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Assessment of External Radiation Dose for Workers in
Domestic Water Treatment Facility According to the Working Type

Seong Hun Jeon', Seong Yeon Lee', Hyeok Jae Kim', Min Seong Kim' and Kwang Pyo Kim"*

'Department of Nuclear Engineering, Kyung Hee University, 1732 Deokyoungdae-ro, Giheung-gu, Yongin-si,
Gyeonggi-do 17104, Republic of Korea

The International Atomic Energy Agency (IAEA] proposes 11 industries that handle Naturally
Occurring Radioactive Material (NORM) that are considered to need management. A water treatment
facility is one of the above industries that takes in groundwater and produces drinking water through
a water treatment process. Groundwater can accumulate natural radionuclides such as uranium and
thorium in raw water by contacting rocks or soil containing natural radionuclides. Therefore, there is a
possibility that workers in water treatment facilities will be exposed due to the accumulation of natural
radionuclides in the water treatment process. The goal of this study is to evaluate the external radiation
dose according to the working type of workers in water treatment facilities. In order to achieve the above
goal, the study was conducted by dividing it into 1) analysis of the exposure environment, 2) measurement
of the external radiation dose rate 3) evaluation of the external radiation dose. In the stage of analyzing
the exposure environment, major processes that are expected to occur significantly were derived. In
the measurement stage of the external radiation dose rate, a map of the external radiation dose rate
was prepared by measuring the spatial radiation dose rate in major processes. Through this, detailed
measurement points were selected considering the movement of workers. In the external radiation dose
evaluation stage, the external radiation dose was evaluated based on the previously derived external
radiation dose rate and working time. As a result of measuring the external radiation dose rate at the
detailed points of water treatment facilities A to C, it was 1.90x 107" to 3.75x10° uSv h™', and the external
radiation dose was analyzed as 3.27x107% to 9.85x1072mSv y". The maximum external radiation dose
appeared during the disinfection and cleaning of activated carbon at facility B, and it is judged that natural
radionuclides were concentrated in activated carbon. It was found that the external radiation dose of
workers in the water treatment facility was less than 1 mSvy™", which is about 10% of the dose limit for
the public. As a result of this study, it was found that the radiological effect of external radiation dose of
domestic water treatment facility workers was insignificant. The results are expected to contribute as
background data to present optimized safety management measures for domestic NORM industries in
the future.
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Fig. 1. Main work process of water treatment facility A.

Table 1. Working time for each major process of water treatment facility

Industry Working area Number of workers Working type Annual(vlzc;r_l?)ng time
Water intake area Water sampling 16.67
Water collection and pressure verification 16.67
Facility A Raw water storage area 3 worker Exhaust filter replacement 0.33
acili )
7 (2nd shift) Susfilter cleaning 1.33
W 1st filter replacement
ater treatment area
4th filter replacement 8
R cer st 1 worker Checking differential pressure and cleaning 41.67
arwater stotage area (No shift) 1st filter replacement 6
Facility B Activated carbon disinfection and cleaning 125
2 worker . .
Water treatment area (No shift) Filter cleaning 6
Activated carbon replacement 3
Water intake area é\]v(\)fosﬁgr) Sterilization control and flow check 16.67
Pre-processing microfilter replacement 1.5
1 worker . .
Facility C Water treatment area (No shift) Primary Microfilter Replacement 1.5
Activated carbon replacement 1.5
Production buildi 10 worker 4th filter replacement 1
rocuction butlding area (No shift) Exhaust filter replacement 1
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Fig. 2. External radiation dose rate map of the whole facility A and B site.

Table 2. External radiation dose rate of workers according to the working type in water treatment facility

Production
Building

w2 1.0 uSV/h
0.8~1.0 uSv/h
0.6~0.8 pSv/h
0.4~0.6 pSv/h

s 0,2~0.4 pSV/h

s 0,0~0.2 uSv/h

. . . External radiation Background
Facility Working area Working type dose rate (uSvh™") dose rate (uSvh™")
Water intake area Water sampling 0.19 0.12
Water collection and pressure verification 0.28 0.12
Raw water storage area Exhaust filter replacement 3.75 0.12
Facility A
Susfilter cleaning 0.55 0.12
1st filter replacement 1.1 0.12
‘Water treatment area
4th filter replacement 0.7 0.12
Checking differential pressure and cleaning 0.27 0.13
Raw water storage area
1st filter replacement 0.27 0.13
Facility B Activated carbon disinfection and cleaning 0.89 0.13
Water treatment area Filter cleaning 0.19 0.13
Activated carbon replacement 0.89 0.13
Water intake area Sterilization control and flow check 0.23 0.17
Pre-processing microfilter replacement 0.32 0.17
Water treatment area Primary Microfilter Replacement 0.33 0.17
Facility C
Activated carbon replacement 1.87 0.17
4th filter replacement 0.21 0.17
Production area
Exhaust filter replacement 0.34 0.17
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Hot

Table 3. External radiation dose of workers according to the working type by investment water treatment facility

Net external Annual Annual external
Industry Worker Working type radiation dose rate working time radiation dose
(y.Svh_l) (hy_l) (mSvy_l)
Water sampling 0.07 16.67
Water collection and pressure verification 0.16 16.67
Exhaust filter replacement 3.63 0.33 >
Facility A Worker A 1.80%x 10
Susfilter cleaning 0.43 1.33
1st filter replacement 0.98 8
4th filter replacement 0.58 8
Worker A Checking differential pressure and cleaning 0.14 41.67 5.83x107°
1st filter replacement 0.14 6
Facility B Activated carbon disinfection and cleaning 0.76 125 2
Worker B 9.85x10
Filter cleaning 0.06 6
Activated carbon replacement 0.76 3
Worker A Sterilization control and flow check 0.06 16.67 1.00x1073
Pre-processing microfilter replacement 0.15 1.5
Facility C Primary Microfilter Replacement 0.16 1.5
Worker B Activated carbon replacement 1.70 1.5 3.27x107°
4th filter replacement 0.04 1
Exhaust filter replacement 0.17 1
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Fig. 4. Average external radiation dose per working type by each water treatment facility.
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