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|. Observation (03°~097)

: DP " RC
S er: 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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1. Problem statement
DP RC

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

e Some wells seems or
, them were not expected by the
fault-dislocation volumetric strain .

IE of the coseismic groundwater level
changes remains unknown.



ODSErVead COSE
No. Time Lat. Long. [()Eg]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
S 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 | 2004/11/112:16 24.31 122.16 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 1213 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 1353 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
20 | 2007/7/23 21:40 23.67 121.72 29.50 6.00
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Static VVelumetric 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]
Vol. 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] [-272t21] [-21%6]

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)



Observed coseismic events (03°~067)

No LUJ NBA DHR

GWgs  Type Vol Stm. GW,,, PGA (gal) GwWes  Type Vol Stm. GW., PGA(gal) Gwgs Type Vol Stm. GWy, PGA(gal)

_ 1 -1670 S 1.I3E-10  -0.64 31 #8351 0 T15E-11 0.4 20  -1.69 O+S  3.09E-10 -0.70 28
) 21566 S LI6E08 -65.32 17 N L0908 -37.32 11 2351 O+S  791E09 -18.02 2
3 I\ 1.77E-11  -0.10 3 N 1.52E-11  -0.05 § N  -2T77E1S 000 2
4 093 S 316E-11  -0.18 N 251E-11  -0.09 6 N -102E-14 000 2

5 051 S 901E-10 -5.06 10 I\ 1.20E-09 -4.11 16 1823 S 1.50E-10  -0.34 19]

6 O -401E-10 225 17 N  371E-10 127 4 028 S  -1.50E-09 342 20
7 20 O 2.23E-11  -0.13 5 150 O 0.08E-11 -0.23 5 N 5.54E-10  -1.26 10

8§ 140 O -AlIE1l 002 6 I\ 3J7E-11  -0.13 6 N  -336E-11  0.08 D

9 I\ 0.11E-12  -0.03 5 I\ 1.08E-11  -0.04 4 N -L78E-11 0.4 3

10 776 S+O  4.19E-09 -23.54 18 N 26309 -9.00 10 N 320E09 -1.8 5
11 A\ 471E-10  -2.65 3 I\ 591E-10  -2.02 6 N 179E-11  -0.18 T
12 N  -240E-12 001 3 N  -751E-13 0.0 2 N  -982E-12 0.02 d_
13 I\ 5.54E-12  -0.03 2 I\ 5.56E-11  -0.20 5 N  912E-12 002 4
14 \ 438E-11  -0.25 6 I\ S04E-11  -0.17 I \ 212B-11  -0.05 4
15 N  -1.66E-11 0.9 3 N  -200E-11  0.07 5 N -893E-12 0.2 2
16 N  -L79E-11  0.10 2 N 227E-11 0.8 4 N  -LI2E-11  0.03 2
17 I\ 8.20E-10 -4.64 45 121223 O+S  1.81E-09 -6.21 59 2713 0 -875E10 199 38
18 N 455E-09 -25.56 37 2575 O+S  TT4E-09 -26.52 106 1529 O  433E-10  -0.99 58




Observed coseismic events (07°~097)
DP' RC

, HUL TWN JUS WUl
o} Time MW
Gwy  Type Vol.Stm. GW., PGA(gd) Gwy, Type Vol Stm. GW. PGA(ga) Gwy Type Vol Stm. GW.. PGA@d) Gwy, Type Vol Sm. GW.. PGA(gal)
1 2007/12518:59 62 065 O  -358E-10 -0.I8 12 1.71E-10 -0.06 6 -LSLEI0 0.7 4 -1.860E-10  -0.06 3
2 2007/72321:40 6 S14E-09  -258 59 29910 -0.11 5 226E-10 040 5 312E09  -093 6
3007097151 66 - J0E-09  -135 6l 2.61E-09  -0.99 105 -191E-09 340 48 S0EL0 011 )
4 00861957 68 SBEIL 002 2 203E11 -0.01 2 -193E-11 0.03 2 QAEIL 001 2
S 2008/6/20:59 6 -398E-10 -0.20 4 1.36E-09 0.1 62 249E-00 443 3 430 6.J0E-10 0.0 14
6 2009/7/142:05 63 -1.36E-09  -0.68 14 148 §  386E10 -0.15 4)
T 2009817805 68 JI8E-00 140 8 08 S IR0 04 11
8 000104136 61 #13 0 92BEI 046 81 160 S 914E-11 003 21
9 2000AU51732 6 408 O I9E0 010 4 24 S I8END 000 1l
CHK HRK TLO HIN
No. Time L
GwWys  Type Vol.Stm. GWe, PGA(ed) GWoss Type Vol Stn. GWep PGA(zal) GWers Type Vol Stm. GWe, PGA@d) GWas Type Vol Stm. GWe, PGA(gal)
1 20071251859 6.2 348E-11 0.0114 151 037 O  T4IE-12 000169  3.61 L874E-11 000214 803 1.562E-10 0.0 9.3
2200117123 21:40 6 OE11 003 6 050 O 1IEI10 -003 b -LISE-10 .01 b -LOE-10  -0.04 17
300707151 66 SO9E-11 0.2 12 204 O+S 70811 002 13 044 122E-11 001 10 LSLEIT 000 )
4 008/6/19:57 68 07E-11 0,01 1 2.38B-11  -0.01 1 DASE-11 - 0.00 2 SRELL 001 2
S 2008/6/20:59 6 1.66E-10  0.05 5 2.06E-10  -0.05 3 Q20E10 0.03 -L3OEI0 -0.04 T
6 2009714205 63 066 S -205E-09 -0.67 15 - 00E-09  -046 i 0.23 S4E10  -0.25 10
7 0098178:05 68 8.50E-10 0.8 6 931E-10 021 i 939E-10 0.8 16
8 2009/10/41:36 6.1 S.03E-10 0.8 13 768E-10 (.18 b 697E-10 0.0 30
0 2000/11517:32 6 -).30E-10  -0.03 ] SIIE-10 - -0.13 21 3.27 SI1EQ9  -091 20735
DHR SBT TUS LUJ
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Coseismic Volumetric Strain Changes
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/\ ~ \/ Explainable by Volumetric Strain
A ~ 'V Not quantitatively explainable but qualititatively explainable
A - 'V Neither quantitatively nor qualititatively explainable

) Oscillation
I No change or not judged

1 statical 1 statical (Triangle represent sense of the groundwater level changes)
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[1]l. Case Study:
08/11/5 17:32 Nantou Eg. M6.0
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[11. Case Study:

08/11/5 17:32 Nantou Ec

PFIE(—)

M2100311 vs. Time 'GAT11  Ch1
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2010/3/4 Chiashian Eg. M'—6'4DP o




Well l(DgCZIA)‘ Vol. Strain OSE: ::Irl{a:t)lon Ste(pc-r?]f;set Geyp( €M)
{61 (2) 52 -1.13E-09 +1.98 — 0.49
BR(2) 37 -1.41E-09 +2.64 — 0.62
(1) 50 -1.75E-09 - 12.00 0.77
Xi(2) 50 -1.75E-09 +4.00 — 0.77
FRIA(L) 65 -2.09E-09 +1.99 — 0.92
7E R (1) 60 -2.83E-09 — 12.00 1.24
PR (1) 119 -6.16E-09 — 9.30 2.70
T2 (2) 119 -6.16E-09 — 6.60 2.70
il 1 (1) 115 -2.86E-09 — 5.62 1.26
il 11 (2) 115 -2.86E-09 + 85.80 - 1.26
PETA(D) 118 -3.24E-09 — 1.98 1.42
125 (2) 75 -3.60E-09 — 5.26 0.64
125 (3) 75 -3.60E-09 - 1.98 0.64
B k(1) 85 -3.67E-09 — 6.59 0.65
Bil(2) 85 -3.67E-09 - 5.26 0.65
BlL{L(3) 85 -3.67E-09 - 2.63 0.65
22T (2) 88 -3.60E-09 — 2.64 0.64




[11. Case Study:
2010/3/4 Chiashian Eqg. M, 6.4

N K

o Large step-roses

o Amplfication in the
coastal area

o Shallow well >> Deeper
well in the same sites.
é?; 0

o Oscillation mainly in the @:@ (s
hill, slope area. >

o Amplitudes of the step
proportion to PGA

14
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[11. Case Study:

2008/5/12 Wenchuan, China EQq.
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[11. Case Study:

2008/5/12 Wenchuan Earthguake (M, 8.0)

NP "RC
Strain Sensitivity . Vol. strain
Area Well (mmllo_g) (10_10) Ahexp (Cm) Ah obs(Cm)
llan WUJ 2.28 2.05 -0.05 -3.9
TWN 3.78 2.06 -0.08 +0.3

Miaoli HRK 114 5 39 0.03 -26.2
reng - HLY 1.84 2.31 -0.04 B

hwa
Yunlin - DHR 4.39 217 -0.10 B
Chayi SBT £ 02 5 24 011 -12.9
Tainan LUJ 1.78 2.19 -0.04 -9.11

NBA 2.92 2.15 -0.06 -1.2




[1l. Case Study: 2008/5/12
Wenchuan Eqg. (M, 6.0)
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Mechanism ofi coseismic groundwater level changes

DP " RC

Pore pressure
Static — change

strain
Earthquake "
Consolidation,
Dynamic liquefaction [-<a] Permeability

strain InCrease

Microfractures

Major

Unclog fractures

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




I\/. Possible Mechanism of Preseismic

Changes In Hulien Observation \Well
DPIIIRC

o Effected by ocean tide
o Located on complex fault zone

20 Location of Hulien observation well and tidal gauge station
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Comparison of Sea Level and

Groundwater Level Observation -
DP R
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sea level observation in Huilen Harbor (6 min)
Green: Groundwater level observation in Huilen Observation(2 min)
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Depth Distance
No. Occ. Time M, Lon. Lat. (km) (km) Obs. Sta. Intens.
03053  2004/05/13 23:28:47 46 12151 2405 189 13.3 HUL 4
03069 2004/07/00 1010 0 g A e HUL DP RC
: 2004/07/14 20:04:30. 4.1 12152 2409 211 15.7 HUL 1

—-350.0

—-400.0

—-450.0



Possible Mechanism of Observation In

Hulien Observation Well opiling

o \Wave Propagation Model' (fault permeability structure)

(Receiver) 4 (Source)

ObS.WeII IREE L IEEE R Sea Ievel
X4

Fault (permeability structure,
/  dominate by stress state)
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V. Summary.
DP ' RC

o [he 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

and



V. Summary.
DP ' RC

e The ofi coSeImic changes In same
wells between 1999 Chi-Chi earthquake with 2009
Nantou earthguake recognize the

o Curiously pre-seismic groundwater level changes In

the pattern of occurred repeatedly In
several local seismic events nearby the HUL.
e The were Issued from HUL

observation results.

25



DP RC Tectono-Hydrology Research Group

JH,’ The National Institute of Ruvanced Industrial Science ani Technology _,,E
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Thank you !
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