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INTRODUCTION 

OBJECTIVES 

Tho objoc t ivos  o f  t h i s  i n v e s t i g a t i o n  wore: 

I. To moasuro tho a t t o n u a t i o n  of g a m  rays  by t h e  r o m o t o  

handl ing  c o l l  windows and monitor ing room windows when f i l l o d  with 

(1) v r a t o r  and (2) z i n c  bromide s o l u t i o n .  

2. To moasuro tho  q u a n t i t y  of s c a t t o r o d  r a d i a t i o n  i s s u i n g  

from tho romoto handl ing  o e l l  door  s l i ts .  

3 .  To dotermino t h o  magnitude of s h i e l d i n g  providod by t h o  

ooncroto walls o f  t ho  romote handl ing 0011  and monitor ing room, 

and by tho  c e i l i n g  o f  tho monitoring room. 

4. To i n v o s t i g a t o  tho  poss ib l e  hrzznrd f r o m  aocess  ho le s  and 

f a u l t y  concroto cons t ruc t ion .  

hlATERIALS AND METHODS 
1 Tho,  romoto handl ing  c e l l  windows wore f i l l o d  wi th  wator ,  

and 30 c a r t r i d g o s  with a t o t a l  StrOngth of 231 curios Vloro 

placed i n  the c e l l .  Radia t ion  i n t o n s i t i e s  ou t s ide  tho  0011 and 

monitor ing room woro moasurod a t  t h e  windows, walls. and d o o r  

s l i ts ,  wi th  tho  MX-5 Goigor countor  survcy m o t o r s .  

The 30 c a r t r i d g e s  (Table 1) were mOUntQd i n  a 2-inch t h i c k  

b lock ,  11 inohos long and 9.5 inches wide. The c a r t r i d g o s ,  

abou t  n ine  inchos i n  long th ,  I'IQPO supported i n  a n  u p r i g h t  

pos i t i on .  This c a r t r i d g e  suppor t  vas  placod a t  one end o f  a 

'Tho romote handl ing  c e l l  is commonly r e f e r r e d  t o  as t h e  
" f i l l i n g  cell"; t h i s  tom is used throughout  t h e  r o p o r t .  



f i l l i n g  0011 oar body; dur ing  t h o  course of tho invost igat ion it 

was moved t o  v a r i o u s  known p o s i t i o n s ,  markod by guido and s t o p  

s t r i p s  fastonod t o  tho platform.  

body,  u Bookman 61X-4 i o n i z a t i o n  ohambor was mounted 'Lo moasuro 

tho  strength of tho vourco. 

a mochonical hand and it; d i a l  road throueh t h o  f i l l i n g  0011 

vrindow . 
TADU?: 1: A c t i v i t y  of Cartridgon 

At tho opposi to  ond of  t ho  car 

This m o t o r  wus tu rnod  on and of f  with 

APPARENT 
ACTIVI'IY 
(cu r ios )  

10.00 
10.00 

9.45 
9.16 

10.30 
1 3  .OO 
11.80 
11.50 

9.75 
10.90 
12.10 

11.20 
11.20 

9.33* 

9.330 
1 :  

*Tho valuo 9. 

C A R T R I D G E I  
NUMDER 

16 
1 7  
18  
19, 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 II 

R G T N I l Y  
c u r i o s  

I 

9.16 
5.27 
7.98 
8.27 
0.27 
6.50 
6.50 
0.86 
6.50 
6.50 

".-G .20 
9*16 
8.36 

10.60 
9.16 

- 
Since t h o  c a r t r i d g o s  contained d i f f o r o n t  woightr, of ngont ,  t h i s  is 
not a t r u e  avorage. 

With tho souroo suooonsivoly looa tod  at four  p o s i t i o n s  i n  tho 

filling 0011 and a t  ono p o s i t i o n  i n  tho monitoring room, moasuromonts 

ivoro mado a t  va r ious  l o c a t i o n s  c u t s i d c  tho  coll vlith an MK-5. 



The d i s t a n c o  botwoon t h e  sou rce  and t h o  s i d o  walls o f  .tho c o l l  

was var iod  by movi2y- t h e  sou rce  a long  t h o  oar body with a mechanical 

hand. Tho d i s t a n c o  botwoen t h e  source  and t h e  end walls was var iod  

by moving t h o  c a r  by moans o f  t h o  remote-contro1,cablo-convoyor 

system. 

Because o f  spaco l i m i t a t i o n s  on t h o  c a r  body, t ho  Boclman MX-4 

wns l o c a t e d  4 . 5  f e e t  above t h o  sourco levo1 when t h e  t w o  dotermina- 

t i o n s  of t h o  o f f e c t i v e  s t r o n g t h  of  t h e  c a r t r i d g e  sourco wore made. 

Tho difference botwoen t h o  t o t a l  s t r e n g t h ,  i n  c u r i e s ,  doterminod 

from t h e  s u m  o f  t h o  j.ndividuu1 c a r t r i d g e  a c t i v i t i o s  and tho  t o t a l  

s t r e n g t h  obtainod from Mx-4 readings  was caused by so l f - abso rp t ion .  

S ince  t h o  sourco vms unsymmetrical ,  t h o  o f f o c t s  of se l f -absorp-  

t i o n  v a r i e d  wi th  tho  l o c a t i o n  o f  tho moasuring instrumonts .  To 

o l i m i n a t o  t h i s  v a r i a t i o n ,  somo of t ho  measurements wero repoated 

us ing  a s p h e r i c a l  source .  

Tho a d d i t i o n n l  moasuromonts war9 made a t  t h o  cell windows wi th  

an hK-4 i o n i z a t i o n  chambor, u t i l i z i n g a  s p h o r i c a l s o u r c o  of approxi-. 

mntoly 7.10 c u r i o s .  A mochanical hnnd was usod t o  hold t h o  source 

and  subsoquontly t o  p l o c o  i% i n  a woodon ruck  a t  a known posi- l ion.  

T h i s  spher ic8 . l  souroo  and t h o  NX-4 i o n i z a t i o n  chamber wore used t o  

t a k o  readings a t  t h o  s l i t  of t h o  openod f i l l i n g  c e l l  doors .  Tho 

sphere  was placod i n s i d e  t h o  c e l l  i n  a soodon r ack  one f o o t  f r o m  

t h o  w a l l  and d i r o c t l y  oppos i t e  t h o  door s l i t .  Tho MX-4 was placed 

a t  t h e  same he igh t  as t h e  source.  
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Addit ionnl  mansuremento wore talson a t  tho sl i t  of  t h o  oponod 

fillix 0011 doors with a c r y s t a l  s c i n t i l l a t i o n  countor and a 

25-mi l l icur io  s tandard  radium sourco. This radium sourco was 

placed i n  a woodon rack about ono f o o t  from t h o  s l i t  on t h o  south 

s i d e  of t h o  oponod f i l l i n g  0011 door.  

t h o  hoight  of t h o  sourco.  

Tho countor was placod a t  

During f i l l i n g  opora t ions  f o r  t h o  Waltor  SCiddo Hon-l; T o s t ,  

moasuroments were mado of t h e  i n t e n s i t y  o f  t ho  r a d i a t i o n  

outs ido  tho z inc  bromido-f i l lod windows, ' through t h o  walls, and 

through t h e  s l i t  of t h o  closod f i l l iw coll doors .  Tho apparont  

strongth o f  t ho  souroo usod i n  those  t e s t s  was 0200 cu r ios .  Four 

agon t - f i l l od  spharos woro immornod i n  a n  o i l  b a t h  on ono s ido  of 

t h o  c o l l  and t h e  o tho r  f o u r  woro  placed i n  t h o  ca r  body on tho  

opposi to  S idQ.  Tho d i f f o r o n t  l o c a t i o n s  of t h o  samploo mado an 

accura to  estimato of t h o  apparant  s t r e n g t h  impossiblo;  f o r  tho cal- 

a 

c u l a t i o n s ,  a n  o f f eo t ivo  souroo o f  5000 cu r ios  was assumcd. 

Measuroments wore also mado of tho sh io ld ing  providod by t h o  

monitoring room windows, walls, and c o i l i n g .  Radioactivo ngcnt 

from f i v e  of  t h e  o r i g i n a l  shipping conta inors  €or tho  agonL usod 

i n  t h o  haat t o s t  comprisod tho sourco .  Throo of t h o  o r i g i i l a l  

a g o n t - f i l l o d  sh ipping  conta inors  wero usod as a p a r t  o f  t h i s  

souroo. Tho material from tho  o t h e r  two conta inors  had proviously 

n 

. !  

G 
Measuromonts of t h o  r a d i a t i o n  i n t e n s i t i o s  of t h o  sphoroa a r o  

g iven  i n  Appondix N. 



boon t rnns f  orrod t o  smal3.or con ta ino r s  ; t h o s b  smallar ;ontainarc; 

comprisod t h o  romnj.ndar of t h o  source. 'Tho e f f e c t i v e  s o u r m  was 

nbout  0000 c u r i o s .  Moasuroments mado a t  d i f f e r e n t  l o c o t i o w  var iod  

conr idorably  ns n twsu1.t of t h e  shi.olding providacl by t he  lea4 

ba r r i cado  and t h o  rnnchinory f i x o d  o n  t h o  c a r  body. Tb.9 oalcu la-  

-Lions T o r  t h o s o  monsuromnnts a r e  npprnximate only ,  bocause t h e  

p o s i t i o n  o f  t ho  c a r  in t h o  monitor ing room w a s  not a r a c t l y  known 

f o r  t h i s  s o r i o s  of rnonsuromonts. 

The r a c k  o f  eight sphoros wit,h a n  apparent  a c t i v i t y  o f  0200 

curios was t h e n  usod as a sourco i n  monsuring t h e  s h i e l d i n g  p r o -  

vidod by t h o  z ino bromide s o l u t i o n  i n  t h o  windows and 'by t ho  con- 

c r o t o  walls and d o o r s .  The magnitude o f  t h e  r a d i a t i o n  sca t to rod  

through t h o  door  s l i t s  was dotorminod, and tho  prosonco of  t h o  

"goornotry oEfoct" observud i n  t h e  firs-t s o t  o f  rnonmrernents was 

v o r i f i o d .  Each ono o f  t ho  e i g h t  sphores  usod i n  t h i s  t o s t  was 

moasurod sopnra to ly  us ing  a s l i t  systom i n  which tho  monitorlnl: 

room d o o r s  w w e  oponod about  one f o o t .  A wooden r ack ,  b u i l t  so 

t h n t  t h o  sphoroc would lio o?f -so t  v o r t i c a l l y ,  was t h m  1oade:I with 

t h o  s p h o r o s  and tho r a d i a t i o n  i n t m s i t y  monsurod through t h o  sli,t,. 

Tho source  wns r o t a t d  90, 100,  and 270 dogro6s  and maasurq:id i n  

each of  t h e s e  p o s i t i o n s .  Tho sourco t h u s  forrnod t h e  c o r m r s  o f  a 

t i l t o d  cube about n ine  inohos on a s i d o .  

Spocinl  moasuromonts wore nlacln t o  v e r i f y  tho s c a t t e r i n g  ~ P f ~ c t  

no t iced  dur ing  t h o  f i rs t  s o t  o f  rneasurornunts when t h o  windows worn 
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f i l l o d  with water .  

formod t h e  slit.  a t  tho Limo tho m o s t  in tonso  sphore was moasurod. 

An MX-5 Eeigor  countor ,  MX-Iionizatioii ohambor, and a lab monitor 

woro  usod f o r  thoso moasuromonts. 

The t e s t  was mado by opening t h o  doors  whioh 

A d o s c r i p t i o n  o f  oach of  t h o  monitoring p o s i t i o n s  as w o l l  

as diagrams showim tho  souroo  loca t ion3  and monitoring p o s i t i o n s  

m y  bo found i n  Appondix I. 

Tho complote r o s u l t s  a r o  g ivon  i n  Appondix 11. Tho i n t o n s i t y  

moasuroments woro d iv idod  i n t o  th rQQ c la s sos :  (Ma), whoro t h o  

moasurod va lue  of  i n t e n s i t y  i s  much mor0 - t h a n  t h o  t h o o r o t i c a l  

value; ( S ) ,  whoro tho  measured valuo is of  tho,  

n i t u d e  as tho  t h o o r e t i c a l  va luo ;  and ( L ) ,  whom t h o  moasurod vnluc 

is much lass t han  t h e  theo ro - t i ca l  va luo .  

(M) and (L)  l o c a t i o n s  i s  l i s t e d  below. 

o r d o r  of mag- 

A poss ib lo  roason f o r  t h o  - 

Sinco a largo numbor of p o s i t i o n s  woro monitorod Tor  oach 

sourco l o c a t i o n ,  and s i n c e  tho  d o s c r i p t i o n  of  t h o  posi ' l ions i s  

r a t h e r  longthy ,  a number was assignod t o  oach p o s i t i o n  and a l o t t o r  

t o  each source l o c a t i o n .  Tho p o s i t i o n s  aro doscr ibod b r i o f l y  i n  

Appondix I;  tho  positions and Locations aro shown i n  Appondii I, 

Piguros 1 t h r u  8 .  Figure 9 o f  Appondix I i s  a photograph of t h e  

w o s t  wall o f  t h o  f i l l i n g  c e l l .  
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Tho M and L l o c a t i o n s  l i s t e d  bo los  are  f o r  wa to r - f i l l od  win- 

dows and tho  30 -ca r t r idge  s o u r c o .  

M Locations - 
10 
19 
20 
37 
25 
a9 
31 
3:: 

C-35 
0-36 
44 
49 
B-55 

F-5G 

C-5C 

61 
62 
64 
65 
Gi3 
G9 
7 0  
74 
77 
7 0  
7 9  
00 
01 
03 
85 
06 
08 
89 

1 7  .J.J 

Accoss h o l o  
Acce3s h a l o  
Accoss ha lo  
space botwoon door  and wall o f  c e l l  (d i t )  
Space botwoen door and w a l l  o f  c o l l  ( s l i t )  
Space betwoon door and wall of c o l l  ( s l i t )  
Space botwoon door  and wall o f  c e l l  ( s l i t )  
Space botwoen door  and w a l l  o f  c e l l  (31it) 
Spaoo between door and w a l l  o f  c o l l  ( s l i t )  
Louver and a i r  duc t  dimensions not  a c c u r a t e l y  known 
b u v o r  and a i r  duct  dimensions not  a c c u r a t e l y  knonn 
Access ho le  
Spaco botwoen door  and wall of c o l l  
I r r e g u l a r i t y  of bottom o f  wator  t a n k  s p o i l s  ca l cu la -  
t i o n s  
L r r o g u l a r i t y  o f  bottom o f  water  tank s p o i l s  ca l cu la -  
t i o n s  
I r r o g u l n r i t y  of  bottom of  vra tor  t a n k  s p o i l s  ca l cu la -  
t i o n s  
Accoss ha lo  
Accoss ho le  
Aocoss  h a l o  
Accoss hole 
Acooss h a l o  
Acooss ho le  
Aocos3 hola 
Accoss ho le  f o r  Groer  A r m  
Space botwoon door  and wa l l  of  c o l l  
Spaco botwoon door  and wall o f  c e l l  
Spnco batwoon door  and wall of c o l l  
Spnco botwoon door nnd w a l l  o f  0011 
Spaco botvioon d o o r  and wall of c o l l  
Space botween door and w a l l  o f  c o l l  
b u v o r  and a i r  duc t  dimensions no t  a c c u r a t e l y  known 
Louvor and air  duc t  dimonsions not accu ra t e ly  known 
Acooss ho le  
Access h o l e  

H-101 Access ho le  
102 Hole f o r  condui t  a l lows  s c a t t e r e d  r a d i a t i o n  
103 Accoss ho le  
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104 Access halo  
106 Access hole  
108 Sca t t e red  r a d i a t i o n  from c o i l i n g  of  c o l l  Gamos 

117 Accos3 ha lo  

L Locations 

F-36 

H-40 S imi l a r  t o  F-47, B-96, C-97, o t c .  
3'-49 Source was not  a poin t  sourco 
G-59 S imi l a r  t o  F-47, B-96, C-97, c t x .  
F-97 Similur t o  F-47, B-9G, C-97, o-to. 
H-98 S imi l a r  t o  F-47, B-96, C-97, o t c .  
13-109 

H-110 

G'-7G Souroo was n o t  a po in t  sourco 
GI-GO Source was not  a po in t  sourco 
G"-(Nor th  s l i t ) -  Sourco was not  a po in t  sourcu 
GI8-(South s l i t ) -  Source was not a po in t  sourco 
Sourco passing sl i t-  Sourco was not  a poin t  sourco 

A comparison of  tho moasurod and t h o o r e t i c e l  r a d i a t i o n  in tun-  

through panol 

- 
Compla.l;ely d i f f a r o n t  from P-36 and similar 
moosuromonts; probably i r r o g u l a r  a i r  duc t  

Absorption by f i l l i n g  cell c a r  no t  considorod i n  
t h o  c a l c u l a t i o n  
Absorption by f i l l i n g  0011 car not  oonoidorod i n  
t h o  c a l o u l a t i o n  

s i t i o s  is not  includod f o r  t ho  d a t a  t a k e n  w i t h  t h o  s o i n t i l l a t i o n  

countor  and tho souroo of e i g h t  sphoros ,  conta in in8  3200 apparent  

c u r i e s .  Howover, t h o  fo l lowing  r o s u l t o  w e r o  ob ta inad:  

M Locations 

D- 13 

- 
An Unpluggod accoss  ha lo  

51 Soma contamination on f l o o r  on w e s t  s i d o  
54 Some contaminat ion on f l o o r  on w o s t  s i d o  
68 A p a r t i a l l y  pluggod ha lo  

117 An open h a l o  
119 A p a r t i a l l y  pluggod h a l o  

S-409 An opon holo 
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Doors 0 p n  

F- 27 S c n t t o r i n g  through the  opon door  s l i t  
,?E3 S c a t t o r i n g  through t h o  open door  s l i t  
29 S c t x t t o r i x  through t h o  open door s l i t  
31 S c n t t o r i n g  through t h o  opon door  s l i t  
32 Scattoring through tho  opon door s l i t  
33 S c a t t o r i n g  through tho  opon d o o r  s l i t  
34 ScntterinC; through t h o  open door s l i t  
C Unlcnown 
44 Unlcnown 
01 S c n t t o r i n g  through t h o  opon d o o r  s l i t  
02 Scabtor ing  through t h o  open door  s l i t  
03 S c a t t o r i n g  '~hrough t h o  opon door  s l i t  

-- 

101 Sca t torod  r a d i a t i o n  plus p a r t i a l l y  pluggod h o l e s  
103 Sca t to rod  radiation plus pnrtislly pluggod holos 
105 Sca t tornd  r a d i a t i o n  plus p a r t i a l l y  pluggod holos 

Doors C losod  

F- 7 8  S c a t t e r i n g  through s l i t  
02 S c a t t o r i n g  throu&h s l i t  

- 

Tho d a t a  i n  Tnblos  2 and 3 a r o  a summary of  t h e  moasurernodts 

mde t o  dotormino tho  a b s o r p t i o n  o f  t ho  f i l l i ng  0011 window whon 

it vias f i l l e d  f i r s t  v r i t h  \va tor  and thon vrith zinc bromido s o l u t i o n .  

Complote measuroments inny bo found i n  Appondix 11. Sample oa l cu la -  

t i o n s  aro in Appondix 111. 
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UASURING 
INSTRUtdENT 
M .. C ATION 

TABLE 2: Absorption of iT&t,er-filled C o l l  Nindows 

SOURCE EdERSURED 
LOCATION I N T E N S I T Y  

(mr/hr) 

50- c i c t  i-l;ridgo Sourc o 

C a l l  Wndow 1 € L  from window 5.5 
G ft f r o m  MX-5 

C o l l  Window 5 €i from window 2 . 0  
10 f t  f rom MX-5 

Bbnitoring 6 f t  f r o m  window 7 00 
l o o m  Window G f t  from T-1B 

5 ;  nt.1.0, 7.lD-cur5.e. Spherical  Sourco 

C o l l  Window 1 f t  f r o m  window 0.30 
6 f t  from MX-4 

Monit,oring 1 f t  from Window 112 
Room 'Window 4 f t  f r o m  MX-4 

0.25 

2.95 

12.20 

0.25 

145 

IviJSASURING SOURCE MEASUIGD CALCULATED 
INSTl~UIC!3NT LOCATION I h T E N S I T Y  INTENSITY 
1.0 CAT I O N  (mr/hr) (mr/hr 1 

A = s u m ? . n ~  IWfect i i io  Souroo  o f  5000 C u r i  os 

Cill Window 5 f t  from Window 0.05 1x10-3 
1 0  f t  f rom MX-5 

Assuming ZfPoctive Sourco of DO00 Curios 

Lloniioring 3 f t  from window 300 420 
Haom Window 10 f t  from MX-5 

C-sphoro ,  8200-curio Source 

Coll b'/indow 5 f t  from window 0.045 1. 8x1~-3 
10 f t  from MX-5 

8320 

e220 

3G .'/ 

4610 

27 .o 

iTADLiT 3 :  Absorption of Zinc Dromidc-fillod C o l l  Windows 

MI!XSURED 
RBDUCTION 

FACTOR 

6 
'Yx1.0 

1 .3x103 

G 8x10 

CALCULATED 
REDUGTION 

FACTOR 

5540 

5540 

21.1 

5540 

21.5 

RZDUCTION 

8 
3.5x10 
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Figuros  1 and 2 show t h o  o f f e c t s  o f  soat tor in; .  a t  t h o  door 

s l i t s .  Usiw a sourco of 8200 c u r i o s  a t  p o s i t i o n  F, t h o  maximum 

r a d i a t i o n  monsurod n t  t h o  sl.it wos 2.0 mr/hr whon t h o  f i l l i n g  

0011 doors  woro opon, and 1 . 5  mr/hr whon t h o  doors  w o r o  c losod .  

Tablo 4 is  a summary of  t h o  d a t a  tnkon t o  dotormine t h e  

s h i e l d i n g  of  t h e  walls of t h e  f i l l i n g  c e l l  and t h e  walls and c o i l -  

i n g  o f  t h e  monitor ing room. 

TABLE 4: Absorption of Gamma Radia t ion  by Thick Walls 

I 1 POSITION 

“0-ca r t r idgo  Source c 
B- 5 

11 
5 5  
61 
107 
119 

C- G 
12 
5G 
62 
102 
107 
100 
1 f-t  bolow 108 

F- G 
12 
56 
G2 
107 
100 

G- 05 
I 

BfZ’ 
Bg 

O.OG 
0.  ,?O 

BC 
Be 

DG 
0.04 
0.30 
0.20 

DE 
13 

0.40 
Dg 
DF, 

0.04 
0.03 
Bb 
1 5  
0.7 

1.4~101: 
4 . 6 ~ 1 0  

8. GxlO-‘ 

1 . 5 ~ 1 0 - ~  
1 . 4 ~ 1 0 - ~  

2 . 2 x 1 ~ - 3  

1 . 0 ~ 1 0 - 7  

4..cx10-5 
2. 1x10 -3 

4 . 0 ~ 1 0 - ~  
1.8 

1.0~10-~ 
2 . 0 ~ 1 0 - ~  

2. MO-4 
3. G ~ I . O - ~  

4.. 5x10-3 

8. G x ~ O - ~  
0.02 

3. G x ~ O - ~  

2.6~10-~ 
4.0 

Continuo( 
*Ilg denotos  background 

I 

Indec i s ive  
Indec i s ivo  
Too h igh  
Too h igh  
Indec i s ivo  
Indoc i s ive  
Indoois ivo 
Indocioivc 
Too h igh  
Too h igh  
Too high 
Indo c i s i v o  
Too hich 
Too h i g h  
Indec i s ive  
Inde c is ivo 
Too h igh  
Too high 
Indoois ivo  
Too high  
Too h igh  



Scullcrinq by Door Slit  

Sphere souca 10.8 fmt from slit odgc 

M-4 masucmnts 

20 12 
DISTANCE mMI WOR (incha) 

Fig. 1. -Scottoring of radiation b y  door slit. 
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10,000 

- 
8 
c ._ p 1.000 

3 

n - 
v 

100. 

T 
? 

No1 Scintillalion Counter 01 S l i l  

32% inches from filling ccll wa l l  ond slit 

--.1 
b 

DISTANCE FROM OOOR (m) 

Fig. 2. -Nu1 scintillation counter at slit. 



TABiZ 4 : Absorption o f  Gamma Radiatioll  by Thick \Walls (Coiitinuod) 

n -156 44 I 
fissum5.ng Ef foc t ivo  Sourco of 5000 C u r i o s  

I I POSITCON 

G- 03 
09 

13- 35 
43 
44 
35 
93 
94 

11-101 
102 
103 
104 

RADIATION 
Moasurod 
(rnr/hr) 

0.05 
0.02 
413 
3.5 

0.75 
42 

5 
0.5 
300 
130 
50 
250 

i n g l o ,  7.18-curi.a, Sphoricnl Sourco 

rn#NSTPY 
Calculatod 

(mr /h r )  

0.04 
0.074 
3G.5 

1 .3  
0.2G 
36.5 
1.3 

0.26 
r r  , c 

20.3 
1.9 
1.9 

€1- 4 
10 

107 
108 
114 

0.10 
BE 
12 

1000-2000 
0.04 

I 

H-103 
6 f t  abovo 13-10:! 

I 
--,phero, 0200-ourio Sourco 

D- 4 
5 

10 
11 
54 
5 5  
GO 

114 
119 

0.06 
BE 

0.05 
0.03 
0.17 
0.08 
0.04 
0.04 
0.. GO 

64 

1.1x10-3 
0 .  m o - 4  
6.7~10-~ 
0.02 

4 . 3 ~ 1 0 - ~  

645 
332 

3 E3.2x10- 
1.5x10-3 
I. 2x10-3 
8 . 4 ~ 1 0 - I  
T .ax10-3 
7 .7x1OU3 
1. 2x10-3 
2 . 5 ~ 1 0 - ~  
7.  ~ ~ 1 0 - 3  

1 I I 

A 1 1  r i g h t  
All r i g h t  
A I . 1  r i g h t  
A l l  r igh t  
A l l  r i g h t  
A l l  r i g h t  
A l l  r i g h t  
All r i g h t  
Too high 
Too high 
Too high 
Too hi(i;h 

A l l  r i g h t  

Too high 
Ind o c i s i v  
Too h igh  
Too high 
Too hj.gh 

A11 r i g h t  
A1.1 r i g h t  

Too h igh  
Ind o 0j.s i v  
Too h igh  
Too h i g h  
Too high 
Too high 
Too h igh  
Too h igh  
Too h i g h  

Continuod 
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TABU 4.: Ahsorpt ion  of Gama Radia t ion  by T h i c k  lR!alls (Concluded) 

POSITIOlJ 

F- 6 
36 
43 
44 

101 
103 
105 
107 

o o r s  Closod 

I P- 6 
62 

(mr/hr)  

0.05  
0.50 
1.0 
1.0 
17 
17 
12 
10 

0.05 
0.05 

(mr/hr) 

EUMARKS 

Too h igh  
A l l  r i g h t  
Too h igh  
Too h igh  
Too h igh  
Too h igh  
Too h igh  
Too h i e h  

Too h igh  
Too h igh  

Vlhnn a source  of  8200 ourios  WPW l o c a t e d  near  t h e  unplugged 

accass h o l m ,  rmdings made i n  l i n c  with t h e  h o l e s  ware: 

D- 1.3 
0-117 
D-S409 

1 . 0  mr/hr 
26.0 
60.0 

For pluggod ~ O C O S S  h o l o s  t h o  r ead incs  wore: 

D-11G 
D44012 
F-'i 
F-65 

0.10 mr/hr 
0.00 
0.06 

Bg 

Those r e s u l t s  show tha t  ovon t h o  unplugged access  h o l m  o f f w  

l i t t l e  hazard t o  personnel  s i n c e  l i t t l e  r a d i a t i o n  roaches t h e  work 

area.  
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DISCUSSION 

Sinco t h o  ordor  of magnitudo of i o n i z a t i o n  wa3 conoidorod 

mor0 important t h a n  the a c t u a l  i n t o n s i t y  i n  milliroontgons p o r  

hour ,  tho  hbx-5 Geiger  Countor was usod, oven though it is not  

rocommonded f o r  moasuring gamna r a d i a t i o n .  Tho r a d i a t i o n  in ton-  

n i t y  moasuromonts of t h o  MR-5 ~ g r o o d  w i t h i n  a f a c t o r  o f  two wi th  

thoso  of  t h o  B e o h a n  MX-4. 

An incroaso  i n  countod r a d i a t i o n  outs ido  t h i c k  walls, causod 

by s c a t t e r i n g  by t h o  w a l l s ,  has boon obsorvod. Tho s c a t t o r o d  

r a d i a t i o n  must bo includod whon tho r a d i a t i o n  outoido tho  f i l l i n g  

call and m o n i t o r i q  room i s  oa loula tod .  An o m p i r i o a l  oquat ion 

g i v i a  tho  t r u o  r a d i a t i o n  i n t o n s i t y  i s  ca l lod  a "build-up oquation." 

Ki rschfo ldor  and Mag003 obtainod t h e  fo l lowing  oquat ions f o r  gamma 

abso rp t ion  through t h i c k  modia a t  t h o  onorgy l e v o l c  ind ica tod :  

1 MOV: I = Io (1 + 0.487 D + 0.030 D')O-", Who1"G D = p': 

3 Mov: 

5 Mov: 

I = I, (1 + 0.400 D + 0.0000D2)e-D 
I = Io (1 + 0.33 D + 0.0040D')0-~ 

By p l o t t i n e  t h e  c o o f f i c i o n t s  of  D a g a i n s t  Mov on somi log  papor  and 

t h e  c o o f f i c i o n t s  of D a g a i n s t  MeV on 10g-10~ paper ,  t h o  cooff ic ion- t s  

ror 1.15 Mov woro i n t e r p o l a t o d .  

r ivod  f o r  tho 1.15-Mov souroo: 

2 

I n  t h i 3  mannor nn oquat ion was do- 

I = I, (1 + 0.480 D 1- 0.025 D2)o-D 

3Hirsohfoldor and Mzgoo. Boviow of Mod or11 Phvsics .  1940.80:305 
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Tho oquat ion o €  t h o  curvo of  t h o  q u a n t i t y  i n  pa ron thos i s ,  o f t o n  

c a l l o d  t h o  B o r  "bui ld-up f a c t o r " ,  ve r sus  D w a s  thon ca l cu la tod  

and ploLted f o r  us0 i n  t h o  c a l c u l a t i o n s  (F ig .  3).  Tho oquat ion 

dorivod f r o m  t h o  oquat ions o f  Hi rsohfo ldor  and &geo d i d  n o t  

accu ra to ly  f i - t  this d a t a .  Sinco t h o  bui ld-up f a c t o r  is a func-  

t i o n  of several  complicated goomotry f a c t o r s ;  it probably w i l l  be 

uniquo f o r  oach i n s t a l l a t i o n  and oxporimental  sot-up. 

An oquat ion which g ivos  a b e t t o r  f i t  f o r  t ho  condi t ions  a t  

Ablo Aroa .  Dugway Proving Ground i s  : 

I = &,e-pXb + 0 . 5 ~ ~  + O.Ol(px) 2 + 0.5~10-~ (JIX)'] 

Tho d a t a  obtainod w j . t h  t h o  30 -ca r t r idgo ,  and 0-sphoro sourcos 

w o r o  usod t o  dotormino t h i s  oquat ion;  t h o  equat ion  h8s not  boon 

choclcod wi th  a l l  t h o  d a t a .  

I n  provious work done a t  Able Area,4 t h o  a b s o r p t i o n  c o o f f i -  

c i o n t  of  z inc  bromido s o l u t i o n  was dotorminod t o  bo 0.147 cm-l. 

This valuo w a s  usod i n  c a l c u l a t i o n s  f o r  t h i s  w o r k .  

CONCLUSIONS 

1. Tho z i n c  bromido-f i l l o d  windows o f f  o r  moro sh io ld ing  

t h a n  t h o  concroto walls i n  which t h o y  aro s o t .  

2 .  With t h o  z inc  bromide s o l u t i o n  i n  tho  windows, a m i l l i o n  

c u r i o s  can bo s a f o l y  hnndlod i n  t h o  f i l l i n g  c e l l  providod t h e  

n o r t h  l i gh t -nccoss  pnnol i s  avoidod. 

'E. A .  Campagna. A Dotormination o f  t h o  Half-Thiclcnoss of Z i w  ._ 
Bromide So lu t ion .  WT-111. Univors i ty  of Utah. Radio logica l  
Rosoarch, Dugway P r o j o c t ,  Dugway Proving Ground, Dugway. Utah. 22 
J u l y  1953. 
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3 .  Tho l i g h t - a c c e s s  pane l  on t h e  n o r t h  w a l l  of t h e  f i l l i n g  

0011 i s  clangorous whon mor0 t h a n  LOO c u r i o s  a r o  exposod i n  t h e  

f i l l i n g  c o l l .  

4, Tho monitor ing room windows, oven though f i l l e d  wi th  

z i n c  bromido s o l u t i o n ,  provide i n s u f f i o i o n t  s h i e l d i n g  i f  mcro t h a n  

1000 c u r i e s  a r o  oxposod w i t h i n  t h i s  room. 

5. Tho walls and roof of t h e  monitor ing room should bo 

considored unsafe i f  more than 1000 c u r i e s  are.exposod i n  t h i s  

room o r  i f  m o m  t h a n  10,000 c u r i o s  a r e  exposed i n  tho  f i l l i n g  

c e l l  and t h e  f i l l i n g  c o l l  doors  a r e  l o f t  opon. 

6.  Thoro is little clangor f rom s c a t t o r e d  r o d i a t i o n  coming 

through t h o  d o o r  s l i ts .  

7 .  The accoss  holos  of  t h e  f i l l i n g  0011, even whon com- 

p l o t o l y  open, o f f o r  no hazard t o  porsonnol involvad i n  normnl 

opora t ions  around tho  d o l l . .  

0 .  Thoro may be a f o s  a i r  holos i n ' t h o  conc re t e ,  but thoy 

o f f o r  no s o r i o u s  hazard t o  porsonnol.  

9 .  Accurato c a l c u l a t i o n  of r a d i a t i o n  i n t o n s i t y  can bo m d o  

f o r  w a t e r - f i l l o d  windows us ing  t h o  Hirsohfolder-Magoo equat ion.  

Ca lcu la t ions  us ing  t h i s  equat ion  break down whon more t h a n  th roo  

f e e t  of concre to ,  o r  z i n c  bromide s o l u t i o n  must be considered.  In 

t h e  f i l l i n g  C e l l ,  c a l c u l a t i o n s  us ing  t h o  equat ion  a r o  low by a 

f a c t o r  o f  about  25. 
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POOITTI 
l i h  d t 
wa 1 1 

3. 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
1 2  
13 
1 4  
15 
16 
17 
10 
19 
20 
21 
2 2 
23 
24 
25 
26 
27 
20 

29 

30 

31 
32 
33 
34 

~ n i m i  -,- 
won. 
Wa I: 

61 
G:! 
63 
54 
56 
5G 
67 

59  
GO 
61 
G:! 
G3 
64 
65 
GG 
67 
GO 
G9 
70 
7 1  
72 
73  
76 
7 5  
76 
77 
70 

79 

00 

51 
02 
03 
84 

- 

sa 

- 

A p h o ' t .  dorrlh viSndow, G Lnohon abovo .).to bottom 
Afl::i'i.nct o o n t o r  window, G inohon above Lto bottom 
Agninot no r th  window,  G lnohoo abovo i t 3  bottom , 

Agni~not wall, 1 f o o t  bolow sou th  vindow 
Api1.no.l; wall, 1 f o o t  b o l o v  can to r  window 
Acalnst wall, 1 f o o t  bolow n o r t h  window 
4 f o o t  from sou th  window, 5 f o o t  abovo p la t form 
4 f o o t  from oontor  window, 5 f o o t  abovo pla t form 
4 f o o t  from nor th  window, 5 f o o t  abovo platform 
Againot wall undor p la t form,  5 f o o t  abovo plug 207 
Agnlnot vra1.l undor p la t form,  5 f o s t  above p lug  206 
Against  wall under p la t form,  5 feet above plug 205 
Against  plug 207 
Against  plug 206 
Against p l u g  205 
Against plug 400 
Against  plug 407 
Agninst plug 40G 
Againat plug 4.05 

Acainst plug BO9 
Against plug 500 
Against  plug 507 ( W  507 has G r o e r  A r m )  
Against  plug GOG ( W  50G has Graor A r m )  
Against  plug 50G ( W  GO5 has Clroer A r m )  
Against  plug 504 ( W  504 has  Clroor A r m )  
Against  sou th  s i r lo  o f  opened door ,  
Againot n o r t h  s i d e  o f  opened door  ovor o l i t ,  3 f e o t  abovo 
p l i ~  t f o r-m 
Againot sou th  side of openod cioor ovnr s l i t ,  3 foo-l; abovo 
p la t fo rm 
Agninst n o r t h  s i d o  of openod door  a t  door  edgo (ovor  n l i t ) ,  
3 f e a t  above platform 
South s ide of  oponed door ,  abovo platform, 5 P e a t  abovo f l o o  
North s i d e  of  oponed door ,  abovo p la t form,  5 f o o t  abovo f l o o  
South oide of  opened door ,  above platform,  G f e e t  abovo f l o o  
North s i d e  of oponed d o o r ,  above platform,  6 f o o t  abovo f l o o  

Against  plug 404 

3 f o o t  above plfltform 

Oont inuod 
*All menourements r e f e r r i n g  t o  windows aro made with reepoot  t o  t h o i r  v o r t i -  

o n 1  o e n t e r  l i nes .  
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Doscr ip t ion  of Monitoring P o s i t i o n s  (Concludod) 

3 s  
36 
37 
33 
39 
40 
4 1  
42 
43 
44 
45 
46  
47 
40 
43 

L O 1  
102 
103 
104 
105 
LOG 
107 

103 
109 
110 
111 
112 
113 
114 
115 
llG 
117 
113 
119 
120 
121 

122 

123 

- 

d r n E #  
wos 
WaS 

85 
86 
01 
DO 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
93 

DESCRIPTION 

Against wall, 2 f o o t  below window 
Against window, 6 inches  abovo i t s  bottom 
Against  plug 403 
Against plug 402 
Against plug 401 
Against  plug 503 
Against  p lug  502 
Against plug 501 
Against wall, abovo 202, 5 f o o t  abovo floor 
Against  p lug  203 
On t o p  handra i l  oppos i to  south  window 
On t o p  h a n d r a i l  opposi to  can to r  window 
On t o p  h a n d r a i l  oppos i te  n o r t h  window 
On t o p  h a n d r a i l  opposi to  monitoring room window 
On t o p  h a n d r a i l  oppos i te  sou th  s l i t  
Against plug T7 above monitoring room 
Over n o l o  f o r  electrical l i n e s  
Against plug T1 abovo monitoring room 
AEainst plug T5 abovo monitoring room 
Against plug NG02 abovo monitoring room 
Against plug NGOl abovo monitoring room 
Against 0011 wall halfway botwoon NG01 aiid NG02, 5 f o o t  abcv 
monitoring room r o o f  
Above m o n i t o r i w  room, i n  con te r  o f  pane l  N901. 
A t  e a s t  edge of c losed door 2 
A t  con te r  odgo o f  c losed d o o r s  1 and 2 
At. w o s t  odgo of olosod door 1 
Against plug 5205 
Against plug $206 
Against w a l l ,  abrrvo S205, 5 f o o t  abovo f l o o r  
Against  plug 5403 
Against plug S406 
Against plug S40B 
Against plug S 5 0 1  
Against wall, bolow S405, 5 f o o t  abovo p l a t f o r u  
On t o p  r a i1 ,oppos i to  S405 
A t  west edge of f i l l i n g  c e l l ,  9 f o o t  abovo monitoring room 
f l o o r  
In con te r  of f i l l i n g  coll doors ,  9 f o o t  abovo monitoring 1'201 
f l o o r  
A t  e a s t  odge of f i l l i n g  ool1,on door ,  9 foo l ;  abovo rnonitori.n, 
room f l o o r  
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'Fig.  1.-Top View of Filling Cell. 
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Fig. 2. -Top View of Monitoring Room. 
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Fig. 3. -East  Wall of Fi l l ing Cell. 
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Fig. 4. -East Woll of Monitoring Room. 
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Fig. 9.  -Photograph o f  West Wall of Filling Cell. 
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TABLI? 1: Comparison of C n l c u l a t o d  and Monxrod Radia t ion  I n t o n s i t y  With 
30-cnrtridco Sourco and Wator-f i l lod Windows. 

3 -  2 
5 
0 
11 
14 
15 
10 
19 
27 
20 
29 
35 
36 
52 
53 
55 
58 
61 
G4 
G5 
68 
69 
74 
9G 
104 
107 
100 
11'7 
119 

;- 2 
3 
6 
9 
12 
15 

*See 

rn Water Glass Concroto 

145 10.2 
0 0 

145 10.2 
0 0 
0 0 
0 0 
95.5 5.1 
97.5 5.1 
16.3 11.4 
5G 5.0 
109 G.G 
0 0 

202 14.2 
145 10.2 
103 12.7 
24.0 2.5 
145 10.2 
0 0 
0 0 
0 0 

147 5.1 
157 5.6 
107 G.4 
145 10.2 
0 . o  
0 0 
0 0 
0 0 
0 0 

15G 11 
14.5 10.2 
0 0 

145 10.2 
0 0 
0 0 

DISCUSSION. 

(cm) I (cm) I (cm) I SOURCE I ' I Calcula-  

1 
0 

152 
0 

159 
174 
1.02 
82.3 
82.5 
0 

190 
91 
02 
0 
0 
0 

128 
0 

183 
250 
315 
40.8 
52.4 
109 
0 

193 
201 
131 
3.5 
14.7 
0 
0 

152 
0 

159 
174 

1'36 
196 
324 
213 
256 
281 
235 
240 
304 
304 
292 
552 
635 
3G 
57.8 
304 
100 
52.3 
96 
121 
G1 
70 
00 
156 
370 
4.24 
729 
324 
324 
22 5 
196 
196 
324 
213 
256 

10.04 
21.1 
10.84 
22.1 
24.2 
25.4 
10.3 
18.5 
12.2 
31.8 
20.7 
11.4 
14.9'1 
10.04 
13.8 
19.76 
10.84 
25.4 
34.0 
43.0 
17.1 
10.5 
23.0 
10.04 
2G.O 
27.9 
10.2 
20.0 
20.4 
11.65 
10.84 
21.1 
10.84 
22.1 
24.2 

9.2 
21.9 
9.2 
23.6 
27.2 
29.4 
18 .O 
18.1 
10.7 
41.9 
21.3 
9.0 
13.0 
9.0 
12.45 
19.8 
9.2 
29.4 
40.6 
67.0 
16.3 
10.2 
25 .o 
9.2 
32.0 
34.0 
17.0 
21.4 
20.7 
10.1 
9.2 
21.9 
9.2 

23.6 
27.2 

1.52 

0.92 
4. G X ~ O - ~  
5 .4x10mG 
1. Gx10-6 
1.4~10-~ 

0.23 

1.4x10-4. 

1.0~10-3 

2.8x10-9 
1.2~10-4 
0.2 
0.01 
0.0 
0.35 

2.9 
8.6~10-~ 
6.4~10-~O 

0.010 
4 . O X ~ O - ~  

2. 2x10-3 

0.1~10-14 

5.2x10-5 

1.0 

0.35 
Bg*2 

BE 
Bg 
& 
0.03 

2.0 
0.7 
1.5 
0.2 
3.5 
5.5 
0.2 
0.06 
1.3 
0.2 
0.25 
0.45 
0.3 
0.36 
0.13 

" u 
s 
S 
s 
S 
S 
M 
s 
I d  
M 
M 
S 
M 
s 
s 
M 

E A  
M 
bl 
M 
M 
M 

n 
u 

1.9 0.55 s 
3.3~10-~ I 0.04 I b! 

1.0~10-4 
1.5~10-4 
0.64 
1.5 
1.4.~10-~ 
0.92 

5 .4x10eG 
4 .  ~~10-5 

S 
M 
M 

S 
S 
S 
S 
S 

" 

5.0~10-3 

Continuo it 



' T A B U  1: Comparison of Calculated and Measured Radiation Intonsity With 
30-oartridgo Source and Water-fillod Windows. (continuod) 

- 19 
20 
24 
25 
27 
29 
31 
33 
35 
36 
44 
52 
53 
55 
56 
59 
62 
69 
70 
E6 
97 

102 
106 
107 
100 
ft bo 
I W  10:: 

- 3  
G 
9 

12 
15 
1 9  
20 
27 
20 
29 
31 - 

F_ 

Yator 
:cm) 

- 
97.5 
95.5 
0 
0 .  

56 
0 
0 
0 
0 

97.9 
0 

196 
145 
35 
24.e 

t45 
0 

157 
L47 
185 
L45 

0 
0 
0 
0 

0 

L45 
0 

L45 
0 
0 

125 
L23 
L19 
10.2 
61 
0 

ilas's 
cm) 

- 
5.1 
5 . 1  
0 
0 
5 . 1  
0 
0 
0 
0 

0 
13 .'O 
10.2 

3.6 
2.5 

10.2 
0 
5.6 
5 . 1  
2 . 5  

10.2 
0 
0 
0 
0 

0 

10.2 
0 

10.2 
0 
0 
6.4 
5 . 1  
5 . 1  
2.5 
5.2 
0 

0 : 9  

- 

'G 
onc rot c 
(4 

82.5 
02.3 

211 
201 
147 
235 
193 
109 
107 

0 
111 

0 
0 

101 
120 

0 
103 

52.4 
40.8 

228 
0 

125 
1 7 1  
120 

66.5 

127 

0 
15 3 

0 
165 
192 

62.3 
6 1  

1 5 3  
232 
122 
174 

QUARE 01 
IISTANCE, 
SOURCE 
TO MX-5 

( f t 2 )  

240 
235 
266 
250 
324 
296 
340 
247 
420 
420 
445 

70.6 
36 
77 
30.4 

100 
53.3 
70 
61 

400 
1 5  6 
3G9 
231 
400 
655 

GOO 

100 
100 
196 
117 
156 
136 
130 
199 
188 
132 
144 

TOTAL 
P" 

- 
1.0.5 
10 .3  
29.35 
24.95 
24.75 
32.7 
27.0 
26.3 
14.9 

' I  . 6 
15.47 
1 4 .  64 
10.04 
27.9 
19.76 
10.04 
25.4 
10.47 
1 7  -1 
44.1 
10.04 
17.35 
23.0 
16.7 

9.24 

17.65 

10.0 
21.2 
10.0 
23 .O 
2 t . 7  
17.7 
17.2 
29.7 
39.2 
21.7 
24.2 - 

FACTOR" 

18.1 
10.0 
36.7 
20.5 
2 0 . 1  
44 .O 
33.0 
32 .O 
13.7  
6 .2 

14.4 
13 .5  

9.0 
34.0 
19 .8  

3.2 
29.4 
10.2 
16 .3  
71.4 

9.2 
16 ,75  
26.5 
1 5 , 9  

7.65 

1 7 . 1  

9.2 
22.0 

9.2 
25.2 
31.9 
1 7 . 2  
1 6 . 6  
37.4 
50.4 
23.0 
27.2 

RADIATION 
INTli 

:alculat,od 
( mr/hr) 

~~ 

- 
1 . 0 ~ 1 0 - ~  

4.OxlO -0 
2.7x10-f5 

1 . 4 ~ 1 0 - ~  

2.  GxlO-' 
I. 5 ~ 1 0 - ~  
1 . 4 ~ 1 0 - ~  

0.010 
L1.9 
0.01 
0.15 

o .oX10-7 

8.0 

2.1~10-3 

r l . 0 ~ 1 0 - ~  

2.0~10-34 

0.7x10-6 

5 . 5 ~ 1 0 - 7  

2.9 
0. GxlO-G 

0.10 

1 . 9  
0.02 

4 . 0 ~ 1 ~ ~  
1.0 

1."10-~ 

2. 2+10-4 
2.95 

1.6 
3 .  6x10-5 
0.5~10-7 
4. 7 ~ 1 0 ' - ~  
7 . 1 ~ 1 0 - ~  
3.9x10-8 
4.9x10-1; 
1. iX10-4 
9 .  6x10-6 

ITY 
oasurod  
( arb) 

0.03  
0.04 
BE 

1 . 5  
2.0 
1.1 
1 . 5  
0 .3  
7 . 5  
0 .4  
0.05 
5.5 
BE 
0.04 
1.3 
0.3 
0.04 
0 .2  
0 . 2  
0 .5  
0 .2  
0.05 
ne 

DG 

13  

0.4 

2.0 
BE 
0.7 
BE 
BE 
0.05 
0.00 
1.0 
2 .0 
1 . 5  
1.0 -- 
Continuad 

:LASS*. 

- 
M 
M 
S 
S 
M 
M 
M 
M 
M 
S 
M 
S 
S 
S 
M 
S 
M 
M 
M 
M 
S 
M 
M 
S 
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S 
S 
M 
M 
M 
M 
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! 

c u s s  

30-cartridgo Sourco and W c t o r - r i l l o d  Windows. (oont inuod)  

POSITION SFIIELDING SQUARE OF TOTAL B FACTOR" RADIATION 
Water Glass Concro'Lo DISTANCE, p x  INTENSITY 
(em) (cm) (4 SOURCE Calculated Moasurc 

TO M5-5 ( m h )  ( m / h l  
(ft 1 

P- 32 0 0 252 200 35.0 49.0 2. 5 ~ 1 O - l ~  1.5 
33 0 0 290 212 40.3 60.5 1.5~10-l~ 0.5 
35 0 0 175 350 24.3 27.3 3.6~10-~ 0.7 
SG 89 2.5 15.3 350 8.3 6.9 8.1 0.7 
47 145 10.2 0 262 10 .a 9.2 1.2 0.25 
49 150 10.2 0 240 11.2 9.G 0.9 0.1 
53 145 10.2 0 100 10.0 3.2 2.95 2.0 
5G 0 0 153 100 21.2 22.0 2.3~10-~ 0.04 
59 145 10.2 0 196 10.0 9.2 1.58 0.7 
G2 0 0 165 117 23.0 25.2 3.6~10.-~ 0.03 
65 0 0 192 156 26.7 31.9 0.5~10-~ 0.05 
69 125 G.4 62.2 136 17.6 17.0 4.7~10-3 0.06 
70 123 5.1 61 130 17.2 16.6 7.1~10-~ Be 
76 37.6 5.1 153 146 24.4 27.6 7.9~10-~ Be 
77 119 5.1 153 199 29.7 37.4 3.9~10-8 0.G 
79 61 5.1 122 132 21.7 23.0 1.1~10-4 1.2 
Q1 0 0 252 199 35.0 49.0 2.5x10-10 2 " 0  
03 0 0 290 2 12 40.3 60.5 1.5~10-~~ 0.8 
86 09 2.5 15.3 350 0.3 6.9 0.1 5 .O 
97 145 10.2 0 2G2 10.8 9.2 i.2 0.35 
102 0 0 168 369 2 3 . 3  25.6 8.7~10-~ 0.2 
10 5 0 0 19G 276 27.2 32.7 3.0~10-~ Be 
106 0 0 1% 27G 27.2 32.7 5 .oX10-7 BC 
107 0 0 196 310 27.2 32.7 2 .~+10-7 B~ 

-- 27 0 0 155 105 21.5 22.6 9.2x10.-5 10 

108 0 0 61 GOO 8.5 7 .o 4 15 

29 0 0 1.37 102 19.0 18.8 1.7~10-3 1 5  
49 0 0 15 ti 272 21.5 22.6 6.2~10-~ 0.7 
52 190 14 0 100 14.9 13.0 0.04 
59 147 10.2 0 207 11.4 9.8 0 . O G  O..? 
77 0 0 155 185 21.5 22.6 9.2~1.0-~ 80 
78 0 0 160 10 8 22.2 23.8 0.2~10-5 7.0 
80 0 0 244 196 33.9 46.G 7.4~10-l~ 1.5 
05 0 0 122 24G 17.0 16.2 4 . 5 ~ 1 0 - ~  0.7 
06 120 10 0 263 9.2 7.6 4.75 3 .O 
88 0 0 107 213 14.9 13.0 0.04 0.05 
09 63.5 2.5 66 315 13.7 12.2 0.074 0.02 
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jo-oaptridge Souroe and matar-fillod Windows. 

I I ~ O S I T I O N  SHIELDING S Q U W  OF TOTBL B FACTOR" 
Wotor Glass Concrotc  DISTANCE, px 
(cm) (om) (4 SOURCE 

TO MX-5 

---.-------- 
! (ft2) 

1 ' 7  rt 
- 

I 
I 

l':<nxl,,l or 

iJ"-;o" 0 0 0 111 0 0 

0 0 66 161 9.2 1 . G  
0 0 0 108 0 0 
0 0 0 196 0 0 

0 0 0 111 0 0 

f ,  
, ~ I  

I.. 

3 ou rco  
(17GSiIIE 

78 0 0 0 108 0 0 

11- 35 0 0 6 1  64 8.5 7.0 
36 56 5 . 1  0 64 4.3 3.5 

i l A X - 3 G  56 5.1 0 64 4.3 3.5 
43 0 0 81 112 11.2 9.6 
44 0 0 95 154 1 5 . 1  11.0 
48  56 5 .1  0 144 4.3 3 . 5  
IO 0 0 189 256 25.2 30.8 
80 0 0 9 1  332 12.7 U . 3  
85 0 0 6 1  64 8.5 7.0 
36 56 5.1 0 64 4.3 3 . 5  

88 0 0 81 112 11.2 9.6 
59 0 0 8 1  112 11.2 3.6 
93 0 0 00 112 11.2 9.6 
94 0 0 95 154 13.1 11.8 
98 56 5.1. 0 144 4.3 3.5 
101 0 0 71. 86 9.9 8.2 
102 0 0 65 72 9.0 7.4 
103 0 0 76 112 1.0 .6 9 .o 
104 0 0 68 97 9.4 7.8 
109 0 0 68 14 6 9.2 7.6 
110 0 0 6 1  1.5 G 8.5 7.0 

",UiRIi-86 56 5 . 1  0 64 4.3 3.5 

' I  I t  
, :<'ut11 o f  

0 0 49 85 6.0 5.6 -- 

( con t inued)  

FUDIAT IrJN CLASS,> 
INTENSITS: 

C o l c , u l a t o d  Mon.surcd 
[Ulr , /hI*)  [m/hr) 

__ 

7 . 3 0.7 1 
1 . 5 2 ~ 1 0 + 4  230 1 
U . 4 ~ 1 0 . p ~  130 1 

1. .49:clC' 4 100 1 
1 . 4 9 ~ 1 0 ' ~  360 1 

1.53r10f4 280 1 

1.2oX10+3 480 5 
~ . Z O X ~ O ' ~  60Q 5 

35.5 40 5 

1.9:3 8.5 5 
0.26 0.75 5 
5 .44:l.i) 60 1 

0.17 11 M 
36.5 42 5 

1.22xlO 700 5 
1.9 80 M 
1.9 80 M 
l . 9  5 5 
0.2% 0 . h  5 
541 60 1 
7.0  300 M 
20.8 150 M 
1 .. 9 .cn M 
11 250 M 
6.5 0 .a7 1 
14.3 1.3 1 

8 . 2r10,-7 0,4 M 

1.2,2rlO.l.3 410 5 

1 .2O%lO.+2  180 5 - I 

C outi.uuod 



Comparison o€ Calcula tod  and Moasured Radia t ion  I n t e n s i t y  With 
30-car t r idgo  Sourco and Water-f i l l e d  Windows. (concluded) 

49 

6 1  

G1 

TO MX-5 
(ft? t 
85 

156 

156 

14.9 

14.9 

6 .8  

8 .5  

8.5 

1.3 L 

3 .O L 

B FACTOR 

Source 1 
€ t  f rom 
Monitor- 
i n g  Room 
VJindow 

5.6 

7.0 

7.0 

5G 

5 6  

56 

RADIATION I CLASS" 

T 1 .%OX10+2 110 

TABLE 2 :  Comparison o€ Calcula ted  and Moasurod Radia t ion  I n t e n s i t y  With 
7 . lD-curie Sphore as Source and SVator-fi l led Windown. 

POSITION 

145 10 .2  
c - 3  I I 

5 . I. 

5.1 

5.1 
I I 

*Sec DISCUSSION. 
*Is00 RESULTS. 

I I 

10.05 

4.. 34 $ 1  4.34- 

4.34 

0.25 

3.55 14  5 



TADU 3: Radiation Intensities at Filling Cell Door Slit, South 
Sido, 7.18-ourie Sphoro as Souroo, MX-4. 

IISTANCE mOb4 
WALL 

(inohos) 

14.5 
14.5 
14.5 
27.15 
27.75 
27.75 
27 .?5 
54.75 
54.75 
,54.75 
54.75 
54.75 

DISTANCE FROM INTENSI'PY 
DOOR (mr /h r )  

2 i 5  12.8 
8 ; s  0.42 
17.5 0.22 
2.5 6.6 
8 : 5  0.72 
17;5 0.30 
26.5 0.25 
25 ' 0.35 
8;5 0.53 
17 15 0.44 
26:5 0.30 
35.5 0.12 

(inches) 1 ;  0.12 

0.12 
0.12, 
0.12 
0.12 
0.12 

COMECTE 

0.30 

0.60 
0.18 
0.13 
0.23 

0.32  

0.00 



TAIlLE 4: Radiation Intoncity Readings at Filling Coll Door Slits, 
South Sido of Door, 25-millicurio Radium Souroo ,  
Scintillation Countor.0 

DISTANCE mOEd 
DOOR 
(om) 

1.00 

3.54 

C.08 

O . G 2  

11.05 

INTENSITY 
(cts/min) 

16,140 

4,300 

2, 627 

2,435 

2,320 

BACKGROUND CORRECmD 
(cts/min) INTENSITY 

(ctslmin) 

14,100 

2,260 

2, Xi0 

2,260 

2,160 

2,120 

367 

17 5 

60 

"Souroe was 32.72 inchos f r o m  filling 0011 wall and slit. 
Moasuramonts were msdo at groator distances f r o m  the door; howovor, 
tho corrected intensity was of the same order as tho probable  error- 

, .  



TABLE 5 :  Radiation I n t e n s i t i e s  as Determined by tho  MX-4 and 
S o i n t i l l n t i o n  Countor. 

POSITION 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
14 
16 
28 

L f t  from w a l l  opposi te  slit, 
i ft above platform 
L f t  from wall opposito s l i t  

under p l a t f  om 

tga ins t  plug 5-407 
114 

117 

108 

3 6  

38 

103 

n l i g h t - a c o e s s  platform 
abovo monitoring room 

108 

3 6  

38 

103 

n l i g h t - a c o e s s  platform 
abovo monitoring room 

INTENSITY 
:mr/hr) (cts/min) 

0.05 
0.05 
0.05 
0.1 
0.1 
0.1 
0.05 
0.05 
0.05 

0.1 
0.35 
0.1 
0.1 
0.05 

0.25 

0.15 
0.04 
1.0 
15 

2 

12 

100-2000 

300-300 

150-200 

1500 

120 

120 
l20 
120 
150 
150 
150 
120 
120 
120 
100 
150 
800 
150 
150 
100 

450 

300 

Opon plug 

Conduit through p lug  
Open plug 
Soa t to rod  through 
, monitor room roof 

and a i r  duct; 
Sca t to rod  through 

monitor room roof 
and a i r  duot 

Air duot and ooa t -  
t o r i n g  throhgh 
l i g h t  p n o l  

Instrumonts d i d  n o t  
agroo 

Instrumonts d i d  not  
a g r o o  

Instrumont would not 
measur0 highor  - 
plug n o t  comploto 

Shielding by platform 
n o t  considorod i n  o a l  
c u l n t i o n  



TABLZ G :  

1 . 8 ~ 1 0 - ~  
2 . 5 ~ 1 0 - 4  
a.ox10-3 
1.5~1.0-3 

1 . 2 ~ 1 0 - 3  
9 . 3 ~ 1 0 - ~  

8 . 4 ~ 1 0 - ~  
3 . 0 ~ 1 0 - ~  
1 . 7 ~ 1 0 - 8  

1 . 0 ~ 1 0 - ~  
5.6~10-~ 

3 . 4 ~ 1 0 - 4  

8 . 0 ~ 1 0 - ~  

3.0~10-~ 
2 . 0 ~ 1 0 - ~  

~ ? . G X ~ O - ~  

2 .0~10-5  

1.~~10-3 

0 . 0 ~ 1 0 - ~  

1 . 2 ~ 1 0 - 3  

1.0x10-G 

1 . 0 ~ 1 0 - 4  
5 . 0 ~ 1 0 - 5  
2 ~ ~ 1 0 - 3  

1.0~10-3 

1.5~10-3 

1.0~10-3 
8.0~10-3 

7 . 3 ~ 1 0 - ~  

8 . 0 ~ 1 0 - ~  

7.3~10-4 

9 . 3 ~ 1 0 - ~  

'OSITION 

0.04 

0.06 

0.04 

0.03 
1.0 
0.08 

0.04 
0.05 

0.06 

0.08 

Bg 
0.07 
0 .08 
0.13 

ng*1 

ne 
0.05 

0.03 

0.09 

0.17 

0.04 

ng 
ng 
0.04 

26. o 
0.10 

0.60 
GO.0 

0.08 

o .or, 
0 .  o 5 
0.05 

1- 1 
2 
4 
5 
7 

10 
11 
13 
1 4  
1 6  
17  
45 
51 
52 
54 
55 
GO 
63 
G6 
67 
68 

112 
113 
114 
116 
117 
119 

,-409 
:-4012 

I- 3 
G 
9 

20 
27 
28 

2 .oX10-5 
1.2x10-~0 
3. 7x10-14 
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Comparison of Calculatod and Mcasurod Radiat ion I n t o n s i t y  With Fill 
i n g  Coll D o o r s  Opon and 8-sphor0, 8,200-curio Souroo.  

o .OG 
25 .o 
30 .O 

145 
156 

0 
0 

145 
0 
0 
0 
0 

123 
125 
145 
145 
156 

0 
0 
0 
0 

123 
125 
132 

0 
0 
0 
0 
0 
0 
0 
0 

145 
0 

145 
123 
119 
10 .2  

IIEI 
la2 
- 
cm) 

- 
10. 
11 

0 
0 
10. 

0 
0 
0 
0 
5 .  
6 .  

1 0 .  
10. 
11 

0 
0 
0 
0 
5 .  
6. 
5 .  
0 
0 
0 
0 
0 
0 

0 
0 

LO. 
0 

10.  
5.  
5 .  
2 .  - 

*Sea DISCUSSIOI 
*lBaokgroUnd. 

0 
0 

152 
180 

0 
165 

192 
24G 

G 1  
62.3 
0 
0 
0 

152 
152 
165 
192 

G 1  
G2.2 
66 

183 
187 
161  
170 
168 
152 
170 

218 

180 

0 
152 

0 
6 1  

153 
232 

;QUAIXI3 01 
IISTANCE 
SOURCE 
T O  MX-5 
(ft2) 

100 
137 
100 
137 
196 
117 
182 
156 
217 
130 
136 
324 
100 
100 
100 
102 
117 
156 
130 
136 
154 
1 4 4 '  
150 
100 
114 
110 

85 
114 
140 

100 
100 
196 
130 
199 
1 8 0  

- 
TOTAI  
P X  

22.7 
24.5 
21.1 
25.1 
22.7 
23.0 
30.3 
26.7 
34.2 
27.3 
28.0 
22.7 
22.7 
24.5 
21 .1  
21.1 
23.0 
26.7 
27.3 
20.0 
29.3 
25.5 
2G.0 
22.4 
23.6 
23.3 
21.1 
23.6 
25.1 

22.7 
21.1 
22.7 
27.3 
39.5 
47.9 
I_ 

FACTOR'! 

24.G 
27.7 
22.0 
20.8 
24.6 
25.2 
38.4 
31.9 
4G.8 
32.8 
34.2 
24.6 
24.6 
27.7 
22.4 
22.4 
25.2 
31.9 
37.8 
34.2 
36.G 
29.5 
30.5 
24.2 
26.2 
25 .G 
2 2 . 4 :  
26.2 
28.0 

24.6 
22.4 
24.6 
32.8 
59 
84 

R A D I A T I O N  

I .  

Continued 
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IELDING 
lass Concroto 
C.1 (4 

T A B U  6 :  Comparison of Caloulatod and Measurod Radia t ion  I n t o n s i t y  With Pill- 
i n g  Call Doors Opon and &sphoro, 8,200-curio Souroo. (concludod) 

SQUARE OF TOTAI 
DISTANCE, px 

SOURCE 

OSITIO~ 

5.2 
0 
0 
0 
5.1 
0 
2.5 

' -  29 
31 
32 
33 
34 
35 
36 
37 
30 
39 
43 
44 
62 
G5 
01 
82 
83 
93 

101 
103 
10 5 
10 7 
109 
110 
111 

:n contf 

122 132 
174 1 4 4  
252 200 
290 212 
275 260 
120 366 

15 .3  360 

61 
0 
0 
0 

49 
0 

09 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

10.5 
0 
0 
0 
5 . 1  
0 
0 

f l i g h t s  p l a t  
0 

0 

05 
90 

161 
152 
1 4 6  
165 
192 
252 
244 
290 
152 
299 
203 
104 
207 

6 1  
6 1  
61  

204 

0 
152 
165 
244 
122 
252 
244 

265 
312 
415 
3 91 
361 
117 
156 
199 
212 
212 
391 
387 
578 
252 
317 
934 

934 
o m  

625 

100 
100 
117 
196 
132 

212 
199' 

26.7 
24.2 
35 .O 
40.3 
39.7 
16 .7  
15.6 
11.0 
12.5 
22.4 
21.1 
20.3 
23 .O 
26.7 
35 .O 
33.9  
40.3 
21.1 
40.5 
39.3 
25 .6 
20.8 

8 . 4 t  
6.4t 
0.4( 

28.6 

22.7 
21.1 
23.0 
34.0 
26.6 
35 .O 
33.9 

I I 

1 FACTOR* 

31.7 
27.2 
49.0 
60.5 
49.5 
1G .O 
14.6 
10.2 
10.35 
21.2 
22.0 
21.0 
25.2 
31.9 
49 .O 
37.9 
60.5 
22.0 
61.5 
58.3 
29.7 
3 5 . 6  
(3.9 
6.9 
6 . 9  

34.9 

24.6 
22.0 
25.2 
46.7 
31.6 
49 .O 
37.9 

RADIATION 

2 .  ~ ~ 1 0 - 5  

o.ox10-~ 

7.2x10-1' 

3 . 3 ~ 1 0 - 4  

5.4~10-1 '  

0.07 
0.39 

.G . 2 
7.4 
5 . 4 ~ 1 0 - ~  

3.3~10-~ 
2 . ?X1.0'-3 

1.2x10-3 
3 ~ ~ 1 0 - 5  
0.9x10- 9 

a .  2x10-3 

4.ox10-1' 

2 .ox10-6 

2.4x10-' 
5 . 4 ~ 1 0 - ~ '  

2.4~10-~' 

5 . 1 ~ 1 ~ ~  

38 
?4 
38 

i .srin- G 

1. oX10.-3 

1 .zx10-3 

e .9r io-9  
2.4x10-8 

8. O X ~ O - . ~  

2.3xlO-' 
3.8~10-~ 

36 
1.8 
2.0 
2.0 
1.8 
0 .7  
0.5  
0.G 
0.G 
0 . 5  
1.0 
1.0 
0.5 

2 .o 
2 .. 0 
1.8 
0.7 

R g , E l  

1 7  
1 7  
1 2  
10 
20 
60 
20 

"K 

0.5 
0 .5  
0.5 
1.5 
0.08 
0 .OB 
1 . 5  

2 I n  thoso rnoasuroments t he  f i l l i n g  c a l l  doors  w ~ r o  olosod. 
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TADLJ3 7 :  Comp,trison of Monsurod I n t o n s i t y  With Culculatod I n t o n c i t y .  

DISTANCE OF COUNTER 
FROM WINDOW 

( inches )  

0 
12 
24 
36 
48 
60 
72 
96 

0 
12 
24 
36 
48 
GO 

SQUARE OF DISTANCE, INTJ3NSITY 
SOURCE TO COUNTER Cnlculatod Moasurod 

(ftq ( rnr jhr j  S c i n t i l l a t i o r  
Countor 

(c ts /min)  

Sourco 1 4  inches  from window 
39 5.03~10-3 200 
52.7 3.72~10-3 190 
68.3 2.87x10-3 205 
89 2.33~10-~ 230 
105 1.87~10-3 220 
126.4 1.55~10-3 235 
150 1.31~10-~ 220 
203 0.965~10-~ 240 

75.2 2 . 6 ~ 1 0 - ~  150 
93.5 2.09~10-3 190 
114 1.72~10-3 190 
136 1.44~10-3 210 
16 1 1.22~10-3 220 
186 1.05~10-3 230 

Souroe 4S inches  from viindow 

0 
12 
24 
36 
48 
GO 

1 Source 91 inches  from window 
0 I 161 I 1.2x10-3 I 130 

Sourco 67 inchcs  f r o m  window 
114 1.72x10-3 13 0 

IG1 1.22~10-3 170 
13 6 1.44~10-~ 130 

186 1.05~10-~ 200 
2 15 0.912~10-~ 2 10 
245 o.ax10-~ 220 

12 
24 
3G 
4a 

18 6 i.1~10-~ 150 
215 9.1x10-2 200 
245 8 . ox10 -~  200 
277 7.1x10-2 210 



DISTANCE OF O O U m  SQUARE: OF DISTANCE, 1NTps1m 
FROM DOOR SOURCE TO COUNTER Caloulatod Measurod 

(ft 1 ( f t . 2 )  (mr/hr) Mx-I 
(mr/hr) 

0 870 94 60 

15 1,980 41 10 

30 3 I 540 23 5 

70.5 10,000 0.2 2 . 2  
\ 

1 
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SAMPLE CALCULATIONS 
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SAMPLE CALCULATIONS 

EfSoct ive  source  strength from MX-4 moasurement' 

111.83 f t ) 2  x 12 r/hr = 242 c u r i e s  
6.04 x 1 .15 Mov 

(9.75 ft)' x 17 r/hr = 232 c u r i e s  
6.04 x 1.15 Mov 

average = 237 c u r i o s  

Sample c a l c u l a t i o n  of oxpected rad ia t ion '  

P o s i t i o n  C-53 wi th  c a r t r i d g e s  a s  source 

I = I,BQ-P~ 
10.84 = 23'7 cur ien  x 6.04 x 1.15 Mev x 9.0 x e- 

36 

= 45.9 x 9.0  10-5 x a 
= 0.00825 r /hr  o r  8.25 mr/hr 

P o s i t i o n  C-53 wi th  sphore as sourco 

I = 7.18 x G.04 x 1 . 1 5  x 9.0 x o-10*84 
36 

= 1.38 x 9.0 x 2 x 10-5 

= 0.00025 r /hr  o r  0.25 rnr/hr 

'Morgan. "Some P r a c t i c a l  Cons idera t ions  on Radia t ion  Shielding".  
US AEC Iso topos  Div is ion  C i r c u l a r  B-4.  1940. 
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2 Roduotion Fac to r  of water  - f i l l e d  windows 

B i l l i n g  coll, with 7.18-curie sphoro sourco 

3 

(6)2  x 0.30 
7.10 X 10 X 6.04 X 1 - 1 5  = 4610 rnoanurod 

valuo o f  Roduotion Fac tor  

5540 calculated 7.18 X 10 3 X 6.04 X 1 . 1 5  = 
(6)2  x 0.25 Roduotion Factor  

Billim c o l l ,  wi th  30-car t r idgo sourco 

237 x l o 3  x 6.04 x 1.15 = 8320 rnoosurod 
(6)" x 5.5 

237 x lo3 x 6.04 x 1.15  :- 5540 caloulatod 
(6)' x 8.25 

237 x lo3 x 6.04 x 1.15  = 8220 rnoosurod 
(1012 x 2.0 

237 x lo3., 6.04 x l . 1 5  = 5540 co lcu la tod  
x 2.95 

Monitoring Room, with  7.18-curio sphoro sourcci 

7.18 x lo3  x 6.04 x 1 .15  = 27.0 moasurcd 
(4)d x 112 

7.18 x lo3  x 6.04 x 1.15 = 21.5 oalculatod 
( 4 ) 2  x 145 

Monitoring Room, wi th  30-car t r idgo GCUI-OO 

3 237 x 10 x 6.04 x 1.15 = 36.7 moasurod 
(8 )2  x 700 

237 x lo3  x 6.04 x 1.15  = 21.1 culculatod 
( 8 ) 2  x 1220 

2A Roduotion Faaotor is dofinod 03 tho  moasurod valuo of  u n s h i d d o d  
r a d i a t i o n  dividod by tho  moasured valuo of  t h o  r a d i a t i o n  ponotratine; 
t h o  zhiolding:. 
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CARTRIDGES 

Tho a c t i v i t y  l o w 1  of oach o f  30 c a r t r i d g e s  was dotormined by 

m o a s u r i w  the  r n d i n t i o n  i n t m s i t , y  produood a t  a d i s t a n c o  of 20 f o o t  

from oach c a r t r i d g e .  A now Boclanan MX-4 i n s t rumen t ,  c a l i b r a t o d  

a g a i n s t  a stand.ard radium souroe, 19ns used t o  make t h o  i n t o n s i t y  

moasuromonts. P e f o r o  c a l i b r a t i o n ,  t h o  MX-4 w a s  hllovmd t o  o q u i l i -  

b r a t e  f o r  two hours  a t  t h e  ambient tomporature c h a r a o t o r i s t i c  of 

t h e  c a r t r i d g e  i n t o n s i t y  moasuremonts. 

For  each c a r t r i d g o ,  t h e  r ad iR t ion  i n t e n s i t y  measuroment was 

mado i n  t h e  fo l lowi ry  mannor: 

(1) The c a r t r i d g o  via5 placed i n  a v e r t i c a l  p o s i t i o n  i n  a 

wooden holdor  loca tud  20 f o o t  from t h e  i o n i z a t i o n  chnmbor of t h e  

W.-4. Tho c a r t r i d g o  holder and tho  i o n i z a t i o n  chambor m r o  a l ignod  

on a concroto s l a b  such t h a t  t h e  mid-point of oach was 30 inches  

nbovo t h o  slab. I n  an o f f o r t  t o  minimizo s c a t t e r i n g  f r o m  t h o  oon- 

c r o t e ,  n l / 2  x 15 x 3G-inoh load  s t r i p  was pos i t ioned  o n  tho  con- 

croto, midway 'botwoon t ,ho ho lde r  and i o n i z a t i o n  chamber. Romovnl of 

t h o  load  s t r i p  produced no measurablo v a r i a t i o n  i n  tho  i n t e n s i t y  

readings .  

{ 2 )  Tho c a r t r i d g e  holder  was mounted s o  t h a t  it could be 

ro t a tod  through lDO* about  t h e  v e r t i c a l  ax i s  of t h e  c a r t r i d g o .  

Sinco a v a r i a t i o n  of c a r t r i d g e  p o s i t i o n  produced but a sli .ght chango 

. . . .  ..... . .  -... ~ ...... . . . .  ._ ... "...__._._-..I... . . . . . . . .  . . . .  , ,  . . .  , ,  . .  . . . .  . . . . . . .  . . . . . . . .  .:, . . , ,  ... 
' , , , ,  

. . . . .  , . , .  I 
. .  _ , .  . .  

. I I  ; , 
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i n  the  i n t e n s i t y  readings  f o r  12 of t ho  ca r t r idEos ,  t h o  romaining 

18 c a r t r i d g o s  woro moasurod i n  only  ono pos i t i on .  

1 By use of  an  a p p r o p r i a t e  t ransformat ion  , t h o  moasurod inton- 

o i t y  va luos  woro convartod t o  a p p a r o n t m i l l i c u r i o n  oE a c t i v i t y .  

The p o r t i n e n t  d a t a  aro l i s t e d  i n  t h e  t o x t ,  Tablo 1. 

S P I r n S  

Tho o i g h t  sphoros which w o r e  usod i n  tho  las t  p a r t  of tho 

j .nvostigation were measurod through 31its formod by t h e  f i l l i n g  0011 

and monitoring room doors  wi th  an MX-4. 

I n d i v i d u a l  sphoros:  

Sphoro 
Nurnbor 

1 
.2 
3 
4 
5 
G 
7 
0 

mr/hr - 
410 
250 
197 
265 
250 
205 
195 
200 

c i r i o s  
~_I 

17 07 
1041 

020 
1103 
1 0 4 1  

854 
812 
833 

T o t a l  0211 
- 

Nhole rack:  

mi- f hr cur ios  
_I 

Rotated 

0" 
90" 

looo 
270' 

1820 
1770 
1550 
1550 

7 577 
7 309 
6453 
6453 

1,M. G. Alder,  E. R. Campagna, K. F. Anderson. A Mothod f o r  t ho  
D o t o r m i n a t i o n  o f  t h e  Apparent A c t i v i t y  of RW -. U I Z .  Uni- 
v o r s i t y  of Utah, bdiOlOe;iCa1 Rosoarch, h g w ~ y  Pro joo l ; ,  Dugi~L%y 
Proving Ground, Dugway, Utah. 22 January 1953. Socrot .  



Pago G1 

D I S T R m m  

Chiof ,  RCV Div is ion ,  DUgWfiy Proving Ground, 
Dugway, Utnh 

Chief ,  Tos t  Dosign and Evalua t ion  Of f i ce ,  Dugway 
Provj.nc Ground, Dugway, Utah 

Sci.ontl.fio Di roc to r ,  Dugway Proving Ground, 
Dugway, uta11 

Technica l  L ib ra ry ,  Chomical and RadiOlOgicd 
h b o r a t o r i o s ,  Army Chomical Center ,  Maryland, 
ATTN: Hiss Alioe Amoss 

Technical  Library ,  Dugway Proving Ground, 
Dugway, Utah 

Commanding Goneral ,  Resoarch and Engineoring 
Command, Army Chemical Center ,  Maryland, 
ATTN: Chiof,  Radio logica l  Warfare and Non-toxic 
W t e r i o l  Div is ion  

Commnnding Officor, Chomical and Rad io log ica l  
b b o r a t o r i e s ,  Army Chomical Center ,  Maryland, 
ATTN: Chief ,  SpociaL P r o j e o t s  Div is ion  

Tochnical  Information S e r v i c e ,  U.  S .  Atomic 
Enorgy Commission, Oak Ridge, Tonnosseo 

A i r  Forco S p a c i a l  Weapons P r o j e o t ,  K i r t l a n d  A i r  
Force Daso, Albuquorquo, Now Mexico 

Unitod S t n t o s  Naval Radio logica l  Dafenso h b o r a -  
t o r y ,  Snn Francisco 21, C a l i f o r n i a  

Edi tor in l .  Dranch, TD&E, Du,oway Proving, 
Dugway, Utah 
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9,lO 

11 

12 
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