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Abstract This study is to develop a mobile type environmental radiation measurement system for emergency response or
environmental radiation monitoring of local governments near nuclear facilities, A mobile radiation measurement system
can monitor radiation by field beyond the spatial constraints of a fixed environmental radiation monitor, If installed in lo-
cal government infrastructure such as public transportation, environmental radiation can be monitored without additional
manpower and measurement work., In addition, it is designed to enable monitoring and measurement of radiation from
low to high doses as well as the environment in preparation for radicactive disasters such as nuclear power plant accidents,
It is expected that this system will be utilized not only in normal times but also in the event of a radiation accident to

improve the disaster prevention capabilities of local governments,
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Table 1, Major gamma nuclides emitted during a nuclear
accident

i . Gamma energy

Nuclide Isotope | Halflife
P (ke (%)
605 (97.6)

Cs-134 | 2,062 vea
A3 2002 year | o0 (65 4)
43% Cesium 819 (99.7)
Cs-136 | 13.16 day 1,084 (50,0)
Cs-137 | 30,17 year 062 (85.2)
364 (81.2)

17% Todine-131 -131 4
7% Iodine-13 3 8.04 day 637 (7.3)
Te-132 | 78.2 hour 228 (88.2)
13% Tellurium-132/ 668 (98.7)
Todine-132 1132 | 231 o0 e

odine-13 32 23 hour | o 96.2)
10.5% Ruthenium-103/ 497 (91)
Rhodium-103 Ru-103 1 39.26 day | 10 (5.9
537 (24.4)

Ba-140 | 12,75 da
9.5% Barium-140/ 4 d 163 (6.2)
Lanthanum-140 1,596 (95.4)
La-140 | 168 day | g 3)
4% Niobium-95 Nb-95 | 35.02 day 766 (99.8)
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Fig. 1. Dose rate range around the nuclear power plant
measured after Fukushima nuclear accident
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Fig. 2. Manufactured radiation detection unit (interlocking
Nal(Tl) detector and GM counter)
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Fig. 3. Radiation dose-rate measurement error
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Fig. 4. Detector switching section
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Table 2, Composition of the electronic part of the radiation
(activity) measurement module

Contents Specification
Detector Nal(Tl) Scintillation detector, GM Counter
Detector Detector and amplifier circuit are disigned in an
Circuit integrated form
1 channel, 1ADC
MCA
1,024 channel
ARM core
MCU .
32 bit RISC
FPGA Collect ADC data and generate packets
ADC d 1 50 60 MH:
ADC channel speed + 5 ?
Voltage : 3.3 V
HV supply |+ 500 V
Communication | RS-232

Nal(Tl) H<7]9] SiPM(Silicon Photo Multiplier)ofl <=
HAF dlo]|o] ARA] 7] (Temperature Compensated Bias
Generator; TCBG)E o]4-5}0] QRS ulo]o] A5} Nal(Tl)
Q271014 e B4 oA leleke Y Alevt
YA E| 31 A R] ZZ7)|(Pre—Amplifier; PA), 7PH $Z3|2
(Variable Gain Amplifier; VGA), Ad Z*£3]Z(Shaping
Amplifier; SA)E AA ZZ% ASE ul3 AHZ 3 Z(Peak
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Fig. 5. Conceptual drawing of electronics for radiation
measurement
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Table 3, Test circuit communication specifications
Contents Specification
Processor Amlogic 59053
Quad-core Cortex-A55
Embedded PC Memory DDR4 4GiB
storage space 32GiB eMMC
operating system Ubuntu MATE 20.04 LTS (Linux Kernel 4.9.241 LTS)
supply power 28VDC 3A

Power built-in battery Lidion 21.6V 123Wh
Power Consumption 15W (low power mode 9W)
communication device LTE, GPS
Peripherals

Display

12 inch 1,920 x 720 IPS panel
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Table 4, Radiation dose rate measurement results

Detector

Reference Dose Rate

Measurement Value

Measurement Error

(«Sv/h) (Sv/n) (%)
4 437 9.3
8 8.04 -0.5
10 10.02 -0.2
Nal(Tl) B
20 19.30 3.5
40 38.35 4.1
80 79.50 0.6
200 203.5 -1.8
400 407.6 -1.9
800 796.3 0.5
GM Tube 2,000 1,907 47
4,000 3816 46
8,000 7.907 1.2
20,000 20,348 1.7
Sjam 24 guhy AHEdols, o) Whslol szl 3. BHIY HEHZ HE JisA ofu| MY
i A T & 7 ALUe] Wl 234 42 48 75
A ] IR oF1A| el (Energy resolution) g gro oja) sy e1mo] Sixe Be] o 25
S AL Cs—1372] 3%, 662 keVe] ofUR] Eall's HRE do} YrjubH A =71

o] 6.5%, Co—602] 1,332 keV Peak= 4.1% %0 2 Lt}
wom, o) Ag WA H4 AR 8 e ES

Cs—137¢] Zolls < 7% °oJHl9] Fholch

1000

—— BKG
Cs137, 0.25uCi, 1.5cm
Cs137, 0.25uCi, 11em

—— CoB0, 1uCi, 11cm

Counts[300sec]
g

Channel

Fig. 7. Gamma-ray source measurement spectrum by
distance using Nal(Tl) detector

ok wso] A2t

Fig. 8. Radiation measurement module on-site measurement

Table 5, Nal(Tl) detector energy resolution of gamma-ray source measured by distance

Gamma Centroid FWHM Resolution Distance
Energy(keV)
Source (channel) (channel) (%) (cm)
229.34 14,28 6.2 11
Cs-137 662
228.31 14.88 6.5 1.5
1173 393.89 19.33 4.9 11
Co-60
1332 44511 18.26 4.1 11

vhaLA 71638t 2022 A457 AllE
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Fig. 10, Display of vehicle movement path equipped with
radiation measurement module and generate event
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