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|. Introduction

e T[ectonic Setting of Taiwan.
m On-land plate boundary
m Highly deformation rate
m Active fault in thick alluvial layers

o Highly Seismic hazard risk.

o Advantage of the research

m High density monitoring network
for water resources
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Observation wells

Location Depth Screened Hydrological
Well Depth Geology Conductivity
(m) pase
Lon. Lat. (m) (m/min)
TWN | 121.782 24.746 130 112-124 Qs, Qm 2.22E-04
HUL | 121.605 23.977 A} 140-160 Qc —

TLO 120.784 24.491 99 84-93 O 8.00E-04
DHR | 120.561 23.688 258 222-252 Qg 4.15E-03
LUJ 120.342 23.221 228 204-222 Qs, @m 2.67E-03
NBA | 120.340 23.071 153 135-147 Qs, Qm 1.84E-03

* The monitoring well instrumented in the project
Qc: Quaternary conglomerate, Qg: Quaternary gravel, Qs: Quaternary sandstone, Qm:

Quaternary shale and mudstone




Observation
DP RC

Events of the earthquake M, >3 in Taiwan 03°~09’

j Year|3=<4|4=<5/5=<6| 6=
2003| 118 181 43
l2004| 186 | 125 | 25
d2005| 277 | 140 | 24
12006| 231 | 117 | 21
12007| 206 | 176 | 28
2008| 248 | 143 | 29
l2000| 375 | 161 | 29
flhvo vl 234 | 149 | 28
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4 CMT solution and distribution of events



Observed coseismic events (03°~09”)

: 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

Groundwater Level (cm)

Groundwater Level (cm)

15:03:36 15:0;:02 15:06(“”.25:55,1%& MG'S%



[Decomposition and Extraction

Trend Comp.

Original Data

Bargmztrie Cornp,
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0/31 0:00

2002/11/5 0:00

2002/11/10 0O:00

2002/11/15 0:00

2002/11/20 0:00

2002/11/25 0:00

2002/11/30 0:00

513
2002/10/31 00:00

2002/11/5 00:00

2002/11/10 00:00

2002/11/15 00:00

2002/11/20 00:00

2002/11/25 00:00

2002/11/30 00:00



Static Volumetric Strain Sensitivity
DP RC

TLO DHR LUJ NBA TWN HUL

Amplitude (10-8) [Phase Shift (degree)]

Vol. strain by M, earth tide, t, 1.35[0] 1.37[0] 1.38[0] 1.38[0] 1.35[0] 1.37[0O]

Vol. strain by M, oceanic 2.08 0.18 0.11 0.11 0.60 6.10
tidal loading, t, [-321] [-276] [-290] [-301] [-227] [-184]
\ol. strain by earth + oceanic 3.25 1.40 1.42 1.45 1.04 4,73
tide, t=t, +t, [-336] [-352] [-356] [-356] [-335] [-185]

3.7210.67 6.1710.60 2.54+0.59 4.24+0.29 3.93%0.27 23.77+0.50

M, amplitude(water level, t, )
[-282149] [-339%23] [-350+34] [-349%15] [-272%21] [-2116]

Strain sens. by Water Level
M, tide, Ws = t, /t, (mm/10°) 1.14 4.39 1.78 2.92 3.78 5.02
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Comparison of the theoretic and
0SErVed responses
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Static VVolumetric Strain Sensitivity

TLO DHR LUJ NBA TWN HUL

Amplitude (10-8) [Phase Shift (degree)]

Vol. strain by M, earth tide, t, 1.35[0] 1.37[0] 1.38[0] 1.38[0] 1.35[0] 1.37[0]

Vol. strain by M, oceanic 2.08 0.18 0.11 0.11 0.60 6.10
tidal loading, t, [-321] [-276] [-290] [-301] [-227] [-184]
\ol. strain by earth + oceanic 3.25 1.40 1.42 1.45 1.04 4,73
tide, t=t, + t, [-336] [-352] [-356] [-356] [-335] [-185]

3.7210.67 6.1710.60 2.54+0.59 4.24+0.29 3.93%0.27 23.77+0.50

M, amplitude(water level, t, )
[-282149] [-339%23] [-350+34] [-349%15] [-272%21] [-2116]

Strain sens. by Water Level
M, tide, Ws = t, /t, (mm/10°) 1.14 4.39 1.78 2.92 3.78 5.02

Strain sens. by
(mm/10-8)
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Problem statement
DP RC

o ODbserved coseismic patterns can fit to strain model
but the amplitudes are
compare to the static strain sensitivity
estimated from tidal response.

o Some wells always have or
, them were not expected by the fault-
dislocation volumetric strain .

e The of the coseismic groundwater level
changes remains unknown.



0l 20 COSE
No. Time Lat. Long. I?E::]t)h M,
1 2003/6/10 8:40 23.50 121.70 27.59 6.54
2 | 2003/12/10 4:38 23.07 121.40 10.00 6.60
3 2004/2/4 3:24 23.38 122.15 4.07 6.03
4 2004/5/16 6:04 23.05 121.98 12.52 6.00
5 2004/5/19 7:04 22.71 121.37 8.68 6.49
6 | 2004/10/15 4:08 24.46 122.85 58.84 7.03
7 | 2004/11/8 15:54 23.79 122.76 10.00 6.60
8 2004/11/11 2:16 2431 122.16 27.3 6.04
9 2005/9/6 9:16 23.96 122.28 16.8 6.12
10 | 2006/4/1 18:02 22.88 121.08 7.2 6.35
11 | 2006/4/16 6:40 22.86 121.3 17.9 6.20
12 | 2006/7/28 15:40 23.97 122.66 28.00 6.06
13 | 2006/8/28 1:11 24.80 123.07 135.3 6.10
14 | 2006/10/9 18:01 20.70 119.83 28.00 6.10
15 | 2006/10/9 19:08 20.77 119.93 8.00 6.10
16 | 2006/10/11 14:43 20.89 119.9 10.00 6.00
18 | 2006/12/26 20:34 21.95 120.39 47.03 6.40
19 | 2007/1/25 18:59 22.65 122.02 20.00 6.20
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Observed coseismic events (03°~06°)

No LUJ NBA DHR

Gwas  Type Vol Stm. GWe, PGA(gal) GWes  Type Vol Stm. GWe, PGA(gal) GWas Type Vol Stm. GWe, PGA(gal)

_ 1 -1670 S 1.I3E-10  -0.64 31 #1351 O T15E-11 0.4 20 -1.69 O+S  3.09E-10 -0.70 28
2 21566 S LIGE-08 -65.32 17 N LO9E-08 -37.32 11 2350 O+S  791E09 -18.02 2
3 A\ 1.77E-11  -0.10 3 N 1.52E-11  -0.05 N  -27E1S 000 2

4 093 S 316E-11 0.8 4 N 251E-11  -0.09 N -1L0E-14 000 2

5 051 S 90IE-10  -5.06 10 N 120E09 -411 16 1823 S 150E-10 -0.34 19

6 O -401E-10 225 17 N  -371E-10 127 4 028 S  -1.50E-09 342 20
7 20 0O 2.23E-11  -0.13 5 150 O 6.08E-11 -0.23 5 N 5.54E-10  -1.26 10

8§ 140 O -AlIE1l 002 6 N 3J7E-11 -0.13 6 N  -336E-11 008 )

9 I\ 6.11E-12  -0.03 5 N 1.08E-11  -0.04 N -178E-1l 0.4 3

10 776 SO  4.19E-09 -23.54 18 N 263E-09 -9.00 10 N 320E-09 -71.8 5
11 I\ 471E-10  -2.65 3 N 591E-10  -2.02 6 N 179E-11  -0.18 T
12 N  -240E-12 001 3 N -751E-13 000 2 N  -982E-12 002 )
13 N 5.54E-12  -0.03 2 N 5.56E-11  -0.20 5 N  912E-12 002 4
14 N 438E-11  -0.25 6 N S04E-11  -0.17 l \ 212B-11  -0.05 1
15 N  -1.66E-11 0.9 3 N -200E-11 007 5 N  -893E-12 0.2 2
16 N -L79E-11 0.0 2 N 227E-11  0.08 4 N -LI2E-11  0.03 2
17 N 8.259E-10 -4.04 45 21223 O+ 1.81E09 -6.21 59 2713 0 -875E10 199 38
18 N 4,55E-09 -25.56 37 02575 O+S  TUM4E-09 -26.52 1060 £1529 O 4.33E-10  -0.99 38




Observed coseismic events (03°~06°)

. HUL TWN TLO
o GWaws  Type Vol Stm. GW, PGA(gal) Gwgs Type Vol Stn. GWy, PGA(gal) Gwgs  Type Vol Stm. GWy, PGA(gal)
1 - _ )
2 -1347 O+S  -3.84E-09  7.65 29 1124 O+S  -598E-10  1.58 6 857 O+S  2.66E-10 -233 11
3 1236 O 928E-11 -0.18 29 492 O -541E-12 001 6 794 O  126E-11 -0.11 4
4 1360 O  25ME-11 -0.05 13 N -1.06E-11 0.3 8 N  192E-11 -0.17 3
5 320 S -658E-10 131 13 916 0+ -151E-10 040 4 388 S -930E-11 082 1
6 04 O -238E09 475 53 -1286 O+S  -347E-10 092 0 023 O+5  -5.05E-10 443 23
T 239 S 22E10 045 14 1592 O+S -9.76E-10  2.58 B F138 0 -204E-11 018 9
8 221 O  -22IE10 045 9 -1228 S 4TJ6E-10 -1.26 14 N -T04E-12 006 3
9 11603 O  2.09E-10 -042 18 -573 S 2.09E-10 -0.55 12 N  -667E-11 0.8 T
10 1188 O  -8.35E-10  1.66 5 696 S -146E-10 039 5 N 334E-10 -292 9
11 %1857 O  -2.69E-10  0.54 11 577 S+0 -509E-11  0.13 1 N  -38BE-11 034 8
12 N -5.05E-11 010 § -1956 S L72E-11  -0.05 31| N  -190E-11 0.17 3
13 1 0  -164E-12 0.0 11 N  -671E-12 002 4 N -214E-11 018 8
14 N 929E-12 -0.02 4 N -268E-12 0.1 2 N -309E-12 003 6
15 N -1.30E-12  0.00 4 N  -LISE-12 0.0 2 N  -411E-12 004 9
16 N -994E-12 0.2 7 N -5.06E-12 001 4 N  -521E-12  0.05 6
17 1576 O  -239E-09 4.6 15 214 S -960E-10 254 6 N  -56lE-10 492 12
18 153 0 -461E-10 092 18 -686 S  -313E-10  0.83 ] N -284E-10 249 9.
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Mechanism of coseismic groundwater level changes
DP RC

Pore pressure

+
4 +| Static L | change

2
Farthquake [ — | strain c:o;.,% "
6| Consolidation,
||Dynamic liquefaction  [~<xf Permeability
| Increase
strain ,
Microfractures
Far Field

Unclog fractures

M. Manga and C.-Y. Wang (2007)




1999/9/21 Chi-Chi Eqg.

e L_Ocation: Choushui
River Alluvial Fan,
Central Taiwan

e Area: Show In fan
shape, Width = Km,

./

Length Km, Area :«,“.,Clicjspgmi,vern\
a ro u n d K m 2 . :ivfz;:" . / ﬂ

e Observation wells:
Sites, wells.
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Near Field : 1999/9/21 Chi-Chi Eq.
DP RC
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2010/3/4 Chiashian Eg. M, 6.4

no pn

~ Legend

o Large Step-roses + otsenaton st

< Well Location
[] Groundwater Division

o Amplication In the

1.99 2.64
[ [

coastal area

o Shallow well >> Deeper
well Iin the same sites.

o Oscillation mainly in the
hill, slope area.

o Amplitudes of the step fow i M
proportion to PGA '
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Well I(D;'IA)‘ \ol. Strain Osfg::t)lon Ste(pc-rc;]f;set Geyp( €M)
3% (2) 52 -1.13E-09 11.98 — 0.49
A +~(1) 37 -1.41E-09 1 2.64 — 0.62
< (1) 50 -1.75E-09 — 12.00 0.77
< 1i(2) 50 -1.75E-09 1 4.00 — 0.77
(1) 65 -2.09E-09 11.99 — 0.92
v & (1) 60 -2.83E-09 — 12.00 1.24
k(L) 119 -6.16E-09 — 9.30 2.70
% (2) 119 -6.16E-09 — 6.60 2.70
(1) 115 -2.86E-09 — 5.62 1.26
3 (2) 115 -2.86E-09 1 85.80 — 1.26
25 (1) 118 -3.24E-09 — 1.98 1.42
2 %(2) 75 -3.60E-09 — 5.26 0.64
2 % (3) 75 -3.60E-09 — 1.98 0.64
2 1L (1) 85 -3.67E-09 — 6.59 0.65
2 1L (2) 85 -3.67E-09 — 5.26 0.65
2 i (3) 85 -3.67E-09 — 2.63 0.65
%2 (2) 88 -3.60E-09 — 2.64 0.64
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2010/3/4 Chiashian Eg. M, 6.4
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2008/5/12 Wenchuan, China

Eqg. (M,_8.0)

200
198
196
194
192
190
188
186 \
184 N
182
180

(= 4)

~7
—_—

e

5/12 13:30 5/12 14:00 5/12 14:30 5/12 15:00 5/12 15:30 5/12 16:00




Mo
/e

/S R >

| e e

., Farfield

) I E ///
A A%Z-‘

V SSte p - D ro p ; ‘/ ——Afutobe

@ Oscillation




Discussion: Possible Mechanism of
Observation in Hulien Observation \Well
DP RC

o Effected by ocean tide
o LLocated on complex fault zone

Location of Hulien observation well and tidal gauge station



Depth Distance
No. Occ. Time M, Lon. Lat. (km) (km) Obs. Sta. Intens.
93053 2004/05/13 23:28:47 4.6 121.51  24.05 18.9 13.3 HUL 4
93069 2004707/09 19:19:29 4.8 121.437 23786 19.5 23.3 HUL nP n c
- 2004/07/14 20:04:30 4.1 121.52  24.09 21.1 15.7 HUL |

4| am
—-300.0

—-400.0

—-450.0



Precur
STl

HWA water level (cm)
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Depth (km)
121°33'  121°36'  121°39' 0 9% 10 15

24°06'

24°03'
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Distance (km

Precursory swarms of moderate-sized

o6  earthquakes in eastern Taiwan, Rau (2009)



Conclusion
DP RC

e The results show that the
could be another possible factor for the
coseismic groundwater level changes.

o It seems to appear especially in with
In lose-cemented and
permeable sedimentary deposits.

o The similar effects can also be recognized in the
coseismic groundwater level changes related to the

N
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