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I. Introduction of the
Groundwater Monitoring 
Network in Taiwan



1.1 Problem Background (1/2)

Topography of the Topography of the 
Taiwan islandTaiwan island

Weather conditionWeather condition

PopulationPopulation



1.1 Problem Background (2/2)

The management of The management of 
the groundwater the groundwater 
resources resources 

The task of the planThe task of the plan



1.2 Goals of the Plan



1.3 Main Items of the Plan
1.1. Hydrogeological Hydrogeological 

investigationinvestigation
2.2. Construction, Construction, 

operation and operation and 
management of the management of the 
monitoringmonitoring

3.3. Groundwater Groundwater 
information systeminformation system

4.4. Investigation of Investigation of 
groundwater recharge groundwater recharge 

5.5. Monitoring and Monitoring and 
investigation land investigation land 
subsidence subsidence 

6.6. Groundwater quality Groundwater quality 
analysisanalysis



1.4 Phases of the Plan (1/4)



1.4 Phases of the Plan (2/4)



1.4 Phases of the Plan (3/4)



1.4 1.4 Phases of the Plan (4/4)Phases of the Plan (4/4)



1.5 Results of the Plan (1/5)
Taiwan Groundwater Monitoring Network 

Fig.2- The Taiwan Groundwater Monitoring Network are 
composed by 510 observation wells distributed in the 
seven major groundwater division area (Hsu et al., 2000).
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1.5 Results of the Plan (2/5)
Hydrogeological 
Investigation

Drilling geological coresDrilling geological cores
Well loggingWell logging
Geological datingGeological dating
Sedimentary analysisSedimentary analysis
Geochemical analysisGeochemical analysis



1.5 Results of the Plan (3/5)

Well maintenance
Examine well body Examine well body 
and screensand screens

Water quality Water quality 
analysisanalysis

Well developmentWell development
techniquetechnique



1.5 Results of the Plan (4/5)
Decision Support for Groundwater Resource 
Management

Increase the efficiency and qualityIncrease the efficiency and quality
Included information retrieval and analysis, trend Included information retrieval and analysis, trend 
analysis , operation and management subsystemanalysis , operation and management subsystem



Regional Groundwater 
Resources Mapping

Modulus of groundwater flowModulus of groundwater flow
Coefficient of groundwater flowCoefficient of groundwater flow
Coefficient of river rechargeCoefficient of river recharge

1.5 Results of the Plan (5/5)



II. Introduction of the 
Study of Groundwater Anomalies  
with the Earthquake



2.1 Background of the Plan(1/4)
Tectonic Setting of Taiwan

Fig.1-Tectonic framework of Taiwan are conjugate of the 
Eurasian plate and Philippine Sea plate (Cheng et al., 2000).



Spatial distribution of 
disastrous earthquake

Western foothill areaWestern foothill area
Ilan offshore areaIlan offshore area
Hulien offshore areaHulien offshore area
Longitudinal ValleyLongitudinal Valley
LiutaoLiutao--Lanyu islandLanyu island

Disastrous earthquake distribution during 1900-1999

Active Fault
Magnitude

2.1 Background of the Plan(2/4)



2.1 Background of the Plan(3/4)
Coseismic Groundwater 
Level Changes in 1999 
Chi-Chi Earthquake
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2.1 Background of the Plan(4/4)
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Fig4-Spatial distribution  of the (a ) coseismic water level 
changes, (b)Hydraulic conductivity,  offers the  detail 
information of coupling processes between the seismic 
event and the aquifer properties.

Coseismic Water Level Changes  Record



2.2 Main Items of the Study

Potential Sites
Investigation

Instrument
Installation

Cases Studies and
Anomalies Detect

Data Filtering and
Analysis Method

Mechanism of
Hydrological
Anomalies

Groundwater
geochemical

Research

Fig.11-The research items  of the study for 
the earthquake  related groundwater changes..



2.2.1 Potential Sites Investigation

Fig.6-Standard choosing procedures of sensitive wells. The 
existing wells were divided into different classes by the 
criteria. Only Class I and II been chosen for the potential 
observation wells. 
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2.2.2 Establish of Observation Network

Fig.7-The plan of the groundwater observation 
network and seismic activity zone of Taiwan through 
the period of 2001~2004. 

200 1

200 2

200 3

2004

Tunwe iSinpu

H uali en

Yu li

Ch ihshang
N aba

Liuji a
Herd on

Chuc hi
Do nher

Tunlo

Yuansulin

Jender

Nanao Seismic ZoneSi
nc

he
n F

au
lt

Sanyi--Liyutan Seismic Zone

Lo
ng

itu
d i

na
l V

al
ley

Ch
iay

i-T
ain

an
Se

i s
m

ic
Zo

ne

Ilan Seismic Zone



2.2.3 Instrument Installation (1/2)
Groundwater Observation Station

Front Side Rear Side
Instruments 
Setting

Fig.5-The appearance and instrument setup of the observation station. 
Observation includes groundwater level, water temperature, radon
concentration and background information (air temperature,  atmospheric 
pressure, and rainfall) record in 2 minutes sampling interval.



2.2.3 Instrument Installation (2/2)

Fig.8-The framework chart of data acquisition and 
data transfer system. The GSM modem are use as 
backup system when the network failure.
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2.2.4 Cases Studies and Anomalies Detect

Fig.9-The flowchart of anomalies detecting 
system. T he semi-automatic operati ng 
processes need to confirm for quality control. 
Both tectonic and non-tectonic anomalies 
been detected by the processes.
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2.2.5 Data Filtering and Analysis Method (1/2)

Fig.10-The Baytap-G program (Tamura et al., 1991) been used 
as the core program for filtering the tidal, barometric responses 
and irregular noises  The output signal are use for anomalies 
detecting.
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2.2.5 Data Filtering and Analysis Method (2/2)
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Fig.14-Inte rvention pattern and detection analysis  for 
anomaly groundwater level by time series analysis. (a) 
Hurst Index and LZ complexity of the earthquake event.  
(b) Time series analysis result of Sep. 21st, 1999 and 
March 31st , 2002 events in the Choshuishi alluvial fan, 
Central Taiwan (Lee, 2002). (c)Application of spectrum 
analysis used Gabor transform(Tsai, et al., 2002) .
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2.2.6 Mechanism of Hydrological 
Anomalies(1/2)

Fig.12-The application of the poroelastic theory 
for estimate the geo-material properties in the 
Choshuishi alluvial fan, central Taiwan. (a) The 
parameters of the alluvial deposits (b) The 
volumetric stra in efficiency estimated from 
aquifer lithology ( HS et al., 2003).
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2.2.6 Mechanism of Hydrological 
Anomalies(2/2)
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2.2.7 Groundwater Geochemical 
Researches
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III. Observation Results and 
the Future Plan



3.1 Observation Results (2003)
記錄 發震時間 震央位置 

深度

(km)
規模 六甲 那菝 東和 新埔 銅鑼 壯圍 花蓮 河東 

1 
2003/4/3 

14:59 
台南.楠西 14.5 5 ●  ● ●      

2 
2003/6/10 

16:40 
花東外海 27.6 6.5 ●  ● ● ●     

3 
2003/7/16 

04:27 
西亞海域 10 7.6   ●      

4 
2003/9/26 

03:50 
日本.北海道 27 8.3  ● ●      

5 
2003/9/27 

19:33 
蘇聯.南西伯利亞 16 7.5  ● ● ●     

6 
2003/12/10 

12:38 
台東.成功 10 6.6 ●   ●  ● ● ● ●  

 



3.1.1 Local Event I: M 5.0 D 14.5 km
4 April, 2003      Observation Station: Liujia

The Study of Groundwater Anomalies Associated with the Earthquake
Station  Liu-Jar 2003/04
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3.1.2 Local Event II: M 6.5 D 27.9 km 
10 Jun, 2003  Observation Station: Naba

The Study of Groundwater Anomalies Associated with the Earthquake
Station Na-Ba 2003/06/10
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3.2 Observation Results (2004)
記錄 發震時間 震央位置 

深度

(km)
規模 六甲 那菝 東和 新埔 銅鑼 壯圍 花蓮 河東

1 
2004/1/1 

11:50 
花蓮.玉里 17.8 5.9       ●  

2 
2004/1/6 

8:55 
宜蘭.牛鬥 54.9 4.6      ●   

3 
2004/1/13

17:29 
花蓮市 19.8 5.0       ●  

4 
2004/2/4 

11:24 
花蓮外海 37.8 4.3     ● ● ●  

5 
2004/2/9 

15:13 
花蓮.新城 27.6 4.3       ●  

6 
2004/4/25

03:26 
花蓮市 15.1 4.2      ● ●  

7 
2004/5/1 

15:36 
花蓮.太魯閣 17.8 5.8 ●  ● ●  ● ● ●  

8 
2004/5/17

19:33 
台東.成功 12.5 6.0     ● ● ●  

9 
2004/5/19

12:38 
台東綠島 8.7 6.5 ●  ● ● ● ● ● ● ●



3.2.1 Spatial Distribution of the Seismic 
Activity (M>4.5)

Detectable Strain Sensitivity
10-8~10-9
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The Study of Groundwater Anomalies Associated with the Earthquake
Station  Liu-Jar 2003/12
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3.2.3 Whole Island Event: M 6.6 D 10 km 
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3.2.4 Preseismic Groundwater Temperature Change
93/1/1,Hulien,M 5.9, D 17.8 km
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3.2.5 Preseismic Groundwater Level and Temperature Change
93/1/1,Hulien,M 5.9, D 17.8 km



3.3 Summary and Future Plan
The establishment the monitoring network of the The establishment the monitoring network of the 
groundwater in the whole island scale.groundwater in the whole island scale.
Highly seismic activity make the good and Highly seismic activity make the good and 
frequently chances to study the problems.frequently chances to study the problems.
Clearly preseismic groundwater level and Clearly preseismic groundwater level and 
temperature changes offer the good opportunity to temperature changes offer the good opportunity to 
study the mechanism.study the mechanism.
The high resolution observation combine the dense The high resolution observation combine the dense 
observation network can solve the problem in the observation network can solve the problem in the 
past record.past record.
The development of the monitoring techniques in The development of the monitoring techniques in 
Taiwan are very meaningful for apply in the other Taiwan are very meaningful for apply in the other 
country of the world.country of the world.
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