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t o  t h a t  c a l c u l a t e d  by D r .  Spencer ' s  method. 

' The exper imenta l  s t r u c t u r e  w a s  a s imp le ,  s q u a r e ,  - window- 

l e s s ,  c o n c r e t e  blockhouse shown i n  t h e  f i r s t  s l i d e .  

S l ide .  #1 - Photo o f  Blockhouse 

The i n s i d e  dimensions were 1 2  f t  x 12 f t  x  8 f t .  

The b a s i c  w a l l  of t h e  blockhouse was r e i n f o r c e d  c o n c r e t e ;  

mass t h i c k n e s s  48 pounds p e r  squa re  f o o t  o r  p s f .  Two - 
t h i c k n e s s e s  o f  c o n c r e t e  were added t o  t h e  b a s i c  w a l l  i n  

increments  .of 45.7 p s f ,  t h i g  r e s u l t e d  i n  w a l l  t h i c k n e s s e s  

of  93.7 ps f  a n d  139 psf, r e s p e c t i v e l y .  6 e  t h i c k n e s s  of  t h e  

roof w a s  50 ps f  of s t e e l  f o r  t h e  f i r s t  two w a l l  t h i c k n e s s e s  

and 9 2  psf  f o r  t h e  1 3 9  ps f  w a l l  t h i c k n e s s .  

A s imu la t ed  f a l l o u t  r a d i a t i o n  f i e l d  was produced around 

t h e  blockhouse by moving p o i n t  s o u r c e s  s u c c e s s i v e l y  t o  

p o s i t i o n s  i n  a g r i d  peattern;  however, because of  symmetry of  

t h e  - s t r u c t u r e ,  on ly  one-eighth  of  t h e  f i e l d  r e q u i r e d  s imula-  

, t ion.  

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

around t h e  blockhouse.  
. . 

SLIDE #2 - Grid P a t t e r n  Around Blockhouse I 

The s . imulated area w a s  d i v i d e d  i n t o  a s e r i e s  o f  s q u a r e s  . 

which i n c r e a s e d  i n  s i z e  as t h e  d i s t a n c e  from t h e  b u i l d i n g  

, increased .  Dose rate measurements were made w i t h  t h e  s o u r c e  

p laced  a t  t h e  c e n t e r  o f  each  squa re  and t h e  r e s u l t s  were 
. . 

u t i l i z e d  i n  c a l c u l a t i n g  the1:dose rate from a uni formly  



. . . . 
. contaminated a r e a  su r round ing  t h e  b lockhouse ,  The e x p e r i -  . -  . . 

ment w a s  conducted '  u s i n g  p o i n t  s o u r c e s  o f  c o b a l t  60 ,  an.d 
. . 

.cesium 137.. 

'The n e x t  s l i d e , w i l l  show t h e  method used  f o r  expos ing  

t h e  sou rce s .  

' .  SLIDE ' #3  - T i l t e r  i n  Upr igh t  P o s i t i o n  

The s h i e l d ,  hous ing  t h e  s o u r c e ,  was mounted; on a 

t i l t i n g  &chari&sm. A s o u r c e  l i f t i n g  assembly w a s  p l a c e d  . 
i n t o  t h e  s h i e l d  and t h e  s h i e l d  w a s  t i l t e d  remote ly .  Next 
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". ,$f ,.:&. DE ~4 - TILTER I N  EXPOSURE POSITION 
.. . .  p'*e 

A f t e r . t h e  s h i e l d  w a s  t i l t e d ,  t h e  compressor  pump w a s  
;J 

. . 
. . a c t i v a t e d  . r emote ly  and t h e  s o u r c e  was blown t o  t h e  end o f  t h e  

. . 
.,aluminu,m riser t u b e .  Th i s  exposure  method w a s  l a t e r  r e f i n e d  

. . by i n s t a l l i n g  a r e v e r s e  a i r - f l o w  sys tem,  t h u s  making it 

; p o s s i b l e  t o  r e t u r n  t h e  s o u r c e  t o  t h e  s h i e l d  by s imp ly  r e v e r s i n g  
. . 

e 

. t h e  f low o f  t h e  a i r .  

This  sys tem made it p o s s i b l e  t o  expose  t h e  s o u r c e  

wi th  t h e  s h i e l d  i n  tilt p o s i t i o n  and r e t u r n  t h e  s o u r c e  t o  t h e  

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

a t i l t i n g  c o r r e c t i o n  i n  t h e  dose  r e a d i n g  and making it p o s s i b l e  

t o  remote ly  expose..?the s o u r c e  as c l o s e  as 1 i n c h  above t h e  

ground, ' . . 

Rad ia t i on  d e t e c t o r s  used  i n  t h i s  exper iment  were Vic to r een  

i o n i z a t i o n  chamber d o s i m e t e r s ;  i n  r a n g e s  of  0-1 m r  and 0-10 ' m r .  

The r e a d i n g  accu racy  and t h e  r e p r o d u c i b i l i t y  o f  t h e s e  d e t e c t o r s  
& 

was found t o  be  w i t h i n  *1% o f  e f u l l  scale r e a d i n g .  - 
J 



The d e t e c t o r  p o s i t i o n s  w i t h i n  t h e  blockhouse are shown 

i n  t h e  nex t  s l i d e .  

SLIDE 1 5  - DETECTOR POSITIONS WITHIN BLOCKHOUSE 

De tec to r s  were p laced  a t  t h e  c e n t e r  o f  t h e  blockhouse 

3 f e e t ,  and 6 feet  above t h e  f l o o r .  Other  d e t e c t o r s  

were 1 o c a t e d : i n  t h e  . c o r n e r s ,  between t h e  c e n t e r  of t h e  block- 

house and t h e  c o r n e r  d e t e c t o f s ,  and on t h e  c e n t e r l i n e  of t h e  

bu i ld ing .  I n  a d d i t i o n ,  f o r  each  o f  t h e  o f f - c e n t e r  d e t e c t o r s ,  

t h e ~ e  was an llimagell p o s i t i o n  i n  each  quadran t  o f  t h e  

bu i ld ing .  The dose rate a t  a g iven  d e t e c t o r  p o s i t i o n  f o r  an 

a r e a  complete ly  sur rounding  t h e  b u i l d i n g  w a s  o b t a i n e d  by 

summing t h e  dose  rates from t h e  d e t e c t o r s  a t  t h e  "image" 

p o s i t i o n s .  

The d i s t a n c e  from t h e  c e n t e r  o f  t h e  blockhouse t o  t h e  

boundary of  t h e  g r i d  p a t t e r n  u s i n g  c o b a l t  60 p o i n t  s o u r c e s  

. w a s  400 f e e t  f o r  t h e  4 8  p s f  and t h e  139 ps f  w a l l s  and 430 f e e t  

f o r  t h e  93.7 p s f  walL Areas contaminated a t  t h e s e  . d i s t a n c e s  

y i e l d e d  dose r a t e  r ead ings  which are approximate ly  92% o f  

t h e  i n f i n i t e  f i e l d  dose rate. Th,is w a s  de te rmined  from f r e e  

f i e l d  exper iments  r e p o r t e d  i n  NDL-TR-2, e n t i t l e d ,  S c a t t e r e d  

1 .  Radia t ion  and Free  F i e l d  Dose Rates  from D i s t r i b u t e d  Sources  
- \ 

. ef c o b a l t  60 and cesium 137. 

Using t h e  cesium 137 p o i n t  s 'ource,  t h e  f i e l d  g r i d  p a t t e r n  

' ' ex tended t o  a d i s t a n c e  of  340 f e e t  from t h e  c e n t e r  o f  t h e  

blockhouse w i t h ' t h e  4 8  p s f  wall, t h i c k n e s s ;  t o  200 f e e t  f o r  . 
. . 

t h e  9'3.7 p s f  w a l l  t h i c k n e s s ,  and t o  100 fee t  f o p  t h e  139 p s f  
. . . .  . 

~ w a l . 1  thickness..:" These d i s t a n c e s  r e p r e s e n t  92%, 85%, and 75% 
. . I . .  . i '  . . 



4 I 

of t h e  i n f i n i t e  f i e l d  dose r a t e  r e s p e c t i v e l y .  

From t h e  dose r ead ings  a t  t h e  v a r i o u s  s o u r c e  p o s i t i o n s ,  

t h e  dose r a t e  was determined i n  m i l l i r o e n t g e n s  p e r  h o u r  

f o r  a uniform sou rce  d e n s i t y  o f  one c u r i e ' p e r  s q u a r e  

. f o o t  o f  t h e  ; a r ea  complete ly  sur rounding  t h e  blockhouse.  Dose 

r a t e s  f o r ,  each row were summed and p l o t t e d  as.  cumula t ive  dose  

r a t e s  ve r sus  ' d i s t a n c e  from t h e  c e n t e r  o f  t h e  b u i l d i n g  t o  t h e  

boundary of t h e  g r i d  as shown on t h e  n e x t  s l i d e .  These dose  

r a t e s  were t h e n  e x t r a p o l a t e d  t o  o b t a i n  t h e  i n f i n i t e  f i e l d  
* 

dose r a t e  by comparing t h e  w a l l  a t t e n u a t i o n  p l o t  w i t h  a s imi la r  

p l o t  f o r  f r e e  f i e l d  dose r a t e s .  . 
The nex t  s l i d e  shows p l o t  o f  t h e  cumula t ive  dose  rates 

ve r sus  d i s t a n c e  from t h e  c e n t e r  of t h e  blockhouse f o r  c o b a l t  

60 w i th  t h e  d e t e c t o r  a t  t h e  t h r e e  f o o t  h e i g h t .  

SLIDE # 6  - DOSE RATE VERSUS DISTANCE CURVE 

The uppermost curve  shows t h e  f r e e  f i e l d  dose  r a t e s .  

1 The nex t  curves  r e p r e s e n t  dose  rates f o r  t h e  48 ,  93.7, and - 
139 psf  w a l l  t h i c k n e s % e s ,  r e s p e c t i v e l y .  These c u r v e s  a r e  

very n e a r l y  p a r a l l e l  t o  t h e  f r e e  f i e l d  curve  and show a n e a r l y  

1 cons t an t  r a t i o  beg inn ing  a t  approximate ly  100 f e e t  from t h e  

d bu i ld ing .  From t h i s  d a t a  it was assumed t h a t  t h e  r a t i o  between 

t h e  f r e e  f i e l d  dose r a t e  and t h e  dose  ra te  th rough  v a r i o u s  
I 

. w a l l  t h i c k n e s s  was c o n s t a n t  t o  an i n f i n i t e  d i s t a n c e ,  The dose  

rates shown o n , ' t h e .  r i g h t  a r e  t h e  e x t r a p o l a t e d  i n f i n i t e  f i , e l d  
. . . . 
. .. . . . . ' *  . 
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I I n f i n i t e  f i e l d  dose r a t e s  f o r  cesium 137 were d e t e r -  

I mined s i m i l a r l y .  
. . 

Data w i l l  be p r e s e n t e d  h e r e  on ly  f o r  t h e  c e n t e r  

1 .  . d e t e c t o r s  a t  t h a  3  f o o t  and' 6  f o o t  h e i g h t s .  Data f o r  t h e  

I o f f  c e n t e r  d k t e c t o r  p o s i t i o n s  w i t h i n  t h e  'blockhouse are s t i l l  

I being analyzed.  

i Experimental  r e d u c t i o n  f a c t o r s  were determined f o r  t h e  . .  

d e t e c t o r s  a t  t h e  3  f o o t  and 6  f o o t  h e i g h t s  a t  t h e  c e n t e r  . 
of  t h e  blockhouse. 

SLI'DE 7  - EXPERIMENTAL AND THEORETICAL REDUCTION 
FACTORS 3 FEET 

1 This  s l i d e  shows t h e  expe r imen ta l  r e d u c t i o n  f a c t o r s  and 

t h e  t h e o r e t i c a l  reduc. t ion f a c t o r s  c a l c u l a t e d  u s i n g  D r .  

Spencer ' s  method p l o t t e d  v e r s u s  t h e , m a s s  t h i c k n e s s  o f  t h e  

1 wall,. The detectui7 i s  a t  a 3-foot h c i g h t .  The p a i r  of 

1 curves  on t o p  are f o r  c o b a l t  60 and t h e  p a i r  a t  t h e  bottom 

a r e  f o r  cesium 137. 
4 

The curves  f o r  bo th  c o b a l t  60 and cesium 137 show ve ry  

I c l o s e  agreement between t h e  expe r imen ta l  and t h e o r e t i c a l  

I r e d u c t i o n  f a c t o r s  f o r  w a l 1 , t h i c k n e s s  'up t o  139 p s f .  

The maximum d i f f e r e n c e  f o r  c o b a l t  60  i s  8% and f o r  cesium 

. The nex t  s l i d e  shows similar r e s u l t s  f o r  t h e  d e t e c t o r  

. .  . 
a t  t h e  6  f o o t  h e i g h t .  

SLIDE # 8 ,  - EXPERIMENTAL AND THEORETICAL REDUCTION 
" . FACTOR - 6 FEET 

Although s l i g h t l y  l a r g e r  d i f f e r e n c e s  between e x p e r i -  
. . 

mental  and t h e o r e t i c a l  r e d u c t i o n  f a c t o r s  were no ted  f o r  t h e  6  



f b o t  h e i g h t .  However, t h e  maximum d i f f e r e n c e s  w a s  15% 
. . 

f o r  c o b a l t  6 0  and 2 0 %  f o r  ces ium 137,  cp 

. . The complete r e p o r t  on t h i s  exper iment  w i l l  be 
. . 

pub l i shed  as NDL-TR-43 and shou ld  be r e l e a s e d  w i t h i n  t h e  
, . 

. hex% two months, 
. . 

S i m i l a r  exper iments  were conducted w i t h  con t amina t i on  

. .  on t h e  roo f  o f  t h e  b lockhouse ,  T h i s  d a t a  h a s  b e e n ' p r e v i o u s l y  

r e p o r t e d  i n  NDL-TR-6.. S i m i l a r l y  c l o s e  agreement  was shown 
I 

between expe r imen ta l  and t h e o r e t i c a l  r e d u c t i o n ' f a c t o r s  
. . 

w i t h  va ry ing  roof  t h i c k n e s s e s  up t o  50  p s f ,  . 
No comparisons have been made between t h e  e x p e r i m e n t a l  

and t h e o r e t i c a l  r e s u l t s  f o r  d e t . e c t o r . ~ ~ l o c a t i o n s  o t h e r  t h a n  

t h o s e  r e p o r t e d .  .However, a l l  d a t a  h a s  been accumulated and 

.i ' t h e  a n a l y s i s  i s  i n  p r o g r e s s  f o r  o t h e r  d e t e c t o r  p o s i t i o n s ,  and 

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

. w a l l  t h i c k n e s s e s , ' . .  The work i s  b e i n g  done j o i n t l y  w i t h  Penn .. 

S t a t e  U n i v e r s i t y o  * 

4 Data ana lyzed  up t o  t h i s  point lhoweverl  shows s a t i s f a c t o r y  

agreement between e x p e r i m e n t a l  and t h e o r e t i c a l  r e d u c t i o n  
. . 

f a c t o r s . .  
. s 

, . . . ." .SLIDES TO BE USED I N  PRESENTATION 

NO,  - TITLE - 
. . I ,  . .  

. : . . .  1 . .  . .  . .  , . 
. I  .; ;, \..). PHOTOGRAPH OF BLOCKHOUSE . , . .  . ,  

. . , ., . .  1 .  . 
, . . .  

. I :  . 2 , . . *  . . . , . . , , . .  . . . . . G R I D  PATTERN AROUND' BLOCKHOUSE 
. . .  . . . .  . . .  ( _ ..I . ,  . i 

. . ; h e  . . 3  . ; a ,  TILTER UPRIGHT 

. . 
5 ' .  

_ ( . . .  . _  
- "  , . .. ' . . DETECTOR POSITIONS I N  BLOCKHOUSE 



No. - TITLE - 
6 DOSE RATE VERSUS DISTANCE CURVES - 3 FT 

7 . .  . .  . . . . .  , EQT REDUCTION FACTORS VS . MASS, THICKNESS ' 
3 FEET 

. . 

8.; , EGT REDUCTION 'FACTORS vs MASS: THICKNESS 
!. ' ' , . 6 FEET 

. , .  % ,, , . . . . 

. . 
I .  

. . 
. . . .  . . 

. . . . 
. . 

! .  , ). . 
: . . .  0 .  . .  

% .  . . 1: . . .. . 
. . , .  . .  

a . .. 

. . 

. . 
. . 

* 













3 DISTANCE,  FEET 



COBALT CESlU 

MASS THICKNESS, P.S.F. 

. , 






