Measurement of Gamma-ray Detection Efficiency

in Irradiated Materials Examination Facility
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Abstract

The detection efficiency of gamma scanning system in Irradiated materials Examination
Facility has been measured. Gamma-ray sources used in this experiment are a Cs—Co
standard sources and a PWR spent fuel rod in which Bos and ™Eu peaks are clearly
identified in the energy region of 500 to 1,600 keV. The distance between source and detector
is about 1.6 m. A slit type collimator with 3 mm-width window and 30 mm-thick lead block
are installed between source and detector. The detector is a HPGe detector. This equipment is
mainly used in gamma scanning of irradiated nuclear fuel. The measured detection efficiency
seems to be 1.89 x 10°% % for 1 MeV gamma-ray. With these results the activities of
unknown sources could be measured. This results are expected to be used in the
measurement of the absolute distribution of gamma emitting nuclides in nuclear fuel.
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(keV) GROSS | NET | +/ (keV) Nuclide (keV) 1,(%)
YiCs | 66170 130697 | 124123 | 377 | 129 | Cs-137 (661.62) | &5.1
569.49 4054 221 | 77 | 084 | Cs-134 (569.33) | 1538
604.77 8101 2847 | 126 | 1.14 | Cs-134 (604.72) | 97.62
795.82 16166 | 13850 | 135 | 1.38 | Cs-134 (795.86) | 8553
¥Cs | 801.90 3122 1463 | 65 | 1.30 | Cs-134 (801.95) 8.69
1038.44 2307 434 | 62 | 1.38 | Cs-134 (1038.61) 0.988
1167.70 2339 1309 | 76 | 145 | Cs-134 (1167.97) 1.789
1364.82 2523 2189 | 58 | 1.81 | Cs-134 (1365.19) 3.014
72327 3826 1565 | 80 | 142 | Eu-154 (723.30) | 20.22
756.71 2279 321 | 57 | 076 | Eu-154 (756.76) | 457
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1004.55 11929 7705 | 169 | 148 | Eu-154 (1004.73) | 18.01
1274.13 17277 | 16569 | 137 | 1.69 | Eu-154 (1274.44) | 35.19
1595.95 1114 1016 | 35 | 1.86 | Eu-154 (1596.50) 1.798

(544 03-3-2001, Live Time = 10000.0 s)




APEF AR i Fos
Fobdl dol2 dolHE @46l 457 AL A HAm Bo) ArkA FAEF ohy)
of gt} AFEF AR G dia] SAWFo R FHES A7 98 29 33 o] AAst
37 mayEe] RaEE e AN e B A HAR R ds) Axse] Fies
A4kt T,
y-ray
r
71
”
P 2
a9 3 FAsE ol EAS gabde] K8 A=,
aF 3 A UF Aol gAm Fddoln HEHY FAE ry— 7 otk HARYS dsolA
BAE PAENe AAREA WERS 27 x, 2 x, E BT 0AUE dsoAd $A
& el A71E dl g aw $Eow RaEs A dl=dly exp(— px, — paxs) O 2
2538 T,

e

I fd]o exp(— p10 — o x3)

I [ ar,

T,

Iy

of fry. FHER ehw,

xlz\/ﬁz— r’sin’6 — v cos O

X9 =\/ 7yt — r*sin 6 —\/ 72— r*sin?6 o]t}.

dly= o(r,0) rdrdf =

E2
=

S e, o(r,0) =
3

slelA EAsteh s BHNA T2

(3)

=i]
=

X a3
Al

4 A

Fs

YERE(RY WA g

-



%3 9dn 2 muge) guld 7 A 5
SRR U A, 1y | Zy-4 A, 1y
(keV) (1/mm) (1/mm)

400 0.49469 0.0663

500 0.33616 0.0567

600 0.25976 0.0506

800 0.18183 0.0429

1000 0.14459 0.0380

1500 0.10467 0.0309

2000 0.09244 0.0271

dr — Ar = 9.48/2000 (mm)
d — 46 =2x/1000 (rad) o= ZAF AXbETh o] Ay a9 49 2k 79 A
ol gk F3s ANZIAeRY olgs & AddF= 43 "dAS ol o 4ak a4

& ol&sto] 49 AEFmE ALkl A &8k

0.7
0.6
fe)
T
nd
- 05
2 T =c E*c.E*c E+c E+
8 r C1 Cz C3 C4 Cs
=
2 04r cl=-1.618E-13
£ c2 = 9.398E-10
c3 =-2.114E-06
0.3 c4 = 0.00231
c5 = -0.403
0.2 | ' | ' | ' | ' | ' |

200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Energy (keV)

219 4 PWR % 2o puld =g



dlole kel EAlshu,

S.
e(E) = AT, = aE,>+bE;+ ¢
S.
e(E) = m = anZ—l-bEj—l-c 6)
S
c(E) = TiTr = aE,*+ bE,+ ¢

=

7} "ok A7l A A, 2 Ay s A7 5@, Pies 2 YCse) dabsolt e de]

Agolle AdFAel ®7E BAbsol $Y WA s(apparent activity)ol®2=2 T, & 12 &=,
Ty gdme A7) @ 7jektxe zold o)dk B AL 1A sk

G Ay R Ag ok 2489 A a, b, ¢ 5 5M9 HAFRS Fae, T 1749
delf(EEAd 37, P'Cs TH, Eu HE A e Haxeddd date F 49 29 59
2,

#F 4 A58 9 e I8 2

o]z o4 X] RN WAL=
(keV) HEad (Ba) ol
. 661.62 3.10689E-09 LOBE+10 :_zﬁ%ira
hy =Sy S K=
e 1173.24 2.58336E-08 QAZA
1332.50 3.12899E-08 284E+10 T3 gkl
569.49 8.88730E-10
604.77 1.69929E-09
795.82 7.60199E-09
10y 801.90 7.86550E-09 4.21E+08
1038.44 1.79521E-08
1167.70 2.85717E-08
1364.82 2.60251E-08
723.27 5.60506E-09
756.71 4.92555E-09
873.12 1.14205E-08
ey 996.10 1.65096E-08 2.92E+08
1004.55 2.56228E-08
1274.13 2.57783E-08
1595.95 2.89058E-08




x 10°®

3.5
- | O Cs-Co Standard
3.0 F O Cs-134 O
A Eu-154

25
>
(&)
o
S 20
=
LU
5 15r
(&)
2
[}

10 |-
= EFf(E) = -(2.91x10™) E?

os +(9.54x10™) E - (4.74x10°)

0
0.0 |:|I " " | " | " | " |
400 600 800 1000 1200 1400 1600

Energy (keV)

a7 5 BEAY, s 2 YRy 9% delmayy te A& FS

HEE Fo i s
7

Qmge] Folsll MY vk Z44 AR A7) Aels) Awsl wseu A% 9%
o Qo Hrh HE S AR o 49 adom tus A u Awel TAL Asl
b §7% i sA U WAl AR W Ahe wARom ddste] HAms A%7]%e
AR A 2 mm AAEAA Q) WE 5 At Az um dasks gelde] mE A%
of meres wel, A5 AEs1oke] A2k 200 mm lEE 1 AolE thest o] Aaberd,

Tef 2 %4 3one v 498 49 [ « (zé%)z 2 I, « (2502)2 @ s

Do (A2y2 1 09 71\l Al 2 %8l Aol e & it o mEAAL of ol

I 200 . © = = T M A

BN
S
>
=
>
il
>
1
N
)
jul
,
[>
X
ol
o

Aol 3 Cs-Co EFAYH 45 PWR SARS o] §3te] 7
1 HAEEES ST ol AddA SAE 1719 HolaE o] &ste] 500 keVelA 1,600
keV oA Gl dis] AEE2E&S AdHUAY SrEA ek 1 MeV #Zrpde] Ae= 4
189 x 10° % 91 Ao vehgth o] #vlxy A= AAE HAdg

A8 FHPstn gy A AUAZEES o] 4d a1

ra

B

Mr o
T
e

N

o=
=
e ox

)
of\
1o



9 ZAFL Qh ® =R ARt ANEE 546 489 5 glowd By
AAR AAFF A Fhs AN vl FEAT) MFA] G2 FIE Aol

= 2
= T
of i PAF BN D ALS Fokel o Aol T w0l
£g JERES TFehod gl EEAUN HAR A9 JshTE g neA gw EW
WA gomw Fsulastdid, oo d wee) o7 o ot thee) ApdAR

| Akl g8 AEF PWR Haime

1 F0F, G, FEA, o, AHd, uEE
A S, BF AR FANEBHI = 1L p251 (Oct. 1997).

Kwon-Pyo Hong et. al, Development of Non-Destructive Testing Device in IMEF
Proceedings of the 2nd KAERI-JAERI Joint Seminar on PIE Technology, p.137 (Sep

1995).
3] Data retreived from Lawrence Berkeley National Laboratory Web-site on Feb. 2001.

4] John R. Lamarsh, Introduction to Nuclear Engineering (2nd ed.), p.648 (1983).
5] ZAFAAIEAE 91 314, KAERI/MR-353/2000, (2001).



	분과별 논제 및 발표자

