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Fig.1 Measuring system diagram of LRAD.
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Fig.2 Best detection of relative spacing of two standard source.
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Fig.3 Effect of relative distance on two-surface source measurement.

® Am/Pu relative distance: 0 cm; A Am/Pu relative distance: 10 cm;
o Am/Pu relative distance: 20 cm; ¥ Am/Pu relative distance: 40 cm
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Table1 Characteristic equation of single surface source and two-surface source measurement in 66-mm pipe.

FAXTIE]BE Relative distance /cm %4 5#8 Characteristic equation B
q

Am front of Pu 0 y=25818.571 4 - 307.157 5x + 2.363 8x* - 0.006 5x° 0.988 9
Am front of Pu 10 =26 676.300 0 — 310.567 & + 2.306 0x*- 0.006 1x° 0.999 2
Am front of Pu 20 » =24 681.042 8 — 261.367 5x + 1.972 5x*— 0.005 7> 0.998 1
Am front of Pu 40 ¥ =24 440.985 7 — 268.649 1x + 1.887 9x? - 0.004 7x° 0.996 4
Pu front of Am 10 ¥ =22637.514 2 — 271.069 4x + 2.300 0x* - 0.006 7x° 0.986 3
Pu front of Am 20 y=17380.200 0 — 125.550 3x + 1.258 6x% — 0.004 9x° 0.974 6
Single Am plus Pu 0 ¥=25860.771 4 - 292.721 3x + 2.398 9x* - 0.007 0x° 0.996 0
Single Am plus Pu 10 y=25661.148 5 — 285.944 4x + 2.318 9x* — 0.006 7x 0.996 5
Single Am plus Pu 20 »=25466.571 4 — 280.001 6x + 2.263 7x* — 0.006 5x> 0.996 0
Single Am plus Pu 40 y=25335.942 8 - 276.097 5x + 2.226 1x> — 0.006 4x> 0.996 6
Single Pu plus Am 10 »=23172.848 5 — 236.439 6x + 1.940 3x* - 0.005 7x> 0.999 9
Single Pu plus Am 20 y =20 453.242 8 - 170.467 5x + 1.380 4x> — 0.004 1x° 0.995 1

%2 78 mm B BEESHTRENESESIE

Table2 Characteristic equation of single surface source and two-surface source measurement in 78-mm pipe.

% RE Relative distance /cm  #%4iF %772 Characteristic equation R

Am front of Pu 0 ¥=25091.371 4 — 330.781 2x + 2.417 0x* — 0.006 1x° 0.9979
Am front of Pu 10 »=126141.685 7 - 367.731 3x + 2.962 5x* - 0.008 5x° 0.995 4
Am front of Pu 20 y=24441.600 0 —317.171 1x + 2.410 5x* — 0.006 6x° 0.997 2
Am front of Pu 40 y=25695.042 8 — 410.035 Ox + 3.690 1x? - 0.011 8%’ 0.993 7
Pu front of Am 10 y=20164.557 1 - 280.397 7x + 2.418 5x> — 0.007 4x> 0.978 1
Pu front of Am 20 y=20442.128 5 - 332.196 2x + 3.331 9x* - 0.011 3x> 0.957 1
Single Am plus Pu 0 y=25244.028 5 - 327.286 0x + 2.514 1x> - 0.006 9x° 0.986 5
Single Am plus Pu 10 »=25035.861 4 — 320.849 0x + 2.440 0x* - 0.006 7x* 0.987 3
Single Am plus Pu 20 y=24971.014 2 - 321.834 2x + 2.477 2x* — 0.006 9x° 0.985 8
Single Am plus Pu 40 y=24597.942 8 — 308.443 4x + 2.323 0x* - 0.006 3x> 0.987 7
Single Pu plus Am 10 ¥=22220.257 1 — 267.471 7x + 2.035 9x° — 0.005 5x° 0.999 6
Single Pu plus Am 20 y =19 504.985 7 — 213.905 1x + 1.674 3x* — 0.004 7x° 0.974 8
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Fig.4 Comparing of single surface source and two-surface source in 66-mm pipe.
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Radioactive measurement technology of two-surface source

based on LRAD inside pipes

LI Pingchuan' TUO Xianguo®® ZHENG Honglong” LIU Mingzhe'”
WU Xuemei' YANG Jianbo'”

1(College of Nuclear Technology and Automation Engineering, Chengdu University of Technology, Chengdu 610059, China)
2(Southwest University of Science and Technology, Mianyang 621010, China)

3(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059, China)

Abstract Background: The development of measuring technologies of radioactive contamination becomes more
and more important. Long Range Alpha Detector (LRAD) can effectively solve some problems such as the short
ranges of alpha particles, weak penetration ability and so on. LRAD also has advantages that the alpha radioactivity
of interior surface of irregular pipes or just irregular surface can be measured nondestructively and precisely. Purpose:

This paper attempts to obtain the measured value of multi-point sources and large contamination areas in pipes. And
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the comparative experiments of impact factors of two different radioactive surface sources (different nuclides and
radioactivities) have been done. Methods: In the experiment, a new domestic LRAD is utilized to measure the alpha
activity of interior surface of steel pipes. Here, the inner diameter of pipes is 78 mm and there are two kinds of pipes:
straight pipe and U-bend pipe. The radioactive sources include 2Am (3 772.2 Bg) and ®°Pu (224.4 Bq). The distance
between different sources takes values of 0 cm, 10 cm, 20 ¢m and 40 cm, respectively, and the distance between the
whole mixed radioactive source and detector increases by step of 20 cm. Results: When the relative distance of the
two surface sources is 10 cm, the detection efficiency of LRAD is higher than that of relative distance of 0 cm, 20 cm
and 40 cm, which matches the result of theoretical analysis. When 2Am is closer to the detector than 2*Pu,
measuring results are much higher than those of the opposite situation. And in the same position, when the two
sources are put together, the measured results are lower than those of the sum of each single source. Conclusion:
Based on the experimental results, a self-developed new LRAD measurement system has been used to measure two
non-point sources in pipes.

Key words Long Range Alpha Detector (LRAD), Two-surface source, Detector-source distance, Relative distance
CLC TLS8I11
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