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Abstract : When the low level radioactivity sample is measured, it is required to have many samples.
For increase of the sample volume, a scattering and absorbing probability of the emitted gamma-ray in
the sample are to be increased. In order to correct the self-absorption effect, the counting efficiency must
be calibrated according to a geometrical condition and sample density. But, it is impossible to determine
efficiency for counting sample using standard source with the same geometrical condition and density.
In this study, the measuring efficiencies were determined with various counting containers and densities.

In order to compare the self-absorption effect with the sample density in the various sample container,

% Corresponding author
Phone : +82+(0)42-868-8210 Fax : +82+(0)42-868-2499
E-mail : bumja@kaeri.re.kr

— 59 —



& . 2y A48

22
[e)

3]

2N A
I A4 9 o] ot

9

FeHENE A8 A=
of 7bsol Alztd AT= 2

.M

=]
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the variation of the counting efficiency with the densities was investigated by adding Nal, which has
effect was found to be significant in the low energy region below 0.5 MeV.

high solubility and density. Also, they were compared with Monte Carlo simulation. The self-absorption
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Table 1. Density variation with a added amount of the
Nal

No. Volume of the Amount of the Density
standard source (mL) adding Nal (g) (g/mL)
0 1000 0 1.00
1 1000 73 1.06
2 1000 133 1.11
3 1000 193 1.17
4 1000 283 1.24
5 1000 433 1.34
6 1000 733 1.50
7 1000 983 1.60
Uwol BE AAFS B3] B A3k
AR FEALE A8 AR sUERCdA
F4A2 2ANZ Aks Agdkel Azsqch
Table 2] E£ZA99) Wateh Aok 2 9%, oy
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Table 2. Nuclear data of standard sources and reagent
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Nuclides Half-life Photon energy (keV) Intensity (%) Reagent Solvent
“INd 1098 d 91.11 27.90 Nd,0; Nitric acid
531.02 13.09
“ice 32,50 d 145.44 4820 Ce(NO3); + 6H,0 Water
Bics 2.06 y 604.70 97.56 Cs2CO; Water
795.85 85.44
“Co 527y 1173.24 99.88 CoCl, Water
1332.50 99.98
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Fig. 1. Me.asuring efflciency (.)f the HPGe detector in a  pMonte Carlo WS o] 83t AT F&¥ Hm
various counting containers. 3k Aot} 2AHELL Aad A Aozt
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Table 3. Comparison between measured efficiency and calculated one in the counting containers
Counting Efficiencies
55 CB 450 MB 1000 MB
?Ee;g)y ME. CE” RE™ ME. CE. RE. ME. CE. RE.
€
(%) (%) (%) (%) (%) (%) (%) (%) (%)
91.11 448 447 -022 229 248 8.14 1.65 1.79 8.50
145.44 597 5.67 -5.02 329 336 2.15 241 2.46 2.11
531.02 2.10 1.98 -5.86 127 125 133 096 092 379
604.70 1.89 1.76 -6.78 1.19 112 578 091 0.85 -6.88
795.85 147 144 2.10 0.94 0.87 -8.20 0.73 0.64 -12.52
117324 1.02 1.02 0.17 0.65 0.64 -1.12 050 047 -5.79
133250 091 091 0.74 057 0.60 5.63 044 046 2.81

" Measured efficiency, = Calculated efficiency,

Relative error
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sample) | A= A5 2E7] WE®T ofyet 3} Tuple 4. Comparison between measured efficiency and
stz ARo] dEtFo 2z AZggo dd calculated one with sample density in the 55
Atk aHY U8 Wro Alge AL 3} mL cylindrical beaker
4 gpel o)z A BEUFE FAL + A gy, gm 1M’ 160 gon’
Oy HablE el mjEe, WA 35 g 3 (keV) ME. CE RE ME CE RE ME CE RE
o]z Qg F&e W TEsA 2a, 2R %) B B B B R R B (%
Aro] o a&o WA EhSE ZAEA T LIl 334 322 335 203 187 807 148 132 -1081

Sare] WS BAAGAAAL FEsh 10 14544 548 5.13 635 453 421 700 384 36 573

S3L02 212 196 736 206 191 712 209 195 -648

glem’] &9 Feje] FFANLL o8t 58 60470 186 174 631 177 170 379 178 166 -657
wFE T 5, 0 2xY AR WHNE 9585 147 142 343 141 139 087 142 137 368
Y3 &S AHL3n dv HAAolth oI 117324 102 102 016 097 100 318 099 099 -045
298 =AHAFY UERolE QA3 &9 133250 089 090 112 086 089 333 088 088 028
HIAEE dolry] H5te] EFESYY UEE
HE A 71E A B8-S S Table 5. Comparison between measured efficiency and

Table 4, 5, 1213 62 Al 7}A &4 & 7] (55 CB, calculated one with sample density in the 450
450 MB 181 1000 MB)o| NalE #7}ste 2% mL Marinelli beaker
£ 10 gem’] A 16 glom7HA ASAARA ZH g Ll 134 g’ 160 glom’
% A&7 Monte Carlo WALE ©| &3l A48 & ey ME CE RE ME CE RE ME CE RE
% %Oﬂ}“] EHEX—_l]E-i 1.11, 1.34, lﬂ]_ﬂ 1.60 ® & B R R B &R R (%
Ee 371E AT B&e] gadEs A fA S3L02 129 124 415 127 122 409 127 119 -667
A= AL gadste A & 7 AT R i 101 10 760 118 10 753 L7 107 862
2 A D9 (<500 keV)ANAN = DETE ST 70585 096 086 -10.15 094 085 949 094 084 -1081
£ 882 F43] FAATE 500 keV o]0 Z 117324 065 064 246 064 063 -158 064 0682 252
Ao e B Z7le] WE ago W3 133250 058 060 217 057 059 320 057 059 241
BEE obF Ade AS ¢ & Aok E3F, Monte

Carlo ZAFIW S o] &ste] A4 82 A = e 6. Comparison between measured efficiency and
BT A 10% HeldA dAITE S calculated one with sample density in the
o 27} 9tk = G Z=HA R 758 A 1000 mL Marinelli beaker
A 2AE ol g AL A AN W L L glem’ 134 glom’ 1.60 glom’
o EME ZEAYS o] &3le] AdHoT (cyy ME CE RE ME CE RE ME CE RE
LS AASA LTAHE, Monte Carlo Ao 2 @ & B B B B F B (%
T 2 oxglo] ES8S AMY & o= AL o 9127 123 125 157 073 070 -475 045 042 -526
~ 9o 14546 222 220 -116 182 176 -323 145 136 -608
. _ . 53108 097 091 -594 095 088 -705 093 085 -887
Fig. 2, 3, 2elal 4% 2zke] SALTIAN 8 (s 09 08t 896 0% 081 941 088 079 -1051
A Fg geel FFAY(E 10 glem) 0001 07 06 1437 072 062 1452 071 060 1548
. i

= ar
of et FHA R B& HEd AAFF BAY 117339 050 046 -673 049 045 771 049 045 877
A wisle] M2 AAES 13255 045 046 109 044 045 187 044 044 099

0

ofF Ate AL & F7F Ad=d, ol ¥EE 500 keV oA 1
W3t A 7] 7] $8te] H7hek Nal9] I(iodine)’t Aol zas mBRez ¢
WA gobdel BE §40b 27 Mot Te,  agw - ddi AS o 4 g,
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