WE AR, 5 62 &, 55 9/10 %, p. 357 - 369, 2011

&\ - Article

WERHARA Y 2 -2 TRV~ LHEZ HigL

RSN YHSRAERHFR S IV =) Mg O &
FEREHUCLDBNY T T2 KB5R
“WEHAERE > - ICRESN A AT LEHIC-

& B - HExXR'

Yutaka Kanai and Yoshiki Saito (2011) Characterization of environmental gamma-ray measurement sys-
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369, 14 figs, 1 table.

Abstract: A renewed low-level gamma-ray measurement system was developed and its characterization
was studied. The cryostat of J-type that means the Ge detector is sideways arranged in parallel with the
liquid nitrogen Dewar bottle, was effective for the decrease of the background counts. Moreover, the
oxygen-free copper with few impurities contributes to the decrease in continuous and peak background
counts. It is also effective for removing interference of the indoor radon and thoron to reduce the space of
the Pb shield room.

The influence of the geometry of the detector and the sample is estimated to be about 1% change of peak
strength with 1mm change of height in the sample container. Therefore, it is necessary to correct the peak
intensity by the height in the unit of mm or to prepare the samples with the same height accurately.

Although the experiment using a point source and the model calculation considering the geometry of the
well-type detector showed a similar tendency in relation to the detection efficiency, they didn’t show the
actual change in counting rate. It turned out that the influence factor of the self-absorption caused by the
sample thickness on the detection efficiency is much larger.

In this system, the detection limit of Pb -210 is low because it is not detected on the background,
and an excellent measurement is possible in Pb-210 measurements of the sediments. However, a little
contamination of Cs-137 remains after the nuclear power plant accident, and it is important to check it in
the calculation of the sedimentation age by Cs-137.

Keywords: environmental gamma-ray measurement system, well-type Ge detector, detection efficiency,
contamination of detector, nuclear power plant accident, Geological Survey of Japan
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Fig.4 Change of background count rate by packing materials in a shield.

(a) peak counts (b) continuous counts

— 360 —



BREE v SHIE FFH Y Ge BRI ERORHE L FRRFMUZ K 2/Y 0 2 759 ¥ PGS (&5 - 75

PEFAENIZAD, 5P VOMERN-EDEEZLR
5. KD Db) TRLEY =2 2 GA TR SN S HEH Sy
27275 RT3 packedl & emptyl & TG
Ehiz. TheDZenb, ZRBTDIT FYROFZO
IR 72 & DA PNZ A D AR, Ny 27TV R
B TOWBTREME AR E N7, BTtk 5 & 51z,
RDOBHRRIAA F 2 — L2 T F Uk Eh 6 OIEE
NFEL TSRS H 5D TRE L ITHICIEE A
s, BB UAFUZPE S AR N D ZE 5D ALl
AREWRS LT Ny 275 v FaERML, »o, HlE
PG % CORFB I AWK S L CHIEDRE L 2§ % 728
U, RN & SRR S A O OR B 2 22 %
WETBHZ L3, ARO—D2LELL6NS.

42 REwhE

TR O MEHAE IS BT, RO Y — 2%
BARTRTH O, [FAIEEBRESLE T — o2 %E
Ko a4 O FEIRE EH, KwohTns (RH
E2, 1979 5 hRHE A, 1983 5 AKAIE A, 1987 5 E%F,
1987 5 XFHA, 1992 ¥4 21— - 4 =V =TV F Y —,
2009). &FI1E A (19955 1997) Ti&, H R Ge 2
EAR M PR ORIR D IR IZ Y 5 v OREUER R 5g 4 Il
L7zZXRT P EREHL, AKD 500 ppmU=6.22 Bq/
g LD THRIIEERI LT, bbb, 0
BAEICE, SABEADIRE EAZBRMIETHD, 5
g DFEHE & 24 mm 2B B MHihEE L LTl L.
SN, #H¥ 27 LOMEIED T XL F —(RFWEH
5 (a) I2F & THIKRT S EMIFIZ, MPHEE 0 gl
S LT ORI SRR % B 72 & E U 7= e
WA 5 X (b) 1Z/RL 72 Bi-214 O 609 keV % 1,120
ke V ORHFIE iR MR & A TR VM & 72 > T
BH, TNEHVIHOFLMRIZEBEDTH B ()
£, 2006b). ¥ A —2 LS DiF, B EHIZFEEIC
ABPT 2 72 0IZAF L 2T 3L — O i X h
=250, HARO LS ISR @O E Y A
=8BT0 CCRHA, 1992).

T AL E -G (B A0F, 1.33 MeV) T, M
OB K E S IO E N GWL-140230 (Hfidh
B 140 co) AR EMIIENE L, SHEH LS
MK E X 120 cc O GWL-120230 —F(KA» 572, L
2L, K 3L F IS TIENIc—FEm< ko T
72, Ge BHiZs DRI IL, Co-60 D 1.33 MeV IZH
7334 VF ¢ X 34 VF Nal i & ik L 72/
WA S0, RSO FEGTEREAREVZELH
MAERIC KL 2B — o miIcaHME 55720, @
LT, POEIFILE —{HRICK T ERFEDOT 3L F —
WAFEDIEZ AN ENZ EAUREI ATV B, EHiR S
PRI I F — G TR E L Lo T3 HIH L
LT, TV FFyy 7OMERIICIANTEEED R

Efficiency
o
>

Efficiency of well-type Ge detector
1. 00 T == I o GWL_140230—S

(L) ‘ o GWL-120230-S
(@) 8% | o GiL-120230r eneved

L}

il

0.01 !
10 100 1000 10000
100 £ Detff:tlon efficiency Rt
E (b) @ :U-series E
“K m:Th-series ||
N +:Cs-137 ml
> A :K-40 B
[3) <
& B
2010 u
& il
L [
0.01
10 100 1000 10000

Energy (keV)

555 X BRI Ge Mt 3RO )2
(@) Y274 1)-Q)icH T 2 ML (24 mm D

AR % A7)
(b) HEH LAY 27 4 (3) T, HIFEEZIRE L 724
PR AR EYES
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Fig.7 Relative change of counting rate per unit weight

with sample height (normalized at 24 mm height).
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Fig.8 Relationship between the peak intensity of Na-22
point source and its position in a well.
(a) observed peak intensity

(b) peak intensity corrected for sum-peaks
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Fig.9 A model for the detection of radiation from a point

source by a well-type Ge detector.
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(a) relationship between the position of point source and peak intensity
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d) relationship between the effective size of Ge crystal and the average of accumulated peak intensities
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Relative efficiencies of point source(Na-22) and
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Fig.11 Comparison of the experimental data using
point source (Na-22) and the model calculation

(normalized at 28 mm height).
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Fig.12  Gamma-ray spectra by a new measurement system.

(a) background spectrum (measurement time (T) :
about 4.5x10° sec)
(b) expanded spectrum of lower energy region.

(¢) an example of sample spectrum (T : about

2.55x10° sec)
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