X I i l U u  A R R A Y  S I Z E  SS2D FOR I N I T 1 4 1  PROCESSING I S  1783 

STOPAGS 3EQUIRED FOR BASIC DATA I S  1 6 7 8  

STORAGE SUPPLIED I S  1 0 0 0 0  
H 4 X I B ’ J f l  STOFARPJE REQUIPED IS 5 8 1 1  
R I N I H U l 3  STORAGE REQUIRED I S  3 1 6 5  

FODRQ = 0 UODRRF = 0 

N E E O P Y  ACTUALLY U 5 E D  HILL B E  581? 

INTERFACE FILE RZFLUX VERSION 1 UNIT 16 
POWER = 1.250000E 0 9  T I B ?  = 0 . 0  

VOL = 1 .582595E 07 EPPK = 1.0723U7E 0 0  
DKDS = 0.0 fIVS = 0.0  

TBI. = 1.10G215E 2 3  TNA = 1.092223E 2 9  

TNSAL = 0.0  TNCPA = 0 . 0  
PC = 5.00000QE-01 CBTF = 9.7OOOOOE-01 
73 = 1 . 0 0 0 0 3 0 ~  00 x4 = 0.D 
ITPS = 1 BZONE = 22 
N GROW P= 3 NCP = 2 

TWSL = ! . 3 9 9 ( r 6 1 ~  18  TNBL = 0.g 

RZFLUX REFERENCE TIBE 0 .0  DAYS INDICATOR 1 

INTPRPACE P I L E  ZNATDDA V E R S I O N  1 U N I T  1 5  
?In? = 0 . 0  
RCY = 0 NTZSE = 2 2  
NNS = 21  X B L K A P  ‘1 

START OF STEP ATOR DEYSITIES A’? TIPlE 0.0 D 4 P S  

ZONE NUBBFR 1 
11235P 2.285999F-05 1123811 7.504‘293B-03 PlJ239A 8.6771OOE-04 PilZUOA 3.3535992-0U 
D’521)1% 6 .427500E-65  PU2U2A 2 .5591303-05  31SA 1 . 7 6 4 0 0 3 2 - 0 2  R A E 4  9 . 0 5 9 4 9 8 3 - 0 3  
CR-A 2 . 6  1 8 7 0  O f 4 3  PE- A 9.385596E-03 51-A 1 . 3 7 8 3 0 ~ ~ ~ ~ :  TA181A 9 . 9 9 9 9 9 9 ~ - ? ?  

ZONE HgEIBBR 2 
0235A : . z a 6 ~ 9 9 ~ - 3 5  0 2 3 9 ~  7 . 5 0 4 2 9 9 E - 3 3  PfJ239a 8.677’lDOE-OU ?\ I ‘ lQCA 3.353599E-00 
PU2r)lA 6 .421500E-05  PD242A 2.559100E-?5 016A 1 .76U000F-02  NA23A 9.058U96E-03 
CS-A 2 . 6  i e 7 0 0 ~ - : 3  PE- A 9 . 7 8 5 5 9 6 3 - 0 3  N I - A  1 . 3 7 8 3 0 0 2 - 0 3  TA’ISTA 9 .9399993-1 :  

BONE NUMBER 3 
112351 2.391500Y-05 U238A 7.847U9YE-03 PU239h  9.9060993-0‘4 P U Z U O l l  3 .8268002-04  



PU2'I?A 7 . 3 2 7 0 9 9 2 - 0 5  
C B - A  2.6 993OOE-?3 

ZONE N G R 9 E R  U 
U235fl 2 .391 500E-0 5 
PU247A 7 .327099E-05  
C R - A  2 .699300E-03  

Z O N E  P l l f l R E H  5 
0 2 3 5 A  2 . 3 5 7 3 0 0 E - 0 5  
"0241A 9 . 5 7 4 7 9 9 P - 3 5  
CP-A 2 .722300E-03  

Z O N E  fIW3BPP 6 
'1235R 2 .357300E-05  
DW29iA 8 . 5 7 4 7 9 9 E - 0 5  
C S - A  2.7223Oi.P-03 

Z C N E  NTJU3ER 7 
1 2 3 5 8  2 . 8 3 9 4 9 9 3 - 0 5  
CP-B 2.6 18700E-0 3 

ZONE YLIMBER 8 
0 2 3 5 8  2.83949QE-C5 
C P - 8  2 . 6 7  8'00E-0 3 

7,013 N T I X R F R  9 
0 2 3 5 9  3.009199X-05 
C F - B  2 .6993003-03  

Z O N E  ACl lBE? 10 
U 2 3 5 8  3 .009 t99E-C5  
cs-a 2 .6  9 9 3 0  OE- 1 3 

C O N E  NUnRFR 7 1  
V235B 3 . 0 5 9 2 0 0 P - 0 5  
C ? - 8  2 . 7 2 2 3 0 0 3 - 0 3  

ZONE AUUSFR 1 2  
n 2 3 s ~  3 . 0 5 4 2 9 0 3 - 0 5  
C P - E  2 .722300E-03  

Z O N E  NL'flBER 1 3  
I32358 U. 318 300E-05 
C R - 8  2 .658200" -93  

Z O N E  N U O R E R  i u  
0 2 3 5 8  U.3183003-35 
C 9 - B  2 .658200E-03  

ZONE NUMBER 15 
g 2 3 5 8  4 . 3 1 8  3OOE-05 
CP-B 2.658 20 OE-0 3 

PU242A 
PP- k 

2 .920099E-05  
1. 008660E-02  

016  4 
N X - A  

1 . 8 6 9 3 0 0 E - 0 2  
1.420600E-03 

N423A 
TA181A 

8. UO3799E-03 
9 .999999E-  11 

0238R 
P7242A 
P E - L  

7. 847U99B-03 
2 . 9 2 0 0 9 9 2 - 0 5  
1 .008660E-02  

PU239A 
076L 
N I - A  

9 .906399E-C~t  
1 . 8 6 9 3 0 0 3 - 3 2  
1 . 4 2 0 6 0 0 E - 3 3  

PUZU 0 A 
NA23A 
TAl87A 

3. R26800E-04 
8 .U031975-03  
9 , 9 9 9 9 9 9 E - 1 7  

023811 
PTJ242A 
PP-A 

7. 7 3 5 4 9 8 3 - 0 3  
3. a l68OOE-05  
1 . 0 1 7 2 6 5 E - 0 2  

?U239A 
0!6A 

1.15 87005-  0 3  
1 . 8 5 5 3 0 3 E - 0 2  
1 . U 3 2 9 0 0 E - 0 3  

PUZUOA 
NA23A 
TA1811 

4.478798E-0U 
8 . 2 2 7 9 9 7 P - 0 3  
9 .999999E-  11 NI-A 

U238A 
PU242A 
FP-A 

7. 735U96E-03 
3 .9  1 6 6C OE -0 5 
1 . 0 1 7 2 6 0 3 - 0 2  

PU239A 
O16A 
NI-E. 

1 . 1 5 6 7 0 0 E - 0 3  
1.8ss300E-0: 
1 . 4 3 2 8 0 0 3 - 0 3  

P3200h 
NA23 R 
?,4 1 a 1 A 

3.U7RT98E-04 
f l .227L97E-03 
9 . 9 9 9 9 9 9 E - 4 1  

0 2 3 8 8  
PE-3 

0 2 3 8 8  
FE-8 

9. 3 1 7 5 9 9 E - 0 3  
9 . 7 8 5 5 9 6 E - 0 3  

016B 
41-8 

1 . 8 6 9 2 0 0 E -  0 2  
1 . 3 7  8300E-0 3 

NA238 9 .0S8U98E-03  

9. 317599E-0:  
9 .7R5596E-03  

0 1 6 8  
NY-B 

i. 869200E-02  
? .  37830OE-03 

NR238 

8 2 3 8 8  
PE-B 

9. 87U698E-03 
1.00866GB-02 

1 . 9 8 1 0 0 0 E - 0 2  
7 . l i20600E-O3 

0 7 6 8  
Ni-3 

NA233 8.  U03:9?F-03 

0 2 3 8 8  
P E - B  

9. 87U698Z-03  
1 .00866OE-02  

0 1 6 8  
NI -8  

1 . 9 8  10 OOP- 0 2  
1 . 4 2 0 6 0 0 E - 0 3  

NR23B 8 .  U 0 3  1 Q 7 F - 0 3  

0 2 3 8 3  
PE-8 

1 .002220E-0  2 
1 . 0 7 7 2 6 0 E - 0 2  

3 1 6 9  
N I - 3  

2 .010500E-32  
1. LL 3 28 CO E - 0  3 

NA23B 8.227U97i . -03 

0 2 3 8 3  
PE-B 

I. 0 0 2 2 2 0 3 - 9 2  
1 . 0 1 7 2 6 0 E - 0 2  

0 1 6 8  
N 1 - 8  

NA23B 8 .227497E-53  

U238B 
PE-8 

1. U17OOOE-02 
9 . 9 3 3 2 9 7 ~ 3 3  

0 1 6 8  
N T - B  

2 . 8 U  2600E- 0 2  
1 . 3 9 9 1 0 0 F - 1 3  

NA23B U. 224397E-03  

3 2 3 8 8  
f E - 3  

1. U1700aE-02 
9 .93  3 2Q7E-0 3 

0168 
NT-3 

2 .8 f i2603E-02  
1 .39910OE-03  

HA 23 a (1.22'4397E-03 

0 2 3 8 8  
PE-B 

1. 477000B-02  
9 .933297E-03  

0 1 6 8  
NI-B 

2.8u2600E-CZ 
9.3991OOE-03 

N A  23 5 4. 22439'3-03 

ZONE PUfJBER 1 6  
rj  2 3 5 8  U.318300E-05 U 2 3 8 B  
Ca-B 2 .658200E-03  PE-8 

ZONE NUMBER 17  
1 2 3 5 8  U.3183OOP-05 '52388 
C R - 8  2 .6592003-n3  PE-E 

ZONP 4DIIBER 1 8  

1 .  U170OGE-02 
9 .933297E-33  

0 1 6 8  
N I - B  

2 .8U2600*-02 
1 .  3991OOE-03 

NA238 U.229397E-03 

1. U1700OE-02 
9 . 9 3 3 2 9 7 3 - 0 3  

2.81126005-02 
7 .399100E-03  

0 1 6 8  
N T - B  

NA23B U . 2  24 397E-3 3 

0 2 3 5 8  1.3183003-05 112389 
CR-I)  2 .6582002-03  PE-B 

4 .  U170COE-02 
9 .933297B-03  

0 1 6 8  
N X - B  

2 .842600E- 0 2  
1 . 3 9 9 1 0 0 E - 0 3  

NA23B 9 - 2 211 397E-0 3 



. ' . .  

EONS NUMBER 1 9  
0 2 3 5 8  U.318300E-35 0 2 3 8 8  1 .417000E-02  016B 2.8U2600E-02 NA23B U. 22U397E-03 
CR-E 2.65820CE-03 ?E-B 9 .9332973-03  N I - B  1 . 3 9 9 1 0 0 3 - 0 3  

ZONE NUOBER 2 0  
(12358 U.318300E-05 U238B 1 .417000E-02  O l 6 B  2.8U2600E-02 N123B U. 2211397E-03 
CP-B 2.65820CE-03 PE-B 9 .933297E-03  N I - B  1 .399100E-03  

Z O N B  N U R B E R  2 1  
NA23B 1.9BU700E-02 PE-8 3 .0715003-02  CR-B 8 .21  9600E- 03 N I - E  U. 3 2 6 0 9 8 1 - 0 3  

ZONP NCOBEP 2 2  
NU238 1.08U700E-02 PE-9 3 .071500E-02  CR-9 8 .219600E-03  N I - E  4 .326098E-03  

EXPOSLIFE TIME STEP STARTS AT 0.0 DAYS 

EXPOSURE T I g E  STEP I S  7 .500003E 0 1  DAYS ( 6 . 4 8 9 9 3 0 8  06 SECONDS ) THE NUBEER OF SirBSTEPS 1s 2 

POWER 2.U99994E b* WATTS, MAXIltUfi POHER OEHSITY 0.807'135E 0 2  HATTS/CC I N  2CNE 
PPWER 2 . 5 0 6 5 2 7 8  0 9  H A T S ,  f l A X I M U f l  POWER DENSITY U.7950763  02  WATTS/CC I N  Z O a E  

3 AT START O F  S[IBSi'EP 1 
3 AT E N D  OF S38SIEP  ? 

AVERAGE PPWER AT END OF SUBSTEP 2.50326iJE 0 9  H4TTS 

INITIAL PEIIC*ION FATES WILL B E  MULTIPLIED S Y  9 . 9 4 7 8 6 4 E - 0 1  F O R  N E X T  SOBSTEP 9 .947871E-01  9 .973869E-01  

POHSF 2.89'3U59P 09 WATTS, aAXIR3H P9WER PEASITY U.770474E 02 WA?TS/CC I N  ZONE 
P O W E R  2 . 4 9 9 5 5 7 E  09 HATS, M a x I m n  POWER DZNSITP  u . 7 6 ~ 3 ~ 6 1 :  0 2  WATTS/:C I N  Z O N E  

AVERAGE POWER AT E N D  OF SUBSTEP 2 .499885E 0 9  WAT"S 

3 AT S T A R T  OF SUBSTEP 2 
3 AT END O F  SgBSTE? 2 

END OP EXPOSURE STEP ITOH DENSITIES AT T I R E  7 .500003E 3 1  DAYS 

ZONE YURBES 1 
1235A 2.0 5873  5P-05 

YA23R 9 .0584982-0  3 
X E l  35A 4.  U 5891  OE-08 
Si3149A 1 .250482E-06  

ZQNP NUTBPR 2 
U235h 2 .12051  5B-35 
V U 2 4 0 4  3 .404298E-04  
NP23A 9 .058498F-03  
XE135A 3 .1599827-08  

P u z u o n  3 . 4 2 1 3 0 7 a - o ~  

s*iu9n 5 . 8 0 9 6 9 7 E - 0 7  

ZONE NUFBEP 3 
0235A 2.170 1 3 0 F - 3 5  
PIT2404 3.892647B-04 
8A23A 8. U03 197E-03  
TE135A 4. ?30247E-08  
SVlU9R 1 . 3 2 8 1 2 3 E - 0 6  

ZONE HUMBEF 4 
0 2 3 5 1  2 .2318302-05  
P'J240A 3 .8758061-04  
NA23A 8.403 1973-03  
XE135A 3 .325605E-08  

U236A 

CF-A 
P5147A 
NSPDA 

P u z u t n  
5 .1360853-07  
6 .  156201E-05  
2 .618703E-03  
2 .271438E-06  
1 .315323E-04  

7 .400621E-03  
2 .60  94USE-05 
9 .785596E-03  
2 .234346E-08  
1 .142208E-36  

PU239A 
0 1 b?. 
N I  -8  
PM148A 
TAl8lA 

8.800898P-04 
1. 76kOOOE-02 
1.3783OCF-03 

9 . 9 9 9 9 9 9 8 - 7 1  
9 . ~ 1 7 e ~ ~ ~ - i o  

0236A 
PU241A 
CR-A 
PRlU7A 
NSPPA 

3.78U846E-07 
6 . 2 1 0 9 4 8 3 - 0 5  
2 .618700E-03  
1.62 1 9 8 1  E-06 
9. 322388E-05 

7.U29700E-03 
2 . 5 9 6 9  l l E - 0 5  
9 . 7 8 5 5 9 6 E - 0 3  
1 . 3 5 6 2 5 7 E - 0 8  
8.14URS3E-07 

8 .773983s -QU 
1 .?6U000E-02 
1 .378300E-03  
5 .152616E-10  
9 .999999E-11  

U238A 
PC242A 
FE-A 
PN48KA 
SSPPA 

PU239A 
016A 
N I - I \  
PR148A 
TAlBlA 

0 2 3 6 1  
PU241A 
CR-A 
PNlB7A 
WSPPA 

4 . 9 3 5 0 3  32-07 
7 . 0 3 2 5 1 9 E - 0 5  
2 .6993@0E-03  
2. U21608E-06 
1. 398Qh9E-04 

U238A 
PU292A 
FE-A 

S SFP A 
Pnu8nn 

7 . 7 Q 6 8 9 4 E - 0 3  
2.97 078UE-0 5 
1.00866OE-02 
2 .283125E-08  
1 . 2  166 91E-06 

PU239A 
016A 

9.987337E-OU 
1.86930C.E-02 
1 . 4 2 0 6 0 0 E - 0 3  
9 .039385E-10  
9 .999999E-11  

N I - R  
PRlGRA 
T A l E l A  

U236A 
PLI2UlA 
CR-1 
Pi3147A 

3. 59U862E-07 
7.09U321E-05 
2.6993001-0 3 
1 .71391  3E-06 

U238A 
PU2U2A 
QE- A 
PNrl8fiA 

7 . 7 7 5 8 7 3 E - 0 3  
2 .957681E-05  
1.008660E-02 
1.3524002"-08 

9 . 9 4 2 2 1 1 2 - 0 4  
1 .869300E-02  
1. U236OCE-03 
5.OU3375E-10 

PU239A 
0 1 6 t  
H I - A  
PMlUEA 



SR749A 9 .286215E-07  

ZONE R U R B B P  5 
iJ 235A 2 .276359E-05  
PJ24OA 4.52457OE-04 
NA23R 8 . 2 2 5 3 9 i E - 0 3  
TF135A 3 .474U63t -08  
SillU9R q . 7 0 2 Q 6 2 3 - 0 7  

ZONE NOIIBER 6 
Q235R 2 . 2 5 6 6 1  22-0 5 
P t 2 4 0 h  &.512919?-34  
HA23A 8.227U97B-03 
XF135R 2.U395DSE-08 
S PI 1 4  91 6 .??go6 82-5  7 

ZOXE N U N R E R  7 
U235B 2 .7277233-35  
PU2408 1.87U816E-37 
"1238 9 .0584983-03  
XE1358 1 .499749E-09  
Sf71498 4 .726498E-08  

ZONE t l U X B E R  9 
U235B 2 .792386E-05  
7 0 2 4 3 8  3 . 5 4 0 6 8 2 2 - 0 3  
HA239 9.058i i98E-O3 
#E1358  3.67839:E-10 
SNlU9B 1 . 0 8 7 7 0 6 % - 0 8  

N SPPA 9 . 8 2 8 3 0 5 1 - 0 5  SSPPA 8 .600093E-07  

r1236A 
PS241R 
e."-A 
PnlU7A 
WSPPR 

5. 13!4P982-0? 
E. 3 :  3 5'2 TI -05  
2.7223COE-0 3 
1 . 7 9 9 1 1 7 2 - 0 6  
1. 029550E-34  

J 2 3 3 A  
DU2 4 2 A 
FE- & 
P PI4 8 !l A 
SSPPA 

7 . 6 7 2 0 8 3 E - 3 3  
3. 4 5 3 6 7 3 2 - 0 5  
-9 . 51?26? ,9 -02  
1 . 3 1 2 5 4 6 E - 0 8  
9 .  @25?'13P-07 

PU239R 
016X 
X I - A  
P N 1 4 8 A  
T l l b l A  

1 5 i  3 3'1 E-03 
I .  85530OE-@2 
1. k328003-03  
Y .  786822E-10  
9 . 9 9 q 3 9 9 2 - 1 1  

U236II 
PU2UlII 
CR-A 
PE147R 
NSPPA 

2 .258267E-07  
8 . 3 6 3 2 7 8 3 - 0 5  
2 .  72230OZ-03 
I. 2657773-56  
7. 2::619E-OS 

~ D A  
PL1242A 
PE-II 
P K U 8 f l A  
SSFPA 

7 . 6 9 0 5 9 7 E - 0 3  
3 . 4 4  3898E-05  
1 . 0 1 7 2 6 0 E - 0 2  

6 . 3 3 5 7 1 2 E - 0 7  
7 . 7 8 a 7 7 0 ~ - 0 9  

1 . 1 5 3 8 3 9 B - 0 3  
1.8 5 5 3 0 C E -  0 2  
1 . 4 3 2 8 0 0 5 - 0 7  
2.5717U3E-70 
9 .  9993998-17  

n 2 3 6 a  
PU2UlR 
C R - 8  
PA1978 
NSPPR 

2 .  a 6 0 5 8 3 ~ - 0 7  
5.  9q8U26E-10  
2 .618700E-03  
7.8Ch58UE-08 
4.33602UE-06 

U2393 
P32U2B 
P E - B  
Pl4Y f i B  
SSPPB 

9 .274539E-0  3 
1 - 1 7  382 9E- 1 2 
9 . 7 8 5 5 9 6 ~  0 3  
4.990623E-TO 
3 . 7 4  76  19 E- 08  

4.  v '85Dl2E-05 
1. " € 9 2 0 0 2 - 0 2  
i .  37630CE-03 
1 . 8 4 6 0 4 7 9 - I T  

'52368 
P O 2 4 5 8  
C X - 8  
ealu- ts  
C S P P B  

1. 25U173E-07 
4 .977005E-Yl  
2 .6  1 8 7 0 2 E - 2 3  
? . 9 0 1 8 7 3 E - 0 3  
1.06C644E-CS 

7 . 1 5 7 2 6 9 E - 0 5  
1 . 8 6 9 2 0 0 E - 0 2  
i. ; 78300E-03  
2.3350T:E-12 

ZONE NUf7BEP 9 
0 2 3 5 B  2 . 9 0 5 5 7  5E- 0 5 
PU240B 1.50!4305B-07 

0 2 3 6 8  
P II 2 4 TB 
CR-B 
P 4 1 C 7 8  
NSPPB 

2 . 6 4 3 7 6 5 3 - 0 7  
4 .  1812112-10  
2. 699300B-33 

U.078612F-06 
7 . 3 6 9 5 9 6 ~ - 0 0  

0 2 3 8 8  
PU292B 
PE-B 
P Y U B M B  
SSPP B 

9 .934Y33E-03  
7 . 1 3 9 3 9 8 E - 1 3  
1.0 08660E-0  2 
0 .332285E-  I O  
3 .5295729-  08 

PU239B 
0168 

?:I 1 11 8 B 
NI -a 

3 . 7 8 3  1 0 ? E - 0 5  
1 . 9 8 1  03CE-'32 
*. 420630E-63  
'7.567423E-1; 

N A 2 3 B  8. U 03 ? 978-3 3 
XE1353 1 .3Rh265E-33  
Sfll49.8 U. U932U33-08 

ZONE N O E B E F  1 0  
0 2 3 5 3  2 . 9 6 7 7 2 2 2 - 0 5  
P02'408 2.5U 1 L16 3E-0 8 
NR233 8 .U03 197E-03  
XE135B 3.170569E-"10 
SXlU9B 9 . 6 0 3 6 6 7 3 - 0 9  

Z O N E  NUMBER 41 
0 2 3 5 8  2 .988821E-05  

N17.31 8 .227497E-03  
XEl35R 8.12902UE-1J 

0 0 2 ~ 8  5 . ~ 3 5 8 0 7 ~ - 0 8  

s t - u q ~  2 .781  2 7 3 ~ - 0 8  

Z O N '  YOFBER 1 2  
0 2 3 5 8  3 .028789E-05  
PU240B 9 .356615E-09  
N123B 8.227U9'E-03 
XI(135R 1 .836200E-10  
S a 1 4 9 0  5 .756579E-03  

Z O R E  N 3 1 B E R  7 3  
0 2 3 5 8  0 .195Ul2E-05  
PTI240R 1.U2S7U3E-07 
NA23B U . 224397E-03  
XE1358 I .  820  54UE-09 
5B?49B 6 .29931  03-08 

ZONE NWFlBER 1 9  

U 2 3 6 B  
PJ2U 18 
CR-B 

!iSFPB 
~ n i  478  

1 .095282E-07  
2.  93728LIE-11 
2. 699320E-0 3 
1 .668346E-08  
9 . 2 7 9 4 9 0 3 - 0 7  

U239B 
PU2U25 

PNli8.YB 
S S P P B  

P z - a  

~ . 8 5 9 0 0 3 ~ - 0 3  
2 .039672E-  14 
1-OO8660E-02 
5.2308UUE-11 
8 . 1 3 5 u J 3 E - 0 9  

702398  
0168  
A i - 8  
P J l h 8 8  

1 . 5 3 5 7 2 8 E - 0 5  
1.987OCOF-02 
9.U23h00E-03 
1 .726232E-12  

U236B 
OU2418 

PXlU7B 
NSPTB 

= a - B  

1 .668225E-07  
1 .001951E-70  
2 .722300E-03  
U.5190148-08 
2. Q81560B-06  

0 2 3 8 8  
PU242B 
FE-8 
PWllY 8 2  
SSFPB 

9 . 9 9 7 1 7 0 E - 0 3  
1 . 0 1 9 2 8 7 2 - 1 3  
1 . 0 1 7 2 6 3 % - 0 2  
I .  9 1  645 3E- 1 0  
2 . 1 5 6 2 1  5E- 3 8  

PO2398 
01 53 
NI-3 
P3.148B 

2. 382U86E-55 
2 .3  7 0 5 3 0 E - 0 2 
1. 4 3 2 Y O F E - 0 3  
6. 522369E-12  

0 2 3 6 8  
1 ~ 0 2 4 1 8  
CR-B 
PFI107TLI 
HsPPa  

6 . 7 1 0 9 0 0 3 - 0 8  
6 . 5 1 0 8 1  1E-12 
2. 7223002-03  
9.93U265E-09 
5 .505461E-07  

3 2 3 8 8  
PO2423 
Y E - B  
P?!UBYB 
S S P P B  

1 . 0 0 ? 2 6 0 E - 0 2  
2 . 7 1 9 0  12E- 1 5 
1 . 0 1 7 2 6 0 2 - 0 2  
2 . 0 3 6  107E- 11 
4 . 8 3 5 0 1 2 E - 0 9  

PU239B 
016B 
NT-8 
PXlU8b 

9 . U O 4  162E-06  
2 .  @ ? 0 5 0 0 E - 0 2  
1 . 4 3 2 R 0 0 2 - 0 3  
6.U9UllOE-13 

0 2 3 6 8  
PU 2 U 1 8 
CR-B 
e 1 1 4 7 5  
NSPPB 

3 . 0 8 7 5 4 0 2 - 0 7  
3. 1 8 3 4 9 8 2 - 1 0  
2 . 6 5 8 2 0 0 2 - 0 3  
7.31 i 662E-0 7 
5.35rt41TE-Ob 

0 2 3 8 8  
P3242B 
PE- 9 
e n 4 8 8 8  
SSPPB 

1 . 4 7 2 2 6 6 E - 0 2  
U.38U9772-13 
9 . 9 3 3 2 3 7 3 - 0 3  
5 .  470966E-10 
4 . 8 0 a m a ~ - o a  

4 . 4 4 7 6 9 4 - 3 5  
2 .  3 U 2 6 5 i F - 0 2  
1.39910:5-03 
1 . 8 1 1 8 1 4 2 - 7 1  

PV2398 
0168 
NI -B 
PX1988 



W 2358 a.231119E-05 
PI32409 3.1625783-08 
NR23B 4.224 39 7E-03 
XE135B 1.192675E-09 
SillU99 P.21963UE-08 

Z O R E  N U R B E R  15 
3 2355 4.279405E-05 
DU24OB 1 .51034lE-08  
NR239 U.22U397E-03 
X E 1 3 5 B  3.2U2826E-10 
s n i u 9 ~  i . o 6 7 0 7 8 ~ - 0 8  

ZONE NUnBER 16 
U235B 4. 3030293-05 
PU2U OB 2. U22128E-19 
SA238 8.22U397F-03 
XF1355 9 . 1 5 3 5 4 8 - 1  1 
SRl49B 2.7999592-09 

ZONE R O B B E R  17 
U235B U.265596E-05 
PO2408 2.8068298-OB 
NA23B 4.224397E-3? 
XEl35B U. 2292843-10 
SRlU9R 7.329370E-08 

Z O V E  NTl5BER 18 
1235B 4.28059UP-35 
P124OB l.U3?566E!-08 
Wb23B U.224397E-03 
KE135F 2.85U836E-10 
9 RlY9B 4.079226E-09 

ZORE N O R B E '  19  
U235B u.300353'-05 
P ( I 2 Q O B  3.3358312-09 
NA238 ( 1 . 2 2 4 3 9 7 ~ 0 3  
XE135B 1.092912E-10 
Si l l498  3.3380032-09 

Z O N E  RUPBER 20 
U235B u.3105q9E-05 

NR23B 9.224397E-03 
XE 1358 3.98U 2'4 2E-11 

P I I ~ U O B  6 . 2 a 0 7 0 5 ~ - 1 0  

s n i a 9 e  1 . 1 6 2 3 1 9 ~ - 0 9  

Z O N G  NWnPER 21 
YA23B 1.0847OOE-92 

ZONE NUMBER 22 
NA23B 1.08U7OOF-02 

U236B 
PU241B 
CR-B 
~ n i u 7 ~  
BSPPB 

2. 199638E-07 
1 .lP0688E-10 
2.6582001-0 3 
6.7673238-08 
3.701856B-06 

U238B 
PU242B 
?E-B 
PR480R 
SSPPB 

1 .91  36563-02 
7.1128C6E- 1 3  
9.9 332973-0 3 
2.70970 &E- 10 
3.21 4 37 9E- 0 8 

PU239B 3.1596753-05 
01 68  2.8U2600E-02 
N f - 8  1.3991003-03 
PB148B 9. 13644213-12 

1.4 1 5 5 3  1E-02 
4.98 507 0 E- 1 5 
9.933297E-03 
3.866626E- I 1  
8. 6667533-09 

PD239B 1.43397UE-05 
0168 2.842600s-02 
H I - B  1.399100E-03 
PM'IURB 1.235665E-12 

W236B 
P0241B 
CR-B 

NSPPB 
~ n 1 4 - m  

1.013992E-07 
1.11?069E-11 
2.6582001-03 
1.795364E-08 
9.8935563-07 

U 2 3 8 B  
PU242B 
PE-8 
PR48FlB 
SSPPB 

4. 0674672-08 
7.23352UB-13 
2.658200E-03 
4.946880E-0 9 
2.75251 ?E-07 

112388 
PU2U2B 
PE- 8 
PR4RHB 
SSPPB 

1 . 4 1 6 ~ 2 5 E - b 2  
1.29008SE-36 
9.933297E-03 
4.705717E-12 
2 .  U27413E-09 

PU239R 5.6718183-06 
0169 2.842600E-02 
NI -E 1.3g91003-03 
057888 l .hS5169E-13 

U236B 
PU2(113 
CE-B 
P i l l478  
H SPPB 

1. 3802683-07 
2.835625B-13 
2.658200E-0 3 
2.2744013-08 
1. 2597888-06 

1.415009E-02 
1.72662@B-14 
9.933297E-03 
6.38 1 2 7 6 ~  1 1 
1.103771E-08 

PU239B 7.9U3769E-05 
016B 2.8ll2600E-02 
n I - B  1.3?9100E-C3 
P N l U B R  2.081 940E- 12  

U236B 
PU241B 
cR-8 
PillU7B 
NSPPB 

U2388 
P3242B 
PE-B 
PE48KB 
SSPPB 

1 .4155781-02  
4 .  W0730E- 15 
9.9332972- 0 3 
3.2Y 1 D99E- 17 
7.54S395E-09 

P'J2396 i . 3 9 i  -573-05 
016B 2.84260CE-02 
n1-8 1.3991OCE-33 
PI51488 1.051U77E-12 

U236B 
PO2418 
CP-B 
PU 147B 
NSFPS 

9. R98662E-08 
1.0423031-I 1 

02398 
PU292B 
BE-0 
P!fU8!!3 
SSP?B 

r 
2.658200E-03 

8.599O??E-O7 
7 . 5 5 ~ 3 0 9 ~ - 0 a  

1 .41  63243-02 
2. UU7095E-16 
9.9332975-03 
6 .  5076898-12 
2.890325E-09 

PU239B 6.661 562E-06  
016E 2.84260Ot-02 

U236B 
PU2UlB 
CF-B 
PRI 478 
N SFPB 

4.772472E-08 
1. 168302E-12 
2.658200E-03 
5.894581E-39 
3.278572E-07 

U2380 
PU242B 
PE-B 
PMI48PIEI 
S S P P B  

HI -B 1.39910OE-C3 
PXlUBB 2.01915aE-13 

1 .U7 E7 1 @E- 9 2  

9.933297s-03 
1 . 0 6 5 4 5 7 E - 1 2  
1.0U921 SE-09 

8 . 7 1 3 9 6 7 z - l a  
PO239B 
01 6 R  
NI-B 
Ptl148B 

2.8726508-06 
2.8a2600E-02 
1.399100E-03 
3.255296E-14 

U 2 3 6 B  
PU241B 
CR-B 
PPI1479 
n s w B  

2.0'72131E-DB 
9.591763E-14 

2. 118848E-09 
1. 185710E-07 

2 . 6 5 a 2 0 0 ~ - 0 3  

0238B 
PO2428 
PE-8 
F N 4 8 E B  
SSPPB 

3.071500E-02 8.2196003-03 HI-B 4.326098E-03 PE-B CR-8 

PE-B 3.071 500E-02 CR-B 8.219600E-03 AI-B  0.326098E-03 



I N V E N T O R 7  h K D  P F A V I O N  R A T E S  BY ABSOLU':? N L C L I D ~  

1 c 2 3 5  
2 0236 
3 9 2 3 8  

5 PU243 
E 27291 
5 PU242 
8 0 7 6  
9 #A23 

4 p n i 3 9  

10  CP 

4 2  PB 
1 3  N I  
7 4  X'135 
1 5  PA447 
1s ?fllU9!4 
17 P3'IQB 
i 8  s i I i l i 3  
79 NSPP 
20 SCFP 
2 1  'P4191 

1 1  nR55 

{K G )  (1,G) ( K G j  ( N , G )  
2 . 0 3 8 5 9 2  0 2  1.27430E-02 9 . 7 2 0 0 6 9 - 0 3  2 .38177E-02  3 . 0 2 3 0 1 F - 0 3  ! .96964E 3 2  1 . 1 9 5 7 t v - 0 2  9 . 1 1 ? 2 0 E - 0 ?  2 . 2 3 2 4 0 E - 0 2  2 . 8 3 9 9 0 E - 0 3  

0.0 e .  0 3.0 0.0 0 . 0  '1.6311152 30  4 .346?2E-05  5 .44?31E-06  7.QF33YE-C5 3 .00199E-05 
6.7711893 0U 5 .  30739E-01  * .89961E-C2  1 .73569E-31  4 . 8 1 7 4 3 ~ - 0 1  6.7UU93E ;I4 5 . 2 5 0 5 5 2 - 3 1  U.839BRE-02 1 .3 ' t 9GlE-01  1 .765f i5F-01  
2 . 7 5 4 3 8 3  0 3  3. 1 0 5 9 5 3 - 0 1  2. 4 5 0 1 Q E - 0 1  7. 1 8 7 5 2 9 - 0 '  6 .557572-02  2.9U906E 0 3  3.  < U U 3 4 E - C ?  2 .  4783?E-S 1 7. 269652-0 :  6 .  f i 5 6 6 9 T - 0 2  
1 . i 6 Y R 8 F  0 3  4 . 0 2 4 0 7 s - 0 2  7 .85377E-02  5 .59522E-72  2. 17390F-02  1 . 0 8 3 4 7 E  0 3  U , ? 7 3 Z U F - C 2  1 . 8 7 2 6 2 9 - 3 2  5 . 6 5 3 0 8 C - 0 2  2 . 2 0 0 7 2 E - 0 2  
2.0 5 506 E 0 2 L; .L. 3 I 2 8 k: - 0 3 
5 .22351E 0 1  2 .56787E-03  1.1!128E-03 3 .36525E-32  i.45ES9E-01 R.33457E 0.1 2.599!07-03 1 . 7 2 U 7 2 r - 0 3  3.G2619E-03 :. G 0 3 7 E - 0 3  

2 .  .; 2 8 4  6 3 - 0 3  9 .57602L C.3 2.13357E-53 0 .0  0.0 2 .*3357E-03  9 .57602E 9 3  2 .15846S-C?  0.0 

1 .41915F  00 1 .033832-02  6 .687573-07  1 . 7 3 7 5 2 B - 0 5  4 .03375E-02  1 . 4 1 9 1 5 E  CU ? . 0 3 1 3 6 E - @ 2  8 . 6 6 6 7 7 E - 2 7  1 .733353-06  1. 
0.0 
5.69502E C 4  3 .61986E-02  8 . 5 6 2 3 0 9 - 0 6  1 .71246B-05  3 . 6 ? 9 0 0 E - 3 2  5 . 6 9 5 0 2 E  0 4  3.61119E-CZ 5.54 '180S-06 1 . 7 0 8 3 5 E - 3 5  3 . 6 1 3 3 4 E - 0 2  
8.43U19E 0 3  1.C2U23Z-02 3. 71089E-08  7.O2178E-09 1 .02422E-02  8 . 4 3 4 1 9 ?  03  1 .32177E-02  3.  702003-OR 7 . 4 0 J I ) l  E-OH 1 . 3 2 1 7 7 7 - Q L  

0.0 0.0 0 . 0  0 . 0  0 . 3  1 .  3RR16E-07 5.721? ' !3-G2 : . 388169-07  C . O  0.0 

0.0 2 . C n 3 6 2 E - 0 4  0.0 0.0 0 . 0  3 . 0  0 . 5  2 .66574E-02  2.00362;-34 0 . 0  
0 . 0  0.D 3.3  0 . '3 3 . 2 6 7 8 3 2 - 0 5  ? .  0 2 1 4 0 ~ - 0 3  1.26783F--55 0 . 0  9.0 0. c 

a. 5 0. r, 0. c 0. C 0.0 l . 7 7 3 5 0 2  00 2.1079ST-Co : . 5 6 6 0 7 5 - 0 7  3 .33215P-07  2 .1462RF-04  
0.0 2. 3 4 7 9 6 3 - 0 3  0.0 0.0 0.0 0 . 0  0.0 0.0 2 .34796E-03  0 . 3  

0 .0  0.0 0.0 c .  0 0.2 0 . 0  1 . 6 9 3 6 9 2 - 0 4  1.69369E-0U G.0  II. 0 
0 .0  ? .  32924?-C9  2.G741RF-04 1 .33203E-F6  0.0 0. (1 1. 332U3f -08  2 .07018E-04  ? .3292UE-08  0 . 0  ----------- ----------- ----------- - -_- - - - - - - -  ----------- -____-- - -_-  -_ -____- - - -  - _ _ _ _ _ _ _ _ - _  _ _ _ _ _ _ _ _ _ _ _  __________. 

3.04 4 6 4 E- 02 2 . 5  84 4 8E- 02 7.6 8 5 3 0 E-'. 2 4 .  F 0 1 6 1 E-': 3 i . 9  8' 1 3 E  0 2 2 . 9  3 1 99 S -  02 2.488 86 B - 0 2 7 . 4 0  0 97 E - 0 2 

c..C 
1 . 0 7 8 7 3 ~  c,u 1 , : : ; ~ : - 3 3  2 . 7 7 6 5 7 2 - 0 7  5 . a 3 7 1 s ~ - o 7  ? .  : ? : o n - o 3  1 . 0 7 8 7 3 2  oc : : I ~ C ~ B P - G ~  2 . 7 : 2 0 6 ~ - 3 ;  5 . 4 2 ~ : 3 ~ - 0 7  'I. ; I ~ O  1 r - 0 3  

9.0 3 . 0  0.0 0.0 0.0 0.0 0.1 c .0  C .  

c.0 0 .0  0 . 0  0 .0  0 . 3  3 . 2 0 5 2 7 ~  00 U . ~ ~ C E S E - O U  3 . 6 2 6 5 9 ~ - 0 0  7 . 2 5 3 2 3 ~ 0 ~  ~ . 3 7 0 4 9 ~ - 0 U  

?OTALS 1 .72002E 3 5  9.873UBE-01 3.U9193E-01 1 .01235E 0 0  6 .38155E-01  1.7'IPO?P 55  9.R7379T-Cl 7 .50101E-01  1 . 0 ' 1 5 3 1 E  0 0  9.3727:p-Oi 

0OHTF LOSS R A T E  1. 26515E-02  1 .262C7F-02  
T O T A L  LOSS R a T E  1 .00Or )O~ ')o 1 . 0 3 3 0 0 E  0 0  

2 . 2 0 6 1 8 ~  2 0  SYSTPW Loss B A T E ~ N I S E C I  2 .212439  2 0  . ,  I ~ 

9.9U786E- 0.3 RILRTIVE ?LUX L E V E L  1 . 0 0 0 0 C Z  3 0  



SlJRMARY TABLES FOR EXPOSURE E R D I N G  AT TIHE 7.500000E 01 DATS 
FOR CASE B R B E D E P  REACTOR SANPLE PROBLEN F O R  T H E  B U R N E R  C@DE 

ZONE CLASS 
ID. 
101 
102 
10 3 
13u 
105 
106 
107 
108 
1cq 
11c 

SOB 

AVERAGE TEOTRON LOSSES B Y  NUCLIDE CLASS A N D  Z 3 H E  CLASS - STSTEN 

F I S S I L E  FFFTILE 3. ACTINIDE FISSION PROD STRUCTURAL 

0.1233919 0.1573420 0.0009080 0.0006939 0 .0143531 
0.1291049 0.1534486 0.0009687 0.0006659 0 .0135555 
0.0958793 0.0983354 0.0007257 0.0003033 0.0086557 
C.0015851 0.OUO1112 0.0000011 0.3000086 9.0034403 
0.0013827 0.0365153 0.0000009 0.0000069 0.0030379 
C.0007621 0.0227529 0.0000003 0.0000026 0.0018777 
0.0014695 0.041850B 0.0000008 0.0000069 0 .0023604 
C.0005478 0.0180368 0.0000001 0 .0000037 0 .0010426 
0.0 0.0 0.0 0.0 O.CO29953 
0.0 0.0 0.0 0.0 3.0053913 

0.3541232 0.5683929 O.OQ26052 3.3D16888 0.05671 1 U  

1 2 3 ll 5 

_ _ _ _ _ _ _ _ _ _  ______--  -- -----__--- _----_--- - ----_----_ 

LOSS RATE 

COOL A PIT 
6 

0.0002605 
0.00023U5 
0 .0001514 

0 . 0 0 0 1 0 2 ~  
0 .0000616  
0.0000414 
0 .0000175 
0.0000908 
0.000073U 

0.0011120 

0 .00012a4 

__---_ ---- 

2.2093083 20  B/SEC 

CONTROL R O D  OTHER 
7 0 

O.GOOCFO0 
o.ocooo0rJ 
0 .0000000 
0.F 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 

0.0000000 
-_-------- - 

0.0006988 
0.00014Ul 
0.0005045 
0. @ 0 0 0 4 ? 5  
0 .0000u01 
0.3000 26 5 
0.00006411 
0.0000106 
0.0 
0.0 

O.OC21310 
. - _ - - - - - - - 

PJYEP (WATTS) FISSILE I H V E N T O R T  (KG) EPPECTIVE CONVERSION RA'!'IO Z O R E  CLASS ABSOPPTION 
I D .  LOSSES 
1 ?1 0.29761186 8 .7381593 02  8.779212E 0 2  1 .09613 1 .0871 5 8 .5770503 0 8  

9.0Q2792E 08 102 0.299322 5 3.9327938 02 9.926743E '32 7 . 0 U l Q 9  3.99179 
1 0 3  0.2045545 1 .1579431 03  1.149701E 0 3  0. a5315 0.83174 6.687063E 08  

1.5757462 07  24. 51222 24.84361 104 O.OU53162 2.085480B 01 4.2099003 0 1  
105 o .o4io86a  2.21008BE 0 1  4.1U2136E 01 25. BE263 1.469022E G7 25.58689 
106 0 .0254843 2.243201E 01 3.4539093 9 1  28. 861U2 29.2b298 8.990285E 0 6  
107 0.0957942 3 .7656493 01 5.9581163 3 1  27.2511 1 27.59851 1.991576E 0 1  
? O R  0.01 96 562 3.76567QE 01 U.7427063 3 1  32. e5680 4.837678E 06 32. 37958 

11@ 

0.0 DATS 75.300 D & ? S  R E A C T I O N  R A T 2  B A S S  BALANCE 

1 e9  0.0030 361 0.0 0.0 0 . 0  0.C 0.3 
0.0 0.0 0.0 2.0 0.0 -__---____--_ 0.0054647 _ _ _ _ _  -----_ ---_-_----- --------- - __ -_________-  __-______-___ 

2.499885E 09 OVERALL 0.9873639 3 .1631383 03 3.2447362: 0 3  1. 41260 1.40186 
OTFFP LOSSYS 0.0126361 

TOTAL LOSSES 1 . 0 0 0 0 0 0 ~  
_____- -___ 

FIS5TI.E CONSUf4P*IOB PER U N I T  E H E R G Y  G E N E R A T I O N  I S  1.2UU223E-14 KG/WATT-SEC 
FISSILE 20HSURPTION RATE I S  3.1104143-05 KG/SEC 

IBTERFACE FILE ZRATDN VERSIOR 2 (REI) RAS BEEN WRITTTN ON U N I T  18  WITH DENSITIES AT T I R E  1.5000nOE 01 DAYS 

ZONE OOYEP DENSITY 
1 )  #.U99385E 02 2 )  3.186902E 0 2  3) 4.782856E 02 0 )  3.3590173 0 2  5) 3.519UlOE 0 2  
6 )  2.464430E 02 7 )  1.446836E 01 8) 3 .5323723 00 9) 1.359378E 0 1  i o )  3 . 0 e 7 4 0 8 ~  o e  

15) 3 . 2 8 4 3 8 3 ~  O Q  11) R.298502E 00 12)  1.8286352 00 331 1 . a 4 7 2 7 e ~  01 14) 1.229480E 01 
16) 9.13U099E-01 17) 4. 1876691 00 1 8 )  2.8558743 00 19) 1.088182E 00 20) 3.934439E-31 
21) 0.0 22) 0.0 

UOWEP COPI'DUTLD PROM POWER DENSITT 2 .4998821 0 9  

INTXRFACE FILE ZNPOWD VERSIOH 1 (NEW) BAS BEEN WRITTER OR UNIT 19 

0 
Q\ 
1 c- 

W 



C U I I O L A T I Y Z  EXPOSUXE INPORFiATION 

TP 1 
1) 7 . 7 2 4 7 6 6 3  1 9  

TRZ 
1) 0.0 

T 3 3  
1 )  2 , 4 9 9 7 7 5 E  39 

-R4 
1) 7 . 1 9 6 3 0 0 3  04  

INTERFACE FILE EXPORT V E R S f O N  1 ( N E Y )  HAS BEEN WRITTEN OH U N I T  20  

G E N E  RA t I NpO R rl AT IO N 
1) 7 .5500JOE 07 2) 0 .0  3) 3.0 U )  
6 )  l . f  7) 0 .0  8 )  J.0 9) 

11) 5 . 0 0 5 6 4 5 5  26 12 )  2 .68584BE 0 0  1 3 )  0 .0  1 Q) 
I F )  0.0 97) 0 . 0  1 8 )  0 .0  19)  

201 
26)  0 . 0  27)  0 .0  28) 0.0 29 )  
31) 0 . 0  32)  0 .0  3 3 )  0 . 3  34)  
36) 0 . c  37 )  0 .0  3 6 )  a.0 391 

1 )  3.92022UE 22 2)  2.78711UE 2 2  3) 3.69167UZ 22 UJ 
6 )  1 .659327E 22 71 1. '69075E 2 2  8) U.U65400E 21 9) 

11) 6 .395775E 21  1 2 )  2 . 2 3 5 2 3 0 2  21  1 3 )  8 . 8 t l u 2 0 f i ~  21  1" )  
161 9 . 2 2 9 4 9 4 3  20 1 7 )  3 . 3 7 3 6 1 3 3  2 1  18) 2 . 3 9 3 8 2 4 E  21  19) 

23) 0.0 2 1 )  5.0056U6E 26 22)  2.685BUUE 0 0  

PLOEHCE ("'OTAL) BY Z O N E  (NEUTRONS/Cfl**2) 

21)  6 .00U923F  20 22)  - . U 9 3 U 3 8 E  2 0  

PbUENCE (BANGE 1 - TO CUTOFF ENERGY 1 .000000E 0 3  EV) BY Z O N E  (NEOTRONS/C8**2) 
1 )  2 .715056E 22 2 )  1.899199E 2 2  3) 2 .607470E 22  a) 
6 )  1 .771662E 22 7) 6 . 4 4 3 4 5 3 F  2 1  8) 2 . 0 9 2 3 9 7 E  21  9 )  

1 7 )  3 .  605675E 21 12 )  1 .065866E 21  1 3 )  5 . 3 0 1 5 5 6 9  21  14)  
16)  U.1721B9E 20 17)  1 .690760B 21  1 8 )  ? . ' 85708 :  21  1 9)  
21 )  2 .U63072E 20 22) 2 . 5 9 8 8 1 8 8  20 

PLUEHCE (RLNGZ 2 - T O  CUTOFF ENERGY 1.000000E 05 2V) BY Z04E (NE3TROtiS/CX**2) 
1) 2 .169450E 2 2  2 )  1 .503887E 2 2  3 )  2 . 1 0 9 6 7 0 E  2 2  U )  
6 )  9 .481392B 21 7 )  4 .299566E 21 8) 1 . 7 5 1 8 9 0 1  21  91 

11) 2.U57627E 24 12) 6 .055957E 2 0  1 3 )  3 . 7 9 5 3 1 3 1  25 ? U) 
1 E )  2.20276UE 20  17 )  1 .C23337E 21  13) 7 . 0 5 3 2 7 2 2  20 19)  
21 )  1 .092766E 20 22) 1 .279171E 20 

FISSIONS B Y  ZOHE (SUBZONE) [PISSIONS/CB**3) 
1) 8 .736246E 1 9  2 )  6 .187972P  1 9  3 )  9.28fiU07E 19 4) 
6 )  U.7840U2E 1 9  7) 2.8UU60UE 1 8  6 )  6 . 9 8 8 2 3 6 "  77 9 )  

11 )  1.62U50UE 18 12)  3.622U81E 97 1 3 )  3 .612838B 1 8  T U )  - 9) 161 1 .810628E 17 17)  8 . 2 8 3 3 U l E  1 7  18) 5.6538U5E 1 7  
21)  8. 1 6 5 9 0 7 2  1 2  22)  1.02U213E 13 

SXPOSORE B Y  ZOHE (SUBZONZj (MEGlWATT(T3ERKAL) -JAYS/lci) 
e) 

5 )  4.938U19E 00 7 )  2 . 9 3 4 7 7 3 3 - 0 1  8) 7 .169485E-02  9) 
18) 

16)  1 .219584E-02  17)  5 .590121E-02  1 8 )  3 .812705E-02  19)  
2 1 )  0 . 0  22)  0.0 

1 )  9 .721290E 00 2 )  6 .875807"  00 3) 9.75105CE 00 

12)  3 .451  673E-02  1 3 )  2 .9653703-01  11) 1 .5566272-01  

CURRENT 
n A x 1 m n  F L D B N C E  (TOTAL)  (?lEOTRONS/C#**Z) 3 . 9 2 0 2 2 4 E  2 2  1 

0.0 
0.0 
0.0 
C.0 
0.0 
0.0 
0.0 
0. c 

2 . 5 9 & 3 1 6 E  2 2  
1.9311R6E 2 2  
6 . 2 2 2 7 3 6 E  2 1  
1 .091315E 21  

1 . 8 0 9 5 3 5 E  2 2  
5 . 7 7 8 5 8 7 E  2 1  
3 .670546E 21  
U.993197E 2 0  

1.U526QUE 2 2  
3 .915968Z 29 
2 .602579E 2 ?  
2 . 6 8 2 0 8 0 2  20  

6 .522678E 19 
2 . 6 7 3 6 3 8 2  78 
2. i1200FlE 18 
2.76129UE 1 7  

6 . 8 3 8 9 1 8 F  0 0  
2 .602351E-01  
1.6UlZOBE-01 
1 . 4 5 2 9 2 2 3 - 0 2  

CUMULATIVE 
3.92022UE 2 2  1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1 . 3 7 1 0 8 0 2  2 2  
3 .706918E 21  
2.52UUBZE 2 1  
4.482061E 2 0  0 

m 
B c- 
6- 

1 .593974E 2 2  
1.761611E 2 1  
1 .299875"  2 1  
1 .866808E 2 0  

i. 3806113E 22  
5 . 9 6 4 6 8 4 8  2 0  
6.087ISi88 2 0  
8.637719E 1 9  

6 .832212E 1 9  
6 .110084E 1 7  
6.09U796E 1 7  
7 . 8 3 6 9 6 8 3  1 6  

7 .060254E 0 0  
5 .913597E-02  
L(. 380855E-02 
5 .2535058-03  



n A X I n U R  FLUEKCE ( R A W  GE 1 )  (NEDTRONS/CB**2) 2.715056E 2 2  
n A X l I U n  PLUENCE (RAAGE 2) (HEUTRORS/CB**2) 2.169455E 2 2  

9.286U07E 1 9  R A X I I t I n  FISSIONS (PISSIONS/Cfl**3) 
I A X I B U n  EXPOSURB (REGARATT (THERIAL) -DAYS/EG) 9.751050E 00 
TOTAL SYSTEH PISSIOHS (FISSIONS) 5 .3056463 26  
TOTAL SY STEN EXPOSURE (nEGlUA TT (TRER BAL) -DAYS/KG) 2.685 841( E 0 0 

DECAY ENERGT RELEASE DATA APAILABLF 

SECONDARY E N Z R G Y  PRUH FISSIOW DATA AVAILkBLE 

ENERGY RELEASE PROM CAPT0HE D A ? %  A V A I L A B L E  

1 2.7150563 22 
2.1694503 22  7 

3 9.2R68F7E 1 9  
3 9.75105OE 0 0  

5.005646E 26 
2.695844E 00  

DATA POR D E C A Y  ENEBGP RELEASE 

DECAY C'JNSTANT BZTR ENERGY TOTAL ENERGP CAflKA ENEAGP I N  RANGES 
'I) 21 

3.0000003 06 5 .030000E 0 5  
1) P0241 6 1.686959E-09 7.0003OPE 03 9.000000E 0 3  0.0 
2) XE135 8 2.092999E-05 3 .9999993 0 5  1.000000?? 0 6  0.0 

U) PfflUBN 1 3  1.9759993-07 1.000000E 06 1.7999993 06 0.5 
5 )  p n i 4 8  1 4  1.487999Z-06 1.000300E 0 6  2 . 0 0 O U C O E  06 2.0 

3) PI3147 9 3.2889961-09 9.9999943 04 1 .9999992 9 5  0.0 

DA m A  

'I) 0235 
4 0236 
3 )  U23P 
U) PO239 

6) PI3241 
7) PU242 

5 )  POZUO 

FOR SECONDARY E N E R G Y  P R O 8  FISSION 

BET4 E N E R G Y  GAnqA ENEPGY IN RIN5ES 
7 )  21 

3.0D03003 36 5.000030E OS 
1 2.000000E 06 7.000000E 06 9.99999UE 0 4  
2 2.0000OOE 36 6.00JOOOE F6 1 .999999E 05 
3 2.0000008 0 6  5.000'3003 06 2.999999E 05  
(I 2.000000E 06 4.000000?2 06 3.9999993 0 5  
S 2.000000E 06 3.00000CE 06 5.000000f 0 5  
6 Z.000000E 06 2.003000E 06 5 .9999993 05  
7 2.0000008 0 6  1.000000E 0 6  6.9999392 0 5  

DATR FOR EYERGP RELEASE FROB CAPTURE 

BETA ENERGY GAIJNZI EWERGT I N  RANGES 
1) 2) 

3.0003FOE 06 S.OOOOD0E 0 5  
1) U235 1 .000000E 06 6.500000E 06 0.0 
2) 0236 1.000000E '36 5.000000E 06 0.0 
3) U238 1 . O O O O c ) O E  06 4.799999E 06 0.0 
U) PU239 1.0000OOE C6 6.500000E 06 0.0 
5 )  PU240 1.000000E 0 6  5 .3999998 06 0.0 
6) PU2Ul 1.000000E 0 6  6.1999993 06 0.0 
7) PU242 1.000000E 0 6  5.000000E 06 0.0 
8) XE135 1.000000E 06 7 .8999998 06 0.0 
9) PRlU7 ~ . O O O O O O E  06 5.000000E 06 0.0 

10) SK1U9 1.000000E 06 5.00000CE 06 0.0 
11) NSPP 1.000000E 06 5.000000E 06 0.0 
12) SSPP 1.000000E 06 5.0OOOOOE 06 0.0 
13) p n i u 8 n  1.000000B 06 5.000000E 06 0.0 
14) PB146 1.OOOOOOE 06 5.000000E 06 0.0 

IRITIAL REACTION RATES a I t L  B E  IULTIPLIED B Y  9 . 9 4 7 8 5 8 ~ - 0 1  

SECOIDARY ENERGY DEPOSITION 

5.799999E 00  
5.000300E 0 5  
9.9999992 0 4  
7.999399j '  OS 
1.03300FE C.6 



I 
\D 
0 

0 - 0  
9L 3 i S S 8 9 E ' i  
s i  3LS9ZbE'E 

L I  a E o t o g n * t  
0 ' 0  

L i  aZO5ELf ' t  
9 1  3SLO99h'L 

9 1  BLfLS1:'E 
0 ' 0  

9L 3EOZLZ8'Z 
5 1  ZShEbL8'E 

L i  39ZZ919 'L  

a t  Z f ' J h Z i Z ' E  
0 ' 0  

9 1  ES9StlL6.Z 
LL  3 9 8 6 6 L S - 2  

8 1  PZE6609 'h  
0 ' 0  

8 L  Z L i S O n Z ' n  
i t  36t IOh89-E 

8L 3LESE6E't l  
0 ' 0  

a t  3 8 6 L L n o ' n  
L 1  J t E E E Z S ' E  

8 1  3 8 b h 6 h Z ' S  
0'0 

8 L  JLLSLDL'S 
L t  EELti6LO'S 

8 1  3 E L L G L t ' b  
0 ' 0  

8L a59LSEB'E 
LL 3 S i t l 6 h t ' E  

91. 3LLhLBB.S 
'9 . 0 

8 1  ZS6CDLO'S 
L i  3LLBEEL.h 

6 1  3Pt lh9SL'L 
L i  2 8 8 L L t 6 . S  

0 ' 0  

6 1  3006EE1'E 
61  3 0 6 8 9 8 8 ' 2  

0 ' 0  
a t  F . L O L ~ L ~ - Z  

h i  ZEOZh6E'L 
6 1  3LS6SZE'L 
i t  3 6 5 b S Z 8 - 9  

0 ' 0  

6 1  EB6996E.E 
6 1  J h l 9 0 E l .  'E 
8 1  P 9 E 8 0 9 9 ' 1  

0 ' 0  

6: SZ8hh80.L 
6 1  390858: 'n  
61  3LL9869 .Z  

0 ' 0  

o z  8 8 8 5 1 0 0 ' 1  
61  35E68L8 'S  

0 ' 0  
6 1  a 0 n o L E i . o  

0 5  3 6 1 t l E h O ' l  

61 P986E86.E 
0 ' 0  

61  ~ E O Z O S ~ ' ~  

L I Z  PhLE69b 'L  
6 1  3 0 5 9 0 2 0 ' 6  
61 3E6nZL9.s 

0 ' 0  

O Z  3EhL5hC'L 
6 1  3C99099.S 
6L 3L9L96L .E  

0 ' 0  

O Z  3 L E S 8 S h ' L  
6L 3OSL6LZ'6 
61  309SS9E '5 

0 ' 0  

6L 3 Z O S 8 h i ' E  ( h  6L 30E9Zb8.E ( E  8 1  300F l .h6 '9  (Z 6 1  3OZ6Zhe-E 
bL 3 0 6 6 9 8 8 ' Z  (h 6 1  3LSZS8h'E (E 8 1  3E29E86-S  ( Z  6L B l S Z 5 6 h ' E  
91. 3LShL09 'Z  ( h  8 1  86SELhS-E (E L l  31E06S11'6 (2 i i L  36SELnS.E 

€ * * U S  S O  J08OLLh '6  N O X L 3 Y B d  a U f l T O A  S 3 U I L  3 U U T O A  3NOZ U Z L S I S  6 
Y L  s s t o 9 3 n ' L  ( n  9~ a 9 6 s t n g - z  (E 9 1  P Z ~ S L L L - L  (Z 9~ XZhLEE6-1  

6L 3 8 L h L G i ' L  (0  5 L  3 Z E 0 ~ 6 9 ' 1  (E 9 1  8 E h t 9 6 6 - Z  (Z 6 1  260LL69.L 
6 1  P tS6SZE 'L  i h  6 1  ZEZLLS9'1 (E 6 r  BZZLLSL'Z (Z 6 1  ZEZLL09'L 
LL 36L6LOL.L i n  LL 3896025 '6  E LL  3 6 b C E l h ' Z  ( 2  il 3 6 9 6 0 Z S - 6  
5 1  BShC6LB'E ( h  5L I O L 9 1 6 b - S  (E S L  Z 9 9 Z Z l L - E  (I S I  3 L Z n L 9 L ' L  

€*+id3 S O  Z861LLI7 '6  N O I L 3 t B d  3LiOTOA SEWIL 3WUTOh 3 N O Z  U Z L S X S  8 

6L 36SLZl ' I .E (h  6 L  3 0 9 E S 9 i . h  (E 8L a9L09ZS.L  ( Z  6 1  aSL9S91.h 
6 L  Z n L 9 G E I - E  (h 61. d t E Z 6 ~ i . E  IE 8 1  3 6 9 1 9 8 h - 9  (Z 6 1  ZLEZ6LL-E 

i l Z  2 6 i l 8 L E S ' l  ( W  O Z  3Zh9L66.L ( E  6 1  ZOEE8S9'h (2 O Z  35E9d66'L 
6L 30S90Z0 '6  ( h  O Z  3LSEBLO.L  (E 6 1  3658Z9L.L (Z O Z  Z L S E 8 L O . L  
6 t  3 n o ~ ~ n z - g  ( n  6 1  JShZZOL'b it 6 1  a toOSS8 'Z  (Z 6 1  ZSOZZOt'6 
L L  3 8 1 8 6 1 5 ' 5  ( n  L L  3LZ6990.6 (E L L  36OLLhO'b ( Z  8 t  3 h E 6 S O S ' L  

Es*U3 9 0  3EhZCSL'b N O I i 3 Y B d  3 U f l l O A  S Z U i L  3 Y L l ? O A  A N 0 2  UdLSIS C 

CZ 30ShL8C"L ( 9  O Z  P L E S l L h ' L  (E 6 1  35LOOhZ'E (Z O Z  BhGZZLtl.1 
6 L  3 0 9 9 0 9 9 ' 9  6L 3S6E956.L LE i t  3 9 E L S O E - i  (2  61. hS6E996.L 
6 ;  BEbEO6L'h ihn 6 1  3 9 L n 8 8 0 ' 9  ( E  6 1  3 E E L 8 0 6 . L  ( 2  6 1  3 9 L h 8 8 0 ' 9  
L: LSLn6nE'E t n  L L  3E9Z050.9 I C  i i  ~ ~ B L O O L ' Z  (Z  i t  z t n L f i L ' 9  

E * + K 3  90  I L S Z O S L ' I  NOIX3YBd P Y O ' I O A  S3YI.L Z 6 1 U l O A  3 e O Z  H 3 S S I S  Z 

OZ 390hLLS 'L  (h OZ 3E91iLL6'L ( E  6 1  88LSOhS.h ( 2  O Z  366EZL6.1 
6 1  3 0 S L 6 t Z . 6  ( h  O Z  SSZLZOL'L (E 6 1  B Z O S L O 8 ' L  ( 2  0 5  ZSZLZOL'L 
6 1  5 6 9 6 9 0 6 ' 5  (n 6 1  X L 8 8 L 0 9 ' R  (E 6 t  Z Z L 6 n 6 9 - 5  ( 2  61 ZtLBBL09'9 
L L  P L L B E E L ' ~  ( n  L L  a 9 e n o s s ' ~  LE i t  36999L8.E ( 2  L L  801RS811'6 

90  ILSZJSL-L 8 o I : s u d  aunTot. s a v r i  Z Y ~ T O L  ZNOZ S ~ L S L S  L 

z - I S X 3 X Y E  Y i l Y Y 3  
Y Y l Y D  TMUO& 

Y U U Q S '  ZYLCS i Yb2E 
YLha 



*OT4L 1) 1.4793533 1 9  2) 2.6102203 1 8  3)  1.479287E 19  4)  1.218265E 19  

ZON? NOUBER 11 STSTER ZONE VOLUME TIUES VOLUNE FRICTIOA 9.411340E 05 CM**3 
DEC4Y 1 )  1.717651E 16 2) 6.8906393 1 5  3) 1.547511E 1 6  4) 8.584467E 15 
FISSION 1 )  2.088548E 18 2) 5.479607E 1 7  3) 2.088548E 1 8  4) 1.540587E 18  
CAPTORP I)  2.177258E 1 9  2) 3.7911223 18 3) 2.177258E 1 9  4 )  1.803147E 1 9  
TOTkL 1) 2.3878301 1 9  2) 4.2959731 1 8  3)  2.387659E 19 LI) 1.958063E 1 9  

Z O N E  NUMBER 1 2  STSTER ZONE VOLUME TIMES VOLUHE FRACTION 9.411340E 05  Cn**3 
DECK Y 1) 3.86880UP 15 2) 1.5500883 1 5  3) 3.48UU87E 15 U )  1.933999E 1 5  
FISSION 1 )  U.775395E 1 7  2) 1.184868E 1 7  3) 4.7753953 1 7  4) 3.590527E 17  
CAPTURE 1) 8.520150E 18 2) 1.U65721E 1 8  3) 8.520150E 18 4) 7.0550283 18  
TOTAL 1) 9.001558P 18 2) 1.5857S8E 18 3) 9.0011738 1 8  4) 7.416015E 1 8  

5) 1.215562E 1 9  6 )  

0.0 6 )  
1.4682263 18  6) 
1.803147E 19 6 )  
1.949969E 1 9  6 )  

8.584467E 1 5  
7.2361333 1 6  
0.0 
a . 0 9 4 5 7 7 ~  16 

0.0 6 )  
3.4628671 17 6) 
7.055028E 18 6 )  
7.401314E 1 8  6)  

1.933999E 15 
1.2766092 1 6  
0.0 
1.473009E 1 6  

ZOR? N U D B E R  
DECkT 1 )  
FISSION 1 )  
CAPTURE 1) 
TOTAL 7 )  

ZONE N U R B E R  
nEC4T 1 )  
FISSION 1 )  
CAPTURE 1) 
‘“OTAL 1) 

1 3  SYST3M ZONE V O L O Y E  TLMBS VOLOYE P R l C T f O N  6.14569CE 05  CK**3 
3.850950E 16 2) 1.545456E 1 6  3) 3.U69909E 1 6  4) 1.924452E 16 
4.662637E 18 2) 1.239916E 1 8  3) 4.6626371 1 8  U )  3.422721E 18  
U.083667E 1 9  2) 7.014100E 1 8  3 )  4.083667E 19  4 )  3.3822582 19  
4.553’813 1 9  2) 8.2694703 1 8  3) 4.5534COE 19 4 )  3.726454E 19  

74 SYSTE3 Z O J E  VOLUME TIMES VOLUnE FRICTION 6.145690E 05 C7**3 
2.519842E 16 2) 1.0108293 1 6  3 )  2.27021UE 1 6  4) 1.259385E 16 
3.OE2596E 18  2) 8.057410P 1 7  3l 3.0625q6E 7 8  4 )  2.2568555 1 8  

3.193692E 1 9  2) 5.773488F 18 3)  3.1934432 19  U) 2.6160952 1 9  
2 .889qlQE 1 9  2 )  4 . 9 5 7 6 4 0 ~  1 8  3 )  2 . a a w i r ) ~  19  4 )  2 . 3 8 ~ 1 5 1 ~  1 9  

1 5  SYSTER ZONE V O L U R E  TINES V O L U H E  F R A C T I O N  5.028291E 05 C P * 3  
6.83UUlUE 1 5  2)  2.739251E 1 5  3) b.1556938 1 5  4 )  3 .4164463 1 5  
8.408420E 17  2) 2.116447E 1 7  3) 8.UOe420E 1 7  U )  6.291972E 1 7  
1.296959E 1 9  2)  2.230204E 1 8  3) 1.296959E 19 4) 1.073939E 1 9  
1.381727E 1 9  2 )  2.444588E 18  3) 1.381659E 19 9) 1.737200” 19 

1 6  STSTED ZONE VOLUUZ‘ T I R E S  VOLD‘IE FRACTION 5.028291F 05  CU**3 
1.9265253 15 2) 7.71733UE l a  3) 1.734903E 15 0 )  9.6316922 1 4  
2.396575B 17 2) 5.76232UE 1 6  3) 2.3965753 1 7  U )  1.820343E 1 7  

5.122422E 1 8  2) 8.811253E 1 7  3 )  5.122422E 7 8  4) Q.2812985 1 8  
5.3640C61 1 8  2 )  9.395202E 1 7  3) 5.363815E 18 4) 4.424295E l e  

1 7  STSTEn Z O N E  YOLUME TIRES VOLU‘IB FRACTION 6.145728B 05  CH**3 
8.9184’0B 15 2 )  3.575311E 1 5  3) 8.033290E 1 5  8 )  4.4579782 1 5  
1.09h064E 18  2) 2.764431E 1 7  3) 1.09606UP 18 4 )  8.196206E 17 
1.765563E 79 2) 3.035327E 1 8  3) 1.765563E 19  4) l .462030E 19  
1.E76061E 1 9  2 )  3.3153452 1 8  3 )  1.975971E 39 4) 1.544438E 19  

1 8  STSTER ZONE VOLDRE TIHES VOLUHB FRlCTION 6.145728E 05  CpI**3 
6.0157593 15 2) 2.4170163 1 5  3) 5.418247E 1 5  4) 3.007232E 1 5  
7.U16490E 17 2) 1.849808E 17  3) 7 . 4 1 6 ~ 9 0 E  17  4 )  5.566682E 1 7  
1.2612308 1 9  2) 2.168777E 1 8  3 )  1.2612302 19  4) 1.OUU352E 1 9  
1.3359972 1 9  2) 2.3561681: 1 8  3)  1.335437E 19 4)  1.100320E 1 9  

1 9  SISTER ZONE Y O L O Y E  TIDES VOLURE FSACIIOA 5.028323E 05  Cil**3 
2.300189E 15 2)  9.214560E 1 4  3) 2.071402E 1 5  b )  l . lU9946E 1 5  
2.8589103 17 2) 6 .8972583 1 6  3) 2.858910E 1 7  4 )  2.169185E 1 7  
6.0187393 1 8  2)  1.0352633 1 8  3) 6.318739E 18 4) 4.983477E 18  
6.306930s I8 2) 1 .1051578 1 8  3) 5.306701E 18 4 )  5.201545E 1 8  

0.0 6) 

3.3a22583 19 6 )  
3.251951E 18 6 )  

3.707453E 79 6 )  

1.924452E 16 
1.7077158 37 
0.0 1.903160E 1 7  

51 0.0 61 
2.149511E 18  6 )  
2.389153E 19 6) 
2.6041ClE 1 9  6 )  

1.259385E 1 6  
1.0734502 1 7  
0.0 
1.199388E 1 7  

5 i  
5 )  
5) 

Z O N E  XUUBEF 
D EC9 Y 1 )  0.0 6 )  

6.0594373 17 5)  
1.0739391 19 6 )  
1.7344433 19  6 )  

3.416446E 1 5  
2.11153578 1 6  
0.0 
2.757002E 1 6  

FISSION 1 )  
CAPTPE 1) 
r oTaL 1) 

DEC4Y 1 )  
ZONW NUUBEE 

FISSION 1 )  
51 0 .0  6 )  

1 .7665072 17 6 )  
U.241298E 18  6 )  
4.U17948E 1 8  6 )  

9.631692E 1 4  
5.384261E 1 5  
0.0 
6.347429% 15 

CAPTURE 1) 
TOTAL 1) 

ZONTS NUUBER 

FISSION 1 )  
CbPTURE 1) 

D E C A Y  1 )  

T O T A L  1) 

? ? C A T  1 )  
20°F NUNFIER 

FISSION 1 )  

4.4579783 1 5  
3.179U71E 1 6  
0.0 
3.625269E 1 6  

0.0 6 )  
7.878259E 17  6 )  
1.462030E 19 6; 
1.540812E 19  6) 

0.0 6 )  3.0072321 1 5  
2.036170E 16 
0.0 
2.336393E 1 6  

5.363066E 17  6 )  
l.OU8352F 19 61 CAPTURE 1 )  

TOTAL 1)  1.097983B 1 9  6 )  

Z O N W  HUrlBER 

FISSION 1 )  
CAPTURE 1 )  

DECAY 1 )  

TOTAL 1) 

0.0 6) 
2.103661E 17 6)  
U.993477E 18 6 )  
5.193R42E 1 8  6 )  

1.149946E 1 5  
6 .552Ul lE 15 
0.0 
7 .7023543 1 5  

ZON? NONBER 20 SISTER ZONE YOLUUE TIRES VOLUYE FRACTION 5.028323E 05 CU**3 
DECAY 1 )  8.378891E 14 2 )  3.355752E 1 4  3) 7.544985E 1 4  4 )  U.189233E l U  
FISSION 1) 1.0U8311E 17  2) 2.456746E 1 6  3) 1.048311E 17 S )  8.0263668 16 
CAPTURE 1 )  2.591491E 1 8  2) 4.4581843 1 7  3) 2.591491E 18 4 )  2.145673E I 8  
TOTAL 1) 2.6971593 1 8  2) 4.7072191 17 3)  2.6970768 18  4)  2.226155E 18  

TOTAL VOLUME IN*EGRALS O V E R  STSTEK (EV/SEC) 
DECAY 1 )  5.422713E 2U 2 )  2.181346E 24  3)  4.886796E 24 4) 2.705U39E 2U 
F I S S I O N  1) 4.950808E 26 2) 1.544733E 26  3) 0.95080821 26 4) 3.006069E 26 
C A P - U P E  1) 7.6936593 26 2 )  1.273862E 26  3) 7.6936593 26 4)  6.U19803E 26 

0.0 6 )  
7.8263033 16 6 )  
2.145673E 1 8  6) 

7 .1892333 1 4  
2.0036718 15 
0.0 
2.419595E ’15 si 2.2239353 1 8  6 )  

5 )  
5 )  
5 )  

0.0 6 )  
3.0979963 26 6 )  
6.419833E 26 6) 

2.705439E 24  
3.080931E 2 5  
0.0 



TOTAL 1) 1 .269869E 2 7  2 )  2 .840009E 26 3) 1 .269333E 27 4) 9 . 6 5 2 9 2 %  26 5) 9 . 5 1 7 8 0 3 E  26 6 )  3 . 3 5 1 4 7 5 1  2 5  

naxInupI D E C A Y  E N E R G Y  DEPOSITION I S  1.03593YE i s  E V / ( S E C - C ~ * * ~ )  AT Z O N E  3 
H A X I f l U K  FISSION E N E R G Y  DEPOSXTION I S  9 .102245E 19 EY/(SEC-C8**3) AT Z O N E  3 
N A X I I O f l  C A P T f J A Z  ENERGY DEPOSITION I S  1 .102725E 2 0  E7/(SEC-Cn**3) A T  201E 3 
MIXTRUn TOTAL E N E R G Y  DEPOSITION I S  1 .998635E 2 0  EV/(SEC-CR**3) A T  ZONE 3 

PNSTE 9 .999995E-25  9 .9U7@59E-25  
T N S T E  0.0 3.7500055 01 7 . 5 0 0 0 0 3 B  01 
TlSTS 0.0 

S U f l f i l R T  07 CRLCOLATION 

EXPLICIT CHAIN - EXPOSURE 
SIGSIPICANCE EV'NTS EWCOUNTZRZD 18 

4 A X  A R R A Y  SIZE USED 5810  WORDS - FOR Z O N Z  C A L C C L A T T O N  



hUxILIARP POINT CALCULATIOA HAS BEEN REQOESTED 

REilORY AVAILABLE FOR GEODST PROCESSING 8310 

INTERPACE 
IGOil = 
R R E G  = 
NCIRTI= 
ACI NTK= 
NIRTJ = 
I B B l  = 
J R B l  = 
R I B 1  = 
NBS = 
NIBCS = 
ITRIAG= 
NWFl = 
AGOP3 = 
NWP5 = 

PILE GEODST 
7 

3 0  
6 
1 
8 
1 
2 
0 
1 
1 
0 
0 
0 
0 

VERSIOl 
RZORE = 
AZCL = 
RCIRTJ= 
MINT1 = 
NIRTK = 
I n B z  = 
3BB2 = 
KMB2 = 
NBCS = 
R Z U B B  = 
NRASS = 
AGOP2 = 
NGOPU = 

1 UNIT 13 
2 2  

110  
5 

12  
1 

9 6  POINTS [ 3U8 RE0ORY SETUP WR GEODST PROCESSING 600 ALLOWING F O R  

NEBOm USED FOR GEODST PROCESSIYG 3 4 8  ACTUAL POINI'S 8 ( 348 2 9 5  

INTERPACE FILE RTFLUX VERSION 1 ONIT 1 7  
nnI- = 2 ??GROUP= 3 
WINTI = 1 2  NINTJ = 8 
R I W T  = 1 I W R  = 35 
EPFK = 1 .012347P  00 DOWER = 2 .500000E 0 9  

Y4XIHUJ A R R A Y  S IZE USED F@R I N I T I k L  PROCESSING I S  2038 

ST0QXGP REQUIRED FOR BASIC DATA I S  7 7 1 4  

STORAGE SUPPLIED I S  1 0 0 0 0  
f l A X 1 M U Y  STOQAGE REQUIRED 15 3 7 1 3  
Y I R I N U N  STOQAGE REQFIRED 1'5 2 3 3 1  

~ O D R P  = o BonRPF = o 

IEMORT ACTUALLY OSED UILL BE 3 2 1 3  

A 0  PTATDN PILE EXISTS - POINT DENSITIES UILL BB EXTRACTED PBOfl Z3NE DENSITIES 

START OP STFP AT00 DEXSLTIES AT TIME 0.0 DAYS 

POIXT NFMBER 1 
U235A 2.286999E-05 U238A 7 . 5 0 4 2 9 9 3 - 0 3  PU239A 8.6771COE-04 PC124OA 
PU241A 6.421500E-05 PO2(t21 2 . 5 5 9 1 0 0 3 - 0 5  016A 1.764OOOF-02 NAZ3A 
C R - A  2 .618700E-03 FE-A 9 .785596~3-03  N I - A  1 .37  8 300E-0 3 TA 181 A 

POINT NUBBER 2 
U235A 2.286999E-OS U 2 3 8 A  7.50U299E-03 PU239A 8 .677100E-04  PU240A 
PU241A 6 . 9 2 1 5 0 0 5 - 0 5  PU242A 2 . 5 5 9 1 0 0 3 - 0 5  016A 1 .764000E-02  NA23A 
CII-I  2.618700E-03 PE-A 9 .785596E-03  N I - A  1 .3783COE-03 TAl8 lA  

POIRT NUMBER 3 
11235A 2.286999E-05 U238A 7.50U299E-03 PU239A 8.677100E-OU PU2UOA 
PU241A 6 . 4 2 1 5 0 0 3 - 0 5  PU2421\ 2 .559100E-05  0 1 6 1  1 . ?64000E-02  RA23A 

2 9 5  216  630)  

2 1 6  248)  

3.3535 99E-04 
9 .058498E-03  
9 .999999E-11  

3.353599E-04 
9 .058498E-03  
9 .9999998-11  

3 .3535992-04  
9 .0  58U98E-0 3 



CF-A 2.61 97OOE-03 

POINT AURBPR 4 
U235A 2 .286999E-35  
PO 20 1A 6.1121 5 0 0 3 - 0 5  
CR-A 2 .618700E-03  

POINT N U r l B E R  5 
3235A 2 .3915003-05  
PW241R 7 .327099E-05  
C p - A  2 . 6 9 9 3 0 0 3 - 0 3  

POIlT N 3 M R E R  6 
U235A 2 .391500E-05  
PO2474 7 .3270997-05  
C R - A  2.6993OCE-33 

POIYT NQ8B’R 7 
U235A 2 .3915032-05  
UU241A 7.327099!?--35 
C 7 - A  2 . 6 9 9 3 0 0 7 - 0 3  

POINT N U P ~ B E R  n 
ll235A 2 . 3 9 1 5 0 0 3 - 0 5  
PU241A 7 .327099B-05  
CA-A 2 . 6 9 9 3 0 0 2 - 0 3  

PE-A 

U 2 3 8 A  
PU2k2A 
FE-A 

0238A 
PU242A 
33-?. 

U238ei 
PU242R 
PF-A 

U238A 
PO2 42R 
FE- 4 

U239A 
P(1242t  
FE-A 

9 . 7 8 5 5 9 6 E - 0 3  111-A 1.3783OOE-03 TA781A 9 .999999?-?  1 

7. 5 3 4 2 9 9 3 - 0 3  PU239A 
2 .559130E-05  0161 
9 . 7 8 5 5 9 6 E - 0 3  M I - A  

8 .6771002-04  Pii2UGA 
1.764OOOE-02 NA23h 
1 . 3 7 8 3 0 0 E - 0 3  TA181A 

3 . 3 5 3 5 9 9 2 - 0 4  
9.05AU98E-03 
9 .999999E-  11 

7 .8h7499E-03  P0239A 
2 .920099E-05  0 7 6 A  
1 . 0 0 8 5 6 0 3 - 0 2  NI-R 

9 .906099E-0a  PU2UO A 
1 .869300E-C2  NR23A 
1 . 4 2 0 6 3 0 E - 0 3  TR181A 

3. 82680CE-04 
8 .403197E-03  
9 .999999E-11  

7. 8 4 7 4 9 9 E - 0 3  PU23911 
2 . 9 2 0 0 9 9 E - 0 5  016A 
1 .C08660E-02  11-4 

9.906099E-OU PQ2UOA 
1 . 8 6 9 3 0 0 E - 3 2  8A23A 
1 . 4 2 0 6 0 0 3 - 0 3  TAl8fA 

3.8268CDZ-01 
8. UO3197E-03 
9 .  999999E-11  

7. 847U99E-03 PU239A 
2. 920099E-05  0 1 6 A  
1 . 0 0 8 6 6 0 E - 0 2  NT-9 

9 . 9 0 6 0 9 9 F - 0 4  PD2UCA 
1 . 8 6 9 ? 0 @ F - 0 2  NA23A 
1 .6236302-03  TR18’1A 

3. 8268OOE-04 
8 . 4 0 3 1 9 7 2 - 0 3  
9 . 9 9 9 9 9 9 5 - 1 1  

7. 8 4 7 4 9 9 2 - 0 3  PU239A 
2 . 9 2 9 0 9 9 E - 0 5  0’6A 
1 . 3 0 8 6 6 0 E - 0 2  NI-A 

9 .906099E-  04 PU2(rOA 
7.8683OPB-02 NR23A 
1 . 4 2 0 6 0 0 2 - 0 3  TAISIA 

3. 8268OOE-04 
F.U03:97E-03 
9 .999499E-1’  

EXWSrJRD “ I E E  STEP STARTS AT 0.0 D A Y S  

ZXPOSUPE TTRE S T E P  I S  7 .500000E 0 1  Dl lYS ( 6 .480000E 06 SECONDS 1 TH? N U f l B E R  OF SURSTEPS I S  2 

YMn OF SXPOSOSE STFP ATOM PZNSITIES AT T I N ?  7.5300OOE 0 1  DAYS 

POINT X W X B E R  I 
3235R 2 . 061366E-05  
F U  240A 3 . 4  18962E-@ 4 
Nt23A 9.058498E-0 3 
7”1351\ U .  274 000E -08 
S t l I U Q 4  1.19761(8?-06 

3236A 
PO241\  
CP-A 
PR147A 
NSPPA 

G236k 
PU241A 
CR-A 
PB147A 
NSQPA 

U236A 
PU2U?A 
C Y - A  
P?3?4-!A 
ASPPX 

0236A 
PU24lA 
CP-a 

4. 948737B-07  O238A 
6 .  1 6 3 8 9 0 E - 0 5  PU242 A 
2 . 6 1 8 7 0 0 E - 0 3  PE-A 
2. l 7 9 6 4 3 E - 0 6  PlleBK\ 
1. 2608257-0h  SSYPA 

7 . 4 0 4 7 2 6 E - 3 3  PIJ23QA 
2 . 6 0 7 7 0 9 F - 0 5  016R 
9 . 7 8 5 5 9 6 E - 0 3  A I - A  
2. 104961E-08  P R 1 4 8 R  
1 . 0 9 5 8 2 0 F - 0 6  TA381A 

8 .797359E-04  
1.164DOCE-02 
1.3783OOE-03 
8 . 4 2 9  359E- 7 0 
4 .999999E-11  

P O I N ?  N U O B E R  2 
’l235A 2 . 0 6 6 8 7 8 3 - 0 5  
PU240A 3 .4  18631E-04  
NX23A 9.0 5 8U98P -c 3 
X F 1 3 5 4  4 . 2 9 3 6 7 3 8 - 0 8  
SH149A 1.203303E-C6 

I( . 953866E-07  U23BR 
6 .  762714E-05  PU242A 
2 .618700E-03  PE-A 
2. 190191E-06  P K U 8 R A  
1. 266855E-OU SSPPA 

7 .40U476E-03  PU239A 
2 . 6 0 7 5 7 5 3 - 0 5  016k  
9 . 7 8 5 5 9 6 E - 0 3  N I - A  
2 .116196E-08  P n 4 4 8 R  
1 .101016E-06  TA181A 

8.7953UUE-OU 
1 .764000E-02  
1. 37830CE-03 
8. U 75307E-IO 
9 . 9 9 9 Q 9 9 E - 1 1  

DOINT NU”IER 3 
U235A 2 . 0 5 0 7  1 R E 4  5 
PU2UOA 3.1123970E-0U 

X E 13 SA 4 .621  886E- 0 8  
S R1119A 1 .2965672-06  

POINT YUYR2R U 
U235A 2 .050045E-05  
PU24OA 3 .423665E-04  
NA23A 9.058498E-03 

N 42311 9.05a(1982-0 3 

5. 315480E-07  U238h 
6. 1119839E-05 PrJ2U2A 
2.6787COE-03 PE-A 
2 .354339E-06  PN48PIA 
1 .3S3106E-OQ SSPPA 

7 . 3 9 6 8 1 0 E - 0 3  PU23911 
2 .61  1 2 9 6 E - 0 5  016R 
9 . 7 8 5 5 9 6 E - 0 3  M I - A  
2 . 3 5 1 7 8 1 E - 0 8  PHlSBA 
1.  3827U6B-06 TA181A 

1.76U300E-02 
1 . 3 7 8 3 0 0 9 - 0 3  
9 . 5 6 2 9 9 7 E - j 0  
9 .999999E-11  

5. 320343E-07  U238A 
6 . 1 4 8 4 5 9 E - 0 5  PD242A 
2 .618700E-03  PE-A 

7 . 3 9 6 4 7 h E - 0 3  PU239A 
2 . 6 1 1 1 8 8 E - 0 5  016A 
9 . 7 8 5 5 9 6 E - 0 3  HI-A 

8.8043093-04 
1.76U000E-02 
1 . 3 7 8 3 0 0 E - 0 3  



4.6U6112E-08 
1.30U 0791-06 

Pn l47A 
NSPPA 

2. 36Ul86E-06 
1. 370506E-04  

Pn4anA 
S SPP A 

2 . 3 6  6 5533-  0 8  
1 .189098E-06  

P8lU8A 
“iA181A 

9 .6  2 5 2 4 1  E- 1 0  
9 .999999E-11  

POINT N F N B E R  5 
3235A 2 .166411E-05  
PU2U0A 3.894465E-04 
NA23A 8 .403  1973-03  

5814911 1 .367161E-06  

POINT N U N B P R  6 
U235A 2.190622E-05 
PU2409 3.985862E-04 
NA23A R .U03 1973-0  3 
X P 1 3 5 A  4.282855F-CP 
SB149A 1 .2F1967E-06  

PCINT PURBFF 7 

V235A 2.lU8906E-CS 
P U 2 4 0 A  3.89973UE-04 
~ a 2 3 4  8.40 3 197E-03  
XE1354 5.197767E-08 
s n i u 9 n  1 .460437E-06  

POINT P;TJ??EB 8 
0 235A 2.17418BE-05 
PU2409 3.890505E-04 
NA23A r! U03 1 Q70-0 3 
XP135A 4.6U0035E-08 
S8149A 1 .3034293-06  

~ ~ 1 3 5 ~  u . e 0 0 2 7 8 ~ - 0 8  

U236A 
PU241A 
CR-A 

NSPPA 
p n i l l 7 ~  

5 .023983E-37  
7 .030077B-05  
2 .6993001-03  
2. 4 5 5 2 4 5 2 - 0 6  
1. U18767E-0U 

U238A 
PU242A 
PE-A 
Pn48nA 
SSPPA 

7 .745158E-03  
2.97 1978E-OS 
1.00866OE-02 
2 .3363908-08  
1 . 2 3 3 9 1  OE- 06 

PU239A 
016A 
! ? I - A  

TAl8 lA  
pn iu8A 

9.9496b7E-04 
1.86930CE-02 
1.4206POE-03 
9 .286327E-10  
9 . 9 9 9 9 9 9 ~ 1 1  

U236A 
PU241A 
CR-A 
PHl47A 
NSPPA 

4. U78702E-07 
7 . 0 5 1 1 2 3 8 - 0 5  
2. 699300E-C3 
2.1993?1(E-06 
1 .266728E-F4  

U238A 
PU242A 
PP- * 
PH48ilA 
SSPPA 

7 . 7 5 6 5 3 1 3 - 0 3  
2 .9658Q6E-05  
1.00866OE-02 
1 .968808F-08  
1.104193E-Oh 

PU239A 
Ol6A 
NI-A 
PMlUBA 
TA18lA 

9 .942Eq3T-04  
1 . 8 6 9 3 0 0 E - 0 2  
1. U 25 6COE-0 3 
7.6U218OE-10 
9 .999999E-  11 

U236A 
PU241A 
C 4 - A  
PnlU7A 
NS‘PPA 

5. 406479E-07  
7 .0134nOE-05  
2 . 6  9 9  3 0 OE-0 3 
2 .65251  2E-06 
1. 5360EBE-04 

UZ38A 
PUIY2A 
PE-A 
P ! l U B H k  
SSPPA 

7 . 7 3  682UE- 0 3  
2 .975909E-05  
1 .008660F-02  
2 .619939F-08  
1.333719E- 06  

PU239A 
01 6A 
N I - A  
PMlUBA 
TA181A 

9 .9519553-04  
1.8693FOE-02 
1 .42F600E-03  
1 .057237E-09  
9 .9999993-11  

U236A 
PU241A 
C 4 - A  
PKlU7A 
NSPPA 

4.8250UOE-37 
7.0358FYE-05 
2.6993COE-03 
2. 3779U3E-06 
1. 372236E-04  

712381 
PU242A 
PE- 3 
PHU8fiA 
SSPPA 

7 . 7 4 9 0 6 2 E - 0 3  
2 . 9 6 9 3 5 9 1 - 0 5  
l .OO8660E-02 
2.21 5556E-08  
1 .194397E-06  

PU23 9A 
016A 
N I - A  
PRl48A 
TAl8lA 

9.94UR95E-04 
1 .86930PE-02  
1. Q206CCE-03 
8 .7295503-70  
9 .99?Q99E-11  



P O W E R  DENSITY S T A T I S T I C S  PROK P O I H T  CALCOLRTION 

1) ZONE 1 N U N B E R  OF POINTS U CALC. POINTS 1 TO 4 

AVERAGE POWER DENSITY U.U99397E 0 2  
MAXTM3B POWER DENSITY 4 . 6 8 8 5 7 9 E  0 2  AT POINT U 
RIII5UK POWEY SBNSITP 4 . 3 1 2 5 6 8 3  02  3T P O I R T  1 

POWER DENSITY 
1) 4.31255SF 52  2) 4 . 3 3 3 0 7 1 E  0 2  3) 1 1 . 6 6 3 3 8 1 1  0 2  4) 4 . 6 8 8 5 7 9 2  02  

2 )  ZONE 3 NWMBER OP POINTS U CALC. POINTS 5 TO a 

AVWAGF' POWLR DENSITY 4.7828UlrE 0 2  
NRXTPW!! POPEP DENSITY 5.255OOOE 0 2  AT POINT 3 
' I ? N I f l U B  POWER DENSITY U.3310 '47E 0 2  AT POIHT 2 

POWER DPYSITP 
1 )  U . 8 5 2 7 0 8 P  02 2) U.3310117E 0 2  3)  5 . 2 5 5 0 0 0 E  0 2  4 )  U . 6 9 2 6 U 2 E  0 2  

IN?E??ACT F I X E  PTATDN V E R S I O N  1 (NEW) HAS BEEN WRITTEN OK OHIT 30 WITH D E N S I T I E S  AT TIFIE 7 . 5 0 0 3 0 0 2  0 1  DAYS 

PAX A P R A Y  S I Z E  LISED 3 2 1 3  WORDS - F O R  P O I l T  CALCULATION 

B A X  A X R A T  S I Z E  3SPD 5 8 1 0  WORDS 

T O T A L  C P U  T I N E  USED 0.046 BINUTES T O T A L  C L O C K  :IME W S E D  0.258 H I N ~ T E S  T ~ T A L  I/O USED 3 6 5  

NORRAL END OP E X J O S O R Z  NODULE 

0 
m 

I cn 
N 



BURNER - EXPOSURE NODULE - PRE-RELEASE VERSI9R 1 E  - NOVE4BER 14, 1978 - @WALITY ASSURANCE LEVEL 3 ___----__---_____-------------------------------------------------------------------------------- 

CASE T I T L E  - BREEDER REACTOR SAMPLE PROBLEH P S R  ?HE BURRER CODE 

R I E  CONTAINER ARRRTS, CONTROL 6 DATA 1 

GRUPXS T I T L E  
E R E E D E R  R E A C T O R  CROSS SECTION D A T A  ( 3  eRooP) 

NETHOD OF SOLWTION - E X P L I C I T  CHAIR 

?HE LONGEST E X P L I C I T  CHAIN I S  10 

P I F L D  RANGE NOIIRZQ FOR E9CA NEUTRON ENERGY GROUP 
I G Y  1 1 2 

M A X I N U R  3RRAY S I Z E  WSED F U R  I N I T I A L  PROCESSING 1 5  1780 

STOnAGB FEQUIRED POP BASIC DATA I S  1678 

STORAGE SWPPLIED T5 1 0 0 0 0  
I A X X I R U U  STORhGE QEQUIRED I S  5811 
R I ! + I M ! ? H  STOFRGE SEQUIRED I S  3165 

I O D R R  = 0 MODRRP = 0 

I E f 7 O R Y  PCTUALLP USED WILL BE 5811 

EXPOSTPE T I ~ E  STEP S T X R T S  A -  7.500000~ 0 1  D A T S  

FXPOSUPE T I R E  STEP I S  7 . 5 0 0 0 0 0 E  D 1  D R Y S  ( 6.Y80003E 06  SECONDS ) THE NWHBER OF SODSTEPS I S  2 

POHPR 2.4999911E 39 HATTS, M A X I t l U f i  POWSR DENSITY 4 . 7 1 4 1 1 1 E  0 2  YATTS/CC IB Z O N E  
DOWER 2.50605YE 09 WATTS, R A X I K U R  POWER PENSITY 4 . 7 0 7 5 5 U E  0 2  WATTSKC II Z O N E  

3 AT STAPT OF SOBSTBP 1 
3 AT END OF SUBSTEP 1 

AVERAGE POWER AT END 3 1  SUBSTEP 2 . 5 0 3 0 2 4 9  09  YATTS 

I N I T I A L  REACTION SATES WILL BE HULTIPLTED ET 9 . 9 5 1 6 4 3 E - 0 1  FOR NEXT SUHSTEP 9 . 9  5 1 6 U  5E-07 9 . 9 7 5 7 6  7E-  0 1 

POVE? 2.4939353 0 9  WATTS, N A X I ? U R  POWER UENSTITP 4 .6811790”  0 2  WATTS/CC Ih’ ZOYE 
POWPR 2 . ‘499578E 09 WATTS, f 7 A X I X Q H  POWER DENSITY U . 6 7 7 8 2 5 E  0 2  WATTSKC I N  ZONE 

AVERAGE POWER AT END OP SUBSTEP 2 . 4 9 3 8 9 2 9  0 9  IATYS 

3 AT S T 4 R T  OF S U B S T E P  2 
3 AT EWU OF SUBSPEP 2 

0 
cn 
i ul 
w 



I N P E N T O R Y  A N D  REKTION RkTES BI ABSOLUTE NUCLIDE 

*********** START O F  STEP TIM2 7 5 . 0 0 0  D R Y S  *********** *********** FAD O F  S T E P  TIME 150 .000  DAYS *********** * ** k 

9 0 .  NAME INVE!ITORY hBS0RPT:ON FISSION PRODOCTIOH CAPTURE IKVENTORY ABSORPTION FISSION PRODUCTIJH CAPT;JRE 
(K st <a,ci  (KS) ( S . G )  

1 C23' 1 , 9 6 9 6 u E  0 2  1 .19611E-02  9 . 1 2 0 0 9 5 - 0 3  2 .23456E-52  2 .64099E-03  1.9Ob97E 0 2  1 . i 2 3 1 5 E - 0 2  8 . 5 5 9 3 5 E - 0 3  2 .09709E-02  2 . 6 7 2 i 9 E - 0 3  
2 0236 1.631U6E 00 U . 3 5 6 6 8 E - 0 5  5.480U7E-06 1.U723UE-05 3.8085UE-05 3 .13981E 0 0  8 .28111E-05  1 . 0 3 7 2 5 E - 0 5  2 .78659E-05  7 . 2 4 3 8 7 E - 0 5  
3 V 2 3 R  6.71rU93F O U  5.2561OE-01 U .873003-32  1 .328h7E-01  U.7688UE-01 6.715U3E 04 5.20C59E-01 U.81U59E-02 1 .312563-3 :  U.719U3E-01 
4 Pn239  2.84906F 0 3  3.13508E-01 2 .47155E-01  7.24962E-0:  6 .63525E-02  2 . 9 3 9 3 5 E  3 3  3 .169918-01  2.U9725E-01 7 .32442E-01  6 . 7 2 6 6 0 E - 0 2  
5 IV240 1.08347E 0 3  4 .361933-02  1.86852E-02 5.65086E-02 2.1'3340E-02 7 .09826E 0 3  4 .17146E-02  1 . 8 9 0 9 1 E - 0 2  5 .71853E-02  2 . 2 2 0 5 5 2 - 0 2  
6 PTl2Ul 1 . 9 8 7 1 7 P  0 2  2 .92209E-02  2.48088E-C2 7 .37734E-32  4 . 4 1 6 1 3 F - 0 3  1 .92763E 0 2  2 .82475E-02  2 .39791E-02  7.1306UE-02 4 . 2 6 3 3 9 E - 0 3  
7 Pir2U2 8 . 3 3 4 5 7 3  0 1  2.59188E-03 1. 12250E-03  3.U1953E-03 1 .u6938E-03  8.i13L23E 01 2 .619472-03  7.13U38E-03 3.85573"-03 1 . 4 8 5 0 8 E - 0 3  
R 0 1 6  9 .57602F  0 3  2.1UO57E-03 0 . 0  0 . 0  2.1UG57E-03 9.576C2E 0 3  2 .13578E-03  0 . 0  0 .0  2. 1 3 5 7 8 E - 0 3  
9 NR23 1.07873E 0 4  1 .11904E-03  2 .73721E-07  5 .47444E-07  1 .11877E-93  1 . 0 7 8 7 3 2  OS 1 . 1 1 € 5 4 F - 0 3  2.731G9E-07 5.U6219E-C7 1 . l i 6 2 7 E - 0 3  

10 CR 1.1119155 0 4  7.03466E-02 8 .74113E-07  :.7UA23E-06 1 .03457E-02  '1.43975% 0 4  1.03235E-C2 8 .72157E-07  7 .744373-06  1 . 0 3 2 2 6 E - 0 2  

1 2  FP 5.69502E O U  3.52U17E-02 8 .61342E-06  1 . 7 2 2 6 8 E - 0 5  3 .623313-02  5 .69502"  04  3.61EC62-02 8 .  59h lUE-06  1 . 7 ? 8 8 3 5 - @ 5  3 .6152OE-02  
1 3  HI 8.834103 0 3  1.3257C2-02 3 .73229E-08  7.U6859E-08 1 .02570E-02  a.U3U:9? 03 1.C23UOE-02 3 . 7 2 5 9 3 3 - 0 8  7.45187E-GR 1 . 3 2 3 4 0 3 - 0 2  
14 XE135 5 . 7 2 1 7 1 3 - 0 2  1 .33661B-07  C.0 0 . 0  3. 386612-07  5 .72242E-02  1 .39813E-07  C.0 0 . 0  1. 3981;E-07 
45 PV147 3.20527B 30 4.36565E-04 3 .63504E-a8  7.27C382-39 U.35528E-09 6 . 1 0 2 3 7 E  0 0  3 . 2 7 9 9 3 2 - 0 4  6 . 5 7 8 4 2 F - 0 8  1.37565E-:7 8.279256-04 
16 PU148f l  2.6657UE-02 2.0032fE-OU 0 . 0  0 .0  2 .00321E-04 5 . 9 1 9 2 1 2 - 0 2  4.OC569E-04 0 .0  0.0 4 .43569E-04  

2 . 4 8 9 7 0 8 - 0 5  
1 8  S Q l U 9  1.77350B O C  2. 1456RE-OLI 1 .67014E-07  3 . 3 4 3 2 8 3 - 0 7  2 .  1 U U O l E - O U  3.55041E 00 U.302753-OU 3.3U128E-07 6 . 6 8 2 5 7 r - 0 7  LI.299UlE-OU 

U . 6 7 3 2 5 8 - 0 3  
20 SSFP 0.0 3.69189?-04 3.0 0.0 l .h91R9E-O4 0 . 0  3 . 3 1 6 5 5 5 - 0 4  0.0 0.0 3.31Y55E-OU 
27 "181 2.07418E-OU 1.32705'3-38 0.0 0.0 1. 327052-68  2.07U18E-04 1 .32408E-98  0 . 0  0 .0  1 .  32l l08E-68 

TOTALS 1 .71807E 0 5  9.870U5E-0; 3 .O9637E-01 1 . 0 1 3 9 1 P  0 3  6.37UO8E-01 1 .71611E 0 5  9 . 8 7 0 7 4 2 - 0 1  3.5OU73F-01 1 . 0 7 6 6 6 3  0 0  5 . 3 5 6 0 0 E - 0 3  

1 :  nN55 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 

17 P l l U R  1 .0219OF-03 1. 267853-05  0 .  0 0 .0  1 .267852-05  2 .00972E-03  2.l4897OE-05 0 . 0  0 .0  

1 9  NSPP 0.0 2 .345578-@3 0 . 0  0 .0  2 .3 '4557?-03 0 . 0  U.673252-03 0 . 0  0 . 0  

------_---- __--------- ----------- ----------- ----------- ----------- --------_-- --_-_------ - - - - - - -____ - - - -____-__  

OTHER L O S S  R A T E  1 .29546E-02  1 . 2 9 2 5 7 5 - 0 2  
1.0000CE 00  1.00COOE C O  ?O?I\L LOSS RATE 

SYSTfr l  LOSS RATE ( N / S E C )  2 . 2 0 9 5 3 9  2C 2 .20377E 20  
SELATTVE FLUX L E V E L  1.020001! 0 0  4.951€UE-O? 



. .  

SORRARY TABLES FOR EXPOSURE ENDING I T  TINE 1 . 5 0 0 0 0 0 E  0 2  DAYS 
FOR CASE BREEDER REACTOR SAPlPLE PROBLEM FOR THE BWRNEB CODE 

4VEIlhGE NEUTROW LOSSES BY NUCLIDE CLASS A N D  ZONE CL4SS - SYSTEn LOSS RATE 2 .206654E 20  N/SEC 

?ONE CLASS F I S S I L E  FERTILE 0. ACTINIDE FISSION PROD STRUCTURAL COOLANT CONTROL R O D  OTHER 
I D .  1 2 3 8 5 6 7 0 
101 0 . 1 2 6 2 3 7 6  0 .1586086  0 .0009564  0 . 0 0 2 1 2 8 1  0 . 0 1 4 5 9 7 3  0 .0002663  0 .0000000  0 .0007174  
1 9 2  0 . 1 2 7 7 9 0 6  0 . 1 5 0 1 8 0 3  0 .0009839  0 . 0 0 1 9 5 9 3  0 . 0 7 3 3 8 0 4  0 .0002316  0.0000000 0 .0007364  
1 0 3  0 . 0 9 2 7 2 2 1  0 .0953811  0 .0007186  0 . 0 0 0 6 7 9 3  0 . 0 0 6 4 4 3 3  0 . 0 0 0 1 4 7 3  3 . 0 0 0 0 0 0 0  0 .0004904  
1 ou 0 . 0 0 2 7 2 8 2  O.OUlU753 0.0000035 0 . 0 0 0 0 3 0 3  0 . 0 0 3 5 6 4 2  0 .0501335  0.0 0 . 0 0 0 0 4 6 7  
1 0 5  O.CO22160 0 . 0 3 6 6 6 1 9  3 . 0 0 0 0 0 2 1  0 . 0 0 0 0 2 3 0  0 . 0 0 ~ 0 5 5 7  0 .0001033  0 . 0  O.OOOO436 
1 0 6  0 . 0 0 1 0 7 0 1  0 .0225311  0 . 0 0 0 0 0 1 0  0 . 0 0 0 0 0 3 1  0 . 0 0 1 8 6 1 6  0 . 0 0 0 0 6 1 2  0 .0  0 . 0 0 0 0 2 7 2  
1 0 7  C.OCZlU62 0 . 0 4 1 0 3 7 2  0 .0000022 3 . 3 0 0 3 2 1 4  0 . 0 0 2 3 1 8 1  0 . 0 0 0 0 4 0 8  0.0 0 .0000652  
7 OR 0 .0006740  0.0176U60 0.000OOOU 0 . 0 0 0 0 3 2 2  0 .QO10316  O.OCOC118 0.0 0 . 0 0 0 0 1 1 3  
1 0 9  Q.0 0.0 0.0 0.0 0 . 0 0 2 9 8 3 0  0.0000U07 0 .0  0 .0  
113 0.0 0.0 0.0 0.0 0 . 0 0 5 5 4 6 7  0 .0000756  0.0 3.0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - _- - - - - - - - - - - - - - - - - - - - - - - - - - - - 

sun 0 .3555809  0 . 5 6 3 7 2 1 ~  0 . 0 0 2 6 6 8 8  0 .3050516  0 . 0 5 6 7 8 1 8  o . o o i i 1 7 a  ~ . o o o o o o o  0 .0021382  

ZONP CLASS AESORPTIOH FISSILE: IHVENTORY ( K G I  EFFECTIVE CONVERSION RATIO 
In. LOSSES 75 .000  mrs  i w . 0 0 0  Dais REACTION RATE 
1 3 1  0 . 3 0 3 5 1 1 6  6 .779272E 02  6 .828882E 0 2  :. 07770  
1 c 2  0 . 2 9 5 2 6 2 4  9 . 9 2 6 7 4 3 1  0 2  9 .915166E 3 2  0. 993511 
1 e? 0 . 1 9 6 7 8 2 0  1.149101l! 03 1 .140667E 0 3  0. 85557  
108  0 . 0 8 7 9 7 7 6  4 . 2 0 9 3 0 0 5  01 
1 0 5  S .  082106O U.lU2136E 0 1  
1 0 6  0 . 0 2 5 5 6 0 3  3 .450909E 0 1  
1 9 7  0 .0456  31 1 5 . 9 5 8 7 t 6 E  C 1  
i oa 0 . 0 1 9 5 8 3 3  4 .7U27065  01 
1 0 9  0 . 0 0 3 0 2 3 7  0 . 0  
t 1‘1 0 .OD56 222  0.0 --- ---- -- - ------------- 

CIVERALL 0 . 9 8 7 0 6 0 1  3 . 2 4 4 7 3 h E  0 3  
OTHER LOSSES 0 . 0 1 2 9 3 9 9  

TOTAL LOSSYS 1 . 0 0 0 0 0 0 0  
- - - - - -- -- - 

6 . 3 3 4 8 9 1 3  0 1  1 4 .  7 4 7 7 5  
6 .0285892  0 1  1 S . 9 9 6 7 3  

20. 34496  4 . 6 2 6 1 2 9 1  0 1  
8 . 0 6 3 4 8 9 3  0 1  18. 21583  
5.6991105E 0 1  25 .98819  
0.0 0.0 
0 . 3  0.0 

3 . 3 2 2 6 0 9 3  0 3  1. 39627  
- - - - - - - - -- - - - - - - - - - - - -- - 

3A95 BALAHCE 
1. 06923  
‘2.988011 
0. 8 4 0 0 2  

1 4 . 8 4 1 5 6  
16.10A64 
20 .53076  
1 8 . 4 2 5 5 1  
26. 29359  

0.0 
3 .0  

1 . 3 6 5 8 9  
- - - - - - - - - - - 

P3R1R (XIITTS) 

8 . 7 6 5 3 2 7 2  O A  
8.9U9230E 0 6  
6 .461614E 08 
2 . 2 6 5 1 2 6 3  0 7  
1 . 9 5 9 5 8 9 5  0 7  
1 .073147E 0 7  
2 . 3 6 5 8 2 2 3  0 7  
5 .631444E 0 6  
0. @ 
0.0 

2.49989CE 09 
--------- ---- 

0 
a 
I 

L-I 
L-I 

FISSILE CONSWNPTION P E P  WNIT ENERGY GENERATION I S  1.2U57UOE-14 KG/WATT-SEC 
FISSILE CONSUnPTIOM RATE I S  3. 114215E-05  KG/SEC 

IVTERFACE FILE ZNATDl VERSION 3 (NEW) HAS aEEN WRITTEN ON WNIT 3 1  W I T H  DENSITIES AT TIME 1.500000E 02  DAYS 

POWER CORPWTED F90A POWER DENSITY 2.U99887E 0 9  

IYTFRFRCE PILE ZAPOUD VERSION 1 (OLD) HAS BEEN WRITTEN 31 WNIT 19 



CUHULATIVZ EXPOSURE INFORMATION 

EXPORT CPTION - SAVE LATEST A N D  NEXT-TO-LATEST D4TA 

I N T E F A C E  Y I L E  EXPOAT VEBSION 1 {OLD) R A S  BBBN Y R I ? ' ? S N  OH UXI? 2 0  

CURRER- CUMLlLATIVE 
HAXIflUF 'PLUERCE (TOTAL) jHBUTRONS/Ci?**2) 3 . 9 8 1 5 7 3 E  2 2  1 7 . 9 3 1 7 9 3 E  2 2  1 

5 . U 7 7 2 7 6 E  2 2  F . A X I H U Z  PLrJENCE (RANGE 1 )  (NEOTRONS/CA**Z) 2 . 7 6 2 2 2 0 3  2 2  1 
K A X I ? U H  ?LUEHC2 (NRRGE 2 )  (WEPTNOXS/CR**2) 2 . 2 2 9 5 9 3 E  2 2  k . 3 7 9 0 9 3 2  2 2  1 

1 1 . Y 7 4 0 9 1 E  0'1 TkXT?!!'lR 'XPOSURE {MEGlWATT (TREHRAL) -DAYS/KG) 1 . 0 0 1 9 6 3 E  0 1  1 
TOTAL SPSTEB P I S S I O N S  ( F I S S I G N S )  5 . 0 0 5 r i 7 2 P  2 6  1 . 0 0 3 1 1 2 E  27 
TOTAL SYSTE'I EXPOSURE (fl3GARATT(THERflAL) -DRYS/KG) 2 . 6 9 3 3 5 3 2  0 0  S . 3 7 9 1 9 7 E  00  

f3AXIKIM ? I S S I O N S  ( P I S S I O N S / C R * * 3 )  9 . 1 1 7 5 0 1 E  1 9  3 1 .  B U 0 3 9 l B  2 0  3 

DECIT ENERGl RELEASE DATI RVAILABLE 

S E C O N D A R T  E N E R G T  m n n  FISSION ~ A T A  A I A I L ~ B L E  

ZNERGT RPLXASE ?Ron CAPYGRE DATA 4YAILA3LE 

CECONDARY ENERGY DEPOSITION 

UNITS O P  EV/(5ZC-CFl**3) 
1 )  TOTAL 
2 )  3ETR 
31 SETA + 'TOTAL GAFIFIA 
" )  TOYAL GRYtIA 
5 )  - 61 GAEIIR RANGES 1 - 2 

TOT4L VOLUFIE IHTSGRALS 3V2R SYSTEti {EY/SEC) 
DECAY 7 )  5 . 5 0 1 8 6 9 E  24 2)  2 . 2 2 3 4 1 0 E  2U 3) U . 9 6 5 9 3 7 E  2 0  4) 2 . 7 U 2 5 1 3 3  2h 5) 0 . 0  5 )  2 . 7 U 2 5 1 3 E  2 4  
F I S S I O N  1 )  U . 9 5 0 0 6 U E  26 2 )  1 . 5 0 U 6 8 6 E  2 6  ?) U . 9 5 0 0 6 S E  2 6  U j  3 . 0 0 5 3 7 3 2  2 6  5 )  3 . 0 9 7 2 4 7 P  2 6  6 )  3 . 0 6 1 U 8 6 E  2 5  
CAPTURE 1 )  7 . 6 7 8 7 3 6 E  2 6  2 )  1 . 2 7 0 7 8 6 E  26 3) 7 . 6 7 8 7 3 6 E  2 6  LI) 6 . U 0 7 9 5 6 E  2 6  5 )  6 . h 0 7 9 5 6 E  2 6  6 )  3 .0  
TOTAL 1 )  1 . 2 6 3 3 8 2 E  2 7  2 )  2 . 8 3 7 7 0 7 2  2 6  3) 1 . 2 6 7 8 4 6 E  2 ?  U )  9 . 8 4 0 7 5 7 2  2 6  5 )  9 . 5 0 5 2 0 3 E  26  6 )  3 . 3 5 5 7 3 6 E  2 5  

* 1 A X I 5 O M  DECAY ENERGY DEPOSITION I 5  1 . C 0 3 2 0 0 E  18 EV/(SEC-Cn**3)  AT Z O N E  3 
H4XIH7fl F I S S I O N  ENERGY DEPOSITION I S  8 . 9 3 3 7 7 7 E  1 9  EV/(SEC-CM**3) AT ZONE 3 
F I A X I R J V  CPnTU9E E N 7 i l G Y  DEPOSITION I S  7 . 1 1 9 2 9 2 E  2 0  EV/(SEC-CH**3) AT ZONE 1 
fl4XIFIUM T O T X I  ENEBGY DFPOSITION I S  2.005YSEE 2 0  EV/(SEC-CH*43)  AT Z O 9 E  7 

SUM.YLBY OF CALCULATION 

E X P L I C I T  CHAIN - EXPOSURE 
S I G A I F I C A N C E  E V E q T S  EHCOUNTJRED 18 

K A X  ARPAY SI23 USED 5 8 7 3  WORDS - FOR ZONE C4LCULATTON 



I . :  

, . . . .  

AUXILIARY P O I U T  CLLCULATIOR BAS BEEN REQUESTED 

SEPERENCE ZONE NONBERS PROM PTATDN 
7 )  1 2) 3 

nEFORY AVAILABLE FOR GEODS? PFOCESSING 8370 

BEMORY SETUP POR GEODST PROCESSING 6 0 0  ALLOYING 9 3 R  9 6  P O I N T S  ( 

REFOR? USED FOR GEODST PROCESSING 348 ACTUAL POINTS 8 ( 3 4 8  

N A X I W M  A R R A Y  S I Z E  USED P O R  I N I T I A L  PROCESSING I S  2 0 3 8  

STOFAGE REQUIRED FOR BASIC DATA I S  1 7 1 4  

STORAGE SUPPLIED I S  1 0 0 0 0  
?lAXlMG'n STORAGE REQUIFED I S  3 2 1 3  
f i f i i n u n  S-OFAGE REQUIRBD 1 5  2 3 3 1  

MODRP = 0 MODQPP = 'J 

IEMORY A C T U I I L I  USED WILL BE 3 2 1 3  

EXPOSURE T I R P  STEP STRPTS 4T 7.500000E 01 DRYS 

34 8 

2 95 

2 9 5  2 1 6  6 3 9 )  

216  2481  

EXWSURF T I N E  STEP I S  7.50OOOOE 01 DAYS ( 6 . 4 8 0 0 0 0 8  0 6  SECONDS ) T X E  NUMBER OF SUBSTTPS I S  2 

0 
a 

I ul 



POWER DENSITY S T A T I S T I C S  PFOn POINT CALCOLNTION 

1 )  ZONE 1 NUnBER O F  P O I R T S  U CALC. P O I N T S  I TO U 

AVFRAGF D O W E R  DENSITY 4 . 5 9 0 3 5 6 7 3  02  
39XIY'JE POWPR TIEWSTmY 4.8001~4E 0 2  A m  P O I N T  3 
4IKTIUK P O J l R  DENSITY la.3817503 0 2  AT P O I N T  2 

DOWZS DENSITY 
1 J  U . U U l 9 0 U "  0 2  2 )  4.38175OF 0 2  3 )  4.830051if 0 2  4) 1 1 . 7 3 7 7 2 2 E  C Z  

2 )  ZONE 3 NURSPII  O F  P O i N T S  U CALC. P O I N T S  5 TO 8 

AVFWAGF P O W E R  DENSTTY U . 6 9 6 0 1 1 E  0 2  
R A X I * U R  P n w E p  DEYSITY 5 . 1 8 7 8 - ? 7 ~  02 B T  P O T N T  3 
i9INIWUI POHER EENEITY 4 . 2 3 7 6 8 1 2  0 2  AT P O I N T  2 

POWER D E N S I T Y  
'1) U . 7 9 1 3 3 5 7  0 2  2 )  U . 2 3 1 6 U 1 F  0 2  3) 5 . 1 8 1 8 7 7 E  0 2  U) U . 5 7 9 2 0 7 E  0 2  

IN'fEQPACE F I L E  PTR"DN VERSION 2 :YEHI H A S  REEN WPITTEN ON U N I T  3 2  WITH D E N S I T Y E S  AT T I l E  1.50000OF 0 2  DAYS 

'IAT A?fFAY SIZF USED 3 2 1 3  WOFDS - FOR P O I N T  C A L C C L t T I O N  

N A Y  4 I I F A Y  S I Z E  USED 5810 WORDS 

TOTAL CPU T l d f  USED 0.330 TIINUTES rOTAI.  CLOCK T I M E  USED 0 . 2 6 4  R I N U T S S  "TAL 1/0 USED 3 8 7  

SORFfAL 'RD OF EZTOSURP HODULE 



BURNER - EXPOSURE NODULE - PRE-RELEASE VERSION 1 E  - NOVEBBER II), 1978 - QUALITY ASSWRRNCE LEVEL 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CASE T I T L E  - GAS COOLED REACTOR PROBLEN, (1-D SODELED AS 2-D) BWq??ER CODE TEST C 4 S E  

R I T E  CONTAINER A R R A Y S ,  CONTROL 6 DATA 1 

GRUPXS T I T L E  
P O U R  G R O U P  BICROSCOPIC GAS COOLED REACTOR CROSS SECTIONS BURNER CODE 

WISOU - TAE NUBBER OF DIFFERENT UNIQUE I S O T O P E S  I N  SYSTEM I S  20 
NISOA - TAT: NUnBER OF DIFFERENT ABSOLUTE ISOTOPES IA S?STER I S  19 
NWCLAS - TYE NWBBER OF DIFFERYNT ISOTOPE CLASSES I N  SYSTER I S  5 

WO. 
1 
2 
3 
n 
5 
6 

8 

10 
11 
12 
13 
la 
15 
16 
17 
le 
19 
20 

1 

9 

NORR 
1 
2 
3 

5 
6 
7 
0 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
2 0  

U 

NO S S  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
1 u  
15 
16 
17 
18 
19 
20 

NABSOL 
1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
1 1  
1 1  
12 
1 3  
14 
15 
16 
17 
18 
19 

AABSOL 
C 

1-135 
XF-135 

PRlU8B 

SM-1U9 
11-236 

F P 2  
FP 1 

T R - 2 3 2  
P A - 2 3 3  

U-233  
U - 2 3 4  
U-235 

AD-143 
HE 

R ECV EL 

~ ~ 1 - 1 4 7  

pn-148 

pn-1 49 

NCLA S 
5 
4 
4 
4 
4 
4 
4 
3 
4 
4 
2 
2 
1 
1 
2 
1 
4 
4 
5 
5 

NZCLAS - THE NUMBER OF DIFFERENT ZONE CLASSES I S  

80. NZCLS I Z C L S  
1 1 1 
2 1 2 
3 1 3 
U 1 0 
5 1 0 
6 1 0 
7 1 0 
8 1 0 
9 1 0 
10 1 0 
11 1 0 
12 1 0 
13 1 0 
14 1 0 
15 1 0 

I C L A S  
1 
2 
3 
U 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 

0 
m 

I 



16 1 0 
17 1 0 
18 1 0 
19 2 0 
20 2 0 
21 3 0 
22 ? 0 
23 3 0 

HETHOD OF SOLUTION - J X P L I C I T  C H A I l  

THE LONGEST E X P L I C I T  CHAIN I S  12 

* TH-232,  0-233 0 - 2 3 5  P U E L  ( N O  0 - 2 3 8 )  CHAIN EXPOSURE D A T A  

EXPOSUIIE NUCLIDES 
NUCLIDE HAilES ARE ABSOLUTE 

1 )  TFi-232 
2) ?A-233  
3) rJ-233 
U )  0 - 2 3 U  
5) 0-235 
6 )  U - 2 3 6  
7 )  1-135 
8 )  XE-13s 
9) PIY-147 

i o )  P n - 1 4 8  
11) P n i u e n  
1 2 )  PR-149 
13) SR-189 
1 4 )  ND-143 
15)  PP1 
16) PPZ 

1) P A - 2 3 3  2 
2 )  1 - 1 3 s  7 
3 )  XE-735 8 
U )  Pfl-IU7 9 
s) Pn-748 1 0  
6)  P H l u 8 t l  1 1  
7 )  ?E-189 1 2  

PlSSION PRODUCT 
1)  1-735 7 
2 )  XE-135 8 
3) Pfl-147 9 
D) Pfi-lU9 1 2  
5 )  E D - 7 4 3  1u 
6) PP1 1 5  
7) P P 2  1 6  

DECAY CONSTANTS ( 1 / S E C J  

2 .Y299982-07 
2 . 8 6 9 9 9 9 ~ 0 5  
2.0899983-05 
8.289998E-09 
1.4899993-06 
1.999998E-07 
3.629997E-06 

F I S S I O N  PRODUCT Y I E L J  DI.TPI 

ENERGY RANGE 1 CUTOPP AT 0.0 

F I S S I O N I N G  B W L I D E  

TH-232 0-233  
1 3 

0.053YOO 0.056200 
0.002ri00 0.002230 
0.038200 0.019330 
0.009USO 0.007700 
0.080000 0.059100 
0.980000 0.990000 
3.599999 3.59999.9 

11 2 )  

BASIC E X P L I C I T  CHAINS S P E C I F I E D  

START CHAIN 1 LENGTH I S  1 2  
1 )  TH-232 
2 )  W,G) 
3) PA-233 

1 .oooooo 

3 )  
0 -235  

5 
0.06’700 
0 .002000  
9.023630 
0 . 0 1 1  300 
0.060 3 0 0  
1 . 1 1 0 0 0 @  
3.799999 

I 12 

* 

EV 

1 
2 
2 

0 
cn 

1 
c 3  
0 



DECAY 1 . 0 0 0 0 0 0  1 
3 

4) 
5I 17-233 
6) (N v 6) 1.000000 
7\ U-234 

2 7 )  
2 SI 

(4 r G )  

(Ne 6 )  
U-235 

U-236  
END CHAIN 1 

START CHAIN 2 
TU -232  

P k - 2 3 3  

0 -23u  

U-235 

U-236 

F , G )  

W,G) 

W . G )  

(N v G) 

END C H A I N  2 
START CHhIN 3 
1-1 35 

XE-135 
E N D  C H A I N  3 

START C H A I R  4 
PN-147 

DECAY 

SN-149 

1 . 0 0 3 0 0 0  

1.000 000 

LENGTH IS 

1.003000 

1 .oooooo 
1 .oooooo 
1.000000 

LENGTH I S  

1.000000 

LENGTH I S  

0 . 5 3 0 0 0 0  

1.000000 

1.00300o 

E N D  CHAIN 
START CHAIN 5 LENGTH I S  
D R - 1 U 7  
~ .. 

0.470000 (NeG) 

1 .oooooo (N I G )  

DECAY 7.0000orJ 

PI(148K 

Ptf-149 

511-149 

START CHAIR 6 LENGTH I S  
N D - l U 3  

START C H A I N  7 LERGTH I S  

END CHAIN 5 

END C H A I R  6 

PP1 

PP 2 
END CHRLN 7 
END OF CHAIN SPECIFICATIONS 

1.000000 (N.G) 

1 0  13 2 2  

A D D E D  CONTR1Bff?ION 

ADDED CONTRIBUTIOW 

ADDED CONTRIBUTION 

U 23 26 

8 2 7  3 4  

8 3 5  u 2  

A D D E D  CONTRISUTIOR 

ADD ED CON? RI BUT1 0 N 

2 43  uu 

4 45 48 

2 
4 
2 
5 
2 
6 
0 

7 
2 
2 
2 
-I 

2 
-5 

2 
-6 
0 

7 
1 
8 
0 

9 
530302 

10 
2 

1 2  
1 

13 
0 

9 
1170002 

11 
2 

-12 
1 

- 1 3  
0 

19 
0 

1 5  
2 

1 6  
0 
0 

POSITTON I N  DENSITY ARBAY FOR EACB NUCLIDE I B  EXPOSURE LMTA 
SET 7 NUCLIDES INCLDDED 1 6  
IHNUC 1 2 3 4 5 6 8 9 1 0  11 1 2  1 3  1 4  7 5  16  1 7  
SET 2 NUCLIDES INCLUDED 16 
IANUC 1 2 3 U 5 6 8 9 10 11 1 2  1 3  14 1 5  1 6  17 
SET 3 NUCLIDES INCLUDED 0 
IHNUC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CONTINUOUS FUELING 8ODEL 

17 FALSE ZONE XUIBER COITAINIRG FEED UATERIAL CONPOSITION FOR ZORE PATHS 



N'JXBER OP ZONE PATBS THROUGH THY REACTOR 
N U B E E R  O F  ZONES ALONG EACA ZONE PATA 
Z O N E  PEF'J OPTION 

2 
8 1 Z O N E  17  THPOUGH Z O N E  18 

FRLSE ZO'IE N U N E E R  CONTAINING FEED MRTPRIAL COnPOSITION FOR SUBTONE PATHS 22  
N U R R E -  nF S U B Z C N E  PATHS T H R O U G Y  T H E  R E A C T O R  2 
N U n B E f i  OP SUBZONES ALOllG E4CA SUBZONE PATS 9 
S U P L O Y E  PEED OPTION 0 ZONE 2 2  THROUGH Z O 9 E  2 2  

NIKIKU~~ A R R A Y  SIZE U S E D  mR I N I T ~ A L  PROCESSING IS 7070  

STORLGE S E Q U I R E J  FOR BASIC DATA 15 1 0 7 0  

STORAGE SUPPLIED I S  1 0 0 0 0  

t!INIMU8 TTORAGE R F Q U I R E D  I S  2 9 3 0  
IAxInnn  S T O R A G E  R E Q U I R E D  IS 9 5 9 0  

NODRR = 0 RODSRP = -1  

RPMORP AC"U1LLY USTD WILL BE 

INTERFACE PILE RZPLDX VERSION 
"'I??E = 1 .200000E OU ?OW?H = 
VOL = 1.01889UE 03 EPFR = 
EIVS = -R.010U64E-06 DKDS = 

TWSL = 3 . 6 5 7 9 7 7 5  1 3  TNBL = 
TN3ilT = 0 . 0  TNCRA = 
PC = 5.COOOOOF-06 CRTP = 
X 3  = 1 . C O O O O O E  00 X4 = 
I T P S  = 1 N Z O N E  = 
NGR@'JP= U YCY = 

C N L  = 5 . 8 8 1 1 5 5 ~  14  T N A  = 

9 5 9 4  

1 731T  31 
7.439996E 0 3  
1 .000000E 0 0  
c.0 
5 .3U72423  1 4  
1 . 6 8 1 7 5 5 3  1 3  
0.0 
9. B O O O O O E - 0  1 
0 .0  

2 3  
0 

RZFLUI! PE?EIIENCE TIRE 1 1 9 9 9 . 9 9 6 1  DAYS I N D I C . \ T O R  1 

TITERRPhCE P I i Z  Z l s A T F N  VERSIOl 2 UNIT 30 
' T I R Y  = 1 . 2 0 0 0 0 0 E  04 
Y C T  = 0 NTZSZ = 5 7  
NNS = 17 NBLRAD= 1 

EXPOSURE TIRE STEP STAPTS AT 1.2000COE 04 DAYS 

XXPOSBNF TIRE STEP I S  1 . 0 0 0 0 0 0 E  0 3  DAYS ( 8 . 6 4 0 0 0 0 E  0 7  SECONDS ) T H ?  N O t t B E R  OF PPSSES I S  2 

REP!PLICE POWER !.U99998E 0 9  HATTS 

AVERAGE POWEX 1.U99938E 09 WATTS FOR PASS 1 
v x I n u n  A V E R A G E  POWER DENSITY 4 .579768E 0 7  H A T T S / C C  IN Z O N E  1 0  
nixiRupI A V E R L G E  P O W E R  DENSITY 1 . 2 7 1 7 9 5 ~  0 1  Y R T T S K C  I N  S O B Z O N E  1 4  

I N I T I h L  REACTSON RATES W I L L  B E  NULTIPLIED B Y  1 .000039E 00 F O R  NEXT PASS 

FEFERZRCE P O W t R  LEVEL HAS BEEY ATTAINED 

FEED DTNSITIES P O R  ZONE PATH 1 

TA-232 2 .499998E-04  0 - 2 3 5  6.1843593-05 C 7 . 9 9 9 9 9 8 E - 0 2  

DlSCAhRGE 9ENSITIES FOR ZONE PL'PH 1 EXPOSURE TIRE FOR EXCiI Z O N E  I N  PATH 125 .0000  DAYS 

1.000040E 00 

TH-232 2 . 3 2 0 0 4 2 2 - 0 4  PA-233 1 . 2 9 2 7 3 7 2 - 0 7  0 - 2 3 3  6 . 5 5 9 3 2 2 E - 0 6  U - 2 3 4  1 . 2 8 5 6 0 l E - 0 6  
0-235 8 .3560853-06  0 -236  8.8U8609E-06 C 7 . 9 9 9 4 9 8 2 - 3 2  1 - 1 3 5  7. 3643322-70  



XE-135 1.011962E-10 p n - 1 ~ 7  2.2510892-07 PR-148 u . 3 8 9 6 0 2 ~ - i o  PniuepI 1 . 3 7 9 7 7 3 ~ - 0 9  
PK-149 2.864895E-70 SK-149 1.71U079E-09 ND-1U3 1.788326E-06 PP1 5.380361E-05 

FP 2 2.0 19  06 6E-0 4 

PEFD DENSITIES FOR ZONE PATH 2 

TH-232 2.U99998P-04 0-235 8.184359E-05 C 7.9999983-02 

DISCA4AGE DENSITI'S FQR ZONE DATH 2 EXPOSURE T I M E  FOR EACH ZONE I N  PATH 150.0000 DhYS 

TH-232 2.285659P-04 PA-233 1.2338182-07 U-233 6.649680E-06 0-234 1.5190553-06 
rJ-235 7.092157E-06 U-236 1.1729353-05 C 7.999998E-02 1-135 1.3032R9E-10 

XE-135 9.667088E-11 Pb-lU? 2.2203u8E-07 PM-108 U.3299992-10 PNlU8fl 1.359222E-09 
011-1U9 2.756013E-10 SM-lU9 1.6U6061E-09 ND-143 2.146997E-06 FP1 7.295753E-05 

Fez 2.732 669P-0 U 

FEPD DENSITIES POR SUBZONE PATH 1 

THX232 4.999998E-04 C 6.999987E-02 

D I S C H A R G E  DENSITIES K?Tl SUBZONE PATH 1 EXPOSURE TIbE FOR EACH SUBZONE IN PATH 125.0000 DAYS 

"'AX232 4.6548392-94 PA-233 2.384967E-07 0-233 1.216016E-05 11-234 2.451223E-06 
U-235 5.7217263-07 0'-236 8.3678313-08 C 6.999987E-02 1 - 1 3 5  1.251422E-10 

XF-?35 9.2832123-11 Pn-187 1.210U09E-07 PH-148 2.35U472E-10 Pn148H ?.35362CE-10 
?N-149 1.973527E-10 SR-lU9 1. 1 7 6 0 s l E - 0 9  RD-lU3 7.637UOUE-07 FP1 1.791 560E-05 

PP 2 6.85908OP-05 

FEED DfNSITIES FOR SUBZONE P4TH 2 

TAX232 4.9999983-34 C 6.999987E-02 

DISCHARGE DENSITIES F O R  SUBZONE PATH 2 EXPOSURE T I R E  ?OF EACH SUBZONE I19 PITH 150.0COO DAYS 

THX232 4.5887663-04 PA-233 2.2777763-07 U-233 1.2299533-05 0-234 2.8846813-06 
0-235 7.553666E-07 U-236 1. 3397UlE-07 C 6.9999878-02 1-135 1.282339E-10 

XE-135 9.512703E-11 Pb-lU7 1.30099UE-07 PM-148 2.539102E-10 PRlU8K 7.923870E-10 
PM-149 2.0590UOE-10 SR-109 1.2255653-09 ND-1U3 9.1818783-07 FP1 2.314328E-05 

PP 2 8.966257E-05 

A V E R A G E  POWER 1.4993832: 09 WATTS FOR PASS 2 
8AXIROR A V E R A G E  POWER DENSITY U.579864E 0 1  WATTSICC I N  ZONE 1 0  
NAXIRUtl AVERAGE POWER DENSITY 1 .2718623 0 1  WATTS/CC I N  SUBZONE 1 u  



1 c  
2 1-135 
3 ?.E-135 

5 P5148Fl 
6 PR-148 
1 53-1U9 
8 U-236 
9 PP2 

10 P P l  
11 TK-232 
1 2  PA-233 

4 p n - i u i  

13 0 - 2 3 3  
1 4  r-23ir 
15 0 - 2 3 5  
1E PX-149 
'17 ND-lfI3 
18 A1 
1 9  RECVPL 

P I S  SILE 

ZONE 
7 .44537E 0 1  
0 .0  
0 .0  
0.3 
0.0 
0.0 
0. e 
0.0 
0 . 0  
0.0 
4 .49324E 00  
0.0 
0.0 
0 . 0 
1 .323292  00  
0.0 
0.0 
0 .0  
0.0 

1.32028E 00  

SUBZONE 
7 .267972  0: 
0.6 
0.0 
0.c 
0.0 
0.0 
0.0 
0.0 
0.5 
0 .0  
1 .00367E 5 1  
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

ZONE 
7 .44595E 01 
i .39(170E-06 
1.3305"- 06 
2 .50803E-03  
1 .511372-05  
5 .00265E-06  
1 .93926E-05  
1.899 12E-01 
2 .185413  00 
5.7539EE-01 
4 . 1 4 i 9 9 2  00 
2.279E!E-03 
1.19U05E-01 
2 . 5 5 1  8 22- 32 
7.43966X-01 
3 . 2 4 4 i l E - 0 6  
2.19430E-02 
0.0 
0 .0  

2 . 6 5 6 5 l E - 0 1  

POWEP (WATTS) FOR E4CA ZONE PAT" 
I ]  U.232259E 08 2 )  6 .515926E 0 8  

TOTAL POKER (WATTS) FOR ZOWE P A T S  1.0938181:  09 

SUBZONE 
7 . 2 6 7 7 1 E  0 1  
1 . 4 8 2 5 9 2 - 0 6  
1 .099818-  06 
1 . 6 3 9 0 6 9 - 0 3  
9 . 8 3 8 8 2 E - 0 6  
3 .15169E-06  
'1 .55304E-05 
2.28558E-03 
8 . 1 0 7 6  1E-01  
2 . 1 0 1 6  3E-C 1 
9 . 2 6 6 8 2 E  0 0  
(1. 68290E-0  3 
2.467663-O! 
5. U 70U3E- 0 2  
1 .37886s-32  
2.607973- '36 
1 .05549E-02  
0.0 
0 . 0  

2 .65237E-01  

ZOXE 
2 .24155E 00 
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  
C.0 
0.0 
0 . 0  
0 .0  

0.0 

A C T I N I D E  PEED RATE (KILOGRAMS PER D A r )  POR ShCH Z O N E  PATH 
1) 2.6UU7273 00 2 )  3 .173792E 00 

TOTAL LCTINIDE PEED RkTE (KILOGBLRS PER D A Y )  FOR Z O W  PATHS 5.818519E 00 

EXPOSnRP (MEGAWATT-DAYS ?E" RILOGRAW) FOR E4Cfi ZONE PATE 
1 )  1 .600262E 3 2  2)  2 .073985E 0 2  

TOTAL FXPOSURE (HEGAWATT-DRYS PER KILOGRAII) FOR Z O N E  PATHS 1.8515U8E 0 2  

POWYR (WhTTS) FOR EACH SOBZONE PATH 
1 )  1.501758E 08 2) 2.6899381 0 8  

TOTRL PO?ER (WATTS) POX SUBZONE PATHS 4 .191695E Ob 

NCTINIDE PESD RATE (KILOGFAHS PER SAT)  PO? EACH SUBZONE PATH 
7 )  U.2296u5E 00 2) 5 . 8 0 7 0 9 5 E  O D  

TOTAL A C T W I D E  PEED RATE ( K I L O G R A R S  PPR D A Y )  FOR S'JBZONE PITHS 1 .00367dE 01 

EXWSDXE (REGIUATT-DAYS PER KILOGRAA) FOR EACH SUBZONE PATH 
3 )  3 .5505u9E 0 1  2) (1.632153E 0 1  

TOTAL EXP@SrlRE f5EGAWATT-DAYS PER XILOGRAIII FOR SUBZ0)iE PAT35 4. 1763G7E 0 1  

SDBZOKE 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.9 
0.0 
0.0 
0.0 
0.0 
0 .5  
0.0 
0.0 
1.53142E-31 
9 .55316E-03  

0.0 

ZONE 
2 .24155B 00 
0.0 
3 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3. c 
0.0 
0.0 
0. c 
0 .0  
0.0 
0 .0  
0 . 0  
0 .0  
0 .3  

0.0 

3.0 SUBZ3NE 

0.0 
0 . 0  
0 .0  
0.0 
0.0 
0.0 
0 .0  
0 .0  
0 .5  
0.0 
0 .0  
3.0 
0 .0  
0.0 
0.0 
0.0 
1.537U2E-01 
9.553 16E- 0 3  

0.0 



. .  

NO. lhHE 

1 c  
2 1 - 1 3 5  
3 XY-135 
4 pn-147 
5 Pniuan  
6 PV-148 
7 SH-lU9 
8 0-236 
9 PP2 

INVENTORY A N D  REACTION RATES BY ABSOLUTE nuCLIDE 

INVENTORY ABSORPTION FISSION PRODUCTION CAPTORE 

1.758163 0 5  1.158221-02 0.0 0.0 1.08290E-02 
2.20078E-02 7.702423-10 0.0 0.0 7.076003-12 
5.381703-03 2.0649OE-02 0.0 0.0 2.06490E-02 
4.91050E 00 5.752113-03 0.0 0.0 5.7521 1E-03 
4.92195E-02 2.422003-03 0.0 0.0 2. U2200E-03 

1.06 690E-0 3 4.109333-02 1.C6690E-03 0.0 0 . 0  
6.8251UE-02 7.549108-03 0.0 0.0 7.54910E-03 
1.66000E 0 2  1.269U2E-02 7. 2816UE-05 1,945643-04 1.2U210E-02 
2.14577E 0 3  1.087923-02 0 . 0  0.0 1.087922-02 

(RGJ (N r G )  

1 0  P P l  5.7626UE 0 2  3.016763-02 0.0 0.0 3.01676E-02 
1 1  TH-232 1.67825E 04 2.87585E-01 8.66875E-04 2.069338-03 2.86601E-C1 
1 2  PA-233 U.2326573 0 1  9.731U3E-03 4.063373-05 1.103898-04 9.69064E-03 
1 3  U-233 3.06579E 0 2  1.80766E-01 1.60682E-01 U.022653-01 2.00836E-02 
14 U-234 5.41727E 0 1  9.763043-03 5.47075E-05 1.46996P-04 9.708282-03 
1 5  U-235 5.31791E 0 2  3.06095E-01 2.445583-01 5.94913B-01 6.153413-02 
16 PH-1'39 6.139713-02 5.700822-10 0.0 0.0 1.61116E-11 
1 7  ND-1.43 2.716233 0 1  1.08132E-02 0 .0  0.0 1.08131E-02 
18 HF 1.531458 0 2  5.133603-05 0.0 0.0 ii.80748E-05 

1.84923E-03 1 9  RPCVEL 9.55331E 0 0  l.AQ923E-03 0.0 0.0 

TOTALS 1.96616E 05  9.092 1FE-0 1 U.06275E-01 9.9970UE-01 5.0206UE-01 
___-__----- ----------- ---------__ -_--------_ _---------- 

OTBER LOSS R1T2 9.07837B-02 
TOTAL LgSS  R A T E  1.3000OE 0 0  
SYSTBH LOSS RL*E(I/SXC) 1. 176578 20 
4ELATIVE FLUX LEVEL 1.00004E 00 

0 
6 
1 

Q\ 
w 



S O E R A R ?  TASLES F O R  EXTOSURE ENDING AT TIRE 1 . 3 0 0 0 0 0 E  OU DAIS 
POR CASE G A S  COOLED REACT09 PAOBLEFI, (1-D tl3DELED AS 2-D) BOFNEII CODE TEST CASE 

ZONI! CLASS 
I D .  

1 
2 
3 

sun 

AVERAGE NE'JTRON LOSSES BY NUCLIDE CLASS A N D  Z O N E  CLASS - SYSTEM LOSS RATE 1 .1765U6E 20 N/SPC 

FISSILE PPRTIL!? 0. ACTINIDE 

0 .0960831 0 . 2 8 7 9 5 5 2  0.0 12U9U2 
0.00 01 6 7 F  0 . 0 0 3 5 4 8 8  0.0000000 
0 . 0 0 0 3 3 9 3  0 . 0 0 5 8 4 6 1  0 .0000000 

0.U965892 0 .2973500  0.0 12U9h2 

1 2 3 

---_ -----_ ---_-_---- 

FISSION PROD STROCTOPAL 

3 . 0 6 9 2 8 5 1  0.0131850 
0 . 0 0 0 0 0 4 2  0 . 0 0 0 1 7 7 9  
O.OOOO39 1 0 . 0 0 0 1 7 9 9  

4 5 

.- - - - - -__- ------_--_ 
0 . 0 8 9 2 9 a 3  O . O ? ~ U B ~ ~  

Z O N J  CLASS ABSORPTION EFFECTIVE CONVERSI3N RATIO 
I D .  LOSSES Q F K T I O B  R A T E  

1 0 . 8 9 9 0 0 2 6  3.578U2 
2 0 . 0 0 3 8 3 7 9  2 1 . 1 9 3 5 9  
2 0.00637UU 17.185UU 

OVEPALL 0.9O921U9 0 . 5 9 6 7 0  
- -__ -_-_-_ ---__-----_ 

OTHJP LOSSES 0 . 0 9 0 7 8 5 1  

" O T I L  L O S S F S  ?.5300000 

PFFECTIVE CONVERSION R4TIO PROF! B A S S  BALANCE 0 . 5 9 7 9 4  

- - - - - -- - - - 

POWER (WATTS) 

1 .498423E 09 
5 .110206E 0 5  
1 .049553E 06 

1.U99983E 09 
- - - - - - - - - - - - - 

F I S S I L E  I N V E N T O R Y  I S  8 .896904E 0 2  KG 

FISSILE CONSORPTION PET UNIT ENERGY GENERRTION I S  1.51L19U8E-lll XG/WATT-SSC 
FISSILE CONSDKPTION RATE I S  2 . 2 7 2 3 9 7 E - 0 5  RG/SEC 

INTRFACE PILE ZN87'DN V E X I O N  2 (OLD) AIS BEEN WRITTES OH @NIT 30 R I T E  DENSITiES AT T I R E  7.300000E 0 4  DAYS 

ZONE POPFP DENSITY 
31 3 . 2 5 6 6 5 9 3  0 1  U) 2 .372375E 0: 5)  7 .594561E 0 1  1 )  2 .985609E 01 2) 3 .73166UE 04  

6 )  3 .0?1266E 01 7) 5 . 7 3 9 4 8 5 E  0 0  6 )  2 . 1 2 6 9 8 3 2  00 9) 3 .869702E 0 1  10)  U.57968uE 0 1  
11 )  -1.717091E 01 1 2 )  2 . 5 3 5 6 6 9 P  0 1  1 3 )  1 . 6 1 9 4 6 7 E  0 1  74)  3 . 9 4 2 4 9 2 F  0 0  15) 5 .542222E 35  
16)  2 .037612E 0 0  17) 0.9 1 8 )  0.0 19) 0 . 0  20 )  0 .0  
21)  c .0  221 0 .0  2 3 )  0.0 

S'JEZOXE OOWEP DENSITY 
1)  ? .899635E-01  2 )  1 . 7 7 5 9 8 3 E  00 3 )  6 .0378292 :  00 U) 1 .022264E 0 1  5 )  1 .171471E 3 1  

1 9 )  2 .368104E-01  6 )  ! .059763E 01 7)  8. 1 1 9 6 9 2 3  0 0  8) 5 . 1 6 0 8 7 2 ?  00 
11)  2 . 1 5 6 6 8 9 9  6 0  12)  7 . 0 2 9 6 4 6 2  00 13) 1 .149298E 0: lU) 1 .271862E 0 1  15) 1.!21496E 0 1  

20 )  0.C 16)  8 .447442P  00 1 7 )  5 . 3 1 6 a a 5 3  00 1 8 )  2 . 0 8 1 7 3 7 3  C0 
25)  0 . 0  

9 )  2 .0333C7E C O  

19) 0 . 0  
2 : )  0 . 0  22 )  0.0 2 3 )  0.0 24)  0 . 0  
26) 0 . 0  27)  0.0 2 8 )  0.0 29)  0 . 0  33) 0.3 
31)  0 . 0  32 )  0.0 33)  0.0 34)  0.0 

POWER C o n P n v D  FQOPI P O W E R  DEXSITY i . u 9 9 g a i ~  09 

INTERPICE FILE ZNPOWD 

INTERVACY PILE QNATDN 

VERSION 1 (NEW) H A S  BEPN YRITTEN ON ONIT 3 3  

VERSION 1 (NEW) R A S  BEEN WRITTEN O N  U N T T  34  

PlSTF 1 .000039E-24  
TASTE 1 . 2 0 0 0 0 0 E  0 4  
*YSTS a.0 

1.300000E 04 



S U K H A R I  OF C A L C U L h T I O N  

F X P L I C I T  C H A I N  - EXPOSURE 
S I G N T P I C k N C E  E V E N T S  ENCOUMTEAED 68 

VAX A P S A Y  S I Z E  U S E 3  9 5 9 2  WORDS - FOR Z O N E  C A L C U L R T I O R  

"AX A R R A T  S I Z E  U S E D  5 5 9 2  WORDS 

TOTAL CPU T I R E  USFD 0 . 0 2 9  N I A U T E S  T O T A L  CLOCK T I N E  U S E D  0 . 1 7 7  K I W U T E S  T O T A L  1/0 U S E D  232 

H O R K R I .  FAD CF E X P O S U R E  KODULE 



BURNER - EXPOSURE HODULE - PRE-RELEASE VERSION 1 E  - NOVEMBER 111, 1 9 7 8  - Q U A L I - I  ASSURANCE L E V E L  3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CASE T I T L E  - G A S  CJOLED REACTOR PROBLEII,  (1-D SODELED AS 2-D)  E R N S 3  CODE T l S T  C l S B  

R I T E  CONTAINER ARRAYS, CONTROL 6 DATA 1 

GRDPXS T I T L E  
FOUS GROUP n I C R O S C O P I C  GAS COOLED REACTOR CROSS S E C T I O N S  B U R N E R  CODE 

METHOD OP SOIDTIClN - E X P L I C I T  CHAIN 

T H S  LONGEST E X P L I C I T  C B R I 9  I S  12 

nAxTnuR A R R A Y  SIZE USED FOR IYITIRL PROCESSING : S  i o 6 8  

S T O R A G E  Q Z Q U I R Z D  POP BASIC D A T A  IS 1068 

STOPAGE S U P P L I E D  I S  I O O C D  
M A X I H U M  STOPAGE REQUIHED I S  9 3 6 3  
n I N I F I U i !  STOPAGE VEQ@IRED I S  2 6 9 9  

40r)RR = 0 HODRVP = -1  

XEEORY ACTL'ALLY OSFD U l L L  YE 9 3 6 3  

S B U T D O U N  T I H E  S T E P  STARTS AT 1.500000E 04  D4YS 

SAUTDOWY STEP I S  4 . @ 0 0 0 0 0 E - 0 1  DAYS ( 3 . 4 5 6 0 0 0 E  04 SEC@NDS 1 THE N U f l B E R  O F  S U B S T E P S  IS 1 
**HE S U 3 S m 3 P  T I H E  R A T I O  IS 1.000000E 0 0  

INTSRPRCE F I L E  Z N I T D N  VERSION U (OLD) HAS BEEN WFIITTEN 3 H  U N I T  30  WITB D E M S I X E S  IT T I n E  1.500039E 04 DAYS 

? I A X  ARRAY S I Z E  USED 9360 WORDS - FOR Z O N E  CALCULATION 

f l A X  APRAY S I Z ?  USED 9 3 6 0  WORDS 

T O T I L  CPU T I R E  USED 0 . 0 0 8  MINUTES TOTAL CLOCK T I R E  USED 0.100 HINUTES TOTAL 1/0 USED 1 5 4  

NOBRA: END O F  EXPOSDRE NODULE 
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TABLE 06-2. NUCLIDE CONCENTRATIONS FOR THE CONSTANT PARAMETER 
POINT D E P L E T I O N  PROBLEfl WITH FEEDEACK 

W 2 3 4  
U 2 3 5  
U 2 3 6  
4 2 3 7  
0 2 3 8  
U 2 3 9  
NP237 
n P 2 3 8  
WP239 
NP240 
PlJ238 
PO239 
PW240 
PU241 
PO242 
PW243 
A M  24 1 
All242 
All242H 
AM243 
AM244 
cf l242  
CM243 
CM244 
CM245 
I 1 3 5  
XE135 
CS135 
ND147 
PVl47  
PU 1 48 
PA 14821 
PM 1 49 
SA1 49 
FPLL 

0 .428821-09  
0 . 5 8 3 3 9 0 - 0 4  
0 . 2 8 6 0 5 7 - 0 5  
0 . 3 5 6 7 8 0 - 0 7  
0 . 6 9 1 9  15-02 
0 . 7 1 8 3 6 0 - 0 8  
0 . 1 0 4 7 3 9 - 0 6  
0 .780515-09  
0 . 1 0 2 9 4 4 - 0 5  
0 . 1 3 2 2 9 2 - 1 0  
0.44 1 8 6 9 - 0 8  
0. 1 0 5 7 4 7 - 0 4  
0 .99  5 9  2 5- 0 S 
0 , 3 3 4 2 0 4 - 0 6  
0 . 1 5 3 7 4 3 - 0 7  
0 . 1 3 6 3 5 6 - 1 0  
0 . 5 8 6 4 0 4 - 0 9  
0 . 5 2 0 9 9 8 -  11 
0 .504831-  11 
0 . 4 5 7 0 6 3 - 0 9  
0 .638029-  1 3  
0 . 4 4 9 6 8 1 -  10 
0 .950978-  1 3  
0 . 2 0 6 7 4 8 - 1 0  
0 .243333-  12 
0 . 8 8 2 7 5 2 - 0 8  
0 .914759-09  
0 .77  1 6 9 3 - 0 7  
0 .121  156-06  
0 .201  814-06  
0 . 4 5 7 0 4 2 - 0 8  
0 .386  722-  08 
0 . 1 9 9 6 8 2 - 0 7  
0 .119776-07  
0 . 1 4 5 2 2 7 - 0 4  

0. 4 3 2 7 9 7 -  09  

0 . 2 8 6 0 6 0 - 0 5  
0 . 3 5 6 6  15-07  
0.6 9 1 9  15-0 2 
0 . 7 1 5 3 9 6 - 0 8  
0 . 1 0 4 6 2 3 - 0 6  
0 . 7 7 6 4  10- 0 9  
0 .1029U4-05 
0 . 1 3 2 3 0 0 -  10 
0 .438590-08  
0 . 1 0 5 6 0 3 - 0 4  
0.9 9 3 025-  0 6 
0 . 3 3 2 8 2 9 - 0 6  
0 .163166-07  
0 .128797-  10 
0 . 5 8 4 2 2 3 - 0 9  
0 .506  56 2- 1 1 
0 .503334-  11  
0.4 6 9838-  0 9  
0 . 5 9 7 7 3 0 -  1 3  
0 , 4 3 5 9 6 2 -  10 

0 . 2  1606 6- 1 0 
0 I 2 5 8 5 3 2 -  1 2  
0 . 8 8 1 3 4 4 - 0 8  
0.9 1 3 3 4  1 -09  
0 - 7 7 8 2 0 3 - 0 7  
0 . 1 2 1 1 0 6 - 0 6  
0 . 2 0  16 12 -06  
0.4 5 52 53- 0 8  
0 . 3 8 5  151- 0 8  
0.1 9 9  1 3  5- 0 7 
0 . 1 1 9 2 1 9 - 0 7  
0 . 1 4 5 1 6 4 - 0 4  

o I  5 8 3 3 9 0 - 0 4  

0.9 2298  I -  13 

0 . 4 2 9 7 8 8 - 0 9  
0 . 5 8 3 3 9 0 - 0 4  
0 . 2 8 6 0 5 7 - 0 5  
0 . 3 5 6 7 7 3 - 0 7  
9 . 6 9  1 9  1 5- 0 2 
0 . 7 1 8 3 6  8 - 0 8  
0 . 1 0 4 7 3 3 - 0 6  
0 - 7 8 0 2 8 6 - 0 9  
0 . 1 0 2 9 4 4 - 0 5  
0 . 1 3 2 2 9 4 - 1  0 
0 .44  1 6 7 8 - 0 8  
0 . 1 0 5 7 7 5 - 0 4  
0 - 9 9 6 4 5 0 - 0 6  
0 , 3 3 4 5 0 8 - 0 6  
0 . 1 6 3 9 7 8 - 0 7  
0 . 1 3 5 8 9 2 - 1 0  
0 . 5 8 7 2 2 7 - 0 9  
0 . 5 2 0 9 5 9 - 1 1  
0 . 5 0 5 7 3 5 -  11 
0 . 4 5 5 2 1 7 - 0 9  
0 - 6 2 2 7 7 1 -  13 
0 . 4 4 9 7 8 4 - 1 0  
0 - 9 5  1 6 7 8 -  13 
0 .. 2 0 6 4 5 4 -  1 0  
0 .24  3081-  1 2  
0 . 8 8 2 7 4 6 - 0 8  
0.9 1 4 4  1 4 - 0 9  
0 . 7 7 1 6 3 8 - 0 7  
0 . 1 2 1 1 6 6 - 0 6  
0 . 2 0 1 8 2 4 - 0 6  
0 - 4 5  6989-0  8 
0 . 3 8 6 6 7 4 - 0 8  
0 . 1 9 9 6 7 4 - 0 7  
0 . 1 1 9 7 5 7 - 0 7  
0 . 1 8 5 2 4 1 - 0 4  

0 .428948-09  

0 .286057-05  
0 .356780-07  
0.6 9 1 9 1  5-02 

0 . 1 0 4 7 3 9 - 0 6  
0 .780513-09  
0 .102944-05  
0 - 1 3 2 2 9 3 - 1 0  
0 4 4 1 867-  08 
0 .305779-04  
0 . 9  9 6 5 2  2- 06 
0- 3 3 4 5 3 5 - 0 6  
0 . 1 6 3 9 7 8 - 0 7  
0 . 1 3 6 5 4 1 - 1 0  

0.5 21732-  11  
0 . 5 0 5 6 9  1-1 1 
0 . 4 5 7 8 7 4 - 0 9  
0 . 6  3 8 4  16-  13 
0.4 50 51 4- 10 
9 . 9 5 3 1 4 7 - 1 3  
0 . 2 0 7 6 9  1- 10  
0 . 2 4 4 6 3 7 - 1 2  

5 .914828-09  
0.77 1630-07  
0 . 1 2 1  167-06 
0 . 2 0 1 8 3 3 - 0 6  
0 . 4 5 7 0 8 4 - 0 8  
0 . 3  8 6 7 5 7 - 0 8  
0 . 1 9 9 7 0 0 - 0 7  
0 . 1 1 9 7 8 7 - 0 7  

o 5 a339 0-04 

0 . 7  1 8 36 i - oa 

0.5 87227-09  

0 . 8 a 2 8 3 2 - 0 8  

o, 145243-04  

0 . 4 2 8 8 8 5 - 0 9  
0 . 5 8 3 3 9 0 - 0 4  
0 . 2 8 6 0 5 7 - 0 5  
0 . 3 5 6 7 8 0 - 0 7  
0 .691  9 15-02 
0.7 18 3 6 0 - 0 8  
0 . 1 0 4 7 3 9 - 0 6  
0 . 7 8 0 5 1 5 - 0 9  
0 . 1 0 2 9 4 4 - 0 5  
0 . 1 3 2 2 9 3 - 1 0  
0 . 4 4 1  8 6 9 - 0 8  
0. 105741-04  
0 . 9 9 5 8 1 7 - 0 6  
0.3341 47-06 
0 . 1 6 3 7 0 6 - 0 7  
0 . 1 3 6 3 2 6 - 1 0  
0 . 5 8 5 2 7 3 - 0 9  
0 . 5 2 0 8 7 6 -  11 
0.50Q700- 1 1  
0 . 4 5 6 9 2 3 - 0 9  
0 .6  37 6 33- 1 3 
0 . 4 4 9  552-  1 0 
0 . 9 5 0 6 6 4 - 1 3  
0 . 2 0 6 5 9 5 - 1 0  
0 . 2 4 3 1 2 8 - 1 2  
0 , 8 8 2 7 3 7 - 0 8  
0.9 1 4 7 4 0 - 0 9  
0.771 6 3 7 - 0 7  
0 . 1 2 1  155-06 
0.201 8 10-06 
0 . 4 5 7 0 3 4 - 0 8  
0 . 3 8 6 7 1 5 - 0 8  
0 . 1 9 9 6 7 8 - 0 7  
0.119774-07 
0 . 1 4 5 2 2 4 - 0 4  
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TABLE 06-3. RESULTS FROPI OTHER SCHEMES OF S O L U T I O N  

U 234 
U 235 
Ii 236 
V 237 
U 238 
W 239 
NP237 
NP238 
NP239 
"240 
PW238 
PU239 
PU240 
PU241 
PU242 
PU243 
AH241 
AM242 
AN242M 
AM243 
AH244 
CM242 
(38243 
CV 244 
CR 245 
I 135 
XE135 
cs 135 
BD 147 
PM 147 
PM d 48 
PM 1488 
PM149 
SH 949 
PPLL 

0.428821-09 
0.583389-04 
0.286057-05 
0.356780-07 
0.69 7 9 15-02 
0.7 18360-38 
0.104739-06 
0.780515-09 
0.102944-05 
0.132292-IO 
0.44 1710-08 
0.105746-04 
0.995920-06 
0.334 203- 06 
0.163743-01 
0.136356-10 
0.586403-09 
0.520998-11 
0.504831-11 
0.457063-09 
0 -638028- 13 
0.449681-10 
0.950979- 13 
0.206748-10 
0.243334-12 
0.832002-08 
0.862199-09 
0.772908-07 
0.119566-06 
0.203043-06 
0.46080 1-08 
0.389858-08 
0.193223-07 
0.116 169-07 
0.145394-04 

0.428821-09 
0.583389-04 
0.286053-05 
0.356780-07 
0 -6  9 19 15- 02 
0.7 18360- 08 
0.104739-06 
0 e 7 8051 5- 09 
0.102944-05 
0.132292-10 
0.441710-08 
0.105746-04 
0.9 9591 9-06 
0.3 3 4 2 0 3 - 0 6 
0.163650-07 
0.136279-10 
0.586403-09 
0.520998-11 
0.448086-11 
0.456782-09 
0.637637- 1 3  
0.449681- 10  
0.950979-13 
0.206635- 1 0  
0 - 2 432 13- 12 
0 - 8 3 200 2- 0 8 
0.862499-09 
0.772908-07 
0.119566- 06 
0.203043- 06 
0.4 6080 1-08 
0.3 89 8 5 8- 08 
0.193223-07 
0.116169-07 
0.145794-04 

0.428820-09 
0.583388-04 
0.286056-05 
0.356780-07 
0.691914-02 
0.71 8359-08 
0.104739-06 
0.780515-09 
0.102944-05 
0.13229 2-10 
0.44 171 0-08 
0.1057147-04 
0.995924-06 
0.33420 4-06 
0.163650-07 
0.136279- 1 0  
0.586404-09 
0.520998- 11 
0.503844-11 
0.45684 4-09 
0.63 7 72  2- 13 
0.44968 1- 10  
0.950979-13 
0.20666 3- 1 0  
0.24 3223- 12  
0.872511-08 
0.9041 86-09 
0.7926 77-07 
0.121042-06 
0.20 2 10 2- 0 6 
0.45780 1-08 
0.38 7359-08 
0.198854-07 
0.119519-07 
0.145376-04 

0.428822-09 
0.5 8339 0-04 
0.286057-05 
0.3 56780- 07 
0.691 915-02 
0.718359-08 
0.104739-06 
0.78051 5-09 
0.102944-05 
0.132292- 10  
0.4 4 1888- 08 
0.105786-04 
0.9 96660-06 
0.33461 1-06 
0.164041-07 
0.139598-10 
0.587413-09 
0.558 162- 11 
0.505884-11 
0.471053-09 
0.659 185- 13 
0.491 413-10 
0.105839-12 
0.2 15165- 10  
0.2 54910-12 
0.8831486-08 
0.9 15555- 09 
0.778682-07 
0.121169-06 
0.20 1837- 06 
0.4 57096 - 08 
0.386767-08 
0.199704-07 
0.122111-07 
0.145246-04 

0.428822-09 
0.583390-04 
0. 286057-05 
0.356780-07 
0.691915-02 
0.7 18 3 59- 08 
0.104739-06 
0.780515-09 
0.102944-05 
0.132292-10 
0.441870-08 
0.105786-04 
0.996660-O6 
0.3346 11-06 
0.164032-07 
0.139591-10 
0.587413-09 
0.521915-11 
0.505884-11 
0.471028-09 
0.659150-13 
0.450717-10 
0.953659- 1 3  
0.215 151- 10 
0.254894-12 
0.883481-08 
0.915555-09 
0.778882-07 
0.121169-06 
0.201837-06 
0.4 57 096-08 
0.386767-08 
0.199704-07 
0.119790-07 
0.145246-04 

IBY 360/91 
C P U  T I M E  

( S W  2 . 5 2  1.38 1.62 1.08 1.1Y 
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r a t h e r  poor when a des i r ed  power level is  no t  maintained; t he  e r r o r  

caused by t h i s  approximation i s  shown t o  decrease  when t h e  exposure 

per iod  i s  d iv ided  i n t o  subs teps .  The e x p l i c i t  chain t r e a t m e n t s  involve  

an e l a b o r a t e  r e p r e s e n t a t i o n  involv ing  33 chains  (799 cha in  e n t r i e s )  

4- 
which inc ludes  t h e  B 

238Pu+2 34U, and a primary chain r e p r e s e n t a t i o n  which r e q u i r e s  15 cha ins  

(229 cha in  e n t r i e s )  of which 4 are requi red  t o  t reat  t h e  f i s s i o n  prod- 

decay of Am242 and o n l y  the  Q decay feedback of 

u c t s .  The mat r ix  exponent ia l  method r e s u l t s  shown i n  Table 06-3 were 

obtained by s e t t i n g  t h e  nuc l ide  concent ra t ions  equal  t o  equi l ibr ium 

va lues  a t  end of s t e p  f o r  those  nuc l ides  having a s p e c i f i c  l o s s  ra te  

t i m e s  t he  t i m e  i n t e r v a l  exceeding 24.0  and 120.0, r e spec t ive ly .  For  

average genera t ion  rate r e s u l t s  shown, t h e  end of exposure s t e p  gen- 

e r a t i o n  rates from a precursor  w e r e  used ( in s t ead  of t h e  average of the  

s tar t  and end of s t e p  averages)  when t h e  s p e c i f i c  l o s s  ra te  t i m e s  the  

t i m e  i n t e r v a l  exceeds 2 .3 ,  e'b < 0.1. 

Processor  t i m e s  shown are f o r  t o t a l  BURNER module access .  

The second sample problem i s  a two-dimensional mockup of a f a s t  

a 
breeder  r e a c t o r  i n  (r-z) geometry. The VENTURE code i s  used t o  so lve  

an  i n i t i a l  f lux-eigenvalue problem. Then t h e  per iod  of t h e  po in t  of 

r e f u e l i n g  i s  t r e a t e d  i n  t h r e e  exposure s t e p s ,  each followed by recalcu-  

l a t i o n  o f  t h e  f lux-eigenvalue problem. P respec i f i ed  c o n t r o l  rod pos i t i on -  

i ng  i n  t h e  sense of smeared nuc l ide  concent ra t ions  i s  imposed wi th  neg lec t  

of dev ia t ion  from c r i t i c a l  condi t ions .  The nuc l ide  cha ins  which w e r e  

considered are  shown i n  Figure 06-2. The computer l i s t i n g  of t he  input  

d a t a  which documents the  problem w a s  shown i n  Table 06-1 along wi th  t h e  

ORNL-5062. 
a 
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~ 2 3 8  

KEY p u 2 3 9  + p,240 + pu241 .+ pu242. -. . . . 

( a d d i t i o n a l  r o u t e )  

F i g u r e  06-2. Nuc l ide  Chains  f o r  t h e  Second Samp1.e Problem 
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condensed r e s u l t s  and s e l e c t e d  e d i t s  from t h e  BURNER code. 

Much of t h e  c a p a b i l i t y  of t h e  BURNER code i s  appl ied  i n  t h i s  sample 

problem. Gamma hea t ing  c a l c u l a t i o n s  are done, exposure d a t a  i s  cumu- 

l a t e d ,  and l o c a l  exposure i s  done a t  each of t h e  p o i n t s  i n  a zone. 

The t h i r d  sample problem a p p l i e s  t he  s teady  s ta te  continuous fue l -  

i n g  model. The computer l i s t i n g  of t h e  inpu t  d a t a ,  t h e  condensed e d i t  

and s e l e c t e d  e d i t s  from t h e  BURNER code are i n  Table 06-1. The problem 

i s  a r e a c t o r  which i s  a t  s teady  s ta te ,  wi th  two types  of pebbles  i n  

fou r  streams pass ing  through t h e  r e a c t o r  a t  rates def ined by res idence  

t i m e s .  The problem i s  solved by an  i t e ra t ive  process:  a neu t ron ic s  

c a l c u l a t i o n  which involves  a c r i t i c a l i t y  search  on t h e  f u e l  i n  t h e  

r e a c t o r  and i n  an e x t e r n a l  feed box, and t h e  exposure c a l c u l a t i o n  which 

fol lows t h e  material pass ing  through t h e  r e a c t o r ,  appl ied  success ive ly  

i n  an i t e r a t i o n  loop. 

This  problem w a s  s e l e c t e d  t o  demonstrate some of t h e  c a p a b i l i t y  

implemented. The one-dimensional traverse i s  mocked up with a t h i n  

two-dimensional model. Fueled pebbles  are introduced a t  t h e  top of t h e  

core  and f e r t i l e  pebbles  a t  t h e  top of an i n l e t  b lanket .  A dens i ty  

change occurs  when the  two streams come toge the r ,  and change i n  t h e  

res idence  t i m e  (per  u n i t  he igh t )  of the  f e r t i l e  pebbles  i s  accounted 

f o r  by a change i n  t h e  zone he igh t s .  

f o r  t h e  f e r t i l e  pebbles  while  t h e  f i s s i l e  enrichment of t h e  fue l ed  

pebbles  must be determined i n  t h e  c a l c u l a t i o n  f o r  t h e  s teady  s ta te  

condi t ion .  

The feed composition i s  f i x e d  

Af ter  te rmina t ing  t h e  i t e r a t i o n  process ,  t h e  m u l t i p l i c a t i o n  f a c t o r  

is  followed over a per iod  of shutdown. 

END OF SECTION 
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SECTION 07: VERIFICATION TESTING 

This module has  been subjec ted  t o  ex tens ive  v e r i f i c a t i o n  t e s t i n g .  

All of t h e  implemented opt ions  have been exe rc i sed ,  bu t  n o t  a l l  combi- 

na t ions  of them. A number of problems have been so lved ,  and solved i n  

d i f f e r e n t  ways wi th  BURNER t o  prove t h a t  t h e  pa ra l l e l  procedures  produce 

s i m i l a r  r e s u l t s .  

done. The appropr i a t e  problems from ORNL-TM-3793 have been solved and 

acceptab le  r e s u l t s  obtained.  

Only a l imi t ed  amount of abso lu t e  t e s t i n g  has  been 

A number of d i f f e r e n t  s i t u a t i o n s  have been descr ibed  as inpu t  and 

r e s u l t s  ob ta ined  over t h e  range of t h e  p o s s i b l e  use r  op t ions .  These 

cases cover t y p i c a l  r e a c t o r  problems, f a s t  and thermal r e a c t o r s ,  b l anke t s ,  

etc.,  and a v a r i e t y  of nuc l ide  cha in  r ep resen ta t ions  of  t h e  a c t i n i d e s  and 

t h e  f i s s i o n  products.  

deemed d e s i r a b l e  such as requi red  t o  avoid machine underflow and t o  improve 

t h e  r epor t ing  of r e s u l t s .  

Code modi f ica t ions  w e r e  made during t h i s  t i m e  as 

END OF SECTION 
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SECTION 08 : MATHEMATICAL EQUATIONS 

The l i n e a r  coupled f i r s t  o r d e r  nuc l ide  cha in  

s p e c i f i c  l o c a t i o n  i n  a r e a c t o r .  We cons ider  them 

equat ions  a r e  so lved  €or a 

he re  i n  t h e  form 

n - 
d t  = - a n n  N (t) + Yn(t) + Cb,,,%Mm(t) , 

m 
(08-1) 

i s  t h e  concent ra t ion  o f  nuc l ide  indexed n a t  t i m e  t ,  

i s  t h e  precursor  nuc l ide  a long  a chain r o u t e ,  m depending on n 

and t h e  number of t h e s e  depending on m, , 

i s  t h e  product ion rate o f  nuc l ide  n from f i s s i o n  as a f i s s i o n  

3 

product  (which may be ze ro ) ,  

L U 

Y ( t )  = C N ( t )  C ~ ( Q , T ~ , u )  C CT (b 
f ,Q,g g ’ 

u = l  gcu 
n Q= 1 

f 

(08-2) 

where Q refers t o  an i d e n t i f i e d  f i s s i le  nuc l ide ,  

CJ i s  i t s  microscopic f i s s i o n  cross s e c t i o n  f o r  energy group g ,  
f ,  Q,g 

@ i s  t h e  l o c a l  neutron f lux ,  u s u a l l y  t h a t  fo r  t h e  s tar t  o f  a s t e p ,  
g 

but  can be a l inear  weight ing i n  t i m e ,  

y (R ,n ,u )  i s  

i n  

t h e  s p e c i f i c  f i s s i o n  product  y i e l d  f r a c t i o n  f o r  a range 

energy which may span one o r  more o f  t h e  energy groups; 

where 0 r e f e r s  t o  t h e  sum Over all r e a c t i o n s  which cause l o s s  of  nuc l ide  
X 

~1 (not s c a t t e r i n g ! )  , inc luding  (n ,y ) ,  (n , a ) ,  ( n , f ) ,  (n ,p) ,  

(n ,d ) ,  ( n , t ) ,  and (n,2n) cross s e c t i o n s .  
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b = z  
m-Fn m--m 

where 

(08-4) 
m+n, o r  

r 
mtn 

Y (08-5) 

g 

and z is  t h e  f r a c t i o n  o f  t h i s  r e a c t i o n  cons idered  t o  produce n u c l i d e  n 
m-tn 

(of t e n  u n i t y ) ,  

0 i s  t h e  microscopic  cross s e c t i o n  f o r  g e n e r a t i o n  of t h e  product :  
n,m,g 

A s  p r e s e n t e d ,  t h e  n u c l i d e  c o n c e n t r a t i o n s  are i n  u n i t s  of atoms/bn-cm, 

-1 
s p e c i f i c  ra tes  are sec and t h e  n e u t r o n  f l u x  having u s u a l  u n i t s  of 

n/sec-crn must b e  m u l t i p l i e d  by 1 0  (cm /bn) t o  g i v e  u n i t s  of n/sec-bn 

f o r  use of c r o s s  s e c t i o n s  having u n i t s  of  bn ( b a r n s ) .  

2 -24 2 

T i m e  h e r e  is  always 

i n  u n i t s  of see.  

Not shown above i s  t h e  p r o v i s i o n  t o  apply  on demand t h e  Bondarenko 

a 
c o r r e l a t i o n .  Given start  of s t e p  n u c l i d e  c o n c e n t r a t i o n s  and tempera ture  

i n f o r m a t i o n ,  t h e  s p e c i f i c  r e a c t i o n  rates are determined.  Consider ing 

t h a t  t h e s e  s p e c i f i c  rates are assumed t o  hold  o v e r  t h e  exposure p e r i o d ,  

i t  may w e l l  b e  a p p r o p r i a t e  t o  s u b d i v i d e  an  exposure p e r i o d  t o  a l l o w  t h e s e  

rates t o  be  c a l c u l a t e d  more t h a n  once.  

The Average Genera t ion  R a t e  Formulat ion 

S i m p l i f y i n g  e q u a t i o n  08-1 t o  t h e  form 

dNn(t) 
= -a N ( t )  + P , 

d t  n n  n 
(08-6) 

a 
Not implemented i n  t h e  f i r s t  release v e r s i o n .  
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where P i s  an  effective o r  average genera t ion  rate, t h e  exposure per iod  

T i s  d iv ided  i n t o  a f i n e  s c a l e  of L i n t e r v a l s  of t i m e  A each,  A = T/L. 

n 

An elementary f i n i t e - d i f f e r e n c e  s o l u t i o n  of equat ion 07-6 is  

o r  

a n  
n 1 -- 
2 

a A  n 1 +- 
2 

+ [*I pn * 

(08-7) 

When appropr i a t e ,  a A l a r g e ,  a h igher  o rde r  formula t ion  is  used which 

comes d i r e c t l y  from i n t e g r a t i o n  of equat ion 08-6, 

n 

(08-8) 

Use of t h e  higher  o rde r  form is  e s p e c i a l l y  d e s i r a b l e  t o  avoid s e r i o u s  

inaccuracy f o r  nuc l ides  which approach an equi l ibr ium cond i t ion  r a p i d l y ,  

n dN n - = o ;  N = -  d t  n 

P 

n a  

To improve t h e  estimate of t h e  average genera t ion  ra te ,  N,(A) f o r  t he  

precursor  i s  used t o  c a l c u l a t e  P i f  e n < 0.1 f o r  exposure c a l c u l a t i o n s  

o r  i f  0.01 f o r  shutdown c a l c u l a t i o n s ;  otherwise t h e  s e l e c t e d  weighting is  

-a A 

n 
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where t h e  parameter  a may b e  s p e c i f i e d ,  d e f a u l t e d  t o  0.5.  

The e q u a t i o n  c o e f f i c i e n t s  do n o t  change w i t h  t i m e  and t h e r e f o r e  are  

c a l c u l a t e d  o n l y  once. P a s s i n g  through t h e  s p e c i f i c a t i o n s ,  end of s t e p  

c o n c e n t r a t i o n s  w i l l  b e  t h e  same as s tar t  of s t e p  c o n c e n t r a t i o n s  except  

€o r  t h o s e  n u c l i d e s  a l r ~ n d y  t r e a t e d ,  SO t h e  r e s u l t s  depend on t h e  o r d e r  

of p r o c e s s i n g .  

r ; ? ~  f j -ss ion products .  

We expec t  t h e  a c t i n i d e  n u c l i d e s  t o  b e  t r e a t e d  f i r s t ,  then 

As programmed, t h e  user may s p e c i f y  t h e  number of i n t e r v a l s  f o r  an 

exposure p e r i o d  L. Unl.ess o t h e r w i s e  s p e c i f i e d ,  t h e  I.arges t s p e c i f i c  

n u c l i d e  r e a c t i o n  ra te  i s  s e l e c t e d ,  and L is se t  t o  

except  t h a t  i t  i.s r e s t r a i n e d  t o  

1.00, 

and i s  always made a n  even i n t e g e r  when n o t  s p e c i f i e d .  Fo r  a s m a l l ,  

t h e  v a l u e  of L = 10 may n o t  b e  adequate ,  r e q u i r i n g  t h a t  t h e  u s e r  supply  

n 

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

The E x p l i c i t  Chain S o l u t i o n  

The g e n e r a l  s o l u t i o n  used f o r  t h e  c h a i n  e q u a t i o n s  a l l o w s  s imple  c h a i n  

coupl ing .  It i s  assumed t h a t  t h e  t e r m  Y ( t )  i n  e q u a t i o n  08-1 i s  n o t  time 

dependent ;  i f  t h e  power leve l  w e r e  c o n s t a n t ,  t h e  f i s s i o n  product  g e n e r a t i o n  

would be c o n s t a n t  except  as t h e  f i s s i - o n i n g  n u c l i d e  c o n c e n t r a t i o n s  s h i f t  and 

as these f i s s i o n  ra tes  vary locally. T h e  u s e r  i s  r e q u e s t e d  to s p e c i f y  t h e  

a c t i n i d e  c h a i n s  f i r s t ,  and t h e  f i s s i o n  product  y i e l d  i s  determined f r o m  

e q u a t i o n  08-2, except  t h a t  N ( t )  i s  r e p l a c e d  by 

n 

R 

1/2 [NR(0) + N R ( T ' ) I  . 
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The equat ion programmed for  an exposure period T is 

(08-10) 
n- 1 

+ C C [Ni(0)Qj,n,i + Y .  J ,1 . u .  J , n ~ i  I Y  
j i=l 

where 

j ,k+k+l 
n-1 b -a T -a T 

Qj ,n,  i m= i. Can-am) j,m.m+l k = i  ' ( a p m )  
= [. -e ] b  

k#m 

and 

-a T n-1 11 
j ,m+m+l 

U. 
m= i m J , n , i  

(08-11) 

The c a l c u l a t i o n s  a r e  done i n  double p r e c i s i o n  on a s h o r t  word computer. 

S ign i f i cance  tes ts  a r e  made and extraneous c o n t r i b u t i o n s  (hopeful ly)  are 

d iscarded .  When two spec i f ic  l o s s  r a t e s  a r e  found t o  be i d e n t i c a l ,  they  

a r e  au tomat i ca l ly  separa ted  by s l i g h t  adjustments  t o  prevent  overflow of  any 

con t r ibu t ions  t o  t h e  r e s u l t  o f  equat ions  08-11 ox 08-12. 
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To achieve t h e  necessary p rec i s ion ,  terms a r e  changed From t h e  form 

and t h e  approximation o f  

- X  
i s  used when e i s  n e a r  un i ty ,  x < O . O l .  

The Matrix Exponential  Scheme 

Consider a simple s i t u a t i o n  where a s e t  o f  nuc l ide  concent ra t ions  are  t o  

Without i n t e r c h a i n  coupl ing,  t h e  genera t ion  rates do not  depend be obta ined .  

on t h e  nuc l ide  concent ra t ions ,  

dN 

d t  n n  n 
a N  + P  . n -  - -  - 

Afte r  an exposure per iod  A ,  t h e  nuc l ide  concent ra t ions  a r c  given by 

Expansion o f  t h e  exponent ia l  terms g ives  

1 2 1  3 
fJn(A) = Nn(0) [1-a A+-(a A) -----(a A) +. . . ] n 2 n  6 n  

1 1 
2 n  3 n  + PnA[l--(a A ) [ 1  --(a A ) [ l -  . . . ] ] I  . 
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-AA 
Consider the meaning of e , where A i s  a matrix; 

r A A 
= I - A A [ I  - -  2 A [ l  - - -  3 , 4 [ 1 - * . - ] ] ]  . 

If A i s  d iagonal ,  t he  diagonal  terms being a then t h i s  operation produces 

t h e  des i r ed  s o l u t i o n  r e s u l t s .  The ope ra t ion  AA s imply squares  t h e  diagonal  

t ems.  

n '  

For the genera l  problem, t h e  of f -d iagonal  t e rm i n  A a r e  coupl ing terms 

between t h e  equat ions.  

Consider t h e  s e t  of  l i n e a r  equat ions ,  

dNn Ct 1 
a N ( t )  - Ca N ( t )  = - __-- . 
n , n  n m , n  m d t  

Ifl 

This se t  o f  coupled, l i n e a r  f irst  order equat ions  may be descr ibcd  i n  matr ix  

n o t a t i o n  as 

A N = - N  (08-15) 

where A con ta ins  both t h e  a terms on the main d iagonal  (all pos-i t ive) ,  

and the -a terms, mfn, o f f  t he  d iagonal  ( a l l  negatrve). This equat jon 

n,n 

m,n 

has the s o l u t i o n  

2 3 
= { I -AA + -- A A - - A ' +  .. . ) N ( O )  

2 6 
(08-16) 

f o r  an exposure pe r iod  A where I i s  t h e  u n i t  matr ix .  

can no t  be used because there  i s  inadequate  p,ropagation through t h e  coupling 

A s ingle  term (I-AA) 
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2 
t e r m s .  lndeed m a t r i x  A only  c o n t a i n s  n e a r  c h a i n  coupl ing.  A i n c r e a s e s  t h i s  

by one n u c l i d e ,  s o  i f  t h e  coupl ing  band i s  ni-l n u c l i d e s ,  n c o u p l i n g s ,  one 

needs t h e  term A 

n terms c o n t a i n i n g  A ,  a minimum. 

The advantage of t h i s  technique  i s  t h a t  it p r o p e r l y  accounts  f o r  t h e  f u l l  

coupl ing  between n u c l i d e s ;  a l p h a  decay feedback a long  a c h a i n  and rr iul t iplc  

r o u t e s  can n o t  b e  f u l l y  accounted f o r  wi th  e x p l i c i t  s o l u t i o n s  f o r  i n d i v i d u a l  

c h a i n s .  

terms i n c l u d e  the f i s s i l e  n u c l i d e ,  f i s s i o n  product  n u c l i d e  coupl ing ,  so t h e  

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

n t o  e f f e c t  p ropagat ion  through t h e  whole cha in ,  r e s u l t i n g  i n  

I t  should  b e  noted  t h a t  t h e  n u c l i d e  t o  n u c l i d e  coupl ing  ( t r a n s m u t a t i o n )  

The implemented pyocedure of c a l c u l a t i o n  was s e l e c t e d  t o  minimize b o t h  

t h e  amount of s t o r a g e  r equ i r ed  and t h e  amount of a r i t h m e t i c  involved .  Consider  

t h e  s o l u t i o n  cast  i n  t h e  form 

(08-17) 

Let E = AA, 1-1. b e  a working column v e c t o r ,  and M .  b e  t h e  estimate of t h e  

s o l u t i o n  column v e c t o r ,  where j i s  a running index  of  t h e  sweeps through the 

e q u a t i o n s .  S e t t i n g  

J J 

M = H = N(0) 
0 0 

1 
H .  = - (T)EH. , 

3 J J - 1  

M . = M .  + I 4  . 
J 1-1 j 

(08-18) 

An a c c e p t a b l e  s o l u t i o n  i s  i d e n t i f i e d ,  N(A) = MJ, and t h e  c a l c u l a t i o n  te rmina ted  

a t  j = J when t h e  r a t i o  o f  any t e r m  i n  I 1  t o  t h e  a s s o c i a t e d  s o l u t i o n  estimate 
J 
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-6  (term i n  MJ) i s  < 10  

va r ious  ways, c u r r e n t l y  t h c  s o l u t i o n  of 3 = max(Aa ) p l u s  t h e  square r o o t  of  

t h e  number of a c t i n i d e  nuc l ides  p l u s  t h e  square r o o t  of  t h e  number of  f i s s i o n  

product  nuc l ides .  The matrix E = AA i s  no t  s e t  up as a square matr ix ,  hu t  its 

two major components are s to red  s e p a r a t e l y :  

1) t h e  d iagonal  e n t r i e s  Aa,, 

2) t h e  s e t  of coupl ing terms Ab(m-tn) p lus  t h e  f i s s i o n  product y i e l d  terms, 

. A mi-nimum valve of J i s  allowed which we have s e t  by 

n 

t h e  l a t t e r  t y p i c a l l y  

G 

Underflow i s  prevented by s e t t i n g  any e n t r y  i n  H equal t o  zero i f  it i s  

< lo-’’ a f t e r  i t  has been used (summed i n t o  M , ) .  

j 

J 
The convergence r a t e  of  t h e  c a l c u l a t i o n a l  procedure can be acce lera ted  

a small amount for usual  problems by a s i m p l e  transformation. We cons ider  

BZ = - Z  , 
where B = (A - a) ; 

-aA - A B  
N ( A )  = e [ e  ] N ( O )  . (08-1 9) 

The procedure descr ibed  above i s  used with E = A ( A  - a), and t h e  s o l u t i o n  i s  

N ( A )  = The main diagonal  term a i s  a s e l e c t e d  cons t an t ,  c u r r e n t l y  

chosen by 
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(08-20) 1 a = - max a 
2 n 

-aA 
The use  of c 

of the results, but  an expansion of eaa t o  t he  number of t e r m s  used i n  t h e  

calcul.ati.on and use of i t s  r e c i p r o c a l  i n s t ead  of e-aa was less c o n s i s t e n t .  

Another procedure. i s  of i n t e r e s t  because of a s l i g h t  gain i n  s i g n i f i -  

cance of t h e  r e s u l t s  f o r  l a r g e  c o e f f i c i e n t s  a t  a s l i g h t  i nc rease  i n  compu- 

t a t i o n  c o s t "  Consider t h e  expansion 

evaluated p r e c i s e l y  a t  t h e  end causes  a s l i g h t  d i s t o r t i o n  

Grouping ad jacent  terms 

3 

2 !  4! 
- X  X X = 1 + - (x - 2 )  4. ..- (x - 4) + . . .  

By such grouping t h e  r e s u l t  i s  obtained by summing numbers which a r e  not  as 

near  t h e  same magnitude. The i n t e g e r  sub t r ac t ion  i s  done p r e c i s e l y .  For 

small x, t h e  approximation monotonically decreases  from u n i t y  and f o r  l a r g e  

x i t  jncreases  monotonically t o  a peak and then  monotonically dec reases .  

The procedure i s  as follows w i t h  t h e  t ransformat ion  introduced above. L e t  

B = A ( A  - a)  

M = N ( 0 )  , 
1 

0 

f o r  i = 1, E = Z N ( 0 )  ; 
1 

f o r  i > 1, Y .  = ZE , and 
3. i- 1 

1 1 
E = (-)(Y----)BY * 
i 2 1  21-1  i ' 
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Then F.  = B - ( 2 i ) I  , 
1 

Hi = F . E  , and 
i i  

i-1 + 'i * 
M . = M 
1 

(08-2 1) 

The s o l u t i o n  N(A) = M e-uA i s  obtained upon t runca t ion  a t  requi red  con- 

vergence, I L): J / 2  + 1. A n  i n c r e a s e  i n  t h e  amount of c a l c u l a t i o n  of about 

15 percent  i s  incur red  by t h i s  procedure over  t h e  s i m p l e r  one above. 

te rmina t ion  of t h e  expansion must be avoided because t h e  combination of 

success ive  terms may make a s m a l l  i f  no t  ze ro  con t r ibu t ion ,  so a minimum 

number of t e r m s  i s  requi red  t o  avoid f a l s e  convergence i n d i c a t i o n ,  I > x / 2 .  

I f  an e n t r y  i n  A exceeds some va lue ,  t h e  r e s u l t s  from these  procedures 

I 

Early 

would no t  have adequate s i g n i f i c a n c e  due t o  s u b t r a c t i o n  of numbers of 

nea r ly  the  same magnitude. The problem i s  i l l u s t r a t e d  by t h e  expansion 

This  expansion peaks when 

n n-1 x . . . x  - -  
n!  ( n - l ) !  ' 

x z n ,  

and s i n c e  t h e  s i g n s  of t h e  success ive  t e r m s  a l t e r n a t e ,  t h e  l a r g e s t  va lue  

involved i s  x /n!, wh i l e  t h e  answer we seek  i s  e-X. For s i x - d i g i t  s i g n i f i -  

cance i n  i t  i s  requi red  t h a t  t h e  number of machine s i g n i f i c a n t  d i g i t s  

used t o  s t o r e  t h e  l a r g e s t  va lue  be s i x  more than  t h e  des i r ed  remainder con- 

s i d e r i n g  t h e  d i f f e r e n c e  x /n:-e . I f  x is  1 2 ,  t h e  d i f f e r e n c e  i s  18614 - 
O.O00006L, a loss of 10 d i g i t s  r equ i r ing  9 + 6 = 1 6  machine s i g n i f i c a n t  d i g i t s .  

n 

n -X 
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I f  the e f f e c t  of coupl ing  c o e f f i c i e n t s  is cons idered  and t h e  l a r g e s t  t e r m  

i s  n e a r l y  equaS t o  t h e  l a r g e s t  d i a g o n a l  ( loss)  term, t h e n  x above i s  t w i c e  t h e  

l a r g e s t :  d i a g o n a l  l o s s  c o e f f i c i e n t ,  sum of the a b s o l u t e  val.ues of the e n t r i e s  

OE columns o f  matxix A ,  o r  i f  x = 1 2 ,  max ( a  ) = 6 .  (The e t ransforma- 

t i o n  d i s t o r t s  the. operator norm e v a l u a t i o n .  ) 

a n  
n 

I n  s i m p l e  s i t u a t i o n s  i t  i s  r e a s o n a b l e  t o  assume t h a t  a n u c l i d e  having 

a l a r g e  v a l u e  of a 

The automated procedure  i s  as f o l l o w s .  Gi-ven n u c l i d e  n having l a r g e  a , 

f o r  a l l  m having c o u p l i n g  ( r n ) n )  and a l l  R having coupl ing  (m-tR),  r e p l a c e  

a l l  (n-tR) with coupl ing  c o e f f i c i e n t s  

w i l l  t a k e  on the  end-of-exposure s t e a d y  s ta te  s o l u t i o n .  
n 

n 

= a  
m,R m,n 9 

a 

drop n u c l i d e  n from the  c a l c u l a t i o n ,  and f i n a l l y  set 

(08-22) 

where P i s  t h e  g e n e r a t i o n  rate of n u c l i d e  II from a l l  s o u r c e s .  It i s  

p o s s i b l e  t o  e l i m i n a t e  one Lhrough several n u c l i d e s  i n  t h i s  manner. 

i s  l o s s  of c o n s e r v a t i o n  of mass i n  t h e  amount of t h e  f i n a l  a s s i g n e d  con- 

c e n t r a t i o n s ,  that i n t r o d u c e d  by Equat ion ( 0 8 - 2 2 ) .  The full i m p l i c a t i o n s  

of t h i s  procedure a p p l i e d  t o  complicated s i t :ua t ions  i s  yet: under s t u d y .  

‘The procedure  i s  most: a p p l i c a b l e  t o  c o r e  b e h a v i o r  d u r i n g  o p e r a t i o n ,  n o t  

t h e  shutdown problem a t  z e r o  f l u x  exposure.  

n 

There 
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The u s e r  may ove r r ide  t h e  automated procedure f o r  subd iv i s ion  of an 

exposure i n t e r v a l  i n t o  subs teps  over which t h e  max (a A )  is  s m a l l  enough 

t o  produce a c c u r a t e  r e s u l t s ;  t h i s  op t ion  may w e l l  be  needed i n  those  

n 

s i t u a t i o n s  involving only a few zones where t h e  c o e f f i c i e n t s  are l a r g e ,  

bu t  t h e  c a l c u l a t i o n  c o s t  of t h i s  procedure may make i t  u n a t t r a c t i v e  f o r  

c e r t a i n  a p p l i c a t i o n s .  W e  expect u se  t o  be made of t he  supplemental 

e x p l i c i t  cha in  c a p a b i l i t y  when t h e  c o e f f i c i e n t s  are l a r g e  (as f o r  t h e  

+ x  1 3 5  -+ chain) .  I 1  3 5 
e 

Example Problem 

A s  an  example, a s i m p l e  s i t u a t i o n  i s  t r e a t e d ,  t h r e e  nuc l ide  equat ions ,  

dN2 ( t )  
- -  - a N (t) + a lNl( t )  d t  2 2  

dNg ( t )  
= a N ( t )  . d t  2 2  

There i s  no loss o f  material because loss  shows up as source t o  t h e  next  

nuc l ide  and t h e  last  nuc l ide  has no l o s s .  One measure of  t h e  accuracy of ;t 

c a l c u l a t i o n  is t h e  loss  of  material from t h e  system. As i n i t i a l  condi t ions  

we s e t  

N1(0)  = 0.7  

N (0) = 0 . 3  
2 

N (0) = 0.0 

1 .o  
3 
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the e x p l i c i t  r e s u l t s  f o r  an exposure s t e p  T are 

-a T 1 
N1 (T) = N1 (0) i3 > 

-a 'I' 
1 

N ('Y) = N2(0)  
3 

We cons ider  'T=I.Q, a =0.4, a 4 . 3 .  

which  are h i g h e r  than those  t y p i c a l  of a p p l i c a t i o n .  

of the equal ions  y i e l d s  t h e  fol lowing r e s u l t s :  

'These d a t a  g ive  s p e c i f i c  r e a c t i o n  rates 
1 2 

An e x p l i c i t  solution 

N (T) = (3.46922403 

N 2  (T) = 0.41964036 

N 3 ( T )  = 0.11113561 

1 

__I____ 

sum 1 . 0  

For  the average genera t ion  rate method w e  f i r s t  cons ider  t h e  lowest o rde r  

f i n i t e  d i f f e r e n c e  approximation, e = I - x: -X 

N ( t + A )  = N (t) (l-alA) 
1 1 

A 
1 2  

N 2 ( t + A )  = N Z ( t )  (1-a2A) + a - [ N l ( t )  i- N , ( t + A ) ]  

a A  
N3(t+A) = N3(t) + 2 [ N  ( t ) + N , ( t + A ) ]  2 

The r e s u l t s  as dependent on t h e  number of s t e p s  taken over t h e  exposure 

per iod are  
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2 
__-.--I 

0.448 

0.42465 

0.11150 

0.98415 'TOTAL I 0.9641 

4 

0.45927 

0.421173 

0.111465 

____-- 
0.991908 

I n t e r v a l s  

N1 (TI 

N 2  (TI 

8 

0.464394 

0.420604 

0.111349 

______._... - 

1 2 

0.4692 0.46922 

0.4243 0.42079 

0.996347 

Thus doubl ing t h e  number of s t e p s  e s s e n t i a l l y  ha lves  t h e  e r r o r  i n  

t h i s  example. Th i s  i s  a r e l a t i v e l y  slow rate of e r r o r  reduct ion .  Of 

c r i t i c a l  importance for a c c u r a t e  r e s u l t s  i s  t h a t  a l l  a A << 1. 
n 

Next w e  cons ider  t h e  use  of average gene ra t ion  r a t e s  wi th  a p r e c i s e  

i n t e g r a t i o n  of t h e  d i f f e r e n t i a l  equat ions ,  

-a A 
1 2 

-a  A a 
2 -  

N 2 ( t + A )  = N 2 ( t ) e  + 11-e ] [Nllt)+N1 ( t + A ]  , 
2 

2a 

a2A 
N3(t+A) = N g ( t )  + - 2 [ N 2 ( t ) + N 2 ( t + A ) ]  . 

The r e s u l t s  as dependent on the  number of s t e p s  taken over t h e  exposure 

per iod  are 

TOTAL 

4 

0.469224 

0.419928 

0.110984 

____- 

1.000131i 

8 

0.469224 

0.419795 

0.111117 

1.000136 
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Note t h e  much smaller e r r o r  t h a n  w i t h  t h e  v e r y  low o r d e r  f o r m u l a t i o n ,  

and a r e l a t i v e l y  f a s t  ra te  of e r r o r  r e d u c t i o n  a s s o c i a t e d  w i t h  t h e  i n d i -  

v i d u a l  n u c l i d e  concent  rat  i o n s  c a l c u l a t e d .  Here doubl ing  t h e  number of 

s t e p s  e s s e n t i a l l y  r e d u c e s  t h e  e r r o r  by a f a c t o r  l a r g e r  t h a n  two. 

For t h e  matrix e x p o n e n t i a l  approach,  w e  c o n s i d e r  the matrix 

A =  

I - A A =  

0.4  0 

-0 .4  0 . 3  :] , 
0 - 0 . 3  0 

0 . 6  0 

0 . 4  0 . 7  : I: 
0 0 . 3  1 . 0  

and t h e  r e s u l t s  as dependent on t h e  number of terms t a k e n  i n  t h e  expansion 

are 

Numb e r 
of  Terms 

TOTAL 

0 

0 .7  

0 . 3  

0 

-- 

..I___ 

1.0  

1 

0 .42  

0.49 

0.09 

~. 

__I__ 

1 .0  

2 1 3  ....___ 

.....-.__I 

4 

0.469280 

0.419476 

0.111244 

_ . . I _ ~  

_l...__- 
1 . 0  

Note t h a t  t h e r e  i s  c o n s e r v a t i o n  of t h e  t o t a l .  Measuring e r r o r  as t h e  s q u a r e  

r o o t  of t h e  sum of t h e  s q u a r e s  of t h e  d i f f e r e n c e s  of t h e  f i n a l  n u c l i d e  con- 

centrations from f a c t ,  the error goes down as 0.08843,  0.01732, 0.002194, 

and 0.000204 f o r  i n c r e a s i n g  t e r m s  i n  t h e  expans ion;  doubl ing  t h e  number of 

terms d e c r e a s e s  t h e  e r r o r  by about  a f a c t o r  of t e n  a f t e r  e f f e c t i n g  f u l l  

coupl ing.  
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The s i m p l e  transformed mat r ix  exponent ia l  method i s  now appl ied .  

of  Terms 

N1(?’) 

N2[T) 

N p  

TOTAL 

L e t  a, = 

The res1 

0 
----_- - 

0.7 0.458489 

0.3 0.450302 

0 

1.0 0.982477 0.998851 0.999943 0.999999 

1 
--ax (a ) = 0.2,  
2 n 

0.2 0 0 

B = 0.1 0 1 
-0.3 -0.2 

Number 
of Terms 

N1 (T) 

N2(T) 

N 3 U )  

Its as dep 

Number I 

0 1 2 3 4 

0.7 0,4667 0.46931 0.469222 0.469224 

0.3 0.4297 0.41930 0.419649 0.419640 

0 0.0667 0.10779 0.110863 0.111120 

ndent on t h e  number of terms of t h e  expansi  

TOTAL 1.0 0.9631 0.99640 0.999734 0.999984 

are 

T h e  expansion i s  more r a p i d l y  convergent,  a l though conserva t ion  i s  

l o s t  (sum no t  u n i t y ) .  For  Q = 0.3, t h e  r e s u l t s  obtained are 

Here 0.2 i s  judged supe r io r  t o  0 .3  f o r  a al though t h i s  may be obvious 

f o r  t h i s  s i m p l e  case ;  i nc reas ing  t h e  va lue  of a t ends  t o  reduce a weighted 

e r r o r  i n  t h e  r e s u l t s  wi th  te rmina t ion  a t  a set number of t e r m s  up t o  some 

po in t  where t h e  e r r o r  grows, t h e  optimum depending on t h e  coupl ing coef- 

f i c i e n t s  and t h e  concent ra t ions .  
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Shutdown and Negat ive Exposure Step  

S p e c i a l  r o u t i n e s  have been implemented t o  t rea t  a p e r i o d  of shut -  

down, For  t h i s  c a l c u l a t i o n  a l l  flux-dependent r e a c t i o n  ratcs, l o s s ,  and 

coupl-ing terms are  ignored.  The u s e r  may s p e c i f y  t h a t  r e s u l t s  are t o  

be o b t a i n e d  a t  more t h a n  one p o i n t  i n  t i m e .  The i n p u t  d a t a  a l l o w s  t h e  

t i m e  i n t e r v a l s  f o r  t h e  s u b s t e p s  t o  b e  v a r i e d .  Genera l ly  t h e r e  i s  i n t e r e s t  

i n  s h o r t  times immediately a f t e r  shutdown, b u t  i n  l o n g e r  ones between 

r e s u l t s  toward t h e  end. The r a t i o  of one s u b s t e p  t o  t h e  p r e v i o u s  one i s  

s p e c i f i e d ,  which means continuous1.y i n c r e a s i n g  t h e  t i m e  i n t e r v a l  w i t h  time. 

The n u c l i d e  c o n c e n t r a t i o n s  c a l c u l a t e d  f o r  t h e  end of a shutdown p e r i o d  may o r  

may n o t  b e  used t h e r e a f t e r  f o r  subsequent  c a l c u l a t i o n s ,  depending on t h e  

s e l e c t i o n  of o p t i o n s  f o r  w r i t i n g  t h e  i n t e r f a c e  d a t a  f i l e s .  

a 

'The coding h a s  been done t o  p e r m i t  t h e  t rea tment  of a n e g a t i v e  cxpo- 

s u r e  t i m e  i n t e r v a l  ( n o t  shutdown). T h i s  c a p a b i l i t y  i s  n o t  of i n t e r e s t  

f o r  u s u a l  c a l c u l a t i o n s ,  b u t  does permi t  going backward from one f u e l i n g  

t o  t h e  prev ious  one given end-01-cycle n u c l i d e  e o n c e n t r a t i o n s .  It appears  

t h a t  t h e s e  end-of-cycle c o n c e n t r a t i o n s  cannot  r e a d i l y  b e  e s t i m a t e d  u n l e s s  

produced from c a l c u l a t i o n s  f o r  a r a t h e r  s imple  n u c l i d e  c h a i n  t r e a t m e n t  

w i t h  adequate  p r o v i s i o n  f o r  s p a t i a l  v a r i a t i o n  c o n s i s t e n t  w i t h  a d e s i r e d  

r e f u e l i n g  p a t t e r n .  S p e c i a l  s t e p s  are t a k e n  i n  t h e  procedures  t o  h a n d l e  

l a r g e  c o e f f i c i e n t s  r e a l i s t i c a l l y  w i t h o u t  producing reasonably  l a r g e  

n u c l i d e  c o n c e n t r a t i o n s .  S t i l l ,  assessment of r e s u l t s  may b e  e s s e n t i a l  

and a p p l i c a t i o n  r e s t r i c t e d  t o  s i t u a t i o n s  for which t h e  procedures  

produce r e a s o n a b l e  r e s u l t s ,  

% n l e s s  t h e  r a t i o  i s  made less t h a n  u n i t y .  
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I_ Computation T i m e  

The f u l l  mat r ix  exponent ia l  method r e q u i r e s  perhaps t h r e e  o r  more 

t i m e s  as much computation as t h e  o the r  methods, and hence i t s  use 

should be l i m i t e d  t o  t e s t i n g .  A reasonable  balance of computation w a s  

at tempted i n  s e t t i n g  t h e  d e f a u l t  procedures f o r  t h e  o t h e r  methods, and 

t e s t i n g  has  shown t h a t  t y p i c a l l y  they  have t h e  o rde r  of i nc reas ing  

amount of computation: e x p l i c i t ,  mat r ix  exponent ia l  (equi l ibr ium 

in t e rmed ia t e ) ,  average genera t ion  rate. 

Power Level Renormalization 

The programmed procedure a t tempts  t o  main ta in  t h e  i n i t i a l  power level 

by a d j u s t i n g  t h e  r e a c t i o n  rates ( f l u x  l e v e l )  a t  t h e  s t a r t  of each sub- 

s t e p  a f t e r  t h e  f i r s t  one. 

c a l c u l a t e d  from t h e  d a t a  a v a i l a b l e  (with provis ion  f o r  a d j u s t i n g  i t ) .  

Af t e r  t h e  f i r s t  subs tep ,  t h e  power l e v e l  i s  c a l c u l a t e d  t o  be  P E ( l ) .  

power l e v e l  a t  t h e  start of t h e  second subs tep  w i l l  be  se t  a t  B ( 2 )  P . 
Assuming a cont inuing  l i n e a r  change, t h e  a n t i c i p a t e d  average over t h e  

Consider t h e  i n i t i a l  power l e v e l  t o  be P as 
0 

The 

0 

two s t e p s  i s  set t o  t h e  d e s i r e d  va lue ,  

The power l e v e l  i s  c a l c u l a t e d  from i n t e g r a t e d  rate of f i s s i o n  t i m e s  

energy pe r  f i s s i o n  p l u s  cap tu re  t i m e s  energy pe r  capture .  If t h e  va lues  

a 
I n t e r v a l  d iv ided  i n t o  50 subs teps .  
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of energy p e r  f i s s i o n  art? a l l  z e r o ,  t h e y  are set t o  3.2 x 10-l' w a t t -  

s e c l f i s s i o n  and energy  p e r  c a p t u r e  v a l u e s  are s e t  t o  zero,  

P t o  be t h e  average  over  t h e  p a s t  h i s t o r y ,  t h e  g e n e r a l  f o r m u l a t i o n  

used i s  t o  set  K ( 1 )  = 1, and 

Consider ing  
- 

n 

1 - 1 1 
B(n.t-1) = - B(n) t. n . t l  - 2 PE( l l ) ]  , [n Pn + ( 0  8-2 3 )  

where 

The u s e r  may o v e r r i d e  t h i s  scheme, s p e c i f y i n g  no renormal iza t i .on ,  

o r  t h a t  t h e  power level  a t  t h e  s t a r t  of each  s u b s t e p  b e  t ha t  at t h e  s t a r t .  

Renormal iza t ion  i s  done on t h e  b a s i c  s u b s t e p  scale f o r  a l l  s o l u t i o n  tech-  

n i q u e s ,  n o t  ( lu r ing  t h e  f i n e  scale c a l c u l a t i o n  used f o r  t h e  average  

g e n e r a t i o n  rate f o r m u l a t i o n ;  t h e  t o t a l  exposure p e r i o d  i.s d i v i d e d  i n t o  

a s p e c i f i e d  number of s u b s t e p  exposure p e r i o d s .  

Use of F lux  Values a t  Two P o i n t s  i n  T i m e  

By o p t i o n ,  zone average  n e u t r o n  f l u x  v a l u e s  f o r  two p o i n t s  i n  t i m e  

may b e  used f o r  a n  exposure  p e r i o d .  It i s  assumed here that  b o t h  n u c l i d e  

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

a second f l u x  f i l e  i s  a v a i l a b l e  f o r  some l a t e r  t i m e .  User o p t i o n s  on ad- 

j u s t i n g  t h e  f l u x  level t o  e f f e c t  a d e s i r e d  power l e v e l  are n o t  impacted 

by t h i s  c a l c u l a t i o n ,  a l t h o u g h  t h e  b e s t  c h o i c e  from t h e  p o s s i b i l i t i e s  may 

w e l l  b e  i n f l u e n c e d .  

Given n u c l i d e  c o n c e n t r a t i o n s  and f l u x  v a l u e s  a t  t i m e  t ,  N( t )  and 

$(t>, and a l s o  f l u x  v a l u e s  at t i m e  t + R ,  n u c l i d e  c o n c e n t r a t i o n s  are  t o  
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be  determined after exposure t i m e  A .  

weighted by the  formulat ion 

The f l u x  va lues  are i n i t i a l l y  

where A is  determined a s a  

1 if t > t+R > 0, o r  i f  - 
only  one f l u x  file exists, 

1 - i f  t = ttR = 0, o r  otherwise. 2 

A (08-25) 

2 [ ( t + R )  -t] 

where tS-R and t r e f e r  t o  r e fe rence  t i m e  informatlon i n  t h e  f l u x  f i l e s .  

I f  only one nuc l ide  concent ra t ion  d a t a  f i l e  i s  a v a i l a b l e ,  i t  is  used; i f  

more than one v e r s i o n  exists,  t h e  latest v e r s i o n  having r e fe rence  t i m e  t 

i s  used, bu t  i f  none i s  found f o r  t h i s  t i m e ,  t h e  l a t e s t  ve r s ion  i s  used. 

It i s  assumed t h a t  t h e  f l u x  f i l e  having t h e  latest (h ighes t )  ve r s ion  

number is  f o r  t i m e  t + R  and t h e  next - to- la tes t  ve r s ion  i s  f o r  t i m e  t .  

General ly  t h e  exposure per iod  needs t o  be d iv ided  i n t o  subs teps  only 

i f  t h e  f l u x  va lues  suppl ied  w i l l  not  e f f e c t  a des i r ed  power l e v e l  over t h e  

exposure per iod .  

Exposure of Material i n  Zones 

General ly  t h e  nuc l ide  concen t r a t ions  are processed f o r  each zone of 

t h e  r e a c t o r .  These are smeared concent ra t ions ,  averaged over t h e  f i n e  

geometric d e t a i l  of t h e  f u e l  rods  f o r  t h e  p a r t i c u l a r  zone t o  make t h e  

problem t r a c t a b l e ,  both f o r  t h e  exposure c a l c u l a t i o n  and t h e  neu t ron ic s  

problem so lu t ion .  A s o l u t i o n  f o r  t h e  zone average nuc l ide  concent ra t ions  

does no t  account f o r  t h e  e f f e c t s  of l o c a l  f lux peaking i n  l o c a t i o n s  of 

a Or a d i r e c t  weighting f a c t o r  may be used on opt ion ,  f a c t o r  B,  and A = 1-B. 
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h i g h  moderat ion ( rods  clear a r e f l e c t o r ) ,  nor  f l u x  s u p p r e s s i o n  where 

a b s o r p t i o n  rates ape h i g h  ( a s  i n  t h e  dramat ic  case i n  t h e  neighborhood 

of a l a r g e  resonance  i n  a rod loaded w i t h  a f e r t i l e  a c t i n i d e ) .  The 

c a l c u l a t i o n  i s  of average  b e h a v i o r ,  h o p e f u l l y  r e p r e s e n t a t i v e  of t h e  

average  o v e r  l o c a l  behavior .  

t h e s e  average  c o n d i t i o n s  w i t h  a p p r o p r i a t e  n u c l i d e  c o n c e n t r a t i o n s  and 

c o n s i s t e n t  c r o s s  s e c t i o n s  which w i l l  a l l o w  r e a l i s t i c  r e s u l t s  t o  b e  o b t a i n e d .  

Care m u s t  b e  taken  t o  p r o p e r l y  r e p r e s e n t  

Consider  t h a t  a c o n t r o l  rod i s  d e p l e t e d  i n  accordance with t h e  

e q u a t i o n  

(08-2 6 )  

The change i n  c o n c e n t r a t i o n  i s  dependent on t h e  s p e c i f i c  r e a c t i o n  rate 

i n t e g r a l  over  t h e  energy  range.  For n e u t r o n i c s  c a l c u l a t i o n s ,  a c t u a l  rates 

10 are determined as N I O$(E)dE, s o  it i s  adequate  t o  c o n s t r a i n  N U ;  B may 

be r e p r e s e n t e d  as n a t u r a l  boron,  (5 decreased  and N i n c r e a s e d .  The s p e c i f i c  

r e a c t i o n  rate would n o t  b e  c o r r e c t  f o r  t h e  exposure e a l c u l - a t i o n ;  t h e  change 

i n  c o n c e n t r a t i o n  of t h e  pseudo material would b e  s i g n i f i c a n t l y  u n d e r e s t i -  

mated i n  t h e  i l l u s t r a t i v e  case of B . I f  exposure e f f e c t s  are t o  be cal- 10 

c u l a t e d  p r o p e r l y ,  d a t a  f o r  t h e  impor tan t  n u c l i d e s  of i n t e r e s t  must b e  made 

a v a i l a b l e  i n  such form t h a t  (J$I t r u l y  e x p r e s s e s  t he  n u c l i d e  l o s s  ra te  a t  

t h e  i n d i v i d u a l  i s o t o p e  level .  By smearing out  f i n e  d e t a i l ,  one r e q u i r e s  

N2V202Q2 = NlV1(51$l; N2V2 = N V r e q u i r i n g  (5 $ = (Jl$Il i n  t h e  i n t e g r a l  s 1’ 2 2  

s e n s e .  

Deple t ion  by zone i s  u s u a l l y  d e s i r a b l e  when the geometr ic  d e s c r i p t i o n  

of t h e  r e a c t o r  i n c l u d e s  an e x p l i c i t  r e p r e s e n t a t i o n  of t h e  f u e l  assembl ies .  
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This  is  t h e  case  f o r  most three-dimensional r ep resen ta t ions  and those  one-- 

and two-dimensional ones which are s i m p l e  traverses o r  c ros s  s e c t i o n s  

through the  r e a c t o r .  Thus a problem may be a two-dimensional s e c t i o n  

normal t o  the  a x i s  (normal t o  t h e  f u e l  p i n s ) ;  exposure wou1.d normally be 

done f o r  average a x i a l  conditi .ons t Q  approximate average be'tiavior but 

t h e r e  i s  'no d i r e c t  way t o  accoi1n.t f o r  behav:i-or of an  ax1a:l b lanket .  

Many calcul.ati.ons are clone which do not  treat the  f u l l  three-dimension- 

al problem. A p o i n t  model, one zone, i s  a gross  approximation of average 

cond i t ions  which has  been widely exp lo i t ed .  Indeed b lanket  behavior can 

be approximated wi th  disadvantaged c r o s s  s e c t i o n s  (not  disadvantaged con- 

c e n t r a t i o n s )  t o  y i e l d  s u i t a b l e  s p e c i f i c  r e a c t i o n  rates g iven  a po in t  €lux 

spectrum appropr i a t e  f o r  t h e  core  on t h e  average_, O f  (murse, chis %s n 

very  coa r se  approximation which w i l l  no t  produce resl*l.t.s f o r  assessment: of 

power d e n s i t y  peaking, etc.  

BURNER does not  access  t h e  d e t a i l e d  geometric d e s c r i p t i o n  of t h e  reac- 

t o r .  Only i E  t h e  zone and subzone volume d a t a  i s  c ~ f i s i s t e n t  with t h e  de- 

t a i l e d  geometric d e s c r i p t i o n  w i l l  r enormal iza t ion  of t h e  f l u x  and e d i t s  

of i n t e g r a l s  b e  c o r r e c t ,  

Subzones 

By subzone w e  mean t h a t  a zone i s  considered t o  be subdivided i n t o  

component blocks of nuc l ide  concent ra t ions  Only t h e  zone  average f lux  

is  a v a i l a b l e ,  so exposure of t h e  materials i n  each of t h e  subzones i n  

zone i s  t o  the  s a m e  f l u x .  The use  of subzones is a powerful t o o l  of analy- 

s is ,  Appl ica t ion  i s  t o  t h e  s i t u a t i o n  where the f u e l  assemblies are not  

represented  e x p l i c i t l y  - gene ra l ly  the  geometric d e s c r i p t i o n  t r ea t s  less 

than  t h e  full t h r e e  dimensions a C~IMIIOIA a p p l i c a t i o n s  represent: the f u l l  

r e a c t o r  wi th  a po in t  model o r  an R-2, model, o r  occas iona l ly  a one-dimension- 

al s p h e r i c a l  model ,  
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Consider  an  R-Z model. The u n t r e a t e d  az imutha l  c o o r d i n a t e  would p a s s  

through f u e l  assembl ies  c o n t a i n i n g  v a r i e d  n u c l i d e  c o n c e n t r a t i o n s ,  except  

i.n t h e  unusual  case where t h e  r e p r e s e n t a t i o n  i s  q u i t e  adequate ,  t r u e  azimu- 

t h a l  symmetry. Azimuthal symmetry i s  assumed f o r  t h e  c a l c u l a t i o n  and t h e r e  

i s  no way f o r  the c a l c u l a t i o n  t o  produce u n s y m e t r y .  The u s e  of subzones 

a l l o w s  t h e  account ing  t o  b e  done f o r  az imutha l  v a r i a t i o n .  The n e u t r o n i c s  

problem solves f o r  t h e  n e u t r o n  f l u x  u s i n g  smeared n u c l i d e  c o n c e n t r a t i o n s  

averaged over  the subzones a s s o c i a t e d  w i t h  each zone. 

S o p h i s t i c a t e d  f u e l  management schemes may be t r e a t e d  w i t h  a subzone 

p r o v i s i o n  ( f u e l  management i s  n o t  done by BURNER). 

of t h e  f u e l  assembl ies  i n  a r e a c t o r  c o r e  are t o  be r e p l a c e d  each r e f u e l i n g  

i n  a random o r  s c a t t e r e d  sense .  With subzones,  account ing  is accomplished 

by a s s i g n i n g  t h r e e  subzones t o  each zone and r e p l a c i n g  t h e  material sequen- 

t i a l l y  i n  one of t h e  t h r e e  subzones a t  each r e f u e l i n g .  A t  some r e f u e l i n g  

p o h t  i n  h i s t o s y ,  t h e  t h r e e  subzones i n  a zone w i l l  have been exposed f o r  

one, two, and t h r e e  c y c l e  p e r i o d s ,  r e s p e c t i v e l y .  Thus t h e  account ing  of 

n u c l i d e  c o n c e n t r a t i o n s  and mass b a l a n c e s  i s  a c c u r a t e  w i t h i n  t h e  approxi-  

mat ion of exposure t o  t h e  zone average  f l u x .  There may be a d i f f e r e n t  

number of subzones i n  one zone t h a n  i n  a n o t h e r ,  as may b e  n e c e s s a r y  to 

account  f o r  a scheme of f u e l  management. Thus one-fourth of t h e  a s s e m b l i e s  

i n  a r a d i a l  b l a n k e t  may b e  r e p l a c e d  each r e f u e l i n g ,  w h i l e  one- th i rd  of t h o s e  

i n  t h e  c o r e  are r e p l a c e d .  

accounted f o r  by r e a s s i g n i n g  t h e  proper  subzones t o  new zones,  h o p e f u l l y  

c o n s i s t e n t l y ,  but: which i s  n o t  done w i t h  t h e  BURNER code. 

Consider  t h a t  one- th i rd  

Such complexi ty  as r e l o c a t i o n  of assembl ies  i s  

There i s  a p r o v i s i o n  i n  BURNER f o r  d e p l e t i o n  a t  t h e  subzone level .  

Blocks of n u c l i d e  c o n c e n t r a t i o n s  (subzones) may b e  conta ined  i n  a zone and 

exposed t o  t h e  zone f l u x  s e p a r a t e l y .  Cons ider ing  t h e  g e n e r a l  s o l u t i o n  
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N ( A )  = "(0) (98-27) 

where B i s  a s o l u t i o n  ma t r ix  dependent on A ,  when t h e  f l u x  and t h e  c r o s s  

s e c t i o n s  a r e  t h e  same f o r  blocks of nuc l ide  concent ra t ions  (subzones with- 

i n  a zone) ,  a s i n g l e  s o l u t i o n  mat r ix  is needed which would minimizc the  

amount of c a l c u l a t i o n .  However, € o r  t h e  more gene ra l  s i t u a t i o n ,  the micro- 

s cop ic  c ross  s e c t i o n s  may be subzone dependent, so  t h i s  general  c a p a b i l i t y  

is implemented r a t h e r  than  us ing  Eq.  08-27. 

The s i t u a t i o n  where t h e  microscopic c ros s  s e c t i o n s  depend on t h e  zone 

l o c a t i o n  and n o t  t h e  subzone con ten t s  is  deemed usua l .  I n  t h e  unusual 

s i t u a t i o n ,  t h e  microscopic c r o s s  s e c t i o n s  depend on t h e  subzone nuc l ide  

assignments (not on t h e  Lone loca t ion )  and t h i s  s i t u a t i o n  can no t  be 

handled by t h e  above procedure.  The exposure c a l c u l a t i o n  i s  s e r i o u s l y  

impacted because s p e c i f i c  r e a c t i o n  rates must be ca l cu la t ed  f o r  each sub- 

zone and t h e  s o l u t i o n  mat r ix  €3 determined independently f o r  each; b a s i c a l l y ,  

t he  exposure c a l c u l a t i o n  i s  i.ncreased by t h e  f a c t o r  oE the average number 

of subzones per  zone. T h i s  s i t u a t i o n  a l s o  r e s u l t s  when s p e c i f i c  r e a c t i o n  

rates depend on t h e  nuc l ide  concent ra t ions  wi th  a p p l i c a t i o n  of t h e  Bonda- 

renko c o r r e l a t i o n .  

Local Detai l  Exposure 

BURNER has t h e  p rov i s ion  t o  c a r r y  out  exposure c a l c u l a t i o n s  on a f i n e  

s c a l e  f o r  a l imi t ed  number of zones. This  c a l c u l a t i o n  i s  a u x i l i a r y  t o  t h e  

primary problem f o r  t h e  purpose of producing a u x i l i a r y  information without: 

a f f e c t i n g  t h e  primary r e s u l t s .  (The neut ronics  code c a l c u l a t e s  macroscopic 

c r o s s  s e c t i o n s  f o r  zone-average nuc l ide  concent ra t ions . )  The i n t e r f a c e  

d a t a  f i l e  requirements  are s i g n i f i c a n t l y  impacted by t h i s  provis ion .  

Consider t h a t  r e s u l t s  are d e s i r e d  i n  d e t a i l  €or a zone. 

may be  t o  e s t a b l i s h  t h e  maximum l o c a l  power d e n s i t y  i n  t h e  zone. 

The ob jec t ive  

This  zone 
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i s  subdivided i n t o  a number of s m a l l  e l e m e n t a l  volumes (OK a s e l e c t e d  loca-  

t i o n  may b e  t rea ted ,  such as when t h e  s o p h i s t i c a t e d  c a p a b i l i t y  of t h e  neu- 

t r o n i c s  code i s  used t o  se lec t  t h e  l o c a t i o n  of maximum i n i t i a l  l o c a l  power 

d e n s i i y ) .  A d a t a  f i l e  c o n t a i n s  the c u r r e n t  n u c l i d e  c o n c e n t r a t i o n s  f o r  each of 

t h e s e  e l e m e n t a l  volumes. The exposure c a l c u l a t i o n  is done f o r  each e l e m e n t a l  

volume and t h e  nucl ide.  c o n c e n t r a t i o n  f i l e  i s  updated f o r  t h e  end of exposure 

s t e p  c o n d i t i o n s .  The burden of producing t h e  a p p r o p r i a t e  e l e m e n t a l  volume 

group n e u t ~ o n  f l u x  v a l u e s  i s  p laced  o u t s i d e  of RIJKNKR; t h i s  d a t a  i s  b e s t  

produced by t h e  n e u t r o n i c s  code s i n c e  i t  h a s  t h e  n e c e s s a r y  i n f o r m a t i o n ,  

i n c l u d i n g  macroscopic d a t a  and geometr ic  d e t a i l ,  t o  produce a c o n s i s t e n t  map- 

p ing  of t h e  f l u x  O V ~ K  R zone, 

The s e l e c t i o n  O F  l o c a t i o n s  i s  done by t h e  n e u t r o n i c s  code under user 

c o n t r o l ;  v a l u e s  of t h e  f l u x  over  energy and p o i n t  are w r i t t e n  on t h e  zone 

average  f l u x  f i l e .  

The procedure used f o r  t h e  pr imary c a l c u l a t i o n  i s  a l s o  a p p l i e d  i n  t h e  

l o c a l  exposure c a l c u l a t i o n .  I n  t h e  absence of a l o c a l  n u c l i d e  concentra-  

t i o n  f i l e  ( i n i t i a l l y ) ,  one is g e n e r a t e d  from t h e  zone n u c l i d e  c o n c e n t r a t i o n  

f i l e ;  i d e n t i c a l  c o n c e n t r a t i o n s  by n u c l i d e  are a s s i g n e d  over  a zone. There- 

a f t e r ,  the c o n t e n t s  of t h e  p o i n t  n u c l i d e  c o n c e n t r a t i o n  f i l e  are used,  and 

t h e  f i l e  i s  r e w r i t t e n  w i t h  t h e  d a t a  f o r  t h e  end-of-exposure c o n d i t i o n s ,  

a f t e r  a shutdown p e r i o d  i f  a p p r o p r i a t e .  

Key r e s u l t s  are o b t a i n e d  and r e p o r t e d  f o r  each exposure p e r i o d ,  These 

i n c l u d e  peak power d e n s i t y  i n f o r m a t i o n ,  and t h e  t i m e  t h i s  peak o c c u r s  d u r i n g  

t h i s  exposure p e r i o d ,  and exposure d a t a .  A s imple  average  p o w e ~  d e n s i t y  

(08-28)  



08-2 7 

Where t h e  po in t  volumes V(n) are de fau l t ed  t o  u n i t y  i f  n o t  calcul-ated.  

S t a t i s t i c a l  information about t h e  power d e n s i t y  d i s t r i b u t i o n  i s  ed i t ed  

a t  t h e  t i m e  t h e  peak (xcu r s ,  given t h e  m a x i m u m  and minimum power dens i ty  

va lues .  I f  t h e r e  are less than  t e n  p o i n t s  involved,  t h e  power dens i ty  a t  

each is  ed i t ed .  Otherwise, a power d e n s i t y  range of 20 i n t e r v a l s  i s  

s e l e c t e d ,  each i n t e r v a l  of width 

I ha = - [max P(n) - 
19.5 (08-29)  

I 
s t a r t i n g  a t  t h e  lowest va lue  m i n  P (u )  - 

d e n s i t y  va lues  ly ing  i n  each i n t e r v a l  i s  p r in t ed ,  g iv ing  a v i s u a l  d f s t r j -  

but ion.  

- AP, and t h e  number of power 
4 

The Stea&State ,  Continuous Fuel ingModel  
~- I I_  l-__l __I-__--- -_I- 

The BUKNEIi module con ta ins  an opt ion  t o  treat t h e  s teady  s t a t e ,  con- 

t inuous  . fuel ing exposure problem. The zones must have been numbered in 

ascending o rde r  al.ong the i n d i v i d u a l  pa ths  ( rou te s )  through the r e a c t o r .  

Exposure f o r  zones not i n  t h e  flow pa th  (hi.gher numbers) is  ca l cu la t ed  

normally. Recycle, once o r  more, i s  allowed, as are m u l t i p l e  streams. 

Consider a one-dimensional model o f  a r e a c t o r  core ,  an a x i a l  t rans-  

verse. Feed material i.s introduced a t  t h e  top ,  say ,  and moves down 

through t h e  core.  Dividing t h e  core  i n t o  zones of equal  th ickness ,  t h e  

res idence  t i m e  i n  any zone i s  the  core  res idence  t i m e  d iv ided  by t h e  

number of t hese  zones. Feed material i s  taken from an "extra"  zone of 

t h e  problems; t h e  number of t h i s  zone is  s p e c i f i e d  i n  t h e  c o n t r o l  in -  

s t r u c t i o n s  and t h e  zone should be i n a c t i v e :  have no volume and no flux 

(be unused i n  a neu t ron ic s  problem). 

The composition leaving  t h e  f i r s t  zone i s  ca l cu la t ed  by exposure 

of t h e  e x t e r n a l  feed  material  t o  t h e  average flux i n  t h i s  zone f o r  t h e  
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time of r e s i d e n c e  i n  t h e  zone. T h i s  i s  a d i r e c t  a p p l i c a t i o n  of t h e  f i x e d  

material  c a l c u l a t i o n a l  procedure  w i t h o u t  any ra te  term a d d i t i o n s  arid w i t h  

n o  r e s t r i c t i o n s  on [:he a v a i l a b l e  o p t i o n s .  The d e s i r e d  power level  cannot  

be e f f e c t e d  by breaking t h e  exposure t i m e  i n t o  s u b s t e p s ,  b u t  t h e  exposure 

c a l c u l a t i o n s  may b e  r e p e a t e d  w i t h  t h e  f l u x  l e v e l  a d j u s t e d  t o  e f f e c t  t h e  

d e s i r e d  power level.. Usual r e a c - t i o n  rates are c a l c u l a t e d  f o r  material e n t e r -  

i n g  a zone and mater ia l .  l e a v i n g ,  and t h e  i n t e g r a l s  of the sums of t h e  

averages  are  r e p o r t e d ,  

The m a t e r i a l  l e a v i n g  t h e  f i r s t  zone, end of exposure c o n c e n t r a t i o n s ,  

i s  used as feed  rnatey-ial f o r  t h e  n e x t  zone a long  t h e  pa th .  The average  

between the c o n c e n t r a t i o n s  of t h e  mater ia l  e n t e r i n g  and that  l e a v i n g  for 

each zone i s  o b t a i n e d  t o  approximate t h e  zone average  c o n c e n t r a t i o n s  ( b e f o r e  

the sliutdown ca l .cu la t ion  i s  done) ,  and t h e s e  averages  are w r i t t e n  on t h e  

n u c l i d e  c o n c e n t r a t i o n  i n t e r f a c e  f i l e  f o r  f u r t h e r  use such a s  f o r  a n e u t r o n i c s  

c a l c u l a t i o n .  Informat ion  about feed  and d i s c h a r g e  is made a v a i l - a b l e  i n  t h e  

e d i t ,  and t h e  composi t ion of t h e  material l e a v i n g  t h e  l a s t  zone a long  each 

p a t h  may b e  obta ined  as a n  e d i t .  The cont inuous  f u e l i n g  mode of ca l .cu lo t ion  

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

f a c e  between zones and produces an  estimate of the average  c o n c e n t r a t i o n s  

i n  each zone. 

It i s  noted  t h a t  t h e  o v e r a l l  f l u x ,  e i g e n v a l u e ,  and n u c l i d e  concentra-  

t i o n  d i s t r i b u t i o n  problem which must usua1.I.y h e  so lved  i n v o l v e s  i t e r a t i o n ;  

s u c c e s s i v e  n e u t r o n i c s  and exposure c a l c u l a t i o n s  are  performed w i t h  parameter  

changes made t o  d r i v e  t h e  problem t o  a s t e a d y - s t a t e  s o l u t i o n .  

c r i t i c a l i t y  s e a r c h  problem iuay b e  done a t  each n e u t r o n i c s  c a l c u l a t i o n  i n  

o r d e r  t o  a d j u s t  t h e  pr imary f e r t i l e  n u c l i d e  c o n c e n t r a t i o n  i n  t h e  r e a c t o r  and 

in the feed.  But, g e n e r a l l y ,  some c o n t r o l  e x t e r n a l  from the exposure and 

A simp1.e 
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neu t ron ic s  codes w i l l  l i k e l y  have t o  be exerc ised  t o  a d j u s t  the res idence  

t i m e s  o r  t h e  f r a c t i o n  of f i s s i l e  m a t e r i a l  i n  t h e  feed .  Th i s  can be done 

manually, and l i k e l y  a l s o  automated, given a l i m i t e d  number of a l t e r n a t i v e s .  

B i d i r e c t i o n a l  feed i n  t h e  one-dimensional sense  can be t r e a t e d  by 

p a r a l l e l  f low pa ths .  The neu t ron ic s  model can be extended from one- 

dimensional t o  two using two meshpoints i n  t h e  second coord ina te  and a 

s m a l l  t h i ckness  t o  cause t h e  same f l u x  t o  be generated f o r  ad jacent  

zones f o r  t h e  average composition. 

zone opt ion  discussed below. 

A l t e r n a t i v e l y ,  one could use  t h e  sub- 

The multi-dimensional problem i s  a d i r e c t  ex tens ion  of t h e  one- 

dimensional problem wi th  provis ion  f o r  more than one pa th  of material  

passing through t h e  core.  Residence t i m e  a long each pa th  may be spec i -  

f i e d .  

The subzone opt ion  a l lows  t h e  s p e c i f i c a t i o n  of s epa ra t e  feed material. 

Residence t i m e s  a long  t h e  pa ths  are def ined by the  order ing  of t h e  subzone 

numbers and a s s o c i a t i o n  wi th  zone numbers. This  provis ion  expands t h e  

class of problem which can be t r e a t e d .  For  example, t h e  flow of  two 

d i f f e r e n t  p a r t i c l e s  a t  d i f f e r e n t  rates along a pa th  may be t r e a t e d ,  

poss ib ly  flowing i n  oppos i te  d i r e c t i o n s .  

The b lock  diagram presented on t h e  next page i l l u s t r a t e s  t h e  

exposure model. Not shown i s  t h e  implemented c a p a b i l i t y  t o  a s s i g n  a 

s e p a r a t e  feed  zone t o  each of t h e  flow pa ths  which al lows v a r i a t i o n  i n  t h e  

f i s s i le  enrichment,  f o r  example, t o  e f f e c t  reduct ion  i n  t h e  peak r a d i a l  

power d e n s i t y  peak. 
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The f l e x i b i l i t y  of t h e  programmed t r e n t m e n t  may be e x p l o i t e d ,  One 

exanpl r  i s  a change i n  t h e  zone average  d e n s i t y  (volume f r a c t i o n )  from one 

zonc Lo another .  The r e s i d e n c e  t i m e  i s  c o n s t a n t  i n  each zone  and i s  t h e  

core r e s i d e n c e  t i m e  d i v i d e d  by t h e  number of zones a long  Lhe p a t h .  I f  t h e  

material  i n  a Z ~ L I C  i s  t w i c e  as dense  as i n  t h e  o t h e r  zones,  t h i s  zone can b e  

made h a l f  as t h i c k  as t h e  o t h e r  zones and t h e  d e n s i t y  change accounted f o r  

by t h e  COPP volume f r a c t i o n  s p e c i l l c a t i o n s .  Making a zone  half as t h i c k  

c a u s e s  the  set  r e s t d e n c e  time t o  apply  t o  h a l f  ehe d i s t a n c e  of t ravel ,  com- 

pensating f o r  t h e  i n c r e a s e d  d e n s i t y .  Thus pebbles  could be i n t r o d u c e d  

i n t o  an a x i a l  b l a n k e t  where t h e y  have one d e n s i t y  and a s s o c i a t e d  f low 

ra re  and t h e n  pass i n t o  t h e  c o r e  where t h e  a v a i l a b l e  f l o w  volume i s  small- 

er  and the t r a v e r s e  rate p e r  u n i t  h e i g h t  1s f a s t e r .  Such an  example i s  

illustrated i n  Fig.  08-1, where one stream of pebbles  i s  in t roduced  a t  

t h e  t o p  of t he  core  directly and a second s t r e a m  of pebbles  i s  i n t r o d u c e d  
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Fig. 08-1. The Once Through,  Continuous Fue l ing  Hodel 
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a t  t h e  t o p  of an  i n l e t  b l a n k e t .  

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

between l a r g e r  p e l l e t s  a t  a c o n t r o l l e d  ra te  f a s t e r  t h a n  t h e  c o n t r o l l e d  f l o w  

r a t e  of l a r g e r  primary p a r t i c l e s .  C a l c u l a t i o n s  have been done f o r  t h i s  

s i t u a t i o n  t r e a t i n g  t h e  pr imary pebbles  as zone material and t h e  f e r t i l e  

pebbles  as subzone material ,  w i t h  d i f f e r e n t  c o r e  r e s i d e n c e  t i m e s ,  h i g h e r  

d e n s i t y  of t h e  f e r t i l e  pebbles  i n  t h e  b l a n k e t  t h a n  i n  t h e  c o r e ,  and s p a t i a l .  

v a r i a t i o n  i n  c o r e  r e s i d e n c e  times. Some care is n e c e s s a r y  t o  e f f e c t  a wholly 

c o n s i s t e n t  se t  of s p e c i f i c a t i o n s  f o r  t h e  zone t h i c k n e s s e s ,  d e n s i t i e s  (volume 

f r a c t i o n s ) ,  and r e s i d e n c e  times. When zone t h i c k n e s s e s  must be  v a r i e d  t o  

account  f o r  v a r i a t i o n  i n  zone d e n s i t i e s  (volume f r a c t i o n ) ,  care must be 

taken  i n  s e l e c t i o n  of c o n s i s t e n t  zone h e i g h t s  t o  approximate r e g i o n  bound- 

aries.  

By u s i n g  r e l a t i v e l y  s m a l l  f e r t i l e  p e l - l e t s  

A l s o  i n d i c a t e d  i n  Pig.  08-1 is  a f i x e d  r a d i a l  b l a n k e t .  A f t e r  t h e  ex- 

posure  c a l c u l a t i o n ,  zones c o n t a i n i n g  f i x e d  material (zones o u t s i d e  of t h e  

cont inuous f u e l i n g  s p e c i f i c a t i o n s )  c o n t a i n  t h e  material produced by expo- 

s u r e .  Exposure time is  addi t i .ve  when exposure c o n t i n u e s  through subsequent  

accesses of t h e  BURNER code. I f  an i t e r a t i o n  procedure  i s  used t o  d r i v e  

t h e  c o n d i t i o n s  t o  a s t e a d y  s t a t e ,  t h i s  a d d i t i v e  exposure must b e  prevented .  

The computat ion system a l l o w s  t h e  n u c l i d e  c o n c e n t r a t i o n s  t o  b e  s e l e c t i v e l y  

changed p r i o r  t o  subsequent  accesses of t h e  exposure code. Care must be 

t a k e n  t o  e f f e c t  p roper  i n i t i a l  n u c l i d e  c o n c e n t r a t i o n s ,  as o f  f e r t i l e  

material, and z e r o  v a l u e s  f o r  the exposure p r o d u c t s ,  i n c l u d i n g  f i s s i o n  

products  (see t h e  u s e  of t h e  s p e c i a l  p r o c e s s o r  DENMAN, r e p o r t  ORNL-5229). 

The implemented procedure  admi ts  t h e  u s e  of p o s i t i o n  dependent mi.c-ro- 

s c o p i c  c r o s s  s e c t i o n s .  Correspondences between n u c l i d e  d e n s i t i e s  and c r o s s  
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s e c t i o n s  are contained i n  t h e  r e fe renc ing  f i l e  NDXSRF by unique nuc l ide  

names which Rave a f ixed  a s s o c i a t i o n  wi th  zones and subzones. Nuclide 

concent ra t ions  are accessed i n  t h e  o rde r  contained i n  t h e  nuc l ide  concen- 

t r a t i o n  f i l e  ZNATDN. Material i s  moved from one zone t o  t h e  next  by order .  

Therefore  t h e  i d e n t i f y i n g  sets of nuc l ide6  must be c o n s i s t e n t :  

must be done tLhe same way and t h e  same number of nuc l ides  must be contained 

i n  each blocked set over  t h e  zones along t h e  flow pa ths  and in t h e  feed  box 

zone, and l ikewise  f o r  t h e  subzones and t h e i r  feed  box. Fur ther  exposure 

c a l c u l a t i o n s  are u s u a l l y  done by abso lu te  n u c l i d e  i d e n t i f i c a t i o n  name, sa 

t h e s e  must a l s o  be c o n s i s t e n t .  Don't move t h e  concent ra t ion  of U235 from 

one zone t o  another  where i t  w i l l  be  i d e n t i f i e d  as lJz3', o r  s t r u c t u r a l  

material, o r  anything else! 

blocking 

It i s  noteworthy t h a t  i n  parameter s t u d i e s ,  converged s o l u t i o n s  can 

be obtained t o  t h e  continuous f u e l i n g  model much quicker  given t h e  nuc l ide  

concent ra t ions  f o r  s imilar  condi t ions  than by s t a r t i n g  wi th  uniform concen- 

t r a t i o n s .  Keep i n  mind t h a t  t h e  neutron flux s o l u t i o n  s a t i s f i e s  t h e  nu- 

c l i d e  concent ra t ions  presented t o  t h e  neu t ron ic s  code; a search  can be done 

by the  neu t ron ic s  code t o  e f f e c t  a c r i t i c a l  cond i t ion ,  as by a d j u s t i n g  t h e  

n u c l i d e  concent ra t ions  i n  the r e a c t o r  zones,  bu t  t h e  feed  zone material 

must a l s o  be a l t e r e d  t o  e f f e c t  a change i n  t h e  exposure r e s u l t s .  Along t h e  

flow pa ths ,  t h e  nuc l ide  concent ra t ions  depend only on t h e  res idence  t i m e ,  

t h e  zone neut ron  f l u x  va lues ,  and t h e  feed  material. 

Under c e r t a i n  condi t ions  i t  w a s  found t h a t  success ive  estimates of t h e  

r e a c t o r  state o s c i l l a t e d  between two approximations.  This  was  found t o  be 

d r iven  by t h e  successive estimates of t h e  average zone nuc l ide  concentra- 

t i o n s  and t h e  a s soc ia t ed  d i s t r i b u t i o n  of t h e  f l u x  (dampening t h e  search  d i d  
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not  h e l p  and t h e  problems o s c i l . l a t e d  c v m  when t h e  neutronics codc stanply 

s o l v e d  f o r  the. m u l t i p l i c a t i o n  fac tor ) .  

averaging  r e s u l t s  as discussed below, 

S t a b i l i t y  sliould b e  effect-ed by 

Averaging t h e  Exposure R e s u l t s  ____ 

Under v e r y  s p e c i a l  c o n d i t i o n s  i t  i s  p r a c t i c a l  t o  produce as t h e  primary 

product  of t h e  exposure calcul .a t ion a f i l e  of t h e  n u c l i d e  d e n s i t i e s  which 

l i e  between those  a+c the start and the a f t e r  exposure v a l u e s .  Consider  

t h a t  a f i x e d  f u e l  r e a c t o r  i s  t o  b e  trear-ed fo r  some p e r i o d  of t i m e .  Given 

i n i t i a l  c o n c e n t r a t i o n s  and a n  estimate of the f lux  d i s t r i b u t f o n  f o r  t h e s e ,  

end of exposure n u c l i d e  c o n c e n t r a t i o n s  are o b t a i n e d .  If a s imple  average  

i.s taken of t h e  i n i t i a l .  and f i n a l  c o n c e n t r a t i o n s ,  mid-exposure c o n d i t i o n s  

s h ~ u l d  be well approximated and a a p p l i c a b l e  n e u t r o n  f lux d i s t r i b u t i o n  

is  a s s o c i a t e d  w i t h  t h e s e  c o n c e n t r a t i o n s .  Then t h e  o r i g i n a l  s t a r t  af  ex- 

posure  c o n c e n t r a t i o n s  can  be exposed t o  t h i s  improved f l u x  estimate t o  

improve t h e  r e s u l t s .  To u s e  t h i s  o p t i o n ,  s p e c i a l  i n s t r u c t i o n s  must 

be presented t o  the  exposure module p r i o r  t o  each access t o  e f f e c t  t h e  

proper  c o n t r o l  of  access of t he  desimred n u c l i d e  c o n c e n t r a t i o n  f i l e  and of 

g e n e r a t i o n  of t h e  new f i l e .  The talc-ulation above would r e q u i r e  a l t e r n a t e -  

l y  producing an  average  c o n c e n t r a t i o n  f i l e  us lng  t h e  latest  v e r s i o n  concen- 

t r a t i o n s  and t h e n  producing a n  end of exposure f i l e  ( t u r n i n g  o f f  the  o p t i o n  

under discussion) u s i n g  t h e  n e x t - t o - l a t e s t  n u c l i d e  c o n c e n t r a t i o n s .  

This  o p t i o n  may be use€ul- f o r  s t a b i l i z i n g  Che o s c i l l a t i o n  of problems 

a p p l y i n g  t h e  once through,  cont inuous  f u e l i n g  model d i s c u s s e d  above. a It 

a 
See a l s o  t h e  c a p a b i l i t y  f o r  averaging  s u c c e s s i v e  i t e ra te  f l u x  estimates 
arid n o t e  t h e  repeat  c a p a b i l i t y  t o  e f f e c t  the d e s i r e d  power level .  
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should be exerc ised  s e l e c t i v e l y ,  only f o r  that class of problems which 

r e q u i r e  i t ,  because t h e  rate of convergence of a problem which moves 

monotonically toward a s o l u t i o n  would l i k e l y  be s i g n i f i c a n t l y  decreased.  

The products  of f i s s i o n  approach  a n  a sympto te  slowly wi t :h  dampening. 

The equat ion  appl ied  on t h i s  op t ion  is f o r  each nuc l ide  concent ra t ion  

i n  t h e  system, over a l l  zones and subzones, t o  be  weighted a5 

is after exposure, ann N (IJJ) is  t h e  weighted value, 

i s  a f t e r  exposure,  and N ($1 i s  the weightcxI value.  

f a c t o r  suppl ied  by t h e  u s e r  which i s  de fau l t ed  t o  0.5 i f  o u t s i d e  of the  

range 0 F < 1, and t h e  documenting r e fe rence  t i m e  i s  incremented by the  

amount (1-F)T. 

no t  t hose  at t h e  s tar t .  

F is a weight ing 

F i s  a weighting 

n 

I1 

Note t h a t  as F -+ 0, end exposure concent ra t ions  are used,  

I n t e g r a l s  

Basic  mass balance  d a t a  and g ross  absorp t ion  and power genera t ion  in- 

t e g r a l s  are always e d i t e d  fo r  t h e  exposure perfod. 

rates are q u i t e  s t r a igh t f a rward  sume of t h e  local con t r ibu t ions  Iti-loles 

volumes us ing  zone average f l u x  va lues .  

In t eg ra t ed  r e a c t i o n  

Mass ba lances  are repor ted  i n  kgms, 

(08-31) 

. .. 

where A i s  the  nuc l ide  atomic weight ,  t h e  cons tan t  conver t s  t h e  results t o  

kgms 9 

V i s  t h e  volume .in c m 3 ,  

N i s  t h e  nuc l ide  concen t r a t ion  i n  atoms/barn-em, and 

z and sz r e f e r  t o  zone and subaone r e spec t ive ly .  
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The i n t e g r a t e d  r e a c t i o n  r a t e  o f  a s p e c i f i c  type is  given by 

where t h e  requirement f o r  p r o p e r  correspondence between nucl ide  concen- 

t - ra t ion ,  zone, o r  subzone, and c r o s s  s e c t i o n  re ferenc ing  has  been ignored 

but  hopefu l ly  n o t  i n  the code, where 

- 
c$ i s  the Lone average f l u x  i n  group g, and 

0 i s  t h e  microscopic cross  s e c t i o n  f o r  t h e  r e a c t i o n  o f  i n t e r e s t .  

l3-d 

x,n ,g  

Esximates o f  t h e  m u l t i p l i c a t i o n  f a c t o r  with exposure a r e  based on a simple 

i n t e r p r e t a t i o n  o f  r eac t ion  r a t e s  and o t h e r  l o s s  ra tes  given i n  t h e  zone 

average f lux  f i l e ,  

(08 -3 2 ) 

where P ( A )  i s  the  r a t e  o f  neutron product ion,  CNvo&V, 

A ( A )  i s  t h e  ra te  o f  neutron l o s s ,  CN[a -o(n,2n)]@V, 

L ( 0 )  i s  t h e  s t a r t  o f  s t e p  r a t e  o f  l o s s e s  o t h e r  than due t o  r eac t ion  

r a t e s ,  and .-----.------ is t h e  r a t i o  o f  t h e  f l u x  l e v e l  f o r  maintaining 

power l e v e l .  

a 

$ ( A >  . 
4(0)  

Estiimates o f  conversion (breeding) r a t i o  a r e  made i n  t h e  p r i m i t i v e  

sense,  

(-K = Rate o f  neutron cap tu re  ... .- - i n  - - f e r t i l e  
’ Rate of  neutron absorp t ion  i n  f i s s i l e  ’ 

which r equ i r e s  adjustment t o  r ep resen t  realism ( a s  t o  account f o r  any 

(08-33)  

des i r ed  nuc l ide  importance weighting, decay, cap ture  i n  interi i iediate 



08-37 

material, and o u t  of c o r e  l o s s e s ) ,  where f e r t i l e  and f i s s i l e  material 

i d e n t i f i c a t i o n s  are t a k e n  from t h e  cross s e c t i o n  f i l e .  S i m i l a r l y ,  t h e  

rate of f i s s i l e  consumption p e r  u n i t  energy  g e n e r a t i o n  i s  c a l c u l a t e d .  

F luence  exposure  i s  determined d i r e c t l y  f o r  a s p e c i f i c e n e r g y  range ,  

F ( z , i , T )  = C A C , (08-34) 
AET gE i  z2g 

where A i s  a n  i n t e r v a l  of t i m e  i n  p e r i o d  T ,  EA = T ,  w i t h  a l i n e a r  i n t e r -  

p o l a t i o n  done w i t h i n  t h e  cut-off  group on t h e  b a s i s  o f  l e t h a r g y  width.  

S i m i l a r l y ,  a tomic  d e s t r u c t i o n  by f i s s i o n  i s  determined as 

(08-35) 

b u t  w i t h  account  taken  of f l u x  level changes made t o  e f f e c t  t h e  d e s i r e d  

power level. A s imple  approximation of s tar t  and end f i s s i o n  rates f o r  

t h e  t i m e  s t e p  T may be used.  

Account may b e  t a k e n  of  t h e  dependence of c r o s s  s e c t i o n s  on t h e  

l o c a l  tempera ture .  For  t h i s  c a l c u l a t i o n ,  two group-ordered microscopic  

c r o s s  s e c t i o n  f i l e s  GRUPXS are s u p p l i e d ,  each of which i s  f o r  a r e f e r e n c e  

tempera ture .  The c o r r e l a t i o n  a p p l i e d  t o  a l l  c r o s s  s e c t i o n s  is: 

where T 

and T i s  t h e  l o c a l  zone tempera ture .  L e t  

and T2 are t h e  r e f e r e n c e  t e m p e r a t u r e s  f o r  t h e  c r o s s  s e c t i o n  d a t a ,  1 

and i f  t h e  c o r r e l a t i n g  parameter  a is s u p p l i e d ,  

(08-37) 

d e f a u l t e d  t o  X = y i f  a = 0. 
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S i g n i f i c a n c e  - -.-.-.I ~ .---I - 

O r  a short-word coitlputer ( IBM)  , t h e  exposure c a l c u l a t i o n  c h a i n  

e q u a t i o n  s o l u t i o n  i s  done f u l l y  i n  double  p r e c i s i o n  s o  t h a t  normally 

resul ts  have adequate  s i g n i f i c a n c e  w i t h i n  the numer ica l  approximations.  

However, t h e  f l u x  v a l u e s  used  t h e  n u c l i d e  c o n c e n t r a t i o n s  arid t h e  b a s i c  

d a t a  such as  c r o s s  s e c t i o n s  are i n  s i n g l e  p r e c i s i o n .  S i g n i f i c a n c e  tests 

are nzade where deemed i m p o r t a n t ,  such as t o  avoid  r e p o r t i n g  a r e s u l t  (a 

change i n  a n u c l i d e  c o n c e n t r a t i o n )  when t h e  i ~ n t e r m e d i a t e  c a l c u l a t i o n s  l o s e  

s i g n i f i c a n c e .  Regarding accuracy  of resul-ts a s i g n i f i - c a n t  d i s t o r t i o n  1112 

t h e  s o l u t i o n  of some g l o b a l  problem can come from s e v e r a l  s o u r c e s  i n  addi -  

t i o n  t o  t h e  i iumerical  approx i.aatrions used.  Some of t h e s e  s o u r c e s  are: 

I) t h e  modeling i n  g e n e r a l ,  

2 )  t h e  approximation of t h e  n e u t r o n  f l u x  f o r  t h e  s t e a d y  s t a t e ,  

3) t h e  microscopic  cross s e c t i o n s ,  

4 )  t r e a t i n g  exposure on a d i s c r e t e  zone b a s i s ,  

5) s e p a r a t i o n  of t h e  problem i n t o  n e u t r o n i c s  problems w i t h  d i s c r e t e  

exposure s t e p s  i n  between 

6)  s e l . e c t i o n  of nuc1i.de.s t r ea t ed  from t h e  fu1.J. set  ( c o n s i d e r  t h a t  t h e r e  

are many f i s s i o n  p r o d u c t s )  t o  make t h e  problem t r a c t a b l e ,  and 

7 )  feedback e f f e c t s  which can mve t h e  approximate s o l u t i o n  away from 

t h e  f a c t s  when r e c y c l e  of [[raterial i s  t r e a t e d .  

We are l e f t  wit:h a s e r i o u s  c h a l l e n g e  t o  a c c e s s  t h e  r e l i a b i l i t y  of a 

s o l u t i o n  c o n s i d e r i n g  t h e s e  many i n t e r r e l a t e d  e f f e c t s .  

One a r b i t r w - r y  a c t i o n  i s  taken  i ~ i  t h i s  code which may a f f e c t  t h e  re- 

s u l t s .  We do not  c o n s i d e r  i t  an  a c c e p t a b l e  p r a c t i c e  t o  s e t  r e s u l t s  t o  

Z ~ K O  when underfI.ow o c c u r s .  T o  av0i.d underf low of n u z b e r s ,  a c t i o n  i s  

t aken  which i s  i l l u s t r a t e d  f o r  t h e  s i m p l e  s i t u a t i o n  by t h e  e q u a t i o n  
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-50 We s e t  any calcul.alred value of N ( A )  < 10 

e = 0, Ttiiis nucl.i.de concenCrations calculated t.0 be 18 are 

repor ted  to be zero .  T k i s  ac t ion  can impact t h e  use C J ~  trace coneen- 

t r a t ions  t o  produce aux i l i a . ry  information and mqy l i m i t  t h e  u s e  of a 

shutdown time step t o  smet-lzfng less  than h n d r e d s  o f  years a Al.though 

it is t r u e  t h a t  generally underflow dur ing  expos'ure eabca l a t i o m  could  

k.ie ml.1oved extremely s i n a l . 1  nuclide cos:eentrations can cause imderf low 

in other calculational modul.es where s ~ c h  i s  no2 p e r m i t t e d .  A l s o  ;IS the 

l i m i t  or' rnac1nin.e c a p a b i l i t y  t o  represent the exponent :ta approached E 

values obtained by series approximaCisns become inaccurate and unreliable 

f o r  use. 

= 0 ,  and BE rh > 60 we set 
- r A  -50 
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