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Abstract

It has been recognized that long-term monitoring of gas/fluid composition
and groundwater-level at appropriate sites at or near fault zones is very helpful
to better understand the mechanism and process of fault/earthquake activity.
Furthermore, it may help us to find out potential earthquake precursors in a
specific area.

In this project, we continuously monitor the variations of soil gas
composition of the existing stations. We found that many radon anomalies
have been observed in soil gas prior to earthquake in northern Taiwan for
Tapingti station, especially in llan area. Meishan station, Chunglung station
and Resi station are more sensitive for earthquakes occurred in southwestern
Taiwan, nevertheless, Pingtung station is sensitive for those occurred in
southern Taiwan. The earthquakes occurred in Taitung and southern Hualien
areas are usually associated with the soil radon anomalies of Chihshang
station. However, the local rainfall seems to affect the degassing-system of saill
gas. Meanwhile, we also setup additional soil gas monitoring station in llan
area in this study for strength the monitoring system as a better network.

The groundwater pressure in nine monitoring wells from November 2008
to November 2009 is analyzed. The followings are the major results: (1)
Several anomalous pre-seismic events have been recorded in the
groundwater pressure data from the two monitoring wells in Taipei county. (2)
The data from Xin-Le monitoring well has recorded several pre-seismic events
and some co-seismic events. The epicenters of the earthquakes which results
in the pre-seismic events in Xin-Le well are located in Nantou, Hsinchu areas
as well as in eastern Taiwan. However, there is no pre-seismic event in the
groundwater pressure data in Shuang-Xi and Mei-Hua monitoring wells. (3) A
few pre-seismic events are recorded in the data of Yun-Shui; both pre-seismic
and co-seismic events are recorded by Tai-Xing and Da-Bang monitoring wells.
Zhong-Xing monitoring well has recorded several pre-seismic events and the
epicenters of the earthquakes are in Tainan, Chiayi, Nantou and Kaohsiung
counties and in eastern Taiwan as well.

We initiated an observation of groundwater radon and dissolved gases
(methane and nitrogen) in April 2009 at the Antung station. We also started a
continuous monitoring of groundwater temperature and level in the Antung hot



spring. During the period from April 2009 to November 2009, no large
earthquake (M > 6.0) occurred with the hypocenter located on the Chihshang
fault. No anomalous concentrations of radon, methane, and nitrogen in
groundwater were also observed at the Antung station during the period. The
background concentrations of radon, methane, and nitrogen in groundwater at
the Antung station were in the averages of 64 + 24 pCi/L, 5.9 £ 3.0 mg/L, 14.9
+ 4.1 mg/L.
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Date-Sample-No. N2+CO| O2+Ar| CO2 | CH4 | C2H6 | Total Rn(Bg/m3)
081003GK-1 [86.94% 8.33% 4.73% 0.00% 0.00% 100% 22104
081030GK-1 |78.96% 16.05% 4.97% 0.01% 0.00% 100% 7685
081211GK-1 [78.15% 16.69% 5.16% 0.00% 0.00% 100% 27981
090108GK-1 |79.55% 16.03% 4.42% 0.00% 0.00% 100% 25373
090304GK-1 [79.44% 16.67% 3.89% 0.00% 0.00% 100% 22097
081003GK-2 |79.15% 20.80% 0.05% 0.00% 0.00% 100% 61131
081030GK-2 [79.93% 16.04% 4.01% 0.03% 0.00% 100% 29914
081211GK-2 [78.96% 19.97% 1.07% 0.00% 0.00% 100% 12375
090304GK-2 [79.07% 19.89% 1.04% 0.00% 0.00% 100% 17992
090511GK-2 |80.12% 16.37% 3.51% 0.00% 0.00% 100% 33965
090521GK-2 [77.56% 20.33% 2.11% 0.00% 0.00% 100% 17085
090606GK-2 (81.51% 14.24% 4.25% 0.00% 0.00% 100% 41436
090707GK-2 (82.64% 10.13% 7.22% 0.00% 0.00% 100% 41997
090720GK-2 |83.68% 10.05% 6.27% 0.00% 0.00% 100% 64239
090805GK-2 |82.94% 7.89% 9.17% 0.00% 0.00% 100% 80681
090819GK-2 |88.36% 4.82% 6.82% 0.00% 0.00% 100% 108542
090902GK-2 |86.17% 6.28% 7.55% 0.00% 0.00% 100% 81352
081003GK-3 |86.75% 6.57% 5.39% 1.29% 0.00% 100% 50628
081030GK-3 |76.34% 1.30% 14.88% 7.48% 0.00% 100% 17881
081211GK-3 |84.83% 3.39% 10.87% 0.92% 0.00% 100% 5837
090108GK-3 |86.44% 3.03% 10.33% 0.21% 0.00% 100% 25264
090304GK-3 |85.40% 2.11% 12.45% 0.04% 0.00% 100% 13243
090720GK-3 |79.76% 10.89% 8.15% 1.19% 0.00% 100% 18147
090805GK-3 |62.49% 21.33% 16.18% 0.00% 0.00% 100% 20791
090819GK-3 |82.26% 9.78% 7.96% 0.00% 0.00% 100% 22924
090902GK-3 |78.13% 9.60% 9.79% 2.48% 0.00% 100% 22945

222 () s RAIEERFHEI A

Date-Sample-No. N2+CO O2+Ar CO2 CH4 C2H6 Total Rn(Bg/m3)
090326GK-a  78.76% 20.06% 1.18% 0.00% 0.00% 100% 27464
090420GK-a  79.57% 19.29% 1.13% 0.00% 0.00% 100% 23281
090511GK-a  79.92% 18.68% 1.39% 0.00% 0.00% 100% No data
090326GK-b  77.58% 20.86% 1.54% 0.02% 0.00% 100% 24197
090420GK-b  79.65% 18.62% 1.73% 0.00% 0.00% 100% 28223
090326GK-c  78.83% 19.89% 1.28% 0.00% 0.00% 100% 17823
090420GK-c  80.06% 18.08% 1.86% 0.00% 0.00% 100% 37340
090511GK-c  74.97% 22.59% 2.44% 0.00% 0.00% 100% 27421
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Date-Sample-No.

N,+CO| O,+Ar| CO, | CH, | C,H¢ |

Total |Rn(Bg/m°)

081211TPT
090514TPT
090520TPT
090720TPT
090728TPT
090804TPT
090812TPT
090819TPT
090901TPT
090909TPT
090917TPT

80.64% 19.17%
68.96% 31.03%
81.22% 18.38%
81.94% 17.38%
80.44% 19.18%
83.27% 16.03%
79.53% 20.45%
80.40% 19.57%
79.77% 20.21%
80.40% 19.57%
80.91% 18.47%

0.19%
0.01%
0.40%
0.67%
0.38%
0.70%
0.02%
0.03%
0.03%
0.03%
0.62%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

100% 8664
100% 8003
100% 7358
100% 13449
100% 8589
100% 12798
100%

100% 3834
100% 2476
100% 4952
100% 12615

TPT : 37+ = T 4 jip] o
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23 ()P IHEEF YA

Date-Sample-No. N2+CO\ 02+Ar| CO; | CH, \ C.Hs \ Total \Rn(Bqus)
081211IMS  |82.22% 15.98% 1.80% 0.00% 0.00% 100% 17439
090108MS  |82.47% 15.11% 2.41% 0.01% 0.00% 100% 25407
090304MS  |81.99% 15.75% 2.26% 0.00% 0.00% 100% 24473
090325MS  |81.26% 16.50% 2.23% 0.00% 0.00% 100% 9409
090511MS  |80.83% 17.05% 2.12% 0.00% 0.00% 100% 15648
090707MS  |81.95% 15.95% 2.10% 0.00% 0.00% 100%
090720MS  |80.19% 18.90% 0.91% 0.00% 0.00% 100% 12283
090805MS  |82.38% 15.41% 2.20% 0.00% 0.00% 100%
090819MS  |84.80% 13.09% 2.12% 0.00% 0.00% 100% 22134
090902MS  |84.34% 13.40% 2.26% 0.00% 0.00% 100% 31906
090924MS  |82.75% 12.88% 4.37% 0.00% 0.00% 100% 4616

MS @ £ & LogLip| sk

Date-Sample-No. N2+CO\ 02+Ar| CO, | CH, \ C.Hg \ Total \Rn(Bqu3)

081212CL3-S |76.45% 17.29% 6.25% 0.01% 0.00% 100%

090108CL3-S |77.11% 16.56% 6.33% 0.00% 0.00% 100% 13667
090326CL3-S |75.19% 15.11% 9.70% 0.00% 0.00% 100% 32369
090420CL3-S |77.27% 13.93% 8.80% 0.00% 0.00% 100% 34019
090511CL3-S |74.59% 14.24% 11.17% 0.00% 0.00% 100% 37391
090620CL3-S |80.38% 14.74% 4.88% 0.00% 0.00% 100%

090717CL3-S |79.01% 15.49% 5.50% 0.00% 0.00% 100% 21124
090820CL3-S |82.03% 15.84% 2.12% 0.00% 0.00% 100% 28393
090901CL3-S |80.11% 15.77% 4.12% 0.00% 0.00% 100% 6115
090917CL3-S |79.80% 13.77% 6.43% 0.00% 0.00% 100% 12914

CL3-S: &5 ° A kiEppl

Date-Sample-No.|N+CO| O,+Ar| CO, | CH, | C,H¢ | Total |Rn(Bg/m®)
081212RS  |79.05% 19.25% 1.69% 0.01% 0.00% 100%
090420RS  |79.18% 18.84% 1.97% 0.00% 0.00% 100% 20880
090511RS  |79.95% 16.96% 3.09% 0.00% 0.00% 100% 27256
090520RS  |79.81% 17.95% 2.24% 0.00% 0.00% 100% 23988
090604RS  |76.77% 20.12% 3.11% 0.00% 0.00% 100% 29225
090620RS  |79.64% 18.95% 1.41% 0.00% 0.00% 100%
090707RS  |80.16% 16.55% 3.29% 0.00% 0.00% 100%
090719RS  |79.22% 17.12% 3.66% 0.00% 0.00% 100% 23647
090804RS  |80.51% 16.14% 3.35% 0.00% 0.00% 100% 28333
090819RS  |80.50% 16.44% 3.06% 0.00% 0.00% 100% 45814
090902RS  |80.02% 16.69% 3.29% 0.00% 0.00% 100% 31607

RS: &= = JEpLpzt
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23 () EPIHEAIHEEF YA

Date-Sample-No. N2+CO\ 02+Ar| CO; | CH, \ C.Hs \ Total \Rn(Bqlm3)

090506CS 80.15% 18.34% 1.51% 0.00% 0.00% 100%
090519CS 80.50% 18.13% 1.37% 0.00% 0.00% 100%
090813CS 75.88% 19.86% 4.26% 0.00% 0.00% 100% 7671
090923CS 79.08% 18.99% 1.92% 0.00% 0.00% 100%
091001CS 80.31% 18.02% 1.67% 0.00% 0.00% 100% 5650
091008CS 79.86% 19.09% 1.05% 0.00% 0.00% 100%
091020CS 78.61% 20.08% 1.31% 0.00% 0.00% 100%
090605CC 81.09% 13.23% 5.68% 0.00% 0.00% 100%
090819CC 80.74% 13.49% 5.77% 0.00% 0.00% 100% 31456

CS: s d» piplst; CC: B4 gEip =k
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%31 T REFEHRESITESE

No. | COZFIuX |y (ppm) | Rn (Bg/m®) Micro GC 6:30
(g/m*/day) Nx(%) |O2+Ar(%)| CO2(%) | CHa(%) | (%)

1 | 13.50 5.20 13071 | 78.89 | 19.74 | 1.37 | 0.00

2 3.43 5.15 14161 | 80.64 | 5.11 | 14.25 | 0.00 |-23.12

3 | 17.34 5.18 36084 | 79.78 | 17.35 | 2.87 | 0.00

4 5.00 5.15 lost 79.09 | 16.87 | 4.04 | 0.00

5 | 12.42 5.24 12687 | 79.43 | 19.09 | 1.48 | 0.00

6 | 10.65 5.22 10456 | 79.28 | 19.29 | 1.43 | 0.00

7 9.66 5.20 5052 79.57 | 19.93 | 0.51 | 0.00

8 | 31.48 5.22 10347 | 79.42 | 16.80 | 3.78 | 0.00

9 | 16.26 5.26 50342 | 8150 | 1451 | 4.00 | 0.00 |-22.21

10 | 15.35 5.21 9404 79.45 | 19.00 | 1.56 | 0.00

11 | 19.04 5.20 21356 | 82.06 | 7.53 |10.38 | 0.03 |-21.20

12 | 11.05 5.24 4549 79.76 | 19.98 | 0.26 | 0.00

13 | 30.57 5.22 8364 79.40 | 18.83 | 1.78 | 0.00

14 | 18.65 5.21 3454 79.10 | 20.62 | 0.27 | 0.00

15 | 20.83 5.16 26025 | 79.17 | 14.37 | 6.46 | 0.00 |-20.61

16 | 16.74 5.52 27360 | 90.35 | 1.25 8.10 | 0.30 |-21.72

17 | 10.76 5.26 39352 | 84.39 | 440 |11.21 | 0.00 |-14.87

18 | 1.50 5.37 31541 81.53 | 14.66 | 3.82 | 0.00 |-14.41

19 | 3.34 5.37 16492 | 84.96 | 10.30 | 4.37 | 0.37 |-17.80

20 | 13.36 5.24 5090 80.09 | 18.04 | 1.86 | 0.00

21 | 18.21 5.24 34018 | 82.46 | 9.38 8.15 | 0.00 |-14.24

22 | 8.43 5.24 21122 | 80.81 | 12.12 | 7.07 | 0.00

23 | 37.86 5.26 6949 80.78 | 16.89 | 2.33 | 0.00

24 | 20.61 5.24 3051 79.85 | 15.97 | 4.17 | 0.00

25 | 13.59 5.24 lost 80.75 | 14.17 | 5.08 | 0.00

26 | 4.43 5.33 20192 | 82.36 | 13.98 | 3.67 | 0.00 |-17.21

27 | 0.67 5.27 1181 79.41 | 20.11 | 0.48 | 0.00

28 | 32.16 5.25 5121 80.33 | 17.60 | 2.07 | 0.00

29 | 17.27 5.78 5910 79.26 | 18.95 | 1.78 | 0.00 | -14.97

30 | 8.80 5.53 20742 | 9056 | 1.21 8.23 | 0.00 |-15.66

31 | 17.84 5.24 466 lost

32 | 14.64 5.01 10248 | 75.00 | 13.58 | 4.05 | 7.38 |-16.24

33 | 60.34 5.31 17079 | 82.71 | 11.99 | 5.30 | 0.00

34 | 19.26 5.30 10830 | 80.43 | 18.20 | 1.38 | 0.00
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731 s T RhEFERELSITES (§)

No. | COZFIuX |y (ppm) | Rn (Bg/m®) Micro GC 6:30
(g/m*/day) Nx(%) |O2+Ar(%)| CO2(%) | CHa(%) | (%)

35 | 7.65 5.24 10273 | 80.02 | 17.68 | 2.30 | 0.00

36 | 7.04 5.26 4334 79.64 | 20.23 | 0.13 | 0.00

37 | 13.68 5.22 22782 | 79.42 | 1899 | 1.59 | 0.00

38 | 8.30 5.24 28107 | 79.90 | 18.35 | 1.75 | 0.00

39 | 6.20 5.22 10417 | 79.81 | 18.40 | 1.79 | 0.00

40 | 6.45 5.20 9464 79.62 | 18.78 | 1.60 | 0.00

41 | 11.87 5.42 33856 | 87.14 | 9.38 3.48 | 0.00 |-24.18

42 | 7.32 5.21 6968 79.06 | 19.49 | 1.45 | 0.00

43 | 10.02 5.20 6149 79.03 | 19.79 | 1.17 | 0.00

44 | 7.07 5.19 20966 | 79.04 | 18.89 | 2.07 | 0.00

45 | 12.64 5.22 19745 | 81.95 | 14.17 | 3.88 | 0.00

46 | 26.06 5.14 20381 | 80.01 | 11.89 | 8.09 | 0.00 |-14.87

47 | 19.45 5.20 9119 79.94 | 16.87 | 3.19 | 0.00

48 | 22.55 5.22 5317 79.32 | 20.02 | 0.66 | 0.00

49 | 8.20 5.21 17733 | 82.84 | 10.39 | 6.77 | 0.00 |-21.94

50 | 31.79 5.25 24606 | 82.15 | 11.35 | 6.50 | 0.00 |-21.41

51 | 9.35 5.24 16199 | 80.85 | 16.57 | 2.58 | 0.00

52 | 17.29 5.58 19496 | 93.61 | 1.54 4.85 | 0.00 |-20.76

53 | 7.73 5.24 30993 | 81.12 | 14.79 | 4.09 | 0.00

54 | 11.66 5.24 140 79.28 | 20.64 | 0.08 | 0.00

55 | 28.97 5.42 32049 | 84.43 | 6.02 9.55 | 0.00

56 | 23.54 5.20 3426 7954 | 19.96 | 0.47 | 0.03

57 | 87.03 5.48 25796 | 87.03 | 8.55 4.41 | 0.00

58 | 22.97 5.26 9643 82.46 | 12.39 | 5.15 | 0.00

59 | 58.63 5.24 20106 | 83.02 | 11.12 | 5.86 | 0.00

60 | 7.71 5.22 17635 | 79.63 | 16.49 | 3.89 | 0.00 |-18.45

61 | 9.05 5.25 17444 | 79.36 | 20.22 | 0.42 | 0.00

62 | 7.25 5.30 19219 | 83.31 | 14.72 | 1.97 | 0.00

63 | 4.02 5.60 20155 | 87.70 | 12.25 | 0.06 | 0.00

64 | 15.90 5.24 599 79.47 | 20.45 | 0.08 | 0.00

65 | 28.47 5.25 14332 | 81.54 | 12.74 | 5.72 | 0.00 |-18.74

66 | 3.09 4.23 16647 | 55.81 | 13.96 | 5.90 | 24.32 | -7.24

67 | 8.59 5.20 29032 | 79.28 | 17.85 | 2.87 | 0.00 |-18.08

68 | 11.03 5.21 25634 | 79.53 | 17.58 | 2.89 | 0.00 |-18.34
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731 s T RhEFERELSITES (§)

No. | COZFIuX |y (ppm) | Rn (Bg/m®) Micro GC 6:30
(g/m*/day) Nx(%) |O2+Ar(%)| CO2(%) | CHa(%) | (%)

69 | 8.61 5.21 13066 | 79.61 | 18.03 | 2.36 | 0.00

70 | 16.03 5.26 18296 | 79.00 | 18.51 | 2.48 | 0.00

71 | 25.38 5.22 19162 | 83.42 | 6.06 |10.53 | 0.00 |-23.50

72 | 2.04 5.24 12767 | 82.06 | 12.99 | 4.94 | 0.00 |-20.93

73 | 39.46 5.16 40625 | 82.06 | 4.03 |[13.91| 0.00 |-11.37

74 | 12.24 5.13 23077 | 81.49 | 1056 | 7.95 | 0.00 |-16.30

75 | 18.99 5.45 27945 | 88.27 | 4.37 7.26 | 0.11 |-13.70

76 | 62.90 5.13 11780 | 79.97 | 15.29 | 4.74 | 0.00 |-21.22

77 | 20.54 5.22 18853 | 80.27 | 16.52 | 3.21 | 0.00

78 | 29.64 5.24 54419 | 85.83 | 13.63 | 0.54 | 0.00

79 | 34.68 5.20 7215 80.10 | 13.98 | 5.93 | 0.00 |-22.26

80 | 21.68 5.36 31864 | 87.04 | 3.53 9.39 | 0.04 |-16.07

81 | 30.88 5.13 16976 | 78.97 | 18.92 | 2.11 | 0.00

82 | 21.33 5.40 25480 | 87.88 | 2.80 9.31 | 0.00 |-23.21

83 | 12.50 5.25 30255 | 79.64 | 16.75 | 3.61 | 0.00

84 | 4.60 5.22 5924 79.41 | 19.79 | 0.79 | 0.00

84 | 15.13 5.25 2403 79.48 | 20.32 | 0.20 | 0.00

85 | 5.96 5.21 12709 | 79.59 | 18.34 | 2.07 | 0.00

86 | 9.71 5.22 20395 | 78.66 | 20.03 | 1.31 | 0.00

87 | 5.47 5.19 29139 | 79.27 | 18.21 | 2.52 | 0.00

88 | 5.72 5.19 15508 | 79.11 | 18.36 | 2.54 | 0.00

89 | 054 5.30 58353 | 79.81 | 17.58 | 2.60 | 0.00

90 | 13.04 5.24 10862 | 79.59 | 19.23 | 1.18 | 0.00

91 | 3.88 5.18 12451 | 78.98 | 18.83 | 2.19 | 0.00

92 | 13.05 5.19 58522 | 79.31 | 1499 | 5.71 | 0.00 |-11.83

93 | 10.56 5.11 8905 78.38 | 16.57 | 5.05 | 0.01 |-11.44

94 | 7.84 5.24 16508 | 80.55 | 17.57 | 1.88 | 0.00

95 | 15.83 5.53 13769 | 92.68 | 4.07 3.25 | 0.00 |-16.02

96 | 4.60 5.26 15311 | 79.35 | 18.73 | 1.92 | 0.00

97 | 14.69 5.24 10454 | 80.34 | 13.05 | 6.61 | 0.00

98 | 9.26 5.27 12353 | 79.72 | 18.84 | 1.44 | 0.00

99 | 252 5.25 6498 79.67 | 17.66 | 2.67 | 0.00

100| 3.06 5.28 12455 | 79.49 | 18.99 | 1.52 | 0.00

101| 7.51 5.25 6502 78.90 | 20.13 | 0.97 | 0.00
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731 s T RhEFERELSITES (§)

No. | COZFIuX |y (ppm) | Rn (Bg/m®) Micro GC 6:30
(g/m*/day) Nx(%) |O2+Ar(%)| CO2(%) | CHa(%) | (%)

102 | 13.71 5.27 4316 79.37 | 20.04 | 0.59 | 0.00

103| 9.82 5.25 20227 | 79.72 | 18.36 | 1.91 | 0.00

104 | 11.87 5.24 15621 | 80.13 | 16.21 | 3.66 | 0.00 |-15.96

105| 16.11 5.22 11651 | 80.30 | 16.04 | 3.66 | 0.00 lost

106 | 14.60 5.26 4674 80.81 | 18.34 | 0.84 | 0.00

107 | 7.21 5.38 20121 | 87.17 | 12.23 | 0.60 | 0.00

108| 3.96 5.31 20269 | 8296 | 14.72 | 2.33 | 0.00

109| 8.11 5.24 9176 80.43 | 17.66 | 1.92 | 0.00

110| 17.04 5.26 17531 | 79.87 | 19.02 | 1.10 | 0.00 |-17.41

111| 18.02 5.24 9090 79.27 | 19.12 | 1.61 | 0.00

112| 9.29 5.28 7505 79.88 | 19.58 | 0.54 | 0.00

113| 2.40 5.24 14288 | 80.07 | 17.30 | 2.63 | 0.00

114| 5.97 5.24 9335 79.38 | 19.23 | 1.39 | 0.00

115| 6.33 5.24 5376 79.64 | 19.79 | 0.56 | 0.00

116| 4.05 5.24 44616 | 80.46 | 17.18 | 2.36 | 0.00 |-18.35

117 | lost 5.22 23467 | 79.70 | 18.16 | 2.14 | 0.00

118 | 19.24 5.21 16593 | 79.43 | 17.32 | 3.24 | 0.00

119 | 7.99 5.20 20217 | 80.28 | 16.41 | 3.31 | 0.00

120| 7.97 5.24 3513 79.67 | 20.18 | 0.15 | 0.00

121| 4.60 5.24 5868 79.36 | 20.10 | 0.54 | 0.00

122| 6.54 5.25 8635 79.55 | 18.61 | 1.84 | 0.00

123| 6.07 5.25 23721 | 81.83 | 11.60 | 6.56 | 0.00 |-19.76

124 | 5.48 5.31 10129 | 81.62 | 1.13 3.48 | 13.78 | -11.68

125| 6.73 5.30 8793 80.04 | 18.75 | 1.21 | 0.00

126 | 3.73 5.31 15603 | 80.52 | 16.74 | 2.70 | 0.05

127| 13.01 5.28 13153 | 80.00 | 17.30 | 2.70 | 0.00

128| 1.25 5.25 12402 | 79.28 | 20.04 | 0.68 | 0.00

129 | 21.14 5.24 11033 | 80.08 | 17.09 | 2.82 | 0.00

130| 6.05 5.24 8122 79.94 | 17.28 | 2.79 | 0.00

131| 19.77 5.30 20995 | 80.94 | 17.59 | 1.48 | 0.00

132| 7.71 5.24 11437 | 79.69 | 18.32 | 1.99 | 0.00

133| 7.67 5.25 13164 | 79.37 | 18.94 | 1.69 | 0.00

134 | 29.08 5.24 12680 | 79.15 | 19.15 | 1.70 | 0.00

135| 10.61 5.31 14906 | 80.74 | 16.91 | 2.35 | 0.00
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731 s T RhEFERELSITES (§)

No. | COZFIuX |y (ppm) | Rn (Bg/m®) Micro GC 6:30
(g/m*/day) Nx(%) |O2+Ar(%)| CO2(%) | CHa(%) | (%)

136| 3.67 5.26 6857 79.68 | 20.06 | 0.27 | 0.00
137| 2.89 5.26 10551 | 80.72 | 17.46 | 1.82 | 0.00
138| 9.55 5.28 19757 | 80.75 | 17.20 | 2.05 | 0.00
139 | 10.07 5.24 3785 79.44 | 20.18 | 0.38 | 0.00
140| 3.36 5.28 10116 | 79.85 | 19.36 | 0.80 | 0.00
141| 6.39 5.26 15376 | 79.74 | 18.48 | 1.78 | 0.00
142 | 7.79 5.24 17007 | 80.27 | 17.95 | 1.78 | 0.00
143 | 11.65 5.26 22902 | 80.03 | 18.46 | 1.51 | 0.00
144 | 16.31 5.13 10895 | 79.32 | 18.08 | 2.60 | 0.00
145| 3.54 5.24 5989 79.69 | 20.07 | 0.24 | 0.00
146 | 11.21 5.20 22856 lost

147 | 3.22 5.28 12553 | 80.39 | 18.44 | 1.17 | 0.00
148 | 7.96 5.24 17039 | 80.22 | 18.25 | 1.54 | 0.00
149 | 13.25 5.21 4007 79.72 | 19.77 | 0.51 | 0.00
150 | 13.95 5.24 8591 79.82 | 20.04 | 0.14 | 0.00
151 | 14.00 5.28 14362 | 80.53 | 17.51 | 1.96 | 0.00
152 | 11.54 5.24 73873 | 81.04 | 16.03 | 2.93 | 0.00
153| 9.00 5.27 10688 | 80.43 | 16.73 | 2.84 | 0.00
154 | 18.03 5.24 3644 79.33 | 20.14 | 0.53 | 0.00
155| 9.39 5.30 19841 | 80.06 | 19.44 | 0.50 | 0.00
156 | 8.61 5.26 3033 79.60 | 20.33 | 0.07 | 0.00
157 | 3.03 5.20 7538 79.37 | 20.37 | 0.26 | 0.00
158| 8.56 5.26 6856 79.86 | 19.54 | 0.60 | 0.00
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232 v T RALRUIHFREE

Date He Rn N2(%) OxtAr CO2(%) CHs(%) 0613C
(ppm)  (Bg/m’) (%) (%0)
no. 67 (7&;%-1)
4/5 5.20 29,032 79.28 17.85 2.87 0.00 -16.07
4129 5.24 42,239 79.85 18.29 1.86 0.00
5/7 5.32 43,225 81.35 16.42 2.23 0.00
5/13 5.27 29,750 81.32 15.79 2.88 0.00
5/22 5.26 33,453 79.86 16.77 3.36 0.00
6/3 5.26 32,497 79.69 16.96 3.35 0.00 -20.58
6/18 5.37 49,227 81.22 14.81 3.97 0.00
6/25 5.35 25,319 82.40 13.10 4.50 0.00 -18.99
7/3 5.28 47,664 81.40 13.38 5.22 0.00
7/10 5.28 34,423 80.22 14.40 5.38 0.00 -18.86
7/15 5.31 42,226 81.43 13.14 5.42 0.00
7/23 5.32 51,167 80.88 13.44 5.68 0.00
8/1 5.27 51,430 79.63 15.42 4.94 0.00
8/6 lost 35,395 78.93 15.47 5.60 0.00
8/18 5.30 48,878 80.13 15.52 4.35 0.00 -18.68
8/26 5.19 34,759 78.67 16.54 4.79 0.00
9/9 5.30 53,412 80.56 14.44 5.00 0.00
9/20 5.31 60,477 80.94 12.81 6.26 0.00
no. 67 (7&;%-2)
5/13 5.24 59,563 79.87 16.32 3.81 0.00
5/22 5.25 53,825 80.12 16.20 3.68 0.00
6/3 5.26 53,499 80.55 15.64 3.81 0.00 -24.22
6/18 5.41 79,860 83.61 11.95 4.45 0.00
6/25 5.33 50,496 82.78 12.12 5.10 0.00 -23.63
7/3 5.21 57,508 79.97 14.74 5.29 0.00
7/10 5.20 75,743 80.02 14.92 5.06 0.00 -23.89
7/15 5.27 74,413 81.36 13.29 5.35 0.00
7/23 5.22 102,674 80.59 14.06 5.35 0.00 -23.49
8/1 5.26 85,767 80.62 13.61 5.76 0.00
8/6 lost 105,917 80.76 13.66 5.58 0.00
8/18 5.28 90,188 80.76 13.78 5.46 0.00 -23.38
8/26 5.21 86,005 80.42 14.45 5.13 0.00
9/9 5.27 78,788 80.95 13.49 5.56 0.00
9/20 5.25 65,210 80.19 14.25 5.56 0.00
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Date He Rn N2(%) Ox+Ar COy(%) CH4(%) &613C
(ppm) _ (Bg/m’) (%) (%0)
no.104 (] 1)

4/12 5.24 15,621 80.13 16.21 3.66 0.00 -15.96
7/3 5.27 20,937 80.53 14.46 5.01 0.00

7/10 5.24 21,007 80.61 14.23 5.16 0.00 -15.03
7123 5.21 25,971 80.35 14.24 5.40 0.00 -15.17
8/1 5.22 26,318 79.86 14.66 5.49 0.00

8/18 531 28,856 81.99 11.52 6.50 0.00 -15.78
8/26 5.22 17,989 80.45 13.35 6.20 0.00

9/20 5.28 33,510 80.98 17.69 1.33 0.00

no.80 (%K)

4/5 5.36 31,864 87.04 3.53 9.39 0.04 -16.07
4/29 5.15 13,261 78.77 18.29 2.94 0.00

517 5.15 7,207 78.46 18.16 3.38 0.01

5/13 5.12 10,429 79.93 7.88 11.65 0.54

5/22 5.13 11,570 79.40 7.75 12.80 0.05

6/3 5.21 12,700 80.79 4.86 14.33 0.02 -20.58
7123 5.12 10,680 78.34 7.61 13.96 0.08

8/18 5.11 20,647 77.81 5.96 16.20 0.03 -20.787
9/20 5.13 14,861 77.23 5.50 16.27 0.99

no.55 (F A& -|)

4/5 5.42 32,049 84.43 6.02 9.55 0.00

4/29 5.28 53,747 87.30 1.61 11.09 0.00 -14.71
517 5.14 lost 79.00 11.53 9.47 0.00

2 18 { gtk 0 FER 402L 50m 0 A 15(329999, 2728672)

5/13 5.12 34,310 78.09 13.72 8.19 0.00

5/22 5.16 16,456 78.95 12.97 8.07 0.01

6/3 5.20 15,362 78.66 10.23 11.11 0.00 -20.14

no.56 (& 2 )

4/5 5.20 3,426 79.54 19.96 0.47 0.03

517 5.22 35,703 80.84 12.33 6.83 0.00

5/13 5.18 34,210 81.40 11.06 7.54 0.00

5/22 5.09 28,772 77.88 15.05 7.08 0.00

6/3 5.16 28,697 78.51 15.03 6.41 0.04 -23.62
8/19 5.12 46,260 79.05 14.04 6.91 0.00
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Date He Rn N (%) O,+tAr CO3(%) CH,(%) ©613C
(ppm) _ (Bg/m’) (%) (%)
PR E-2

5/7 3.13 5,207 48.35 0.63 23.81 27.20

5/13 4.34 6,769 51.61 0.68 19.35 28.35

5/22 4.72 6,479 58.02 0.68 21.93 19.37

6/3 4.76 6,416 59.11 0.73 22.40 17.77 -9.63
8/19 4.71 20,757 59.47 0.80 19.55 20.18

no.21
4/2 5.24 34,018 82.46 9.38 8.15 0.00 -14.24
6/18 5.33 21,078 83.10 9.78 7.12 0.00
6/25 5.25 17,096 80.53 12.28 7.19 0.00 -15.03
7/3 5.24 12,240 79.34 14.02 6.64 0.00
7/10 5.21 12,609 79.06 15.06 5.88 0.00 -14.47
7/23 5.26 18,239 81.66 10.64 7.70 0.00 -15.08
8/18 5.26 25,683 80.17 8.78 11.05 0.00
n0.29 (f H& "&ig =)

4/5 5.78 5,910 79.26 18.95 1.78 0.00 -14.97
4/29 6.97 23,485 79.78 13.16 7.06 0.00 -14.24
5/7 6.53 16,857 78.32 14.99 6.68 0.00

5/13 6.01 17,929 77.53 15.36 7.11 0.00

5/22 6.28 19,118 76.51 14.23 9.27 0.00

6/3 6.67 24,021 75.71 12.08 12.21 0.00 -12.97
6/18 6.82 17,806 76.17 10.20 13.64 0.00

6/25 6.52 23,086 74.59 11.79 13.63 0.00 -12.70
713 6.10 15,703 73.29 13.01 13.70 0.00

7/10 5.88 16,446 73.40 13.87 12.73 0.00 -12.00
7/15 6.11 22,441 74.02 12.94 13.04 0.01

7123 6.24 24,428 73.71 12.83 13.46 0.00 -12.57
8/1 5.92 22,152 72.93 13.78 13.29 0.00

8/6 lost 21,797 78.22 17.26 4.53 0.00

8/18 5.94 22,592 73.87 14.36 11.77 0.00 -11.85
8/26 5.77 18,743 72.64 14.43 12.92 0.00

9/9 6.12 28,240 73.55 12.36 14.09 0.00

9/20 6.17 28,148 73.60 9.55 16.85 0.00

10/1 6.34 22,179 74.06 12.47 13.47 0.00
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Date He Rn N2(%) OxtAr CO2(%) CHs(%) 0613C
(ppm) _ (Bg/m’) (%) (%)
no.30 (&% = F1-1)
4/5 5.53 20,742 90.56 1.21 8.23 0.00 -15.66
4129 5.60 23,463 90.59 1.23 7.74 0.44 -16.86
5/7 5.46 18,683 89.02 1.34 9.34 0.30
5/13 5.40 20,556 88.33 1.95 9.72 0.00
5/22 5.36 18,134 85.73 3.47 10.80 0.00
6/3 5.38 21,363 86.70 2.19 11.11 0.00 -16.74
6/18 5.42 13,947 85.88 4.10 9.91 0.11
6/25 5.37 20,985 86.29 1.32 12.38 0.01 -16.42
7/3 5.32 17,523 83.94 2.55 13.50 0.00
7110 5.27 16,468 82.37 6.64 10.99 0.00 -15.75
7115 5.52 17,733 85.70 1.91 12.39 0.00
7123 5.25 19,918 84.26 2.65 13.09 0.00 -15.20
8/1 5.25 16,707 83.50 4.92 11.52 0.06
8/6 19,556 82.85 3.24 13.91 0.00
8/18 5.38 23,933 84.10 3.41 12.48 0.00 -14.98
8/26 5.26 29,336 82.02 3.78 14.20 0.00
9/9 5.27 24,633 82.88 5.18 11.94 0.00
9/20 5.33 25,480 84.29 2.16 13.55 0.00
no.30 (&2 = Fl-2)
6/3 5.40 35,432 81.27 15.12 3.61 0.00 -15.34
6/25 5.43 20,334 85.51 8.05 6.43 0.00 -16.86
7/3 5.35 29,516 83.66 9.47 6.87 0.00
7110 5.33 31,000 82.09 11.21 6.70 0.00 -17.04
7115 5.41 28,603 82.05 11.50 6.45 0.00
7123 5.43 34,363 85.20 7.89 6.91 0.00 -17.44
8/1 5.33 34,302 83.04 9.26 7.70 0.00
8/6 lost 51,671 83.35 5.71 10.22 0.71
8/18 5.42 31,640 83.53 10.93 5.54 0.00 -16.35
8/26 5.32 38,548 82.92 9.29 7.79 0.00
9/9 5.38 46,932 83.58 10.22 6.19 0.00
9/20 5.46 49,844 86.38 6.29 7.34 0.00
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£3-3 FERHFHEA RS

Rn

O,+Ar

% Date | He (ppm) | g oisy | No(%) (%) | CO2(%) | CHi(%)
s8m. | 2009/9/9 | 5.25 | 47,180 | 79.65 | 18.16 | 2.19 0.00
-2 |2009/9/20| 5.24 | 38,797 | 80.48 | 17.53 1.99 0.00
FeE| | 2009/9/9 | 5.24 | 29,163 | 79.49 | 1839 | 2.12 0.00
b |2009/9/20| 5.24 | 73,989 | 80.57 | 15.48 | 3.95 0.00
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F o ruBrace et al. (1966) srifzh % BLip| 2 TR % 5 A > 2 T W8 A
Feorr A R 7] h R kR B T A B ARG o £
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. _ K* |Na*| Ca®" | Mg HCO3 COs~ CI SO~
(m) | (m) | CC) |(pCilL)
F R AATE
2009/3/25| 500 | A=+ | 63 | 101 |3.35|493|65.7 | <0.2 28.6 ND 699 360
(" Pr)
%1 2008/1/5 | 100 | p## | 63 | 157 | 4.84 |559| 93.4 | 0.041 6.1 70.8 904 483
%2 2008/1/5 | 40 | ArE# | 63 52 | 4.48 |561| 77.2 | 0.028 7.3 62.4 910 493
%3 2008/1/5 | 275 | 150 | 55 | 634 |2.72 |364|31.8 | 0.84 305 ND 389 362
% 4 2008/1/5 | 245 | 150 | 42 | 320 | 1.69 |312|1.78 | 0.02 945 144 118 360
FHRA 2008/1/5 | 187 | 144 | 61 | 899 | 3.88 |346| 26.6 | 0.363 259 ND 343 356
+ 4B 2008/1/5 | 234 | 156 | 55 | 845 |3.24 |401|31.2 | 0.198 178 14.4 530 323
R E 2008/1/5 | 310 | 180 | 40 57 | 4.66 |554| 63.3 | 0.112 122 16.8 870 392
120-15
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IC |IC | IC IC NIEA NIEA NIEA NIEA
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/Rn—222 (5.490 MeV)

Po-218 (6.003 MeV)

Po-214 (7.687 MeV)
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(C) HAvFskzis Ar»5ml 2§ BRI Sml 4 W3 FHER
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() &L E 1250l -
(D) i 2
B
(a) #-TCD 2z Current ~ Oven F¥ B 3% ¥_froff -
(b) # F & & carrier gas 4k FLF R 5 60 psi °
(c) ™ iBlAZ (liquid leak detector ) # % columns &% F A f o
(d) # B Oven> % %38 & :Inj. 313K (40 °C ), Oven 313 K (40 °C ), Det.
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25mL/min -

() #ABECTF - & §avid Bl o

() FsliEd- LR E Tv LRS-

# 12 (conditioning ) :
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