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Abstract - The purpose of this study is to evaluate detector characteristics like evaluation of
the dependence on linearity, accuracy, and directionality by utilizing a gamma-ray standard
benchmark irradiation system which was built to test the radial performance of the LBC
(Lanthanum BromoChloride) detector among the main components of the radioactive metal
waste contamination level measurement and classification system that is to be developed in this
study. The detector characteristics were evaluated through benchmark irradiation by using “’Co,
¥Cs, ' Am mounted on a gamma-ray standard irradiation equipment. For linearity, evaluating
linearity from the 3,000 mm or greater interval was verified to be better than evaluating linearity
for the entire section and R-square value for each source was verified to be “’Co: 0.999 904,
YCs: 0.999 923, *'Am: 0.999 700. For the reproducibility, the average coefficient value for each
source was verified to be “’Co: 943 282.1, ¥'Cs: 416 943.8, **'Am: 856 398.1, and the relative
standard deviation value for each was verified to be “Co: 0.10, *’Cs: 0.14, *'Am: 0.09. Finally,
for the response of angle, a change in relative responsiveness from 1.057~1.205 in the horizontal
direction was verified. While it was satisfied within a 20% range for most directions, there was a
0.5% difference in the —75° area. Through this result, we aim to contribute to the improvement
of safety reliability for nuclear decommissioning by securing a lower bound for detection that is
sufficiently low by enhancing the measurement efficiency by building a measurement system that
utilizes multiple scintillators for rapid measurement and classification of large volume of metal
waste in the future and by securing easiness of self-disposal by solving the representative sample
problem through radioactivity homogeneity evaluation.
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Table 1. The typical resolution vs energy is summarized (https://
www.berkeleynucleonics.com)

Typical Typical Typical
Energy (keV) resolution resolution resolution
LBC CeBr3 Nal (T1)
30 ("1 15% 22% 16%
59.5 **' Am) 10% 15% 12%
122 (’Co) 6.4% 10% 9%
356 ("Ba) 4% 5% 8%
662 ("'Cs) 3% 4% 7%
1332 (*Co) 2.5% 3% 5.5%

Table 2. Measurement spectrum to obtain the gamma-ray energy

resolution
Nuclide Energy (keV) FWHM ROI (keV)
e 661.6 48.126 589~734
“co 117322 64.322 1101~1245
13325 68.628 1260~1404

o}, %713 TFASHE F71E2 9 7HAAT (Valence band)
kA& &3t A X=u (Conduction
band)E SHTHF TA| 7HEAAIM 2 A Eete B3RS W
&3ttt F5u) T (Photomultiplier: PMT)2.2 &% Fx}
£ A7) A5 W3t FEste] oyt £ Abd T A
Aottt ZoptEe] A A7k = 921077
A= 4w apo]| 22 (1074272 FH 98, 3%
AE9| oy Ed)% (FWHM, 662 MeV)S H-{35t1 ok
(Table 1).

2 JRoA AZE MCAE 7|Hte g Hes 2A4a )
TEAS T 5 UEE 20E EA51L o] & Agstglon
AFE A, Autd B2 7)1E AR 2EHE o] &3 ¥
AAFET 0 WE LBC AE7]9 AATE AS5go ¥
wE vty Ay S AAbstglct AAkE g2 A

AYRJAAZA LBC AE719 Aegd 3 2HIAE A

&3 AFER UetiA =, AFE AF 719 ALt 3
He FAAF (YCs, “Co)2) ROI G Aegtoll AA 29
SR ARG ol SR B 1ol=E Brlat
Sth ROI ¥4 A3t 5324 A4k #FE ROIE
Aoz 24 F Wases wa A 3 nans

AAS 3FA T (Table 2). AR ¥ LBC A< 7] (Detector type,
38B51/2M-LBC)+= Z}% Conveyor HE 3919 Roller 2+l
Aaste] A F4597189 A HF BACR A
g o’goln /4L Table 37} Zt}.

Table 3. Specifications of the LBC detector

Scintillation crystal LBC 38 X 51 mm, standard

VS-889-895

@ 51 mm, type Hamamatsu R6231-100
0.5 mm aluminum

Solid 0.63 mm around PMT

152 mm, 58.8 mm

Drawing
Photomultiplier tube
Housing

Magnetic shielding

Dimensions.
Length, Diameter
Connectors 14-pin JEDEC connector
—20°Cto +60°C

<3% FWHM @ 662keV
<1% over 24 h at 20°C

600~800 V

Temperature range
Energy resolutions
Gain stability
Typical high voltage

Table 4. Specifications of the gamma irradiation equipment

Energy Radioactivity

Nuclide (keV) (GBq) Standard
e 661.7 037 ISO 4037-1: 2019
60 1,173.3 ]
Co 13325 3.7 ISO 4037-1: 2019
*Am 59.54 37 KS AISO 4037-1: 1996
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LBC A&7]9] WAty 45 A@B7HE 317] Yt At
28 Zvbd ¥F 2A 2" “Co (3.7 GBq), Cs (0.37
GBq). *'Am (3.7 GBq) A 59 945 F2tste] A=
Z (1S0-4037-1)T AP EZE (KS A ISO 4037-1)0) ¥
AEO e At 2ES AR £ RS TSS9
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Ao AR BiEel A 1,200 mm YA]of| A Aol A
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Fig. 1. Gamma irradiation system.
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Fig. 2. Evaluation of characteristics in the standard gamma radiation field: (a) the radial uniformity for gamma-ray field, (b) reproducibility, (c)

effect of scatter ray in primary beam.
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Fig. 3. Layout of an implemented LBC detection system.
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Fig. 4. Test setup of the LBC detector module in gamma irradia-

tion.
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Fig. 5. Variation of the response due to angle of incidence.
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LBC Linearity Test (Co-60)
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Fig. 6. Linearity for the entire section and R-square value for each source: (a) cobalt-60, (b) caesium-137, (c) americium-241.
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Fig. 7. Reproducibility of the LBC detector.
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Fig. 8. Response of angle of incidence (Horizontal direction).
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