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Abstract  [Background] The calibration of radon measuring instruments is the most important and key technical
link to ensure the reliability and accuracy of radon observation data and plays a vital role in seismic monitoring and
prediction. [Purpoese] This study aims to obtain a calibration method suitable for the calibration of newly connected
seismic water radon monitor according to the National Metrological Verification Regulations for Radon Meters
(JJG825-2013), the calibration experiment is carried out for the analog radon observatory (manual), which is newly
adopted by the seismic network, and the calibration method suitable for the seismic water radon observation is
obtained. [Methods] Firstly, the FD-125 radon-thorium analyzer was used as the experimental instrument, the

calibration experiments were carried out in the standard radon chamber by three calibration methods: circulation
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method, vacuum method, and flow-gas method. Then, the volume response coefficients of three methods were
calculated, and the uncertainty sources and mathematical models were analyzed according to JIG825—2013
regulation. Measured values by internationally recognized standard AlphaGUARDPQ2000Pro radon meter were
taken as theoretical references of radon concentration for radon chambers, hence the uncertainties of three calibration
methods were obtained. [Results] The results show that the circulation calibration method has the highest detection
efficiency and fewer influencing factors, and is suitable for manual and digital radon detector calibration. The
vacuum calibration method is affected by the standard radon gas diluted by pipeline gas and pressure balance,
resulting in low negative pressure sampling efficiency and high volume activity response coefficient R. As for the
flow-gas calibration method, the continuous injecting of radon gas into the scintillation chamber affects the dynamic
stability of radon gas in the scintillation chamber, and radon gas is not discharged to the background during
calibration, resulting in the high volume activity response coefficient R and high intrinsic error. [Conclusions] The

cyclic method is more suitable for the calibration of new seismic water radon observatories, and this study provides a

reference for the calibration of other new water radon observatories and gas radon observatories.
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Table 1 Response coefficient R of scintillation chamber at each measuring point of cyclic method

NI 7o MRS HIRE ENEST W T LI R B U HEAE R 2 2
Scintillation Theoretical radon Background = Measuring points Response Relative error of
chamber number concentration / Bq'm™  count N, count N, coefficient R, each calibration / %
1 802# 782.29 17 593, 657, 588 12.86 12.30 4.60

1570.29 20 1286, 1296, 1262 12.19 0.84

3028.57 23 2358,2263,2326 12.94 5.21

5828.57 60 4 446,4616,4 362 12.93 5.16

8818.28 28 8210, 8294, 8 157 10.54 14.28

17 024.00 16 13 558, 13 566, 13 546 12.31 0.14
1 803# 753.71 23 509, 516, 530 14.90 14.03 6.19

1609.14 19 1085, 1090, 1 090 14.74 5.01

3069.71 30 2109,2102,2 131 14.43 2.79

5883.43 63 3971,4081,4 034 14.53 3.53

8754.29 25 7540, 7 375, 7 405 11.56 17.61

17 280.00 26 12071, 12085, 12065 14.05 0.09
1 804# 773.14 19 580, 545, 549 14.05 13.79 1.87

1 644.57 30 1174,1138,1097 14.56 5.57

3033.14 54 1943,2107,1 945 15.28 10.79

5938.29 142 4172,4316,4171 14.26 3.42

8859.43 35 7565, 7 664, 7 658 11.43 17.15

17 289.14 24 12 633,12876, 13134 13.17 4.50
1 805# 785.71 23 672, 657, 660 12.02 11.74 2.44

1 624.00 111 1246, 1308, 1263 13.70 16.68

2946.29 93 2489,2428,2614 11.94 1.70

5604.57 53 4815, 4 809, 4 807 11.54 1.70

8722.29 39 9142,8978,9 084 9.46 19.40

17 161.14 24 14 335, 14 144, 14438 11.77 0.27

®2 ETESMESNIRERNERE R R

Table 2 Response coefficient R of scintillation chamber at each measuring point by vacuum method

NEErS | BRESERE  ARAR Wi e R R B
Scintillation Theoretical radon Background Measuring points Response Relative error of
chamber number  concentration / Bq'm™ count N, count N, coefficient R, each calibration / %
1 802# 883.43 20 525, 508, 588 16.63 17.40 7.08

1604.57 47 934, 940, 996 17.28 3.47

3177.14 55 1756, 1833, 1890 17.57 1.84

6 569.14 69 3369, 3 640, 3 909 18.02 0.69

11 702.86 58 6072, 6358,6376 18.46 3.12

18 020.57 46 10470, 10594, 10 833 16.44 8.13
1 803# 945.71 14 432, 505, 508 19.81 18.99 4.27

1614.86 60 777, 892,923 19.67 3.57

3136.00 29 1652,1752,1811 17.969 5.40

697143 28 3356,3397,3538 20.07 5.65

11 702.86 33 5778, 6210, 6 190 19.02 0.13

17 280.00 26 12071, 12085, 12065 17.43 8.23
1 804# 948.00 12 458, 516, 441 20.20 19.03 6.23

1 638.86 36 894, 866, 879 19.03 0.06

3117.71 33 1572,1685,1799 18.48 2.80

6 848.00 35 3430, 3 524, 3 585 19.28 1.42

11 629.71 25 5660, 6 000, 6210 19.20 0.99

17 974.86 84 9779,9753,10041  18.01 5.27
1 805# 958.29 26 581, 609, 591 16.54 16.75 1.32

1 690.29 51 928, 986, 1 005 17.96 7.17

3028.57 27 1882,1875,1910 15.93 4.92

649143 52 3891,4002, 4247 15.92 5.00

11 849.14 28 6768, 6 850,7413 16.62 0.80

18 194.29 90 9933,10135,10629 17.57 4.87
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Table 3 Response coefficient R of scintillation chamber at each measuring point of flow-gas method

NHRE P BIESHIRE NSRRGSR LIRS R B URHERA R 1R 22
Scintillation Theoretical radon Background Measuring points Response Relative error of
chamber number  concentration / Bq'm™ count N, count N, coefficient R, each calibration / %
1.802# 796.67 — 571, 544, 623 13.47 12.77 5.46

1589.33 — 1243,1222,1258 12.54 1.79

2 781.33 — 1951, 2020, 1997 13.69 7.22

5445.33 — 3990, 3 848,3 911 13.62 6.63

9 642.67 — 7781,7777,7613 12.23 4.26

13 770.67 — 12256, 12 183, 12087 11.08 13.26
1 803# 788.00 — 347, 368, 345 21.84 18.23 19.85

1 480.00 — 858, 838, 850 17.08 6.29

2 749.33 — 1621,1584, 1508 17.14 5.95

5674.67 — 2662,2589,2611 21.21 16.36

9 642.67 — 5837,5656,5679 16.50 9.47

13 184.00 — 8304, 8 137, 8420 15.58 14.50
1 804# 776.67 — 509, 527, 509 14.77 15.47 4.52

1494. 67 — 929, 933, 981 15.45 0.14

2 840.00 — 1902, 1869, 1732 15.16 1.98

5632.00 — 3149, 3247,3 087 17.45 12.80

9 760.00 — 6126,6172,6103 15.58 0.74

14 122.67 — 9617,9531,9678 14.40 6.91
1 805# 753.33 — 557, 608, 593 12.59 11.54 9.13

1542.67 — 1383, 1446, 139% 10.73 6.97

2 808.00 — 2513,2493, 2449 11.07 4.08

5813.33 — 4176, 4 223,4269 13.66 18.35

9482.67 — 8843, 8 506, 8 547 10.76 6.75

13 461.33 — 12 843,12595,12513 10.42 9.67
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Table 4 Evaluation of uncertainty of three calibration methods (%)
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