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Corrections of Self-Absorption Effect Using the Monte Carlo
Method in the Radioactivity Analysis of
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Abstract - In the low level radioactivity measurement, such as environmental radioactivity,
there were used commonly cylindrical and Marinelli type beakers by means of measurement
container. If there are differences in the matrix density or sample height between standard
source and sample, it must be determined full energy peak efficiency considering self
absorption effect. In this paper, we compared measured efficiency with calculated full energy
peak efficiencies in the HPGe detector using the Monte Carlo method. For cylindrical
container, we calculated the variation of the efficiency with sample height. Also, we
calculated the variation of the detection efficiency with apparent density in the cylindrical
and Marinelli container. It was seen that it need to be corrected for self absorption in the
energy range of below 1000keV. Also, in order to verify the validity of calculation, we
compared the calculated value with reference value using NIST SRM 4353 reference soil.
Key words : self absorption, Monte Carlo method, HPGe detector, environmental sample,
counting efficiency.
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Table 1. Photon energies and intensities of radioactive
standard sources

Photon energy Intensity

Nuclides (keV) %) Half life
A Am 59.54 3590 43220y
®cd 88.03 361 46260 d
¥Co 122,06 860 27179 d
13647 1068
%9Ce 165.85 7990 13764 d
sn 391.69 6420 11509 d
®r 514.01 %671 6484 d
¥ics 661.66 812 3007y
“Co 1173.24 990 527y
133250 99.98
By 989.04 9368 10665 d
1836.06 99.24
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Teble 2. HPGe detector details supplied by the manufacturer ~ Table 4. Comparison between measured and calculated

and calculation values used in the MONP code. efficiency for the 450m Marinelli type beaker.
) j Energy Calculated  Calculated Difference
Details Nar}ufrra‘%urer CaJ(fTuﬁglon {(keV) efficiency efficiency (%)
Diameter of crystal 54 54 59.54 0.0064 0.0062 -2.54
88.03 0.0217 0.0224 3.19
Length of crystal 405 49.5
122.06 0.0326 0.0324 -0.67
Distance of end cap fo crystal 3 4 136.47 0.0341 0.0330 391
Thickness of end cap (Al 127 13 16585  0.0340 0.0333 -2.98
Thickness of inactive 391.69 0.0175 0.0173 -0.75
. 0.7 1.45
outter germanium
514.01 0.0134 0.0136 1.62
Thickness of mounting cup (Al) - 05 661,66 00106 00111 482
Diameter of inner inactive volume - 10 898.04 0.0085 0.0085 -0.72
Length of inner inactive volume - 323 1173.24 0.0065 -0.0070 7.04

1332.50 0.0058 0.0063 9.34
1836.06 0.0047 0.0050 7.98

Table 3. Comparison between measured and calculated
efficiency for the 55 ml cylindrical type beaker.

Table 5. Comparison between measured and calculated

Energy  Measured Calculated Difference efficiency for the 1000 ml Marinelli type beaker.

(keV) efficiency  efficiency (%)

59.54 0.0124 0.0129 3.55 Energy Calculated  Calculated  Difference

(keV) efficiency efficiency %)
88.03 0.0415 0.0437 525 5954 0.0039 00043 9.80
122.06 0.0568 0.0569 0.17 88.03 00146 00155 6.39
136.47 0.0588 0.0574 -2.45 122.06 0.0226 0.0229 1.66
165.85 0.0582 0.0549 -5.66 136.47 00240 00237 -1.23
391.69  0.0296 00274  -7.45 16585 00237 0.0237 011
51401 00224 00214 436 L R
51401 0.0101 0.0099 201

661.66 00174 0.0171 -2.00
661.66 0.0080 0.0078 -1.63

898.04 0.013 013 -3.13
o 0.0135 3 898.04 0.0061 0.0062 051
1173.24 0.0101 0.0110 952 117324 0.0049 0.0050 294
1332.50 (0.0090 0.0099 9.87 133250 0.0044 0.0048 794

1836.06 0.0073 0.0077 5.00 1836.06 0.0033 0.0037 1359




Table 6. Calculated efficiency for sample height of the

3l

55 ml cylindrical beaker

Energy Sample height
(keV) lcm 2cm 3 cm 4 cm
59.54 0.0218 0.0177 0.0141 0.0116
88.03 0.0695 0.0645 0.0441 0.0362
122.06 0.0890 0.0695 0.0559 0.0463
136.47 0.0888 0.0679 0.0544 0.0453
165.85 0.0837 0.0656 0.0529 0.0435
391.69 0.0413 0.0326 0.0265 0.0219
514.01 0.0316 0.0251 0.0208 0.0175
661.66 0.0250 0.0197 0.0166 0.0139
898.04 0.0197 0.0157 0.0131 0.0110
117324 0.0159 0.0128 0.0105 0.0090
133250 0.0144 0.0116 0.0098 0.0085
1836.06 0.0116 0.0093 0.0076 0.0067
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Fig. 2. Changes of peak efficiency with sample height
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Fig. 3. Changes of peak efficiency with sample density in
the 55ml cylindrical type beaker.
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Table 7. Calculated efficiency for apparent density in the difterent container

Energy % nl CB. 450 w MB 1000 ol MB.
keV)  06g-em® 10g-om® Td4g-m’® 06 gram’ 10grem’ 14 g-cm’3 06g-am’ 10g- o’ 14g-em’
59.54 00145 00129 00108 0.0069 00002 0.0056 00048 0.0043 0.0035
88.03 0.0485 0.0437 00397 00243 00224 00211 0173 00155 0.0139
12206 0.0629 0.0569 00538 00343 0.0324 0.0304 00253 0.029 00215
136.47 0.0608 00574 00522 0.0350 00330 00315 00258 00237 00221
165.85 0.0589 0.0549 00516 00351 0.0333 0.03t7 00257 00237 00225
391.69 0.0291 002714 0.0264 0.0181 00173 00168 00134 00125 0019
51401 00225 00214 0.0206 00143 00136 00134 00109 0.0099 0.0099
661.66 00179 00171 00163 00115 001 0.0108 00079 00078 0.0073
898.04 0.0140 00135 00131 00088 0.0085 0.0084 0.0065 0.0062 0.0061
17324 00112 0.0110 0.0106 00070 00070 0.0067 0.0062 0.0050 (:0049
133250 00104 0.0009 0.0099 0.0064 0.0063 0.0061 0.0047 0.0043 0.0045
1836.06 00081 0.0077 00077 00052 0.0050 0.0050 00037 00037 0.0035
* CB. : cylindrical beaker
t MB. : Marinelli beaker
Table 8. Analytical results of NIST SRM 4353

reference soil.
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