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Deadliest Earthguakes (1990~2004)

Magnitude

Fatalities

Region
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Annual Seismicsity of Earthquakes in the World for
2000 - 2005

Magnitude

Taiwan
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Taiwan; Groundwater Monitoring Network
(1992~-2003)

Sub-Province

Taipei Basin

Taoyuan Tableland

Hsinchu-Miaoli
Area

Choshui River
Alluvial Fan

Chiayi-Tainan
Area

Pingtung Plain

Ilan Plain

Total P004)




Goals of Our Work

o Final Goals
o Application for earthquake hazard mitigation
0 Cross-Linkage with related projects

o Directly Goals

O Provide good guality observation data

o Development of needed technigues and researches
for long-term monitoring

o Evaluate the relationship between groundwater
changes and earthguake occurrences

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




Advantages ofi the Tralwan’s researcnes

o Dense observation wells (single screen,
multiple aguifers )

o Good quality contrel (maintain by the \Water
Resource Agency)

o Clearly hydrogeology background information
o High seismic activity

o Good quality seismic observation network
(high density observation network)
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Dr.Kuo, M. C. Research Investigation

Mechanism of ‘- Instrument of the

rlygrologial observation
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Dr. Lin, C. W.

Dr.Wang, C. L.

Dr.Jan, C. D. Dr. Lee, T. Y.




Publication

Year 2001 400

SCI Journal 0) 1

Internal Journal 0) 1

Conference Paper

Internal Conference
Paper

Technical Report

Short Course

Invited Foreign Scholar




Major Accomplishments (2001.~2005)

Investigation of potential sites
Establishment ofi the monitoring system
Observation data acquisition and transfer
Data analysis and interpretation

Development and establish of the procedures of
monitoring

Assoclated Researches

o Amplify effect of the signal from the resonate of well-
aguifer system

o Molding of a strain - pressure coupling system

o Estimation of the rainfall effect to ground water level
o Detecting the anomalies changes using static methods
o Radon monitoring in the groundwater

International cooperative research activity




Investigation of potential G
Sites

Criteria for Potential Site
Selection

e G0od Structural position &

e Good confinement

e Highly strain sensitivity

oo artificial disturbance

es
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Establishment of the moenitoring system:

Observation Network
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Establishment of the monitoring system

Instruments
Setting
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Data Receivin and Instruments Management
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o Data Pregrocess
o Data Fllterinc

o Anorralles Detect
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Development and establish
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Automatic recording, analysis and anomalies
detecting system

1.Recording - 2.QC, pre-processing -» 3.Daily plots & reprot
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Evaluation ofi the observation wells

Obs. well

A Noise Level

B.Str. Sen.

C.Events

Score

(cm)

(mm/107®)

(no./yr.)

=(BIA)*C

HUL

0.72

5.02*

18.0

125.0

TWN

0.29

3.78*

9.3

121.2

TLO

5.14

1.14

6.0

1.3

DHR

0.65

4.39

5.6

SBT

0.39

1.77

2.0

TUS

0.28

2.20

4.0

LUJ

0.25

1.78

4.8

NBA

0.34

2.92

4.4

JDR

0.86

2.20

2.0

CHS

0.78

1.58

2.0

SIP

4.18

2.28

2.7

HRD

9.88

1.84

2.0

Score =
Str. Sen./Noise Level

x Events

Grade
| :Very Good
I1: Good
[11; Fair
1\/: Poor




Observation Results

Year 2002 2003 | 2004 |~Jun 2005
o o

12
14
Earthquake observation | H A | HDN DHR
2003/4/3 Taina, M=4.96 2 S
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2004/1/1Taitung, M=5.9
2004/1/6 Ilan, M=4.63
2004/1/13 Hulien, M=5.0
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2004/2/9 Hulien, M=4.3
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Seismic activity and the groundwater level changes

U al water level
(cm)

Rainfall
(mm)

Seismicity
(M)

Magnitude (M,)

Hulien:Waterlog:Water level (cm) Hulien:Waterlog:Water level(fit) (cm)

ien:Waterlo

Water

resid) (cm)

ien:Barome

er:Pres
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e:Rain

i
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Other Approaches on the Groundwater
Anomalies Assoclated with Earthguake

Preparation for Long-Term Monitoring

Planning for the Standard Procedures for detecting
the Anomalies

Research for theoretical support of observation results

Anomalies detection techniques
Early warning system for foundation engineering
Application for water resources mangement




International cooperative reseanch activity

"Hydrological and geochemical research for earthquake
Prediction in Taiwan (February 2002 - March 2005)"

Exchange of information
and personnel

Annual workshop
Publication

Planning for extended
cooperation

5. Prospects in the future cooperation

BEoth Taiwan and Japan are situated in the boundary zone between the Eurasian and Plilippine
Sea plates and often attacked by large earthquakes. DPRC-WCEU has now abundant data produced
by the dense groundwater observation network. IGG-GST has 30-vear experience of the
hydrelogical and geochemical research for earthquake prediction. Therefore confinuons cooperative
research of DPRC-NCEU and IGG-GSJ will give nuch contribution to hydrolegical and
geochemical research for earthgquake prediction. Therefore DPRC-NCEU and IGG-GS] have
decided to contmue this cooperative research for next 5 years. We are sure that the cooperative
research will make much contribution to reducing earthguake hazards in Tatwan and Japan in
future.
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Stage 1: Construction of the
Well-Aguifer System

Land surface ——
Mass (Water in well and parts of the

water in aquifer)

i Restoring Force (the difference
between well and aquifer)

Damping Force (the friction along the
well body and flow through the well
and aquifer)

Surface Tension Force of the water In




Stage 2 : Extracting the Differential

Components of the \Water Level fluctuations

Q:UALI'II'ATIVEWAIVE POWIER SPEC'\I’RUM‘ ° 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
AL i material parameters of well-
b aquifer system .

0 :..

I Y Setup the system parameters
wf vt and boundary condition

oo oot 5 prepare for testing the
assumption.

Phase Difference [deg]

The spectrum of different sources (short period)
(Ishimura, 2002)




Stage 3 : Derived the Poroelastic Properties of
the Well-Aguitfer System by Stochastic Methods

rzomlle USINQ the stochastic and
statistical methods to
estimate the poroelastic
parameters of the well-
aguifer system

Type Curve Plotting
(Roeloffs, 1996)




Stage 4 :© Construction of the Faulting and
\Water Pressure Coupling Processes

> Precursoery changes got no spatial
relation with source region of
earthquake.

Difference between sensitive and
non- sensitive wells

Material properties of aguifer
Characteristic of signal propagation
Characteristic of faulting processes

Faulting and stress field distribution
(USGS , 2002)
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