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In this study, we have investigated the shielding evaluation methodology for facilities using kV 
energy generators. We have collected and analysis of safety evaluation criteria and methodology for 
overseas facilities using radiation generators. And we investigated the current status of shielding 
evaluation of domestic industrial radiation generators. According to the statistical data from the 
Radiation Safety Information System, as of 2022, a total of 7,679 organizations are using radiation 
generating devices. Among them, 6,299 facilities use these devices for industrial purposes, which 
accounts for a considerable portion of radiation. The organizations that use these devices evaluate 
whether the exposure dose for workers and frequent visitors is suitable as per the limit regulated 
by the Nuclear Safety Act. Moreover, during this process, the safety shields are evaluated at the 
facilities that use the radiation generating devices. However, the facilities that use radiating devices 
having energy less than or equal to 6 MV for industrial purposes are still mostly evaluated and 
analyzed according to the National Council on Radiation Protection and Measurements 49 (NCRP 
49) report published in 1976. We have investigated the technical standards of safety management, 
including the maximum permissible dose and parameters assessment criteria for facilities using 
radiation generating devices, based on the NCRP 49 and the American National Standards 
Institute/Health Physics Society N.43.3 reports, which are the representative reports related to 
radiation shielding management cases overseas.
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Introduction

According to the statistical data from the Radiation Safety 

Information System (RASIS), there are 7,679 organizations 

using radiation generating devices, where 6,299 of them are 

South Korean organizations registered for general use and 

licensing to use these devices for industrial purposes [1]. If 

the maximum tube voltage is 170 kV or the surface radia-

tion dose rate is higher than 10 μSv/hr, permission must be 

issued from the Nuclear Safety Commission. 307 domestic 

industrial organizations have been identified with the per-

mission to use radiation generating devices.
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Organizations that use such devices are obliged to be ac-

countable for the safety of the employees or general public 

entering and leaving the facility and ensure they are not 

exposed to radiation more than the dose limit [2]. The legal 

standards for safety evaluation and management of the 

radiation facilities and workers differ depending on the 

purpose of application. The standards legally apply differ-

ently depending on the dose limit for people entering and 

exiting the facility, design outside the facility, and finally 

the management for different generators [3,4]. Such legal 

standards have a common objective of safe use of the radia-

tion generating devices. According to the guidelines by the 

Nuclear Safety Commission for the preparation of radiation 

safety reports, the production, sales, use, and mobility of 

these devices require an application for permission from 

the regulatory authority and a radiation safety report [5]. 

The radiation safety report requires one to specifically 

describe 13 items under the Nuclear Safety Act, which 

includes an assessment of whether the exposure dose to 

workers and frequent visitors is as per the limit stipulated 

by the Nuclear Safety Act. In this process, the safety shields 

at the facilities using radiation generating devices must be 

evaluated. Representative reports that recommend meth-

odologies for assessing safety shields at the facilities include 

the NCRP 49 report published in 1977 by the National 

Council on Radiation Protection & Measurements (NCRP) 

and the American National Standards Institute (ANSI)/

Health Physics Society (HPS) 43.3 report published in 2008 

[6,7]. The NCRP 49 report sets forth the medical X-ray and 

gamma-ray shielding methodologies for rays of 10 MeV 

or less, and the ANSI/HPS N.43.3 report proposes facility 

guidelines for X-ray generators up to 10 MeV or less for non-

medical purposes and for equipment that uses gamma-ray 

as energy source.

Although nearly 50 years have passed since its publica-

tion, the NCRP 49 report continues to be the guideline for 

the domestic industrial organizations to perform shielding 

evaluation; thus, it is necessary to update the guideline to 

the latest recommended standards for reviewing and evalu-

ating the safety shield. In this study, we have investigated 

the technical standards for safety management, such as the 

maximum permissible dose and parameter assessment cri-

teria for facilities using radiation generating devices over-

seas based on NCRP 49 and ANSI/HPS N.43.3 reports that 

are the representatives for overseas shielding management. 

In addition, we have analyzed the methodology of calculat-

ing the shielding rate of the facilities and tried to identify 

the status of shielding evaluation through investigating fil-

ters.

Collection and Analysis of Safety 
Evaluation Criteria and Methodology Data 

for Overseas Facilities Using Radiation 
Generators

1.  Analysis of the major factors in shielding 

evaluation based on the overseas shielding 

design evaluation report

Based on the NCRP 49 and ANSI/HPS N.43.3 reports, we 

have summarized and compared the key factors used for 

shielding evaluation for facilities using radiation generat-

ing devices. A total of six factors, the maximum permissible 

dose, workload, use and occupancy factors, half-value 

layer/tenth-value layer (HVL/TVL), and attenuation curve 

were investigated for the evaluation criteria of the radiating 

devices and technical standards for safety management. 

1) Maximum permissible dose equivalent (MPD)

The maximum permissible dose is equivalent to the up-

per limit of the radiation exposure dose, which is the sum of 

the doses from external and internal exposures. It refers to 

the standard dose that must be satisfied when calculating 

and evaluating the shielding effect. Table 1 [6-8] compares 

the maximum permissible dose for each report for people 

entering the radiation control and public areas. For the 

workers entering and leaving the radiation control area, the 

NCRP 49 report separately sets out the annual and weekly 

permissible doses for the whole body (gonads, bone mar-

row, eyes) exposure; however, the ANSI/HPS N.43.3 report 

divides the body into four main parts and suggests the per-

missible doses, where the dose must not exceed 50 mSv per 

year for head and body. 

The NCRP 49 report recommends annual permissible 

dose for four body parts, including 50 mSv for red bone 

marrow, lens, and whole body, 150 mSv for skin, 750 mSv 
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for hands, and 300 mSv for forearm. The ANSI/HPS N.43.3 

report recommends an annual permissible dose of 150 

mSv for the lens, 500 mSv for hand/elbow/foot/knee, and 

500 mSv for skin/other areas. The two reports recommend 

the maximum allowable doses for different body parts, 

with the same annual permissible dose of 50 mSv, but the 

NCRP 49 report also suggests the weekly permissible dose. 

The permissible dose for people entering the public area is 

presented in Table 1 [6-8]. Different permissible doses are 

recommended in each report. Depending on the reports 

published later, the numbers in the report tend to be con-

servative.

2) Workload (W)

The NCRP 49 and the ANSI/HPS N.43.3 reports com-

monly define the amount of radiation measured at 1 m dis-

tance from the source in the case of the industrial radiation 

generating devices of less than 4 MV. For X-ray equipment 

operating at less than 4 MV, the workload is expressed as 

workload per week [mA•min/week]. Workload is defined 

as the product of weekly operation time (t), the time the 

equipment was run at the facility, and current (I), where the 

working time is calculated based on 8 hours per day, 5 days 

in a week, and 50 weeks in a year.

Since the workload applied in the shielding design is the 

value expected before the actual facility is in operation, it 

was recommended to take a conservative approach in the 

actual shielding design. To conservatively evaluate the ra-

diation dose from the radiation generated by accelerators, it 

is recommended to take the maximum accelerator perfor-

mance provided by the manufacturer as the evaluation cri-

terion. Similar conservative approach is also recommended 

for adopting the maximum irradiation surface area, the 

maximum dose rate, and the maximum energy generated 

by the accelerator.

3) Use factor (U)

The use factor is defined as the degree to which the work-

load is dispersed. It refers to the ratio of time that the X-rays 

emitted during the operation of the radiation generating 

devices are directed towards the point of interest. When 

evaluating the industrial devices that do not have a fixed di-

rection of irradiation, it is recommended to conservatively 

set it to 1 because radiation can be emitted in all directions. 

The recommended values for use factors for radiation gen-

erating devices used in the radiation oncology or radiology 

departments were compared for different regions, as shown 

in Table 2 [6,7]. Compared to the previous NCRP 49 report, 

the ANSI/HPS N.43.3 report showed a conservative shift re-

garding the wall and ceiling orientation.

4) Occupancy factor (T)

The occupancy factor is defined as the percentage of 

time one stays in the area of interest during irradiation. The 

recommended values from each report were compared, as 

shown in Table 3 [6,7]. Compared to the original NCRP 49 

report, occupancy factors for partially and irregularly oc-

cupied spaces are proposed as the range in the ANSI/HPS 

N.43.3 report.

5) HVL/TVL

The HVL and the TVL refer to the thickness of the shield-

Table 1. Comparison of maximum allowable dose by report according to management area

Classification/report NCRP 49 [6] ANSI/HPS N.43.3 [7] NCRP 151 [8]

Radiation control area 50 mSv/y 1 mSv/wk 50 mSv/y
Head, torso, arms,  

above the elbow or knee

5 mSv/y 0.1 mSv/wk

General area 5 mSv/y 0.1 mSv/wk 1 mSv/y 1 mSv/y 0.02 mSv/wk

ANSI, American National Standards Institute; HPS, Health Physics Society; NCRP, National Council on Radiation Protection & 
Measurements.

Table 2. Comparison of use factors by area in radiation use 
facilities

Classification/report NCRP 49 [6] ANSI/HPS N.43.3 [7]

Floor 1 1

Wall 1/4 1/4 to 1

Ceiling Less than 1/4 1/4

ANSI, American National Standards Institute; HPS, Health Physics 
Society; NCRP, National Council on Radiation Protection & 
Measurements.
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ing body when introduced into the path of a given beam 

of radiation, reducing the exposure rate by one-half and 

one-tenth, respectively. The values are suggested accord-

ing to the tube voltage energy and the shielding material, 

as shown in Table 4 and 5. The HVL/TVL values by energy 

and material in Table 4 and 5 are the factors applied for the 

evaluation of the leakage radiation. The values for leakage 

radiation was recommended separately because the energy 

distribution of this radiation is relatively high compared 

to the primary and scattered radiation and it needs to be 

applied differently. In addition, the HVL/TVL values pre-

sented in the NCRP 49 and the ANSI/HPS N.43.3 reports are 

identical. Moreover, the ANSI/HPS N.43.3 report suggested 

the HVL/TVL values for iron in the 50–3,000 kV band. 

6) Attenuation curve

The attenuation curve is a graph representing the trans-

mission coefficient, which decreases with the tube voltage 

Table 3. Comparison of occupancy factors by area in the facilities using radiation 

Classification/report NCRP 49 [6] ANSI/HPS N.43.3 [7]

Permanent occupancy

   Workspaces such as control room, children's access area, (always use) toilet 1 1

Partial occupancy

   Frequently used spaces such as restrooms, parking lots, and elevators 1/4 1/2~1/5

Irregular occupancy

   Rarely used spaces such as stairs and outdoors 1/16 1/8~1/40

ANSI, American National Standards Institute; HPS, Health Physics Society; NCRP, National Council on Radiation Protection & 
Measurements.

Table 4. The HVL/TVL data in NCRP 49 report

Peak voltage (kV)

Attenuation material

Lead (mm) Concreate (cm) Iron (cm)

HVL TVL HVL TVL HVL TVL

50 0.06 0.17 0.43 1.5

70 0.17 0.52 0.84 2.8

100 0.27 0.88 1.6 5.3

125 0.28 0.93 2.0 6.6

150 0.30 0.99 2.24 7.4

200 0.52 1.7 2.5 8.4

250 0.88 2.9 2.8 9.4

300 1.47 4.8 3.1 10.4

400 2.5 8.3 3.3 10.9

500 3.6 11.9 3.6 11.7

1,000 7.9 26.0 4.4 14.7

2,000 12.5 42.0 6.4 21.0

3,000 14.5 48.5 7.4 24.5

4,000 16.0 53.0 8.8 29.2 2.7 9.1

6,000 16.9 56.0 10.4 34.5 3.0 9.9

8,000 16.9 56.0 11.4 37.8 3.1 10.3

10,000 16.6 55.0 11.9 39.6 3.2 10.5

Cesium-137 6.5 21.6 4.8 15.7 1.6 5.3

Cobalt-60 12.0 40.0 6.2 20.6 2.1 6.9

Radium 16.6 55 6.9 23.4 2.2 7.4

HVL, half-value layer; NCRP, National Council on Radiation Protection & Measurements; TVL, tenth-value layer.
Reused from NCRP (Structural shielding design and evaluation for medical use of X-rays and gamma rays of energies up to 10 MeV; 1976. p. 
49) [6] with original copyright holder's permission.
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and thickness of the shielding material, as a log function. 

The conditions for the filter are considered for each energy 

band, and both the NCRP 49 and the ANSI/HPS N.43.3 

reports provide the same attenuation curve. In the attenu-

ation curves, the y-axis represents the transmission coef-

ficient calculated by considering the permissible dose per 

week, distance from the source, tube current of the equip-

ment, and operation time, and the x-axis represents the bar-

rier thickness determined by the transmission coefficient 

and tube voltage.

2.  Analysis of shielding evaluation and calculation 

methodology based on the overseas shielding 

design evaluation report

The shielding evaluation methodology covered in the 

NCRP 49 and ANSI/HPS N.43.3 reports applied the same 

shielding evaluation methodology, as shown in Fig. 1 be-

low. The transmission coefficient is calculated according 

to Fig. 1 and equations (1)–(3) for the primary, scattered, 

and leakage radiations, and the thickness of the barrier is 

determined by using the value of transmission coefficient. 

In the case of the primary and scattered radiations, the 

barrier thickness is determined directly from the attenu-

ation curves. However, for leakage radiation, both reports 

calculated the transmission coefficient, took its log value 

to calculate the numerical value, and calculated the barrier 

thickness by multiplying it with the HVL (or TVL) value ac-

cording to the shielding material and tube voltage.

1) Primary radiation shielding evaluation methodology

When calculating the shielding barrier for the primary 

radiation, the following equation (1) is used, where W is the 

workload [mA・min/week], U is the use factor, T is the oc-

cupancy factor, P is the target dose [R/week], and d means 

the distance from the target [m]. The workload is a value 

Table 5. The HVL/TVL data in ANSI N.43.3 report

Peak voltage (kV)

Attenuation material

Lead (mm) Concreate (cm) Iron (cm)

HVL TVL HVL TVL HVL TVL

50 0.06 0.17 0.43 1.5 0.017 0.07

70 0.17 0.52 0.84 2.8 0.03 0.1

100 0.27 0.88 1.6 5.3 0.08 0.3

125 0.28 0.93 2.0 6.6 0.1 0.4

150 0.30 0.99 2.24 7.4 0.13 0.5

200 0.52 1.7 2.5 8.4 0.3 0.9

250 0.88 2.9 2.8 9.4 0.35 1.1

300 1.47 4.8 3.1 10.4 0.40 1.3

400 2.5 8.3 3.3 10.9 0.6 1.8

500 3.6 11.9 3.6 11.7 0.8 3.0

1,000 7.9 26.0 4.4 14.7 1.5 5.5

2,000 12.5 42.0 6.4 21.0 2.0 7.0

3,000 14.5 48.5 7.4 24.5 2.2 8.0

4,000 16.0 53.0 8.8 29.2 2.72.7 9.1

6,000 16.9 56.0 10.4 34.5 3.03.0 9.9

8,000 16.9 56.0 11.4 37.8 3.1 10.3

10,000 16.6 55.0 11.9 39.6 3.2 10.5

Cesium-137 6.5 21.6 4.8 15.7 1.6 5.3

Cobalt-60 12.0 40.0 6.2 20.6 2.1 6.9

Iridium-192 6.0 20.0 4.3 14.7 1.3 4.3

Radium-226 16.6 55 6.9 23.4 2.2 7.4

ANSI, American National Standards Institute; HVL, half-value layer; TVL, tenth-value layer.
Reused from ANSI (ANSI/HPS N43.3. Installations using non-medical X-ray and sealed gamma-ray sources, energies up to 10 MeV; 2008.) 
[7] with original copyright holder's permission.
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determined from the facility using the radiation genera-

tors and is applied by multiplying the tube current of the 

equipment by the operation time of the equipment. After 

deriving the transmission coefficient according to equation 

(1), the thickness of the shielding material is determined by 

selecting the attenuation curve for each energy value and 

shielding material.

𝐾𝐾��� = 𝑃𝑃𝑃𝑃�

𝑊𝑊𝑊𝑊𝑊𝑊 [𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑅 𝑅𝑅𝑅𝑅𝑅𝑅𝑅 

  
 

(1)

However, the factors presented in the report for primary 

radiation shielding evaluation are the values from measure-

ments obtained with specific equipment and conditions. 

The attenuation curves presented in the two reports are 

based on papers published during 1950s–1970s, and the 

thickness correlation of the shielding material with respect 

to the transmission coefficient was derived through mea-

surements. The equipment used for the measurement uses 

a pulse beam. As shown in Table 6 below, when the shield-

ing material is lead, the thickness of the filter is different 

with respect to energy. For industrial radiation generators 

installed and used in Korea, most of them use a constant 

current high-voltage application method, and the method 

of using filters varies depending on the equipment and 

company. Therefore, it must be considered that when using 

the attenuation curve presented in two reports, the results 

of the shielding evaluation may be different.

2) Scattered radiation shielding evaluation methodology

For the shielding evaluation for the scattered radiation, 

the transmission coefficient is determined by equation (2) 

below, and the thickness of the shielding material is de-

termined by using the attenuation curve as in the primary 

radiation shielding evaluation method. Unlike the primary 

radiation, the transmission coefficient is calculated by fur-

ther considering the effect of scattering, such as the scat-

tering probability (a) and the irradiation plane (F) at each 

angle.

𝐾𝐾��� = 400𝑃𝑃𝑃𝑃𝑃���)�𝑃𝑃𝑃���)�

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  [𝑅𝑅𝑅𝑅𝑅𝑎𝑎 𝑅 𝑅𝑅𝑅𝑅𝑅𝑅𝑅 

  

(2)

3) Leakage radiation shielding evaluation methodology

Shielding evaluation according to leakage radiation is 

based on the leakage dose rate at 1 m from the industrial 

radiation generators. The transmission coefficient for the 

leakage radiation (BL) is calculated according to equation 

(3), where dsec is the distance from the source to the second-

S , primary protective barrierp

S
e

c
o

n
d

a
ry

p
ro

te
c

ti
v

e
b

a
rr

ie
r

Secondary protective barrier

Ss

XL

XS

1 m

1 m

1 m

XU

Object

X-ray tube

U
s

in
g

H
V

L
/T

V
L

d
a

ta

U
s

in
g

a
tt

e
n

u
a

ti
o

n
c

u
rv

e
d

a
taCalculation of barrier thickness based on

leakage radiation

Numerical number (n)=
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*NCRP 49 appendix C, table 27

>>> Determination of barrier thickness
=n (HVL or TVL)

Calculation of barrier thickness based on
primary radiation and scattered radiation

Check for attenuation curve data according
to energy
*NCRP 49 appendix C, table 7 24 & appendix D,
figure 1 5

>>> Determination of barrier thickness
from attenuation curve

Primary radiation
transmittance coefficient

Scattered radiation
transmittance coefficient

Leakage radiation
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Fig. 1.  Transmission coefficient 
calculation method according to 
shielding barrier and barrier thick-
ness calculation. Reused from NCRP 
(Structural shielding design and 
evaluation for medical use of X-rays 
and gamma rays of energies up to 
10 MeV; 1976. p. 49) [6] with original 
copyright holder's permission.
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ary wall, P is the maximum permissible dose, ẊL is the dose 

rate at 1 m, t is the annual operation time of the X-ray beam 

(min), and T is the occupancy factor. The log value of the 

transmission coefficient calculated based on equation (3) is 

multiplied by the HVL/TVL value with respect to the tube 

voltage to calculate the thickness of the shielding material 

for the leakage radiation.

𝐵𝐵� =
𝑃𝑃𝑃𝑃𝑃���)�
[𝑋𝑋��]𝑃𝑡𝑡)𝑃𝑡𝑡)

 

 

(3)

In the case of therapeutic radiation generators that use 

energy of 500 kV or less, the leakage dose rate standard is 

applied as 1 R/h at 1 m [6]. In the case of diagnostic radia-

tion generators, the standard is applied as 0.1 R/h at 1 m 

[6], a 1/10 times more conservative value. For the industrial 

radiation generators, the evaluation criteria for medical ra-

diation generators are followed. Since the upper limit stan-

dard for leakage dose rate is not separately announced, the 

shielding evaluation should be carried out considering that 

the shielding results may be underestimated.

Reflection on Shielding Evaluation of 
Domestic Industrial Radiation generators

In this study, the NCRP 49 report was compared with the 

ANSI/HPS N.43.3 report regarding the evaluation of shield-

ing effect at the facilities using industrial radiation gen-

erators using kV-level energy. We compared the radiation 

facilities’ shielding evaluation factors recommended in two 

Table 7. Comparison of data presented in the NCRP 49 report and the ANSI/HPS N.43.3 report

Classification/report NCRP 49 report [6] ANSI/HPS N.43.3 report [7]

Half-value layer/tenth-value 
layer: shielding material 
and energy range

Lead, concrete 50, 70, 100, 125, 150, 200, 250, 300, 400, 500, 1,000, 
2,000, 3,000, 4,000, 6,000, 8,000, 10,000 [kV]

Added energy range for iron 
(50~10000 kV)

Same as NCRP 49 reportIron 4,000, 6,000, 8,000, 10,000 [kV]

Barrier thickness  
according to shielding 
conditions

Energy [kV or MV] 50, 100, 150, 200, 250, 300 [kV]
1, 2, 3, 4, 6, 8, 10 [MV]

Not available

W·U·T 50 kV–3 MV band: 2.35–5000 [mA·min]

4 MV–10 MV band: 2,500–160,000 [R]

To the management area: 
distance conditions [m]

50 kV–3 MV band: 1.5–12.2 m

4 MV–10 MV band: 1.5–17.0 m

Shielding material Lead, concrete

Attenuation curve: energy 
range, shielding material  
and filter range

Energy 50, 70, 100, 125, 150, 200, 250, 300, 400, 500, 1,000, 
2,000, 3,000, 4,000, 6,000, 8,000, 10,000 [kV]

Same as NCRP 49 report

Shielding material Lead, concrete

Filter Aluminum 0.5 mm–3.0 mm
Copper 3.0 mm 

ANSI, American National Standards Institute; HPS, Health Physics Society; NCRP, National Council on Radiation Protection & 
Measurements.

Table 6. Filters by energy corresponding to the attenuation curve graph (shielding material: lead) provided by the reports

Energy (kV)
NCRP 49 [6]
ANSI 43.3 [7]

Kelly et al. [9]
Miller et al. [10]

Domestically sold/installed
Radiation generator filter distribution

Pulse Beam 50 0.5 mm Al 3 mm Be+0.5 mm Al 0.25 mm Be Or Glass

70 1.5 mm Al 3 mm Be+1.5 mm Al 0.8 or 1.0 mm Be (75 kV)

100/125/150 2.5 mm Al 3 mm Be+2.5 mm Al 150 um Be or 0.8 Be
1.0 mm Be+2.0 mm Al

200/250/300 3.0 mm Al 5 mm Be mm+3 mm Al Glass or Be

Constant current 300/400 3.0 mm Cu 1.5 mm Cu+1.5 mm Brass+3.0 mm water 3.0 mm Be
3.0 mm Be+3.0 mm Al+0.5 mm Cu

3.0 mm+2.0 mm Be

ANSI, American National Standards Institute; NCRP, National Council on Radiation Protection & Measurements.
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reports and analyzed their methodology of shielding evalu-

ation. 

As shown in Table 7 below, the information presented 

in the NCRP 49 report and the ANSI/HPS N.43.3 report 

was compared, and the HVL/TVL information was identi-

cal in both reports except that data on lead was added in 

the ANSI/HPS N.43.3 report. The attenuation curve data 

were also confirmed to be identical in the NCRP 49 and the 

ANSI/HPS N.43.3 reports. In addition, the NCRP 49 report 

recommended an appropriate barrier thickness according 

to minimum shielding conditions, suggesting the barrier 

thickness with respect to the conditions, energy, mov-

able factors, occupancy factors, use factors, distance, and 

shielding materials. As such, the NCRP 49 and the ANSI/

HPS N.43.3 reports propose shielding evaluation/calcula-

tion methodologies with examples for easy application in 

practice, but these are based on the data measured under 

specific conditions. While the differences that arise from 

quoting historical data verbatim are considered, shielding 

assessments based on the NCRP 49 report are still in prac-

tice. 

In addition, after investigating the current status of ra-

diation generators installed and sold in Korea, it was con-

firmed that filters are used in various ways depending on 

the energy, as shown in Fig. 2 below. For all organizations 

using devices that use energy of 160 kV or less, 75.8% were 

using beryllium (Be) windows of 2 mm or less in size, and 

9.1% were using a mixture of Be windows and aluminum 

(Al). For all organizations using energy greater than 160 kV 

and less than or equal to 320 kV, 64.9% were using 2 mm or 

less Be, and 26% were using 2 mm to 4 mm or less. 

After comparing the filter information of the radiation 

generator used in the process of deriving the data in the 

NCRP 49 and ANSI/HPS N.43.3 reports, it was confirmed 

that the thickness and type were different from the status 

of distributed filters in Korea, as shown in Table 6. When 

the information on the filters with respect to the tube volt-

age was compiled, the two reports described filters with the 

same characteristics. The paper cited by the NCRP 49 report 

[9,10] specified the thickness of the Be window in addition 

to extra filters. If the attenuation curve data previously pre-

sented in the report is to be used in the existing shielding 

evaluation method as is, there is a risk of underestimation 

or overestimation in calculating the barrier thickness. This 

is because only the tube voltage of the equipment was con-

sidered in the report, and the characteristics between dif-

ferent equipment may be different.

In the case of the domestic facilities using industrial ra-

diation generators, shielding evaluation and management 

are still conducted based on the NCRP 49 report, and the 

shielding calculations are conducted using the HVL/TVL 

data and the attenuation curve. Not only is the shielding 

evaluation not sufficiently considering the characteristics of 

the latest equipment, but also the differences in the meth-

ods applied by different organizations have been identified. 

Therefore, reverification of factors in the NCRP 49 report is 

required for safe management of shielding and preparation 

of a standardized system.

Conclusions

In this study, international reports related to the manage-

3.2 mm Lexan+10 mm oil+1.8 mm glass

Ultem+oil+glass+0.8 mm Be

1.5 mm Ultem+4.4 mm oil

1.0 mm Be+2.0 mm Al

Ti+2.0 mm H20+2.0 mm Al

0.8 mm Be+3 mm Al

Be<2.0 mm

76%

1.5%
3%

3%

3%

4.5%

9%

1.5 mm glass+12 mm oil+3 mm peek

3.0 mm Be+3.0 mm Al+0.5 mm Cu

0.8 mm Be+4.0 mm Al

2.0 mm<Be<4.0 mm

Be<2.0 mm

65%

1.3%

26%

3.9%

3.9%

a b

Fig. 2. The status of industrial radiation generator filters sold in Korea. (a) Generators using energy less than or equal to 160 kV. (b) 
Generators using energy greater than 160 kV and less than or equal to 320 kV.
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ment of shielding at facilities using industrial radiation gen-

erating devices are compared, and the factors and meth-

odologies related to shielding evaluation are examined. 

The factor values and data presented in the reports are 

somewhat different from the characteristics of the radiation 

generating devices currently used in Korea, and reverifying 

the shielding factors and preparing a systematic foundation 

seem essential for a practical evaluation of radiation shield-

ing. Through the methodology analyzed and summarized 

in this study, we intend to lay a foundation for recommend-

ing safety management of the domestic industrial radiation 

generating devices in the future.
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