Development of the 2" Generation of a Quad-CZT Array
Based Uranium Enrichment Measurement Equipment

Ae-Ri Lee?, Jung-Ki Shin®, Uk Ryang Park?, Seunghoon Park?, Heejun Chung?,
Yongkwon Kim¢, Sung-Woo Kwak?a*

a8 Korea Institute of Nuclear Non-proliferation and Control, Yuseong-daero, Yuseong-gu, Daejeon, Korea 305-348
b Korea Institute of Nuclear safety, 62, Gwahak-ro, Yuseong-gu, Daejeon, Korea 34142
¢ NuCare Medical Systems, INC., 30 Songdo Miraero, Yeonsu-gu, Incheon, Korea 406-840
*Corresponding author: swkwak@kinac.re.kr

e KINAc

KOREA INSTITUTE OF NUCLEAR NONPROLIFERATION AND CONTRO



CONTENTS

INTRODUCTION

DEVICE AND METHODS

EXPERIMENTS AND RESULTS

CONCLUSION AND FUTURE STUDY




CONTENTS K 1 ENiEhueses




INTRODUCTION

1. The necessity of a research

* The necessity of the undeclared Uranium Enrichment Facility
detection equipment
= The absence of domestic technology for inspection activities

= To improve existing nuclear safeguards inspection equipment

&

Alternative Rapid Field
Technology Detection Application




15t Quad-CZT array system

2nd Quad-CZT array system

Development of the 2" Quad-CZT array system
to improve the drawback of the 15t Quad-CZT array system




DEVICE

CONTENTS K 2 X
e METHODS




@) | DEVICE AND METHODS

2.1 Quad-CZT Array system Hardware
1St Quad-CZT array system 2“0' Quad-CZT array system
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2.2 Quad-CZT Array system Software

1t Quad-CZT array Detector Calibration
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DEVICE AND METHODS
2.2 Quad-CZT Array system Software
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DEVICE AND METHODS
2.3 The 15t Quad-CZT Array system

30 mm Pb &

— 2/

(D
Array structure

Cable Lead Sample Pellets
shield container  adaptor

* This equipment was developed portable gamma spectrometry system utilizing the quad-CZT array in 2014.

s Equipment Specification

u Size (H)235cmx (W)51cmx(L)385cm = Weight : 28 kg

= Spectrum channel : 4096 channel * Energy range : ~1.8MeV




DEVICE AND METHODS

2.3 The 15t Quad-CZT Array system
¢ Field application test 4C2T Amay AZ0I5 01BE! 535 5
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DEVICE AND METHODS
2.4 The 2"d Quad-CZT Array system

CZT DC Pellet
equipment adapter  adapter

CZT Software

UF, adapter lead shields

s Equipment Specification

CZT

Array structure

. Size :(H) 23.5cm x (W) 51 cm x (L) 38.5¢cm

L Weight : 5 kg (only equipment), 12 kg (including shields)




DEVICE AND METHODS
2.4 The 2" Quad-CZT Array system

s Equipment improvements (1stsystem — 2" system)

1. Equipment Optimization
= Size:23.5cmx51.0cm x 38.5cm — 18.2 cm x 19.2 cm x 32.4 cm
= Weight : 28 kg — 5 kg
= Detachable lead shields

= More User-friendly

. Approachableness at UF; cylinders
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1. Comparing the performance of Quad-CZT Array systems

[ 15t Quad-CZT array system ] [ 2nd Quad-CZT array system
~__ Pellets

{14

Comparing the measurement results for the same sample
by Quad-CZT array systems

= Sample : 3.8% enriched uranium pellets
= Measurement time : 300 sec
» Analysis Method : Fast Uranium Enrichment Screening test




EXPERIMENTS AND RESULTS

1. Comparing the performance of Quad-CZT Array systems
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3 EXPERIMENTS AND RESULTS

2. Fast Uranium Enrichment Screening test

Reference sources

+» Reference information
= Measurement time : 300 sec = Enrichment : 1.28%, 2.34%0, 4.10%
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Enrichment | Net Counts type a (intercept) b (slope)

1.28% 69,078 4-pellet 32,757 28,846 0.99979
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2.34% 101,226 4-pellet (Counts — 32757)
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4.10% 150,665 4-pellet
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2. Fast Uranium Enrichment Screening test
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CONCLUSION AND FUTURE STUDY

-

.

1. Development of the 2" Quad-CZT array system to improve
the drawback of the 15t Quad-CZT array system

0 1. Miniaturization 2. Approachableness

2. Evaluation of the 2" Quad-CZT array system performance.
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 FUTURE STUDY....

v" Field application test
v' Software improvement
v" Development and application of the Embedded monitoring system for CZT

equipment
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