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- Marinelli Beaker Measurement and Self Absorption Correction and Application
for Various Environmental Samples in Monte Carlo Simulation -
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Fig. 1 High Purity Germanium (HPGe) Gamma-ray
Spectroscopy System
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Table 1 Detector dimensions as specified by the manufacturer,
measurement and as optimised by Monte Carlo simulations

Miscellaneous Detector Assembly Dimensions

Detector parameter Dimension Optimised
Detector length 94 mm 108 mm
Detector diameter 56 mm 56 mm
Detector radius 8 mm 8 mm
Hole diameter 9.1 mm 9 mm
Hole depth 60.4 mm 60.4 mm
End cap window 1.3 mm 2 mm
Mount cup base 3.2 mm 3.2 mm
Insulator/shield 0.03/ 0.03 mm 0.03/0.03 mm

Note: PENELOPE: PENetration and Energy Loss of Positrons and Electrons

(a) 450 ml CRM source

(b) 1,000 m CRM source

Fig. 2 Schematic diagram of 450 m, 1,000 m Marinelli
beakers used for the simulation
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Nuclides Photon energy(keV)
241Am 59.54
109Cd 88.03
122,06
57Co
136,47
139Ce 165.85
113Sn 391.69
855r 514.01
137Cs 661,66
88Y 898.04
1,173.24
60Co
1,332.49
88Y 1,836.05

3) ¥ol| ¥zl e &g

EEFAYE tem A SR WSS 501 5 cm 45}
o] PENELOPES} | iatithFig. 3], 74 %% Py (30
H 9 Ag mE 7HD) o UE Eoll tid 7H-E Dy A()

= Uehir,

Fig. 3 450 CRM source with different height
D . =¢ -G Y, .t /5}(1)

vy 1] )

oz = A|FEizo]o] FLL A(2) ZTHT7-10],

D. .
= *J Al
¢ a_.m;. YY."t] j(Z)
webd 5% ¥ 93 WA Dij (20]2 o] g3 AR 5%

T‘rﬂ

of oA AR YA] w7 WS ANgSte] BE gk

eij & 2AY 5 AUk

O AANES B D EE v

AT AR WE 1,0 g/em’] BEEIHAL o83}
o] 88 A% Wwrt WAE 58, (p=x,E))%
o b AT o] FHETHIL,

€ (p=2.B) ~ Rlp=1,B) % ey (p= 2. E) 21(3)

o714 sa+v= AA| S (self—absorption) & YERYIL Q)
o A(3)= o] gsto] tefet WEE 2= AR A8

shsict

5 Al&e] AT

AR FHoA AQF A7 B, &, &Y, 7 vl
£ 253 oA vidol T}, SR (ED = 54 7
FAE(EQ), SAEAIR( F, Hi5) = YWiaZe
o ol AlEE AEH o= dstqint, vl W
WA Bl T 22 o] EAS AASIY AR Fof dof
g7} H FES A Hapnl, Ax F 2m o)) o] ES
AAG, A2 AE A7 FAE AL 574§ Marinelli
beakero] 7 & the SHA RS FAE AucHial, 2+
Zko] Algutch Wiz 0.4 g/cm oA 1.6 g/cn7hA] LERHTE,
TS A A A2 o AR7 2L Qls WAMI S
£A glo], A sFste] A AR FUE Fol= A

ol

o
N

6) MDA AN I =7

FA~AESHA s (Minimum Detectable Activity; MDA)
+ AR gt 5 9 S| Esk olrHi2].
Currei[13] =29] TA% 12& &3 HEIMAE ol&5t
o HESIUT, 05%8] Aol A4) Fo) MDA
et

i X)(4)

bl s)1EdE 20179 A404 A4E 607



uh 7|2 388} Vol, 40, No, 4, 2017

o]7]A4 BGC WiT1E}2E AleA], ts= AR ASAIRL ts
= Wk E ASARL, Ee IRk E AlE, Y= o)
T, S EAAR Aa ST IRIE BAske
QIAfOIH.

agme A At 22k A EE 80,000 sec, 100,000
sec S5t

A=l ik 2 odA] ol 100 keV ©]4 1,400
keVolstol| sgsh= 3¢ A& 4(5)& o83t +
3 2= 9}

e (EH) 1< Hlem] <5 21(5)
122 < Elke V) < 1332,
E# 662ke V
e(BH) =€ (H)
E= 662keV

. &

1. HE=gdd MAHUX 252 Hlw

AR S0l At Ay Xl 50 keV F-¥ Lo
2] 2,000 keV 7HA] o= BFEIXAAY 450 ml, 1,000
ml CRM®| 7|2} PENELOPES] AHA|E H]aL g A3,
AA A T2 mgol thet B ANEoR 3% o]
Wolld 2 dAske= SIst A Fig. 4],

. L = | &50 i CRM
| &  Ceantd
. & 1000 mi CRM
- .l w  Goanti
= 4
£
£ | ]
& ' .
. R ] [ ]
3+ . .
L ea o -
= i o L ]
- = Y &
v T T T T r r r - v
Energy(keV)

Fig. 4 Comparison between the measurement and
sinulation efficiencies for the 450 . CRM source
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Fig. 7 Measured y-ray energy spectrum environmental
samples are compared with 80,000 sec,
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*Abstract

Marinelli Beaker Measurement and Self Absorption Correction and Application
for Various Environmental Samples in Monte Carlo Simulation

Eun-Sung Jang"-Yang-Soo Gim?-Sun-Young Lee®”

U Dept. of Nuclear physics and Radiation Technology Research Center, Pusan National University
? Dept. of Radiation Oncology, Chonbuk National University Hospital
Y Department of Radiation Oncology, Institute for Medical Sciences, Chonbuk National University Medical School
Y Institute of Clinical Medicine, Chonbuk National University—Biomedical Research Institute,
Chonbuk National University Hospital

The structure of the actual detector was computed using the code of the PENELOPE. Using the stand-
ard mixed sources (450, 1,000 ml), compare the effectiveness of each energy according to various densities
and height of the PENELOPE computer simulation, and calculate the effectiveness of the various environ-
mental specimens and apply them to various environmental specimens to determine the lower limit, The
values obtained by the obtained value were obtained by applying the obtained efficiency to the actual en-
vironmental specimens and obtaining the lower limit values, The density correction factor is 1.155 g of
the density correction factor of 0.4 g/cm’ (59,54 keV), 1,153 (661 keV), 1,06 g/cm’ 1,064 (1,836.04 keV), 1,03,
and 1.033. It was confirmed that the radioactivity concentration of environmental samples decreased as the
amount of specimen was measured increases, and the MDA value decreased as time measured increases.

Key Words : Self-absorption correction, PENELOPE, HPGe detector, environmental samples, Minimum Detector
Activity(MDA)
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