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|. Introduction

e T[ectonic Setting of Taiwan.
m On-land plate boundary
m Highly deformation rate
m Active fault in thick alluvial layers

o Highly Seismic hazard risk.

o Advantage of the research

m High density monitoring network
for water resources

—
=
=]
(@]
=3
&
=
§=]
®
S
=
c
@
5]
<
S
o
c
S
S
S
o

= High density




Pre-seismic Groundwater l.evel Changes
DP' RC

— Filtered trend
— Original data.
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I'1. Observation

o Effected by ocean tide DPYTTRC

o LLocated on Pleistocene ~ Quaternary
ate, Situ
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Location of Hulien observation well and tidal gauge station



Typical Hydrograph of observation
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Comparison of: Sea LL.evel and

Groundwater LLevel Observation
DP ' RC
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Green: Groundwater level observation in Huilen Observation(2 min)




Ocean Tidal Loading

o The loading efficiency.
(amplitude ratio) 1s 0.05,
time lag (phase angle
difference) i1s 17 = ~36
(8~10 min were stable for
the whole period.

The results support the

“Predictable” groundwater
level responses except to
other non-seasonal factors.
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[11. Anomalies ( Tidal Deviation )

o [he comparison between the S.L. / G.W.L. are basg (F))n thl:\;C

observation in Hulien.

o [he anomalies detecting criteria had been defined by the
_amplitude ration and phase angles of the cross-relationship.
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Feb. 9 15:14, 2004, Hulien Earthquake,

(M=4.3 Depth 27.6 Km)
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Depth Distance
No. Occ. Time M, Lon. Lat. (km) (km) Obs. Sta. Intens.
93053 2004/05/13 23:28:47 4.6 121.51  24.05 18.9 13.3 HUL 4
93069 2004/07/09 19:19:29 4.8 121.43  23.86 19.5 23.3 HUL 3
- 2004/07/14 20:04:30 4.1 121.52  24.09 21.1 15.7 HUL |
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In April ~ May, 2005

Hulien:Waterlog: Water level(fit) (cm)
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2005 /4/20 ~24 Anomalies with Seismic swarm
DP  RC
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[\/. \Jerification
DP RC

we choose the other stations beside the HUL
station with similar responses.

~ Sincheng station, Beipu station

we choose the untested events of the HUL
station to check the responses.

~ Seismic swarm of May ~ June, 2012
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Sincheng Station
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Background Analysis

2011/11/1 ~2012/5/31 Original
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[Decomposition

o Clearly ocean tidal responses

GROUP SYMBOL FACTOR  (RMSE) PHASE  (RMSE)  AMPLITUDE (RMSE)
(LOCAL, LAG:NEGATIVE)

I ¢ 1-143 : Q1 ) 0.15034 ( 0.01553) -7.620 ¢ 5.938) 0.663 ( 0.069 )
2 (144-201 : 01 ) 0.10380 ( 0.00270) -34.901 ( 1.494) 2.392 ( 0.062 )
3 (202-249 : Ml ) 0.20844 ( 0.04569)  -26.308 ( 12.593) 0.378 ( 0.083 )
4 (250-305 : PISIKI ) 0.06951 ( 0.00238) -59.580 ( 2.136) 2.252 ( 0.077 )
5 (306-345 : Tl ) 0.06575 ( 0.03142) -132.026 ( 27.375) 0.119 ( 0.057 )
6 (346-450 : 001 ) 0.12590 ( 0.03658)  -45.727 ( 16.645) 0.125 ( 0.036 )
7 (451-549 : 2N2 ) 0.14077 ( 0.02076) 19.867 ( 8.439) 0.223 ( 0.033)
8 (550-599 : N2 ) 0.09193 ( 0.00353) 8.306 ( 2.199) 1.103 ( 0.042 )
9 (600-655 : M2 ) 0.10127 ( 0.00068) 6.414 ( 0.389) 6.344 ((0.043 )
10 (656-681 : L2 ) 0.16283 ( 0.02518) -7.115 ¢ 8.870) 0.288 ( 0.045)
11 (682-827 : S2K2 ) 0.09295 ( 0.00292)  -11.254 ( 1.831) 2,709 ( 0.085)
(828-909 : M3 ) 0.04942 ( 0.03447)  122.029 ( 39.992) 0.056 ( 0.039 )

o The loading efficiency
(amplitude ratio) 1s 0.18, time
lag (phase angle difference) is

6 ~35  (1~10 min were
stable for the whole period.
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HUL Sincheng:Groundwater:Water level (cm) " SCH
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[Decomposition of the G.\W.L.
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Seismic swarms in May ~ June, 2012
DP RC
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\/. DiIscussion:

: DP " RC
o \Wave Propagation Model (fault permeability structure)

(Receiver) (Medium) < (Source)

X4/

Fault (permeability structure,
\ Iea dominate by stress state)
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Structural-Sensitive Zone

DPNRC

|_ocated inside the Longitudinal
Valley Fault ( Plate Boundary
Fault).

Sustained highly stress —
concentrated state ( 82mm/yr)

Ocean tidal forces act as natural
detecting sources apply to
G.W.L. responses.

The “predictable” responses to
the non-structural disturbances
to G.W.L. is the key factor.

Modify from (Lin, 1994)



Research on going = Deep Flow Detection
RC

100-40m¢ 0.01-0.7Hz
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Detection device of the underground electric field anomalies
(Fujinawa and Takahashi, 1994)




Example: Niigata Chuetsu-oki Earthquake, 2007/7/16
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Waveform (D C )
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Figure. 3a (Fujinawa et al.2012)



Example: Eastern Japan Earthquake, 2011/3/11
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VI, Summary

DP  RC
Using the ocean tidal force to act as

to provide a sufficiently varied distribution of
excitations in time and space

The results support the groundwater level
responses except to other non-structural factors.

Curiously pre-seismic groundwater level changes In the

pattern of occurred repeatedly in several local
seismic events nearby the HUL.
The and

were I1ssued from HUL observation results.
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