The Study of Groundwater Anomalies
ssoclated with the Earthquake in Taiwa
An update in 2003




Spatial'Distribution of
Disastrous Earthquake

e \Western foothill area
e |lan offshore area

e Hulien offshore area
e Longitudinal Valley
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Groundwater level(m)

Coseismic Water Level Changes of the Chi-Chi
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Components'ofGroundwater Level Fluctuation

(Derived from the analysis result of Baytap-G Program for Tunye (2)
observation well:1999/9/1~2000/12/31)
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0als of Our Work

e Final Goals
O Application for earthquake hazard mitigation
O Cross-Linkage with related projects

e Directly Goals
O Provide good quality observation data

O Development of needed techniques and researches for
long-term monitoring

O Evaluate the relationship between groundwater changes
and earthquake occurrences

O Extend the functions of “Groundwater Monitoring
Networks of Taiwan”




aiter Monitoring Network (1992

Sub-Province Site Well
Taipei Basin 2 4
Taoyuan
Tableland 1 2
Hsinchu-Miaoli
Area 16 35
Choshui River
Alluvial Fan 70 193
Chiayi-Tainan
Area 40 105
Pingtung Plain 55 132
llan Plain 20 39
Total 204 510
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usly Work(2001~2002)

Investigation of potential sites

Establishment of the monitoring system

Observation data acquisition and transfer

Data analysis and interpretation

Development and establish of the procedures of monitoring

Evaluate the relationship between groundwater changes and
earthquake occurrences: 1999 ChiChi Earthquake, Recent

examples




Criteria for Potential — (remoosmee )

Site Selection

OGood Structural positi
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Establishment of the monitoring system(1/2)
Front Side Rear Side
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t of the monitoring system(2/2)

Original Surveillances

Station of WRA New Surveillance Station

Rain Gauge, GPS Antenna

Barometer

Data Logger

NN

Surveillance Station of CWB

Radon Detector
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Observation data acquisition
and transfer(1/2)
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Development ana establis
ofthe procedures of monitoring
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Data Receiving and Instruments Management
e Instruments Condition
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ysis and Interpretation(1/2)
ith weakly seasonal trend effect
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ysis and interpretation(2/2)
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Apr.3rd, 2003 Eg. Coseismic Response

The Study of Groundwater Anomalies Associated with the Earthquake
Station Liu-Jar 2003/04
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003 Eg. Coseismic Response

The Study of Groundwater Anomalies Associated with the Earthguake
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Rainfall Effect

The Study of Groundwater Anomalies Associated with the Earthquake

Station Na-Ba 2003/06 (LAGP10)
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Eluctuation of the water temperature(1/2)
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Eluctuation of the water temperature(2/2)

The Study of Groundwater Anomalies Associated with the Earthqguake
Station Na-Ba 2003/08

S3 Water Termperature(°C)
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Evaluate the relationship between groundwater
changes and earthquake occurrences
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he Coseismic Groundwater Level
e 1999 Taiwan ChiChi Earthquake

e Coseismic Responses of 368 wells around Talwan

O Well Parameters: location, geological setting, height, depth, screened
depth

O Aquifer Parameters : Thickness, Hydraulic Conductivity,
Hydrogeological setting

O Water Level Records: Time series of the water level changes
(Original record sheets, and digitized data)

O Seismic Parameters . Interpolate intensity, ground motion 3
components

O Earthquake Fault Parameters: Distances from earthquake fault to well,
distances from epicenter from well, surface rupture

O Crust deformation Parameters: Strain derived from fault slip data,
GPS survey in vertical and horizontal
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Other Approaches on the Groundwater
Anomalies Associated with Earthguake

e Preparation for Long-Term Monitoring

e Planning for the Standard Procedures for detecting the
Anomalies

e Research for theoretical support of observation results

Groundwater
geochemical Potential Sites Dr. Lin. C. W
Dr.Kuo, M. C.  Research Investigation ———_

Mechanism of

. Instrument of the
Hydrological

_ observation
Anomalies Mr. Lai. W. C
: r. Lai, W. C.
Dr.Hsu, K. C. Data Filtering and Caggsituidies and & Procal Inc.

Anomalies Detect

Analysis Method
Dr.Wang, C. L. Dr. Lee, T. Y.

Dr.Jan, C. D.




Item 1: Construction of the
Well-Aquifer System

e The components of well-aquifer
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Land surfuce—\ ’_’llf SyStem
SOk i + > Mass (Water in well and parts of the
x=x,-x, water in aquifer)
i e ot O > Restoring Force (the difference
ixz between well and aquifer)
R N F » Damping Force (the friction along the
o sty e well body and flow through the well
. and aquifer)
» Surface Tension Force of the water in
well
Loz M [p—————————————————-

sl

: @ The limitation of the observation

:  made by Well Radius ~ Properties :
of Aquifer (Conductivity - :
Storativity)

T

e The amplify or attenuation factors

Well-Aquifer System (Cooper et al.,1965) Q%L?f?rssure between the well and
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Item 2 * Extracting the Differential
Components of the Water Level fluctuations

QUALITATIWE WAVE POWER SPECTRUM
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(Ishimura, 2002)

e Extract the different

components of the water
level fluctuations to estimate
the response of the well-
aguifer system to different
sources.

Using the characteristic
responses to estimate the
material parameters of well-
aguifer system .

Setup the system parameters
and boundary condition
prepare for testing the
assumption.




Time, Days

Curve Fitting

PABK,

E RESPONSE TO UNIT COMPRESSIONAL

VoLl Mt SHRAIN STeP

T

=02 ©

o
TIME, IN DAYS

Type Curve Plotting
(Roeloffs, 1996)

the Poroelastic Properties of the
ystem by Stochastic Methods

e Using the stochastic and
statistical methods to estimate

the poroelastic parameters of
the well-aquifer system




nstruction of the Faulting and
ressure Coupling Processes

» Precursory changes got no spatial
relation with source region of
earthquake.

» Difference between sensitive and
non- sensitive wells

- Material properties of aquifer
. Characteristic of signal propagation
. Characteristic of faulting processes

system
(USGS , 2002)




