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1.Review of NCKU-GSJ Cooperation
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e 1999~2000

The Case Study of 1999 Chi-Chi Earthgquake
o 2000~2003
Establishment of the observation network
o 2003~2005
Studies of observation results: coseismic and preseicmic
o 2006~2009
Future scopes and plan
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Coseismic Groundwater Level Changes in
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1999 Chi-Chi Earthguake
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Observation wells




Automatic recording, analysisiand anomalles
detecting system

1.Recording - 2.QC, pre-processing -» 3.Daily plots & reprot
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1.Data filting
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Observed coseismic events (03°~05”)

_ DP  RC
o Total Observation, step changes (S) events,

oscillation (O) events, O+S  events

Catalog
2003/4/3 Tainan, M=4.9
2003/6/10 Taitung, M=6.5
2003/6/17 Taitung , M=5.9
2003/12/10 Taitung , M=6.6
2003/12/11 Taitung, M=5.7
2003/12/18 Taitung, M=5.8
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Crlterla by the Moments & Distances
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Coseismic GWL Change (cm)

Crria by the VVolumetric Strain
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® Step-Like Chg.
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Preseismic anomaly: Radon
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2003/12/10 M6.8
Cheng Kung Earthguake
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Lamp Color (C3)
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The Numerical Model
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2.Introduction ofi this study
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e Continuous observation from

management by Water Resource

Agency and local divisions.

e [ he abundant observation dataset

(

etal.,) in Sep. 21, 1999 Earthguake.
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3. Motivation

_ _ ~ DP RC
o Previously work (LLar et al., 2004) the coseimic water
level changes were contributed by the In fan
area, and the In the slope area.

o T[his study will focus on the quantitative analysis of the
similarity in the spatial distribution ofi each parameter.

o [his study want to examine the spatial relationship

between / /
/ , to testify the mechanism

of the coseismic groundwater level changes in Chi-Chi
Earthquake, Sep. 21, 1999.
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3.Motivation: Heterogeneity: in the nature
DP ' RC

Basm scale 10- 100k Su b Basm scale 1km

(Harter, 2001)
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Study: Area: Choshur river alluvial fan

e | ocation: Choshul river,
Central Taiwan

o Dimension: typical fan
shape, “''' km In length, .
km in width the area RS /Lower /

Fan./  Middle

around km? & opd T,y | Fawe

o Observation: totally
wells In /U observation
station. /'© ground ;
accelerator installed in the s
area. ‘




IHydrogeology: of Choshur river alluvial fan
DP " RC

Lower Fan

|:| Gravel
. Sand

. Siltand Mud (Aquitard)




Spatial distribution (P.G.A. and \ol. strain)
e Volumetric strain?®  RC
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Spatial distribution( G.W.L. and K)
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4.\Mlethdology: (1/2)

- DP " RC
(~ autecorrelation in space)

The variogram Is a measure of dis-similarity
between two points In space separated by a
distance h.

2y(h)=Var[Z(u+h)-Z(u)] (1)

’ Z(u+2h) 2 (h): Variogram value
Z(u): value of the specified variate

N Z(u+h): value with spacing h
Var [ ]: variance operator
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4.\Mlethdology: (2/2)
DP RC

(~ cross correlation in space)

The cross semivariogram measure the variability of two
different attributes and cross correlogram measures the
similarity. The correlogram are defined for two different
attributes X and Y as

1 N0
cthy N (h) ;Xi Yi—m_ m.,

p(h)=a_hg+h T N
JN(h)ZX JN(h)ZV' i

=1

(2)

Where m_,, m,, IS the mean values of X and Y In spacing
h, respectively.




Example of the variogram & correlogram
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© Semivariance Correlogram

2000 4000 6000 8000 10000
Representative spacing Lag (meters)  Geoff Bohling (2005)




semivariance

Type of the variogram

Comparaison of variogram models

: Exponential

i (Gaussian
: Circular

: Spherical

Pentaspherical
: Linear-with-sill

separation distance

(D G Rossiter, 2006)
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Lag | Distance | Variogram | Pairs_lag
| 1 0 0 33
2 5795.773 0.1674 4
3 10126.78 0.28881 19
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4 15435.23 0.41905 29
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(Layer2-2)
Lag | Distance | Variogram | Pairs_lag

1 0 0 33

2 5685.103 0.34508 3

3 10674.23 0.19197 15

4 14573.2 0.37081 20

5 22960.27 0.5144 16

6 31096.73 0.43309 13

0 b v 7 40407.7 0.7253 9

¢ | | |

Distance(m 9 54913.88 0.69555 11




5.Variogram: Hydraulic conductivity

DP  RC
o Iype: Exponential

O DRZ

K-K
(Layer2-2)

Lag | Distance | Variogram | Pairs_lag

1 0 0 33

2 5685.103 0.35394 3
3 10674.23 0.4756 15
4 14573.2 0.47363 20

____________________________________________________________ 5 22960.27 0.71492 16
6 31096.73 0.66709 13

7 40407.7 0.85502 9

8 48924.89 0.84909 11

Distance(m 9 54913.88 1.00261 11




5.\ariogram: Peak Ground Acceleration

PGA,-PGA,
(Layer2-2)

o [VYpE:
O DRZ

DP " RC

___________________________________________________________

Distance(m

Lag | Distance | Variogram | Pairs_lag
1 0 0 33
2 | 5163.839 0.17954 2
3 | 11616.95 0.23664 11
4 | 15804.24 0.25486 19
5 | 21666.09 0.30264 16
6 | 29074.08 0.43286 8
7 | 36575.18 0.7737 3
8 | 46582.96 0.75673 2
9 52197.47 1.01129 1




6. Correlgram: \VVelumetric strain-\Water level
DP " RC

o [VYpE:
O DRZ

Lag | Distance | Correlogram | Pairs_lag
1 0 0.05395 33
2 | 5685.103 -0.33529 3
3 | 10674.23 0.00074 15
4 14573.2 -0.06506 20
5 | 22960.27 -0.25735 16
6 | 31096.73 0.03143 13
7 40407.7 -0.27478 9
8 | 48924.89 -0.7067 11
08 | | | | 9 | 54913.88 -0.38053 11
0 20000 40000 60000  80000f 10 | 62676.08 | -0.16081 °
Distance(m 11 | 69131.2 0




6. Correlgram: PGA, -GWL
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o [VYpE:
PGA,,- H L DR:
(Layer2-2) Lag | Distance | Correlogram | Pairs_lag
1 0 0.64321 33
2 | 5685.103 | 0.59717 3
3 | 10674.23 | 0.55913 15
4 | 145732 | 0.40993 20
5 | 22960.27 | 0.44469 16
6 | 31096.73 | 0.42073 13
7 | 404077 | 0.26178 9
| 8 | 48924.89 | 0.15343 11
' D 9 | 54913.88 | 0.38031 11
O; | 20,000 40,000 60,000 ) 80,000} 10 62676.08 0.25034 >
Distance(m 11 | 69131.2 0 1




6.Correlgram: Hydraulic conductivity-\Water level

o [VYpE:

K-H (Layer2-2)

DP " RC

Lag | Distance | Correlogram | Pairs_lag
1 0 0.5798 33
2 5685.103 0.46311 3
3 10674.23 0.7535 15
4 14573.2 0.70942 20
5 22960.27 0.36489 16
o O 6 31096.73 0.39801 13
1 7 | 40407.7 | 0.24337 9
o ; Dr ‘ ‘ ‘ ‘ 8 | 48924.89 | -0.18597 11
0 20,000 40000 60000  goo00f 9 | 5491388 | -0.49289 11
Distance(m 10 | 62676.08 -0.49036 5




6. Correlgram: PGA,-PGA,

PGA,-PGA,
(Layer2-2)

o [VYpE:
O DRZ

—
D
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Distance
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Correlogram

Pairs_lag

40,000

Distance(m

1 0 1 33
2 | 5163.839 0.88309 2
3 | 11616.95 0.51465 11
4 | 15804.24 0.5953 19
5 | 21666.09 0.58222 16
6 | 29074.08 0.59526 8
7 | 36575.18 0.55868 3
8 | 46582.96 0.39 2
9 | 52197.47 0 1




7.Summary.

DP  RC
o I'he amplitudes and the types of the spatial

similarity of the / [ been testify by
variogram and correlgram. The relationship of the
volumetric strain been

e [he characteristic been
defined by each variogram and correlogram, these
spacing should be choose as for
simulation.

o should be consider for study the
hydrological response to earthguakes in the
and
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