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Abstract

This study developed the radon measurement system that can be used for crustal movement monitoring and seismic occurrence and
prediction, and compared and analyzed the results of test-operated radon measurement system and observed seismic occurrence cases.
First, the developed radon measurement system consists of an NB-IoT radon measurement device, data center, data analysis, and data
supply server. Because the measured radon data can be remotely trasmitted by using NB-IoT, this system is very suitable for installation
and operation in unmaaned groundwater station. Second, the developed radon measurement device was test-operated at two groundwater
stations in Gimpo from May to July 2019. The measured radon data was compared with the groundwater-level and electrical conductivity
measurement data, and it was confirmed that the radon measurement device developed in this study has some potential for commercialization.
Finally, from November 2019 to February 2020, three observed seismic cases and daily measured radon, groundwater-level, electrical
conductivity data by the NB-IoT radon measurement device installed at three groundwater stations in Pohang, which is a test-bed, were
compared and analyzed. As a result of the analysis, it was confirmed that the seismic occurrence correlated with radon, groundwater level,
and electrical conductivity and all of these measured data will be able to provide basic data to help in seismic monitoring and prediction
in the future.
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Table 1. Description of radon sensor and NB-loT network module

Radon sensor NB-IoT module
Item Description Item Description
Model Racilo;S(S)SpCS‘:ie/r;sor Model Huawei NB-IoT module
Measurement Alpha particle measurement Technique Rel. 13 NB-IoT
Target Radon Band LTE FDD 859Mhz
Sensitivity 30 Bg/m® Transmission speed UL 15.6Kbps, DL 21.2kbps
Warm-up period 60 minutes Frequency boud TX 824~849Mhz, RX 869 ~894Mhz
Error bound 6% Interface UART
Expiration date 5 years - -
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Fig. 5. The test for initial stage of radon measurement device
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(a) Gimpo Wolgot

(b) Gimpo Haseong

Fig. 7. The location of groundwater stations for the field-test

Table 2. Description of groundwater stations for the field-test

Groundwater station

Item
Gimop Wolgot Gimop Haseong
Operation period 2013.12.31.~ 2012.12.31.~
Tube depth (m) 100 m (1) 100 m (1)
Tube diameter (cm) External: 15 cm, Internal: 13 cm External: 15 cm, Internal: 13 cm
Terrane tyep Bedrodk (aquifer) Bedrodk (aquifer)
Station tyep Outside in the guard net Outside in the guard net
Electric power supply Solar panels (60 W) Solar panels (25 W)
Data communication WDAMA (3G) M2M WDAMA (3G) M2M
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W Main points W Hardware W Main functions
* Measurement bound : 0~65,000 Ba/m? * MCU : ATmega328P, 16 MHz * Measuring radon in the air
* Warm-up period : 1 hour * SRAM : 2 KB * NB-loT wireless communication
* Sensitivity : 30 Ba/m® * EEPROM : 1 KB - based on LTE, wide coverage
* Measurement error : 6% * NB-loT soc : LGU+ * Collecting locations of devices
* Data transmission period : 1 hour * GPS error: within 10 m - statistical analysis for each device or region

TRICOMTEK
RADON INFOMATION

MEASUREMENT
B

Fig. 9. The basic specification of 2" version radon measurement device using NB-loT

Table 3. Description of groundwater stations for the field-test

Item El E2 E3 E4
Date 2019.11.29. 12:04 2019.12.30. 00:.35 2020.01.08. 06:03 2020.01.30. 00:52
Magnitude 2.0 (0.2) 3.5(x0.2) 2.0 (£0.2) 3.2 (£0.2)
Maximum grade Grade | Grade IV Grade [ Grade 111
Location East Sea 38 km Milyang-si Sungju-gun Sangju-si
(36.86N, 129.79E) (35.56N, 128.90E) (35.91N, 128.38E) (36.59N, 128.12E)
Occurrence depth 21 km 20 km 17 km 21 km
Note No damage - No damage vibratory ground motion

3.2.2 Test-bed 2FZ1} &4 o »*
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Fig. 11. Analysis of time series of estimated radon, water-level, and electrical conductivity in three groundwater stations at the test-bed
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