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Conceptual Design and Development of an Automatic Classification
System According to Radioactive Contamination Level Measurement
and Contamination of Radioactive Metal Waste

Sun Beom Kwon', Bo Gil Kim', Jeong Min Yeom', Gyeong Mo Lee', Hong Yeon Lee'*
and Sang Jun Han'
RMTEC Co., Ltd., 25, Hanamsandancheonbyeonjwa-ro, Gwangsan-gu, Gwangju 62215, Republic of Korea

Waste generated during the dismantling of nuclear power plants is not only diverse in types
such as metal, concrete, soil, but also in a large amount, requiring systematic and efficient management.
It is very important to quickly and accurately measure radioactive contamination of wastes generated
simultaneously at the decommissioning site, classify them by level, and make decisions so that they
can be disposed of in accordance with related laws and regulations. In this paper, for the technical and
economic aspects of recycling of radioactive metal waste generated during the dismantling of nuclear
power plants, we propose a management system that can measure the radioactive contamination by
shape of metal waste at the decommissioning site and automatically classify it according to the presence
or absence of contamination. Accordingly, a system for collecting information on metal samples such as
weight measurement and shape acquisition of metal waste, measurement of radioactive contamination
and identification of nuclides, and an automatic classification system according to radioactivity
measurement results were described.

Key words: Nuclear decommissioning, Radioactive metal waste, Radiological measuring, Classification
system

1.ME fxdo] siA= e, ¢t dE

= 7]
AAE Ao 7 A A7t %7%‘1422 4= A g
A AAH 02 oF 4407] 9] QA=A AT} 7 Folm, oH1,2].

r*O
kob

o] % 30 ol 75 %91 9L 3007] olFolh A4 93 A A BYHE H7)2L G4, 2AYE, EY
A Q8 Ao] st eAC) oS A QA S 5 FRE chobe 2 ot U wa el 3%
£ Algstar, AA| g+ A=]H ¢F 200719 ¥ 520719 HA oA Al A== H71E9 2 T E At
http://www.ksri.kr/ *Corresponding author. Hong Yeon Lee
Copyright © 2023 by Tel. +82-62-236-6740 Fax. +82-62-236-6741 E-mail. lhy1030@rmtec.co.kr

Korean Society of Radiation Industry Received 8 November 2022 Revised 16 March 2023 Accepted 22 March 2023

11



JOURNAL oF RADIATION INDUSTRY

Sample Information Colletion
Evaluation

RFID Weighing 3D Scan

(Sample Information)

P 02 FAET glov], A 7180 Hel B A
wolge aAuLge] 2 uFE Aok gon A
Holw BEH Belrt Bashh 55|, FER 294
g $io] WM e ARolnE APE A B 3
A o] 50] ofAEILH34]

=]

L o] oA G=, o2t AR =2
T}Xé% 7171 Fof ’ApdsHA o 2 fsf:
g = ofopt A E-g5tA A A o
o] 7}—°Pﬁ’r °W SiA @l sAE AR
WA= w72 tisiA A% - F=sH PAks 29
=790k, =E R ERoto] ¥A MY 9 ol whet A
2l AT 7 A=F AHEES st Aol ul-¢ Fas)
™, o1& St 7IerE | 71 Aot 8 FEH{s-7].
l&—E—Oﬂ/‘t A sfiAl A s H”Vé %%111]71

o5 ol el A S
Sh3, F45u7180) 2 54 2 3 ;
AU, P P95 54 D BF W, s 53

o gt o

= N LR IA Al 7= Alm R A, AL

12

Classification

Pollution / Non-pollution

= Contamination measurement
» Dose-rate measurement
» Nuclide analysis

o]l Plastic Scintillator (PVT)E 2+ ol vix|5t 1, oY
Z WHS 919l Multi-Channel Analyzer (MCA)7} 2
% Lanthanum BromoChloride (LaBr2.85C10.15:Ce)
Scintillator (LBC FA&71)2 +AJ5I3Att i HARA 21|
£ 91514 MCNP RALE S H22] A TAE 4

sjgom, o] HRoR 7172 ARSI Ee, Al
AR S 99 57 24 AL XY 2% ZHE 5
B A AR Eedstel AT,
2.1. WALS ZH U 84 THES oIt
X

2712 T4att 4
& Hsplol A9
Soh R AU AS Fejsre 4 oA o



ALY 252 E7 AAE

3L F5u7| 20 o T 9 Zupd AHEY =4
2 915 LBC AE712 27 | 5 Zuolo] steto]
= 2HEY E48 MCA 3|22} FPGA,
MCU 52 & A5, Preamp 471 0 2 HE] SMA con-

nectors &l OF'd 21 Preamp SignalZ W& o Y=

Z}7Fe] PVT, LBC AE719] 54 dlo|H+= TCPIP 4
< &l pCcE ALHh

Fig. 2. Plastic scintillator 3D design layout drawing.
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Table 1. Plastic scintillator physical properties Fig. 37} Zro] MCNP HALR 4HE5 249 o, 2] 2
R - B 57 AAS oz v 7| 788 ARSIk 2
Refractive index 16 ¥ 7= S 2E 54 A2 oF ARk s A
Absorption coefficient, cm™! 0.002~0.005 i]'iﬂ 7]1_5‘ 9401] EEL ZjH-ﬂO]O], 715]%7] 5 ;ﬂi“"&]?_] QH]
Softening temperature K 355~360 o T4 919 PV AE7] 71 9o FASIALR,
et ) A oo 8 WA T A A
S stelck g WA, 4ok, o 278 939 9o
Number of C atoms per cm?, 10> 491 100 x 400 x 30 mm, 172715 7+& (Fig. 4) 3131l = 1=
Ratio H: C atoms 1.0 oF 4.1 0|tk

2.3. A2HE S AAH

Table 2. LBC detector features Tz U E YR ARAR HEO] Z|E A=
Scintillation crystal LBC 38 X 51 mm, standard B EAS AR A AAAE, FolE AEAA, BE
Photomultiplier tube ® S1mm type 5= "R o] o] Ad|olo] 8] ZF AA A A F g
Housing hield 0.5 r’gm aluminum q oJE|¢} PCE A5 Gateway PLC 2 [0-Link Master2}
Magnetic shieldin: Solid 0.63 mm around PMT P .

& ) & ZVE AR E 2RI5t7] 919 HMI (Human Machine Inter-
Length, Diameter 152 mm, 58.8 mm ~ RN o
Connectors 14-pin JEDEC connector action) = TAEM, S8 W w5H71E0] #A K E ig. 5
Temperature range —20°C to +60°C O} T2 JYHHE F 534
Energy resolutions < 3% FWHM @662 keV AL LB A= zeaf Az =3 JAke] EAolat
Gain stability < 1% over 24 h at 20°C 2 o] gsto] HAMY H|7| B0 AL LHEIEE At
Typical high voltage 600~800V At} BB AE AL A7)0} A2 | HES 5}

#Simulation method Y_axjs 10 cm

* Simulation Code: MUNP-X
——
* Number of particles (nps): 4 = 107
* Conversion factor for photon X-axis —t °
S e by
flux to ambient dose rate: [CRP-74 ’ Sphcrc
* Goal for Monte-Carlo error (%) d detector
1<03 Z-axis BKG photon

SOUrce (Parallel source)

Fe Pb Cu

+ Shielding slabs have a combination of steel, lead, and copper

* BKG gamma-ray source was simulated by using BKG data obtained by HPGe

Fig. 3. Conditions, materials and structures used in MCNP modeling.
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Fig. 4. Lead shielding device assembly design and manufacturing. Fig. 5. Metal waste representative shape.
Table 3. S/W program configuration
« Hardware control - Measurement start/stop/save, etc.
« Current status of metal waste measurement
Main screen « Sample weight and measurement shape expression
« Real-time radiation count rate (measurement of contamination)
« Implementation of gamma ray spectrum
Data search « Search and recall stored metal waste measurement data
Equipment control « Radiation detector set value control - HV application, detector settings, etc.
Preferences « Radiation detector and measurement equipment and communication connection and setting value adjustment
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Fig. 6. Integrated management software program.

Fig. 7. Drum for preliminary testing.

) o] ;54‘@-3].7." L9 54%;(] Sl _94 _(_q l:g-}\]-/%] —'1—;’-41\_31:" 7]% /\] 2 Fig. 8. Radioactive metal waste measurement pilot operation.
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Fig. 9. Shape acquisition of radioactive metal waste samples. A HAME B g o ST 4 e diEd HEY
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Fig. 10. Radiation measurement trend by PVT detector (top position of sample).
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Fig. 11. Radiation measurement trend by PVT detector (position at the bottom of the sample).
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