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B R T - I  : B A T T E L L E - R E V I S E D - T H E R M O S  

C. L .  Benne t t  and W .  L .  P u r c e l l  

COMPUTER C O D E  ABSTRACT 

1. Name: BRT-I (BATTELLE- REVISED- THERMOS)  

2 .  Computer: BRT-I i s  des igned  t o  o p e r a t e  on t h e  UNIVAC 1108 

computer sys tem.  

3 .  Na tu re  o f  P h y s i c a l  Problem So lved :  The code computes t h e  

s p a c e  dependent  the rmal  n e u t r o n  d e n s i t y ,  f l u x  and c u r r e n t  

s p e c t r a  ove r  t h e  energy range  0  t o  0.683 eV i n  e i t h e r  

s l a b  o r  c y l i n d r i c a l  geometry.  

4 .  Method o f  S o l u t i o n :  The n e u t r o n  d e n s i t y  i s  computed from 

t h e  c o l l i s i o n  p r o b a b i l i t y  form o f  t h e  i n t e g r a l  t r a n s p o r t -  

t h e o r y  m a t r i x  e q u a t i o n  u s i n g  e i t h e r  a  combinat ion  o f  power 

i t e r a t i o n ,  o v e r r e l a x a t i o n  and e x t r a p o l a t i o n  o r  s t r a i g h t  

power i t e r a t i o n .  The n e u t r o n  c u r r e n t s  a r e  computed from 

e i t h e r  t h e  g r a d i e n t  of  t h e  s c a l e r  f l u x  o r  t h e  u n c o l l i d e d  

f l u x  m a t r i x .  The f l u x  and c u r r e n t  s p e c t r a  i s  used  t o  

weight  p o i n t  the rmal  c r o s s  s e c t i o n s  o v e r  an  a r b i t r a r y  

thermal  ene rgy  range  f o r  u s e  i n  m u l t i g r o u p  t r a n s p o r t  o r  

d i f f u s i o n  t h e o r y  codes .  

5 .  R e s t r i c t i o n s  on t h e  Complexity o f  t h e  Problem: Number o f  

s p a c e  p o i n t s  530, number o f  i s o t o p e s  5 3 0 ,  number o f  speed  

p o i n t s  530, number o f  m a t e r i a l  m i x t u r e s  < 8 ,  s l a b  o r  

c y l i n d r i c a l  geometry.  

6 .  T y p i c a l  Running Time: With t h e  random a c c e s s  l i b r a r y :  

1 minute  w i t h  a  r e f l e c t i n g  boundary c o n d i t i o n  and 

30 seconds  w i t h  a  w h i t e  boundary c o n d i t i o n .  Succeeding 

c a s e s  u s i n g  t h e  same c r o s s  s e c t i o n s  t a k e  abou t  1 5  seconds  

e a c h .  

i i i  



7 .  Unusual F e a t u r e s  o f  t h e  Code: White a l b e d o  boundary  c o n d i -  

t i o n ,  c u r r e n t  c a l c u l a t i o n ,  t r a n s v e r s e  b u c k l i n g ,  l i n e a r  

a n i s o t r o p i c  s c a t t e r i n g  c o r r e c t i o n ,  and smeared c e l l  punched 

c a r d  o u t p u t  which can  be  used  a s  r e g i o n  i n p u t  f o r  a  s u c c e e d -  

i n g  c a s e ,  a r e  s e v e r a l  of  t h e  o p t i o n s  a v a i l a b l e  t o  t h e  u s e r .  

A random a c c e s s  l i b r a r y  d a t a  e lement  can  be  s t o r e d  on drum 

o r  d i s k  memory, i f  a v a i l a b l e ,  r e s u l t i n g  i n  a  c o n s i d e r a b l e  

d e c r e a s e  i n  runn ing  t i m e .  

8 .  R e l a t e d  and A u x i l i a r y  Programs: RLITHE, u p d a t e s  and /o r  

p r i n t s  t h e  BRT d a t a  t a p e  o r  random a c c e s s  d a t a  e l emen t .  

9 .  S t a t u s :  BRT-I i s  i n  p r o d u c t i o n  u s e  on t h e  UNIVAC-1108 com- 

p u t e r  a t  P a c i f i c  Northwest  L a b o r a t o r y ,  R i c h l a n d ,  Washington.  

1 0 .  R e f e r e n c e s  : 

H .  C .  Honeck, THERMOS. A T h e r m a l i z a t i o n  T r a n s p o r t  Theory 

Code f o r  Reac to r  L a t t i c e  C a l c u l a t i o n s ,  BNL-5826. Brook- 

haven N a t i o n a l  L a b o r a t o r y ,  Upton, New York, 

September 1961.  

D. R .  Skeen and L .  J .  Page.  THERMOS/BATTELLE: The 

B a t t e l l e  V e r s i o n  o f  t h e  Thermos Code, BNWL-516, 

J u n e  1967,  P a c i f i c  Northwest  L a b o r a t o r y ,  R i c h l a n d ,  

Washington.  

J .  E .  S u i c h  and H .  C .  Honeck. The HAMMER System, 

DP-1064, Savannah R i v e r  L a b o r a t o r y ,  Aiken ,  South  C a r o l i n a ,  

J a n u a r y  1967.  

B .  J .  Toppel  and I .  Baksys.  The Argonne-Revised THERMOS 

Code, ANL-7023, Argonne N a t i o n a l  L a b o r a t o r y ,  Lemont, 

I l l i n o i s ,  March 1965.  

Machine Requi rements :  64K memory, normal i n p u t ,  o u t p u t ,  

program, and punch u n i t s ,  1 u n i t  f o r  l i b r a r y ,  3 s c r a t c h  

u n i t s  o r  t h e i r  e q u i v a l e n t  on drum. 

Programming Language Used: FORTRAN-IV. 



1 3 .  O p e r a t i n g  System: UNIVAC-1108 computer w i t h  FORTRAN-V 

compi le r  and CSCX o p e r a t i n g  sys t em.  

1 4 .  User I n f o r m a t i o n :  The code and r e p o r t  may be  o b t a i n e d  

e i t h e r  th rough  t h e  Argonne Code C e n t e r  a t  Argonne N a t i o n a l  

Labora to ry  o r  from P a c i f i c  Northwest  L a b o r a t o r y  i n  

R ich land ,  Washington.  

1 5 .  M a t e r i a l  A v a i l a b l e :  Magnet ic  Tape t r a n s m i t t a l .  

BRT-1 Source  deck ( a p p r o x i m a t e l y  2600 c a r d s )  

RLITHE Source  deck ( l e s s  t h a n  500 c a r d s )  

L i b r a r y  deck (8000 c a r d s )  

Sample problem (23 c a r d s )  

1 6 .  Acknowledgement: T h i s  work i s  b a s e d  on work per formed 

under  U.S. Atomic Energy Commission C o n t r a c t  AT(45-1)-1830.  
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B R T - I :  B A T T E L L E - R E V I S E D - T H E R M O S  

C .  L .  B e n n e t t  a n d  W .  L .  P u r c e l l  

I N T R O D U C T I O N  

Many r e v i s i o n s  have been made t o  t h e  THERMOS code by 

va r ious  au tho r s .  A previous  r e p o r t  de sc r ibed  a  code, c a l l e d  

THERMOS/BATTELLE, which had inco rpo ra t ed  i n t o  i t  c e r t a i n  

r e v i s  made t o  THERMOS p r i o r  t o  1967. Recently f u r t h e r  

mod i f i ca t i ons  have been made t o  THERMOS/BATTELLE which have 

now been s u f f i c i e n t l y  eva lua t ed  f o r  gene ra l  r e l e a s e .  For t h e  

sake of completeness and c l a r i t y  a  new code, c a l l e d  B a t t e l l e -  

Revised, THERMOS (BRT-I), was genera ted  which con ta in s  a l l  

r e v i s i o n s  made t o  d a t e .  These r e v i s i o n s  and a  complete s e t  of 

r e v i s e d  i npu t  i n s t r u c t i o n s  a r e  desc r ibed  i n  t h i s  r e p o r t .  The 

new code i s  a v a i l a b l e  t o  u s e r s  through t h e  Argonne Code Center .  

I N C L U S I O N S  AND R E V I S I O N S  I N T R O D U C E D  

Lib ra rv  T a ~ e  

An improved 1 i b r a r y . t a p e  has been inc luded  which con ta in s  

t h e  f i r s t  moment s c a t t e r  ma t r i ce s  f o r  a  number of  elements and 

con ta in s  t h e  f r e e  atom s c a t t e r i n g  c r o s s  s e c t i o n  f o r  a l l  e lements .  

Any one BRT-I ca se  w i l l  a l low up t o  30  e lements .  

Transpor t  Kernel Ca l cu l a t i on  i n  Voids ( 4 )  

The t r a n s p o r t  ke rne l  mod i f i ca t i ons  f o r  t h e  t rea tment  of 

vo id  reg ions  has been added t o  t h e  s t anda rd  t r ea tmen t .  

Transport.Kerne1--Cosine Current  ( 3 )  

The cos ine  c u r r e n t  c a l c u l a t i o n  of t h e  t r a n s p o r t  ke rne l  

ha s  been added and modif ied  t o  al low f o r  t h e  i npu t  of a  r i g h t  

hand a lbedo.  



C y l i n d r i c a l  and S l a b  Geometry 

The t r a n s p o r t  k e r n e l  c a l c u l a t i o n s  i n  b o t h  c y l i n d r i c a l  and 

s l a b  geometry f o r  up t o  30 s p a c e  p o i n t s  have been  p l a c e d  a t  t h e  

u s e r ' s  o p t i o n .  

C e l l  Smear 

A smear o p t i o n  has  been  added which g i v e s  punched c a r d  

o u t p u t  of  a  smeared c e l l  which can  b e  used  f o r  r e g i o n  i n p u t  

t o  a  l a t e r  B R T - I  c a s e .  

The c e l l  smeared t a ( v )  , f f  (v) , t (v)  , t 
a r e  o b t a i n e d  from S o  

Jcell ' (+ 'v )  44"~)dV 
C (v)  = 9 

- 
v (v)  from 

- l c e l l  v ( r , v ) z f  ( r , v ) + ( r , v ) d v  
v (v) = 

and t h e  s c a t t e r i n g  k e r n e l  from 

The a n i s o t r o p i c  c o r r e c t e d  s c a t t e r i n g  k e r n e l  i s  - n o t  used  i n  

o b t a i n i n g  t h e  c e l l  smeared k e r n e l  i n  Equa t ion  ( 3 ) ,  s i n c e  t h i s  

c o r r e c t i o n  would n o r m a l l y  be  made i n  t h e  s u c c e e d i n g  c a s e  i n  



which t h e  smeared c e l l  d a t a  i s  used .  Note a l s o  t h a t  s i n c e  

Equa t ion  (3) i s  a p p l i e d  a t  each  speed ,  i t  i s  i m m a t e r i a l  whe the r  

f l u x  o r  n e u t r o n  d e n s i t y  w e i g h t i n g  is  u s e d .  The c e l l  smeared 

s o u r c e  i s  o b t a i n e d  by s imply  volume w e i g h t i n g  t h e  unnormal ized  

s o u r c e  d i s t r i b u t i o n ,  

- 
s ( v )  = /  s ( r , v ) d V  

c e l l  

The unnormal ized  r a t h e r  t h a n  t h e  normal i zed  s o u r c e  i s  u s e d  i n  

Equa t ion  (4) i n  o r d e r  t o  p r e s e r v e  t h e  r e l a t i v e  magnitude o f  

t h e  s lowing  down d e n s i t y  i n  t h e  smeared c e l l  w i t h  r e s p e c t  t o  

o t h e r  smeared c e l l s  o r  o t h e r  d i s s i m i l a r  modera t ing  m a t e r i a l s  

which may b e  p r e s e n t  i n  s u c c e e d i n g  c a s e s .  The u s e r  must f i r s t  

h a v e ,  o f  c o u r s e ,  p r o v i d e d  t h e  p r o p e r l y  n o r m a l i z e d  s p a t i a l  

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

I f  t h e  s lowing  down d e n s i t y  q ( r , v * )  i s  known f o r  t h e  

o r i g i n a l  c e l l ,  t h e n  

p r o v i d e s  t h e  c o r r e c t  n o r m a l i z a t i o n ,  where i r e f e r s  t o  i s o t o p e  

i and z S  i s  t h e  h i g h  ene rgy  s c a t t e r i n g  c r o s s  s e c t i o n  used  by 

e i t h e r  B R T- I  o r  RLITHE t o  g e n e r a t e  t h e  s o u r c e .  

The smeared c e l l  s e t  o b t a i n e d ,  a s  o u t l i n e d  above f o r  a  

non leakage  c a s e ,  w i l l  r ep roduce  t h e  c e l l  a v e r a g e  f l u x  spec t rum 

o f  t h e  o r i g i n a l  c a s e  e x a c t l y  when used  i n  a  succeed ing  i n f i n i t e  

medium c a s e  w i t h  a  f l a t  s p a t i a l  s o u r c e  d i s t r i b u t i o n  and t h e  

same a n i s o t r o p i c  s c a t t e r i n g  o p t i o n .  Such i s  - n o t  t h e  c a s e  

however,  i f  t h e  o r i g i n a l  c e l l  h a s  l e a k a g e ,  s i n c e  t h e  non-  

l e a k a g e  p r o b a b i l i t y  (dependent  on  b o t h  r and v)  has  n o t  been  

i n c l u d e d  i n  t h e  i n t e g r a l  of  t h e  numera to r s  o f  E q u a t i o n s  (3)  

and ( 4 )  above.  



A n i s o t r o p i c  S c a t t e r i n g  C o r r e c t i o n  

An approx ima te  method o f  c o r r e c t i n g  f o r  l i n e a r  a n i s o t r o p i c  

s c a t t e r i n g ( 4 )  is  i n c o r p o r a t e d  i n  Battelle-Revised-THERMOS. The 

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

c e l l  i s  l e f t  up t o  t h e  u s e r .  The o p t i o n  i s  c o n t r o l l e d  by t h e  

i n p u t  p a r a m e t e r  N A N 1  on Card 3 .  

The a n i s o t r o p i c  c o r r e c t i o n  t o  t h e  s c a t t e r i n g  k e r n e l  i s  

a p p l i e d  o n l y  t o  t h e  d i a g o n a l  t e r m s ,  i .  e .  , 

For m a t e r i a l s  w i t h o u t  a  f i r . s t  moment s c a t t e r i n g  k e r n e l  

2 
o (v )  " - s 1 3A 'so (v)  - ( 7 )  

i s  assumed. I n  o r d e r  t o  m a i n t a i n  n e u t r o n  b a l a n c e ,  t h e  a n i s o -  

t r o p i c  c o r r e c t i o n  must a l s o  b e  a p p l i e d  t o  t h e  t o t a l  c r o s s  

s e c t i o n ,  i . e . ,  

R e l a x a t i o n  C o r r e c t i o n  

The r e l a x a t i o n  r o u t i n e  i n t e r n a l  t o  t h e  f l u x  i t e r a t i o n  c a l -  

c u l a t i o n  h a s  been modi f i ed  t o  s w i t c h  t h e  c a l c u l a t i o n  t o  a  s t a n -  

d a r d  power i t e r a t i o n  i n  c a s e  of  numer ic  d i f f i c u l t i e s  ( o f t e n  

e n c o u n t e r e d  when u s i n g  t h e  A n i s o t r o p y  C o r r e c t i o n ) .  



Fission Cross Section Averaging 

Fission cross section averaging both microscopically per 

isotope and macroscopically for the cell has been included in 

the editing routines. 

Mixture Ex~ansion 

The code is now equipped to handle up to eight material 

mixtures. 

Transverse Buckling 

Battelle-Revised-THERMOS computes a correction factor of 
2 the DB form for finite transverse dimensions. The use of the 

option is controlled by the input parameter NBUCK (Card 3), as 

shown in the following table. 

THERMOS Geometry NBUCK B~ 

Slab or Cylinder 

Slab or Cylinder 

Slab 

Slab 

If NBUCK # 0, the extrapolation factor (BF) and dimension(s) 
(DZ, DY) are read from Card 4. The extrapolation factor is 

used to add an extrapolated distance d = (BF) (0.710446) (htr) 

to the input transverse dimensions, i.e., Z' DZ + d, 

y 0  = DY + d, R' = DZ + d. The buckling correction factor is 

applied to za(r,v) ; i.e., 

where 



Random Access  Data F i l e  ( 5 )  

The UNIVAC 1108 computer h a s ,  a s  p a r t  o f  t h e  hardware ,  

d i r e c t l y  a d d r e s s a b l e  drum s t o r a g e  w i t h  r e l a t i v e l y  s h o r t  

a c c e s s  t i m e s .  The s o f t w a r e  prov. ides  t h e  c a p a b i l i t y  of c r e a t i n g  

d a t a  f i l e s  i n  b i n a r y  form which can r e s i d e  on t h e s e  drums. 

Thus,  one obv ious  method o f  r e d u c i n g  t h e  t ime  r e q u i r e d  f o r  a  

c a l c u l a t i o n  i s  t o  u t i l i z e  t h e s e  drums a s  t h e  p e r i p h e r i a l  

s t o r a g e  d e v i c e  on which t h e  d a t a  l i b r a r y  r e s i d e s  d u r i n g  

e x e c u t i o n .  The t ime  r e q u i r e d  f o r  a  c a l c u l a t i o n  can  b e  r educed  

s t i l l  f u r t h e r  by u t i l i z i n g  t h e  d i r e c t  a d d r e s s i n g  c a p a b i l i t y  o f  

t h e  drum and a c c e s s i n g  on ly  t h a t  i n f o r m a t i o n  r e q u i r e d  f o r  t h e  

computa t ion .  

To c r e a t e  t h e  d i r e c t l y  a d d r e s s a b l e  drum f i l e  i t  i s  

n e c e s s a r y  t o  i d e n t i f y  each  un ique  d a t a  b l o c k  and t o  d e t e r m i n e  

t h e  r e l a t i v e  a d d r e s s  o f  t h i s  d a t a  b l o c k  w i t h  r e s p e c t  t o  t h e  

s t a r t i n g  a d d r e s s  o f  t h e  drum f i l e .  This  i n f o r m a t i o n  i s  t h e n  

made a  p a r t  o f  t h e  d a t a  f i l e  s o  t h a t  it i s  a v a i l a b l e  when t h e  

d a t a  f i l e  i s  u s e d .  

To u s e  t h e  d a t a  f i l e ,  i t  i s  n e c e s s a r y  t o  a t t a c h  a  name t o  

t h e  f i l e  when i t  i s  c r e a t e d .  T h i s  name i s  u s e d  t o  i d e n t i f y  , 

t h e  f i l e  t o  t h e  program v i a  t h e  c o n t r o l  c a r d ,  

V DAT name/ve r s ion ,n  

where t h e  name/vers ion  i s  t h e  name a t t a c h e d  t o  t h e  f i l e  when 

c r e a t e d ,  and n  i s  an i n t e g e r  from 0  t o  9 i n d i c a t i n g  which o f  

t h e  10 p o s s i b l e  d a t a  f i l e s  i s  t o  b e  i n i t i a l i z e d .  However, t h e  

v a l u e  o f  n  i s  n o t  a r b i t r a r y ;  i t  must be  t h e  same a s  t h a t  u s e d  

i n  t h e  program t o  r e f e r e n c e  t h e  d a t a  f i l e .  Hence, t h e  v a l u e  

o f  n  i s  un ique  and must be o b t a i n e d  from t h e  program i n p u t  

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

M u l t i ~ l e  E d i t s  

T h i s  o p t i o n  i s  used  t o  g e t  m u l t i p l e  group s t r u c t u r e  e d i t s  

w i t h  a  maximum o f  f i v e  b r o a d  groups  o v e r  t h e  energy  r a n g e .  



The o p t i o n  may be  invoked a s  many t imes a s  d e s i r e d  f o r  a  g iven  

run ,  t hus  a l lowing  many group o u t p u t s  w i th  minimum c o s t .  This  

o p t i o n  i s  c o n t r o l l e d  by t h e  v a r i a b l e  I B Y  on i n p u t  Card 2 a s  

d e s c r i b e d  i n  t h e  i n p u t  i n s t r u c t i o n s .  

I s o t r o ~ i c  Albedo Boundarv Condi t ion  

The BRT-I code can u t i l i z e  a  g e n e r a l i z e d  boundary condi-  

t i o n  i n  l i e u  o f  t h e  p r e s e n t  r e s t r i c t i o n  t o  on ly  vacuum o r  

r e f l e c t i n g  boundar ies .  Th i s  m o d i f i c a t i o n  i s  de sc r i bed  i n  

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

Cur ren t  C a l c u l a t i o n s  

Neutron c u r r e n t  c a l c u l a t i o n  r o u t i n e s  have been i nco rpo-  

r a t e d  i n t o  BRT-I. The neu t ron  c u r r e n t  i n fo rma t ion  i s  used t o  

weight  t h e  t r a n s p o r t  and f i r s t  moment s c a t t e r  c r o s s  s e c t i o n s .  

Two o p t i o n s  a r e  a v a i l a b l e ;  a  d i f f u s i o n  t heo ry  approximat ion,  

and an improved t echn ique  which u t i l i z e s  in fo rmat ion  con t a ined  

i n  t h e  t r a n s p o r t  m a t r i x ,  T ( r , r O , v )  . This  mod i f i c a t i on  i s  

d e s c r i b e d  i n  more d e t a i l  i n  a  l a t e r  s e c t i o n .  

I S O T R O P I C  A L B E D O  B O U N D A R Y  C O N D I T I O N  

The THERMOS code ( a t  p r e s e n t  c y l i n d r i c a l  geometry v e r s i o n  

on ly )  was modif ied  t o  a l low a  g e n e r a l i z e d  boundary c o n d i t i o n  

i n  l i e u  o f  t h e  p r e s e n t  r e s t r i c t i o n  t o  on ly  vacuum o r  r e f l e c t i n g  

boundar ies .  The m o d i f i c a t i o n  presupposes  t h e  knowledge o f  t h e  

v e l o c i t y  dependent  o u t e r  a lbedo  and i n  a d d i t i o n  c o n t a i n s  an 

i s o t r o p i c  boundary r e t u r n  assumption even i n  t h e  ca se  o f  A(v) 

= 1 f o r  a l l  v  (A i s  t h e  a lbedo ) .  S e v e r a l  a u t h o r s  ( 6 - 8 )  have 

shown t h a t  t h e  m i r r o r  r e f l e c t i o n  from t h e  e q u i v a l e n t  c y l i n d r i c a l  

boundary produces s i g n i f i c a n t  e r r o r  i n  t h e  c a l c u l a t e d  thermal  

d i s advan t age  f a c t o r s .  Honeck showed t h a t  u s ing  an i s o t r o p i c  

boundary r e t u r n  i n s t e a d  o f  m i r r o r  r e f l e c t i o n  from t h e  e q u i v a l e n t  

boundary does r e s u l t  i n  improved c a l c u l a t e d  l a t t i c e  pa r ame te r s ,  



t h e  most n o t a b l e  improvement b e i n g  t o  t h e  t h e r m a l  d i s a d v a n t a g e  

f a c t o r .  H i s  method of  o b t a i n i n g  a n  i s o t r o p i c  boundary c o n d i -  

t i o n  was t o  add an e x t r a  r e g i o n ,  e i t h e r  c o n t a i n i n g  a  heavy 

s c a t t e r e r  o r  homogenized c e l l  m i x t u r e ,  o u t s i d e  t h e  c y l i n d r i c a l  

c e l l .  The method o u t l i n e d  h e r e i n  can  be used  i n s t e a d  o f  add ing  

an  e x t r a  r e g i o n .  

The m o d i f i c a t i o n  i n c l u d e d  i n  BRT-I i s  accompl ished  a s  

f o l l o w s  : 

i s  r e p l a c e d  i n  t h e  c a l -  The r e g u l a r  t r a n s p o r t  k e r n e l  Tnki  

c u l a t i o n  by T X n k i  where t h e  s u b s c r i p t s  n  and k  r e f e r  t o  geo-  

m e t r i c  r e g i o n s ,  t h e  s u b s c r i p t  i (which w i l l  be dropped h e r e -  

a f t e r  f o r  conven ience )  r e f e r s  t o  a  speed  g roup ,  Tvac  r e f e r s  t o  

t h e  k e r n e l  a s  no rmal ly  c a l c u l a t e d  by BRT ( o r  t h e  o r i g i n a l  

THERMOS) under  t h e  vacuum boundary c o n d i t i o n ,  and 

where V and c a r e  t h e  volume p e r  u n i t  l e n g t h  and t o t a l  c r o s s  

s e c t i o n ,  r e s p e c t i v e l y ,  and sb i s  t h e  s u r f a c e  a r e a  p e r  u n i t  

l e n g t h  of  t h e  o u t e r  boundary .  

T H E O R Y  O F  M O D I F I C A T I O N  

A g e n e r a l i z e d  i s o t r o p i c  boundary c o n d i t i o n  i s  f o r m u l a t e d  

f o r  symmetr ic  c y l i n d r i c a l  geometry ,  i n t e g r a l  t r a n s p o r t  t h e o r y  

s o l u t i o n s  i n  t e rms  of  a n  assumed known o u t e r  a l b e d o .  The i n c l u -  

s i o n  of  s u c h  an  a l b e d o  boundary c o n d i t i o n  r e q u i r e s  o n l y  a  s i m -  

p l e  m o d i f i c a t i o n  of  t h e  o r d i n a r y  f i r s t  f l i g h t  c o l l i s i o n  



p r o b a b i l i t i e s .  ( l o '  11) T h i s  m o d i f i c a t i o n  i s  d e r i v e d  by s imply  

e x t e n d i n g  L e s l i e  e t  a l .  ( I 2 )  " o v e r a l l "  c o l l i s i o n  p r o b a b i l i t y  

arguments  t o  a l l o w  a  known boundary e s c a p e .  

Cons ide r  an i n f i n i t e l y  l o n g  c y l i n d r i c a l  sys t em,  bounded 

r a d i a l l y  a t  o u t e r  r a d i u s  R b ,  and composed of  N a n n u l a r  r e g i o n s .  

Wi th in  t h i s  sys tem c o n s i d e r  a  number o f  n e u t r o n s  s t a r t i n g  from 
* an i s o t r o p i c ,  s p a t i a l l y  un i fo rm d i s t r i b u t i o n  i n  some a n n u l a r  

Region j .  The f r a c t i o n  P;, w i l l  c o l l i d e  i n  a n n u l a r  Region k ,  
J 1 Pjm w i l l  c o l l i d e  i n  r e g i o n s  o t h e r  t h a n  Region k ,  and 

a l l  m#k 

P j b  = 1 - Pjm w i l l  r e a c h  t h e  boundary w i t h o u t  p r e v i o u s  

c o l l i s i o n .  Of t h e  f i r s t  f l i g h t  n e u t r o n s  r e a c h i n g  t h e  boundary ,  

t h e  F r a c t i o n  1 - A ,  where A i s  t h e  a l b e d o ,  w i l l  e s c a p e  t h e  s y s -  

tem and t h e  F r a c t i o n  A a r e  assumed t o  b e  i s o t r o p i c a l l y  

r e t u r n e d .  Of t h e s e  r e t u r n e d  n e u t r o n s ,  t h e  F r a c t i o n  Pbk w i l l  
N 

c o l l i d e  i n  Region k  and Pbb = 1 -x Pbm w i l l  r e a c h  t h e  

boundary a g a i n .  m= 1 

The F r a c t i o n  A o f  t h e s e  n e u t r o n s  r e a c h i n g  t h e  boundary w i l l  

bounce o f f  i t  i s o t r o p i c a l l y .  A f r a c t i o n  Pbk o f  t h e  r ema in ing  

n e u t r o n s  w i l l  c o l l i d e  i n  Region k  and s o  on .  

Summing a l l  t h e  a p p r o p r i a t e  c o l l i s i o n  p r o b a b i l i t i e s  g i v e s  

t h e  " o v e r a l l "  o r  t o t a l  p r o b a b i l i t y  (P* ) o f  c o l l i s i o n  i n  
j k  

Region k  f o r  a  n e u t r o n  b o r n  u n i f o r m l y  i n  Region j ;  i . e . ,  

p* = p  + PjbAPbk + PjbAPbbAPbk 2 
~ k  j k  

+ P  (APbb) APbk+. . . . , 
j b  



Due t o  t h e  i s o t r o p i c  boundary r e t u r n  assumpt ion  Pbk can  be 

found from t h e  s t a n d a r d  r e c i p r o c a l  r e l a t i o n s h i p ( 1 3  , I 4 )  

where V k ,  sb and Z k  a r e  t h e  volume p e r  u n i t  l e n g t h ,  boundary 

s u r f a c e  a r e a  p e r  u n i t  l e n g t h ,  and t o t a l  c r o s s  s e c t i o n  o f  

a n n u l a r  Region k ,  r e s p e c t i v e l y .  The o r d i n a r y  c o l l i s i o n  p roba-  

b i l i t i e s  needed t o  complete  t h e  P* d e f i n i t i o n s  a r e  p r e s e n t l y  

c a l c u l a t e d  by b o t h  t h e  r a y  t r a c i n g ,  and c o s i n e  c u r r e n t  ( 3 )  

methods. 

I t  can  be  shown t h a t  t h e r e  i s  n e u t r o n  c o n s e r v a t i o n  from, 

where t h e  t o t a l  e s c a p e  p r o b a b i l i t y  P* can  be  d e r i v e d  i n  a  
j o  

manner s i m i l a r  t o  t h a t  u sed  t o  o b t a i n  t h e  t o t a l  c o l l i s i o n  
* 

p r o b a b i l i t i e s  P j k .  

The f i r s t  f l i g h t  c o l l i s i o n  p r o b a b i l i t y  Pjki  can  b e  r e l a t e d  

t o  t h e  u n c o l l i d e d  f l u x  T k j i  by t h e  f o l l o w i n g  e x p r e s s i o n  



N E U T R O N  C U R R E N T  C A L C U L A T I O N  

The c a l c u l a t i o n  o f  t h e  d i f f u s i o n  c o e f f i c i e n t  i n  t h e  

THERMOS/BATTELLE c o d e ( 2 )  i s  based  on t h e  n e u t r o n  c u r r e n t .  

T h i s  v e r s i o n  u t i l i z e d  t h e  d i f f u s i o n  t h e o r y  approximat ion  i n  

computing t h e  c u r r e n t  ( i .  e .  , g r a d i e n t  o f  t h e  f l u x )  . 
T h i s  approximat ion  can  b e  shown i n  e q u a t i o n  form a s  

where o $ ( v , r )  i s  c a l c u l a t e d  by a  l e a s t  s q u a r e s  f i t  of  t h e  l o g  

o f  t h r e e  n e i g h b o r i n g  f l u x  p o i n t s .  

An improved approximat ion(15)  which u s e s  i n f o r m a t i o n  

c o n t a i n e d  i n  t h e  t r a n s p o r t  m a t r i x  h a s  been  inco ' rpora ted  i n t o  

t h e  Battelle-Revised-THERMOS code .  T h i s  method i s  d e s c r i b e d  

below. 

I n  t h e  THERMOS code ,  t h e  b a s i c  n e u t r o n  b a l a n c e  e q u a t i o n  i s  

w r i t t e n  a s  ( 1  1 

N(r,v) = / H 1  ( r l  ,v)T(r,rl  - - ,V)drt - , u 6 1  

where N( r ,v )dv  - i s  t h e  number d e n s i t y  o f  n e u t r o n s  a t  p o s i t i o n  
1 r hav ing  speed  v  i n  dv,  and H 1 ( r , v )  = H ( r , v )  where H ( r , v )  dv - - - - 

i s  t h e  b i r t h  r a t e  d e n s i t y  o f  n e u t r o n s  a t  p o s i t i o n  - r w i t h  speeds  

i n  dv.  The k e r n e l  T ( r , r l , v )  - - r e p r e s e n t s  t h e  f l u x  o f  u n c o l l i d e d  

n e u t r o n s  a t  - r produced by a  u n i t  s o u r c e  o f  n e u t r o n s  o f  speed v  

l o c a t e d  a t  - r l .  

Cons ide r  a  one-d imens iona l  sys tem ( s l a b ,  c y l i n d e r ,  o r  

s p h e r e )  and d e n o t e  t h e  s p a t i a l  c o o r d i n a t e  by r .  Cons ide r  a  

s u r f a c e  r = ro,  which i s  e i t h e r  a  p l a n e  o r  t h e  s u r f a c e  o f  a  

c y l i n d e r  o r  s p h e r e .  The n e t  n e u t r o n  c u r r e n t  c r o s s i n g  t h e  

s u r f a c e  r = ro can  b e  de te rmined  a s  f o l l o w s .  



F i r s t  assume t h a t  no n e u t r o n s  l e a k  from t h e  sys t em.  

Suppose t h a t  a  u n i t  s o u r c e  o f  n e u t r o n s  o f  speed  v  i s  l o c a t e d  

a t  a  p o i n t  - r l ,  where r 1  > r . The u n c o l l i d e d  f l u x  a t  any o t h e r  
0 

p o i n t  - r" i s  t h e n  T ( r " , r f , v ) .  - Thus t h e  number o f  f i r s t  c o l l i -  

s i o n s  which o c c u r  p e r  u n i t  t ime i n  t h e  r e g i o n  r" < r i s  -- 0 

g iven  by 

N 1 = /  T(r l ' , r l ,v )  - A z t  (rl',v)dr" - - . ( 1  7 )  

r t  < ro 

S i n c e  one n e u t r o n  i s  produced p e r  u n i t  t i m e ,  t h i s  e x p r e s s i o n  

a l s o  r e p r e s e n t s  t h e  f r a c t i o n  of  n e u t r o n s  b o r n  a t  - r 1  which f low 

a c r o s s  t h e  s u r f a c e  S i n c e  v H ' ( r l , v )  - n e u t r o n s  a r e  b o r n  

a t  - r 1  p e r  u n i t  t i m e ,  t h e  t o t a l  number o f  n e u t r o n s  p e r  u n i t  t ime  

which f low a c r o s s  ro i n  t h e  d i r e c t i o n  o f  d e c r e a s i n g  r i s  g i v e n  

r l>rO r"qO 

where S ( r o )  i s  t h e  a r e a  o f  t h e  s u r f a c e  r = ro.  S i m i l a r l y ,  i t  

f o l l o w s  t h a t  

The n e t  n e u t r o n  c u r r e n t  f lowing  a c r o s s  t h e  s u r f a c e  i s  t h e n  

I f  one c o n s i d e r s  a sys tem w i t h  l e a k a g e  o u t  one s u r f a c e ,  

s a y  r = r t h e  above e x p r e s s i o n s  must be m o d i f i e d  s l i g h t l y .  s ' 
For a  u n i t  s o u r c e  o f  n e u t r o n s  a t  r l ,  t h e  r a t e  o f  f i r s t  c o l l i -  - 
s i o n s  i n  t h e  e n t i r e  sys tem i s  -- 

a l l  r" 



S i n c e  one  n e u t r o n  i s  produced p e r  u n i t  t i m e ,  Q ( r l , v )  - i s  a l s o  

t h e  f i r s t - f l i g h t  non leakage  p r o b a b i l i t y  f o r  n e u t r o n s  born  a t  

r l .  The c o r r e s p o n d i n g  l e a k a g e  p r o b a b i l i t y  i s  d e f i n e d  by - 

With l e a k a g e  o c c u r r i n g  th rough  t h e  s u r f a c e  r = r s ,  t h e  e x p r e s -  

s i o n  f o r  J - ( r 0 , v ) ,  Equa t ion  ( 1 8 ) ,  remains  unchanged e x c e p t  t h a t  

t h e  - r '  i n t e g r a t i o n  now r u n s  o v e r  r s r l  s r  . The e x p r e s s i o n  
0 S 

f o r  J + ( r o , v )  must b e  a l t e r e d  t o  accoun t  f o r  t h o s e  n e u t r o n s  

which c r o s s  t h e  s u r f a c e  r = ro and c o n t i n u e  on t o  l e a v e  t h e  

sys t em t h r o u g h  t h e  s u r f a c e  r = rS.  C l e a r l y ,  t h e  a p p r o p r i a t e  

e x p r e s s i o n  i s  

The m o d i f i e d  c u r r e n t  e q u a t i o n s  a r e  t h e n  g i v e n  by 

and 



One o t h e r  c a s e  r ema ins ,  namely t h a t  o f  t h e  doub le  vacuum 

boundary s l a b .  For t h i s  s p e c i a l  c a s e ,  i t  i s  n e c e s s a r y  t o  have 

a d d i t i o n a l  i n f o r m a t i o n  abou t  which s i d e  of  t h e  s l a b  t h e  n e u t r o n s  

l e a k  o u t .  T h i s  i n f o r m a t i o n  can  be made a v a i l a b l e  a t  t h e  t i m e  o f  

t h e  T ( r , r l , v )  - - m a t r i x  c a l c u l a t i o n .  The l e f t  and r i g h t  hand 

l eakage  i s  t h e n  g i v e n  approx ima te ly  by 

and 

where T ( r - ,  - - r l , v )  and T ( r + , r l , v )  - - a r e  d e f i n e d  a s  t h e  f l u x  t r a n s -  

p o r t  from r 1  t o  t h e  l e f t  hand and r i g h t  hand boundary - r - and 

r + ,  r e s p e c t i v e l y .  - 

E F F E C T  O F  M O D I F I C A T I O N S  

The e f f e c t  o f  add ing  a  t r a n s v e r s e  b u c k l i n g  o r  u s i n g  a  

w h i t e  boundary c o n d i t i o n  was t e s t e d  on a  0.75 i n .  s q u a r e  p i t c h  

- 2.36 w t %  e n r i c h e d  U 0 2  c e l l .  I n  a l l  c a s e s  t h e  a n i s o t r o p i c  

s c a t t e r i n g  c o r r e c t i o n  was used .  Case 1 ( t h e  b a s e  c a s e )  had a  

r e f l e c t i n g  boundary c o n d i t i o n .  I n  Case 2 an e f f e c t i v e  a x i a l  

h e i g h t  o f  105 .31  cm was u s e d .  I n  Case 3  t h e  w h i t e  boundary con-  

d i t i o n  was u s e d .  The e f f e c t  on t h e  v a r i o u s  l a t t i c e  p a r a m e t e r s  

can  be  s e e n  by comparing t h e  r e s u l t s  i n  Tab le  I .  

A s  e x p e c t e d ,  t h e  s p e c t r a l  change caused  by t h e  r e l a t i v e l y  

s m a l l  a x i a l  b u c k l i n g  i s  a lmos t  n e g l i g i b l e .  However, f o r  t h i s  

t i g h t  o f  a  p i t c h e d  l a t t i c e ,  t h e  e f f e c t  of  n o t  u s i n g  t h e  more 

p r o p e r  w h i t e  boundary c o n d i t i o n  c o u l d  c a u s e  abou t  a  0 . 3 %  u n d e r -  

p r e d i c t i o n  i n  t h e  c e l l  km . 



TABLE I. E f f e c t  o f  M o d i f i c a t i o n  

L a t t i c e  
Parameter  

Base Case Buckl ing  Case 

Case 1 Case 2 

White 
Boundary Case 

Case 3 

The e f f e c t  o f  t h e  improved c u r r e n t  c a l c u l a t i o n  on t h e  

d i f f u s i o n  c o e f f i c i e n t  h a s  been  de te rmined  f o r  some p lu ton ium 

f u e l e d  H 2 0  modera ted  r e a c t o r  sys t ems .  C a l c u l a t e d  d i f f u s i o n  

c o e f f i c i e n t s  a r e  compared i n  T a b l e  11. I n c l u d e d  a r e  r e s u l t s  

o b t a i n e d  u s i n g  t h e  HAMMER code .  ( 3 )  The f i r s t  column i s  from 

HAMMER, t h e  second shows c a l c u l a t i o n s  from t h e  f o r e g o i n g  

t h e o r y  i n  BRT-I, and t h e  t h i r d  column shows v a l u e s  c a l c u l a t e d ,  

u s i n g  t h e  g r a d i e n t  c a l c u l a t i o n  which was r e p o r t e d  i n  t h e  

THERMOS/BATTELLE document.  ( 2 )  



TABLE 11. C a l c u l a t e d  D i f f u s i o n  C o e f f i c i e n t s  

Case D i f f u s i o n  C o e f f i c i e n t s  

H M.IME R T C a l c .  -Do. $ 

Slab Geometry 

MTR Phoenix Cell (16) 0.267 0.250 0.671 

Cylindrical Geometrv 

EBWR Cri t icals  
0.55 in. Lattice Cell (17) 

Saxton Cr i t ica ls  
0.80 in.  Lattice Cell (18) 

Saxton Cr i t ica ls  
0.52 in.  Lattice Cell (18) 

I N P U T  I N S T R U C T I O N S  

T h i s  s e c t i o n  d e s c r i b e s  t h e  i n p u t  i n s t r u c t i o n s  f o r  B R T - I .  
The f o l l o w i n g  u n l t s  a r e  u s e d  t h r o u g h o u t  t h e  i n p u t :  

Cross  s e c t i o n s  - b a r n s  

C o n c e n t r a t i o n s  - n u c l e i  p e r  barn.cm 

Speed - 2200 m/sec 

Mass - n e u t r o n  mass u n i t s  

Tempera ture  - 293.6 O K  

Dimens ions - c e n t i m e t e r s  



P R O B L E M  IDENTIFICATION A N D  BYPASS 

V a r i a b l e  
C a r d N o .  Format E n t r y  D e s c r i p t i o n  

Card 1 (72H) - - -  7 2  H o l l e r i t h  c h a r a c t e r  i d e n t i -  

f i c a t i o n  w i t h  a  one i n  Column 1 

f o r  program c o n t r o l  of  p r i n t e r .  

Card 2 (315) IDENT, I d e n t i f i c a t i o n  number. I f  

n e g a t i v e  o r  z e r o ,  program 

e x i t s .  

I B Y  Bypass,  normal ly  z e r o .  I f  

> 0 ,  t h e  c r o s s  s e c t i o n s  used  

f o r  t h e  l a s t  c a s e  w i l l  b e  used  

a g a i n .  I f  < 0 ,  t h e  e d i t  from 

t h e  l a s t  c a s e  w i l l  be r e p e a t e d  

w i t h  new p a r a m e t e r s .  

NTLIBE Tape u n i t  l i b r a r y  mounted on 

(normal ly  8 )  . 
Note: I f  IBY > 0 ,  go t o c a r d  29.  I f  IBY < 0 ,  go t o  Card 33.  

P R O B L E M  SIZE A N D  C O N T R O L  

Card 3  (1015) N X ,  Number o f  s p a c e  p o i n t s  s 30 

1 x 9  Number o f  speed p o i n t s  < 30 
EIX , Number o f  m i x t u r e s  5 8 

ISOX, Number o f  i s o t o p e s  used  in .  

c e l l  from l i b r a r y *  

I  SOXE , Number o f  i s o t o p e s  u s e d  i n  

e d i t  from l i b r a r y *  

ICX, Number o f  i s o t o p e s  used  i n  

c e l l  n o t  from l i b r a r y *  

ICXE, Number o f  i s o t o p e s  used  i n  

e d i t  n o t  from l i b r a r y *  

* The o n l y  r e s t r i c t i o n  on t h i s  i s  t h a t  I S O X  + I C X  + I S O X E  
+ I C X E  5 3 0 .  



V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

Card 3  
Con t l  d  

NAN I 

NRSMR 

NBUCK 

= 1 f o r  a n i s o t r o p y  c o r r e c -  

t i o n  t o  t h e  s c a t t e r i n g  

k e r n e l  and c r o s s  s e c t i o n  o f  

each  m a t e r i a l  u sed  i n  t h e  

c e l l .  

Number o f  e x t e r n a l  s o u r c e  

d a t a  s e t s  t o  be r e a d .  

Type o f  t r a n s v e r s e  b u c k l i n g  

lNBUCK = 0 / 1 / 2 / 3 ,  B~ 

T R A N S V E R S E  B U C K L I N G  P A R A M E T E R S  

(IGNORE I F  NBUCK = 0) 

Card 4 (3E10.5) BF Buckl ing  f a c t o r  - i . e . ,  

number o f  e x t r a p o l a t e d  d i s -  

t a n c e s  t o  be  added t o  t h e  

t r a n s v e r s e  b u c k l i n g  

d imens ions .  

C y l i n d r i c a l  h e i g h t ,  p l a n e  

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

r a d i u s .  

DY P l a n e  w i d t h .  

M I X T U R E  T A B L E  

Card 5 (3011) (MTBL (N) , Mixtu re  number (1-8)  

N =  1 ,NX) a s s i g n e d  t o  each  s p a c e  

p o i n t  N .  



D E S C R I P T I O N  O F  I S O T O P E S  U S E D  I N  C E L L  FROM L I B R A R Y  

(IGNORE I F  ISOX = 0) 

V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

WSTBA(J) , t h  
Card 6 2F5.0 F i r s t  i d e n t  o f  j- i s o t o p e  

u s e d  i n  c e l l .  

WSTBB ( J )  , t h  Second i d e n t  o f  j- i s o t o p e  

used  i n  c e l l .  

(MX)E10.5 (CONCTA(J, , 
t h  C o n c e n t r a t i o n  of  t h e  j- 

M) , M = 1  ,MX) , i s o t o p e  used  i n  t h e  c e l l  
t h  i n  t h e  M- m i x t u r e .  

1E10.5 AMAS (J)  I s o t o p e  mass used  i n  mubar 

c a l c u l a t i o n  i f  f i r s t  moment 

k e r n e l  i s  n o t  a v a i l a b l e .  

Repeat  Card 6 f o r  J = 1, 

ISOX 

D E S C R I P T I O N  OF I S O T O P E S  U S E D  I N  E D I T  FROM L I B R A R Y  

(IGNORE I F  ISOXE = 0 )  

Card 7 
t h  

F i r s t  i d e n t  o f  j- i s o t o p e  

u s e d  i n  e d i t .  

WSTBB ( J )  , t h  
Second i d e n t  of  j- i s o t o p e  

u s e d  i n  e d i t .  

CONCTA ( J )  
t h  

1E10.5 C o n c e n t r a t i o n  o f  j- i s o t o p e  

used  i n  e d i t .  

Repeat  Card 7 f o r  J 

= 1, ISOXE 



V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

S P E E D  M E S H  

( I F  ISOX + ISOXE f 0 ,  IGNORE THIS ITEM.) 

Card 8 (7E10.5) ( ( 1  , I = l , I X )  Speed mesh p o i n t s ,  v i ,  i n  

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

Repeat  Card 8 a s  many t i m e s  

a s  n e c e s s a r y .  

Card 9 (7E10.5) ( ( 1  1 1  1 I n t e g r a t i o n  w e i g h t s  f o r  

speed  mesh. 

Repeat  Card 9 a s  many t i m e s  

a s  n e c e s s a r y .  

D E S C R I P T I O N  O F  I S O T O P E S  U S E D  I N  C E L L  N O T  F R O M  L I B R A R Y  

(IGNORE I F  ICX = 0) 

Card 10 2F5.0 WSTBA(LP) , t h  F i r s t  i d e n t  of  t h e  LP- 

i s o t o p e  u s e d  i n  c e l l .  

WSTBB (LP) , t h  Second i d e n t  of  t h e  LP- 

i s o t o p e  u s e d  i n  c e l l .  

t h  (MX)E10.5 CONCTA(LP,M) , C o n c e n t r a t i o n  of  t h e  LP- 
M = l,MX), i s o t o p e  u s e d  i n  Mix tu re  M .  

1E10.5 AMAS ( LP) t h  Mass o f  t h e  LP- i s o t o p e .  

Card 11 2 1  5  NXAT , I f  (NXAT = 0) t a b u l a r  i n p u t  

I f  (NXAT # 0) o a  and o f  

a r e  l / v ,  and a i s  c o n s t a n t .  
S 

NKERT S c a t t e r i n g  i n p u t  i n d i c a t o r .  

I f  (NKERT = - 2 )  P ( v '  -+ v ) ,  

u ( v ) ,  and os l (v)  a r e  
S O  

t a b u l a r .  

I f  (NKERT = -1)  P ( v '  -+ v )  

and u s  (v)  a r e  t a b u l a r .  



V a r i a b l e  
Card No. Format E n t r y  

Card 11 

Cont ' d  

NKERT 

Cont ' d  

D e s c r i p t i o n  

I f  (NKERT = 0) oSO (v) i s  

t a b u l a r .  

P ( v  -+ v)  = o ( v )  and P  
S O  

( v ' +  V) = 0  f o r  V '  # V .  

I f  (NKERT > 0 )  P ( v '  + v)  

and o (v)  a r e  c a l c u l a t e d  
S O  

i n t e r n a l l y .  NKERT i s  t h e n  

t h e  number o f  t e rms  i n  t h e  

sum o f  e x p o n e n t i a l 5  i n  t h e  

Brown S t .  John Gas Model. 

Tempera ture  o f  L P ~  i s o t o p e  

f o r  t h e  c a l c u l a t i o n  o f  t h e  

s c a t t e r i n g  k e r n e l .  I g n o r e  

i f  NKERT 50. 

3A6 (HOLC (J) , Alphanumeric  i d e n t i f i c a t i o n  
J.=1 , 3) of  LPG i s o t o p e .  

t h  I f  (NXAT # 0) a l l  LP- i s o t o p e ' s  c r o s s  s e c t i o n s  a r e  i n p u t  h e r e  

Card 1 2  (7E10.5) VALXA o = VALXA/V(I) , I  = l , I X  a  
VALXF Of = VALXF/V(I) , I = 1, IX 

VNU v = VNU 

VALXS o  = VALXS, I  = l , I X  
S 

t h  I f  (NXAT = 0) a l l  c r o s s  s e c t i o n s  f o r  t h e  LP- i s o t o p e  a r e  

i n p u t  h e r e  - 

Card 1 3  (7E10.5) (XA(1) , I=l . ,  IX) T a b u l a r  a b s o r p t i o n  c r o s s  

s e c t i o n s .  Repeat  Card 1 3  

a s  many t i m e s  a s  n e c e s s a r y .  

Card 14 (7E10.5) (XF(1) , I = l ,  T a b u l a r  f i s s i o n  c r o s s  
I  X I  s e c t i o n s .  Repeat  Card 1 4  

a s  many t i m e s  a s  n e c e s s a r y .  

Card 1 5  1E10.5 VNU Average v f o r  the rma l  

f i s s i o n .  



V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

I f  fNKERT > 0) S k i p  t o  Card 19 

Card 16  (7E10.5) ( (PP(1 ,J )  , T a b u l a r  s c a t t e r i n g  k e r n e l  
I = l , I X )  , v a l u e s .  (Neg lec t  i f  NKERT 
J = l ,  IX) 

> - 1 ) .  

Card 1 7  (7E10.5) (XS(1) , I = l ,  T a b u l a r  s c a t t e r i n g  c r o s s -  
1x1 s e c t i o n  v a l u e s .  

(Neg lec t  i f  NKERT > 0 ) .  

Card 1 8  (7E10.5) ( X S l ( I ) ,  T a b u l a r  1st  moment s c a t t e r -  
I = 1 ,  IX) i n g  c r o s s - s e c t i o n  v a l u e s .  

(Neg lec t  i f  NKERT > - 2 ) .  

I ~ n o r e  Card 19 i f  NKERT < O  

Card 19 ( 3 ~ 1 0 . 5 )  AT (N) , 

AKT ( N )  

C r o s s - s e c t i o n  a used  i n  
t h  n  t h  t h e  n- term o f  t h e  LP- 

i s o t o p e  s c a t t e r i n g  k e r n e l .  

t h  Mass used  i n  n- term o f  
t h  LP- i s o t o p e  s c a t t e r i n g  

k e r n e l .  

t h  Value xn  u sed  i n  n- term 
t h  of LP- i s o t o p e  s c a t t e r i n g  

k e r n e l .  

Repeat  Card 19 f o r  N = 1, NKERT 

Note:  Cards 10 th rough  1 9 ,  a s  needed ,  a r e  r e p e a t e d  ICX t i m e s  

s o  t h a t  LP = ISOX+l,ISOX + ICX. 

D E S C R I P T I O N  O F  I S O T O P E S  U S E D  I N  E D I T  NOT FROM L I B R A R Y  

(IGNORE I F  ICXE = 0) 

Card 2 0  2F5.0 IVSTBA ( J )  , F i r s t  i d e n t  o f  J? i s o t o p e  

used  i n  e d i t .  

WSTBB ( J )  , t h  Second i d e n t  o f  J- i s o t o p e  

u s e d  i n  e d i t .  



Card No. 

Card 20 
Cont ' d  

Card 2 1  

V a r i a b l e  
Format E n t r y  

1E10.5 CONCTA ( J )  

215 NXAT 

NXAF 

2E10.5 VALXA 

VALXF 

D e s c r i p t i o n  

t h  C o n c e n t r a t i o n  of  J- i s o t o p e  

used  i n  e d i t .  

t h  I f  z e r o ,  a a  f o r  t h e  J- 

i s o t o p e  i s  t a b u l a r .  I f  

n o n - z e r o ,  a  i s  l / v .  a  

I f  z e r o ,  o f  f o r  t h e  J- t b  
i s o t o p e  i s  t a b u l a r .  I f  

n o n - z e r o ,  o f  i s  l / v .  

I f  NXAT # 0 ,  a a ( v )  = 

VALXA/v . 
I f  NXAF # 0,  o f  (v) = 

VALXF/v. 

Alphanumeric  i d e n t i f i c a t i o n  
t h  o f  t h e  J- i s o t o p e .  

Card 2 2  (7E10.5) (XAT(J, I )  , T a b u l a r  m i c r o s c o p i c  
I = 1, IX)  a b s o r p t i o n  c r o s s  s e c t i o n  

o f  t h e  ~ f h  i s o t o p e .  

I g n o r e  i f  NXAT # 0.  

C a r d 2 3  (7E10.5) (XFT(J,I) ,  T a b u l a r  m i c r o s c o p i c  f i s s i o n  
I  = 1, IX) t h  c r o s s  s e c t i o n  o f  t h e  J- 

i s o t o p e .  I g n o r e  i f  

NXAF # 0. 

Note:  Cards 20 t h r o u g h  23, a s  needed,  a r e  r e p e a t e d  

ICXE t i m e s  s o  t h a t  J = ISOXE+l, ISOXE+ICXE. 



BNWL-1434 

V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

S L O W I N G  DOWN S O U R C E  D A T A  

Card 24 (315) NSC,* Number o f  Cards 26 r e q u i r e d  

f o r  s o u r c e  d e f i n i t i o n .  

NST I f  5 0 ,  a  s p a t i a l l y  f l a t  

s o u r c e  i s  u s e d .  I f  > 0 ,  t h e  

d i s t r i b u t i o n  S d ( r i )  i s  r e a d .  

NPRNT I f  n o n - z e r o  t h e  unnormal i zed  

s o u r c e  i s  p r i n t e d  o u t .  

I g n o r e  Card 24 i f  NST r 0 

Card 25 (7E10.5) (SD(N), S p a t i a l  s o u r c e  d i s t r i b u t i o n  
N = l  ,NX) S d ( r i )  Repeat  Card 24 a s  

many t i m e s  a s  n e c e s s a r y .  

Card 26 I 5  M Mix tu re  number ( 1 - 8 )  i n  

which t h i s  s o u r c e  i s  u s e d .  

HXS , 

Mass used  i n  t h e  c a l c u l a t i o n  

o f  t h i s  s o u r c e .  

Mic roscop ic  h i g h  e n e r g y  

c r o s s  f o r  s o u r c e .  

HCON , C o n c e n t r a t i o n  o f  i s o t o p e  

f o r  t h i s  s o u r c e .  

TP E f f e c t i v e  t e m p e r a t u r e  o f  

p r o t o n s .  I f  t h i s  e r r o r  

f u n c t i o n  c o r r e c t i o n  i s  n o t  

u s e d ,  TP = 0 .  

E x t e r n a l  Source  Data (Neg lec t  i f  NRSMR = 0) 

Card 2 7  I 5  M Mix tu re  t o  which t h i s  

s o u r c e  i s  a s s i g n e d .  

E12.5 HCON C o n c e n t r a t i o n  of  t h i s  

s o u r c e  i n  Mix tu re  M .  

* Normal ly  = 0 s i n c e  t h e  s o u r c e  f o r  l i b r a r y  i s o t o p e s  i s  s t o r e d  
on t h e  l i b r a r y  t a p e .  I f  # 0, t h e s e  s o u r c e s  a r e  added on  t o  
t h o s e  from t a p e .  Card 2 6  i s  r e p e a t e d  u n t i l  NSC c a r d s  have 
b e e n  r e a d .  

24 



V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

Card 28 (7E10.5) ( S P ( I ) ,  I n p u t  s o u r c e  f o r  Mix tu re  M .  
I = 1 ,  IX) 

Cards 27 and 28 a r e  r e p e a t e d  NRSMR t i m e s .  

G E O M E T R Y  D A T A  F O R  E I T H E R  S L A B  O R  C Y L I N D R I C A L  G E O M E T R Y  

Card 29 ( 7 1 5 )  LEAKT, a .  < 0 ,  F u l l  s l a b  w i t h  

vacuum b o u n d a r i e s .  

b .  = 0 ,  C y l i n d e r  o r  h a l f  

s l a b .  Vacuum o r  w h i t e  

a l b e d o  boundary.  

c .  = 1, s l a b  o r  c y l i n d e r  

w i t h  r e f l e c t i n g  

b o u n d a r i e s .  

NXA, 

NGEOM, 

NCUR 

Number o f  r e g i o n s .  

a .  = 1, Regu la r  c y l i n -  

d r i c a l  geometry w i t h  

Argonne c o r r e c t i o n s .  

b .  = 2 ,  F a s t  c o s i n e  c u r -  

r e n t s ;  c y l i n d r i c a l  

geometry;  from SRL. 

c .  = 3 ,  Regu la r  s l a b  

geometry w i t h  Argonne 

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

d .  = 4 ,  F a s t  c o s i n e  c u r -  

r e n t s ;  s l a b  geometry;  

from SRL. 

a .  = 0,  C u r r e n t  c a l c u l a -  

t i o n  u s i n g  T m a t r i x .  

b .  = 1, C u r r e n t  c a l c u l a -  

t i o n  u t i l i z i n g  f l u x  

g r a d i e n t  c a l c u l a t i o n .  

c .  f 0,  1 C u r r e n t  s e t  

e q u a l  t o  t h e  f l u x .  



V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

Card 29 NPSMR, a .  = 0 ,  S u p p r e s s e s  c e l l  

( c o n t d )  smear o p t i o n .  

b .  ,= 1, W r i t e s  o u t  and 

g i v e s  punched c a r d  

i n p u t  t o  a  l a t e r  c a s e .  

c .  > 1, S u p p r e s s e s  c a r d  

o u t p u t  

MICROP, 

NAX , 

a .  = 0 ,  Suppress  d i s -  

advan tage  f a c t o r  o p t i o n .  

b .  = 1, IX group f l u x  d i s -  

advan tage  f a c t o r s  a r e  

w r i t t e n  and punched o u t  

f o r  e a c h  r e g i o n .  

c .  > 1, S u p p r e s s  c a r d  

o u t p u t .  

N e g l e c t  i f  LEAKT f 0 .  

a .  < 0 ,  Speed dependent  

a l b e d o e s .  

b .  = 0 ,  Vacuum boundary .  

c .  > 0 ,  C o n s t a n t  a l b e d o .  

1E10.5 CONA Value  o f  c o n s t a n t  a l b e d o .  

ALBEDO(1) = CONA, I  = 1 , I X .  

C e l l  Boundardy I n p u t  Data ( I g n o r e  u n l e s s  LEAKT = 0 ,  

NGEON = 1. and NAX # 0) 

Card 30 I10  NBGEOM Boundary geometry i n d i c a t o r  

= (0 /1 /2  + Cyl/Rect /Hex) . 
2E10.5 P1,PZ C e l l  p i t c h ( e s )  

NBGEOM = 

0 - 1 2  - - 
P1 NA X Z 

P2 N A Y NA 



V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

A L B E D O  I N P U T  

(IGNORE UNLESS LEAKT = 0  AND NAX < 0) 

Card 31 (7E10. 5) ALBEDO(1) , 
I = l , I X  Righ t -hand  boundary a l b e d o e s .  

Repeat  Card 31  a s  many t i m e s  

a s  n e c e s s a r y .  

R E G I O N  I N P U T  

Card 32 215 NR Region number i n  i n c r e a s i n g  

o r d e r .  

NP Number o f  s p a c e  p o i n t s  

i n  t h i s  r e g i o n .  

E10.5 TH Th ickness  o f  t h i s  r e g i o n .  

Card 32 i s  r e p e a t e d  u n t i l  NXA c a r d s  have been r e a d .  

I T E R A T I O N  P A R A M E T E R S  

Card 33 5E10.5, EPS, Neutron d e n s i t y  convergence  
- 5  c r i t e r i o n ,  E (=  10 ) ,  r 

RELC, I n i t i a l  o v e r r e l a x a t i o n  

f a c t o r ,  uo (=  1 . 2 ) .  ( I f  t h e  

a n i s o t r o p y  s c a t t e r i n g  i s  

made RELC = 1 . 0 )  

EPSG, E x t r a p o l a t i o n  c r i t e r i o n ,  

c e ( =  0 . 0 5 ) .  

OVERX, . Maximum e x t r a p o l a t i o n  

f a c t o r  (=  1 0 0 ) .  

FACTOR Under e x t r a p o l a t i o n  f a c t o r  

(=  1 .00)  . 
415 ITBG, Minimum i t e r a t i o n s  b e f o r e  

e x t r a p o l a t i o n ,  kb(' 5) . 
( I f  a n i s o t r o p y  c o r r  . 
ITBG = ITMAX + 1 s h u t s  o f f  

a l l  e x t r a p o l a t i o n . )  



V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

Card 3 3  

( con td )  

L C M X ,  Number o f  o v e r r e l a x a t i o n  

f a c t o r s  t e s t e d ,  a,(= 5 ) .  

ITDM, Minimum d e l a y  between e x t r a -  

p o l a t i o n s ,  ud(= 5 ) .  

I  T MAX Maximum number o f  i t e r a t i o n s  

a l lowed  (= 1 0 0 ) .  

I  PT I f  > 0 ,  r e c o r d  o f  each  i t e r a -  

t i o n  i s  p r i n t e d  (=  1 ) .  

I f  < 0 ,  p r i n t  i s  o m i t t e d .  

I f  ITMAX < - 0 ,  t h e  v a l u e s  i n  p a r e n t h e s e s  w i l l  b e  u s e d .  

EDIT DATA 

Card 3 4  1 I 5  IXPCM, Number of  energy  i n t e r v a l s  

o v e r  which e d i t  i s  d e s i r e d  

5 5.  I f  more e d i t s  a r e  

d e s i r e d ,  s e e  Card 2 .  

215 (NLOW(J) , Index  o f  lower  bound f o r  

IXPT(J) , e d i t  i n t e g r a l .  
= IXPCM) Index o f  upper  bound f o r  

e d i t  i n t e g r a l .  

These i n d i c e s  a r e  i n p u t  i n  

p a i r s  LOWER - UPPER c u t o f f .  

Repeat  v a r i a b l e s  NLOW(J) and IXPT(J) ,  i n  p a i r s ,  on Card 34 f o r  

J = 1, IXPCM. 

Card 35 (30 11) (NRTBL(N) , An i n t e g e r  ( < l o )  i s  a s s i g n e d  
= l y N X )  t o  each  s p a c e  p o i n t .  

A sequence  of  t h e  same 

i n t e g e r  d e f i n e s  an  e d i t  

r e g i o n .  

S p a t i a l  a v e r a g e s  a r e  done i n  

an e d i t  r e g i o n .  



V a r i a b l e  
Card No. Format E n t r y  D e s c r i p t i o n  

TERMINATION 

I f  more c a s e s  a r e  t o  be  done, r e t u r n  t o  Card 1. I f  e x i t  from 

B R T - I  i s  d e s i r e d ,  u s e  t h e  f o l l o w i n g  c a r d s .  

Card 36 (72H) 

Card 37 - - - -  

- - - -  7 2  H o l l e r i t h  c h a r a c t e r  c a r d  

i n d i c a t i n g  t h a t  c a s e s  a r e  

comple te  

Blank c a r d .  



OUTPUT E D I T  

S i n c e  t h e  o u t p u t  e d i t  has  been  e x t e n s i v e l y  m o d i f i e d  w i t h  

r e s p e c t  t o  t h e  o r i g i n a l  THERMOS code ,  t h e  q u a n t i t i e s  p r i n t e d  

o u t  i n  BRT-I a r e  e x p l i c i t l y  d e f i n e d  below i n  o r d e r  o f  t h e i r  

o c c u r r e n c e .  The o u t p u t  e d i t  i s  d i v i d e d  i n t o  t h r e e  main 

s e c t i o n s .  D i s t r i b u t i o n s - a n d - a v e r a g e s  of  b o t h  s p a c e  and 

energy  a r e  l i s t e d  i n  t h e  f i r s t  s e c t i o n .  I n  t h i s  s e c t i o n  t h e  

s p a c i a l  a v e r a g i n g  i s  de te rmined  by t h e  c e l l  c o m p o s i t i o n ;  i . e . ,  

t h e  m i x t u r e  r e g i o n s .  

The second  s e c t i o n  i s  c a l l e d  " M a t e r i a l s  Used i n  t h e  C e l l , "  

where t h e  d e s i r e d  b road  speed  g roup ,  m i c r o s c o p i c  and macro- 

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

d e f i n e d  i n  t h e  i n p u t  (Card 35)  i ndependen t  of  t h e  p h y s i c a l  

r e g i o n s .  

The l a s t  s e c t i o n  e n t i t l e d  " M a t e r i a l s  Used f o r  E d i t i n g  

Purposes ,"  produces  p o i n t  and r e g i o n  ave raged  a b s o r p t i o n - a n d  

f i s s i o n  c r o s s  s e c t i o n s  and r e l a t i v e  r e a c t i o n  r a t e s .  The 

r e g i o n  a v e r a g i n g  i n  t h i s  s e c t i o n  i s  c o n t r o l l e d  by t h e  m i x t u r e  

r e g i o n s .  The d e f i n e d  e d i t  q u a n t i t i e s  a r e  mos t ly  s e l f -  

e x p l a n a t o r y ,  i f  t h e  f o l l o w i n g  d e f i n i t i o n s  a r e  k e p t  i n  mind. 

'n = t h e  volume a s s o c i a t e d  w i t h  s p a c e  p o i n t  n .  

v~ = t h e  midpo in t  o f  f i n e  speed  Group I .  

'K = t h e  volume of  Region K .  

v u ' v ~  = t h e  upper  and lower  speed  b o u n d a r i e s  f o r  a  g i v e n  

b r o a d  g roup .  

 OR^ = o u t e r  dimension o f  Region K .  

A comple te  e d i t  i s  produced f o r  each  b road  g roup ,  where vU and 

vL a r e  s p e c i f i e d  i n  t h e  i n p u t  i n  p a i r s  f o r  a  maximum of  

5 b r o a d  g roups .  (Card 3 4 )  



-. 
C E L L  COMPOSIT IONS ( U N L A B L E D )  

Energy D i s t r i b u t i o n s  (by M i x t u r e  Region)  

P O I N T  R E G  - M I X  S P E E D  NDEN * VOL NFLUX * VOL A B S O R P T I O N  

SUM VOLUME - - 
"K j:v / df VN (r  - , V) d r  - z a -  ( r , v )  v N ( r , v )  - 

v K 
L v L K v I( 

L 

P O I N T  

SUM 

S C A T T E R I N G  F I S S I O N S  



POINT MID ENERGY 

SUM 

AVE . 

- - - 
a .  N ( v )  = 2KTo $ (El, w h e r e  2KTo = 0 . 0 5 0 6  eV, and $ (E) i s  i n  u n i t s  of n/cm s e c / e v .  
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P O I N T  - REG M I X  AVE V AVE V**2 AVE V**3 - 

SUM K M  

V AVE K M  

P O I N T  REG M I X  - - NFLUX 

V AVE K M  ----- 



M A T E R I A L  U S E D  I N  C E L L  

Microscopic Constants (for each material used in the cell) 

REG  MIX(^^ DENSITYIPARTIAL DENSITY ALL CROSS SECTIONS(~) 
v 

REG SMEAR VALUES 

Cell  SMEAR VALUES j d r  N(r) - - 
'cell Cell 

J d: /:v ~(TYV) 1 $i(r,v)l/Lel;z N ( 2 )  
Cell v- 

a .  I f  t h e  s p e c i f i e d  e d i t  r e g i o n  i n c l u d e s  more t h a n  one m i x t u r e  r e g i o n  t h e  m i x t u r e  
p r i n t e d  o u t  i s  s e t  equa l  t o  t e n  p l u s  t h e  m i x t u r e  number a t  t h e  o u t e r m o s t  space  
p o i n t  i n  t h e  e d i t  r e g i o n .  

b .  r d e n o t e s  E d , z P ,  vES,  Z S  , E , and e t r  - - ' a  
. The L a ,  Z v L f ,  and 

0 S1  0 f' 
c r o s s  s e c t i o n s  a r e  f l u x  ( m o )  w e i g h t e d  and t h e  Z and Z t r  c r o s s  s e c t i o n s  a r e  

So  
c u r r e n t  w e i g h t e d .  



Macroscopic Constants 

VOLUME FLUX ($I ) & CURRENT 
REG RADIUS FRACTION - - DEPRESSION INVERSE VELOCITY 

C e l l  Smear 1.0 
Values 

REG - ALL CROSS SECTIONS 

d r  dv C(ryv)  $ i (g ,v)  1 -1" 
Cel l  v, I I 

C e l l  SMEAR 
L ". 

" 1 /Cel;r lVdv(;) m0 ( r , v )  

L 1 

v u 3<Ct ,'cell 

j d r  j d v  +o(:yv) 
C e l l  v 

L 

a .  The d i f f u s i o n  c o e f f i c i e n t  d e f i n e d  a s  one o v e r  t h r e e  t i m e s  t h e  c u r r e n t  
we igh ted  C t r .  

b .  The f l u x  ( 6 , )  weighted  d i f f u s i o n  c o e f f i c i e n t  where D i s  d e f i n e d  as  one o v e r  
3 t i m e s  C t r .  



M a t e r i a l s  Used f o r  E d i t i n g  Purposes 

POINT REG M I X  - - 

AVE 

POINT REG M I X  - 

n K M 

AVE K M 

SIGMA A 

,'€J 

REL ACT 
v 

!v La( f ,v )  vN(r ,v)  - 
v, 

SIGMA F REL ACT 

Same a s  above d e f i n i t i o n s  

w i t h  C a  r ep l aced  by C f 



L I B R A R Y  P R E P A R A T I O N  I N S T R U C T I O N S  

T h i s  s e c t i o n  d e s c r i b e s  t h e  Code RLITHE ( 3  , 19)  (Rev i sed  

L i b r a r y  f o r  Thermal E n e r g i e s )  used  t o  p r e p a r e  o r  l i s t  a  c r o s s -  

s e c t i o n  l i b r a r y  t a p e  o r  random a c c e s s  . d a t a  e lement  f o r  BRT-I. 

The program a c c e p t s  a b s o r p t i o n  and f i s s i o n  c r o s s  s e c t i o n s  a s  

c o n s t a n t ,  l / v ,  o r  t a b u l a t e d .  S c a t t e r i n g  c r o s s  s e c t i o n s  and 

k e r n e l s  may b e  e i t h e r  i n p u t  on o c t a l  decks  o r  computed from 

t h e  Brown-St. John form of  t h e  f r e e  gas  k e r n e l .  I n  t h e  f r e e  

gas  model t h e  c r o s s  s e c t i o n  is  d e s c r i b e d  by 

NTERM - 

where vr  i s  t h e  r e l a t i v e  v e l o c i t y ,  and A n ,  K and Mn ( t h e  mass) n  ' 
a r e  i n p u t  p a r a m e t e r s .  

The u n i t s  u sed  a r e :  

Cross  s e c t i o n s  - b a r n s ,  

Speed - 2 2 0 0  m/sec ,  

Tempera ture  - O K .  

S T R U C T U R E  O F  T H E  B I N A R Y  T A P E  L I B R A R Y  

The f i r s t  r e c o r d  on the t a p e  l i b r a r y  c o n t a i n s  

I X ,  HOL, V ,  DV 

where IX i s  t h e  number o f  speed  g r o u p s ,  

HOL i s  an  1 8 - c h a r a c t e r  (3  word) l i b r a r y  i d e n t i f i c a t i o n ,  

V a r e  t h e  speed  p o i n t s  (IX w o r d s ) ,  and 

DV a r e  t h e  speed  i n c r e m e n t s  (IX words ) .  

The second r e c o r d  c o n t a i n s  

WA, WB, H O L B ,  N K E R N ,  VNU,  XA, XS, XF, S 



where WA i s  t h e  i s o t o p e  i d e n t i f i c a t i o n  number, 

WB 

HOLB 

N K E R N  

i s  t h e  t e m p e r a t u r e  and model i n d e x ,  

i s  an 1 8 - c h a r a c t e r  ( 3  word) i s o t o p e  

i d e n t i f i c a t i o n ,  

i s  t h e  number o f  Legendre components o f  t h e  

s c a t t e r i n g  k e r n e l  i n c l u d e d  ( 5 4 ) ,  

i s  t h e  v a l u e  o f  v ( n e u t r o n s / f i s s i o n )  , 
a r e  t h e  a b s o r p t i o n  c r o s s  s e c t i o n s  a t  each  

s p e e d  (IX w o r d s ) ,  

a r e  t h e  s c a t t e r i n g  c r o s s  s e c t i o n s  a t  each  

speed  ( Ix  w o r d s ) ,  

a r e  t h e  f i s s i o n  c r o s s  s e c t i o n s  a t  each  

speed  (IX w o r d s ) ,  and 

a r e  t h e  s lowing  down s o u r c e s  i n t o  each  group 

(IX w o r d s ) .  

The n e x t  few r e c o r d s  c o n t a i n  t h e  Legendre components o f  

t h e  s c a t t e r i n g  k e r n e l  i n  t h e  form 

'ni j = 41~(0 .0253)v .v .Av  

where pn(p)  i s  t h e  Legendre po lynomia l .  

I f  NKERN = 0, no k e r n e l s  a r e  used  and no r e c o r d s  w r i t t e n .  

I f  N K E R N  = 1, t h e  i s o t r o p i c  (Po) component i s  used  and one 

r e c o r d  w r i t t e n .  

I f  NKERN = 2 ,  t h e  i s o t r o p i c  (Po) component and P1 component 

a r e  u s e d  and two r e c o r d s  w r i t t e n ,  e t c .  

The p a t t e r n  i s  r e p e a t e d  from t h e  second  r e c o r d  f o r  each  

i s o t o p e .  The l a s t  r e c o r d  i s  s i m i l a r  t o  t h e  second r e c o r d  b u t  

WA 5 0 and s i g n a l s  t h e  end o f  t h e  t a p e .  



S T R U C T U R E  OF T H E  RANDOM A C C E S S  D A T A  E L E M E N T  

The random a c c e s s  d a t a  e lement  i s  s i m i l a r  i n  s t r u c t u r e  t o  

t h e  B ina ry  L i b r a r y  Tape.  

The f i r s t  r e c o r d  o f  t h e  Random Access Data F i l e  c o n t a i n s  

an  a d d i t i o n a l  word, NISO, which i s  t h e  t o t a l  number o f  i s o t o p e s  

i n  t h e  l i b r a r y .  The s t r u c t u r e  of  t h i s  r e c o r d  i s  IX, NISO, 

HOL,  V ,  and DV. 

The second r e c o r d  i s  an  a d d i t i o n a l  r e c o r d ,  n o t  p r e s e n t  

i n  t h e  t a p e  l i b r a r y ,  o f  t h e  i s o t o p e  i d e n t i f i c a t i o n  numbers 

and l o c a t i o n  w i t h i n  t h e  d a t a  e l ement .  The second r e c o r d  

s t r u c t u r e  i s  f i r s t  i d e n t i f i c a t i o n  number, second i d e n t i f i c a -  

t i o n  number, and a d d r e s s  o f  t h e  d a t a  r e c o r d  f o r  each  o f  t h e  

NISO i s o t o p e s .  

The t h i r d  and succeed ing  r e c o r d s  a r e  i d e n t i c a l  t o  t h e  

2nd, 3 r d ,  e t c . ,  r e c o r d s  on t h e  l i b r a r y  t a p e .  

L O G I C A L  U N I T  R E Q U I R E M E N T S  F O R  R L I T H E  

L o g i c a l  U n i t  D e s c r i p t i o n  

Normal i n p u t  

Normal o u t p u t  

New l i b r a r y  t a p e  o r  
s c r a t c h  u n i t *  

Old l i b r a r y  t a p e  

S c r a t c h  drum f i l e  on 
FH4 3 2 

V e e d e d  even  i f  j u s t  o b t a i n i n g  a  l i b r a r y  l i s t i n g  w i t h o u t  
an u p d a t e .  



R L I T H E  I N P U T  I N S T R U C T I O N S  

Card 1 

Columns Format Symbol D e s c r i p t i o n  

1 - 18 3A6 HOL 1 8 - c h a r a c t e r  d e s c r i p t i o n  o f  

t a p e .  

21-26 A6 NAME Name o f  random a c c e s s  d a t a  

e lement .  

31-36 A6 VERSION V e r s i o n  o f  random a c c e s s  d a t a  

e l e m e n t .  

Card 2 

I  TAG = 0  Make a  new l i b r a r y  from 

c a r d s .  

< 0  Update an  e x i s t i n g  t a p e  

l i b r a r y .  

> 0  Update an e x i s t i n g  random 

a c c e s s  l i b r a r y .  

IX Number o f  speed groups  

( ~ 3 0 ) .  
NISD Number o f  i s o t o p e s  t o  be 

d e l e t e d  from e x i s t i n g  l i b r a r y  

(5100).  

ITYPE 2 0  Output  l i b r a r y  i n  random 

a c c e s s .  form. 

> 0  Output  l i b r a r y  i n  t a p e  

form. 

21- 25 15) ILIST = 0  No L i s t i n g  of  i s o t o p e s  
from e x i s t i n g  l i b r a r y .  

> 0  L i s t  ILIST number o f  

i s o t o p e s  t o  b e  s p e c i f i e d  on 

Card Type 6 

< 0  List  a l l  i s o t o p e s  on 

e x i s t i n g  l i b r a r y .  



Columns Format 

- - - 7E10.5 

Symb o  1 D e s c r i p t i o n  

Card 3 

v ( I )  7 The speed  p o i n t s  i n  i n c r e a s i n g  
o r d k r .  O m i t  i f  ITAG # 0 .  

Card 4 

DV(I) 7 Speed i n c r e m e n t s .  O m i t  i f  
ITAG# 0 .  

Card 5 

(WAP(L) , I d e n t i f i c a t i o n  number and 

WBP (L) , t empera ture /model  index  f o r  

i s o t o p e s  t o  be  d e l e t e d .  

L = 1 7  One c a r d / i s o t o p e .  O m i t  i f  
NISD) NISD = 0 .  

Card 6 

(WSTBA(N) F i r s t  i d e n t  o f  N~~ i s o t o p e  

t o  b e  l i s t e d  from e x i s t i n g  

l i b r a r y .  

WSTBB(N) Second i d e n t  o f  N t h  i s o t o p e  
N = 1 7  
ILIST) t o  b e  l i s t e d  from e x i s t i n g  

l i b r a r y .  O m i t  i f  ILIST s 0  

Card 7 

HOLB 1 8 - c h a r a c t e r  d e s c r i p t i o n  o f  

i s o t o p e ,  

WA I s o t o p e  i d e n t i f i c a t i o n  number. 

WB Temperature/model  i n d e x .  

LXA = 0  oa(v)  = VXA ( s e e  Card 8) 

3 1 a a ( v )  = VXA/v ( s e e  

Card 8 )  

= 2 o a ( v )  t a b u l a t e d .  



Columns Format 

Card 7 

Cont I d  

Symbol D e s c r i p t i o n  

LXS = 0  o S ( v )  = VXS ( s e e  Card 8 )  

= 1 a s  (v)  computed from gas  

model.  

= 2 o (v)  computed from i n p u t  
S 

k e r n e l .  

LXF = 0  of(') = VXF ( s e e  Card 8) 

= 1 o f ( v )  = VXF/v ( s e e  Card 8) 

= 2 o f ( v )  t a b u l a t e d .  

NKERN Number o f  k e r n e l s  t o  b e  p u t  

on t a p e .  

NTERM Number o f  t e rms  i n  BSJ 

fo rmula .  

Card 8  

VXA Value o f  o a .  

VXS Value o f  o s .  

VXF Value o f  o f .  

VNU Value o f  v .  

AM Mass u s e d  i n  s o u r c e  c a l c u l a -  

t i o n  (amu). 

HXS Cross  s e c t i o n  u s e d  i n  s o u r c e  

c a l c u l a t i o n  ( b a r n s ) .  

TP Tempera ture  used  i n  s o u r c e  

. c a l c u l a t i o n  ( O K ) .  

Card 9 

(XA(I) ,  T a b u l a t e d  v a l u e s  o f  o a  ( v i ) .  
9 I X )  O m i t  i f  LXA # 2 .  

Card 1 0  

( X F ( I ) ,  T a b u l a t e d  v a l u e s  o f  o f ( v i ) .  

O m i t  i f  LXF # 2 .  



Columns Format Symbol Description 

Card 11 

(7~10 . 5) T ,  Temperature ( O K )  used in the 

kernel calculation. 

(ZAMT(N), Mn used in the BSJ formula 

(amu) . 
ZAT(N) , An used in the BSJ formula 

(barns) 

ZAKT(N), Kn used in the BSJ formula 

N =  1, Omit if LXS # 1 
NT E RM) 

Card 12 

I CARD Card sequence number within the 
Pnth scattering kernel deck 

(=I). 

I DM Isotope identification number 

CWA) 
I DMA Second identification number 

(WB) 

IX Number of speed groups. 

LX Number of matrix elements to be 
read in the Pnth kernel deck, 

LX = IX(IX+1)/2. 

I0 Not used. 

4 T Temperature (OK) 

Omit if LXS # 2. 



Columns Format Symb o 1 D e s c r i p t i o n  

Card 1 3  

1 - 5  (15 ,  I  CARD Sequence number ( 2  2) . 
6-77 6012) p ( I  , J )  A l l  o f  t h e  pnth s c a t t e r i n g  

k e r n e l  e l emen t s  e x c e p t  t h e  

u p s c a t t e r  i . e . ,  ( ( P n ( I , J ) ,  

I = l , J ) ,  J=1, IX) .  O m i t  i f  

LXS f 2 .  

Note: Cards 1 2  and 1 3  a r e  r e p e a t e d  NKERN t i m e s  f o r  each  i s o t o p e .  

Card 14 

Repeat  Cards 7-13  f o r  each  

i s o t o p e  t o  b e  added t o  t h e  

l i b r a r y .  Fol low l a s t  i s o t o p e  

w i t h  a  b l a n k  c a r d  t o  s i g n a l  

end o f  i n p u t  d a t a .  

A D D I T I O N A L  I N S T R U C T I O N S  FOR U P D A T I N G  OR M A K I N G  A NEW RANDOM 

A C C E S S  L I B R A R Y  

The random a c c e s s  l i b r a r y  a s  an  a b s o l u t e  e l e m e n t ,  i s  

e i t h e r  punched o u t  on c a r d s  o r  w r i t t e n  o u t  t o  t a p e  by t h e  CUR 

u t i l i t y  r o u t i n e .  T h e r e f o r e  when u p d a t i n g  o r  making a  new 

random a c c e s s  l i b r a r y  t h e  f o l l o w i n g  FORTRAN c o n t r o l  c a r d s  

f o l l o w  t h e  normal RLITHE i n p u t  d a t a :  

v XQT CUR 

PCH name/ve r s ion  o r  TWR u n i t ,  name/ve r s ion  

where t h e  name and v e r s i o n  a r e  t h o s e  s u p p l i e d  by t h e  u s e r  

(Card 1 o f  t h e  R L I T H E  i n p u t  d a t a ) .  





BNWL- 1 4 3 4  

13.  R .  BonaZumi. f f f l e u t r o n  F i r s t  C o Z l i s i o n  P r o b a b i Z i t i e s  i n  
Reac tor  P h y s i c s , "  Energia  voZ. 8, p .  326. 
1961. 

14 .  A .  Jonsson .  "One-Group C o Z Z i s i o n - P r o b a b i l i t y  CaZcuZations 
fo r  Annular  Sys tems  by t h e  Method o f  BonaZumi," J .  NucZ. 
Energy, voZ. 17,  p .  511. 1963. 

15.  D .  R ,  Skeen  and A .  G .  Gibbs .  Reac tor  P h y s i c s  Department 
TechnicaZ A c t i v i t i e s  Q u a r t e r l y  Repor t ,  J u l y ,  Augus t ,  
September ,  1967.  BNWL-634. Bat teZZe-Nor thwes t ,  RichZand, 
Washington .  

16 .  G .  J .  Busselman. Unpubl i shed  Data. B a t t e l l e - N o r t h w e s t ,  
R ich land ,  Washington ,  June 29, 1966. ( " ~ e s i g n  CaZcuZations,  
f o r  a P a r t i a l  Pu MTR-Phoenix Exper imen t ! ' )  

17.  L .  C .  Schmid, e t  aZ. Reac tor  Phgs ic s  Data fo r  t h e  U t i Z i -  
z a t i o n  o f  Plu tonium i n  Thermal Power R e a c t o r s ,  BNWL-801. 
Ba t t eZZe-Nor thwes t ,  RichZand, Washington,  May, 1968. 

18 .  E .  G .  T a y l o r .  S a x t o n  Plu tonium Program C r i t i c a Z  Exper i -  
ments  f o r  t h e  S a x t o n  P a r t i a l  PZutonium Core,  EURAEC-1493, 
Un i t ed  S t a t e s ,  Euratom J o i n t  Research  and Development 
Program WCAP-3385-54, Wes t inghouse  E l e c t r i c  Corp. 
CommerciaZ Atomic Power A c t i v i t y ,  P i t t s b u r g h ,  PennsyZvania.  
December 1965. 

19.  R .  H .  Holeman. Unpubl i shed  Data, Ba t t eZZe-Nor thwes t ,  
R i c h l a n d ,  Washington .  ( P r i v a t e  Communication) 
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1 U t) 

LO 3u 3 9 0 0 U 1 
l l l l i l ~ ~ ~ ~ 3 3 3 3 3 3 3 3 3 3  

l d U 1  l O L Y  0 .0  l346-OLl.LJuoU 
8000  L94rL1b22102 34336 14-u~l9 .YYY 

9,2233 LL1.50b33-04 ~ 3 3 * ~ 3  
92238 ~ r ~ . O 5 l i 5 - 0 2  ~ 3 6 . ~ 3  
9 4 2 3 ~  L33.a3933*0+ L S Y O U D  

94240 L93.19254d05 L40.05 
94241 L Y 2 o Y o ~ l b - 0 0  L410U3 
34242 ~ 9 1 . ~ 4 1 6 3 ~ 0  I L ~ L o u ~  

40000 LY 4.29100-02 9 1 . ~ 2 ~  
u 0 A 
0 , 3  1 0 0 0 1 1.0 

- 0 
I 10. 64450+00 
2 30.0?620+00 
3 ~ 0 0 ~ 3 5 4 0 6 + 0 0  

1 0 30 
11411-11222333333333-3 

END OF SAMPLE CASE 
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C Y L I i  > k I C C L  C K L  L I : C I J ~ C I ~ R Y  

H (OUTER 1 ----------- 
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1.48731mOl 
2.47885201 
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4.46192rrOl 

' 5.453Y6rUl 
6.44500~01 
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-'.117?_-?1 -5.73906-01 -2.P6410-01 -2.49114-01 -2.11859-q1 -1,74490-01 -1.56825-01 -9.86YlR-02 -5.98955-02 -2.02258-02 - . i> l l l~ -Cil -3.r9297-01 -5.28921-01 -2.87880-01 -2.46127-01 -2.035~~-01 -1.60149-01 -1.15828-01 -7.04060-02 -2.38031-02 
-, . '  J C C - ~ 1  -il.',8147-01 -7.56542-01 -3,13483-01 -2.69fl64-11 -2,23243-01 -1.76154-01 -1.27621-01 -7.7671+5-112 -2.62820-02 -+.  111 7-1?1 -4.10671-01 -3.65103-01 -3.25619-01 -2.00?80-01 -2.35149-01 -1.84274-01 -1.356411-01 -8.14355-UC -2.75617-02 
- 1 .  +- '35j -n l  -4.li807C-01 -3.67799-01 -3.25257-01 -7,8055'1-21 -2.33794-01 -1.85041-01 -1,345R2-01 -b.lY073-b2 -2.71286-02 
- 4 .  4t +-GI -'*-2922-01 -3.54835-01 -3.14334-01 -2.71547-01 -2.26564-01 -1.79499-01 -1.30453-01 -7.95464-b2 -2.6Y556-02 
- . 1111-01 -'.t8406-01 -5.33163-01 -2.35505-01 -2.55549-71,-2.13411-01 -1.69200-01 -1,23052-01 -7.50427-('2 -2.54122-02 
-:.c~5:5-L1 -3.37070-01 -3.05162-01 -2.70930-01 -2.34492-n1 -1.95957-01 -1.55439-01 -1.15067-01 -6.89832-02 -2.35615-02 - . 5141-61 -.5.1:1283-01 -2.73083-01 -2.42684-01 -2.10710-01 -1.75773-01 -1.39491-01 -1,01496-01 -6.19278-02 -2.OY714-02 --. >l,l-fll -2.63060-01 -2.50788-01 -2.12451-01 -1.84102-31 -1.54112-01 -1.22361-01 -8.90549-02 -b.455YP-02 -1.fl4007-02 
-1.d.6C&-C1 -2.22495-01 -2.02278-01 -1.eOl83-01 -1.56755-01 -1.30916-01 -1.03989-01 -7,57005-02 -4,61942-02 -1.56430-02 
-1.'"212-d~ -1. 0777-01 -1.64492-01 -1.46616-01 -1.27287-01 -1.06607-01 -8.46874-02 -6.lb481-02 -3.76014-b2 -1.21297-02 
-1.L29 r-Ol -1.!+2404-01 -1.29485-01 -1.15345-01 -1.000b3-31 -8.37852-02 -6.65306-02 -4.84UbY-02 -2.951t!3-02 -9.98871-05 
-l.ILl~c-Cl -1.83992?-01 -9,97754-02 -8.87467-02 -7.69101-32 -6.43192-02 -5.10313-02 -3.71U91-02 -2.26166-02 -7.63053-05 
-J.~>6$2-ll -8.1,050i1-02 -7.70654-02 -6.84445-02 -5.92415-02 -4.94934-02 -3.92366-02 -2.85125-02 -1.736417-L2 -S.87440-05 
-1.2225'3-ili -u.73748-02 -6.19257-02 -5.40195-05 -4.66910-32 -3.89634-02 -5.08626-02 -2.24157-02 -1.365211-02 -4.61110-03 
- L . (  7651-G, -5.19645-02 -4.68455-02 -4.14306-02 -3.57405-02 -2.97831-02 -2.35696-02 -1,71152-02 -1.04262-02 -3.52802-05 
-!i.^l412-U~ -4.~P30C-02 -4,03011-02 -3.55628-02 -3.06377-02 -2.54953-02 -2.01662-02 -1.46434-02 -8.92759-0.3 -5.02335-05 -+. 10c7-C2 -4.17914-02 -3,73791'02 -3.28594-02 -2.82739-02 -2.34582-02 -1.85485-02 -1.34812-02 -8.23809-05 -2,79672-05 
-'.0(2fll1-02 -4.'0660-02 -4.01190-02 -3.51505-02 -3.01752-12 -2.50147-02 -1.97890-02 -1,44114-02 -8.83825-05 -3.01097-03 
-4.4'9~5-G2 -2sQ9130-02 -3.54214-02 -3.09700-02 -2.6508'4-q2 -2.20046-02 -1.74191-02 -1,27056-02 -7,81380-05 -2.66927-03 
-i.3402:-02 -,.~19517-02 -1.P5673-02 -1.62145-02 -1.38671-02 -1,15045-02 -9.10435-03 -6.64077-03 -4.08570-03 -1.39065-03 
-0.745~12-03 -7.h2650-05 -6.93414-03 -6.05389-03 -5,17724-03 -4.29448-03 -3.39756-03 -2.477'91-03 -1,52410-03 -5.2U718-04 
-2.7"lq-C5 -3.38915-03 -2.99874-03 -2.61582-03 -2.23571-33 -1.85422-03 -1.46738-03 -1.07U88-03 -6,59520-04 -2.23649-04 
-,.31O1.0-04 -7.52561-04 -6.69503-04 -5.86369-04 -5.02785-04 -4.18213-04 -5.31855-04 -2,42855-04 -1.49961-04 -5.14072-05 





1 t E R V L S  C A l i  i f .  1 FAGE 1 2  
A V F H A L i S  F ' n  Tz L Ts 1x30  V= 0.0000 
t =  u . O J O (  O T o  C= 6 .03005-01  

SLIV 'vGLLb;= 3.2bP14-01 3.88093-01 
A V F .  l r 1 8 7 5 0 + 0 0  





3LV 2 3 .~681 -C1  3.8809-01 5.8512-01 311308-03 1,5518-01 0.0000 
V A V E  2 2 h= 1.1P75+90F= 1.7904+00A= 9.5797-035= 4,7482-0lF= 0.0000 1,50767 3.07778 8.29947 



I 5 , I. 1 FAG:. 1 4  
AIZI ; :~  t s  i t . [ .  1; o 1: i = j u  L =  o.ui ioou T O  v z  5 . 1 ~ 1 ~ 7 ~ t o o  
t =  t i  'I., t= 6.87005-111 

~ ' A l t \ <  1AL2 L 5 t  2 IF. CLLL 

V I S H C 2 C C , , I ;  C L \ S T A R T S  c C H  I S C T C P i  h 1 11-15-66 RUb'eFR 1001.  102Fp 
-_-___-_________-_------------------------------------------ ----------------- 

P A R T I 4 L  
HtC VIA C, . C I T Y  LE I  S I T Y  5 I G p A  A S I G V A  F k U * S I G ' / A  F SIGPJA -__ _ _ _  _ _ _ _ _ _ _ _ _ _  __-__--_-- __-----_-- -------_-_ ---------- ---------- 
1 i . . i b O i !  O . : l I l l i o  0.uouo 0.0090 0.0001l o.uoc0 
- .  ... ! , i j i  0.11('00 0.0000 O.0Or!0 0.000;' 0.UOGU 
< I - - 3 :  2 3.6727-r l2 2 .2702-01 0.0000 0.00OCl 3 . 6 1 2 2 t U l  



T I - !  t<d,5 (.bC t . 1 PALF 1 5  
A v t t i A l E S  F d t z  I =  0 T (  I = 3 0  V =  0.00000 T O  V =  5 . 1 9 2 7 9 t 0 0  
LI 0 I T , L =  6 .83005-01 

P ~ I T E  < IAL ' :  I .<- tu I 1  CELL 

C I C R C - C L P ~ L  C c  S T b l  TS C H  I S O T C P E  b 2 3 5  4- 3-68 AUIVUER 'l2235. 29, 
---___-__--_-._-------------------------------------------------------------- -_--__-__--_-_-_------------------------------------------------------------- 

P A ~  TIAL 
r l ~  C L  S I T Y  C E A S I T Y  S I G V A  A S IGtJA F h U * S I G j A  F 5 I G V A  5 --- __- -_--__-___ -_-------- ---------- -------_-_ ---------- --------I- 

1 1  1 .5165-uq  5.4175-05 Y .1581 t02  3 . 5 3 9 4 t 0 2  8 .60Obt02  1 . 0 0 1 2 t U l  
2 2 . , I  b0 0.0000 0.0000 0.00 10 O.CJ00,) 0.UOliO 
J 2 1 .  O C  0.[1000 0.0000 0 ~ 0 0 0 0  O.O('OP 0.00LO 

P I C I < L  C C I ~ I C  Cur 5 7 , \ 1 \ T s  i CH I 5 O T O P t  b 2 3 8  4-  3-68 F\UVBER 92238.  29 c ............................................................................. ............................................................................. 
P A R T I A L  

Ht'. P L X  I G P S I T Y  C E A S I T Y  S I G P A  A  S IGVA F ~ U * S I G , J A  F SICPA s --- -_- -_---_---- -_-------- ---------- ---------_ ---------- ---------- 
1 1  2 . <  511-02 7.3760-03 1.7882tOU 0.0000 0.0000 8.3098tUU 
2 ., , .% 1100 0.0000 0.0000 0.0000 0.0000 0.0000 
v - I .  r n o  o.oooo O.OOUO o.uooo 0.0000 o.oooo 

l t t b .  S V t ~ i h  V A L I E S  6.0666-03 1.7@82+00 0.0000 0.00OC 8.30@0+00 

C i L L  5 V k A K  V A L L E S  7.3760-03 1 .4708 t00  0.0000 0.00021 6 . 8 3 4 7 t 0 0  



' : i C I ? C > C L t - I C  Cg CT;\t ,TS C H  ISCTOPE F L  2 3 9  4- 3-68 hOPE!ER 94259.  24, -__--  _____-__-_________----------------------------------------------------- ............................................................................. 
P A F T I P L  

I \ ; <  > L X  Ct SIIY C t I \ S I T Y  S I G Y A  E. S I W A  F !KU*kIGhA F SIGF,A S -__ _ _ _  _ _ _ _ _ _ _ _ _ _  -_-__--_-_ -_-----_-- -----_---- ---------- ---------- 
1 i :. - 9 5 - n u  1.3f.07-04 7.6349+02 6.5349+02 l .G762+03  1. U 0 1 2 t 0 1  
2 c I. d r 8 { , d  o.ur:oo C . U O O O  O . O O : ~ U  0 . 0 ~ 0 0  o.ou3u ' . - .. . ; I J ( , L  o .o roo  o.oooo o.unncl o . o o n ; ~  O . U O O U  

* I C H L > C C T I C  C L I \ S T , , ~  TL. , G H  ISOTCPE FU 2 4 0  4- 3-68 hUMBER 04240.  29, -_-_-_-__-----__--_-------------------------_------_------------------------- ............................................................................. 
P A P T I A L  

nt( l,:x C t  S I T Y  C E h S I T Y  S I G Y A  A  SIGNA F NU*SIGqA F S I G C A  5 -_- _ _ _  ______-_-_ -_-_---_-- -_-------- ---------_ ---------- ---------- 
1 1  5.11,25-C> 1.1480-05 2.2102+02 4.1861-02 1.0478-01 1 . 0 0 1 2 t O l  
2 r '. :oun  0.0000 0.0000 0.0000 0.0000 0.0000 
3 - [ . 1JOd 0.0000 0.0000 0.0000 0.0000 0.0000 

S I G N A  5 1  
*----_---- 

2.7817-02 
0.0070 
o.uo00 



Tbt R~VIJS C A r *  / (. 1 PAGF 17 
A v € I < P c E S  F C I  I =  r rl, Iz30 V =  0.UF000 TO V =  5.19579t00 

-= t1.00001 TL = 6.J7005-01 

b , \ T t c < l A L S  LSEC I h  CELL 

~ - L C R C ~ C C ' - I L  C C l  S T i i h T S  ' C R  I S O T C P E  FU 242 7-17-69 NUMeER 94242. 29, ............................................................................. ............................................................................. 
P A R T I A L  

i(cC I J I X  L r ,  S l  TY D E h S I T Y  S I G P A  A  S I G V A  F N U * S I G b A  F S I G M A  5 --- --- ---------- ---------- ---------- ---------- ---------- ----.----- 
I t  1.2416-07 4.4649-08 1.3604t01 1.0796-02 3.0176-02 1.0012+01 
L 2 :;.bi !'c 0.0000 0.0000 0.0000 0.0000 0.0000 
Z i - - ?. 'IC'GG 0.0000 0.0000 0.0000 0.0000 0.0000 

S I G C A  51 -----_---- 
2.7702-02 
0.00~10 
0.0000 

SIC-CA 51 -----_---- 
2.7587-02 
0.0000 
0.0000 





N ~ C H I ; C C t  i( Ct,L J o L L ~ '  -----_-_---_-___------- ----__-_--______--_---- 
VOLUCE FLUX 

t L(; f 41 II,5 FHACTIOk OEPRESSICh - -- --- - ------------ ------------ ------------ ------------ ------------ 
1 td.44~3'EH-01 3,5960267-01 2.2297991-01 

I .;OC '('97-01 9.0059245-02 9.8481599-01 
l.C747599+00 5.5033810-01 1.1184816+0P 

T I V F  SURVEY ----------- ----------- 

SECTICR ------- TIWE (SEC.1 ------- ----------- 
------me--- 

PHCB. SETUP.. . 2 
TRANS* CALC... 21  
FLUX CALC..... 11 
CRCSS. EDIT. . .  3 





L I S T  OF L I B R A R Y  M A T E R I A L S  





A P P E N D I X  B 

LIST OF LIBRARY Pd4TERIALS 

I s o t o p e /  
E l e m e n t  

TEIERMS/URSO 69 
Random Access Library  

F i r s t  
D a t e  I d e n t  

1 1 - 1 5 - 6 6  4 0 0 9 .  
1 1 - 1 5 - 6 6  6 0 1 2 .  
1 1 - 1 5 - 6 6  6 0 1 2 .  
1 1 - 1 5 - 6 6  6 0 1 2 .  
1 0 - 2 1 - 6 8  6 0 1 2 .  
1 0 - 2 1 - 6 8  6 0 1 2 .  
1 1 - 1 5 - 6 6  6 0 1 2 .  
1 1 - 1 5 - 6 6  6 0 1 2 .  
1 1 - 1 5 - 6 6  6 0 1 2 .  
1 1 - 1 5 - 6 6  6 0 1 2 .  
1 1 - 1 5 - 6 6  6 0 1 2 .  
1 1 - 1 5 - 6 6  5 0 0 0 .  
1 1 - 1 5 - 6 6  5 0 1 0 .  
1 1 - 1 5 - 6 6  1 1 0 0 0 .  
1 1 - 1 5 - 6 6  1 9 0 0 0 .  
1 1 - 1 5 - 6 6  2 7 0 0 0 .  
1 1 - 1 5 - 6 6  1 3 0 0 0 .  
1 1 - 1 5 - 6 6  2 8 0 0 0 .  
1 1 - 1 5 - 6 6  2 9 0 0 0 .  
1 1 - 1 5 - 6 6  2 9 0 6 3 .  
1 1 - 1 5 - 6 6  2 9 0 6 5 .  
1 1 - 1 5 - 6 6  4 0 0 0 0 .  
1 1 - 1 5 - 6 6  3 0 0 0 .  
1 1 - 1 5 - 6 6  7 0 0 0 .  
1 1 - 1 5 - 6 6  3 0 4 .  
1 1 - 1 5 - 6 6  1. 
1 1 - 1 5 - 6 6  6 6 1 6 4 .  
1 1 - 1 5 - 6 6  7 9 0 0 0 .  
1 1 - 1 5 - 6 6  9 1 2 3 3 .  
1 1 - 1 5 - 6 6  9 2 2 3 4 .  
1 1 - 1 5 - 6 6  9 3 2 3 8 .  
1 1 - 1 5 - 6 6  9 6 2 4 3 .  
1 1 - 1 5 - 6 6  9 6 2 4 4 .  

4-  3 - 6 8  9 2 2 3 3 .  
4-  3 - 6 8  9 2 2 3 5 .  
4-  3 - 6 8  9 2 2 3 8 .  
4 -  3 - 6 8  9 4 2 3 9 .  
4 -  3 - 6 8  9 4 2 4 0 .  
4 -  3 - 6 8  9 4 2 4 1 .  
4 -  3 - 6 8  9 0 2 3 2 .  

S e c o n d  
I d e n t  

Number 
o f  

K e r n e l s  



I s o t o p e /  
E l e m e n t  

L U  1 7 5  
LU 1 7 6  
EU 
CD 
1-1 F 
CR 
I N  1 1 5  
RH 1 0 3  

0  1 6  
0  1 6  
0  1 6  
0  1 6  
0  1 6  
0  1 6  
0  1 6  
0  1 6  
0  1 6  

FE 5 6  
Id 2  
H 2  
H 2  
H 2  
H 2  
H 2  
H 2  
H 2  
H 2  
H 1 
H 1 
H 1 
H 1 
H 1 
H 1 
H 1 
H 1 
I-I 1 
H 1 
H 1 
H 1 
I-I 1 
H 1 
H 1 
H 1 
H 1 
H 2  
H 2  
H 2  
H 2  
H 2  
H 2  
H 2  

D a t e  
F i r s t  
I d e n t  

7 1 1 7 5 .  
7 1 1 7 6 .  
6 3 0 0 0 .  
4 8 0 0 0 .  
7 2 0 0 0 .  
2 4 0 0 0 .  
4 9 1 1 5 .  
4 5 1 0 3 .  

8 0 0 0 .  
8 0 0 0 .  
8 0 0 0 .  
8 0 0 0 .  
8 0 0 0 .  
8 0 0 0 .  
8 0 0 0 .  
8 0 0 0 .  
8 0 0 0 .  

2 6 0 5 6 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 1 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  
1 0 0 2 .  

S e c o n d  
I d e n t  

0 
0 .  
0 .  

2 9 .  
0 

2 9 .  
0 .  
0 .  

2 9 .  
3 0 .  
3 1 .  
3 2 .  
33.  
3 4 .  
3 5 .  
3 6 .  
3 7 .  
2 9 .  

1 0 2 9 .  
1 0 3 0 .  
1 0 3 1 .  
1 0 3 2 .  
1 0 3 3 .  
1 0 3 4 .  
1 0 3 5 .  
1 0 3 6 .  
1 0 3 7 .  
1 0 2 9 .  
1 0 3 0 .  
1 0 3 1 .  
1 0 3 2 .  
1 0 3 3 .  
1 0 3 4 .  
1 0 3 5 .  
1 0 3 6 .  
1 0 3 7 .  
1 0 3 9 .  
1 0 4 2 .  
1 0 4 4 .  
1 0 4 7 .  
1 0 4 9 .  
1 0 5 2 .  
1 0 5 4 .  
1 0 5 7 .  
1 0 3 9 .  
1 0 4 2 .  
1 0 4 4 ,  
1 0 4 7 .  
1 0 4 9 .  
1 0 5 2 .  
1 0 5 4 .  

Number  
o f  

K e r n e l s  



Isotope/ 
Element Date 

First 
Ident 

Second 
Ident 

Number 
of 

Kernels 





No. of 
Copies  

DISTRIBUTION 

AEC C h i c s o  P a t e n t  Group 

G .  M. Lee 

AEC D i v i s i o n  of R e a c t o r  Development and Teclinology 

Asst.  D i r .  f o r  P r o j e c t  hlanage~nent 
C h i e f ,  \:rater P r o j e c t  Branch ( 2 )  
C h i  e f  , Gas Cool ed Pro  j c c t s  Brancll 

Asst .  D i r .  f o r  R e a c t o r  'I'echnology 
C h i e f ,  R e a c t o r  P h y s i c s  Branch ( 2 )  ' 

C h i e f ,  Core Design Branch 

AEC D i v i s i o n  o f  Nuc lea r  M a t e r i a l s  S a f e g u a r d s  

H .  Werner 

AEC D i v i s i o n  o f  I n t e r n a t i o n a l  A f f a i r s  

M .  B .  K r a t z e r  
I 

I AEC D i v i s i o n  o f  M a t e r i a l s  L i c e n s i n g  

R .  J .  Odegaarden 

AEC D i v i s i o n  of  P r o d u c t i o n  

F .  P.  Baranowski 

AEC D i v i s i o n  o f  R e a c t o r  L i c e n s i n g  

R .  E .  I r e l a n d  
P.  A.  M o r r i s  

AEC D i v i s i o n  o f  Resea rch  

G .  A .  K o l s t a d  

AEC D i v i s i o n  o f  T e c h n i c a l  I n f o r m a t i o n  E x t e n s i o n  

AEC Savannah R i v e r  O p e r a t i o n s  O f f i c e  

R .  Thorne 

Argonne N a t i o n a l  L a b o r a t o r y  
R e a c t o r  P h y s i c s  C o n s t a n t s  C e n t e r  ( 2 )  

R .  Avery 
P .  G a s t  



No. of 
Copies  

3 Atomic llnerszv of  Canada J , i m i  t e d  

M .  l l u r c t  
C .  M i l l a r  
L .  P e a s c  

Atomic E ~ ~ e r g y  1;s t a b 1  i shmen t  
Dragon P r o i c c t  
winTr i  t h ,  Dorchcs t e r ,  
D o r s c t  , England 

l I .  Gutma.nn 

Atomic I n t e r n a t i o n a l  

I-I. A l t e r  
N .  K e t z l a c h  
L i q u i d  M e t a l s  Eng inee

r

ing  C e n t e r  (LMEC) 

A u s t r a l i a n  Atomic Energy Commission 
AAEC Resea rch  E s t a b l i s h m e n t  
P r i v a t e  Mai l  Bag, S u t h e r l a n d  2 2 3 2  
N.S.W., A u s t r a l i a  

D r .  J .  L .  Symonds 
C h i e f ,  P h y s i c s  D i v i s i o n  

Babcock and Wilcox Company 

H .  J o n e s  
D .  1-1. Roy 
W .  A .  Wit tkopf  

B e c h t e l  C o r p o r a t i o n  
Vernon,  C a l i f o r n i a  

M .  Aronchick  

1 . B e t t i s  L a b o r a t o r y ,  West inghouse  E l e c t r i c  Company 

J .  J .  T a y l o r  

Bhabha Atomic Resea rch  C e n t r e  
Trombay, Bombay-85, I n d i a  

S .  R .  Dwivedi ,  T h e o r e t i c a l  P h y s i c s  Section/RED 
C e n t r a l  Complex Bldg .  

Brookhaven N a t i o n a l  L a b o r a t o r y  

J .  Chern ick  
H .  Kouts 
S .  P e a r l s t e i n  



No. o f  
Copi c s  

1 -- C a l i f o r n i a  I n s t i  t u t c  -- 01 ' J ' c c l ~ n o l ~  

11 .  Lur  i e  , I l n g i ~ l c e r j  n g  Div.  

Cat-1101 i  c  1Jnivers i t y  o f  ,Amcri c a  - 
Dept .  oC Nuclear S c i .  C E n g .  
l iTashington , 13. C .  

G .  L .  Simmons 

E N .  - S a c 3  - 

B o i t c  Pos t? !  c ? 
G i f - S u r - Y v e t t e  (S  e t  0 ) ,  France  

B .  LaPonclie 
P .  Lccorchc  
G .  Vendryes 

CNEN - C a s a c c i a  
0 0 0 6 0  - S .  Mar ia  D i  G a l e r i a  
Rome, 1 t a l .y  

P a o l o  Lo izzo  

CNEN-Centro S t u d i - N u c l e a i r e  
' C a s a c c i a ,  Rome, I t a l y  

Ugo F a r i n e l l i  
Augus t o  Gandin i  

Combusion E n g i n e e r i n g ,  Nuc lea r  D i v i s i o n  

R .  I ia rd ing  . 

C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  N . Y .  
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