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1.1 Problem Background (2/2)

e, J.he management of

roundwater
urces

e [iietask of the plan
'8
' OB
'

... I

-

Precipitation 83852 (100%)

Evaportranapiration Loss

20,052 (23, 88%:)
Surface Runaf! Groundwater Recharge
59,900 (T1.35%:) 4,000 (4.76%)

Groundwatar
Cicean 47,760 Cverdraf
1,665

Reservoirs 5,002 Rivers 7,138 Groundwater 5,665

(28.09%) (40.09%) {31.82%)

Municipad Lisa Industrial Lsa Agricutiurad Lise
3,626 1,870 12308
(2037 %) {10.50%) {89, 13%)

Unit: 10m fyear

Water Resources Utilization in Talwan, 2000



1.2 Goals of the Plan

Direct Goals Indirect Goals

1. To establish the regional groundwater monitoring network 1. To requlate the courses of actions for both of the groundwater
system in Tawan, to collect the long-term integrated resources utilization and conservation ineach area.
infarmation related to the hydrogeology, groundwater

hydrology, and groundwater quality. 2. To provide a guideline for groundwater management and land

subsidence mitigation planin each area.
2. To conduct the related investigations on groundwater

hydrology and hydrogeology, to fully understand the &. To establish the regional conjunctive operation and

characteristics of each glﬂund'ﬂl'ﬂtﬂl' divisions, and to managerment Fm]El:tE- for surface water and gmurﬂwaml
distinguish the geological and hydrological systems of each resources in each area.
dresa.

<. To construct a groundwater hydrological information
database and the integrated information system (including
the decision-making supporting system), lo facilitate the
utilization and sharing of groundwater related data.

4. To enact and promulgate the principles for groundwater “

resources utilization and consarvation.



1.3 Main Itemsof the Plan
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1.4 Phases of the Plan (1/4)

Eirst|iPhasel(1992]tol1998)):

1.

To construct the groundwater monitoring networks and to conduct the hydrogeological
surveys for Choshui River Alluvial Fan (including northern part of Chianan Plain) and

Pingtung Plain where the land subsidence problems were severely occurred.

To complete the hydrogeological fence diagrams and to evaluate the groundwater

resources potential for the aforementioned two areas.

To establish the groundwater information systems for the two areas.

To regulate the management principles of groundwater resources development and

conservation practices for the two areas.



1.4 Phases of the Plan (2/4)

Second|Phasel(1999)to}2003)]:

1.

2.

3.

To construct the groundwater monitoring networks and to perform the hydrogeological
investigations for the regions: southern part of Chianan Plain, Hsinchu-MiaoliArea, Lanyang

Plain, and Penghu Island.

To complete the hydrogeological fence diagrams and to evaluate the groundwater

resources potentials for the aforementioned four areas.

To regulate the management principles of groundwater resources development and

conservation practices for the four areas.

To establish the groundwater information systems for areas being fully investigated.

To establish the groundwater quality database for groundwater monitoring network areas.

-



1.4 Phases of the Plan (3/4)

pihirdIPhaseX(2004:2008)]:

l-

3.

4.

5'

To construct the groundwater monitoring networks and to conduct the hydrogeological
studies for Taipei Basin, Taoyuan-Chungli Terrace, Taichung Region, Hualien-Taitung Valley,

and Hengchun Plain.

To complete the hydrogeological fence diagrams and to evaluate the groundwater

resources potentials for the aforementioned five areas.

To regulate the management principles of groundwater resources development and

conservation practices of the five areas.

To integrate the groundwater information systems for the whole country.

To continue establishment of the groundwater quality database for the network systems of

Taiwan.



2k & Hh
Taipei Basin

Bk [ o 3 25 B

Taoyuan-Chungli Terrace

Phases of the Plan (4/4)

%ﬁmtu?__f

Hsinchu-Miaoli Area

1 B °F B
Lanyang
Plain

2 it =

Taichung Region

A KGR TR
Choshui River
Alluvial Fa

§Z
250 #—M Firstphase & _Wi Second phase & = Mi Third phase
Penghu Island
o=l U8 141 KT IR MAS 183 KL INHHAD 193 A B 3
56 P F 5 — .
Chianan Plain : hwbﬂm h?ﬂfﬂ'ﬂmbﬂlﬂﬂl L] hﬂwml
survey slafions urvey sialions survey siafions
7 & F 5 302 W F RIS 362 T B 208 1h F AR
Pingtung Plain groundwalar groundwater groundsater
fiscfoning wels ricailoring wels rinitedsg wells
B3 Mkl M AR 61 kB
% F R pumping test walls pumiping test wells pumping 1ast walls
Hengchun Plain
MW 440 Wl SRR BB BIOELE {Fﬂh‘?ﬂ”m
Total budget 44 Millions USD | Total budget &1 Millions USD | Total budget 81 Milions USD | (21 See8®t
Ko EREAMESIESHoES

Groundwater Divisions and Monitoring Network Project Phases



1.5 Results of the Plan (1/5)

Sub-Province | Site Well

Taipei Basin 2 4

Taoyuan

Tableland 1 2

HsinchuMiaoli

Area 16 35 3

Choshui River 4%%1
' Alluvial Fan 70 193 N

ChiayiTainan o T
' Area 40 105

Pingtung Plain 55 132

[lan Plain 20 39

Total 204 510

- k’ v
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).



1.5 Results of the Plan (2/5)
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1.5 Results of the Plan (3/5)

maintenance

Ine well body
reens
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1.5 Results of the Plan (4/5)

. Decision Support for Groundwater Resource

-J agement

ncrease the efficiency and quality

O Included information retrieval and analysis, trend
analysis, operation and management subsystem

-

l-'.
T AR).

BARMEENEERRE
Information System Management
and Display Interface
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1.5 Results of the Plan (5/5) -~z

odulus of groundwater flow
O Coefficient of groundwater flow

o Coefficient of river recharge
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2.1 Background of the Plan(1/4)

Tectonic Setting of Taiwan

Fig.1-Tectonic fr. orw Taiwan arc!coM’é?

Eurasian plate and Philippine Seaplate (Cheng et al .,



2.1 Background of the

estern foothill area
O llan offshore area

O Huli en offshore area
tudinal Valley
Lanyu Island

Plan(2/4)
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Disastrous earthquake distribution during 1900-1999




2.1 Background of the Plan(3/4)

osei smic Groundwater
el Changesin 1999
hi Earthquake
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2.1 Background of the Plan(4/4)

Coseismic Water L evel Changes Record

hquak_efau

2 A i oE | '
X b 3 = o
) FL e a
o ol <
' -—_
Layer3
e - +
e = i
g o i i
i +
. :- -’
i
<5 .
-

P T T P w; V_
Fig4-Spatial distribution e (a) c[@Ml
changes, (b)Hydraulic uctivity, bff.s\hg ‘:Ibtail
information of coupling processes between the.seismic

event and the aquifer properties.



2.2 Main Items of the Study

Groundwater
geochemical Potential Stes
Research | nvestigation

. | nstrument

Data Filteringand™ | «
Analysis Method

Fig.11-The rLsear
the earthquake rel

ems of
groundwater




2.2.1 Potential Sites | nvestigation

Class

Class
[

Class
[

Class
AV

Class
V

8

12

44

100

22

18

53

12

12

10

24

48

60

<Position of Exist wells )
T

Comparison

v
4< Active Fault or Syncline_:)
T

Yes

v
4< Seismic Activity Area >

D

Fig.6-Standard choosing prélceowes?)'f s!n; t‘ive wells. The
existing wells were divided into different classes by the
criteria. Only Class | and Il been chosen for the potential
observation wells.



2.2.2 Establish of Observation Networ k

& 8 B ETE o
(2000 )

pEgT A AEN B D
‘b\'\" -H_wﬂansulln 5

: Ilan SeI!ICZOHG
0N anao Seismic Zone
one é
S >

g
® 200 1 2004
2002
@203

. « ey
% e
Fig.7-The plan of the groundwater observation
network and seismic activity zone of Taiwan through

the period of 2001~2004.




2.2.3 Instrument Installation (1/2)

Groundwater Observation Station
Rearr_Side

Front Side

| nstruments
L]

| Setting
..
rﬁl_-l._
i

REHETE

nt setup of‘e oh st&

Fig.5-The appearance and inst |
Observation includes groundw evel, water tem”atue agn
concentration and background information (air temperature, atmospheric

pressure, and rainfall) record in 2 minutes sampling interval.



2.2.3 Instrument Installation (2/2)

Government Agency
4 LAN \
Observation Station Contra Center E
GSM Modem i ) )
ADSL Modem@ ’ L )
n
Nework [[IIHE=

DataLogger (‘===

Control Center LAN

= m ) )

;
i

Obsste;\ifgtrilon s=p | = Control Center  s=pinternet == User
)

/ '
M
»
1

:
Fig.8-The framework*®hart of data écq”sn?l'oacih

data transfer system. The GSM modem are use as
backup system when the network failure.




2.2.4 Cases Studies and Anomalies Detect

I I GIEI GE I D EEED I I I T GEE S S EEmS  Em—— s,

I |
| Observation Well |
| |
l |
| |

Data Acquisition
A
DataReceving and
—_ e e e = = —
Convert —<
8
A
DaaCheck and |
Preprocessing v

I

I

I

I ‘

I Data Filtering and | or
I

I

|

|

|

Analysi s
‘ ¥y =
‘ ] . -
' r & Investigation 5
' - "' / EWFES%’:‘:“ /L> Data Interpretation

| u\i@w Control Center
k— L3 L4 T ________

Fig.9-The flowe f anomalies d g
system. The seffli-automatic operating ¥ |
processes need to confirm for quality control. .
Both tectonic and non-tectonic anomalies

been detected by the processes.

"




2.2.5 Data Filtering and Analysis M ethod (1/2)

Processes Start <

e

i
L=

Unprocessed LogFile !':E_.

Data Checking :'

pesss0id

'I-BAYTA P;

Processes T erminate
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and irr
detecti

-
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2.2.6 M echanism of Hydrological

Anomalies(1/2)

Copnressibility of soil (Cs) 107-10"° pa*
Copnvessiility of water (Cp)| ~ 4.4¥10™° pa*
Poraosity () 0.15~0.25
Skempton coefficient (B) 0.73~0.99
Poisson rétio (v ) 0.15~0.35
Y oung's modulus (E) 69~172 MPa
Undrained Poison ratio (v ) 0.38~0.49
Undrained bulk modulus (K u) | 3.1*10%-3.73*10° Pa
Strain efficiency 2.3~36.9 cm/ppm
(a)
1x10°

1x10° £ 0 oo

+
®  100150m
O 150200m
4 200250m
W 250300m

1x10° £

1x10* |

Well level steps (cm)

1x10° £

1x10™ £

1x10°2

1x10°® 1x10” ’ 1x10° 4
‘olume stain

Fig.lZ-Jrhe apﬁli
for estimate the

aterial propertiesin t
Choshuishi alluv , central Taiwan. (a) T
parameters of the aluvial deposits (b) The
volumetric strain efficiency estimated from
aquifer lithology (HSet al., 2003).




2.2.6 M echanism of Hydrological
Anomalies(2/2)

stressfree i
— 1000m ! _
(-500, 250) _ & (500, 250)
: Poroelastic aquifer subject to dynamic loadinjy
undraineccondition Pore Pressure
e eememcomaned]
freeboundary - 200
e 1
(200,-100) (400,-100) \ '99
(0,-100) — - e ; < 0.0 :
(0,-200) ~ ¥ 4 ~200-)
(:500,-250) S p——— vt A0 00 oo stoo
El 7250f:‘(<:2507 X
congant porepreswre _0.0\}(())::E<2__C4(7X2'EY4) =t _—_—m 09/14/03 - 22 24:32

( a) fixed ground ( C)

Poroelastic aquifer subject to dynamic ’ =
loadingDisplacement

¥ ‘;;;:_‘..f/ -
< 0.6
-2 0076
: ~ L_uiu
- 500.0 B . B -

-500<=X<=500 X d

-250<=Y<=250 d

max=0.0001468 min=2.283E-7 09/14/03 - 22:22:50 n

’ Fig.13-

rmation-

ite element

b) lacement

' (3') pressure
changes during IWH‘ drop" loading

Wang et al., 2003). '
(Wang ) >l



Z. L. ( Ol OQulidvvaitct ocodlliciliiiCal
Resear ches

222Rn(pCiL)

,.\
QD
-

1000 N N N N N (
S ® Hsinchu-Miaoli Coagal Area
oo Vv ® o ' O  Tainan Plain
© - Thw °%% v ChoshuiRiver Alluvid Fan _
S B L Fig.15-M ' entration
= T — | of all g a wells.
2 % (a)sampli ' rom well
z o O %%e o (b) Thedi n concentration
S w04 ey | of the g iviSion areas
g SR - (c)Continually t Radon
S - Concentr?tl tt%I aiwan.
1 T T T T T T T T
0.01 0.1 1 10 30 50 70 90 99 99.9 99.99

( b ) Percent equd to or greater than



Observation Results and
the Future Plan

g1
o




3.1 Observation Results (2003)
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M 5.0D 14.5KmMm
Observation Station

The Study of Groundwater Anomalies Associated with the Earthquake

3.1.1 Local event |
4 April, 2003
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3.1.2 Local Event |1

Station Na-Ba 2003/06/10

M 6.5D 27.9km
10 Jun, 2003 Observation Station: Naba

The Study of Groundwater Anomalies Associated with the Earthquake
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3.2 Observation Results (2004)
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3.2.1 Spatial Distribution of the Seismic
Activity (M>4.5)




3.2.2 High Frequency Record
19 May,2004 M 6.5, D 8.7 km
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3.2.3Wholeldand event: M o.oD 10 Km
10 Dec, 2003 Observation Station: 8 wells

The Study of Groundwater Anomalie: r Anomalies Associated with the Earthquak
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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
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3.3 Summary and Future Plan

he establishment the monitoring network of the
ndwater in the whole island scale.

)—@:Iy selsmic activity make the good and

frequently chances to study the problems.

e Clearly presaismic groundwater level and

temperature changes offer the good opportunity to
Sidply, the mechanism.

'Ii)%y higlg resolution observation

observation network can solve t b1

past record. | m
e The development o;ar!ﬁmnlton{g

Taiwan are very m ful for appl¥y |?’ftﬂé6ther
country of the world.
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