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ABSTRACT

Development of a Vehicle-mounted Large Area Radioactive

Contamination Measurement Equipment

Geonju LEE
Advisor : Prof. Jongsoon Song, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

The Gyeongju Radioactive Waste Disposal Site has been in operation since August
2015, and low and intermediate-level radioactive wastes are being transferred from
nuclear power plants and radio-isotope wastes generated radiation facilities in Korea.

Therefore, it is important to ensure the safety of the vehicles transporting wastes,
and in particular, it is necessary to establish a method for rapidly and accurately
detecting radioactive contamination on the accident path immediately after an accident
that the wastes are dropped on the ground. After the decommissioning Kori nuclear
power plant 1 of Korea, it is necessary to measure and evaluate the residual
radioactivity of the site for decommissioning nuclear facilities in order to determine
whether they meet the site reuse criteria (NSSC notice No. 2016-33). Conclusively, an
equipment for rapidly and accurately capable of measuring the residual radioactivity
on the ground is required for ensuring the radiation safety.

However, the equipment for measuring the residual radioactivity on the ground is
not developed at present in Korea, a vehicle-mounted large area radioactive
contamination measurement equipment (active area : 412cm’) that can be manufactured
in large area and capable of measuring radiation dose rate and gamma nuclide of

Co-60, Cs-137 is designed and developed in this study.
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O NAT-USA Inc.

0/=2] NAT-USA Inc. At2| Mobile Survey System (MSS)1t Vehicle Radiation Det
ector System with Plastic Scintillators (VRDS)= Zat 15 °C 0lM 50 °C 2 J|2
Hel W 220 J0tB2HeE0 20 S 2E0| IJtsotth. delut, 2 A0
M OHE SHOXE Sh= A 22 Bt O
O, BHOct2E M2 X0 it £8h 2 s
He2 PYol Xl Al E0lotLr AAIZH 2& JIsS A

Jts AlZtOl A 2HA St

cellular satellite

Command \
Center

Survey Vehicle
Running Command-and-Control
Software Locally

Internet Access Q

Z18 1. NAT-USA, Mobile Survey System
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O PICO Envirotec Inc.

JHLECH2] PICO Envirotec Inc. At2| Integrated Radiation Information System (IRIS)
@}t Stand off Integrated Radiation Information System (SIRIS)= Z3at 20 °C MM 5
0° C SEUAM 208 ES EHO0| IJtsotLt HS

SJtsotlth £8t A= 28 Jts AlIZH0l Z 3AI1I2 2

o

e

2 JIHE =FO0I

22 790l @

EF

o

Paa

Z18 2. PICO Envirotec, Integrated Radiation Information System
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O VF

M=Z2l VF At2| Floor Contamination Monitor (FloorScan)= NAT-USA Inc. At2t

PICO Envirotec Inc. A2l AIAEID HIW

40°C & U HIEL-Z0F SAl 28 =F
=L 0 UASH X S HE ZHIol
a4 52 HNYY S HuwA A" AF
SUH&E= B AIAR0 HIGHH =2U
StElf AN B2t g SFUS &0

Ot AUiE<2=z HistE Zotk 10°C Ol
40 JtsotLt, 2 J1s0l 58 2 X0
Mot 2 #9S =FHotA
o A &0 371 2A
& Jts HE0l 525 cm® 22 &
| {21201 UCH

AN

on

FloorScan-1050 monitor

& 3. VF, Floor Contamination Monitor
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2 5. 1000x500x50 mm Plastic &2 =]
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H 4 Nal(Tl) & PVT &22AE)| AH

S Nal(TI) PVT
Density [g/cm?*] 3.67 1.032
Melting point [K] 924 -
Thermal expansion

47.4x10° 7.8x107°
coefficient [¢ ']
Wavelength of
415 423-434
emission max [nm]
Refractiv index
1.85 1.58
(@emission max

Primary decay time [ns] 250 1.8-4.0

Light yield [#/keV] 38 38-68
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= \ @ | & ® | @& \ \
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minimum 250cm for wavelength 418nm. = 259 3 ~ A =
o =,
9 Operating temperature: -20°C to +50°C 28l 2g 28 +
Short-term temperature: -30°C 10 +60°C. o
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All secondary dimensions are in inches. 1t 0 ]
5.0020.04
= L ] = 127 1
= R LL =
— 29 1
[ EE ‘n -
= i [39.45 10.12] =
1002 +3
] — 1T T
[138+0.04] ‘ |[2909tDZD] [1.38 +0.04]
3541 73945 3531
[40.24 +0.39]
1022 410
APPROVAL
Sirfsos i oWt Zhuraviyow 27.06.16]
P
Angdar CHO Scintillation assembly
APPROVED
SZE | DWG NO REV
[APPROVED ‘ 10mmx200mmS1000.PS/3.002 | 1
serroveD SAE 1 | [ ST

2 9. 1000x200x100 mm Plastic

18

Collection @ chosun

Mo

oo

ZZJ| Drawing




Notes:
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4 Mu-metal 0.6 [0.0236"] thick surrounding | ” |
the photomultiplier tube. \ ] o o o |

(5) Auminum flange, 2 pes \ |

(6) Hole M3 ¥ 6 [0.2367, 2 pes \ ol
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FESF oIHFEES NS 3BHS & XHHIOHL, Plastic 2EJI2t
= H

[, HEZ2 Co-60 & Cs-137
e =

HE=2 12 & HHR, AX= 2942 Nal(Tl)
FEI| S0 2EE ZAHotH & SN 5

0, 10, 15, 20, 25 mm& JIHS otH
0

, 38 TEHE FIotH £AH6HA

rnr oo
I
f;
hl

MCNPX Coding Geometry
(for 80Co, 137Cs analysis)

Pb shield

===l I > Nal(T])

asphalt

<3D Visualization (Vised X225 Prog

Total Hou:
(red)

Pb shield
(blue)

red] 3
stic scintillator (yellow) red) astic scintillator (yellow)

I(TI) scintillat
(Wisciatliator;{areen) (blue) al(Tl) scintillator (green)

I —> Asphalt

<2D Visualization (Vised X225 Program) - front view>

— > Asphalt

<2D Visualization (Vised X225 Program) - side view>

e T

<2D Visualization (Vised X226 Program) - bottom view> <2D Visualization (Vised X225 Program)>
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Ofte O Scatters z=A5HE 4= U

EAHM Z2HE Fet 2HIEZ AZd0]
ot 20l celotAth

Photon Spectrum - Left Nal(Tl) Detector
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212l 12. Photon Energy Spectrum Cs-137 volume source
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Phaton Spectrum - Right Nal(Tl) Detector
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== LG mm
—20mm

LSE06 —TGmm

LOE-06

50607

Fhoton Enerpy [MeV)
Photon Spectrum - Right Nal(Tl) Detector
L0605
s
10606
v

10607

—a=lmm
Phaton Fla
poras ~&-10mm

=15 mm

10608 S
—25mm

106:09

n
15630
00 D0 D0 030 040 050 080 070 0B0 DM 100 110 (5] 130 140
Fheton Entrgy [Mev]

& 13. Photon Energy Spectrum Co-60 volume source
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E
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Eaay
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HI5& MCA et

H1&E MCA
M.C.A(Multi Channel Analyzer) CtESME &Il MAEAD|Q E2M &
AMES OIUX-AHRES =EH S0l AISEHL & FEIIZRYH E54s59 BA
MNEEE Fote A2z 2 AdFEAE 1] WIXH et Z e Mgz Hd49
ot 2+ MHE0tCHe HI=XIE F6t= & XIO0ICH

Y MCAS2| At & Preamp AFZES OfcH 2t 2Ch.

MCA(Multi Channel Analyzer) A2

- 3U MNE= Bt

- ADC 2dis : 1024XH E

- Resolution : < 7.5% @ 662KeV, Cs-137
- Shaping Time : 1ps

- High-voltage : 0 - 1200V, JtH

- Gain, LLD, ULD JtH &3&F

- 28 288 s MEMHIFLA M2l

- M3, SAIAEH, Incoming rateS S &2l & £ U= Indicator
- S48 YA TCP/IP , 28 Ae e Y = IE

- START/STOP, Coincidence Input / Output
- ItetOlE(TCP B8 5) €88 S4l RS232 sS4l LE

- SHV, BNC, Preamp Power(£12V)
Preamplifier AI2F
- B14A PMT Socket 9/ H 0|2

- Detector signal : SMA Connector
- Power : DSUB9 male (£12V)
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3U Rack AISF

2 482.6
485.1
426.72 (B4P)

8 14 MCAEEDJt E& &= 3U Rack

MCA= Rack type2Z M, PMTIt 1000x500x50 mm Plastic ZZJ|1 112 L0
20K, 1000x200x100 mm Z=J| 2J42 282 2Z0 200, Nal(Tl) Z2=I] 2042 2 1
HE & 8HS PMTIF USH MetA & 8IHS MCAJF ER0otCh X0 H=E
Z0IE HBSH D6t PMT2 Z&E HV divider S0l Z& &A= Preamp

U0l Shaping amplifier )tXl &S] 3U Racklll EZE MCAEEN =ZSZJI(A
mplifier)E WEE2CZM HOIE 2010 28t L0IXE A3 AIZLCH
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18 15. 3U RackOll #== MCA 25 8

18 16. Preamp 432!
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H2& Nal(T) 2dlis S& L Plastic 2=D| &E

W MCA= OFei2b 20l Cs-137 MIAAE OIE5tH d=D| 52 L S20
AN 10 em =0l0IA =&otH ZSotUtt. 1 &
S0late 2disS LIEHHRAUCH

883199

10000 44—
:J ‘-‘&_ Background
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o 1000 4L LS S I
8 | o]
% e en 0 Y |
= | " B [ Resolution @ Cs-137
£ 100 ; ; - N H— - T T
= t | | : 7.28% @10cm
o : : il e 7.06% @ Ocm
I | | | q ] : [ '
104 i i E ' i
1 T T T

200 400 600
Channel
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x 02
x
I

X
4>
M0
o
4 ox

2

ot 0 &2
ol HEZEotH ECh Lorentz fitting &= EAHUHA SHE H-82 dEEZ
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18 21. Lorentz fitting &= factor & &
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AE AME, JHel, HEs= oteHet 2L
- HAHESE: Co-60, Cs-137
- AHel: Nal(Tl) 8&2HE0|9 @HOZLEH 10 cm
- HE: ZIUHE 3 MeV

8 28 SSAAI=22 HAEQIZSEE)
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