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TNTRODUGTION

OBJECTIVES

The objoetives of this investigation were:

1. To measure tho attonuation of gamma rays by the remoto
handling coll windows and monitoring room windows when fillod with
(1) wator and (2) zinc bromide solution.

2. To measure tho quantity of scattered radilation issuing
from the remote handling cell door slits.

3, To determino the magnitude of shielding provided by the
concrate walls of the romote handling ¢ell and monitoring room,
and by the c¢eiling of the monitoring room.

4. To invostignte the possiblo hazord from access holes and

faulty concreto construction.

MATERTALS AND METHQDS

The: romote handling call1 windows wore fillod with water,
and 30 cartridgos with a total strengih of 237 curies wore
placed in the cell., Radiation inteonsities outside the coll and
monitoring room woro meoasured at the windows, walls, and door
alits, with tho MX-5 Goigor countor survey meters.

The 30 cartridges (Table 1) were mounted in & 2-inch thick
block, 11 inchas long and 9.5 inches wide. The cartridges,
about nina inches in leangth, wero supported in an upright

position. This ecariridge support was placed at one end of a

lThe romote handling cell 1s cemmonly referred to as the
"£illing cell"™; this term is used throughout the report.
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£illing coll car body; during the course of tho investigation it
woas moved to various known positions, marked by gulde ond stop
strips fastenod to tho platform. At tho opposito ond of tho car
body, o Bookmon MX-4 ionization chombor was mountod to moasure I
the strength of tho Bourco, This moter was turnod on and off wilh
a mochanical hond ond its dial read through the Lilling coll

window.

TADLE 1: Activity of Cartridgos !

CARTRIDGE APPARENT CARTRIDGE APPARENT
NUMBER ACTIVITY NUMBER ACTIVITY
(ourios) {curios)

1 10.00 16 9.16

2 10.00 17 §.287

3 9.45 18 7.98

4 9.16 19, 8.27

5 10.30 20 8.27

) 13,00 21 6.50

7 11.80 22 6,50

8 11,50 23 8.86

9 9.75 24 6,90

10 10.90 23 6.50

1l 12,10 26 <6 ,80

1= 9,335¢ 27 9.16

13 11.20 28 8.36

14 11.20 29 10.60

15 J,33¢% 30 9,16

L

#*Tho voluo 9,33 guries is an avorago of the othor 28 cartridges.
Sines the sartridgos contained differont woights of agont, this is
not a trues average.

With thoe sourco sucocossivoly looatod ot four positionz in tho

£i1ling ooll and at ons position in tho monltoring room, moasuroments

wore mado at various locotions outsido tho cell with an ME-5.
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The distance botwooen the source and the side walls of tho cell
was variod by moving the gource along the car body with a mechanieanl
hand. Tho distanco botween the source and the end walls was varied
by moving tho car by means of tho roemote-control, cable-convoyor
aystem.

Bacause of space limitations on the ecar bedy, the Boclman MX-4
was located 4.5 feet above thoe scurco level when the two deotermina-
tions of the offective strongth of the cartridge sourco wore made.,
Tho differencea botwoen the total strength, in curies, determined
from the sum of the individual cartridge activities and the total
strength obtained from MK-4 readings was caused by self-absorption.

Since the source was unsymmetrical, the effects of self-absorp-
tion varied with the location of the moasuring instruments. To
eliminate this variation, some of the moasurements were repoated
uging a spherical source.

Tho additional moasurements wern made at tho cell windows with
an M{-4 lonization chamber, utilizing & spherical source of approxi-
mately 7.18 curles. A mochanical hand was used to hold the source
and subsoquently teo place it in a woodon rack at a known posilion.
This spheriesal sourco and the MX-4 ionization chamber wore used 4o
take roadings at the slit of the opened £illing ¢ell doors. The
sphers was placed inside tho cell in & woodon rack one foot from
the wall and directly opposite the door slit. The MK-4 was placsd

gt the same hoight as the source.

g P © ek s e mmr T NerERAY  Fmae S LTRANT A e
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Additional mensurements were takon at tho slit of the oponed
£1lling coll doors with o orystel scintillation counter and o
20-millicurio stoandard radium source. This roadium sourco was
placed in o wooden rack aboul ono Loot from the slit on the south
side of thoe oponed filling cell door. Tho counter was placod at
tho hoipht of 1he source.

During £illing oporations for the Waltor Kiddo Hoal Tost,
moasurements were madoe of the intensity of the gammo rodiation
outside thoe zinc bromido-fil}ad windows,’through tho walls, and
through thes slit of the closed f£illing coll doors. Tho apporont
sirength of the source used in these tests was B200 curies.a Four
agent-fillod spheres worsc immorsod in an oil bath on ono sidoe of
the ¢ell and 1he othor four were placed in the car body on tho
opposite side. The differont locations of the samples mode an
accurate estimato of the apparent strengih impossiblo; for tho cal-
culations, an offective scurgo of 3000 curies was acsumod.

Measguroments wore also made of the shielding provided by the
monitoring room windows, walls, and coliling. Rodioactive agent
from five of the originnl shipping contoiners fer tho agont uscd
in the heat tost comprisod {the sourco. Threoo of tho original , .
agont-filled shipping containors wereo usod os a parti of this

source. The material from the other two containers had provieusly

a
Measurements of the radiation intensitios of tho spheres are

given in Appondix IV,
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been tronsferred to smaller containers; thos. smallsr zentainers
comprised the remainder of the source. The effective source was
about 8000 curios. Measuroments made at different lncations variad
considerably ng a rasult of tha shiclding provided by the Lead
barricado and tho machinery fixed on tho car body. The calcula-
tions for theso moasuromsnts are opproximate only, bocause the
posltion of 1he car in tho monitoring room was not eractly known
Tor this seriecs of measuremonts.

The rack of eight sphesros with an apparent activity of 8200
curies was then used as & sourcoe in moasuring the shielding pro-
vidod by tho zinc bromide =olution in the windows and by the con-
erote walls and doors., The magnitude of the radiation scatterod
through the door slits was dotermined, and the presenco of the
Yeaomotry effect™ observed in the first set of moasuremants was
verifiod. Dach one of the eight sphores used in this test was
moasurad soparatoly using a £lit systom in which the menitoring
room doors woere oponed aboul one foot. A wooden rock, built so
that the sphores would bo ofT-sol vortically, was then loaded with
tho spheres and tho radiation intensity moasured through tho siit,
Tho source wns rotated 90, 18Q, ond 270 degrees and measurad in
each of these positions. The source thus formed the cornmors of o
tiltod cube about nine inches on a sido.

3pocial mensurcments were wmade Lo verify the scaliering elfect

noticed during ths first set of measurements when the windows wors

| emtmm w1 s v st s iy v § e ot msnaan e iy — pp—— T s @t e mremne L e r——— A g o
i . . [ Vo R T . -y Lt
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filled with weter. The test was made by oponing tho doors which
formed the &lit ot the timo the most intense sphore was mocsured.
An MX-5 Geigor counter, MK-4ioniszation chambor, and a lab moniier
woro used for theso moasuromonts.

A description of oooh of the monitoring positions as weoll
as diagroms chowing tho sourco locations and monitoring posilions

may bo found in Appondix I.
RESULTS

The complete results are given in Appendix IX. The intonsity
moasuromonts were dividod into three classos: (M), whore the
mossurod value of intensiiy is much moro than tho theorotical
value; (S), whore the measursd valuo is of the_ggmg ordor of mag-
nitude o5 the thooreticel value; and (L), whoro iho mossured valuo
is much less thon the theoretical value. A possiblo rooson for tho
(M) and (L) locations is listed below.

Sinco & lorge number of pesitions wero monitorod for coch
sourco location, and since the description of 1ho pesilions is
roether leongthy, o number was assigned 1o esach position and o lettor
4o sach source logation., Tho positions oare doscriboed briefly in
Appendix I; tho positions and locotions aro zhown in Appondix I,
Figures 1 thru 8. PFigure ¢ of Appondix I is a photograph of the

west wall of the filling cell.
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Tha M and I locations listed boelow are Tor wateor-filled win-
dows and the Z0-cartridge source.
M locations

18 Accass holo

19 Access holu

20 Accoss hole

27 Space between door and wall of cell (slit)

28 Space botwoen door and wall of cell (slit)

29 Spaeo botwoon door and wall of cell (slit)

31 Space botweon door and wall of cell (slit)

32 Space botwoen door and well of cell (slit)

33 Spaco between door and wall of cell (slit)

¢-30 Louver and air duct dimensions not accurately known
B-26 Touver and air duct dimensions not accurately known
44 Accesa hole

49 fpace botween door and wall of coell

B-55 Irregularity of bottom of water tank spoils calcula-

tions

F-56 TIrreopularity of bottom of water tank spoils ealcula-
tions

C-086 TIrrogularity of bottom of wator tank speila calcula-
tions

61 Accoss hole
62 Access hole
64 Accoss hole
65 Access holo
68 Acooss hole
09 Acoopss hole
7Q Aocoss holao

74 Access hole for Groer Arm

77 Space boetween door and wall of coll

78 Spaco botwoen door and wall of cell

79 Spaco betwoen door and wall of call

80 Space botwoon door nnd wall of coll

81 Spaco botwseon door and wall of cell

83 Space between door and wall of cell

85 louvor and eir duet dimensions not accurately known
86 louvor and air duct dimensions not accurately known

a8 Access hole
89 Access hole
H-101 Access hole
102 Hole for conduwit allows scattered radiation
103 Accoss hole

= A e e e e - C v nmtemr et maima e m mamn sae mp
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106
108

117
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Access hole

Access hole

Scattoered radiation from ceiling of coll comos
through panol

Accoss holo

E Locations

F-36

H-48
F-49
G-59
P07
H-98
H-109

H-110

G'-78
G'-80

Completely different from F-36 ond siamilar
measuromonts; probably irrogular air duct
Similor to ¥-47, B-9G, C-97, olc.

Source wag not o point sourco

Similar to F-47, B-06, 0-07, ote.

Similar to F-47, B-96, C0-97, olo.

Similer to ¥-47, B-96, C-97, oloc.

Absorption by £illing cell cur not considered in
tho calculation

Absorption by f£illing coll car net considered in
the calculetion

Source wos not o point souroco

Source was not o poimt sourco

G"-{North slit)- Sourco was not a point sourco
G"-(South slit)~ Sourco was not a point source
Source passing slit- Sourco was not a point sourco

A comparison of the moasurcod and theoretical radiation inien-

3ities is not includod for the dato token with 1he scintillation

counter and the source of eight sphoros, containing 8200 apporent

curies. However, the following rosults wore obtained:

M Locations

D~ 13
Sl

94

68
117
119
5-409

An unpluggoed accgss hole

Some contamination on floor om west s5ido
Some convamination on floor on woit sido
A partially pluggoed hole

An open holo

A poartislly plupged hola

An open hole
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Doers Opon

F- 87 Seattoring Lthrough the open dgor slit
28  Scattering through the open door slit
29  Scattoring through the open door slit
31 Seattoring through tho opon door alit
32 Secattoring through the opon door slif
33 Seattering through the opon door slit
74 Secattering through thoe open door slit
4% Unknown
44 Unlmown
01 Seattoring through tho opon door alit
B2 Scattoring through tho open door slit
83 Seattering through the spon deor slit
101 Scatltored radiation plus partially plugged holes
103 Seattored radiation plus partially plugged holes
105 Scattered radiation plus partially plugged holos

Doors Closed

- 78 Scattering through slit
82 Scattoring through slit

The dato in Tables 2 and % aro a summary of the measuremornts
made to determine the absorptlion of the filling cell window when
it was filled first with wator and thon with zine bromide solution.
Complete measuroments may be found In Appendix IX. Sampls oalcula-

tions are in Appondix ITI.

v rmn s w1 .- - b my e e o R i el R T ST PE TS S
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TABLE 2: Absorpiion of Water-filled Goll Windows
MIASTRING SOURCE MEASURED | CALCULATED | MEASURED | CALOULATED
TNSTRUMENT LOCATION INTENSITY | INTENSITY | REDUCTIOY | REDUCTION
LOCATTON (mr/hr) {wr /hr) FACTOR FACTOR
0-anrtridge Sourca
Coll Window 1 £t £from window 5.5 8.25 Ba20 5540
6 £t from MX-D
Coll Window | 5 £1 from window 2.0 2.95 8220 5540
10 £1 from MX-5
Monitoring & £4 from window TO0 1220 3G.7 21.%
Room Window | & £t from T-1B
Sinrlo, 7.18-curie, Spherical Source
Goll Window | 1 £t from window 0.30 0.25 4610 6540
6 £t from ME-4
Monitoring 1 £4 from window i1z 145 21.8 21.5
Room Window | 4 £t from ME-4
TABLE 3: Absorption of Zinge Bromide-fillod Cell Windows
MISASURING SOURCE MEBASURED { CALCULATED | MEASURED | CALCULATED
THSTRUMENT LOCATION INTGNSITY | INTENSITY | REDUCTIGN | REDUGTION
TOCATION (mr/hr) {mr/hr) FACTOR FAGTOR
fssuming Iffectivo Source of 5000 Curios
- & 8
Goll Window | 5 £t from window | 0.05 | 1x10°° %10 3.5%10
10 £4 from MK-5
ssuming Effective Sourco of 8000 Curiocs
3 ]
Yoniteoring 8 £% from window 500 420 1.9x10" 1.95x10
Room Window 10 ft from MX-5
£-sphoro, 8200-curie Source
-3 6
Coll Window 5 £t from window 0.045 1.8x10 8x10 3.5x108

10 £t from ME-5
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Tigurcea 1 and 2 show the offects of scattoring at the door
slits. Usging a sourco of 8200 curies at position P, the maximum
radiation measursd at the slit was 2.0 mr/hr when the filling
coll doors were open, and 1.5 mr/hr when tho doors were closed,

Table 4 is a summary of the data taken to determine the
shielding of the walls of the filling cell and the wnlls and coil-

ing of the monitorinz room.

TABLE 4: Absorption of Gammo Radiation by Thick Walls

RADIATION INTENSITY
POSITION Measured Celoulated REMARKS
{mr/hr) {(mr/hr)
B0~-cartridge Sourco

B- 5 Bg® 1.4x1077 Tndscisive
11 Bz 4.6x10° Indecisivo

55 0.06 2.22107° Too high

61 0.720 8.6x20-6 Tao high
107 Bx 1.0x10-7 Indacisive
119 Bg 1.5x10-i Indecisive
g- 6 Be 1.4x107 Indocisivo
12 Bg 4.Gx30"j Indacisiva

66 0.04 2.1x10°¢ Too high

62 0.30 8.6x10~6 Too high

102 0.20 0.02 Too high
107 e 4.0x1073 Tndecisive

108 13 1.8 3 Too hiph

L £t bolow 108 0.40 l.OxlO“é Too ‘high
r- 6 Bg 2.0x107" Tndecisive
12 Bz 3.6x1077 Indocisive

56 0.04 2.1x10-4 Too high

62 0.03 3.Gx10‘§ Too high
107 By 2.6x107 Indacisive

108 15 4.0 Too high

G- 85 0.7 4.5x107% Too high

Continued on page L8
*Ng denotes background
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Scottering by Door Slit
Sphers source 10,8 feet from siil odge

MX-4 moosurements

Ln {me/re ~ Bg)

0.1

DISTANCE FROM DOOR (inches)

Fig. 1. -~ Scattering of radiation by door slit,
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Nel Scintillatien Counter at Slit
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32% inches from [illing cell wall ond slit
o
o
i
£
£ 1,000
»n
X
5
)
(O]
100
0 2 4 L) 8 10 12
DISTANCE FROM DOOR (cm)
Fig. 2. — Nof scintiliction counter at slit.
* ',: -.;l: Iy J RV ‘ ‘i;
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TABIE 4: Absorption of Gomme Radiation by Thick Walls {Coutinued)

RADIATION INTENSITY
POSITION
Measurod Calculatiod FBMARIS
{mr/hr) {mr/hv)
G- 88 0.05 0.04 A1l right
89 0.02 0.074 A1l right
He 35 40 36.5 AL right
43 3.5 1.9 A1l right
44 0.75 0.26 Al right
85 42 36G.5 A1l right
93 9 1.9 ALl righi
94 0.5 0.26 A1l right
H-101 200 7.8 Too high
102 130 20.8 Too high
163 50 1.9 Taoo high
104 250 1.9 Too high
inglae, 7.l8-curie, Sphorical Sourco
H -156 44 64 M1 right
Assuming Bffective Source of 5000 Curies
H- 4 0.10 1.1x107° Too high
10 Bg .leo“é Indocisivo
o7 12 6.7x10° Too high
108 1000-2000 0.02 Too high
114 0.04 4.9x107Y Too high
Nsaiuming Lffoctive Source of 8000 Curios
H-103 I 1500 645 A1l righi
6 £t above H-102 120 LG A1l right
i
8 ~ophers, 8200-curio Source
D- 4 0.06 8.2x107° Too high
5 Bg 1.5x107Y Tndocisivo
10 0.05 1.2x10-9 Too high
11 0.03 8.4x10" Too high
54 0.17 7.8x107Y Too high
55 0.08 7.7x107Y Too high
60 0.04 1.2x10~3 Too high
114 0.04 2.5x10° Too high
119 0.60 7.8x10-% Too high

Continueod
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TABIDL 4: Absorption of Gamma Radiation by Thick Walls {Concludad)

RADIATION INTENSTTY

POSITION Moasured (Calculated REMARKS
(mar/hr) {mr/hr)
F- 6 0.05 8.8x10’3 Too high
36 0.50 0.39 A1l right
43 1.0 2.0x10~9 Too high
Ad 1.0 3.3x107° Too high
101 17 2.4x10-%L | Too high
103 17 4.8210°11 | Too high
105 12 5.1x1079 Too high
107 10 2.,0x10-0 Too high
Doors Glosod

P- 6 0.05 G.ExlO"E Too high
6o 0.05% 1.2x10°° Too high

Whan a source of 8200 ouries was located near the unplugged

accoss holes, rendings mada in line wiih the holes were:

D- 13 1.0 mr/hr
D-117 26.0
D-8409 60.0

For plugged accoss holes the readings wore:

D-116 0.10 mr/hr
D-54010 0.08
T-a 0.06
F-G5 Bg

Those results show that oveon the unplugged nccess holas offsr
little hazard to persennel since little radiation roaches ths work

arasa.
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DISCUSSTION

Since the ordor of mognitudo of ionization waz considerod
moro important than the aclusl intonsity in millirecentgons por
hour, tho MX-5 Gelger Countor was usod, oven though it is not
rocommonded for moasuring gamme radlation. Tho roadicalion inton-
aity moasurements of tho MXI-J agreoed within o factor of two with
thoso of the Beglman MI-4.

An increase in counted radiatlion outside thick walls, causod
by scatitering by the walls, has boon observed. Tho scattored
radiation must bs included when tho radiation cutoide tho filling
¢oll and monitoring room is calsulated. An empirical equation
giving the true radiation intensity is callod a "build-up equation.™
Hirachfoldor and Mageez obtainod the following gquations for gooma

absorption through thick modia ot tho onorgy levols indicatod:

1Mov: I =Tg(1+ 0.487 D + 0.030 D%)o™D, whore D = px
3 Mov: T = Ig({l+ 0.400 D+ 0.00800%)e™"
5 Mov: T = Ip (L + 0.33 D + 0.0040D%)o~D

By plotting the coefficlonts of D agalnst Mov on semiloeg paper and
the coefficients of D2 oeainst Mev on log-log paper, the coefficiontes
for 1.15 Mov wore interpolated. In this mannor on oquation woad do-
rived for the 1,li-Mov sourco:

I =TI (1+ 0.480 D + 0.025 p°)o™D

SHirsghfelder and Magoo. oviow of orn Physies. 1048.20:300
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The equation of the curve of the quantity in parenthosis, often
callod the B or "build-up factor", wersus D was then calculated
end plotted for use in the caleulations (Fig. 3). The equation
dorivod from the equations of Hirschfelder and Mageo did not
accuratoly £it this data. Sinece the build-up facter ig s func-
tion of several complicated geometry {actors; it probably will be
unique for each installation and experimental set-up.

An equation which gives o better fit for the conditions at
Able Area, Dugway Proving Ground is:

I = Ioe"PXEL + 0.5ux + 0.0l(}lx)z + 0.5%107° (}1}:)8:[
The data obtained with the 30-cartridge, and 8-sphere sources
were used to determine this equation; the equation has not been
chocked with all the data. ‘

In provious worlk dong at Able hraa,4 the absorption coeffi-
ciont of zinc bromide solution was dotermined to be 0.147 em™L.

This valuo was usad in calculations for this work.
CONCLUSTONS

1. Tho zinc bromido-filled windows offor more shielding
than the concreio walls in which they are set.

2. With the zinc bromide sclution in the windows, =& milliop
curies can be =zafely handled in the f£illing c¢s8ll provided the

north light-access panel is avoided.

i, A. Campagna. A Determination of the Half-Thickness of Zine
Bromide Solution. UUT-IIL. University of Utah. Radlological
Research, Dugway Projeoct, Dugway Proving Ground, Dugway, Utah. 22
July 1953,
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3. The light-access panel on the north wall of the filling
coll is dangorous when more than 100 curles aro exposed in the
f£illing coll.

4. The monitoring room windows, even though filled with
zine bromido solution, provide insufficient shielding 1If more than
1000 curies are exposed within this room,

5. The walls and rcoof of the monitoring room should be
considored unsafe if more than 1000 curiss are .exposed in this
room or if mors than 10,000 curios ars exposad in the £illing
¢ell and the #illing c¢ell doors are left open.

6. There is 1ittle dangor from scattered radiatiorn coming
through the door slits,

7. The nccoss holes of the filling cell, even whon com-
pletaly open, offor no hazard to persomnel involved in normal
oporatiens around tho eoll.

8. TThere ma& be a fow alr holes in the conerote, but thoy
offor no soricus hazard to persenmel.

9., Accurato caleulation of radiation intensity can be made
for water-r£illed windows using the Hirschfelder-Mageo equation.
Caleculations using this equation break down when more than threo
feot of concrets, or zine bromide soluiion must be considersd. In
the f£illing caell, caleulations uveing the squation are low by a

factor of about 25.
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APFENDIX I

MONTTORING POSITIONS
AND
SOURCE LOCATIONS
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Deseripticon of Monilering Posilioe:

Pogo o7

POSITTON NUMENE,

#2111 measurements referring to windows are
oal center llnaes.

Ca—g s

- e B e Ko R .- — s et rbe——h———

Tt Wt DIBJORIPTION*
Wall Wil
1 Bl Apoinot douth window, 6 inohos abovo 1ts bottom
a bn Apainot contor window, 6 inchos above lts bottom
3 53 Apeinot north window, 6 Linchee abovo itso bottom
4 54 Against wall, 1 foot helow south window
& 56 Arednetl wall, 1 Teot bolow genter window
6 56 Apainat wall, 1 foot bolow north window
7 57 4 foot from south window, & fost abovo platform
8 54 4 Toet from conter window, § feot absve platform
2 69 4 feot from north window, 5 foet above platform
10 G0 Agouinet wall under platferm, 5 faet above plug 207
1L 6L Agalngt woll wander platfoerm, 5 fest above plug 206
12 64 Agoinst wall under platform, 5 feet above plug 205
13 63 Agalnst plug 207
14 64 Apainat plup 206
15 55 Against plug 205
16 56 Against plug 408
17 6% Agalnst plug 407
13 68 Agninst plupg 406
19 69 Agoinest plug 405
a0 70 Ageinst plug 404
21 71 Apadinst plug 509
22 72 Apainst plug 508
23 73 Against plug 507 (W 507 has Groer Arm)
24 T4 Agoinat plug 506 (W 506 has Greer Arm)
25 75 Ageinst plug 505 (W 505 hns Greer Arm)
26 76 Against plug 504 (W 504 has Qroer Arm)
27 77 Against south side of opened door, 3 feot ahove platform
28 78 Against north side of opened door over slit, 3 fect above
platform
2o T9 Agalnat south zlde of opened door aver sllt, 3 foel abovo
platform
30 a0 Against north side of opened door at deor edge {over slit),
3 feeot above platform
31 g8l Scuth side of opened door, sbove platform, 5 feet above Tlom
a3n an North slde of opened door, above platform, 5 fest above floor
23 83 South slde of openad door, above platform, B feet above floor
34 a4 ¥orth slde of opened door, above platform, § feet above [loor
OJontinued

made with respeot to their vertd-



. [ENN
AL

e et masen O N S S S

Papge 28

Doscription of Monitoring Positions (Concludod)

POSTTION NUMBER
Tt Wost DESCRIPTICN
Wall Wall
30 856 Against wall, £ foot below window
36 86 Agoinst window, 6 inches above its botiom
o7 87 Against plug 403
38 88 Agoinst plug 402
39 89 Against plug 401
40 . 90 Against plug 503
41 91 Apgainst plug 502
42 92 Against plug 501
43 93 Against wall, above 202, 3 foot above floor
414 94 Agoainst plug 203
45 g5 Un top hondrail oppesito south window
45 96 On top handrail opposite center window
47 97 On top handroail opposiis north window
48 898 On top handroil opposite monitoring room window
49 99 On top handroil opposite south slit
101 Agoinst plug T7 above monitering room
102 Over holo for electrical lines
103 Against plug T1 above monitoring room
104 Against plug TO above wmonitoring room
105 Against plup N602 above monitoring room
106 Against plug NGOl abovo monitoring room
1q7 Agoinst cell wall halfway botwoon N60L oud NGOZ2, 5 feet abovo
monitoring room roof ‘
108 Above monitoring room, in center of panel NOCGL
100 At east edgo of closed door 2
110 At center adgo of closed doors 1 and 2
111 At wost odge of closod door 1
112 Against plug 52056
115 Against plug S206
114 Agoinst wall, above 5205, 5 foot above floor
115 Against plupg S403
116 Against plug 5406
117 Against plug 5408
118 Agoinst plug 5501
119 Agoinst woll, beolow 5408, 5 feoet above platform
120 On top rail, opposite 5408
121 At west edge of filling cell, 9 feet abeve monltoring room
floor
122 In center of filling cell doors, 9 feol above monitoring roomn
floor
123 At east edge of £illing ooll, on door, 9 fool abovo moritoring
room floor
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TABLIN 1: Comparison of Calculatod and Mpacured Radiation Inmtensity With
30-cartridpo Sourco and Water-£illed Windows.
>0S TTION. SHIELDING SQUARE OF|TOTAL|B FACTOR* RADTATION CLASS*®2
Watar| Glass| Concrate; DISTANCE,| Mx INTENSTTY
(ecm) | (cm) | {cm) SOURCE Calculated [Measured
TO MX-5 {(mr/hr) { (mr/hr)
(£17)

n- 2 145 10.2 0 196 10. 84 9.2 1.52 1.0 S
5 0 0 152 196 21.1 | 21.9 1.4x10-4 | Bg#*? s
8 145 10.2 0 324 10.84 9.2 0.92 0.35 ]
11 0 0 159 213 22.1 23.6 4.6x10-2 Bg S
14 0 0 | 174 256 24.2 | 27.2 5.4x106 | Bg 8
15 0 0 182 281 25.4 | 29.4 1.6x10-6 | Bg 3
18 95.5| 5.1} 82.7 235 18.3 18.0 1.4x10~3 0.03 M
19 97.5{ 5.1 82.5 240 18.5 18.1 1.0x10-° Bg 3
2 16.3] 11.4 0 384 12.2 10.7 0.23 2.0 T
28 56 5.0] 198 384 31.8 41.9 2.8x10-9 0.7 M
29 | 109 6.6 91 292 20.7 | 21.3 1.2x10°% 1.5 M
35 0 0 82 552 11.4 9.8 0.2 0.2 S
36 202 14.2 0 635 14.97| 13.8 0.01 3.5 s
52 145 10.2 0 36 10.84 9.0 8.0 5.5 s
53 183 12.9 0 57.8 15.8 12.45 0.35 0.2 S
55 24.8 2.5] 128 384 19.76 | 19.8 2.8x10-% 0.06 M
58 145 10.2 0 100 10.84 9.2 2.9 1.3 5
61 0 0 183 52.3 25.4 £9.4 8.6x10-6 0.2 M
64 0 0 | 250 96 34.8 | 48.6 6.4x10-10| 0.25 M
65 0 0 315 121 43.8 | 67.0 8.7x10-14 | 0.45 M
68 147 5.1] 48.8 61 17.1 16.3 0.018 0.3 M
69 157 5.6 52.4 70 18.5 18.2 4.0xlo"§ 0.35 M
74 107 6.4] 109 80 23.0 25.0 5.2x10Y 0.13 M
96 145 10.2 0 156 10.84 9.2 1.9 0.55 S
104 0o |- 0 193 370 26.8 32.0 3.3x30"7 0.04 M
107 0 0 201 424 27.9 34.0 1.0x10-7 Bg s
108 0 0 131 729 18.2 17.8 5.0x10°% | 20 M
117 0 0 15 324 20.8 21.4 1.0x10-4 0.3 M
119 0 0 14.7 324, 20.4 20.7 1.5x10~% B S
c- 2 156 11 0 225 11.65 | 10.1 0.64 0.4 S
3 145 10.2 0 196 10.84 9.2 1.5 0.9 S
6 0 0 152 196 21.1 21.9 1.4x10°% Be S
9 145 10.2 0 324 10.84 9.2 0.92 0.4 S
12 0 0o | 159 213 22.1 | 23.6 4.6x10"° | Bg S
15 0 0 | 174 256 24.2 | 27.2 5.4x10°¢ | Bg g
Continuad

*See DISCUSSION,
*1860 RESULTS.
*2Background.

[
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TABLE 1: Comparison of Calculated and Measured Radiation Intonzity With
30-oartridgo Source and Water-fillod Windows. (continuod)
IOSTITON SHTRLDING SQUARE OF |TOTAL |B FAGTOR® RADIATION cLass+d
Woalor|Glass|Conerote| DISTANCE, | ux INTENSITY
(em) {{cm) (cm) . SOURCE - Caloulatod[Moasurod
TO MX-5 (mr/hr) | (ar/br)
(£+2)
i 19 g7.5] 5.1 82.5 240 18.5 18.1 1.0x107% | 0.03 M
20 95.5{ 5.1] 82.3 235 18.3 18.0 1.4x107Y 0.04 M
24 0 0 | 211 266 29.35| 36.7 1.0x10°% | g 5
25 0. 0 {201 250 24.95| z8.5 2.7x1078 | Bg S
27 56 5.1 147 324 24.75 ] 28.1 2.6x10°% | 1.5 M
29 0 0 | 235 296 32.7 | a4.0 1.5x1077 { 2.0 u
31 0 0 | 193 340 27.8 | 33.8 1.4x1077 | 1.1 M
33 0 0 | 189 247 26.3 32.0 8.0x%10"7 1.5 M
35 0 0 | 107 428 14.9 | 13.7 0.018 0.3 M
36 97.9| 8.9/ o 428 7.6 6.2 [11.9 7.5 S
44 0 o | 111 445 15.47( 14.4 0.01 0.4 M
52 {196 | 13.8] © 70.6  |14.64 | 13.5 0.15 0.05 S
53 | 145 10.2{ 0 36 10.84 9.0 8.0 5.5 s
55 35 3.6] 181 77 27.9 34.0 5.5x10-7 Bg 5
56 24,8/ 2.5] 128 38.4 119,76 { 19.8 2.1x10°% | 0.04 M
59 145 10.2] 0 100 10.84 0.2 2.9 1.3 S
62 0 o | 183 53.5 125.4 | 29.4 8.6x107% | 0.3 u
69 | 157 5.6| 52.4 70 18.47 | 18.2 4.0x10°° | 0.04 M
70 147 5.1 4.8 61 17.1 | 16.3 0.18 0.2 M
g6 | 185 2.5| 228 408 44.1 71.4 2.0x10-%%4| 0.2 M
97 | 145 10.2{ 0 156 10.84 9.2 1.9 0.5 5
102 0 0 125 369 17.35 | 16.95 | 0.02 0.2 M
106 0 0 |17 231 23.8 | 26.5 8.7x10°% | ©.05 M
107 0 0 {120 400 16.7 | 15.9 4.0x10" Bg S
108 0 0 66.5 655 9.24 7.65 1.8 13 M
L It bo- -
Tow 108 | © o | 127 600 17.65 | 17.1 1x107° 0.4 M
A 145 10.2] © 100 10.8 9.2 2.95 2.0 s
6 Q 0 153 100 21.2 | =2z.0 2.2110° Bg S
9 1145 10.2| o 196 10.8 9.2 1.6 0.7 3
12 0 0o | 165 117 23.0 | 25.2 3.6x1079 By s
15 0 0 192 156 26.7 31.9 8.5x10""7 Bg S
19 1125 6.4 62.3 | 136 17.9 ] 17.2 4.7x10" 0.05 M
2 123 5.1 6L 130 17.2 | 16.6 7.1x10" 0.08 M
27 119 5.1 | 153 199 29.7 37.4 3.9x10-8 1.0 M
28 10.2| 2.5| 232 188 39.2 58.4 4.9x10-13| 2.0 M
29 61 5.2 | 122 132 21.7 | 23.0 1.1x1074 1.5 M
31 0 0 174 144 24.2 27.2 9,6x10-6 1.0 M

Continued
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TADIE 1: Comparison of Calculatod and Moasuroed Radiation Intensity With
Z0-cartridgo Source and Wator-fillod Windows. {coniinuod)

PO TTION SHIRLDING SQUARE OF|TOTAL |B FACTOR* RADTATION gLASS+
Water|Glass)Conerote) DISTANCE, | ux INTENSTTY
(cm) [{cm) { (cm) SQURCE Calculatod [Moasuro
TO M%-S (rmr/hr) | {(mr/nhr)
(£1%)

F- 32 0 0 252 200 35.0 49.0 2.5x10710| 1.5 M
33 0 0 290 212 40.3 60.5 1.5x10-1%] 0.5 M
35 0 0 175 350 24.3 27.3 3.6x10-9 0.7 M
30 89 2.5] 15.3 350 8.3 6.9 8.1 0.9 M
47 145 10.2 0 262 10.8 9,3 1.2 0.25 3
49 150 10.2 0 240 11.2 9.6 0.9 0.1 L
53 145 10.2 0 100 10.8 9.2 2.95 2.0 S
56 0 0 153 100 21.2 | 22.0 2.3x10°% 0.04 M
59 145 10.2 0 196 10.8 9.2 1.58 0.7 g
62 0 0 165 119 83.0 25.3 3.6x10+0 0.03 M
65 0 0 192 156 26.7 31.9 8.5x107 0.05 M
69 125 6.4] 62.2 136 17.6 17.0 4.7x10-% 0.06 M
70 1123 5.1 61 130 17.2 | 16.6 7.3x30-% | B S
76 7.6 5.1} 152 146 24 .4 27.6 7.9x10-0 Bg ]
77 119 5.1 153 199 29.7 37.4 3.9x10"8 0.6 M
79 61 5.11 122 132 21.7 25.0 1.1x10°% 1.2 M
a1 0 0 252 199 35.0 | 49.0 2.5x10-X01 2.0 M
83 0 0 290 212 40.3 60.5 1.5x10-12] 0.8 M
86 89 2.5 15.3 350 8.3 6.9 8.1 5.0 S
97 145 10.2 0 262 10.8 9.2 1.2 0.35 5

102 0 0 168 369 23.3 26 .6 8.7x10"6 0.2 M
105 0 0 196 276 27.2 38.7 %.0x10-"7 Be 8
106 0 0 196 276 27.2 32.7 3.0x2077 Br o
107 0 o |19 310 27.2 | 32.7 2.6x10°7 | g S
108 0 0 61 GOD 8.5 7.0 4 15 M

G- 27 0 0 155 185 21.5 22.6 9.2x10-° 18 M
29 0 4] 137 102 19.0 18.8 1.7x10-§ 15 A
49 0 0 156 272 21.5 2R.6 6.2x105 0.9 M
02 198 14 0 188 14.9 13.8 0.04 Rg 8
59 147 10.2 0 207 11.4 9.8 0.86 0.2 L
77 o o 155 185 21.5 22.6 9.2x107° | 80 o
78 0 0 160 108 22.2 23.8 8.2x10~3 7.0 u
80 0 0 244, 196 33.9 | 46.¢ 7.4x10-101 1.5 M
85 0 0 122 246 17.0 16,2 4.5x107% | 0.7 M
86 120 | 10 0 263 9.2 7.6 4.5 3.0 3
88 0 ) 107 213 14.9 13.8 0.04 0.05 8
89 63.5| 2.5 66 3156 13.7 12.2 0.074 0.02 g

Continned
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TABLE 1; Comparison of Caloulated and Measured Badiation Inmtensity With
30-cartridge Source and Wator-filled Windows. (continued)
PO3ITION SHIBRLDING SQUARE OF |TOTAL|R FAGTOR® RADTATION cLAgS=1
Wotor Glass [Concroto | DISTANCE, ] ux INTENS T
(cm) [(cm) {cm) SOURCE Calculalod Monsurod
TO MX-5 (mr/Lr) | {wr/he)
(££%)
{
ho I,
wouth of
" 0 0 66 161 9.2 7.6 7.8 0.7 L
Lo 7g 0 0 0 108 0 0 1.52x10t4) 230 L
80 0 0 0 196 Q 0 8.4x1019 {130 L
.78 0 0 0 111 0 0 1.4931C 4 (180 L
80 0 0 0 111 0 0 1.49x10%4]360 L
SOUrco
prE5ing
78 0 0 0 108 0 0 1.53:10%4| 280 L
- 35 0 0 61 64 8.5 7.0 35.5 40 S
36 56 5.1 0 64 4.3 3.5 1.20x10%9} 480 S
WAK-36 56 5.1 0 64 4.3 3.5 1.20310%1 600 S
43 0 0 81 112 11.2 9.6 1.93 8.5 5
44 0 0 95 154 13.1 11.8 Q.26 0.75 S
48 56 5.11 0 144 4.3 3.5 5.4x10%% | 60 L
78 0 0 189 256 26.2 30.8 8.2x10"7 C.4 M
80 0 0 91 338 12.7 11.3 0.17 11 M
8% 0 0 61 64 8.5 7.0 36.5 42 S
86 56 5.1 0 64 4.3 3.5 1.22x1013)410 S
{AZ-86 56 5.1 0 64 4.3 3.5 1.22x10"2| 700 S
a8 0 0 81 112 11.2 9.6 1.9 a0 M
89 0 0 81 112 11.2 9.6 1.9 80 M
93 0 0 80 112 11.2 9.6 2.9 5 8
94 0 0 95 154 13.1 11.8 0.26 0.5 3
98 56 5.1 0 144 4.3 3.5 541 60 L
101 0 0 71 86 9.9 8.2 7.8 300 M
102 0 0 65 72 9.0 7.4 20.8 130 M
103 ) 0 76 112 10.6 9.0 1.9 "o M
104 0 0 68 97 9.4 7.8 11 250 M
109 0 0 68 146 9.2 7.6 6.5 0.27 L
110 0 0 61 156 8.5 7.0 14.2 1.3 L
08
coulh of
85 0 0 49 85 6.8 5.6 1.20x10%%( 190 5

Continued
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TABLE 1: Comparison of Calculatod and Measured Radiatlon Intensity With
30-oartridge Sourcs and Woter-filled Windows. (coneluded)
POSITION SHIELDING SQUARE OF )TOTAL|B FACTOR* RADTATION cLasset
Water|Glass| Concrotoej DISTANCE, | ux INTENSITY
(cm) {(em) | (cm) SOURCE Calculated|Measured
TO MX-5 (mr/hr) | (mr/br)
(£4%)
5 ft
south of o
35 0 0 49 85 6.8 5.6 1.20x10% 110
MAX
door 1 0 0 61 156 8.5 7.0 14.9 1.3
MAX
door 2 0 0 61 156 8.5 7.0 14.9 3.0
TABLE 2: Comparison of Calculated and Measured Rediation Intensity With
7.18~curie Sphore as Source and Water-filled Windows.
POSITION SHIELDING SQUARE OF| TOTAL|B FACTOR* RADIATIUN CLASY -
Water (Glass|Concrotel DISTANCE,| ux - INTENSITY
{em) {{cm) (cm) SOURCE Calculatod |[Measurod
TO MX-4 (mr/vr) | {mr/hr)
(£47)
-3 145 110.2 0 36 10.85 3.2 0.85 0. 350 S
Source 1{ 56 5.1 0 30 4,24 3.55 64 14 5
£t from
Monitor- 56 5.1 0 25 4,354 3.55 93 66 ]
ing Room
Window 56 5.1 0 16 4.34 3.58 145 112 S

*Sec DISCUSSTON.
+} 300 RESULTS.
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TADLE 3: Rodiation Intensities ot Filling Cell Door 81it, South
Side, 7.18-curie Sphero as Sourco, MX-4.

DISTANCE FROM DISTANCE FROM INTENSITY BACKGROUND CORRECTED

WALL DOOR’ (mr/hr) (mr /hr) INTENSITY|
(inches) {inches) (mr/hr)}

14.5 2.8 iz2.8 0.12 1=2.7
14.5 6.5 0.42 0.12 G.30
14.5 17.5 0.22 0.12 0.10
87.75 2.5 6.6 0.2 6.5
27.75 8.5 0.72 0.12 0.60
27,95 17.56 0.30 0.12 0.18
27.73 26.5 0.25 0.12 0.1
54.75 a5 Q.33 0.12 Q.23
54.75 8.9 0.5% 0.12 0.41
. 94,75 . 17.58 0.44 0.12 0.32
54.99 26.9 0.30 0.12 0.18
54.75 35.5 0.1=2 Q.12 0.00

[
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TADLE 4: Radiation Intensity Readinpgs at Filling (ell Door 8lits,
South Sido of Door, Z5-millicurie Radium Source,
Scintillation Counter.®

DISTANCE FROM INTENSITY BACKGROUND CORRECTED
DOOR {cts/min) {cts/min) INTENSITY
{cm) (ots/min)
1.00 16,440 2,260 14,180
3.54 4,380 2,260 2,12
6.08 2,627 2,260 367
§.62 2,435 2,260 175

11.05 2,320 2,260 60

¥Spurce was 32.72 inchos from £illing coll wall and slit,
Moasuremonts wors mado at groater distances from the door; howevor,
the corrected intensity was of the same order as tho probable arror.
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TABLE 5: Rediation Intensities as Determined by the MX-4 and
Scintillation Countor.
POSITION INTENSITY REMAREKS
(mr/hr) (cts/min)
1 0.05 120
2 Q.05 120
3 0.05 120
4 0.1 150
5 0.1 160
6 0.1 150
7 0.05 120
8 0.05 120
g 0.05 120
10 . 100
11 0.1 150
13 0.35 800 Opon plug.
14 0.1 150
16 0.1 150
=28 .05 100
t £4 from wall opposite s1it,
f £1 above platform 0.25 450
1 £+ from wall opposite slit,
under platform 0.15 300
! 114 0.04
hgoinst plug 5-407 1.0 Gonduit through plug
‘ 117 15 Open plug

105 2 Socattored through
monitor room roof
and air duct.

107 12 Scattored through
monitor room roof
and air duot

108 1000-2000 Air duot and soat-
toring throlgh
light panol

36 200~-300 Instrumonts did nol

- agroe
38 150-200 Instrumonts did notd
agroo

103 1500 Instrumont would not
measure higher -
plug not completo

On light-access platform
above monitoring room 120 Shiclding by platform

‘ ' not considered in cal-

culation
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TABIE G: Comparison of Calculatod and Moasured Radiation Intensity With Fill-
ing Cell Doors Opon and 8-sphere, 8,200-curio Source.

POSTTION SHIRLDING SQUARE OF|TOTAL[B FACTOR® RADIATTON
ZnBroiGlass|Concrete] DISTANCE, Mx INTENSTTY
(em) |(em) {cm) SOURCE Caloulatod|Msasured
TO ME-5 {mr/hr) {mr/he)
(£12)
p- 1 {145 1 10.2] O 100 22.7 | 24.6 1.8x10°% | o0.04
2 156 11 0 137 24.5 | 27.7 2.5x10-4 | pgrl
4 0 0 | 152 100 21.1 | 22.0 8.0x10°° | 0.0¢
5 0 0o | 180 137 25.1 | 28.8 1.5x1072 | e
7  [245 | 10.21 o 196 22.7 | 24.6 9.3x1074 | 0.04
10 0 0 165 117 23.0 25.2 1.2x10-9 0.05
11 0 o | 218 182 20.3 | 38.4 8.4x10°7 | 0.03
13 0 o | 192 156 26.7 31.9 3.0x10°2 1.0
14 0 0 | 246 217 34.2 | 46.8 1.7x10-8 | 0.08
16 123 5.1 61 130 27.3 32.8 2.0x10-° 0.03
17 {125 6.4| 62.3 | 136 28.0 | 34.2 1.0x1076 | ©0.04
45 145 {10.2] © 304 22.7 { 24.6 5.6x10°4 | 0.05
51 |45 | 10.2} O 100 22.7 | 24.6 1.8x10°° | 0.09
52 |56 | 11 o 1.00 24.5 | 27.7 3.4x10~4 | 0.06
54 0 o | 152 100 21.1 | 22.4 8.0x107° | 0.17
55 0 o | 152 102 21.1 | 22.4 8.0x10°% | 0.08
60 0 0 165 117 23.0 26,2 1.2x10-3 0.04
63 0 o | 192 156 26.7 | 31.9 3.0x10°0 | Bg
66 {123 5.1 61 130 27.3 | 37.8 2.0x10-% | o0.07
67 125 6.4 62.2 | 136 28.0 | 3.2 1.0x10-6 | o0.08
68 132 5.4| 66 154 29.3 | 36.6 2.6x10-6 | 0.13
112 0 o {183 144 26.5 | 29.5 1.0x307% | B
113 0 o | 187 150 26.0 | 30.5 5.8¢x107° | Bg
114 Q o | 161 100 22.4 | 24.2 2.5x10°° | 0.04
116 0 o | 170 114 23.6 | 26.2 7.3x10~4 | 0.10
117 0 0 168 110 23.3 25.6 1.0x10-§ 26.0
119 0 0 | 152 85 21.1 | 22.4. | 8.0x10°% | 0.60
S -409 0 0 170 114 23.6 26.28° 7.3x10-4 | 60.0
S-4012 0 0 | 180 140 25,1 | 28.8 1.5x10-3 | 0.08
. 3 145 | 10.5] 0 100 22.7 | 24.6 1.8x10"° | 0.05
6 ) 0 | 102 100 21.1 | 22.4 8.0x1077 | 0.05
9 45 10.2] © 196 22.7 | 24.8 9.3x10~% | 0.05
20  hos 5.1| 61 130 27.3 | 32.8 2.0x10°% | 0.06
27 119 5.1| 163 199 39.5 59 1.2x10:%2 25.0
28 0.2 2.5] 232 188 47.9 | 84 3. 7%10 30.0
Continued

*See DISCUSSION.
*1Background.
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TABIE 6: Comporison of (Gsloulatod and Messured Radistion Intensity With Fill-
ing Cell Doors Open and 8-sphero, 8,200-curie Sourco. {concludod)

POSTITION SHIBLDING SQUARE OF |TOTAL|B FACTOR®* RADIATTON
ZnBr, |Glass{Concrotel DISTANCE, | Ax INTENSTTY
(cm) |[(cm) | (cm) SOURCE Caloulatod [Measured
.| TO MX-5 (wr/hr) | (ar/he)
(£12)
F- 29 61 5.2] 122 132 26.7 | 31.v 2.6x10°% | 36
31 D 0 174 144 24.2 27.2 3.3x10°4 1.8
32 0 o | 252 200 35.0 | 49.0 8.8x10-9 | 2.0
33 o} 0 290 212 40.3 60.5 5.4x10-11| 2.0
34 49 5.1 295 268 39.1 59.5 7.2x10"11) 1.8
35 0 o | 120 366 16.7 | 16.0 0.07 0.7
76 89 2.5 15.3 360 15.6 | 14.6 0.39 0.5
37 0 0 85 265 11.8 | 10.2  |16.2 0.6
38 0 0 90 312 12.5 10.95 7.4 0.6
39 0 0 | 161 415 22.4 | 21.2 5.4x107% | 0.5
43 0 0 152 391 21.1, 22.0 2.2x10"4 1.0
a4 0 0 | 146 361 20.3 | 21.0 3.3x10-2 | 1.0
62 0 0 | 165 117 23.0 | 25.2 1.2x10"F 0.5
66 0 0 | 192 156 26.7 | 1.9 3.1x10° ng#t
81 0 0 252 199 35.0 | 49.0 8,9x10" 2.0
82 0 0 | =244 212 33.9 37.9 2.4x10° 2.0
83 0 0 { 290 212 40.3 | 60.5 5.4x1011] 1.8
93 0 0 152 391 21.1 22.0 2.2x10-% 0.7
101 0 ) 299 387 40.5 61.5 2.4x10"41] 17
103 0 o | 283 578 39.3 58.3 4.8x10-11 17
105 0 0o | 184 252 25.6 29.7 5.1x10" 12
107 0 o | 207 317 28.8 | 35.6 2.0x10°6 | 10
109 0 0 61 934 8.48{ 6.9 88 20
110 0 0 61 870 8.48] 6.9 94 60
111 0 0 61 934 8.48 6.9 68 20
In conter
of lights plat-
form 0 0 | 204 625 i28.4 1 34.9 1.6%1076 ] nx
- 2% 145 10.5| 0 100 22.7 | 24.6 1.8x107° | 0.5
6*% | © 0 | 152 100 21.1 | 22.0 8.0x10°% | 0.5
Gase 0 0 165 117 23.0 25.2 1.2x107% 0.5
78*2 | O 0 | 244 196 34.0 | 46.7 | 2.3x10°%| 1.5
79¢f | 61 5.1 122 132 26.6 31.6 5.8x10°° | ©0.08
g1* | o 0 | 252 199' 35.0 | 49.0 8.9x10"2 { 0.08
g2*® | 0 | o | 24 212 33.9 | 37.9 2.4x10-8 | 1.5

*2Tn theso mossurements the filling coll doors woerce olosed.
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TABLE 7: Compirison of Measured Intonsity With Calculated Intensity.
DISTANCE OF COUNTER | SQUARE OF DISTANCE, INTENSTITY
FROM WINDOW SOURCE TO COUNTER Calculateod Measursd
(inches) (£42) (mr/hr) | Seintillation
' . Counter
{cts/min)
Sourco 14 inghes from window
0 39 5.03x10-3 200
2 52.7 3.72x10-3 190
24 68.3 2.87x10°° 205
36 89 2.33x10°° 230
48 105 1.87x10-3 220
60 126.4 1.56x10-° 235
72 150 1.31x10-9 220
96 203 0.965x10°° 240
Source 43 inohes from window
0 75.8 2.6x10-9 150
12 93.5 2.09x10-3 190
n 114 1.72x10°9 190
36 136 1.44x10-9 210
48 161 1.22x10-9 220
60 186 1.05x10~3 230
Source 67 inches from window
0 114 1.72%10-3 130
12 136 1.44x10-3 190
24 161 1.22x10-3 170
36 186 1.05%10°3 200
48 215 0.912x10-9 210
60 245 0.8x1079 220
Source 91 inches from window
0 161 1.2x10-9 130
12 186 1.1x10~2 150
24 215 9,1x107~ 200
36 245 8.0x10-7 200
48 277 7.1x10-% 210
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TABLE 8: Comparison of Measured Intensity with Calculated Intensity,
Through Monitoring Room Door.

DISTANCE OF COUNTER SQUARE OF DISTANCE, INTENSITY
FROM DOOR SOURCE TO COUNTER Galculated Measurod
(£t) (£4°) (mr/hr) MX -4
(mr/hr)l
0 870 94 60
15 1,980 41 10
a0 3,540 2d 9
T0.5 10,000 8.2 \ 2.8
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SAMPLIT CALCULATIONS

Effoctive source strongth from MX-4 moa.surement !

242 curies

It

(11.&3 ft)2 ¥ 12 r/hr
6.04 x 1.15 Mov

(9.75 £t)2 x 17 r/hr
6.04 x 1.15 Mov

232 curies

average = 237 curles

Sample calculation of expected radi&tionl

Pogition ¢-03 with cariridges as source

I I Be P*

1

237 curies x 6.04 x 1.15 Mov x 9.0 x o~ 10-84%
36

I

45,9 x 9.0 x 10-% x 2

0.00825 r/hr or 8.25 mr/hr

Pogition {-53 with sphere as gourco

H]

7.18 x 6.04 x 1.15 x 9.0 x ¢-10.84
36

I

,
1.38 ¥ 9.0 x 2 ¢ 10™°

il

0.00025 r/hr or 0.25 mr/hr

1Morgan. "Some FPractical Considerations on Radiation Shielding".
US ABC Isotopes Division Circulmsr B-4, 1948,
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Reduction Foctor of water -fillad windows2

Filling cell, with 7.18-c¢urle sphoro source

7.18 x 10°x 6.04 x 1.15 . 4610 mossurod
(6)° x 0.30 valuo of Roduction Factor

7.18 x 10° x 6.04 x 1.16 - 5540 calculated
(6)% x 0.25 Roduotion Factor

FPilling coll, with 30-cariridgo sourco

237 x 10° x 6.04 x 1.15 = 8320 measured
(6)* x 5.5

237 x 10° % 6.04 x 1.15 - 5540 coloulated
(6)* z 8.25

237 x 10% x 6.04 x 1.15
(10)2 z 2.0

8220 moasured

1

237 x 10%.x 6.04 x 1.15 5540 caloulated

(10)2 x 2.95

4

Monitoring Room, with 7.18-curie sphare 3ource

7.18 x 10° x 6.04 x 1.15
(4)° x 112

i

27.8 mensurod

7.18 x 10° x 6,04 x 1.15 = 21.5 caloulated
(4)2 x 145

Monlioring Room, with 30-cartridgoe source

237 x 10° x 6.04 x 1.15
(8)2 x 700

36,7 measured

(]

237 x 10° x 6.04 x 1.15
(8)% x 1220

21,1 calculated

i}

25 Reduotion Factor is defined as the measurad value of unshielded
radiation divided by the moasured value of tho radiation ponetrating
the shieldlng,
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MEASUREMENT OF INDIVIDUAL CARTAIDIE AND SPHERE ACTIVITILS

CARTRIDGES

The activity lovel of cach of 30 cartridges was determined by
moasuring the rvadiation intensity produocoed at a distance of 20 faet
from sach cartrides. A ney Boaclman MX-4 instrument, calibrated
ageinst & standard radium sourcs, wes ugsd Lo meke the intensity
measurements. Pefore calibration, ths MI-4 was allowed to equili-
brate Tor two hours at the amblent tomporaturse characgterizstic of
the cartridge intensity measuremonts.

For each cartridge, the radiation intensity measuroment was
made in the following mannar:

(1) The cartridge was placed in a vertical position in a
woodaen holder located 20 feot from the ionization chambhor of the
ML-4. The cartridgs holder and the ionization chambor wers aligned
on a concrote slab such that the mid-point of each was 30 inches
abovo the slab. In an offort to minimize scattering from the con-
orote, a 1/2 x 15 x 36-inch load strip was positionod on the con-
crote, midway botwesn the holder and ionization chamber. Romcoval of
the load strip produced no measurabls variation in the intensity
readings.

{2) The cartridge holder was mounted so that it could be
rotated through 180° about the vertical axis of the cartridgo.

Since & variation of cartridege position produced buit a alight changs

F T e T e L T TR T
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in the intensity readings for 12 of the cartridgos, the remaining
18 cariridgos wore measured in only onc¢ position.

By use of an appreopriate trunsformationl

, the moasured inton-
sity voluos wero converted Yo apporsnlmillicuries of actlvity.

The pertinent datn are listed in the text, Table 1.

SPHERES

The eight spheres which wore used in tlie leat poart of tho
investigation were measured through slits formod by the £illing coll
and monitoring room doors with an ME-4.

Individual sphoros:

Sphere mr/hr carios

Number
1 410 1707
2 250 1041
3 197 820
4 265 1103
9 A50 1041
G 205 854
7 195 812
) 200 833

Total 8211

Whole rack:

Rototed mr/hr curios
0° 1820 o7
90" 1770 7309
180° 1350 6453
270° 1550 6455

M. G. Alder, E. R. Coampagna, K. P. Anderson. A Method for tho
Dotermination of the Apparent Activity of RW Apents. UUT-1. Uni-
vorsity of Utah, Badiclogical Rescarch, Dugway Projoct, Dugway
Proving Ground, Dugway, Utah. 22 January 1953. Socrot.
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