




3 

A requirement e x i s t s  t o  provide a Low r a d i a t i o n  environment for  t h e  

c r e w  of a space s t a t i o n  with e l e c t r i c a l  power provided by a SNAP r e a c t o r .  

Therefore ,  a s h i e l d  m u s t  be designed to prov ide  adequate  p r o t e c t i o n  for 

t h e  crew while  having t h e  smallest  p o s s i b l e  m a s s .  

A shadow s h i e l d  c o n s i s t i n g  of l i t h i u m  hydride and tungsten has been 

designed and optimized f o r  a 1-MW SNAP r e a c t o r  u s ing  t h e  ASOP op t imiza t ion  

code ASOP u t i l i z e s  A N I S N ,  a well-known one-dimensional d i s c r e t e  o r d i n a t e s  

code , i n  performing the op t imiza t ion .  Subsequent t o  t h e  ASOP op t imiza t ion  

of t h e  s h i e l d ,  c a l c u l a t i o n s  have been performed using DOT, a two-dimensional 

d i s c r e t e  o r d i n a t e s  c o d e I 3  and SPACETRAN, a t r a n s p o r t  code f o r  void r e g i o n s ,  

t o  v e r i f y  t h a t  t he  dose c o n s t r a i n t s  w e r e  m e t  i n  t h e  ASOP s h i e l d  design.  

The op t imiza t ion  c a l c u l a t i o n s  are desc r ibed  i n  d e t a i l  i n  r e f e r e n c e  5. 

The dose c o n s t r a i n t  a t  t h e  bottom of t h e  s h i e l d  100 f t  from t h e  c e n t e r  

of the  c o r e  of t h e  r e a c t o r  w a s  10 mrem/hr. The dose c o n s t r a i n t  100 f t  

from t h e  c e n t e r  of t h e  co re  a t  t h e  side of t h e  conf igu ra t ion  w a s  100 rem/hr. 

4 

The MORSE Monte Carlo code‘ has  been used t o  perform c a l c u l a t i o n s  f o r  

comparison with t h e  DOT-SPACETRAN r e s u l t s .  This code w a s  chosen f o r  

s e v e r a l  reasons.  F i r s t ,  MORSE is capable  of performing t r a n s p o r t  calcu-  

l a t i o n s  i n  geomet r i ca l ly  complex c o n f i g u r a t i o n s  i n  two and t h r e e  dimensions. 

Second, s i n c e  t h i s  problem inc ludes  t r a n s p o r t  of both primary neutrons 

and secondary gamma r a y s ,  MORSE’S c a p a b i l i t y  of performing t h e  coupled 

c a l c u l a t i o n  i n  a s i n g l e  job s t e p  on t h e  computer i s  q u i t e  convenient .  

Furthermore, t h e  a b i l i t y  t o  use t h e  i d e n t i c a l  multiyroup c r o s s  s e c t i o n s  

makes p o s s i b l e  the  checking of t h e  t r a n s p o r t  c a l c u l a t i o n s  independent 

of t h e  c r o s s  s e c t i o n s .  The multigroup c ross - sec t ion  p r e p a r a t i o n  may be 

i n v e s t i g a t e d  u t i l i z i n g  more energy groups o r  a p o i n t  Cross-sect ion code 

3 445b 05144Ub 4 



4 

7 such as 0 6 R .  However, t h e  adequacy of t h e  b a s i c  p o i n t  cross s e c t i o n s  

may only be v e r i f i e d  through comparison wi th  i n t e g r a l  and mockup experiments.  

The conf igu ra t ion  considered i n  these  c a l c u l a t i o n s  i s  shown i n  F ig .  1. 

'.'his i s  a f i g u r e  of r evo lu t ion  about  an a x i s  along t h e  lower edge of t h e  

f i g u r e .  (Note t h a t  p lus  Z and 0' is t o  the  l e f t ,  minus Z and 180°, toward 

t h e  c r e w ,  i s  t o  t h e  r i g h t . )  The d e t a i l s  i n  the  core  reg ion  inc lude :  reg ion  

1, t h e  235U and zirconium-hydride co re ;  reg ions  2 ,  3 ,  and 4 ,  beryl l ium oxide 

and tantalum-tungsten r e f l e c t o r s  and poison f o r  t he  c o n t r o l  of t h e  r e a c t o r ;  

reg ion  5 ,  t h e  s t a i n l e s s - s t e e l  v e s s e l ;  reg ions  8 ,  t h e  upper and. lower 

s t a i n l e s s - s t e e l  g r i d  p l a t e s ;  and reg ions  9 and 10 ,  t h e  upper and lower 

N a K  coo lan t  plenums. The s h i e l d  is made up of tungsten i n  reg ion  6 and 

l i t h ium hydride i n  reg ion  7 .  

The primary source of r a d i a t i o n  f o r  t h i s  problem was i n  r eg ion  1, t h e  

core  of t he  r e a c t o r .  A f i s s i o n  neutron source w a s  d i s t r i b u t e d  over t h e  

volume of t h e  r e a c t o r  according t o  previous DOT core  c a l c u l a t i o n s .  The 

MORSE c a l c u l a t i o n  w a s  a f ixed  source c a l c u l a t i o n .  M u l t i p l i c a t i o n  of neutrons 

by f i s s i o n  w a s  no t  allowed; however, t he  product ion of f i s s i o n  gamma rays  

was allowed. 

'These c a l c u l a t i o n s  w e r e  perfo-med i n  2 1  neutron groups and 18 yarnma- 

r ay  groups wi th  a P expansion of t h e  angular  d i s t r i b u t i o n s .  The DOT calcu-  

l a t i o n s  were performed wi th  70 d i s c r e t e  angles  and 4500 s p a t i a l  mesh p o i n t s .  

The MORSE c a l c u l a t i o n s  used t h e  i d e n t i c a l  c ros s  s e c t i o n s  and t h e  i d e n t i c a l  

geometry, except  t h a t  i n  DOT t h e  su r faces  a r e  approximated by steps i n  a 

c y l i n d r i c a l  r -z  mesh and, i n  MORSE, genera l  geom i s  used t o  r e p r e s e n t  t h e  

su r faces  by quadr ic  su r faces .  The energy group s t r u c t u r e ,  source  neutron 

energy spectrum, and t h e  neutron and gamma-ray flux-to-dose conversion 

f a c t o r s  a r e  given i n  Tables 1 and 2 .  

3 
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Table 1. Neutron Group S t r u c t u r e ,  Source Spec-trum, and 
Flux-to-Dose - Conversion Fac to r s  

I 

Upper Flux-to-Do se 
Neutron Enercrv Source Spectrum Conversion Fac to r s  <.. 

Group (ev) (neut rons /sec)  ..~ [ ._.____ (mrem/hr) /neut/cm2/secl -_I__ 

1 14.918+6* 1.641+7 1.50-1 

2 10.000+6 3.115-t8 1.50-1 

3 6.7032+6 2.095tg 1.37-1 

4 4.4933+6 6.948+9 1 .32-1  

5 3.0119+6 1.428+10 1.31-1 

6 2.0190t6 2.139+10 1 - 25-1 
7 1.3534t6 2.595i-10 1 16-1 

9.0718+5 2.763tlO 1.06-1 8 

9 5.5023+5 2.763+10 1.06-1 

10 3.3373+5 2.296+10 5.51-2 

11 2,0242+5 1.918+10 4.01-2 

1.2277+5 1.422+1O 2.45-2 12 

13 4.0867+4 7.654tg 8.50-3 

14 1.1709+4 0.0 5.00-3 

15 3.3546+3 0.0 5.00-3 

16 7.4852+2 0.0 5.00-3 

1.7 1.6702+2 0.0 5.00-3 

18 3.7 266+1 0.0 5.00-3 

19 8.3153+0 0.0 5 00-3 

20 I .8554+0 0.0 5.00-3 

21 4.1399-1 0.0 3.75-3 
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Table 2 .  Gamma-Ray Group S t r u c t u r e  and 
Flux-to-Dose Conversion Fac to r s  

Upper Flux-to-Dose 
Gamma Energy Conversion Fac to r s  
Group (MeV) [ (mrem/hr) /gr/cm2/secl 

1 10.0 9.80-3 

2 8.0 8.50-3 

3 7.0 7.60-3 

4 6 .0  6.70-3 

5 5.0 5.80-3 

6 4.0 5.00-3 

7 3.5 4 .) 50-3 

8 3.0 4.00-3 

9 2.5 3.50-3 

10 2.0 3.00-3 

11 1.6 2.40-3 

1 2  1 . 2  2.00-3 

13  0.9 1.50-3 

14 0.6 1.05-3 

1 5  0.4 6.00-4 

16 0.21 2.80-4 

17 0.12 1.40-4 

18 0.07 4 .) 00-4 

0.01 
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Several  q u a n t i t i e s  i n  the  co re  a r e a  were c a l c u l a t e d  as a check on t-he 

source d e s c r i p t i o n  as w e l l  as the  t r a n s p o r t .  One of t hese  q u a n t i t i e s  cons i s t ed  

of t h e  average neutron and gamma-ray f l u x  i n  a l l  regions i n s i d e  t h e  s t a i n -  

l e s s - s t e e l  v e s s e l .  The average p a r t i c l e  f l u x  was c a l c u l a t e d  with MORSE 

u t i l i z i n g  a c o l l i s i o n  d e n s i t y  e s t i m a t o r .  Thus, t h e  estimates f a r  from t h e  

co re  o r  f o r  s m a l l  volumes have l a r g e r  s ta t is t ics .  Table 3 shows the  r e s u l t s  

of t h i s  comparison between DOT and MORSE. The f r a c t i o n a l  s t anda rd  d e v i a t i o n s  

of t he  MORSE r e s u l t s  w e r e  not  c a l c u l a t e d ;  however, they are est imated t o  

vary from 5 t o  35%. X e s u l t s  are shown f o r  both average neutron and gamma- 

r ay  f l u x e s .  The agreement i s  q u i t e  good with t h e  d i f f e r e n c e s  being a t t r i b u t e d  

t o  the  s t a t i s t i c a l  unce r t a in ty  of t h e  Monte Carlo c a l c u l a t i o n s .  The neutron 

r e s u l t s  f o r  t he  lower g r i d  and lower plenum w e r e  obtained using source 

p o s i t i o n  b i a s ing ;  t h e r e f o r e ,  t he  s t a t i s t i c s  of t h e  MORSE r e s u l t s  are  q u i t e  

sma l l .  

Another q u a n t i t y  considered w a s  t he  average p a r t i c l e  c u r r e n t  leaving 

t h e  co re  regi-on through t h e  t o p ,  s i d e ,  and hottom of the  s t a i n l e s s - s t e e l  

v e s s e l .  Table 4 shows t h e  r e s u l t s  of t h i s  comparison. ‘The numbers i n  

parentheses  i n d i c a t e  t h e  calculated.  f r a c t i o n a l  s tandard devi .a t ions.  The 

agreement aga in  is q u i t e  sat . isEactory with a l l  q u a n t i t i e s  l y ing  wi.thin 

t h e  s t a t i s t i c s  of t he  Monte Carlo c a l c u l a t i o n .  The average neutron c u r r e n t  

leaving t h e  bottom of t h e  core  region w a s  obtained with source p o s i t i o n  

b i a s i n g  so t h a t  a leakage energy spectrum could be c a l c u l a t e d  with mean.ing- 

f u l  s t a t i s t i c s  i n  a reasonable  t i m e .  This average neutron c u r r e n t  spectrum 

through the  bottom of t h e  co re  region is  shown i n  F ig .  2 .  The e r r o r  b a r s  

€or  t h e  MORSE r e s u l t s  are one s tandard deviat i -on.  Below 370 k e V ,  meaningful 

e s t ima tes  were no t  ob ta ined ;  t h u s ,  Monte Carlo r e s u l t s  a r e  shown for f a s t  
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Table 3. Comparison of Average P a r t i c l e  Fluxes i n  t h e  Core Region 

DOT Average F lux  MORSE Average Flux 
Region (part  i c 1 es/cm2/s ec (par t ic les /cm2/sec)  

1 ( C o r e )  
neutrons/  5.39+13* 5.50+13 
gamma r a y s  9.43+13 9.39+13 

2 ( I n n e r  Reflector) 
neutrons/  2.15+3 
gamma r a y s  2.86+13 

3 ( Inne r  Poison) 
neutrons/  
gamma r a y s  

5.95+12 
5.39+12 

4 (Outer R e f l e c t o r  
and Poison) 
neutrons/  3.47+12 
gamma rays 2.06+12 

8 (Upper G r i d )  
neutrons/  
gamma r a y s  

8 ( L o w e r  G r i d )  
neutrons/  
gamma r a y s  

I. 36+13 
1.87+13 

7.83+12 
9 * 18+12 

10 (Lower Plenum) 
neutrons/  4.74+12 
gamma r a y s  4.74+12 

6 ( F i r s t  Tungsten 
Region) 
neutrons/  2.71+11 
gamma r a y s  7.52+10 

7 ( F i r s t  LiH Region) 
neutrons/  1.02+10 
gamma ways 5.92+9 

1.99+13 
3.00+13 

5.79+12 
5.00+12 

3.64+12 
1.94+12 

2.06+13 
2.36+13 

7.80+12 
8.31+12 

4.72+12 
5.24+12 

2.85+11 
5.63+10 

1.07+10 
3.35+9 

* 
Read 13  as 5.39 x 10 , 
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Table  4. Comparison of Average P a r t i c l e  Curren ts  

._..__l_._..l_.__-. ~ 

Leaving t h e  C o r e  Region 
____.-- 

DOT Average Curren t  MORSE Average Curren t  
(particles/cm2/sec) 

neutrons/  0.96-t12 1 - 02-tl2 ( -11) * 

Surface  (particles/cmZ/sec) I-.-- 

TOP 

gamma r a y s  1. a 39+12 1.61+12( .35) 

B o t  t o m  
neutrons/  -7.01i-11 -7.12+11(.03) 
gamma r a y s  -13 a 6-1-11 -14.4+11(.21) 

S i d e  
neutrons/ 
gamma r a y s  

8 .) S4+L1 
8.07i-11 

8.23+11( - 0 4 )  
7.05+11(. 18) 

* 1 2  
Read as 1.02 x 1 0  + 11%. 

.- 
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neutrons on ly .  This comparison v e r i f i e s  t h e  neutron t r a n s p o r t  i n  t h i s  

energy range through the  co re  and sodium plenum as it a f f e c t s  t h e  t r a n s p o r t  

i n  t he  s h i e l d .  Any subsequent discrepancy between t h e  MORSE and DOT r e s u l t s  

m u s t  be a t t r i b u t e d  t o  subsequent r a d i a t i o n  t r a n s p o r t  bet:wetm t h i s  s u r f a c e  

and the  d e t e c t o r .  

The dose a t  a p o i n t  100 f t  from t h e  top  of t h e  co re  and 100 f t  from 

t h e  s i d e  of t he  co re  w a s  obtained with a minimum of importance sampling. 

The dose 100 f t  from t h e  c e n t e r  of t h e  co re  a t  t h e  bottom of t h e  configura-  

tion w a s  a very deep p e n e t r a t i o n  problem and thus r equ i r ed  much importance 

sampling. Without t h i s  importance sampling I the c a l c u l a t i o n s  of the dose 

a t  p i n t s  o u t s i d e  t h e  s h i e l d  would have been impossible t o  perform. The 

o v e r a l l  a t t e n u a t i o n  of neutron dose from the  c e n t e r  of t he  co re  t o  t h e  

bottom edge of t h e  s h i e l d  w a s  approximately 3 x 10 . The a t t e n u a t i o n  

through t h e  s h i e l d  alone w a s  2 x 10 . The a t t e n u a t i o n  of gamma-ray dose 

-9 

-8 

from the c e n t e r  of t h e  core  t o  t h e  edge of the s h i e l d  w a s  approximately 

6 x 10 . The a t t e n u a t i o n  through t h e  s h i e l d  alone w a s  2 x 1.0 . -7 ‘-6 

The parameters used i n  t h e  importance sampling were obtained from 

a d j o i n t  A N I S N  c a l c u l a t i o n s .  Also, t he  forward DOT c a l c u l a t i o n s  provided 

i n i t i a l  Russian r o u l e t t e  s t anda rds .  The a d j o i n t  ANISN c a l c u l a t i o n  w a s  

performed i n  s l a b  geometry with the  m a t e r i a l s  shown along t h e  Z a x i s  of 

t h e  s h i e l d  from the upper N a K  plenum through the  co re  and s h i e l d .  The 

source f o r  t he  a d j o i n t  ANISN c a l c u l a t i o n  w a s  t he  d e t e c t o r  response a t  t h e  

l i thium-hydride void i n t e r f a c e .  I n  the  MORSE c a l c u l a t i o n s ,  neutron source ,  

energy, and p o s i t i o n  importance sampling were performed using t h e  scalar 

importance c a l c u l a t e d  by A N I S N  i n  t h e  core  r eg ion .  Source neutron and 

source secondary gamma-ray angle  b i a s i n g  w e r e  a l s o  performed u t i l i z i n g  
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energy,  p o s i t i o n ,  and angular-dependent importance sampling. Angle b i a s i n g  

of t h e  neutron and secondary gamma-ray sources  w a s  e a s i l y  performed due 

t o  t h e  assumption of  i s o t r o p i c  emission. Reference 8 con ta ins  a more 

d e t a i l e d  explana t ion  of t he  source  angle  b i a s i n g  technique u t i l i z e d .  The 

most important  importance sampling w a s  performed i n  t h e  s e l e c t i o n  of p a r t i c l e -  

f l i g h t - p a t h  l eng ths .  A form of t h e  exponent ia l  t ransform was u t i l i z e d .  

The importance w a s  assumed t o  vary exponen t i a l ly  a long a f l i g h t  p a t h ,  

i - e . ,  exp(u@Ct&) ,  where C R i s  the  d i s t a n c e  through t h e  s h i e l d  i n  mean- 

f r e e  p a t h s ,  and p i s  t h e  cos ine  of t h e  angle  between t h e  most important  

d i r e c t i o n  and the d i r e c t i o n  i n  which t h e  neutron is t r a v e l i n g .  The importance 

sampling parameters, 8 ,  f o r  each group and reg ion  were obta ined  by least-  

squares  f i t t i n g  t h e  A N I S N  angular  f l u x  i n  t h e  forwardmost d i r e c t i o n  wi th  

exponent ia l s  f o r  a f i x e d  number of  mean-free p a t h s .  This w a s  performed 

a t  each mesh p o i n t  and then averaged over  l a r g e r  reg ions .  For t h e  ca l cu la -  

t i o n  of t h e  dose a t  t h e  bottom o f  t h e  s h i e l d ,  t h e  d i r e c t i o n  of g r e a t e s t  

importance w a s  assumed t o  be toward -z  f o r  z > 0 and away from a p o i n t  

a t  z = 50 f o r  z < 0. The pa th- length  s t r e t c h i n g  parameters  can y i e l d  some 

i n s i g h t  i n t o  the  p a r t i c l e  t r a n s p o r t  i n  t he  s h i e l d .  For i n s t a n c e ,  when 

t h e  t o t a l  neutron and gamma-ray response w a s  used as a source  f o r  t h e  a d j o i n t  

ANISN c a l c u l a t i o n ,  pa th- length  s t r e t c h i n g  parameters, 1 / ( 1 - 6 ) ,  f o r  f a s t  

neut rons  were on t h e  order  of  from 2 t o  3 f o r  t he  c o r e ,  Eirst tungs ten ,  

and l i thium-hydride r eg ions ,  and on the o rde r  of 1 . 5  and less f o r  t h e  

second tungs ten  r eg ion ,  whereas when t h e  neutron response only was used 

as the source €or the a d j o i n t  A N I S N  c a l c u l a t i o n ,  path- length s t r e t c h i n g  

parameters on t h e  o rde r  of from 4 t o  5 w e r e  c a l c u l a t e d  for  a l l  reg ions  

u n t i l  t h e  o u t e r  edge of the  s h i e l d .  This  i n d i c a t e s  t h e  r e l a t i v e  importance 

t 
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of neutrons t o  gene ra t ing  secondary gamma r a y s  versus  the  importance of 

neutrons i n  c o n t r i b u t i n g  t o  the dose a t  t h e  d e t e c t o r  p i n t .  

A s  an a i d  i n  determining t h e  e f f e c t i v e n e s s  of the importance sampling, 

l i n e - p r i n t e r  p l o t s  showing t h e  l o c a t i o n  of c o l l i s i o n  s i t e s  were made during 

t h e  Monte Carlo c a l c u l a t i o n .  Examples of neutron and gamma-ray c o l l i s i o n  

s i t e  p l o t s  are shown i n  F igs .  3 and 4 ,  r e s p e c t i v e l y .  Shown along t h e  a b c i s s a  

i s  t h e  z-axis from -12  cm t o  132 cm. The o r d i n a t e  i s  t h e  r a d i u s  squared 

r a t h e r  than the  r a d i u s .  Thus, t he  volume represented by each c h a r a c t e r  

is  cons t an t .  The l ack  of a numeral i n d i c a t e s  no c o l l i s i o n s  occurred i n  

t h a t  c e l l .  The numerals 1 through 0 i n d i c a t e  1 through 10  o r  more c o l l i s i o n s  

occur r ing  i n  t h a t  volume. Only one o u t  of every 20 c o l l i s i o n  s i t e s  w a s  

p l o t t e d ,  t hus  saving time and a l s o  making t h e  p l o t  more meaningful. These 

f i g u r e s  have a t o t a l  of 70,000 c o l l i s i o n  s i t e s  shown. The amount of impor- 

tance sampling w a s  i nc reased  g radua l ly  during a sequence of Monte Carlo 

c a l c u l a t i o n s  t o  o b t a i n  t h e  dose a t  t he  crew p o s i t i o n .  Thus, t h e  p o s s i b i l -  

i t y  of ove rb ia s ing  t h e  random walk was minimized. L ine -p r in t e r  p l o t s  such 

as these  were very u s e f u l  i n  determining t h e  e f f e c t  of increased i.mportance 

sampling. 

9 

Two o t h e r  forms of importance sampliriy were also used. F i r s t ,  e s t ima tes  

were made of t he  dose a t  t h e  bottom of the s h i e l d  f o r  only a f r a c t i o n  

of the  p a r t i c l e  c o l l i s i o n s  occurr ing on t h e  co re  s i d e  of t h e  f i r s t  tungsten 

r eg ion .  When an e s t ima te  w a s  made the weight w a s  ad jus t ed  accordingly.  

Also, Russian r o u l e t t e  parameters w e r e  determined by obse rva t ion  of t he  

number and weight of r e a l  c o l l i s i o n s  occurr ing i n  each group and i.n each 

region.  
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Estimation of t h e  dose a t  t h e  p o i n t s  o u t s i d e  t h e  s h i e l d  w a s  performed 

u t i l i z i n g  a n e x t - f l i g h t  c s t i m a t o r .  The r e s u l t s  of t h e s e  MORSE, c a l c u l d t i o n s  

and t h e  DOT-SPACETRAN c a l c u l a t i o n s  are  given i n  Table 5. The  dose,  100 

f t  from t h e  centt=r of t h e  co re  i n  mrem/hr, i s  given a t  s e v e r a l  p o s i t i o n s  

around t h e  s h i e l d .  The top dose,  being t h e  e a s i e s t  q u a n t i t y  t o  c a l c u l a t e ,  

y i e lded  t h e  b e s t  agreement. The DOT-SPACETRAM r e s u l t s  fe l l .  w i t h i n  t h e  

s ta t i s t ics  of t h e  MORSE c a l c u l a t i o n s .  The dose f a l l s  of f  s l i g h t l y  i n  

proceeding from Oo t o  30' due t o  the inc reased  th i ckness  of the s h i e l d .  

A t  t h e  s i d e  of t h e  c o n f i g u r a t i o n ,  t h e  r e f l e c t o r s  on the r e a c t o r  and t h e  

poison c o n t r o l  drums, as w e l l  as the  lncredscd th i ckness  of l i t h i u m  hydride,  

c o n t r i b u t e  i n  making t h e  dose somewhat less. A t  90' t h e  f i r s t  tungsten 

r eg ion  begins t o  have an e f f e c t ,  p a r t i c u l a r l y  on t h e  gamma r a y s .  The DOT'- 

SPACETRAN r e s u l t s  f o r  t h e  s i d e  o f  t h e  conf igu ra t ion  are no t  expected t o  

be of h i g h e s t  accuracy due t o  t h e  few number o f  d i s c r e t e  d i r e c t i o n s  near 

90'. Both neutron and gamma-ray doses c a l c u l a t e d  by DOT f a l l  o f f  approxi- 

mately a f a c t o r  of 2 between 85" and 95". This r a p i d  decrease may be due 

i n  p a r t  to  the l ack  of an i n t e r p o l a t i o n  scheme between d i s c r e t e  ang le s  

i n  SPACETRAN. The comparison between MORSE and DOT-SPACETKAN f o r  90" 

is clouded by t h i s  f a l l o f f  and t h e  s t a t i s t i c s  on t h e  Monte Carlo r e s u l t s .  

However, t h e  agreement is considered t o  be reasonable .  

The i n i t i a l  comparison between MORSE and DOT-SPACETRAN r e s u l t s  ( n o t  

shown i n  t h i s  report) f o r  t h e  crew p o s i t i o n  y i e lded  approximately a f a c t o r  

of two discrepancy.  However, on examination of the DOT c a l c u l a t i o n s ,  

two s i g n i f i c a n t  f a c t o r s  w e r e  d iscovered.  F i r s t ,  t h e  shape of  t he  l a s t  

tungsten region w a s  considerably d i f f e r e n t  t han  t h a t  used by MORSE. There 

w e r e  some r e l a t i v e l y  t h i n  r eg ions  d i agona l ly  through t h e  s p a t i a l  mesh. 



18 

Table 5. Comparison of t h e  Dose of P o i n t s  100 F e e t  
-- From the Center of the Core 

I.- 

DOT DOT DOT MORSE MOFSE MORSE 
Neutron G a r m a  Total N au t.ron Gamma T o t a l  

Angle Dose Dose Dose Dose Dose Dose 
.._____ 

0" 1.64+5( . l o ) *  1.77+S( -16) 3.41+5 
5" 1.77+5 1.75+5 3.52+5 
10' 1.78+5 1.77+5 3.55+5 
15O 1.75+5 1.74+5 3.49+5 
20" 1.45+5 1.35+5 2.79+5 
250 1.33+5 1.47+5 2.8045 
30" 1.28i-5 1.404-5 2.68+5 

TOP 

80° 4.54+4 7.61+4 1.22+5 
85O 3.39+4 7.52+4 1.09+5 

95" 1.85+4 3.51+4 5.36+4 
looo  6.65+3 7.2343 1. .I 39-1-4 

Side 90 4.60+4 ( . 3 5 )  3.37+4 ( .15) 7.97t-4 

165" 1.25 8.42 9.67 
170° 1.26 8.38 9.64 
175' 1.21 8.00 9.21 

B o t t o m  180" 1.35 ( .  35) 5.36( .15) 7.25 

* 
Read as 1.64 x lo5 I + 10%.  
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Second, t h e  e x t r a p o l a t i o n  a c r o s s  some mesh p o i n t s  was s i g n i f i c a n t l y  g r e a t e r  

t han  can be used with reasonable  confidence.  The DOT c a l c u l a t i o n  w a s  r e v i s e d  

t o  more a c c u r a t e l y  r e p r e s e n t  t h e  MORSE c o n f i g u r a t i o n  and t h e  s p a t i a l  mesh 

w a s  a d j u s t e d  t o  reduce t h e  number of i n t e r v a l s  over which p a r t i c l e  flux 

f e l l  o f f  by more than  a f a c t o r  of t w o .  The r ev i sed  c o n f i g u r a t i o n  u t i l i z e d  

i n  the  DOT c a l c u l a t i o n  i s  shown i n  F i y .  5.  The DOT-SPACETKAN r e s u l t s  shown 

i n  Table 5 are f o r  t h i s  r e v i s e d  c a l c u l a t i o n .  The dose a t  t h e  bottom o f  

t h e  s h i e l d  should be r e l a t i v e l y  flat from 150" t o  180" due t o  t h e  shadow 

s h i e l d  n a t u r e  o f  t h e  conf igu ra t ion .  The MORSE neutron dose agrees q u i t e  

w e l l  w i t h  t h a t  c a l c u l a t e d  by DOT. The gamma-ray dose d i f f e r s  by approxi- 

mately 30%. This  d i f f e r e n c e  i s  extremely s m a l l  cons ide r ing  t h e  t o t a l  

a t t e n u a t i o n  involved i n  t h e  c a l c u l a t i o n ;  however, even t h i s  s m a l l  d i f f e r -  

ence could p o s s i b l y  be reduced by f u r t h e r  ref inements  i n  both si?t.F; of 

c a l c u l a t i o n s .  
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