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Table 1. The record example of categories of groundwater level anomaly triggered by earthquake.
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Figure 1. Co-seismic anomaly with upward oscillation and step but no decay phenomenon, and after

response the water level higher than original situation record of QuSuDoPu+co
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Figure 2. Co-seismic anomaly with downward oscillation but no step and decay phenomena, and after

response the water level returns to original situation record of OdSoDoPo+co
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Figure 3. Co-seismic anomaly with no oscillation and decay phenomena but upward step, and after

response the water level higher than original situation record of OoSuDoPu+co
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after response the water level lower than original situation record of QuSdDdPd+co
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Figure 5. The distribution of earthquake-groundwater observation wells.



F 2 ARAZEATE A B E A BRI B

Table 2. Earthquake events used in this research and the groundwater level responses.
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22(;0;‘4151;;088 6.7 10.0| 122.6] 23.9|237(0)|243(0) e — 97(0)|124(08)|192(0)|224(0)
2004/11/11
10:16-44 4 6.0 13.9| 122.2| 24.3|224(0) 235 180 — 71(0) 62(S) 144 210
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Figure 6. Distributions of 21 earthquake events and 8 observation wells.
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Table 4. The input parameters used in our model.
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Figure 7. The relationship between maximum epicentral and hypocentral distances and earthquake

magnitude of step type anomaly observed in Taiwan
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magnitude of oscillation type anomaly observed in Taiwan
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Figure 9. The relationship between point force and earthquake magnitude under three-dimensional model.
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Table 5. The results of different confidences of source distance with step groundwater fluctuation.
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Figure 11. The model one result of 5.6 magnitude

earthquake triggered on April 30, 2005.
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Figure 13. The model one result of 50% confidence

of point force distance in 6.5 magnitude

earthquake triggered on May 19, 2004.
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Figure 12. The model two result of 5.6 magnitude

earthquake triggered on April 30, 2005.

3000000
2900000
2800000
2700000
8% |
2600000
2500000
*
2400000 Ry
A station
® |ntersection point
-100000 0 100000 200000 300000 400000 500000  6OOOOD

14 ZF4F42004/05/19 #EEARIE 6.5 7 HIFE S
FEAERR 0 84% SRR RE R A
S

Figure 14. The model one result of 84% confidence
of point force distance in 6.5 magnitude

earthquake triggered on May 19, 2004.
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Figure 15. The model two result of 50% confidence
of point force distance in 6.5 magnitude

earthquake triggered on May 19, 2004.
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Figure 16. The model two result of 84% confidence
of point force distance in 6.5 magnitude

earthquake triggered on May 19, 2004.
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Estimating the Anomalous Stress-source Area by Using
Earthquake-triggered Groundwater Fluctuations
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ABSTRACT

Earthquakes are usually triggered in the stress-concentrated area. For explamning  stress
distribution, the poroelastic theory is one of the commonly used models. In this model, stress and pore
pressure are coupled. We applied an analytical solution of point force based on poroelastic model for
earthquake-triggered groundwater fluctuations to estimate the stress-concentrated area. A classification
system of groundwater level anomalies 1s developed and step groundwater fluctuations are used for data
analysis. The collected anomalous data shows that the detectable distance of groundwater level anomaly
mcreases as the earthquake magnitude increases. The maximum detectable distance 1s about 250 km
and the mimmimum detectable earthquake magnitude 1s about 5.0 based on the groundwater fluctuations.
Semi-analytical and empirical models are also developed to construct the relations among earthquake
magnitude, epicentral distance, and groundwater level anomaly. Using the principle of superposition,
the stress-concentrated areas can be estimated from two earthquake events in Taiwan. The results show
that earthquake-triggered groundwater fluctuations can be a potential tool to estimate the

stress-concentrated area and may be used to indicate the possible area of an epicenter.

Key words: poroelasticity, earthquake, groundwater level, epicenter, stress-concentrated area



