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Abstract - A small radiation detection system is necessary for the direct characterization of
alpha/beta-ray contamination inside pipes generated during the decommission of a nuclear
facility. In this work, the new type phoswich detector consisting of the ZnS(Ag) and plastic
scintillator for o/B simultaneous counting was designed as part of a development of a
equipment capable of monitoring radiological contamination inside pipes. The optimum
counting conditions in dimensions of scintillator and a detection system were experimentally
confirmed and a performance of alpha/beta-ray discrimination was evaluated. As a result,
optimum conditions of a detector suitable for monitoring radiological contamination inside
pipes and a feasibility of application to pipe-inside were confirmed. -

Key words : contamination level inside pipe, phoswich detector, alpha/beta-ray discrimination,
scintillator
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1. Comparison of features of monitoring systems for counting radioactive contamination inside pipes.

Monitoring System Pipe Explorer™

Monitoring system developed

. ®
Pipe Crawler in this study

7nS(Ag) for alpha particles

7nS(Ag) for alpha particles

Detector / plastic scintillator for beta Geiger Miiller counter / plastic scintillator for beta
particles particles
Radiation alpha- and beta-ray gamma- and beta-ray alpha- and beta-ray

Individually measuring

Counti
ounting method alpha- and beta-ray

Simultaneously measuring
alpha- and beta-ray

Measuring total
gamma-beta ray

Pipe diameter 2 to 40 inch

2 to 18 inch 2 inch

P

Hel A58 % 9AFA AL 2
o gk
AR oo 254 FARAN) 9

[o]
qe %

B

3“’\1& dd EFE0 2859 94 FodE A
S FWstodop o :LEJUr dirHoz e
2 24 g YR 2959 7] wE
23 A ?z% BAEE 7HA L o &Y &
He A AFYG PP e & gled,
A Hjo (survey meter)9} #2 FH|E o] &3
o EHO9E AF FAs:s FAAYY He:e
FuE v YRR YolA AY FAE 71 Q)
ong RN YR QYRS ZHsook F
= N R o HﬂEP“JJr e AY l% LR
Ao gt Faol st RN LIRS

24% 47} 9, B9, otel WAE 5o
NEE AHad LYEE 2Rt BHHe 7

$E BB YR AnE A
¢ Audn ARAAE

24

¥E /A Yok

2 dFdAE T R WY LEEE
A7 A 4 9= phoswich A28 st
Fok giFEEe 7]&€ phoswich HAEV & #4749
AFAZE AH HAES Qe A=9x e
%‘511"3_‘? dMe T WE FdoN BEHE A
Aol o}ﬂ“z} "’“\}’“4 74§ 2e&e 4
A7)

~
i1
_?‘,i
=S

éoxﬂ ”L«l °‘J}/HNEW EA] S3E
2718 ngeed d2E7 371 4 A=
;\]_13541_,] _414 ene Nzﬂx—log_ 3ol o]_—/

NI\

Eoki o
‘d

Az u
A AL mH A
l:ﬂ—/\]-k] A A= A A3 2Ho] 7}

?’“ Aol °‘btl 34 ZP——HHJJr(PM’I‘ photonnﬂtlpher
be)ol 917bslE LART AR FE& AAG7] A

E‘} LLD(low level discriminator)7} 017] o gt
DAY LLDY #FA3e A AT 2709 =2
37) 9% 270 Hed FFAYG 183 LLD=
I A3te] uid 7 xe W3t HAvt HeE FHE
*(plateaw)2t B TG0l MEsfofor g} &
o AGE ZYES dol9 138+ 1/4) e F
E2 o Agte 519 BoA 75-100V =L A oﬂ
A ZE oA A s ojol st FHES FHe
71€7]1% 100 V 3 5-10%7} F A %obof i3,
4,5]. 2211 PMTY 82 ¢ Ao 2ot 2
7] WEo] UF 5 Aol AEEA e Ao
upA g}, A4 A" PMTE HAMAMATSU
A}¢] Head-on type?! R1924A 22 & o] &3} o
™ cathode®} anode Ato ]-4 A3 Q7 AL 2000
Volt}, PMTY £4 ABE ZnS(Ag) 42AHE7|2
“Am g3 HYe &4 8}7 A 0 VoA 1000
VA 50 V @A Z EA48t9 AA A
2. Phoswich Z&7] 24

Akl Phoswich A&7e shue FAAS
Wi ol 270 ol4te] oE AHFAt FEd 7&%
Az g Ad3A 24 s £ 3
o ¥AHA(F, &3, WE, #Av 2ga/Ee $4
Aol gt vk e E ARG, G ATFANE o)



~~ Pipe

Plastic Scintillator

(a)

27 A 125

(b)

Fig. 1. Conceptual design of a phoswich detector (a) and a photograph of a detector manufactured (b) for

simultanecus alpha/beta particles counting inside pipes.
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Fig. 2. Characteristic curves in a ZnS(Ag) scintillation
detector at different low level discriminator {(LLD)
settings.
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Fig. 3. Separation of alpha and beta particles using
PSD methods observed with ZnS(Ag)/plastic phoswich
detector. A FOM is T/lt.ts), where T is the seperation
between the time peaks and f and fz are the
respective FWHM of the time distributions.
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Table 2. Figure of merit obtained with ZnS(Ag)/plastic phoswich detector for *'Am and *SrY.
Thickness of Distance between entrance window and ZnS(Ag) scintillator (cm)
plastic scintillator 0 1 9 3 4 5 6 7
1.25 mm 2.99 3.10 3.05 314 3.05 3.00 2.68 274
311 mm 307 2.95 2.93 293 2.92 2.82 268 249
417 mm 2.88 321 331 318 3.06 2.99 2.67 311
10.08 mm 2.87 2.85 2.87 3.02 2.77 2.84 2.69 2.02
<00 5500 ]
, Plastic scintillator thickness o
N ~ - 1.260m 2500.]
. N % —#— 31Imm
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@ “‘:\\\ :. ey 10 18PIM @ 3500
z N\ £ o]
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e v &= —u—1.25mm
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Fig. 4. Total counts in alpha region according fo
distance from ZnS(Ag) to plastic scintillator.
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Fig. 5. Total counts in alpha region according to
diameter of ZnS(Ag) scintillator.

.2 Y959 ZnS(Ag) A3AY
50 mm¥ #e} ¥ wd 45 mm, 40 mm¥Y
Zkzb o 80, 60%9 A& &S Bt

HhE el 3 WAl = €3 Ev #ERA
ol g} 7“3}"*‘: Zo| w&dt, 19w
PSD #H & o] &3 HE A2"dA o] ZAwpid
Nzt wEd ggel] 2ol ‘45}‘41 o 7
nAoe] wE dde wAE GEFe F9sgch
Wics AA9S SP2gARA 4R
2 cm9 Ao A% A3 FeaEA
g3 Zupde Azaes Hegd HE
107 A=EA A FAT F AU

_'.Iﬂ', b
‘9,



128 T B B e gk

4 8

HE WEe 2e =2 x99 90dEE =3
37 $lste] dupMdst WS FAd 24
T T phoswich H&7|& 7dste] wja Yr
o HE A2dg AFete gu/MEde A%
SA4E 97189 e e A e a9
Z743}7] 913 dutA phoswich A&7 b= &
H7b o8 ZnS(Ag)/Eer8A A zdd
phoswich A&7|& AAYL 2 H5S A
2= HrtstAtt PSD B o HANSE 243
A3 71EY 2E AL B AxEo st A%

oo FES ¢ue HEde & BEHYe
oo e ge] Hol 2@d I AYq
ga/Hetd e A9 FAT 5 Y= A7 A
LT o] H29E TAAGeE o) s
3 Aug 23 Ao 2 zte] oA A gn g
49 A3E BT £ Uk 4434 Aol 7}

P T e |
T Aotk

EINERE
2 A7 FR)eRd dAYFP AT
Atel 4o syggion, oo =Gy

FIE3

1. US. Department of Energy. Pipe Explorer

Surveying  System; INNOVATIVE

TECHNOLOGY Summary Report, DOE/
EM-0440. 1999.

: H31E HE39E 20065

2. U.S. Department of Energy. Pipe Crawler®
Internal Piping Characterization System;
INNOVATIVE TECHNOLOGY Summary
Report, DOE/EM-0355. 1998.

3. Overman RT, Clark HM. Radiocisotope
Techniques. New York; McGraw-Hill, 1960.

4, Chase GD, Rabinowitz JL. Principles of
Radioisotope  Methodology.  Minneapolis;
Burgess Publishing Company, 1967.

5. ASTM; American Society for Testing and
Materials, Standard Test Methods for
Detector Calibration and Analysis of
Radionuclides. ASTM E181-98, 2003:16.

6. Kriss AA and Hamby DM. Beta spectroscopy
with a large-area avalanche photodiode
module and plastic scintillator. Nucl. Instr.
Meth. A. 2004 Feb;525:553-559.

7. Miramonti L. A plastic scintillator detector
for beta particles. Radi. Meas. 2002 Aug;35
:347-354.

8. Tarancon A, Garcia JF and Rauret G. Mixed
waste reduction in radioactivity determination
by using plastic scintillators. Anal. Chim.
Acta. 2002 Jul;463:125-134.

9. Thorngate JH and El-Razek MMA. Limits to
the applicability of commonly used pulse-
shape figures of merit and possible alternative
measures of performance. Nucl. Instr. Meth.
1977 Jul;144:209-214.

10. Winyad RA, Lutkin JE and McBeth GW. Pulse
shape discrimination in inorganic and organic
scintillators. 1. Nucl. Instr. Meth. 1971 Aug;%:
141-153.



