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1. INTRODUCTION 

Non-destructive testing 'NDT) plays an important role in 
assessing the quality of materials. Various methods are used for 
this purpose. Radiography by X-rays and gamma-rays is one of the 
NDT methods used. 

It is very important to consider the shielding requirements 
needed for the safe operation of radiographic facility and also 
for the safety of the workers because of the health hazards involved 
with radiation. There are number of mathematical formulae used to 
estimate the required shielding for an X-ray tube operating at 
maximum rated voltage or a gamma radiation source having fixed 
energies. This report covers the shielding requirements for*a 150 
KV constant potential X-ray unit operating at maximum rated voltage. 
In addition, the report is a guide for the design of shielded 
enclosure required for X-rays machines in general. 

2. SHIELDING CALCULATIONS 

For the shielding calculations of an X-ray laboratory, three 
kinds of radiations are taken into consideration,• namely, the 
primary radiation, the leakage radiation and the scattered radiation. 

Primary radiation are the radiation which are emitted by the 
X-ray machine through the window in its shielded housing. 

Leakage radiation are the radiation which are emitted by the 
X-ray machine through the shield material or the housing. 

Scattered radiation are the radiation which are produced due 
to the interaction of the primary and leakage radiation with the 
surrounding materials. The shield barrier when used for protection 
against the primary radiations is called primary protective barrier, 
and the shield barrier which is used for protection against the 
secondary radiation i.e. leakage and scattered radiation, is called 
as secondary protective barrier. 
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2.1 Calculations for Primary Protective Barrier 

For shielding calculations of the primary protective barrier, 
following factors are to be taken into considerations:- (i) 
Exposure rate in Roentgen per mA-min, (ii) whether the position 
is inside or outside of a controlled area (the design level 
for controlled area is 0.1 Roentgen per week i.e. 0.1 R/wk and 
for outside controlled area is 0.01 R/wk), (iii) the use factor, 
U, (the fraction of time the beam may be directed towards a 
given barrier) , (iv) the occupancy factor T, (v) the transmission 
factor K (i.e. the fractional reduction in beam intensity on 
passing through a shield), and (vi) the distance 'd' in meters 
between the source and the position to be shielded. 

2.1.1 Exposure-rate 

To assess a shielding requirement it is necessary to 
. knew the exposure-rate, this information may be given by 
thf> manufacturer but it is advisable to use measured values 
provided they have been obtained with a properly calibrated 
instrument in carefully. controlled conditions. If it is 
not possible to obtain a precise measure of the exposure-rate 
than Figures 1 to 6 attached to this report may be used. 
Figures 1 to 6 give exposure-rates in R/mA-min fcr different 
KV setting of X-ray machine having a certain inherent 
filter thickness. Knowing the exposure-rate at a given 
point it can then be determined at any other point from 
the inverse square law. For instance, an exposure-rate of 
Y at a distance of d cm from the tube target becomes 

2 Y(d/d.) at a distance of d., cm. The output is directly 
proportional to the current (mA) and increases with KV as 
can be seen in Figures 1 to 6. Departure from the inverse 
square law occurs if air absorption becomes significant. 
The data in table-1 may be used as a rough guide to know 
the percentage reduction in beam intensity due to air 
absorption. 
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Exposure-rate are quoted in Roentgens per hour (R/hr) 
or Roentgen per mA-minute (R/mA-min). It may be required 
in milli-Roentgen per hr (mR/hr) or millirad in air. 

Although milirad is a slightly larger unit then the 
milli-Roentgen, calculations giving the required answer in 
milli-Roentgen rather than millirad will be acceptable for 
practical purposes. 

2.1.2 Occupancy Factor, T 

Allowance can be made for the degree of occupancy of 
areas near the radiation room; in this way the barrier 
thickness can be adjusted to that actually required. For 
instance, a stairway is assumed to be occupied only one 
sixteenth of the time by the person as compared to a 
controlled area, therefore the occupancy factor is one-
sixteenth, reducing the shielding requirement by 4 half-value 
layers or 4 HVL (HVL, the thickness of the shield required 
to reduce the initial beam intensity by half). For locations 
normally occupied by radiation workers, this factor should 
be assumed to be 1. 

The protection requirements depend not only on present 
but also on possible future use of the area. Often the 
size of the area permanently restricts the occupancy e.g. 
a corridor too narrow for a desk can not be converted to 
an office. Occupancy factors for a number of locations are 
listed in table 2. These should be considered only as 
guide because local conditions may require adjustment of 
the suggested occupancy factors. Where there is any doubt, 
it is safer and more economical to provide the increased 
protection initially rather than to add to the shield 
later. 

2.1.3 Use Factor; U 

Generally the primary radiation will not be pointed 
at any one barrier for the entire operating time. The 
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fraction 'U' of the workload to which a given barrier is 
exposed is called the use factor for that barrier. (Work 
load 'W* -is the total operating time multiplied by the 
maximum mA rating of the X-ray machine and it is exposure 
in mA-min.). 

In an X-ray radiographic laboratory, the primary 
radiation are usually directed towards the floor. Occassio-
nally. the pri.nary radiation may be directed towards the 
walls and very rarely towards the ceiling. For such a 
laboratory the use factor for the floor, walls and ceiling 
may be assumed as 1,1/4 and 1/16 respectively.. Different 
use factors for floor, walls end ceiling may be assumed 
depending upon the direction of the primary radiations. 

Use factor is equal to unity for all secondary barrier 
computations because the secondary barrier requirements 
are less affected by the direction of the primary radiation. 

2.1.4 Conversion of Unit from R/mA-min to R/wk 

If an exposure-rate, X is given in R/mA-min and it 
is to be converted to an exposure-rate 'Y' in R/wk then 
the following relation is used: 

Y = XW (1) 

Where W is known as the work-load of the X-ray machine and 
is defined as the product of the total operating time in 
minutes per week of the X-ray machine and the maximum 
milli-ampere (mA) rating of the X-ray machine. Example: If 
a machine, having maximum KV and mA ratings of 300 KV and 
12 mA respectively, is to be operated for a time of 10 
hour per week and if the exposure-rate at lm from the 
machine is 10 R/mA min, then the exposure rate at 1 m in 
R/wk can be calculated as follows: 
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W = (10 x 60 min/wk) x (12 mA) 
W = 7200 mA-min/wk, X = 10 R/mA. min. 
Y = XW Y = 7200 x 10 = 72000 R/wk 

2.1.5 Transmission Factor, K 

Transmission factor, ' K* is defined as follows: 

Required exposure-rate in R/wk at a point A, which 
is at a distance 'd' from the source after the shield 
barrier is interposed between the source and the 
point A 

K= 
Exposure-rate in R/wk at point A w ithout the shield 
barrier between the x-ray source and the point A. 

For example if the exposure-rate at one meter from the 
X-ray machine is X R/wk then using inverse square law, the 
exposure-rate at a point 'A* which is at a distance 'd' 2 from the X-ray machine would be X/d R/wk, and now if the 
required exposure-rate after shielding at point A is P 
R/wk, then the transmission factor K would be 

K = Pd2/X (2) 

In equation (2) both the use factor, 'U' and occupancy 
factor, T. are taken to be unity. If different values of 
use factor, U and occupancy factor, T are to be used then 
equation (2) is modified as follows: 

K = Pd2/XTU (3) 

2.1.6 Procedure for Calculation of the Thickness of the 
Primary Protection Barrier 

The procedure for the calculation of the thickness 
of the primary protective barrier is as follows:-
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i) Measure the exposure-rate at 1 meter from 
the machine with e calibrated radiation 
measuring instrument, if direct measurement 
is not possible then determine the exposure-
rate using Figures 1 to 6. 

ii) Using (i) and applying inverse square law, 
determine the exposure-rate at the point to 
be shielded. 

iii) Determine the occupancy factor T using table 
2 as a guide. 

iv) Determine the use factor, for the barrier 
from para 2.1.3. 

v) Allocate the exposure-rate to be permitted 
at the point to be shielded, after shielding 
the permitted exposure-rate in controlled area 
is 100 mR/wk and for uncontrolled area the 
exposure-rate is 10 mR/wk. 

vi) Using equation (3), calculate the transmission 
factor K. 

vii) Using Figures 7 to 16 and Table 3, the calcu
lated value of K determines the thickness of 
the primary shielding barrier. 

2.1.7 Considerations for the Use of Figures 1 to 16 

i) X-ray out-put data is given in Figures 1 to 
6 and broad beam transmission data is given 
in Figures 7 to 16 for various shield 
materials. For energies less than 500 KV, 
shieldirigs are usually made of either lead, 
plywood, steel, bricks, concrete or barium 
concrete blocks. To obtain transmission data 
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for materials other than lead or concrete 
reference should be made to T&ble 3. This 
table gives the lead equivalence of various 
materials and although the data refers to 
narrow beam conditions. They can be assumed 
to apply to broad beam conditions with 
sufficient accuracy. 

The kilovoltage of the X-ray tube may be 
given as constant potential or as the peak 
voltage i.e. pulsating potential. Constant 
potential X-ray tubes usually give a harder 
spectrum than pulsating potential sets at 
the same KV setting and, therefore, constant 
potential sets may require more shielding. 

Where ever possible, transmission data has 
been given for both pulsating and constant 
potential generators. Where data is not 
available, it is normally safe to assume that 
a constant potential unit requires approxi
mately 10% grearer thickness of shield than 
a pulsating unit, if all other conditions 
are the same. 

Although changes in filteration do change 
the spectrum of the beam and the set output, 
it is found that the transmission factors 
required are so small that the shield thickness 
is very large compared with the small 
differences in filterations, and these 
differences in filter thickness have little 
effect on the total shield thickness required, 
where transmission data for a particular 
filteration is not provided, following 
procedure is recommended. Suppose the output 
R/mA-min, of an X-ray unit is known for a 
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filteration x, but the only transmission data 
available for the same is for a different 
filteration y. The thickness of shielding 
required to reduce the exposure rate to the 
required value as read off from the trans
mission curve be 2. The shielding required 
for the beam of filteration x is then Z t 
(y-x) where x and y are both expressed as 
equivalent thickness of the shield material. 
The equivalent may be obtained from Table 3, 
failing this it is recommended tnat the data 
at the same KV for either an unfiltered beam 
or from one with filteration less than that 
which is required can be used. In general Z 
alone may be used. 

2.2 Calculations for Secondary Protective Barrier 

2.2.1 Shielding Calculations for Leakage Radiations 

2.2.1.1 Exposure Rate 

The exposure-rate due to the leakage radiations 
would be at its maximum at the highest operating 
voltage and milli-amperage of the x-ray tube. For 
any particular commercial tube housing, the maximum 
radiation exposure rates due to leakage radiation at 
the surface and at 1 meter from the target may be 
specified by the manufacturer. In the absence of 
manufacturers data for leakage radiations, measure
ments should be made. The most useful measurement 
would be made with a calibrated ionization, chamber 
instrument from the target with the useful beam port 
carefully sealed. 
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2 Procedure for Calculations of Shielding for 
Leakage Radiation 

i) Determine the exposure-rate, say S 
(R/hr) at one meter 2.2.1.1. 

ii) Using the exposure-rate S(R/hr) at 
one meter and applying inverse 
square law, determine the exposure-
rate, D, in mR/hr at the point which 
is to be shielded. 

iii) Allocate the exposure-rate to be 
permitted at the point to be 
shielded. Let the allocated 
exposure-rate be P (mR/hr). 

iv) Determine the transmission factor 
K by the following relations: 

K = P (mR/hr) 
D (mR/hr) 

v) Calculate the number of tenth value 
thickness required, say, N, from 
the following relation: 

N * - log 1 Q K 

vi) Using Tabel 4 determine the appro
priate value of tenth value thick
ness (Appropriate value means that 
the value of the tenth value thick
ness which corresponds to the 
maximum KV of the X-ray machine). 
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vii) Multiplication of (v) and (vi) would 
give the required thickness of 
shielding for leakage radiation. 

2.2.2 Shielding Calculations for Scattered Radiations 

2.2.2.1 Factors Governing the Exposure-Rate for 
Scattered Radiations 

The exposure-rate from scattered X-rays varies 
with the scattering material, the area of material 
exposed to X-ray, the energy of the primary X-rays 
and the scattering angle. 

i) Scattering material: Figure 18 gives 
a comparison of the scatter for a 
couple of common shield materials. 
This data is for thick shields and 
90° scatter. 

ii) Area Irradiated: Figure 17 gives 
the variation of percentage scatter 
with irradiated area for X-rays 
between 100 KV and 300 KV having 
filteration similar to that used 
in obtaining Figure 18. It can be 
seen that the scatter produced 
increases lineraly with area up to 
about 2500 cm 

For high energy X-rays the 
roughly linear relationship between 
percentage scatter and irradiated 
area may be assumed to hold for 
the field sizes normally encountered 
in industrial radiology, although 
it may lead to some over estimate 
of scatter for very large areas. 
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Energy of Primary Beam: The 
variation of scatter with the energy 
of the primary beam is shown in 
Figure 19. 

Scattering Angle; Figure 19 shows 
the variation of scatter for medium 
energy and 6 MV X-ray and Co-60 
gamma rays. The data refers to 
variation of scatter for varying 
angle of scatter i.e. the angle 
between the forward unscattered 
direction and the direction of 
interest as indicated by 0° in the 
inset diagram in Figure 17. 

Angle of Incidence; Data is provided 
for the angles of incidence, namely, 
0° in Figures 17 and 19 and for 
45° in Figure 18. It can be seen 
that the scatter is much less for 
0° or normal incidence, than from 
45° for instance, for 200 KV X-rays 
incident on a brick or concrete 
wa 11: 

Angle of Angle of % Scatter lm 
incidence Scatter 

0° 90° 0.016 

45° 90° 0.023 

Although problems involving 
glancing incidence on a shield are 
not very common, the scatter at a 
given scattering angle will be 
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greater than that shown in Figures 
17 to 19. It is recommended to make 
some allowance for this. 

2.2.2.2 Exposure-rate 

It is found that the exposure-rate at point 
at a distance 'd' from the scatterer in R/min is 
given by the following equation: 

D s = S x _A_ x D i x ê_° (4) 
100 200 d °90° 

Where S = the percentage of incident exposure rate 
2 scattered to 1 m per 100 cm irradiated area (the 

ordinate of Figure 18) ; A = the irradiated area in 
2 cm , taking note of the departure from linearity as 

indicated in Figure 17; D = the exposure rate in air 
of the primary beam at the point of incidence in the 
absence of measured data, Di is determined using 
Figure 5; d = the distance of the point to be shielded 
from the point of incidence; 0° = angle of scatter 
9 = the ratio of the ordinates for scatter angles 

of 6° and 90° as read from Figure 19. 

2.2.2.3 Shielding Required for Scattered Radiations 

Having determined the scattered exposure-rate 
at a point, the only remaining parameter needed to 
assess the shielding requirement is the energy of 
scattered radiationi This depends on the incident 
energy and als.o on the angle of scatter. In the 
absence of specific data the rule applied for the 
calculation of the shielding barrier for scattered 
radiation is based on 90° scatter and attenuation 
characterestics in different energy bands. Below 500 
KV, and 90° scatter radiation may be assumed to have 
the same attenuation characteristics as the primary 
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beam; consequently the transmission data for the 
primary beam may be used to estimate shielding required 
for scattered X-rays. 

2.2.2.4 Procedure for the Calculation of Shielding 
for Scattered Radiations. 

The parameters S, A, Diand 6° used in 
equation (4) are determined as followp90° 

i) Calculate exposure-rate using equation 
(4). 

ii) If A1 is the total covered area of a 
scatterer covered by the primary beam 
then parameter A used in equation (4) 
could be calculated as: 

a) If A' 2500 cm2 then put A' = A 
in equation (4) 

2 
b) If A' 2500 cm then A is determi

ned as follows: 

Using Figure 17, determine the 
percentage of incident exposure-
rate scattered at 1 meter for A' 
say it is X. Now take the abcessa 
of any point in linear range of 
the curve of Figure 17, say Z 
cm . 
then 
2 cm . Let the ordinate of Z be Y, 

A = Z x X/Y (5) 
2 Example: If A' * 4900 cm then from Figure 

17 ̂ the percentage of exposure 
rates scattered to 1 meter 
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corresponding to 4900 cm and 2500 2 cm (abcessa of a point on the 
linear portion of the curve of 
Figure 17) are 2.68 and 1.8 res
pectively and thus 

A = 2500 X2.68 = 3722 cm2 

1.8 

2 i.e. instead of 4900 cm , we are to 
2 use 3722 cm as A in equation (4). 

ii) Determination of A'; If the emergent 
beam angle is 0° and the distance of 
the x-ray machine from the scatterer 
is d then from Figure 20 we have:-

X = d tan 6/2 (6) 

and A = IX 2 (7) 

iii) Determination of S; For the determi
nation of S, take the maximum KV rating 
and read the value of X corresponding 
to it from Figure 18 using the curve 
of the material on which the radiation 
are incident. 

Example: For 500 KV, and concrete the value 
of S is be 0.024. 

iv) Determination of Pi; The value of Di, 
if possible should be measured experi
ments . The measurement should be made 
with a properly calibrated radiation 
detector. If it is not possible then 
its value can be determined from 
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Figurel-6 as follows:-

a) Take the maximum value of KV that 
can be applied. 

b) Read the value of exposure rate, 
in R/mA-irin at 1 meter, corres
ponding to this value. 

c) Determine the distance between the 
point of incidence of X-ray and 
the X-ray tube, let it be d. 

d) Determine the exposure-rate at the 
point of incidence by inverse 
square law. 

e) Multiply the exposure-rate 
calculated in (d) by the maximum 
mA rating of the X-ray machine, 
and this gives the value of Di 
in R/min at 1 meter. 

v) Determination of the ratio 8° : It 
is determined as follows: 9 0 ° 

a) Determine the angle of scatter 
of the scattered radiation. 

b) Determine the value of percentage 
of incident exposure-rate scat-

2 tered to 1 m per 100 cm irradiated 
area for the angle determined in 
step (1) above and 90° using the 
curve for the appropriate KV range 
in Figure 19. 
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c) The ratio of the value for the 
angle determined in (a) to the 
value for 90° is the ration 6" . 

°90° 
After having determined the exposure-
rate, the thickness of the shielding 
material could be calculated according 
to the rule given in para 2.2.2 from 
the transmission data in Figures 7 to 
16. 

2.3 Thickness of Secondary Barrier 

Secondary protective barrier shield against the leakage 
and scattered radiation, as these two radiation are generally 
of different quality, the shielding required to reduce each to 
the design level is usually computed by adding one half value 
layer (HVL) to the greater thickness to obtain the required 
barrier thickness. If the calculated values for both shields 
are almost same then only the larger is to be taken as shielding 
thickness. 

3. DESIGN FOR THE FLUOROSCOPIC LABORATORY AT 503 AVN BASE WORKSHOP 

3.1 Equipment Details 

Data used for carrying out calculations of wall thickness 
is as follows:-

a) Max operating voltage constant potential 150 KV. 

b) Shielded Beryllium window tube anode type KB 150/2. 

c) Beryllium window thickness 1mm. 

d) Focal spot size Max current 

i) 2.5 mm x 2.5 mm, 12 m Amps 

ii) 0.4 mm x 0.4 mm, 3 m Amps 
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e) Emergent beam angle for leakage radiations - 40°. 

f) Exposure rate according to NBA, DIN, ASA & Swiss 
standard specifications 540 mR/hr 

g) Max. Permissible Dose: 

i) Controlled area 100 m week 

ii) Uncontrolled area 10 m week 

h) Total working hours 40 hrs/week. 

j) use factor of machine 0.25 

k) working hours for machine 10 hrs/week 

1) Concrete Density 3.2 gm/cm 

3.2 Shielding Calculations for Different Walls 

3.2.1 Thickness of Wall A 

Rfer to the drawing (Figure 20): 

a) Work load * W * (Machine operating time in 
minutes) x (Maximum m.A rating of the x-ray 
machine). 

= 10 x 60 x 12 - 7200 mA min 

b) Machine operting time = 10 hrs/wk. 

c) Occupancy factor, T = 1/4 because area A is 
helicopter parking area, which remains 
partially occupied during working hours. 

d) Use factor U = 1 as the beam will be directed 
most of the time towards wall A. 
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e) Exposure-rate at 1 meter from 150 KV X-ray 
machine 1 mm thick Be window using Figure 3 
is 14 R/mA-min. 

f) Distance of the point to be shielded from 
the X-ray machine = 8.25 ft = 2.51 m. 

g) Exposure-rate at 2.51 m = 14 x 1/(2.51)2 

= 2.22 R/mA-min 

h) Exposure-rate in R/wk at the point to be 
shielded = 2.22 x work load = 2.22 x 7200 

= 3996 R/week. 

i) After shielding, the dose is to be reduced 
to 10 m rem/week. As mrem is slightly larger 
than m Roentegen. Hence calculations based 
on/mrem/would be safer 

j) Transmission factor, K = Max permissible Dose 
Total exposure 

= IP"2 

3996 
= 2.5 x 10" 6 

k) From Figure 8 for K = 2.5 x 10~ the concrete 
wall thickness required for shielding is 
= 375 cm, 

1) The value is applicable for pulsating potential 
and can be directly used for a constant 
potential unit, however the thickness is 
required to be increased by 10%. Hence the 
required wall thickness =37.5+3.75 . 

» 41.25 cm of concrete. 
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m) Existing wall thickness = 9" (Bricks) = 22.86 
cm concrete equivalent factor for Bricks = 
0.11 (from Table 3). 

n) Existing wall thickness in terms of concrete 
with density 3.2 gm/cm = 22.86 x 0.11 

= 2.515 cm. 

o) Additional wall thickness = 41.25 -2.5 

= 38.75 cm of concrete 

3.2.2 For Wall B 

a) Use factor = 1/4. 

b) Occupancy factor =1. 
c) Distance from point to be shielded = 2.67 m. 
d) Exposure rate at 1 m from 150 KV with 1 mm 

thick of Be window using Figure 3 = 14 R/mAjnin. 
e) Exposure rate at 2.67 m from the machi e 

= 14/(2.67)2 = 1.964 R/mA-min. 
f) Exposure rate in R/wk = 1.96 x 7200 

= 14139.06 R/week 
g) Modified exposure rate by taking into conside

ration the use and occupancy factors 
= 14139.6 xlxl/4 = 3534.9 R/w. 

h) Permissible level = 10 m R/wk. 
j) Transmission factor K » 10x10-/3534.9 

= 2.8 x 10" 6 

k) From Figure 8 (Pulsating potential unit), 
for K = 2.8x10 wall thickness = 37.0 cm is 
the reqiured shielding 

1) For constant potential unit, thickness 
- 37 + 10% of 37.0 = 37.0 + 3.70 = 40.70 cm. 

m) Existing wall thickness in terms of concrete 
= 2.5 cm (9" of bricks) . 

n) Additional thickness required • 38.2 cm. 
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3.2.3 Wall C 

If the proposed wall E is built then it is not 
required to modify wall C. In case wall E is not built 
then the fire-extinguisher plant located in Area E would 
have to be shifted. Assuming that wall E is not to be 
built, wall thickness for wall C would be calculated as 
follows. 

a) Use factor, U = 1/4. 
b) Occupancy factor, T = 1. 
c) Distance from point to be shielded d = 7.5' 

+ 14.5' = 22' = 6.7m. 

d) Exposure rate at d (using Figure 3, taking 
exposure-rate of 14 R/mA-min at 1 m from 150 
KV machine of 1 mm Be window) = 14/(6.7) = 
0.31 R/mA-min = 0.31 x 7200 = 2245.49 R/wk. 

e) Exposure-rate = 2245.49 R/wk. 

f) Exposure-rate after taking use and occupancy 
factors into considerations = 2245.49 1x11/4 

= 561.37 R/wk 

g) Transmission factor K = 10x10 /561.37 
= 1.78 x 10~ 5 

h) Thickness of concrete (Figure 8) for Pulsating 
potential unit = 31.5 cm. 

j) For constant potential units 
= 31.5 + 10% of 31.5 = 31.5 + 3.15 cm = 34.65 cm 

k) Existing thickness = 2.5 cm. 

1) Additional thickness required = 32.15 cm. 
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Wall D 

a) Use factor U = 1/4. 
b) Occupancy factor = 1/16. 
c) Distance from point to be shielded, d = 2.67 

m. 
d) Exposure rate at distance, d, (using Figure 

3, the exposure-rate is 14 R/mA-min at 1 m 
from 150 KV X-ray machine with 1 mm thick 
Be-window) = 14/(2.67)2 = 1.96 R/mA-min. 

e) Exposure rate in R/wk = 1.96x7200 
= 14112 R/wk 

f) Exposure-rate in R/wk after taking use and 
occupancy factors into consideration = 14112/ 
4x16 - 220.5 R/wk. 

g) Transmission factor = 10x10" /220.5 
= 4.5xl0-5 

h) From Figure 8, the required concrete thickness 
= 29+2.9 = 31.9cm. 

k) Existing thickness = 2.5 cm. 
1) Additional thickness required =29.4 CM. 

Wall E 

a) Use factor = 1/4. 
b) Occupancy factor = 1. 
c) Distance, d, from X-ray machine of point to 

be shielded = 7.5* * 2.29 m. 
2 

d) . Exposure rate at distance, d = 14/(2.29) = 
2.67 R/mA-min (Using Figure 3, taking the 
exposure-rate of 14R/mA-min for 150 KV machine 
with 1 mm thick Be window). 

e) Exposure rate in R/wk = 2.67x7200 
= 19221.6 R/wk 

f) Exposure rate in R/wk after taking use and 
occupancy factors into consideration 
= 59221.6/4 * 4.8xl0+3 R/week. 
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g) Transmission factor = 10x10/4.8x10 =2.1 
x 10~ 6. 

h) From Figure 8, required thickness of concrete 
= 38 cm. 

i) For constant potential unit-Thickness of 
concrete = 38 + 10% of 38 = 38 +3.8 

= 41.8 cm 

3.2.6 Room Ceiling 

At the moment there is nothing on top of the room, 
but a building can be made on top of it if there is 
requirement of utilizing the space on top of this room, 
the roof thickness can be very easily calculated using the 
same procedure as has been used for calculating wall thick
nesses, the report has the in built flexibility to accomodate 
any changes occuring in factors used for calculations. 
Required wall, roof and floor thicknesses can be calculated 
with the help of attached figures and graphs. 

3.3 Shielding Calculations for Beam Direction Either Towards 
Floor or Towards Wall A. 

3.3.1 Beam Directed Towards Floor 

3.3.1.1 Calculation of the Irradiated Area A of the 
Floor 

Using Figure 22 the irradiated area A of the 
floor for various X-ray machine heights is tabulated 
in Table 5, where 

x = radius of beam projection area on the 
floor. 
r » Distance of tube head from floor. 
'A = Projected area of the beam. 
A = Corrected area after applying correction 
factor from Figure 17, A ='A for A' 2500 
cm2. 
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Correction factor = Area factor of 'A x 2500 
1.80 

a) Using Figure 3, exposure-rate at 1 m 
from 150 KV X-ray machine with 1 mm 
Be window = 1 4 R/mA-min. 

b) Exposure-rate in R/min for maximum m.A. 
rating of 12 = 14 x 12 R/min 

= 168 R/min 
c) Using the exposure-rate in R/min of 

(b) , the exposure-rate, Di, at the 
floor and the product DixA for different 
machine heights are tabulated in Table 
6. 

The product of AxDi is max. for x=0.5m, Hence 
we carried out. our calculations based on this value 
of x. For rest of the values of x, the scattered 
radiation intensity would be less. 

3.3.1.2 Thickness of Wall A and E 

a) Using Figure 23, the exposure-rates 
incident on wall A and Wall E for 
machine pbsitions A and E and for 
different angles are tabulated in Table 
7. The maximum value of Ds » 0.56 
R/min for 120° is used for the calcu
lation of the thicknesses of walls A 
and E. 

b) Exposure-rate/week = Dsx60xl0 
= 0.56 x 60 x 10 - 336 R/wk 

3.3.1.2.1 Thickness of Wall E 

a) Use factor = 1/4. 
b) Occupancy factor = 1. 
c) Exposure-rate in R/wk after taking 
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into consideration the use and 
occupancy factors = 336 = 84 R/wk. 

d) Transmission factor = 10xl0~ 
~ 5 T ~ A = 1.2 x 10"4 

e) Required wall thicknesses in 
concrete (For pulsating unit) = 
25.75 cm. 

f) Total wall thickness for constant 
potential unit 
= 25.75 + 2.575 = 28.325 cm 

3.3.1.2.2 Thickness of Wall A 

a) Use factor = 1. 
b) Occupancy factor = 1/4. 
c) Exposure-rate in R/wk after taking 

into consideration use and occu
pancy factor = 336 = 84 R/wk. 

4 
d) Rest of the calculations are the 

same as for wall E. 
e) Total thickness = 28.32 cm. 

Thickness of Walls B & D 

a) Using Figure 24, the exposure-rates 
on walls B and D, for machine positions 
B and D respectively, for different 
angles are tabulated in Table 8. The 
maximum value of Ds = 0.494 R/min for 
120°, is used for the calculation of 
the thicknesses of walls B and D. 

b) Exposure-rate per week * Ds x 60 x 10 
= 0.494 x 60 x 10 = 296.4 R/wk. 
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3.3.1.3.1 Thickness of Walls B 

a) Use factor = 1/4. 
b) Occupancy factor = 1. 
c) Exposure-rate in R/wk after taking 

in to consideration the use and 
occupancy factors = 296.4 =74.1 
R/wk. 4 

-3 
d) Transmission factor =10x10 /74.1 

= 1.35 x 10~ 4, (design level 
taken to be 10 mR/wk). 

e) Using Figure 8, wall thickness 
in concrete required for pulsating 
potential unit = 25.5 cm. 

f) Wall thickness for constant 
potential unit 28 cm. 

3.3.1.3.2 Thickness of Wall D 

a) Use factor = 1/4. 
b) Occupancy factor - 1/16. 
c) Exposure-rate in R/wk after taking 

into consideration the use and 
occupancy factor = 296.4 R/wk x 
1/4 x 1/16 = 4.63 R/wk. 

-3 
d) Transmission factor = 10x10 

•••• C3"* 

=> 2.16 x 10 , (design level taken 
to be 10 mR/wk). 

e) Using Figure 8, wall thickness 
required in concrete for pulsating 
potential « 17 cm. 

f) Wall thickness for constant. 
Potential unit = T7.0 cm + 10% of 17cm 
= 17 + 1.7 cm = 18.7 cm. 

3.3.1.4 Thickness of Wall C 

Using Figure 25, the exposure-rates incident 
on walj. C for machine position E and for different 
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angles are listed in Table-9. For the maximum value 
of D = 0.065 R/min for 120°, the exposure-rate 
determined in R/wk = 0.065 x 60 x 10 = 39 R/week. 
The other parameters being 

a) Use 'factor = 1/4. 
b) Occupancy factor = 1. 
c) Exposure rate in R/wk after taking 

into consideration the use and occu
pancy factors = 39 = 9.75 R/week. 

T~ -3 
d) Transmission factor = 10x10 

~9T75~ ^ 
= 1.025 x 10 

e) Using Figure 8, wall thickness required 
= 19 cm in concrete. 

f) Total wall thickness = 19 + 10% of 19 
(For constant potential unit)= 20.9. 

3.3.2 Beam Directed Toward Wall A 

When beam is directed to wall A, scattered radiation 
fall on rest of the walls in the room. Shielding calculations 
for different walls are as follows: 

3.3.2.1 Thickness Calculations for Walls B and D 

a) Use factor for Wall B = 1/4 and for 
Wall D = 1/4 resp. 

b) Occupancy factor wall B = 1/4 and for 
Wall D = 1/16 resp. 

c) Distance of tube head from wall B = 
2.44 m and wall D = 2.44 m/resp. 

d) Beam angle 40°. 
e) Distance of wall A from tube head = 

2.29 m. 
f) Total area of wall A covered by X-ray 

= 2.29 tai 
= 0.833 m 

2 beam * Ux where x = 2.29 t an 20° 
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Area covered by the beam A = 1 (0.833) 
2 = 21802 cm as shown in Figure 21. 

g) Applying area correction factor from 
Figure 17 

A = 2500 x 3.6 = 5000 cm 2 

h) Ds, exposure rate of scattered 
radiations in R/min at 1 meter per 

2 
100 cm , irradiated area. It is given 
by the ordinate of Figure 18. 2 j) A = the are irradiated (cm) , taking 
note of the departure from linearity 
as indicated in Figure 17. d = the 
distance from the point of incidence 
(m). 

k) 6° = â ngle of scatter. 
1) 6/ 90 = the ratio of ordinates for 

scatter angles 90° and e' as read from 
Figure 19. 

m) D. = the exposure rate in air of the 
primary beam at the point of incidence. 

n) The value obtained from calculation 
are: 
A = 5000 cm , S = 0.0225 (from figure 
18), D = 2.29 m, and D. = 32.03 R/min. 
(The exposure-rate at 1 m from 150 KV 
machine with 1 mm Be window is determi
ned using Figure 3), the value of Ds 
at different angles and design our 
shielding thickness for the max value 
of Ds. 

o) Calculated values of Ds are as per 
Table 8. 

p) Ds = 0.114 x R/min from Table 8 
Exposure rate = 0.114 x 60 x 10 

=68.4 R/wk 



- 28 -

3.3.2.1.1 Thickness of Wall B 

a) Exposure-rate in R/wk after taking 
into consideration the use and 
occupancy factors = 68.4 

= 17.1 R/week 
b) Transmission factor = 10x10 

17 1 (Design level is taken to be 10 
mR/wk), 

c) From Figure 8, we get thickness 
of wall for pulsating potential 
units = 21 cm. 

d) Applying correction factor for 
constant potential units thick
ness = 21 + 10% of 21 

= 23.1 cm 
3.3.2.1.2 Thickness of Wall D 

a) Exposure-rate taking into consi
deration the use and occupancy 
factor = 68.4 = 1.07 R/week. 

b) Transmission factor = 10xl0~ xnrr.3 
= 9 .35 x 10 J 

(Design level is taken to be B mR/week) . 
c) From Figure 8, we get thickness 

of wall for pulsating potential 
= 12.5 cm. 

d) Applying correction factor for 
constant potential unit, thick
ness = 12.5 + 10% of 12.5 = 12.5 
+ 1.25 = 13.75 cm. 

3.3.2.2 Thicki is Calculations of Wall C and E 

Wall C Wall E 
i) Use factor fc \ 
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ii) Occupancy factor 1 l 
iii) Distance from point 10.29 m 6.1 ra 

to be shielded 
iv) Angle of scatter 180° 180° 
v) Total area on the 174755 cm2 21802 cm 2 

wall covered by X-ray 
beam 

vi) Applying correction factor 
2 we get A = 5000 cm 

vii) The values of Os for the two walls 
are given in table-9 

3.3.2.2.1 Thickness of Wall E 

a) Max. Ds = 0.44 R/min. 
b) Exposure-rate = 0.044x60x1-0 

in R/wk =26.4 R/wk 
c) Exposure-rate in R/wk after taking 

into consideration the use and 
occupancy factors = 26.4 

4~~ 
• 6,6 R/wk 

d) Transmission factor = 10xl0~ 
6.6 . 

= 2.515x10 
(Design level is taken to be 10 
mR/wk). 

e) Prom Figure 8, the thickness for 
pulsating potential unit = 18 cm. 

f) Applying correction for constant 
potential unit. 
Thickness = 18 + 10% of 18 

= 19.8 cm 
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3.3.2.2.2 Thickness of Wall C 

a) Max. Ds = .0154 R/min. 
b) Exposure-rate = OJ0154 x 600 

in R/wk = 9.24 R/wk 
c) Exposure rate in R/wk after taking 

into consideration the use and 
occupancy factors = 9.24 

4 = 2.31 R/wk 
d) Transmission factor = 10x10" 

2.31 ,, 
= 4.33 x!0~ J, 

(Design level is taken to be lOmR/wk. 
e) Wall thickness for pulsating 

potential from Figure 8 = 15 cm. 
f) Wall thickness for constant 

potential unit = 15 + 10% of 15 
= 16.5 cm 

3.4 Leakage Radiation 

X-ray are generated in a target placed in the shielded 
container in all directions. The useful beam escapes from the 
source through a port in the shielding. But there is leakage 
from shielding surrounding the target. These radiation called 
leakage radiation, have also been catere.d for here. The data 
used is as follow: 

a) According to NBA, DIN, ASA & Swiss standard speci
fication, the exposure-rate for the unit = 540 mR/hr 

b) Distance for each wall is different hence rest of 
the calculations are tabulated in table-10. 

3.5 Thickness of Secondary Barrier 

Since the thickness of the walls calculated for scattered 
radiations are very much greater than the thickness of the 
walls calculated for leakage radiations, therefore, for practical 
purposes the thickness determined for scattered radiations must 
be used. 
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TABLE-1 

Percentage Reduction in X-ray Beam Intensity Due to 
Air Absorption. 

Distance (cm) 1 .5 MV 0, .5 MV 250 KV 100 KV 25 KV 

50 0% 0% 0% 1% 1.5% 
100 0% 1% 1% 2% 3% 
500 2% 4% 5% 8% 12% 

TABLE-2 

Occupancy Factors for Different Places 

Occupancy Occupancy 
Type Factor 

Area 

Pull 

Partial 1/4 

Occassional 1/16 

Controlled space, wards, 
offices, workrooms, darkrooms, 
corridors and waiting space 
large enough to hold desks, 
restrooms used by radiation 
workers, play areas, occupied 
rooms in adjacent building. 
Restrooms not used by radiologic 
personnel, unattended parking 
lots, utility rooms. 
Stairways, automatic elevators, 
streets closets too small for 
future workrooms, toilets not 
used by radiographic personnel. 
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TAUUi 3 LEAD COUIVALCNTS OP VARIOUS MATERIALS FOR NARROW HEAM X-RAYS. ALL 
DATA FOR PULSATING POTIiNTIAL GCNCRATORS (USE ONLY AS A GU1DC FOR UROAD JiL-AMS) 

Lead «|uirolcuU al avalial kUovolUco of 
Material Mcaa Malarial 

dcnuiy tnkkutu __ . . "' "" ...... - ... $0 40 75 *5 100 120 125 I-W 150 200 250 JOU •ma 

mm in nun mm mm mm mm mm nun mm mm nun mm nun mm 

Urick, yellow stock 1-6 elan* 114 4J* 0-7 0-9 1-0 0-9 0-9 1-2 1-3 1-5 
i • • • ' > ' > .: • •' (100 lb/ft') 223 9 1-G 2-0 2-4 2-0 2-0 2-8 3-7 5-6 

'J '0 • .• 343 13J4 
457 10 

3-2 3-7 3-1 
4-3 

3-1 
4-3 

4-9 
7-2 

0 0 
LO-0 

10-3 
1 5 2 

• V * . 
Borytet plaster or 3-2 (/cm* 
concrete ••• (200 lb/ft 1) 12-7 J4 1 2 1-8 2-2 1-2 0-9 o-a 0-8 0-9 
foriUml cement base 1 9 1 : * 1-9 1-2 1-2 1-3 1-6 
ConipOMtiun by 
volume 25-4 1 2-3 3-3 4 1 2-3 1-8 1-7 1-9 2 1 
2 parts coarse IfciSO, 38-1 1V4 i 3-J 2-5 2-7 2-0 3-2 
2 |s»ru line llaS0 4 

ww» t I •1-3 3-4 3-7 4-0 4 5 
: i part cement 

or: 
1 part coarse UaSO, 

70-3 :•> ! !>'J 5-1 511 0-3 7-0 : i part cement 
or: 

1 part coarse UaSO, J02 «. 1 0-9 7 0 II0 •JO 
1 part fine lloM>4 127 1 1 0 3 13-1 

! 1'part cement 152 « • 10-5 

• * .*: .' 
• tlarytes plaster 2-0 e/cni* 1 2 * K 0-30 1-06 1 0 0 110 0--J0 0 7 0 
Gypsum base (Uritisn (12t> Ib/lV) 19-1 % 2-10 105 1-20 09.1 
Gypsum Ltd) 25-1 1 3 1 5 2-15 1-55 M 5 

a. 
0-7 n-r> Clinker concrete 1-2 g/cm» 102 4 0-7 n-r> 0 0 O-'J 

(75 lb/ft') 152 G 1 1 1 0 1-4 l b 

'• i '. •• 

203 0 
254 iO 
301 15 
50* 'JO 

1-0 
2 1 
3-3 

1-1 
l-'J 
3 0 
4 1 

2-3 
SS 
0-0 
9 1 

3 1 
4 0 
9-3 • 

14-9 

./.< 
Steel . , 7-9 8/cni» 

|4U3 lb/fi») 
0-79 Vis 
1-59 M. 

(-12 
l»-29 on 

0-VA 

o-i t; 
t)29 

0l '» 
OKU 

0-15 
0-25 

317 % , 0-50 0-55 o-iv 0-U O'.'Jl o-aa 0 2 8 0-2U 
' •,*; •-. i G35 « 0-52 0-52 1*53 0-52 
;•.>:••••£> . - . la* K 1 0 1-0 1 1 1 2 

.25-4 1 
1 0-039 

• 2 0 1-9 2-G 3-4 
. • ' ' \ • ' 

.25-4 1 
1 0-039 Jl.'i 0-lii o-i') o i a OJ0 

• . . • : • : : i c • " : 2 O-OVJ j-i'i 0-21 0-30 U.l.1 0-2M 

M'! :' ; :f:t , 3 ana 0-4/ 0-52 0-47 0 4 0 
• • • ' B i ' t • • ' • . ' ! • • ; • 

4 0-157 0 0 7 U-YI 0-5'J 0-49 j 
•' i. *-' " J r. ' 5 0-197 

6 0-23C 
10 0-39-1 
15 0-591 

0 8 7 0-!« 0-72 
1 1 2 , 0U5 

0-57 
0 0 7 

043 
O50 
OM) 
1-2 

0-13 
0-50 
OBO 
1-2 

. 0-43 
0-50 

.0-83 
•1-3 

0 4 3 
0i*> 
Otii 
I-!. 

20 0-7! • It. 1-5 1-9 2-4 
25 O-'JtHj I i 2 0 1-9 2-ti 3 3 

• '.'. . t 30 M B t ! 2-4 2-3 3-3 1-3 

t . l • ' '• 

35 1-3U 
40 1-57 
45 1-77 

1 
i 

2 0 
3-2 
3-0 

2-0 
3 0 
IS 

4-0 
4-7 
U-5 

5 4 
C5 
7 0 

50 1 9 7 « 1 4 0 3-7 0-4 KH 

r. 
lira**, yellow 
GS%Cu,»%Zn 

8-3j/cm» 
. (517lo/ft») 

0-7!) y n 0 2 5 0-21 0 J 9 017 0-15 0 1 2 0 1 0 
r. 
lira**, yellow 
GS%Cu,»%Zn 

8-3j/cm» 
. (517lo/ft») 1-59 ' / . 0 50 U-.Hi 0-30 0-27 0-21 0-20 

317 '/, 
0-35 H 

OIH 
1 

O'.rl 
1 0 0 

0-47 
0-79 

0-30 
0-C8 

0 3 3 
0-G5 

12-7 % 
2S-4 1 

0-03 
2 &D7 

J 
J 

0 3 6 

1 

0-26 i 0-23 
0-7J 1 041, 

0 2 1 
0 3 0 

0-ltt 
0-33 

1-3 
2-4 
0-15 
0-27 

1-2 
2-3 
014 
0-25 

3 0-1) 
4 015 
5 019 

10 0-31 

1) 
7 
7 
4 

0-7'.> 0' .2 
1 1 ' . ' : 0-CO 

! i 0-tt'i 
i 

0-45 
0-55 
0-C5 
1-lli 

0 3 5 
0-47 
0 0 0 
1 1 

0-33 
o-i:? 
0-aO 
095 

,; 
15 0-59 
VO 0-78 
30 Ml) 

1 
7 1 

t 
J-5 
2 0 

1-4 
1-8 
::•(, 

r * 40 1-57 1 ' ,.1..,..,. 
3 4 
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TABLE-4 

Half-value Thicknesses and Tenth-value Radiation (Broand 
Beam Conditions) Derived from Figs. 8-16 

Source 
Half-
Lead 

value thickness 
Concrete Lead 

Tenth-value thickness 
Concrete 

nun mm in mm cm in 

SOkVp 
50kV c p 

70kVp 

75kV 

0.07 3.8 0.15 0.23 1.34 0.53 SOkVp 
50kV c p 

70kVp 

75kV 

0.06 0.20 
SOkVp 
50kV c p 

70kVp 

75kV 
10.2 0.4 3.56 1.40 

SOkVp 
50kV c p 

70kVp 

75kV 0.17 0.58 
cp 

lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.19 0.63 cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.26 16.5 0.65 0.87 5.51 2.17 
cp 

lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.30 0.95 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.29 19.0 0.75 0.96 6.40 2.52 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.30 21.6 0.85 1.00 6.98 2.75 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.32 1.04 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.43 25.9 1.02 1.42 8.56 3.37 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.43 1.42 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.9 27.7 1.09 3.0 9.04 3.56 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

0.98 3.18 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

1.48 30.5 1.2 4.90 10.2 4.0 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

1.33 28.7 1.13 4.4 9.45 3.72 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 

2.47 29.7 1.17 8.25 9.98 3.93 

cp 
lOOkV 
100kV„„ cp 
125kV 
150kV 
lSOkB^ cp 
200kV 
200kV 

cp 
250kV 250kV^ cp 
300kV 
300kV„„ cp 
400kV„„ cp 
0.5MV 3.1 35.6 1.4 10.3 11.9 4.7 
1.0MV 7.6 45.7 1.6 25.2 15.2 5.9 
2.0MV 11.5 61.0 2.4 2.4 39.0 20.17.9 
3.0MV 68.6 2.7 22.6 8.9 
4.0MV 83.8 3.3 27.4 10.8 
6.0MV 102 4.0 33.8 13.3 
10MV 117 4.6 38.6 15.2 
20MV 137 5.4 45.7 18.0 
30MV 137 5.4 45.7 18.0 
38MV 137 5.4 45.7 18.0 
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TABLE-5 

Calculation of Irradiated Area. 

x at 20° 2 2 A=1x A=1x Corrected Area 
2 2 2 2 (m) beam angle (m ) (in ) (cm ) (cm ) 

0.5 0.182 0.033 0.1037 1037 1037 

1.0 0.364 
1.5 0.546 
2.0 0.728 

0.1325 0.416 4160 3472.24 
0.3 0.94 9400 4527.73 
0.53 1.666 16660 4972.22 

TABLE-6 

Exposure Rate Calculation for the Exposed Area of the 
Floor. 

x (m) A (cm2) D. 14x12 
' x 2 

D A x A 

0.5 1037.20 672 6.97X105 

1.0 3472.24 168 5.83X105 

1.5 4527.77 74.67 3.4X105 

2.0 4972.22 42 2.09X105 
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TABLE-7 

Scattered Dose at Various Distances and Angle of Scatter. 

d(m) d 2(m 2) °6° °eo/O90° A(cm2) S Di(R/min) Ds (R/min) 

2.29 5.23 90° 1 1037 .0225 672 0.2998 
2.44 5.94 110° 2 -do- -do- -do- 0.53 
2.52 6.38 115° 2.25 -do- -do- -do- 0.55 
2.64 6.99 120° 2.5 -do- -do- -do- 0.56 
2.8 7.815 125° 2.75 -do- -do- -do- 0.55 
2.99 8.94 130° 3.06 -do- -do- -do- 0.52 
3.56 12.7 140° 3.63 -do- -do- -do- 0.45 
4.58 21 150° 4.2 -do- -do- -do- 0.314 

** Valid for wall E and A 
Note Ds * S x _JV_ x Di x °e° 

100 x 100 2 °90° 

Ds is exposure rate due scattered radiations 
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TABLE-8 

Scattered Dost at Various Distances and Angle of Scatter. 

d(m) d 2(m 2) °e' °e o/°90 o A(cm2) S Di(R/min) Ds(R/min) 

2.44 5.95 90° 1 1037 .0225 672 0.26 
2.60 6.74 110° 2 -do- -do- -do- 0.47 
2.69 7.25 115° 2.25 -do- -do- -do- 0.49 
2.82 7.94 120° 2.5 -do- -do- -do- 0.494 
2.98 8.87 125° 2.75 -do- -do- -do- 0.49 
3.185 10.15 130° 3.06 -do- -do- -do- 0.47 
3.796 14.41 140° 3.63 -do- -do- -do- 0.4 
4.88 23.81 150° 4.2 -do- -do- -do- 0.28 

** Valid for wall B and D with source distance from floor = 50 cm 
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TABLE-9 

Scattered Dost at Various Distances and Angle of Scatter. 

d(m) d 2(m 2) °e* 
°90-

A (cm2) S Di(R/min) Dn(R/tnin) 

6.71 45 90 1 1037 .0225 672 .035 
6.81 46.42 100 1.49 -do- -do- -do- .05 
6.95 48.26 105 1.69 -do- -do- -do- .055 
7.14 51 110 2. -do- -do- -do- .061 
7.4 55 115 2.25 -do- -do- -do- .064 
7.75 60 120 2.5 -do- -do- -do- .065 
8.10 67.1 125 2.75 -do- -do- -do- .064 

* Valid for wall C. 

TABLE-10 

Shielding Thicknesses for Different Walls. 
Exposure at Transmi- No of 10th Thicknes 

Basic Distance point to be ssion Factor value thick- = NX 6.9 
Wall Exposure from tube shielded » K=max Permi- ness layers Thicknes 

Rate Head (m) Basic Expo- ssible expo- N = log K required 2 mR/min (d) sure/d sure 

A 540 2.29 103 mR/hr 0.098 1.01 7.05 cm 
B 540 2.44 90.7 mR/hr 0.11 0.96 6.7 cm 
C 540 6.48 12.9 mR/hr 0.775 0.111 0.775 en 
D 540 2.44 90.7 mR/hr 0.11 0.96 06.7 cm 
E 540 2.29 103 mR/hr 0.098 1.01 7.05 cm 
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