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The calculation of shielding thcknesses for plutonium is r imp! tested by the 
many different energies represented in the gama radintion emitted during decay 
of the plutonium isotopes. Dose rate predictions are also frequently confused 
by gamma from varying content of fission product impurities in the plutonium, as 
well as by other gamma radiation induced through alpha and neutron particle ab­
sorption within the source material or its environmert.

After assumptions are made for these many factors the radiation data for shlelding 
determinntion is still frequently inadequate because of wide variations in dose 
rates resulting from self-absorption. The degree of self-shielding is in turn 
dependent on nature of the plutonum compound, degree of compactness, weight, 
and over-all geometrical distribution of the source mnterial.

By preparing a variety of plutonium aamples representng combinstions of these 
varying factors, actunl dose rates and gamma spectra, as obteined from them, can 
than be extrepolated for application to specific situntions.

The effectiveness of lead, lead glass, steel, safety glass, and plexiglas for 
shielding gamma radiation from a number of plutonium samples including powders, 
solution, and ths metal are evaluated. The data is presented in nine self-ex­
planatory appendices. The data is sumarized graphically in Appendix I which 
applies to APR games dose rates. Specific applications of the data is discussed 
in Part I of this report. Tbs basic data, as presented in Appendices II - IX, 
should be of value for general shielding usage.

PISCUSSION

Special plutonium samples were prepared in various physical forms. Powders were 
prepared as oxides, oxalates, and fluoride. Aqueous solutions were prepared as 
nitrates and ingots of plutonium were prepared for shielding study of the metal.

By including three series of these samples in ths study, it was possible to vary 
the content of potential fission products such as rutheniu-rhodium and zireoniun- 
niobium between them so as to permit evaluation of this important variable. Since 
fluorine has a high alphn-n cross-section, inclusion of a plutonium fluoride sample
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among th several prepared, provided the possibility for stuying the separate 
effect of gama radistion emitted vhen alpha particles and neutrons are absorbed 
with the source mnterial.

The gemma spectrum of each of these samples was determined with a 256-channel 
gamma analyser. These spectra were further studied for attenuation of each 
major energy group using increasing thicknesses of common shielding materials. 
A study for gemma does rate reduction was meds with varying shields using con­
ventional dose rate survey meters.

As a means of deriving shielding data having practical significance, the sample 
data was extrapolated to permit its application to a possible process situation. 
Relationships of done rate and shield thickness with distance, weight, and corn 
pound are described graphically in Appendix I. Evaluation of this data and dis- 
cubaion of the factors used is included in Fart l of this report. Data, as pre- 
sented in Appendices II - IX, defines the relative shielding requirements of the 
major energies found in plutonium. Onehlelded and shielded dose rate differences 
for the other significant variables are also presented for general reference.

The data, as developed in this study of special plutonium samples, is presented 
Content of the appendix tables hsve, for tbs most part, 

been anda self explanatory through inclusion of source data references and 
appropriate notea. An index of the appendices included in the Table of Contents 
may be of assistance in referring to specific nformntion.

Zadiolog opment
Faculties Engineering
Chemi oal Processing Depart aw nt
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Relationship Between NPR Gamma Dose Rates In

in Inches for Metallic L—d and Lead Glans 

(4.8 Sp. Or.) Plus Comparison for Lead of Gamma

Dose Rate Attenumtion Ta. Percentage Tranmmission

of Gamma Photon vith Energies of 0.38, 0.75, 1.27,

and 2.1 Mev.
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Column Bo.

Data Source

Gamma 
Energy 
inMEV
.017

.060

.100

.200

.790

1.3

2.1

Total
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Percent of Dose Rate Contributed by Each
Energy for Oxalate Semple Series 1 - Unshiolded

1 2 3 
Col 1

Table
II A

Eig-
I IB x1

4
Col 3/
Col 3 
Total

Percent 
of

Photon

Relative 
Pon

Relatve 
$ of Dose 
__Rata—

31.8

22.7

33.4

2.1

9.9

0.1 
(0.6)

0.0

0.0

9.6

1.2

1.5

3.6

7.8

15.0

24.0

34.0*

UIGLASSIEIER

305.3 65.1

27.2

90.1

7.6

77.2

1.5 
(9.0)

468.9
(477.9)

5.8

10.7

1.6

16.5

0.3

100.0

<*
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Colum* Ko.

Data Source

UNGLASSIEIEQ Fg61755 FT

Gamn 
Energy inMv
.017

.060

.100

.200

.750

1.3

2.1

Percent of Dose Bato Contributed by Eaca
Enorgy for Fluoride Semple Series I — Unshelded

1 2 3 4

Col l
Table 

IIA
Fig-
I IB Col 2

Col 3/ 
Col 3 
Total

Percent 
of

Photona

( Mr/hour
/ P he ton

104

Rolstive 
Dose

Relative 
8 of 

Powe Rate

25.9

19.2

31.6

1.9

10.7

0.6

7.3

2.8

9.6

1.2

1.5

3.6

7.8

15.0

24.0

34.0

Total

248.6

23.0

47.4

6.8

83.4

9.0

175.2

95.2

688.6

UIGLASSIEIER

36.1

3.3

6.9

1.0

12.1

1.3

25.4

13.8

99.9
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Column ■©.

Data Source

Gama

Energy

.017

.060

.100

.200

.380

.790

1.3

2.1

Percent of Dose Rata Contributed by Each Energy 
For Oxide Sample Series XU Unshielded

1 2 3 4

Tabla 
II A Il; Col l x 

Col 2

Col 3 / 
Col 3 
Total

Percent 
of

Pbotona.

(Mr/hour
/ Photon Relative 

Dose
Rate—

Relative
$ of 

Ppm Rata

29.8

14.0

34.1

2.1

12.8

7.3

0.0

0.0

9.6

1.2

1.5

3.6

7.8

15.0

24.0

34.0

Total

UNGLASSIEIER

286.1

16.8

51.2

7.6

99.8

109.5

0.0

0.0

571.0

50.1

2.9

9.0

1.3

17.4

19.2

0.0

0.0

99.9
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TABLE.IIB-&
Percent of Dose Rats Contributed by Each Energy 
For Fluoride Sample - Series III Unshielded

Column No. 1 2 3 4

Data Source Table
II A

Fig-
II B

Col 1 x 
Col 2

Col 3 / 
Col 3 Total

Gamma
Energy

UUSEL

Percent 
of

Photons

(Hr/ho ur

/X.
X IQ-4

)
Relative 

Dose 
__ Ban__

Relative 
> of

Doss

.017 28.0 9.6 268.8 35.0

.060 12.7 1.2 15.2 2.0

.100 30.7 1.5 46.1 6.0

.200 1.9 3.6 6.8 0.9

.750

1.3

2.1

11.0

6.6

6.6

2.6

7.8

15.0

24.0

34.0

Total

85.8

99.0

158.4

88.4

768.5

11.2

12.9

20.6

11.5

100.1

UNGLASSIEIED



Column No.
Data Source

Gamma
Energy 
in MEV

0.017
0.060
.100
.200
-350
.500
.660
.750
1.27
2.1

UNCLASSIFIED

TABLE 11 3-5

Percent of Dose Rate Contributed by Each Energy
Nitrate Sample - Series 1

1 2 3 4

Table 
II A Fig.II B

Col l x 
Col 2

Photons
Observed

(Mr/hour/
1 Photon /cm -sec)
x 104

Mr/hour 
/Photon /cm-sec 

fersample

29.6
28.0
36.0
1.4
4.6

0.3
0.1
0.1
0.0
0.0

9.6
1.2
1.5
3.6
7.8
10.0
11.8
15.0
24.0
34.0
Total

UNCLASSIEIED

284.0
33.6
54.0
5.0
35.9
3.0
1.2
1.5

418.2

HW-61755 PT2
Page 20

Col 3 / 
Col 3 Total

% Total 
Dose 
Hats
67.94
8.03

12.91
1.20
8.59
0.94
0.29
0.36

100.26



X * •ASSIFIED HW-61755 PT2

TABLE II B-6
% of Dose Rate Contributed by Each Energy For 
Plutonium Semple - Series 1 - Unshielded 
Representing Low Fission Product Content

(Zirconium Only)

Col wan Mo. 1 2 3 4

Data Source Table IIA Fig. IIB Col 1 x 
Col 2

Gamma
Energy 
inMEV

Percent of
Photons

( Mr/hour/ 
Photon/ 
cm2-sec) 
x 1q4

Relative 
Dose
Rate____

.017

.060

.100

.200

.380

.750

1.3

2.1

32.7

19.9

30.5

1.9

14.2

0.9

0.0

0.0

9.6

1.2

1.5

3.6

7.8

15.0

24.0

34.0

Total

UNCLASSIFIED

313.9

23.9

45.81

6.81

110.8

13.5

0.0

0.0

514.7

Col 3 /
Col 3 

Total

Relative 
% of 

Dose Rate

61.0

4.6

8.9

1.3

21.5

2.6

99.9



■■ • =

Column No.

Data Source

Gamma
Energy 
in_MV

.017

.060

.100

.200

.380

.750

1.3

2.1

m .’CLASSIFIED HW-61755 PT2
Page 22

% of Dose Rate Contributed by Each Energy 
For Plutonium Sample - Series XI - Unshielded
Representing

1

Table IIA

Percent of
Photons

33.9

13.6

31.6

2.0

15.1

3.8

0.0

0.0

Medium Fission Products Content 
( Zirconium Only)

2 3 4

Fig. I IB Col l x 
Col 2

(Mr/hour/ 
Phgton/. 
cm*-sec) 
x 104

Relative 
Dose 

__ Rate__

9:6

1.2

1.5

3.6

7.8

15.0

24.0

34.0

Total

UNCLASSIFIED

325. A

16.3

47.4

7.2

117.8

57.0

0.0

0.0

571.1

Col 3 /
Col 3 

Total

Relative 
% of

Dose Rate

56.8

2.8

8.3

1.7

20.6

10.0

100.2
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TABLE II B-8

% of Dose Rate Contributed by Each 
Energy for Plutonium Sample - Series III 
Unshielded Representing High Fission Pro­

duct Content

Column No. 1 2 3 4

Data Source Table IIA Fig. IIB Col I x
Col 2

Col 3 / 
Col 3 

Total

Gamma
Energy

2
Percent of 
_Photona—

(Mr/hour, 

_x104.

Relative 
Dose 

__Ban—

Relative 
% of

Ppij

.017 30.2 9.6 289.9 36.6

.060 10.3 1.2 12.4 1.6

.100 25.1 1.5 37.6 4.7

.200 0.6 3.6 2.2 0.2

.360 7.1 7.8 55.4 7.0

.510 1.0 10.0 10.0 1.3

.750 25.7 15.0 385.5 48.6

1.3 0.0 24.0

2.1 0.0

Total 793.0 100.0

UNCLASSIFIED
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UNCLASSIFIED HW-61755 PT2

Page 24

MTFWnTI III

Attenuation of Dose Rates For

Energy- Grouping by Various

Gamma Shielding " erials

i
UNCLASSIFIED

I

1
-
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UNCLASSIFIED HU-61755
Page 25

Observed Analyser Energy Distribution With 3blald-ln« 
of Lead Class 4.8 80. Or.

Shield 
Thickness 
jri inches

O

3/4

1

li

2

24

3

3

* See Fig.

Millions of 
Photons Per Minute For Each Gamma Energy in Mev

___________ Aa gbwi. .........-   ..................— ............... ....... . .........

.017 -060 "".077 .100 .200 .750 1.27 2.1
0.82 1.09 3.69 0.60 3.32 1.81 1.57 1.32

0.01 0.029 0.21 0.20 2.55 1.00 1.85 1.45

0.17

0.13

0.067

0.031

"0.027

"0.027

0.019

"0.018

1.66 1.51 1.62

interference.

1.13

0.63

0.31

0.108

0.05

1.29

0.95

0.61

0.40

0.19

1.47

1.20

0.95

0.66

0.46

0.26

HI A-1 change of slope - not explained - possibly background

•• Attributed to x-ray from lead in the shield.

UNCLASSIFIED

1.1

0.96

0.65

0.65

0.26

I
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TABU in A-2
DataTnkanFromEig.IIIA-2

Gamma 
Energy 
Mev

.017

.060

•.100

.200

•*.500

.750

1.27

2.1

Percent ransmission of Gamma Rndintion Through Lead Glase 
(4.8 Sp. Or.) for Thickness of Shield in Inchos An

374 
s i 1$

Shw
2
% 3 3

% 24
1.3

1.5

5.4

33.0

69.0

75.0

81.0

87.0

90.0

0.0

0.0

0.0

14.0 5.4

47.0 31.0

60.0 45.0

66.0 52.0

74.C 61.0

80.0 73.0

Includes 0.077 aw.

•• Extrapolated Vol two

2.2

21.0

35.0

45.0

52.0

64.0

0.4 0.09

9.4 4.3

20.0 1.2

29.0 19.0

38.0 27.0

52.0 44.0

OX

2.0

8.0

12.8

0.9

5.0

8.0 5.4 3.5

20.0 14.0

35.0 28.0

UNGLASSIXIE2
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Page 29

TAM III

Millions of
Photons Per Mimte

Thckness 
in

Shtela For Each Gnmma Energy Mev As Shoun

.017 060 -100 -200 2.100

0 0.82 1.9 3.9 0.60 9.3 1.8 1.6 1.3

1/16 0 0 3

1/4 0 0 0 0.03 1.1 1.3 1.9 1.1

1/2 0 0 0 0.03 0.30 0.76 1.15 0.99

3/4 0 0 0 0.027 0.10 0.46

1 0 0 0 0.026 0.053 0.30 0.60 0.90

1 0 0 O 0.024 0.038 0.11 0.30

2 0 0 0 0.019 0.036 0.053 0.16 0.22

Includes .o77 Mev Leed X-ry.
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UNCLASSIFIEQ

•em mmmm

HW-61755 PT2 
pm® 31

PoM Prow TU, XXI B-2

Ennrg, 
Mev_ _ _

Percent Transmasion of Gumma Radiation Through Metallic Lead For 
Thicknasa of Shield in Inchen aa Shovn

4,8 2 ? ii 213
.017 0.0

.060 0.0

".100 35.0 10.0 1.0 0.08 0.01 0.00

.200 47.0 25.0 5.0 1.0 0.22 0.01 0.00

500

.750

1.27

2.1

70.0 56.0 30.0 16.0 9.5 3.0 0.8 0.08 0.01 0.0

80 1O 30 35 25 15 10 4 2 0.8 0.35

85.0 78.0 62.0 48.0 39.0 23.0 15.0 6.8 2.7 1.1 0.50 0.17 0.08

88.0 85.0 72.0 60.0 52.0 38.0 28.0 16.0 7.6 4.6 2.5 1.4 0.8

92.0 87.0 76.0 68.0 60.0 48.0 38.0 25.0 15.0 10.0 6.0 3.8 2.3

Includes .077 mev leed x-ray.

"= Extrapolated Values.

UNCLASSIFIED
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* gMSAgarm? Hu-61755 PT2
Page 33

Shield
Thicknoss

inches

0

1/8

1/4

3/8

1/2

5/8

1

2

TABLEIIIC-l

TMT tarp PumbuUflE ilth Shitillat
pf Steel or iron

Millions of
Photons For Minute For Each Gamma Energy in MEV as Shown

a017 .10C a200 750

2.4 1.51 1.89 0.60 3.32 1.81

0 0 0.88

0 0 0.45 C.52 2.66 1.51

0 0 0.31

0 0 0.31 1.94 1.23

0 0 0.04

0 0 0.12 0.92 0.65

0 0 0.027 0.29 0.21

0 0 0.018 0.08 0.12

I
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UNCLASSIFIED Hu-61755 FT?
Pago 35

TABLE III C-2
(

Data Taken From Fla. Ill C-2

Gamma
Energy 
InMev

Percent Transmission of Gamma Radiation Through Steel
or IronforThisknessof Shield

J i 4 2 i
.017 0

.060 0

.100 A5 20 9.0 3.5 0.8 0.2 0.0

.200 82 67 55 45 32 22 10 5.0 2.3 1.0

-380 82 68 58 47.0 34 24 12 6.0 4.0 1.5

.750 85 74 66 56 43 33 19 11 6.2 3.5

1.27 90 79 68 61 46 36 21 7.5 4.5

2.1 90 80 70 64 51 42 26 17 11 7.0
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Energy Plair 
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Page 37

Shield
Thickness
Inchan-----

0

1/4

1/2

1

2

2

Photons Per Minute

.017 .060

0.817

■0.10

•0.094

■0.0/ 7

■0.014

1.89

1.62

1.19

0.65

0.20

0.10

Millions of
for Each Gains Energy in Mev

.IOC
asShown

.200 .750

3.89

3.53

2.09

2.11

0.95

0.70

0.603

0.618

0.421

0.19

Read as 26 KEV - source not determined.

ass nap

3.32

3.19

2.33

1.18

1 81

1.77

1.2«

0.70

-
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“Ag HH-61755 PT2
Page 39

Tm.E UI P-2

Percent Transmission of Gnmma Radiation
Through Safety Glass - Data Taken From

Fig. Ill D-2

Gama
EnergyIn Mev

ForThcknessofShieldinInshen

2 2/4 2 3
1

21

.017 13

.060 75 55 42 32 17 10 5.4 4.0

.100 84 70 58 49 35 24 17 12

.200 38 76 67 60 46 35 27 20

.380 90 84 75 68 56 46 38 30

.750 94 87 80 75 64 54 46 40

11M* ASSIEIED

1

—
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Hw-61755 PT2
Page 41

TABLE III E-1

A-nlvzerEnergvDiatributionWith 
jf Incite or pi**!<!**

Shield
Thickness 

in
Inches------

Million* of
Photons Per Minute For Each Photon Energy

in Mev as Shown

0

3/8

1-1/8

1-1/2

2-1/4

7-1/2

2-

.017 .060 al00 .200 .380 750

2.4 1.51 1.90 0.603 3.32 1.81

1.12 1.32 1.42 0.573 3.14 1.59

0.287

0.14

0.035

0.004

0.98

0.89

0.68

0.29

0.10

L

1.19

1.08

0.89

0.38

0.047

R•

0.32

0.21

1.84

1.40

1.C2

0.87
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i UNCLASSIEIED HW-61755 PT2

TABLE.IIIE2

Data Taken From Fig. III-E-2 - Percent Transmission of 
Gamma Radiation Through Lucite or Plexiglas

Gamma
Energy
InMev 144 2 3 4 5 5
.017 64 50 40 25 15 6.0 2.2 0.8 0.1 0.0

.060 90 85 81 74 68 57 47 38 33 23 16 11

.100

.200

.380

.750

1.3

2.1

90 86 82 76 71 60 52 44 38 27 20 15

96

98

98

91 87 81 76 67 59 52 45 35 27 21

94 90 86 78 72 64 57 51 42 32 26

94 90 86 80 74 66 60 54 47 35 29

~ 100 ~100

~100 100

UNCLASSIFIED
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UNGLASSIFIED HM-61755 FT2
Page 45

TIM IXI F-1

Cbserved Annlyzer Energy Dstrbution With 
Shielding 0*1 ng Masonite

Million* of
Shield
Thicknoss
In Inrbaa

Photons Far Minute
In Me* As Shown

For Each Photon Energy

1/8

.Q17 .060 .IOC .ax? .380 .750
2.4 1.5 1.9 0.60

0.61

3.3

3.3

1.8

1.7

0.36 1.1 1.4 0.54 2.9 1.4

0.80 1.1 0.45 2.4 1.3

0.41 0.54 0.29 1.7 1.1

0.097 0.074

0

1

2

4

8

E of Initial Photon* Tranaaittad

100 100 100 100 100 100

1/8 100 100 94.4
0

1 15.0 73.3 73.7 90.0 87.9 77.8

2 53.3 57.9 75.0 72.7 72.2

4 27.3 28.4 48.3 51.5 61.1

8 3.9

2
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H-61755 TT2

TAMA TH r-?

Percent Transmission of Gammn Radiation Through
Kasonite - Data Taken Free Fig- III F-2 For 
Thickness of Shielding in Inches aa Shown

2 14 264 8 12
.017 15 2.5 0.3

.060 70 50 36 26 19 14 11 7.2 3.6 1.9

.100 75 55 42 30 24 18 14 1O 5.4 3.0

.200 82 68 56 47 42 34 30 24 17 12

.380 85 72 60 52 45 38 34 28 20 15

.500

.600
88 66

.750 90 80 75 60 55 49 44 38 30 23

UNCLASSIFIED
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UNGLASSIEIED H-61755 FT2
Pag 49

Obaerved Analyzer Energy Distribution With 
Shielding Usng FTC Sheeting

Shield 
Thickness
I r< * nc 8

o •

0.040

0.080

0.20

Ehe2g, 
MV

.017

.060

.100

Photons Per Minute x 10-6 For Each Photon Enerey 
in Mev As Shown

a017 060 100 .750

2.4 1.5 1.9 0.38 2.6

1.25

0.66

0.15

1.4 1.8

1.4 2.0 0.19 2.5

1.1 1.9

RataTakon_fromIg
Percent Transmission for Gum Radiation Through PTC Shielding

0.06 Q.06
In inches as Shown 
0-20

52.1 27.5 6.1

91.1 86.7

• 100.0

Nearly 1005 Transmission for Higher Energies.

MICLASSIEIER
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r

APPENDIXIY

Calculations of Dose Rates for Specific I

Weghts, Distances, and Geometries of

Plutonium Samples Used as Sources in the

Determination.
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UNCLASSIFIED HH-61755 PT2
Page 53

TABLEIV_A

Unnn*^14ed Gama Pope Ha teg Fr-ia Ab
Vayj in

Reference: HWN-2146 - Pages 4 - 39

PlutoniumSample
Serieg I Gr, oi* Pu

Mr/Hour * Taken with Q.P. iw.o.)

• 1-Inch
Max. Mlr.,

• 1-Foot
Mln

• 3-Feet
x. Min.

Nitrate 
Oxalate 
Oxide 
Fluoride 
Button-129

200.0
558.1
330.5
387.7

1003.2

100
128
80
80

110

70
80
50
59
70

11.0
12.5
7.5
7.5
8.0

9.0
9.0
5.0
3.5
5.0

2.0
2.0
1.7
1.7
2.0

1.3
1.2
0.5
0.5
1.0

SeriesII
Nitrate 
Oxalate 
Oxide 
Fluoride 
Button- 58

223.0
290.5
394.7
542.5

1493.4

120
73
95
95

100

85
50 
6?
70
60

15.0
6.0
8.5
8. a
7.3

9.5
4.5
6.0
6.5
5.5

2.3
2.0
2.0
2.0
1.5

1.0 
0.5 
0.5 
1.0
0.1

Series III

Nitrate 
Oxalate 
Oxide 
Fluoride 
Button-98

141.0
363.0
435.0
353.0
773.1

135
100

95
95

126

no 
85
8 
77

103

15.0
8.5
8.5
8.0
7.3

13.0
7.0
6.5
7.0
6.5

3.0
2.8
2.0
2.0
1.5

1.5
1.0
1.0
1.0
1.0

• Eight readies were taken at intervals over a nine week period. These
are recorded in HWN-2146 Pages 4-39. The values are plotted on 
Figures IV A-1-4.
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Typa
Oxalate 1 558

Fluoride 1 388

Oxide III 435

UCLASSIE

TAELEIVB
Adjustment of Radiation t or Sample Height 
Vartance Using 400 Grams aa a Common Ease

diation. _Unzhielded

I

Fluoride 
in 353

EW-61755 PI2
Page 58

Ratio
Spl

L00

0.72

1.03

0.92

1.13

el-Inch Q4-Inchea A 9.36Inchea

Act.
Fig.

Adj 
to 

400
Act.
Fie
JLA

Adj. 
to 
400

Act.
Adj. 
to 
400
Gr_

Act.
Fig- 
ILA

Adj 
to 
400

100

00

85

85

72

82

78

96

42

30

30

30

>0

31

27

34

UNCLASSIFIED

10 • 7.2 1 7 1.2

7.1 7.3 1.3 1.3

8 0 7.3 1.4 1.3

7.5 B.4 1.3 1.4
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3L-ASSI-r LES HM-61755 PT2
Pa«e 59

Inches, 
Distance 
from
Center__

18

15

12

9

6

3

0

3

6

9

12

15

18

Full 
39" 
Source 
Length

TABLE_IVC

Done Rate at Center of Elongated Source -
Data of Figs. TV A computed for San pl e e 
in Row (to Simlate Source in Tube)

Inches 
Distance 
from

22

19

16

13

10

7

4

7

10

13

16

19

22

mr/hr

Ratio 
to 
Sanple

Center Reading ♦ 4* m Read Iron Flea—IV-A=l=k

Bitrate
SeriesI

Oxalate
SeriesI

Oxide Fluoride
hrlH HI SerienI

Metal
SertenI

4.0

5.0

6.6

9.2

13.5

21.0

37.0

21.0

13.5

9.2

6.6

5.0

4.0

155-6

4.2

5.0

6.1

7.0

9.5

14-0

23.0

42.0

23.0

14.0

9.5

7.0

6.1

5.0.

171.2

4.1

3.2

4.0

5.2

7.0

10.0

17.0

30.0

17.0

10.0

7.0

5.2

4.0

3.2

122.8

4.1

2.7

3.6

4.8

6.2

9.5

16.0

30.5

16.0

9.5

6.2

4-8

3.6

2.7

115.6

3.9

2.6

3.4

4.6

6.2

9.6

17.0

34.0

17.0

9.6

6.2

4.6

3.4

2.6

120.8

3.6

Note: To compensate for shielding effect of adjacent sources, maximy dse 
rate at center of a tube in considered to be 3" x oample dose/rate-

UNCLASSIEIED



U’*CL AJ. TT'I'T)-2" Hd-61755 FT 7
Fnce 60

2

Fall err of Gmren Dooo Rnte with 
Dstnne~ Through Varying Thick- 
nessen of ron

Samples: Serfos I 4> III Mitrntes — Total of 423 Or. Pu.
Roferenca: H.N-2145 - Puge 126

Inches of
Iron In
Shleld___

1/8

1/4

3/8

1/2

1 & 12 36

1C.5 3.5 1.4

13.5

9.5

7.5

8.2 2.6 0.80

6.5

5.0

2.1

1.5

0.60

1.2

ToDatoctor
60 22

0.32 0.21 O.U 0.10

0.22

0.24

0.2
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Determinatian of Dose Rates per Energy Group-ns 

Through Equtpment and Hood Halls f ST Specifid 

Operating Cona:tions and for NPR Materiml

pumasmkussdiddmmkem4



1
m J’. -

Col. Ho. 1

Data Source

Gnman 
Energy 
MEV

.017

.060

.100

.200

.750

1.3

2.1

Total

•4

UNGLASSIEIE H4-61755 PT 2
Page 62

TAELEY- =

Tabla
II-B-1
Values

Relative 
Dose 
Rate

65.1

5.8

10.7

1.6

16.5

0.3

0.0

0.0

100.0

Low Fission Products - Low Neutron Source Determination of Energy 
Dose Rates at Equipment and Hood Halls Using Oxalate Semple from

Series I

2 3 4 5 6 7 8 9

Table
IV B 

30.0 mr/ 
hour x
Col l

400 Gr
Semple 
Dose
Rata 
DIstri.

19.53

1.74

3.21

0.48

4.95

0.09

30.0

Col 2 Col 3

Col 3

Una hid 
Equip. 
Dose 
Rate 
• 4"

58.59

5.22

9.63

1.44

14.85

0.27

90.0

Port I Col 4

Tabla 
III C-2 
For - 
Inch x
Col 5

Table 
It B 

7.2 mr/ 
hour x 
Col l

Col 7 
x

Col 4

Table
III-E-2 
3/8" 
Values 
i Col 8

Incresse
Factors

Unshld
NPR
Equip.
Dose
Rates
• 4"

Equip. 
Dose
Rata

Thru
Stl

400 Gr 
Unahid 
NPR 
Dose 
Rate 
8 12•

400 Gr 
Unshid MR 5 
Dose 
Rata 
012=

Eat. Max. 
NPR Hood 
Dose Rate 
012", 3/8" 
Plexiglas

I

1.5

7.0

7.0

7.0

2.5

1.0

87.88

36.54

67.41

10.08

37.12

0.27

239.3

UNGLASSIFIED

0.00

0.00

2.36

4.54

17.45

0.15

24.50

4.69 7.03 3.51

0.42 2.94 2.50

0.77

0.12

1.19

0.02

7.21

5.39 4.63

0.84 0.76

2.98 2.80

0.02 0.02

119.17 14.22

’• N

■
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I Col Bo. 1

Data Source Table
II-B-2
Values

UNCL.ASSIFIED H-61755 PT2
Page 63

Energy 
MEV

Relative 
Dose 
Rate

I %

I

(

.017 36.1

.060

.100

.200

.750

3.3

6.9

1.0

12.1

1.3

1.3

2.1

Total

25.4

13.8

99.9

Low Fission Product - High Neutron Source Determination of
Energy Done Rates at Equip—nt and Hood Walls Using Fluoride

Semples from Series I

2 3 4 5 6 7 8 9

c

Tabla

31 mr/ 
hr x 
Col l

Col 2 
x

Col 3

Part I Col 3 
x

Col 4

Tabla
III-C-2
Values 
x Col 5

Table 
IV B 
7.3

Col 7 
x

Col 4

Table
III-E-2
Values 
x Col 8

x Col l

4DC Or 
Sample
Dose 
Rate 
Distri

• 4"

Unshld 
Equip.
Dose 
Rate

• 4"

KPR

Increase
Factors

Unshld 
NPR 
Equip 
Dose 
Rate

NPR 
Steel 
Wall 
Equip. 
Dose 
Rate

400 Gr 
Semple
Dose 
Rate
Di st.
• 12=

400 Gr 
Unshld 
NPR 
Dose 
Rate 
• 12" 
mr/hr

Est. Max. 
RPR Hood 
Dose Rate

3/8* Plex­
iglas 
mr/hr

11.2 33.6 1.5 50.4 0.0 2.63 3.94 1.97

1.0 3.0 7.0 2.1 0.0 0.24 1.68 1.43

2.1 6.3 7.0 4.5 0.15 0.50 3.50 3.01

0.3 0.9 7.0 6.3 2.85 0.07 0.49 0.45

4.7

0.4

7.9

4.3

30.9

14.1

1.2

23.7

12.9

92.4

( May increase with higher neutron flux.

2.5

1.0

•1.0

"1.0

35.2 16.50 0.88 2.20 2.07

1.2 0.60 0.09 0.09 0.09

23.7 1.85 1.85 1.85

12.9 8.25 1.07 1.03 1.01

12.12 42.75 7.27 14.76 11.88



Col No. 1

Data Source Table
II-B-3
Values.

UNCLASSL906

TABLE V-C

High Fission Product - Low Neutron Source Determination of 
Equipment and Hood Walls Using Oxide

Sample from Series III
Energy Dose Rates at

2 3 4 5 6 7 8

Table

27 mr/hr 
x Col l

Col 2 
x 
3 Part I

Col 3 
x

Col 4

Table
III-C-2
Values 
x Col 5

Table 
IV-B 
7.3 mr/ 
hr x 
Col l

Col 7
X

Col 4

HW-61755 PT 2
Page 64

9

Table
III-E-2
Values 
x Col 8

Gamma
Energy 
MEV

Relative 
Dose 
Rate

%

400 Gr 
Sample 
Dos 
Rate 
Distri. 
• 4" 
mr/hr

Unshid 
Equip 
Dose 
Rate 
• 4" 
mr/hr

NPR
Gamma 
increase
Factors

Unshid
NPR 
Equip 
Dose 
Rate 
• 4" 
mr / hr

NPR 2" 
Steel 
Hall 
Dose 
Rate 
• 4" 
mr/hr

400 Gr 
Sample 
Dose 
Rate 
Distr. 
• 12" 
mr/hr.

400 Gr 
Unehld 
NPR 
Dose 
Rate 
• 12" 
mr/hr

Est. Max. 
NPR Hood 
Dose Rate 
6 12" 
3/8" 
Plexiglas 
mr/hr1—

.017 50.1 13.53 40.59 1.5 60.88 0.0 3.66 5.49 2.74

.060 2.9 0.78 2.34 7.0 16.38 0.0 0.21 1.47 1.25

.100 9.0 2.43 7.29 7.0 51.03 1.78 0.66 4.62 3.97

.200 1.3 0.35 1.05 7.0 7.35 3.31 0.95 6.65 6.05

.380 17.4 4.70 14,10 2.5 35.25 16.57 1.27 3.18 2.98

.750 19.2 5.18 15.54 1.0 15.54 15.54 1.40 1.40 1.32

1.3 0.0

2.1 0.0

Total 99.9 26.97 80.91 186.43 37.20 8.15 22.81 18.31

UNCLASSIFIED
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Page 65

Col No. 1

TABLE V -D

High Fission Product - High Neutron Source Determination of 
Energy Dose Rates at Equipment and Hood Walls Using Fluoride

Sample from Series III

2 3 4 5 6 7 8 9

Data Source Table
II-B-4
Values

Table

34 mr/hr . 
x Col l

Col 2 
x

Col 3 Part I

Col 3 
x 

Col 4

Table
III-C-2
Values 
x Col 5

Table 
IV-B 
8.4 mr/ 
hr x 
Col l

Col 7 
x

Col 4

Table
III-E-2 
Values 
x Col 8

Gamma
Energy 
MEV

Relative 
Dose 
Rate

%

400 Gr 
Sample

* Dose 
Rate 
Dist.
• 4" 
mr/hr

Una hid 
Equip 
Dose 
Rate 
• 4" 
mr/hr

NPR 
Gaw 
Increase 
Factors

Unshld 
NPR 
Equip 
Dose 
Rate

NPR 2" 
Steel 
Wall 
Equip. 
Dose 
Rate

400 Gr 
Sample 
Dose 
Rate 
Dist.
• 12" 
■r/hr

400 Gr 
Unahld 
NPR 
Dose 
Rate 
• 12" 
mr/hr

Est. Max. 
NPR Hood 
Dose Rate 
• 12" 
3/8" 
Plexiglas

.017 35.0 11.90 35.70 1.5 53.55 0.0 2.94 4.41 2.20

.060

.100

.200

.380

.750

1.3

2.1

• Total

2.0

6.0

0.9

11.2

12.9

20.6

11.5

100.

0.68

2.04

0.31

3.81

4.39

7.00

3.91

34.04

2.04

6.12

0.93

11.43

13.17

21.00

11.73

102.12

7.0

7.0

7.0

2.5

1.0

1.0

1.0

14.28

42.84

6.51

28.57

13.17

21.00

11.73

191.65

UNCLASSIFIED

0.0

1.50

2.92

13.43

7.38

12.81

7.51

45.55

0.17 1.19 1.01

0.50 3.50 3.01

0.07 0.49 0.45

0.94

1.08

1.73

0.97

8.40

2.35

1.08

1.73

0.97

15.73

2.21

1.01

1.73

0.97

12.59
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TASLE V -B

Determination of NPR Plutonium Dose Rates Through Hood 
Walla Using Plutonium Samples From Series I

Col No 1 2 3 4 5 6 7 e

• 3

-

Data Source Table 
II-B 6
Val ues

HW-61755 PTP
Pago 66

»

■

Energy 
MEV

Relative
Dose 
Rate

%

.017 61.0

.060

.100

.200

.380

.750

1.3

2.1

4.6

8.9

1.3

21.5

2.6

0.0

0.0

1 Tote1 99.9

-mmmaa•

Fig. TV 
A-4 
35 mr/hr 
x Col l

Jol 2 
x 
5 Part I

Col 3 
x 

Col 4

Table 
III -C—2 
x Col 5

Table
III-C-2
x Col 5

Table
III-E-2

x Col 5

Dose 
Rate 
• 4" 
From 
Hood

mr/hr

21.35

1.61

3.11

0.46

7.52

0.91

34.96

Eat.
Geometry 
Increase 
For Max. 
Gamma

NPR
Gamma 
Increase 
Factors

Unshld 
NPR 
Hood 
Dose 
Rate 
• 120

mr/br

106.75

8.05

15.55

2.30

37.60

4.55

174.80

1.5

7.0

7.0

7.0

2.5

1.0

UNGLASSL

160.12

56.35

108.85

16.10

94.00

4.55

439.97

NPR Gamma from Plutonlum at
1 Foot-from the Hood wall for 
Hood Wall Shielding as Shown 
Below.

Steel 
mr/hr

0.0

0.0

21.77

10.79

46.92

3.37

82.85

)

Steel
•nr

3.0

0.0

3.81

7.24

32.43

2.55

46.03

3/8" 
Plexiglas 
ar/br-------

180.06

47.90

93.61

14.65

64.86

4.28

305.36

=mea== ■ • •es emacmemenameeememmMenemasMMEGM
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Page 5"

Col Mo. 1

I

i

Data Source

Gamma
Energy
MEV

.017

.060

.100

.200

.380

.500

.660

.750

1.3

2.1

Total

TABU Y-f

Determnntion of NPR Gnmma Dose Rates Through Container Walla 
• 4" Using Nitrate Samples of Series I

2 3 4 5 6 7 8 9

Tabla
11-5

Fig- 
35 x 
Col l

Col 2 
x 
3 Part I

Col 3 
x 

Col 4

Tabla
III-D-2
Values 
x Col 5

Tahla 
III-D-2 
x Col 5

Tabla
III-C-2 
x Col 5

Tabla
III-C-2
x Col 5

Relative
Dose 
Pte

Dose 
Rate 
DI at.
by

• Energy
• 4"

Eat.
Gamma 
Increase 
by Wt. 6 
Geometry 
• 4"

NPR
Gamma 
Increase 
Factors

Unshld
NPR
Dose 
Rata

. • 4"

Sefety 
Glass

Sefety 
Glass

Staal Staal

mr/hr

67.94 23.78 71.34 1.5 107.01 13.91 0.0

8.03 2.81 8.43 7.0 59.01 44.26 32.45 0.0

12.91 4.52 13.56 7.0 94.92 79.73 66.44 18.98 3.32

1.20

8.59

0.94

0.29

0.36

100.26

0.42 1.26 7.0 8.82 7.76 6.70 5.91 3.96

3.01 9.03 2.5 22.57 20.31 18.96 15.35 10.61

0.33

0.10

0.12

35.09

0.99

0.30

0.36

105.27

1.0

1.0

1.0

0.99 0.91 0.84 0.70 0.50

0.30 0.27 0.25 0.21 0.15

0.36 0.34 0.31 0.27 0.20

293.98 167.49 125.95 18.74

UNCLASSIFIED
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Determi nation of Dose Rates

for Each Energy Groupine 

Througn Incrensirg Thick- 

nenses of 4.8 Sp Q- Lend 

Gasn Over 3/8• Plexiglas

for NPR Mmterial

I
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TABLEVIA

MPR Glass (4.8 Sp. Gr.) Shielding Versus RPR Genna Dose
Rates • 1* Proa Hood Walls For a Low Fisaion Product - Low 
Neutron Source Using Oxalate Samples from Series 1.

Col No. 1 2 3 4 5 6 7 8 9

Data Source

Gama 
Energy 
MEV

.017

.060

.100

.200

Table
VA
Col 9

Dose
Rate

Thru 
3/8" 
Plexiglas

3.51

2.50

4.63

0.76

Values for Percent of Ga—s Transmission from Table III-A-2 x Col. 1

Mr/hour of Gammn Radiation Transmitted Through Indicated Thickness of Lead

Glass in Inches.

0.05 0.00

0.04 0.00

0.25 0.00

0.25 0.11

3/4”

0.04

1" 1”. 2" 3"

0.02 ■ 0.00

-380
Pu Sub-Total 
.750

2.80
(14.20) 
0.02

1.93 
(2.57) 
0.017

1.32 
(1.43) 
0.015

0.87 
(0.91)
0.012

0.59 
(0.61)
0.010

0.26 
(0.26)
0.008

0.12 
(0.12)
0.005

0.06
(0.06)
0.004

0.02
(0.02) 

0.00

1.3

2.1

Total

0.0

0.0

14.22 2.53 1.44 0.92 0.62 0.27 0.12 0.06 0.03

mJ

8
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HW-61755 PT2

Load Gnss (4.8 Sp Or) Shielding Tar— M Gemma Dose Rates at 1* 
from Hood Hall a for Low Fiusion Product - Fa Moutron Source Unine 

the Plutonium Hluorid Semples from Sari a a I-

Col Ho. 1 2 3 4 5 6 7 9

Data Score* Table 
V B 

Col 9

Values for Percent of Gamma Tia—11 —loa Ww la Table III 4-2 ■ Done Bate of 
Ooi. 1.

+ ;

Gamma 
Energy 
MEV

.017

.040

.100

.200

Fa Sab Total

.750
Fu ♦ F.P.

Sub-Total

1.3

2.1

Sea* 
Rat* 
• 120
Thru

Plezigas 
at Hood

1.97

1.43

3.01

0.45

2.07 
(24.68)

0.09

(24.77)

1.85

1.01

Mrfhour or Gummn Radiatiom Tranmmitted Through Indicted Thicknema la Tacho ■ 
or Lend Glass Shield.

0.03 0.00

1" 2=

0.02

0.16

0.13

1.43
(1.79)

0.07

(1.86)

1.61

0.91

0.00

0.00

OJOS

0.97 
(1.03)

0.06

(1.09)

1.37

0.81

0.02 0.01 0.00

0.64
(0.66)

0.43 
(044)

0.19 
(o.19)

0.09
(0.09)

0.04 
(0.04)

0.02 
(0.02)

0.05 0.04 0.03 0.02 0.02 0.01

(0.71) (o.48) (0.22) (0.11) ).06) (0.03)

1.13 0.96 0.70 0.50 0.37 0.26

0.65 0.50 0.44 0.35 0.28

Total 11.88 4.38 3.27 2.57 2.09 1.42 1.05 0.78 0.57

I
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n Q

Lond Glass (4-8 Sp. Ga.) Shielding War— NPR Gamma Dose Rates 
at 1 Foot From Hood Walls for a High Fission Product - Low Heutron 
Source Usng Oxide Semple from Series XXI.

Col No. 1 2 3 5 6 8 9

Data Source Tabla 
V C 

Col 9

Valuos for FarcaaR or Gammn Tranzmission as Shovn la Table III-A-E * Dom 
Rata of Col. 1.

Energ, 
MEV

Dose 
Rat* 
• 120
Thru

Mr/hour of Gama Radiation Transmitted Through Indicated Thicknss la Inches 
or Lend Glass Shield.

3/4" !• 2•

Plexiglas 
at Hood 
rc/bour

• 5

.017 2.74 0.04 0.00

.060 1.25 0.02

.IDO 3.97 0.21

.200 6.05 2.00 0.84 0.33 0.13 0.02 0.00 0.00 0.00

p39aTota- (16.99)
2.06 

(4.33)
1-4D 

(2.24)
0.92 

(1.25)
0.62 

(0.75)
0.28 

(0.30)
0.13 

(0.13)
0.06 

(0.06)
0.03 

(0.03)

— a

-

1.3

2.1

Total

uuasn .

1.32 1.06 0.87 0.69 0.99 0.38 0.25 0.17 0.10

18.31 5.39 3.11 1.94 1.99 0.68 0.38 0.23 0.13

UG.ASSIEIE
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TFTED

Lead Glass (4.8 Sp. Gr.) Shielding Versus NPR Gumma Dose Rates 
at 1» from Hood Walls for a High Fssion Products - High Neutron 
Source Using Fluoride Samples of Series IU.

Col Mo.

Data Source

Gamma
Energy

MEV

.017

.060

.100

.200

Pu Sub-Total

1 2 3 4 5 6 7 8

Mmrmmma —nmgon
Ha-61755 PT2
Page 72

9

Talkie 
V D 

Col 9

Duse Mate 
• 12" Thru 
3/8" Plexi- 

SiposmtE
2.20

1.01

3.01

0.45

2.21
•.88)

Values For Percent of Guam Ti an—laaloo As Shown in Table III-A-2 X Dose Rate

of Col l.

Mr/hour or Gamma Rndintion Tranaarftted Through Indicated Thich 
of Laodl Glass Shield.

la Inches

0.03

0.02

0.16

0.15

1.52 
(1.88)

0.00

0.00

0.00

0.06

1.04 
(1.10)

3/45

0.02

0.69
(0.71)

1° 20

0.00

0.46 0.21 0.10 0.04 0.02

I
.790
Pu-FP Sub-Ttl

1.01 
(9.89)

0.82 
(2.70)

0.67
(1.77)

0.53 
(1.24)

0.45 
(0.46)

0.29 
(0.50)

0.19 
(0.39)

0.13 
(0.17)

0.08 
(0.10)

1.3 1.73 1.50 1.05 0.90 0.66 0.47 0.35 0.24

2.1 0.97 0.87 0.78 0.71 0.62 0.48 0.43 0.34 0.28

Total 12.99 5.07 3.83 3.00 2.43 1.64 1.19 0.86 0.62
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Lead Glass (4.8 Sp Gr) Shielding Versus NPR Fabrication Dose Rates 
• 4" from Hood Wall Using Plutonium Samples from Series I

Col Mo.

Data Source

Gamma
Energy 
MET

.017

.060

.100

.200

.380
Pu Sub-Total

.750

1.3

2.1

Total

Q
IMMIIMMNM

1 2 3 4 5 6 7 8 9

e

Table
T E
Col 8

Done
Rate

Thru 
3/8" 
Plexi-

atHd
80.06

47.90

93.61

14.65

64.86
(60.58)

4.28

0.0

0.0

305.36

Values for Parcant of Tienaal salon Shown in Table III-A-2 a Doaa Bate of 
Col l.

Mr/Hour of Gamma Radiation Transmitted Through Indicated Thickness in 
Inches of Lead Glass Shield.

1.04

0.72

5.05

4.83

44.75
(56.39)

3.46

59.85

i-
0.0

0.0

0.0

2.05

30.48
(32.53)

2.82

35.35

3/4"

0.79

20.10 
(20.89)

2.22

23.11

1" l1m it

0.32 0.06 0.01 0.00

13.62
(13.94)

6.10 2.78 1.30 0.60

1.93 1.24 0.81 0.55 0.34

15.87 7.40 3.60 1.85 .94

UNGLASSIFIED .

=-



E mmamnummume

TAELEVI=Ec2

La mw (4.8 sp Or) Shielding Versun MR Dose Rates at Various 
Distances frca P Metal Shapes or MPR Court napnrury Design

1

Col Mo

Data
Source

Distance 
Betveen 
Source 
and Meas. 
Point in
Inches

4

6

8

12

20

c

1 2 3 4 5 6 7 8 9 10 11

Fig- 
IV-A4

Ratio 
of 
Col l 
to 35

% of

Dose Mate Values of Table 7I-H for Total Spectrum x M of Col l

Indicated Thickness
of Lead in Inches

HW-61755 FT2
Page 74

!

Baze 

hour 0® 3/4" 1 if 20

35

20

13.5

7.0

3.0

100

57

38

20

8.6

305.36 99.«5 35-35 23.11 15.87 7.40 3.60 1.85 0.94

173.8 34.11 20.15 13.17 9.04 4.22 2.05 1.05 0.53

115.9

60.10

30.50

22.74

11.97

5.14

13.43

7.07

3.04

00 M

8.78 6.03 2.81 1.36 0.70 0.35

4.62

1.98

M

3.17

1.36

1.48

0.63

0.72 0.37 0.19

0.31 0.16 0.08

MMMM

—
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TABLEVI-E

Lead Glass (4.8 Sp Gr) Shielding Versus NPR Gamma Dose Rates at 4" 
Frem f Glass Container Wall Using Nitrate Sample of Series 1.

Col No

Data
Source

Gamma
Energy 
MEV

.017

0.00

.100

.200

.380
Pu Sub
Total

.500

.660

.750

1.3

2.1

T

1 2 3 4 5 7 8 9 10

Table
V-F
Col 6

Dose 
Rate 
• 4" 
Thru

Glass 
mr/hr

13.91

44.26

79.73

7.76

20.31

Values for Percent Transmission Shown in Table UI A-2 x Dose Rate of Col l

Mr/hr of Cayrma Radiation Transmitted Through Indicated Thickness in 
Inches of Lead Glass Shield.

0.18 0.00

0.66 0.00

4.30 0.00

2.56 1.08

14.01 9.54

(165.97) (21.71)

0.91

0.27

0.34

167.49

0.6C

0.20

0.27

22.78

3/4"

0.42

6.30

(10.62)(6.72)

0.54 0.40

1" if 2" 3"

0.17 0.13

0.22 0.18

0.17

4.27

(4.44)

0.32

0.11

0.15

11.55 7.43 5.02

0.03 0.01 0.00

1.91 0.87 0.41 0.18

(1.94) (0.88) (0.41) (0.18)

0.18

0.06

0.10

2.28

0.10

0.03

0.06

1.07

0.07 0.04
|

0.02 0.01
1

0.04

0.54

0.02

0.25
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AFPENMVII

Determnation of MPR Dose Rates for Each

nesses of Lead Cladding Over i* ar i* Steel

Walls

♦

o
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TAM HI-A
Lend Cladding Thickness Versus KPR Gammma Dose Rates of 4* from Surface 
of J* Steel Equipment for Lov Pleaion Product - Low Heutron Source Using 
Oxalate Sample from Series 1.

3 6Col Bo 10 11 121 2 4 5 7 8 9

Data
Source

Table 
V A

Col 6

Values for Percent of Gamma Transmission Shovn la Tabla III-B-2 I Dose Rate of 
Col 1.

Enare, 
MET

Dose 
Rate 
Thru

Proa 
Unclad 
Equfp.
Mall

*
Mr/hour of MPR Gamma Radiation Transmitted Through Indicated Thickness la inches 
of Metallic Lead.

1/16" 1/8" 3/8" 1= 2" a-
.017 0.00 0.00

.060

.100

.200

.380

0.00 0.00

2.36 0.83 0.24 0.02 0.00

4.54 21.3 1.13 0.23 0.04 0.01 0.00

17.45
Pu SubTtl (24.35)

12.21
(15.17)

9.77 
(11.U)

5.23 
(5.48)

2.79
(2.83)

1.66
(1.67)

0.52 
(0.52)

0.14 
(0.14)

0.01
(0.01)

0.00

.750 0.15 0.13 0.12 0.09 0.07 0.06 0.03 0.02 0.01 0.00

1.27 0.00

2.1 0.00

Total
C

24.50 15.28 11.26 5.57 2.90 1.73 0.55 0.16 0.02

WCLA.SS.ULgX> •uuaas

*
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Col No

Data Source

Gamma
Energy KEV

.017

.060

.100

.200

1

Table
VB

Cel 6

Does 
Rate

T»B4r YTT-B

lead Cladding THckness Versus RPR Gamma Done Rates • 4* from Surface of 
” Steel Equipment For Lee Flea toe Product - High Neutron Source Using 
Fluoride Semple from Series 1.

2 3 5 6 7 8 9 10 11 12

-61755 PT2

13 14

Valuos for Percent of Gemmmn Radiation Shown la Table III-B-2 X Dose Rate or Cel l.

Through P Steel 
• 4* from 
Unclad 
Equip. 
Wall

0.00

0.00
0.15

2.85

.380 16.50
Pu Sub-Total (19.50)

.750 0.60

Mr/hour of Gamma Radimtion Ti nnil tied Through Indicated Thicknens la Inchos of 
Metallic T eart

wr 1/8"

0.05 0.01

1.34 0.71

11.55 6.30 
(12.94)(7.O2)

0.00

3/8" 3m

0.14 0.03 0.01 0.00

4.95 2.64 1.56 0.49
(5.09) (2.67) (1.57) (0.49)

0.13 0.01
(0.13) (0.01)

0.00

0.51 0.47 0.37 0.29 0.23 0.14 0.09
Pu-FP Sub-Ttl(20.10) (13.45) (7.49) (5.46) (2.96) (1.80) (0.63)(0.22)

0.04 
(0.05)

0.01 
(0.01)

0.00

1.27 1.40 12.67 12.24 10.36 8.64 7.49 5.47 3.74 2.30 1.09 0.66 0.36 0.20 0.11

2.1 8.25 7.59 7.17 6.27 5.61 4.95 3.96 3.13 2.06
(20.20) (19.41)(16.63)(14.25)(12.44)(9.43) (6.87) (4.36)

1.23
(2.32)

0.82 0.49 0.31 0.20

Total 42.75 33.65 26.90 22.09 17.21 14.24 10.06 7.09 4.41 2.33 1.48 0.85 0.51 0.31

c Ug.ASSIIED

It deM=wu
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I

TAELE

Lend Cladding Thickness Versus MFR Gamma Dose Rates at 4" from Surface 
of " Steel .Tq.nl fan nt for Sigh Fission Product - Low Neutron Source Usng 
Oxide Semple from Series 1X1

Col Bo 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Data Source

Inargy

.017

.060

.100

.200

Pu Sub-Total

.790

1.27

2.1

T

Table 
V-C 

Cd 6

Oose 
Rate 
Thru

From 
Unclad
Equfp. 
Mal

0.00

0.00

1.78

3.31

Values for Percent of Gumma Radiation Shown in Table III-B-2 X Dose Rato of Col l.

Mr/hour of Gamma Radiation Trensmitted Through Indicated Thickness in Inehes of 
Hit al lla Lead

1016"

0.00

0.00

0.62

1.55

0.18 0.02 0.00

0.83 0.16 0.03 0.01 0.00

it

1

16.57 11.60 9.28 4.97 2.65
(21.66) (13.77) (IO.29)(5.15)(2.68)

15.54 13.20 12.12 9.63 7.46

0.00

0.00

37.20 26.97 22.41 14.78 10.14

MMN

1.57 
(1.58)

0.50 
(0.50)

0.13 
(0.13)

0.01 
(0.01)

0.00

6.06 3.57 2.33 1.05 0.42 0.17 0.08 0.03 0.01

7.64 4.07 2.46 1.06 0^42 0.17 0.08 0.03 8g
MB
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TABLEVII-D

Lead Cladding Thickness Versus NPR Gamma Dose Rates at 4a Pros Surface of " 
Steel Equipment For High Fission Product - High Neutron Source Using Fluoride 
Sample from Series III.

HW-61755 PT2
Page 80

1

Col No

Data Source

Gamma
Energs
MEV

.017

.060

.100•

.200

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Table
V-D

Col 6

Values for Percent of Gum Radiation Shown in Table III-B-2 X Dose Rate of Col l.

Dose Rate 
Through 
” Steel
• 4" From 
Unclad 
Equip.
Wall
MEZhr.. 1/160
0.00 0.00

0.0 0.0

1.50

2.92

13.43
Pu Sub-Total (17.85)

.750 7.38
PuFP Sub Ttl(25.23)

1.27 12.81

2.1 7.51

0.52

1.37

9.40

Total

Mr/hour of Gamma Radiation Transmitted Through Indicated Thickness in 
Inches of Metallic Lead

1/8"

0.15 0.01

0.73 0.15

7.52 4.03

0.00

0.03 0.01

2.15 1.27
(11.29)(8.40)(4.19) (2.18) (1.28)

6.27 5.75 4.57
(17.56) (14.15) (8.76)

11.27 10.89 9.22

6.91 6.53 5.70

0.0

0.40 0.11
(0.40) (0.11)

0.01 
(0.01)

0.00

3.54 2.88 1.69 1.10
(5.72) (4.16)( 2.09) (1.21)

7.69 6.66 4.86 3.33

5.10 4.50 3.60 2.85
(20.32)(18.18)(17.42)(14.92)(12.79)(11.10) (8.46) (6.18)

45.55 35.74 31.57 23.68 18.51 15.32 10.55 7.39

lea some .077 mev lead x-ray.

0.50 
(0.51)

0.20 
(0.20)

0.08 
(0.08)

2.04 0.97 0.58 0.32 0.18 0.10

1.88
(3.92)

1.26
(2.23)

0.75 
(1.33)

0.45 
(0.77)

0.28 
(0.46)

0.17 
(0.27)

2.43 1.41 0.77 0.46 0.27

□ 1
2.
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TATO-K VII E-1

Lead Cladding Thickness Versus NPR Cun Dose Rates at 42 free *7—^1 e Source Through 
" Steel Hood Using Plutonium - Metal Semple from Series 1.

6 9Col Mo 10 11 12 13
Data Source Table 

V E
Col 6

Values for Percent of Radiation Shown in Table III B-2 X Dose Bate of Col l.

1 2 3 4 5 7 8

Ganna
Energy 

MEV

Dose
Rate
Thru

Mr/hour of Gamma Radiation Transmitted Through Indicated Thickness in inches of 
Metallic Lead. 1

.017

.060

.100 •

.200

.380 
Pu Sub-Total
.750
1.27
2.1
Total

Steel
• 4" 
From

1/16" 1/8" 3/8" 3/4" It 4" 1

0.0
0.0
21.77
10.79

0.0
0.0
7.62 2.18 0.22 0.02 0.00
5.07 2.70 0.54 0.11 0.02 0.00
32.84 26.28 14.0846.92 _ _ __n

(79.48) (45.53)(31.16)(14.84)(7.64)
3.37

0.0
0.0

7.51 4.46
(4.48)

1.41 (1.41) 0.37 
(0.37) 0.04 O.00(0.04)

2.86 2.62 2.09 1.62

82.85 48.39 33.78 16.93 9.26

1.31

5.79

0.77

2.18

0.51

0.88

UNCLASSIEIED
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Col Mo.
Data Source

Distance 
Between 
Source 4
Meaa. Pt. 
la Inehti

6•

8*

12•

20”

1

Fig- 
TV-A-4

Base

hour

35

20

13.5

7.0

3.0

Tend Cladding Versus MFR Dose Rates at Various Distances from Fu

2 3 4 5 6 7 8 9 10 1 12 13 14

Ratio 
Col l 
to 35

S or 
Dose 
Bata 
• 4"

100

57

38

20

8.6

Values in Table VII-E-1 for Total Spectrum 1 Percent in Col 1.

MPR raw in Mr/hour Through -inch Staal Pina indicated Thiekness of lead in 
inches.

1/16"

48.39

47.22 27.58

31.48 18.39

16.57 9.68

7.12 4.16

1/8" 2/80

I

33.78

19.25

12.83

6.76

2.90

16.93 9.26 5.79 2.18 0.88 0.27 0.09 0.037 0.017

9.65 5.27 3.30 1.24 0.50 0.15 0.05 0.21 0.01

6.43 3.51 2.20 0.83 0.33 0.10 0.034 0.014

3.38 1.85 1.16 0.44 0.18 0.054 0.018

1.45 0.80 0.50 0.18 0.076 0.023

UNCLASSIFIED
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Col Mo

Data
Source

Energ, KEV

.017

.060

.100 •

.200

Pu Sub- 
Total

.500

.660

•750

1.27

2.1

1

Table
VI

Col 8

Dose 
Rate 
Thru

Stl

FrOm 
Hood

0.0

0.0

18.98

5.91

15.35

Lead Cladding Thickness Versus NPR Ganna Dose Rates at 4" from 
" Steel Container Usng Nitrate Sample of Series 1.

2 3 4 5 6 7 8 9 10 11 12

Values for Percent of Gumma Transmission as Shown in Table III B-2 X Dose 
late of Col l.

Mr/hour of NPR Gama Radiation Transmitted Through indicated Thickness 
in Inches of Metallle I end.

1/16" 1/8" 2/4" lie. 25 2

1.90 0.19 0.01 0.00

2.78 1.48 0.30

10.74 8.99 4.61

(40.24) (19.95)(11.97)(5.10)

0.70

0.21

0.27

0.0

0.0

41.15

0.56

0.18

0.23

20.90

0.06

2.46

(2.53)

0.01

1.46

(1.47)

0.00 I

0.49 0.35

0.14 0.10

0.21 0.17

12.81 5.62

0.24

0.07

0.13

2.97

0.17

0.05

0.10

1.74

0.46 0.12

(0.46) (0.12)

0.10

0.03

0.06

0.65

0.01 0.00

0.07.

0.02

0.04

0.25

(0.01)

0.03 0.01 0.00

0.01 0.00

0.02 0.01 0.00

0.07 0.02

eummmmmmenuss
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I
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Col No

Data
Source

1

Tabla
VI

Col 9

UiGLASSIFIED 61755 PT2

Lesd Gladding Thckness Versus NPR Gamma Dono Batas at 4* From m 
Container Using Nitrate Sample of Serios X.

2 3 5 6 8 9 10 11

Valuos for Parcent of Gamma Transmission 4a Shown la Table IIIB-2 
X Dose Rate of Col 2.

Gamma
Energy 
MEV

.017 0.00

.060

.100

.200

Pu Sub- 
Total

0.00

3.32

3.96

10.61

Mr/hour of Gaana Rndintion Tranamitted Through Indicated 
Thickness la Inchos of Metallic l ead.

1.16 0.33

1.86 0.99

7.42 5.94

0.03 0.00

0.20 0.04 0.01

3.18

2/4"

1.70 0.79 0.32 0.08 0.01

(17-89) (10.44)(7.26) (3.41) (1.74) (0.79) (0.32) (O.OB) (0.01)
.500

.660

0.50
0.15J

0.52 0.45 0.32 0.23 0.16 0.09 0.06 0.02 0.01

.750 0.20 0.17 0.15 0.12 0.10 0.08 0.07 0.03 0.01 0.00

Total 18.74 11.13 7.86 3.53 2.07 1.03 OJUB 0.17 0.04 0.01

1
e c )

---------- =

I

I
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UNGLASSIEIE HW-61755 PT2
Page 86

tam nn a

Hupnladtadsansmndirnth
n---- Sarios I and HI MItrates - Total of 423 Gr. Pu. 
Raferenco: W 7115 - Pages 126 - 131.

Mr/Eur_MithShield_of
Inches 

of
Shiald

"Lead
•"Lead Glass

(4.8 Sp Or) Iron

1/8 12-5 3-5

1/4 1.75
•(0.90)

O.40
(0.26)

4.0
#=(2.8)

1.2 
(0.9)

8.5 2.6

3/8 6.5 2.1

1/2 0.33 
(0.24)

0.10 
(0.05)

2.4 
(1.8)

0.60 
(0.55)

5.0 1.55

3/4 0.12
(0.06)

0.03 
(0.02)

1.15 
(0.80)

0.35 
(0.27)

3.7 0.72

1-3/4

(0:03) 0.67 
(0.52)

0.39 
(0.30)

0.24 
(0.18)

O-1 
(0.12)

0.09 
(0.08)

0.21
0.19)

0.06 
(0.06)

2.0

1.3

0.85

0.42

0.25

0.55

0.44

0.30

0.19

G.12

0 9 § 9 9 d

1

2

• - Rending taken through a 1/8" Fe Plate in addition to lead shield 
with plate between lead and detector for values in parenthess and 
behind it in others.

— - Taken through 20 ga. vinyl plastic with the plastic between lead 
glass and detector for values in parenthesis.

- - - ■ fsoe sni Source_______ ______ 4 12
C.P. Window Open | 117 3g.5 12.5
C.P. VLwiow Closed ’ 95 2^.5 9.5

* - Between Xnatr
Doss Rate in ar/hour 
Without Shielding 
Other Than Packaging
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UNCLASSIFIED HW-61755 PT2
Page 88

TABJ.E VIII B-1

Plutonium Oral ate Shielding PaU

Samples: Series 1, U, HI - Total of 1211 Grans 
Reference i HWN-2145 - Page a 133-136 ■

Inches 
of

Shield
— Lead
4* 012•

Mr /How With Shield Of 
Lead Glass 
(4.8 Sp Gr)
•4" 0120

Iron 
• 0120

1/8 4.5

1/4 3.0 
(2.1)

0.79 
(0.60)

8.2 
(6.0)

12.5 3.5

3/8 10.0 2.8

1/2 0.70 
(0.55)

0.19
(3.2)

7.4 2.2

3/4 0.24 0.06
(2.0)

5.3

0.10 0.03
(1.2) (0.4)

4.4 1.0

0 #

1

(0.85)
2.6

(0.55)
2.0

1-3/4
(0.38)

1.2

0.8 0.2
(0.24)

2

— - Readings taken with .020 inch plastic sheeting between shield 
■nd detector for values in parentheses. When plastic sheeting 
was placed between source and shield instead of between shield 
and detector, reading was essentially same as with shield only.

# - Inches Between 
Dose Rate in mr,

Face and Sput* 
C.P. Window Open

(Shielded by packaging C.P. Window Closed 
only)

Q 
170 
140

4
67
46

12
20.
14.5

UNCLASSIFIED
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UMCLASSIFIED HM-61755 PT2
Page 90

TABLE VIII B-2

Plutoniuro Nitrate and Oxalate Shielding Data 
For Safety Glass

Samples: 
Reference:

Series 1 - Nitrate and Series 1 - Oxalate.
HWN-2145 - Page 17.

Inches 
of 

Shield

Mr/hour through safety glass, as measured • 3" 
with survey instrument as indicated

T.P.
C.P.
W.O.

C.P. 
W,C,

55.5 42.0 31.0 Off-scale

17.5 9.0 8.5 13.7

15.5 8.5 8.0 12.8

3/4 13.5 7.5 7.0 11.5

12.7 7.0 6.5 10.7

0

1

14 12.0

10.5

1-3/4 9.0

UNCLASSIFIED
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UNCLASSIFIED HW-61755 PT2
Page 92

TAELE VIu c

Plutonium Oxide - Shielding Data

Samples: Series I, II, III - Total Pu = 1160 Grams 
Referencei HWK-2145 - Pages 124, 125, 132

Inches 
of 

Shield

__________ Mr/k
•Lead

•IS

With Shield Of
••Lead Glass 

812" 94"
Iron

1/8

1/4

3/8

1/2

3/4

If

1-3/4

60.0 18.0 5.50

14.5 5.7

5.0
#(3.25)

1.3 
(0.85)

12.7 
(10.0)

3.25 
(2.55)

11.5

13.0

4.4

3.5

1.6 
(1.05)

0.85 
(0.60)

0.38 
(0.29)

0.22 
(0.18)

0.40 
(0.32)

0.18 
(0.12)

0.10 
(0.007)

7.5 
(6.2)

2.0
(1.7)

11.25 3.0

4.8 
(4.0)

3.3
(2.5)

2.1

1.5

1.1

8.5

3.3 
(2.5)

0.8 
(0.8)

6.2

8.0 2.3

5.5

4.0

2.6

2.15

.4

1.6

1.1

0.8

0.50

0.37

0

1

2

• 1/8" Iron over lead toward detector for values in parentheses.

•• 20 Ga plastic over lead glass towards detector for values in 
parentheses.

UNCLASSIFIED
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RM-61755 FT2
Page 94

TABLE VIII P-1

Samples: Series 1, H, lU - Total of 1283 Grams Pu 
Reference: HMM—2145 - Pages 122-123.

inches 
of 

Shield
• Lead

m2"
Mr/Howr with Shiell Of 

“Ezaed Glee 3^ X r o n
M•

65 19 65 19

1/8 21.0 8.0

1/4 11.3 
(9.7)

3.5 
(3.2)

4.0 
(12.0)

17.0 6.5

3/8 14.0 3.5

1/2 6.7 
(6.25)

2.4
(2.25)

13.0 
(11.2)

13.0 4.8

3/4 6.0 
(5.7)

1.95
(1.85)

9.0 
(8.5)

10.0
13.0 3

4.0

1-3/4

4.9
4.7

4.0 
(4.0)

3.57

1.7
(1.7)

7.2 
(7.0)

10.6 S 3.2

1.45

1.35

6.0 
(6.0)

5.4 
(5.4)

4.0 
(4.0)

8.7 3

7.2 3

6.0 3

2.6

2.1

1.8

0

1

2 3.7 
(3.7)

5.7 3 1

* Readings in parentheses taken with 1/8—inch iron between shield 
and detector.

•• Reading in parentheses taken with .020—inch plastic sheeting 
between shield and detector.

# "S" after dose rate indicates reading is with Sampson-

UNGLASSIFIED
I
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7^ mz a-;

Samples: Series I, II, HI - Total of 1283 Qrams Pu 
Rofrences WB 7145 - Pages 110-120

Inches 
of

Shield
Lend

MrOmr With --------
012=

Iron
at: I

o

1/8

1/4

18

9.0 
(8.5)

5.2 
(4.8)

2.1 
(2.0)

16 
(14)

8 
(7) (3)

13 8.0 3.0

3/8

1/2 5.5 2.7 1.2 12 
(10)

6 
(5.5)

3 
(3)

13 6.0 2.2

3/4 4.0 1.2 10.4 16

1 3.2 8.0 4.0 
(3.5)

1.75
(1.60)

9.6 4.7

8.0 5.0

li

1-3/4

5.2 3.0 1.3 5.7 3.7

2 2.7 2.2 1.5

M rwra la parenthenes taken vith .020-inch plastic sheetnng 
between source and date ctor.
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Samplem: 126, 129, 58 - Total 3162 Or. Pa
References H-2145 - Pages 137-140 Data Taken with C.P.

Inches 
of

Shield
Lend

CUE
WdirT•"Lond Glass

CUE
Iron 

CUE

1/8

See Tabla VIII- 
E2 for Taiwas 
Through Laed

24.0 6.2

9.0 2.7

1/4 6.0 
(4.0)

1.4 
(1.0)

7.2 2.0

3/8 5.5 1.8

1/2 3.3 
(2.7)

0.72 
(0.60)

4.3 1.5

3/4 2.0 
(1.6)

0.45 
(0.38)

3.7 1.3

1-3/4

2.1 
(1.0)

0.8 
(0.7)

0.31 
(0.27)

0.18 
(0.18)

0.55 ' 0.11
(0.55) (0.11)

2.2

1.7

1.1

0.9

0.7

0.5

0.4

0.3

0

1

2 0.5 0.2

#• Rendings in purenthses taken with .020-inch** plantic between 
source and shield.
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TABLE VIII E-2

nwtOBlm Metal - Shielding Data

Samples: B-129 (Y-18.2 - 129) - Total of 1003 Grams
Reference: HWN-2145 - Pages 39-39

Mr/hr Taken with a C.P. - TP
Through a Shield of

inches 
of

Shield
Lead Lead Glass

em er
Lucite

e= e1‘
Safety Glass

91’
290 9.0 195 9.2 150 9.0 94 9.5

1/8 31.0 3.0

1/4 16.5 2.0 21.5 2.5 2.3 3.3

3/8 9.0 1.5 75.0 6.0

1/2 5.5 1.25 15.0 2.0 19.0 3.0

3/4 7.5 1.5 53.0 4.5 17.3

5.0 1.2 15.5 2.7

1-1/6 44.5 4.0

1-1/2 32.0 3.5 15.0 2.5

0

1

UNCLASSIFIED

T
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nau nn r
. PlutoniuGompsunds k Metal

Haad qa.goaa Bataa Aa faMurad wUaldXnr
SumnarizedFromFizuresVIIIA-E

f

Plutonium 
Material 
To Be
Shelded

Grams of
Plutonium

in
Sumple
Uned______

"Mr/hour &4"
With Shielding As Shown 

Balo* for SmbIm it Pari

Ko
Shield

Nitrate 423 39

Oxalate 1211 52

Oxide 1160 60

Fluoride 1283 65

Metal 3162 24

inches of
Shielding Required 

Tor 10-Fold 
Reduction 

in Dose Rate 
Of "Hardened" 

fia—i Radiation
" Lead
Glass

kJLJtaJi nlend ”Iron Lend

Lead 
Glass 
A.8SpG Iron

2.8

6.0

10.0

12.0

4.0

0.9

2.1

3.3

9.7

•3.2

5.0 0.6

0.7

1.0 1.2

1.3 1.6

U.5

13.0

4.3

0.8 1.5 1.7

2.1

1.1

2.8 3.0

1.6 1.7

Calculated Value

END


