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Appendix B

Shielding

Shielding reduces the effects of gamma radiation on
personnel and equipment. Metal, concrete, soil, water, and
wood are good shielding materials. The denser the
material, the better the shield. Low-density materials are as
effective as higher density materials when the total
thickness of the low density material is increased. Density
is defined as the number of molecules per unit of volume.
The denser a material, the better shield it makes.

It is not possible for gamma radiation to be completely
absorbed. However, if enough material is placed between
the individual and the radiation source, the dose rate can be
reduced to negligible proportions.

The three types of radiation which we try to shield
against are as follows:

Alpha Radiation - A helium nucleus, stripped of its
electrons, that travels only a few centimeters in air (5-10
c¢m) and is an internal hazard only.

Beta Radiation - A very high speed electron that travels
a few meters in air, but has limited penetrating power.
Beta radiation is an external hazard and internal hazard.

Gamma Radiation - Pure energy traveling at the speed
of light. Gamma can never be totally shielded out, but can
be reduced to insignificant or negligible levels.

To determine the effectiveness of shielding, you must
calculate the dose rate (inside or outside) based on the
density and thickness of a given shield. This calculation
requires determining the half-thickness or total thickness of
a particular shielding material.

Principles

Density - Mass (number of molecules per unit of
volume). The denser a material, the better shield it makes.

Half-thickness — The amount of material required to
reduce the dose rate by one-half,

Total thickness - This is the actual thickness of the
shielding material.

Position of the shield — The closer the shield is to the
source the better.

Dose rate build-up — This is produced by the shield. The
shield causes radiation to scatter; therefore, the closer you
are to the shield the higher the dose rate.

Materials

Earth. The most common shielding material. About one
foot of earth makes a very adequate shield.

Cl%ncrete. About 6 to 8 inches of concrete makes a good
shield.

Steel. Tanks and (USMC) amtracks are very good
shields against radiation.

Buildings. Wood or brick buildings make good shields.
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Effectiveness

The effectiveness of a given material in decreasing
radiation intensity is measured in units of half-value-layer
thickness, or half-thickness. This unit is defined as the
thickness of any material which reduces the dose rate of
gamma radiation to one-half its unshielded value. Thus, if
a soldier were surrounded by a 6-inch concrete wall (6
inches is the half-thickness of concrete) and the gamma
radiation outside were 200 cGyph, he or she would receive
gamma radiation at the rate of 100 cGyph. The addition of
another 6 inches reduces the rate to 50 cGyph. Each
succeeding half-thickness of concrete would, therefore,
reduce the radiation dose by one-half.

Problem: How many half-thicknesses of the above
concrete wall reduce the radiation dose to 25 cGyph?

Solution: Beginning with the rate of 200 cGyph, the first
half-thickness reduces it to 100 cGyph. The second
half-thickness reduces the dose rate to 50 cGyph, and the
third to 25 cGyph. Three half-thicknesses (18 inches) of
concrete meets the requirement.

Mathematical Method

A series of computations are necessary to determine
shielding requirements. The following symbols represent



unknown values. An equation accompanies each to allow a
better understanding of what each represents.

R, = Initial dose rate with no shielding. R,= (2") (R)

X

)

o X% = half-thickness of a shielding material. X%z =
oX= Total thickness of the shielding material X = (n)

.:3 = Final dose-rate resulting from X amount of
shielding. R = ’;—

«1n = The number of half-thicknesses contained in X, the
total thickness of material. 2'= I;"

Sample problem, using mathematical method:

Ro X
250 cGyph 121 cm
yP . ) )
R I 2n n XV2
0.5 cGyph 500 8.96 13.5 cm
*(x) {(x)

R

Sample problem usmg the same method with the (2n
M Table B-1| (page B-5) to 5|mpI|fy the process.
Table B-1]includes directions fo apolating safe-sided
values not listed in the table] Table B-1 eliminates the need

for logarithms, graph paper, or slide rule.

Sample Problems

Problem: Find the final dose rate with a known amount
of shielding.

Situation: You are in a bunker after a nuclear detonation
and need to know what final dose rate you will receive.
The initial dose rate with no shielding (Ro) is 2,000
cGyph. The total thickness of the shielding material (X) is
31 centimeters. The half-thickness of the shielding material
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(X 1/2) is 4 centimeters. What is the final dose rate
resulting from the shielding?
Ro = 2,000 cGyph

X=31cm
X% =4.cm
Find: R
I . _ X
Solution: First, solve the equation n = YIZ‘_
X _ 3lem
"= 5T aem = TS
Enter{Table B-1 in the n column and find n = 7.7 and
7.8. Go to Table B-1] You are looking for R, and you

entered with n; so, select the smaller n value of 7.7. Read
the corresponding 2n value of 206. Apply the equation
Ro.  2,000cGyph
R= 2n°  206(2n value) 9.71cGyph.
Figure B-1, below, shows the key strokes for algebraic
notation system calculators.
Note: Solutions based on calculator key strokes will al-
ways be smaller than those based on the 2n safe-siding ta-
ble, as a mathematical formula is more accurate than a
nomogram.
Situation: R = 1.5¢cGyph X=12cm X 1/2 =5cm.
Find: The outside dose rate.

Ro X

7.9 cGyph 12 cm

R 2n XV2

1.5 ¢Gyph 5.27 77 2.4 5 cm

2n Table

Situation: R = 1 ¢cGyph Ro = 120 cGyph X =24 cm.
Find: The half thickness for the shielding material.

To find X:
Ro | + R = Lnx + |.693 | = X X1/2_=_J
To find XV2:
tol+ ] n[=] [x] [3lesa[-] [s0]x[+] [ra] [Z]
To find R:
x[xe[=] o) [2)vlkel [=] [solan[>] R [-]
To find Ro:
X |+ | x| = STO 2 | v |RcL = X | R =
D = Calculator key. may appear as| INV | on some calculators.

Figure B-1. Key strokes for algebraic notation system calculators.
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Ro X

120 cGyph 24 cm

R 2n n X2

120 ?? 7?7 6.91

\ e/

0 Note; When_workinP any problem with the mathematical
method, a horizontal fine means you divide; a vertical line means
you multiply.

Having found the half thickness for the shielding
material in the problem above, the NBC officer wants to
know how much material is needed to reduce a dose rate of
25 cGyph down to .5 cGyph.

1 cGyph 3.47 cm

2n Table

Ro X

25 cGyph 19.6 cm

Ro = 1,000 cGyph
X =27CM
R =7.60 cGyph
Find: X%.
solution
=R, _ 1,000cGyph _
O 7.6cGyph 132.

d 136{Table B-1 directs use of the smaller 2n of 128.

E Enter Table B-2 jn the 2n column and find 2n equals 128
an

R 2n n XV2

5 cGyph 50 7?7

N

7?7 5.64

/

The bunker you are in has two feet of sandbags on it. A
monitor has reported a dose rate reading of 36 cGyph
outside. The commander has taken the monitor on a trip to
the division Command Center. The NBC Officer must
report the inside reading to the battalion XO in ten
minutes. Division NBC has reported that 4.7 inches of the
local earth in sandbags will reduce a dose rate in half.

3.47 cm

2n Table

E]

Ro X
36 cGyph 24 inches
R 2n n XV
?7?2? 1 cGyph 34.54 ?? 77 65.11 4.7 inches

2n Table

Problem: Find the half thickness, using the 2n table.

Situation 1: An initial dose rate with no shielding (Ro)
was 1,000 cGyph. The total thickness of the bunkers
shielding material (X) is 27 cm. A final dose-rate (R)
received inside the bunker was 7.60 cGyph. What is the
half thickness of the bunkers shielding material?

E]

Read corresponding n value of 7.0.

Apply the equation:

X 2icem
=" 70 3.86¢cm.

Problem: Find total thickness of shielding.

Situation 2. You reported an initial dose rate with no
shielding (Ro of 500 cGyph after a nuclear detonation.
Your shielding material has a half-thickness of 7.5 cm
(thickness of material necessary to degrade gamma
radiation dose by one-half).

For safety, you desire no more than 1 cGyph exposure
inside a bunker. What thickness of shielding material is
needed to protect the occupants?

Ro = 500 cGyph

X¥%=75cm

R =1cGyph

Find: X.

First, solve for 2n;
oy~ Bo_ 500cGyph

R 1c

Gyph . .
Enter Table B-2 in 2n column, and find 2n is between

480 and 512. directs use of the larger 2n of 512.
Read the corresponding n value of 9.0. Use the equation
X =(n) (X-1/72X =(9.0) (7.5 cm) = 67.5 cm.

Problem: Find the initial dose rate with no shielding.

Situation 3: A bunker has a total thickness of 12 cm
shielding material (X). The half-thickness of the shielding
material (X-1/2) is 6.25 cm. From inside the bunker, a
final dose-rate (R) of 5 cGyph is read. What was the initial
dose rate with no shielding (Ro)?

X =12cm

X% =6.25 cm

R =5 cGyph.

Find: Ro

Solution:

First, solve the equation for n:
X oL gom
X5 6.25cm ’ )

Enter Table B-2 in the n column, and find n is between
1.9 and 2.0 Table B-1 directs use of the larger n value of
2.0. The corresponding 2n value is 4. Utilize the equation
Ro = (2n) (R)

Ro = (5 cGyph) (4.0) = 20 cGyph.

n=



MISPRINT
There is no Table B-2 in this document.

MISPRINT
There is no Table B-2 in this document.

MISPRINT
There is no Table B-2 in this document.
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Transmission Factors

Transmission factors are used in radiation calculations to
determine the impact of shielding on radiation exposure.
TFs are simpler and preferred when the half thickness and
total thickness are not important, and only the actual
reduction of the dose rate is the primary consideration.
Transmission factors are always less than 1.

Determination of
Transmission Factors

TFs are calculated using the following formula:
ID

oD i TF

ID = inside dose, or dose rate.
OD = outside dose or dose rate.
TF = transmission factors.

Sample Problems

Situation: ID = 66 OD = 550.

Find: TF.

Solution: 66 + 550 = .12.

Situation: ID =45 OD = 120.

Find: TF.

Solution: 45 + 120 = .375.

Situation: You are inside a tank with a reading of 45
¢Gyph, and you have recorded an outside reading of 1,125
cGyph. What is the TF for the tank?

Solution: 45 + 1125 = 0.04.

Exercise Problems

In the table below are half-thicknesses for some common
materials (These values will be used in solving the
problems that follow.):

Material Half-thickness (inches)
Steel 0.7

Concrete 2.2
Earth 3.3
Wood 8.8

Problem: The outside dose rate of residual radiation in a
radiologically contaminated area is 400 cGyph at H + 1.

Find: What would be the dose rate inside a concrete
bunker if the walls were 10 inches thick?

Solution:

Ro= 400 cGyph.

_ Ro_ 400 _ )
= on> Bar- 17.08¢Gyph.
X =10 inches.
X% = 2.2 inches.
_ 10 _
n= 2= 4.55.
2n = 23.42.

Find: What would be the dose rate if you added 1 foot of
earth cover to the bunker?
Solution:
Ro= 17.08 cGyph.
R, 17.08
= on T 1247 1.37¢Gyph.
X =12 inches.
XY% = 3.3 inches.
n= 12 _ 3.64.
3.3
2n = 12.47.
Find: What would the dose rate be inside a tank with 3
inches of armor plating (steel)?

Solution:
Ro= 400 cGyph.
Ro 400

= 5n = 1956 20.45¢Gyph.
X =3 inches.
X% = 0.7 inches.
n= %:—Q= 4.29.
2n = 19.56.

Problem: In the same radiologically contaminated area,
the dose rate has decayed to 180 cGyph at H + 2 hours.
Which of the following would offer you more protection
from the radiation: a wooden building with 2-inch walls; a
concrete bunker with 6-inch walls; a foxhole with 12
inches of earth cover?

Solutions:

Euilg)ing: Ro= 180 cGyph.

X% = 8.8 inches.

X = 2.inches.
2.0
n= 58 0.23.

Bu_r1§er: Ro= 180 cGyph.

X% = 2.2 inches.

X =6 inches.
6.0
n= E“i = 2.73.

Fozhrg)le: Ro= 180 cGyph.

X% = 3.3 inches.
X =12 inches.
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6.0

n= .=

22" 3.64.

Answer: A foxhole with 12 inches of earth cover would
give the best protection.

Note: The higher the n, the higher the 2n; so, the better
the protection. The higher 2n divided into the Rowill result
in a smaller R.

Problem: You are located in a tank in a radiologically
contaminated area. The dose rate inside is 75 cGyph. The
tank has approximately 2 inches or armor plating (steel).

Find: What is the approximate outside dose rate?

Solution:

Ro=6.95 X 75 = 521.25 cGyph.

Table B-1. 2n values and guide for safe siding 2n values (right)

X%2 = 0.7 inches (from Table B-3).

R =75 cGyph.

X = 2.0 inches.
_ 20 _

n= 7= 2.86.

2n = 6.95 (from Table B-1, next page).

The guide for safe-siding depends on the unknown
variable. For example, if the thickness is unknown, find X
in the unknown column, read to the right. Enter the table
with 2n, select the larger value of 2n, and leave with the

value of n corresponding to that larger value.

Note: Gamma radiation energy varies.

Unknown Enter 2n Table With Select Leave 2n Table With
XY 2n Smaller 2n n
X 2n Larger 2n n
R n Smaller n 2n
R, n Largern 2n
n 2n n 2n n 2n n 2n n 2n
0.0 1.000 4.5 22.6 9.0 512 13.5 11.600 18,0 262,000
0.1 1.072 4.6 24.2 9.1 550 13.6 12,900 18.1 279,000
0.2 1.149 4.7 259 9.2 580 13.7 13,300 18.2 299,000
0.3 1.232 4.8 27.8 9.3 630 13.8 14.200 18,3 320,000
04 1.320 4.9 29.8 9.4 680 13.9 15,400 18.4 327.000
0.5 1.415 5.0 32,0 9.5 720 14.0 16,384 18,5 369,000
0.6 1.515 5.1 34,2 9.6 770 14.1 17,600 18.6 395,000
0.7 1.627 5.2 36,7 9.7 830 14.2 18,850 18,7 426,000
0.8 1.743 5.3 39.2 9.8 890 143 20.200 18.8 456,000
0.9 1.868 54 42.1 9.9 950 14.4 21,800 18.9 492,000
1.0 2.00 5.5 45.2 10.0 1,024 14.5 23,200 19.0 525,000
1.1 2.15 5.6 48.4 10.1 1,100 14.6 24,800 19.1 564,000
1.2 2.30 b4 52.0 10.2 1,180 14.7 26,600 19.2 594,000
1.3 2.47 5.8 56.0 103 1.26Q 14.8 28,500 19.3 646,000
1.4 2.57 59 60.0 104 1,350 14.9 30,600 194 696,000
1.5 2.83 6.0 64.0 10.5 1,455 15.0 32,768 19.5 738,000
L6 3.03 6.1 68.0 10.6 1.566 15.1 35.100 19.6 788,000
1.7 3.25 6.2 74.0 10.7 1,670 152 37,600 19.7 852,000
1.8 3.48 6.3 78.0 10.8 1,780 15.3 40,200 19.8 903,000
1.9 3.713 6.4 84.0 10.9 1,920 154 43,200 19.9 974,000
2.0 4.00 6.5 90.0 11.0 2,048 15.5 46,400 20.0 1,050,000
2.1 428 6.6 97.0 11.1 2.200 15.6 49,600
22 4.59 6.7 104.0 11.2 2,360 15.7 53,300
23 4.95 6.8 112.0 11.3 2,530 15.8 57,400
24 5,28 6.9 119.0 114 2,640 15.9 61,600
2.5 5.65 1.0 128.0 11.5 2,900 16.0 65,536
2.6 6.05 7.1 136.0 11.6 3,110 16.1 69,700
27 6.50 1.2 146.0 11.7 3.330 16.2 75,800
2.8 6.95 1.3 157.0 11.8 3,560 16.3 80,000
2.9 7.45 14 170.0 1.9 3.820 164 _86.200
3.0 8.00 1.5 181.0 12.0 4,096 16.5 92,300
3.1 8.55 7.6 194.0 12.1 4,390 16.6 99,500
32 9,18 1.7 206.0 12.2 4,700 16.7 107,000
33 9.85 1.8 220.0 123 5.070 16.8 115,000
34 10.60 1.9 240.0 12.4 5,420 16.9 122,000
3.5 11.30 8.0 256.0 12.5 5.790 17.0 131,072
3.6 12.10 8.1 272.0 12.6 6,200 17.1 139,000
3.7 13.00 82 292.0 12.7 6,760 12.2 150,000
38 13.90 83 312.0 12.8 1,120 173 162,000
3.9 15.00 8.4 338.0 12.9 7,630 17.4 174,000
4.0 16,00 8.3 360.0 13.0 8,192 11.5 186,000
4.1 17.20 8.6 385.0 13.1 8,760 17.6 199,000
4.2 18.40 8.7 415.0 13.2 9,410 17.7 211,000
43 18.70 8.8 445.0 13.3 10,100 17.8 228,000
4.4 21.20 8.9 480.0 134 10,870 17.9 246,000
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