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Abstract

This study proposes a new methodology to estimate transmissivity and
storage coefficient of confined aquifer. The hourly groundwater level
observations after Chi-Chi earthquake in 48 hours are collected. It is found out
the groundwater variations after earthquake acts as that of pumping test. Such
phenomenon explains the earthquake is like a regional uniform pumping test,
and the drawdown can be used to identify the hydrogeological parameters of

aquifer.

Two conceptual models are established to simulate the uniform pumping
test within the radius of influence (R) of monitoring well, one is radial
uniform pumping; the other is spatial uniform pumping. Moreover, the
pumping wells clusters are simplified by linear superposition as an equivalent
single well with the same drawdown observed at monitoring well. The
equivalent quantity of pumping is both equal to summation of all pumping rate;
while the equivalent distance from monitoring well to pumping well is
0.36788R for radial uniform pumping and 0.60650R for spatial uniform
pumping, respectively. The simplification is verified by a virtual case and

shows success in identifying transmissivity and storage coefficient.

Lastly, the proposed parameter estimation method is applied to
Jhuoshuei River alluvial fan for identifying transmissivity and storage
coefficient of confined aquifer. The identified value of parameters falls in a
reasonable range of typical sand-deposited aquifer, which shows the proposed
method is suitable for a preliminary assessment of hydrogeological
characteristic. Additionally, the identified parameters varies significantly from

different locations, which supposes further investigate of the groundwater

iv



system to clarify the hydrogeological distribution is suggested.

Furthermore, compare the results of viewing earthquake as a pumping
test with that of in-situ pumping test, the identified parameters are generally
smaller. This may infer the scale effect of hydrogeological characteristics, that
is, the analysis of earthquake provides a larger-scale character of aquifer and
is more close to the scale of groundwater flow simulation of a groundwater

district.

Keywords: Confined aquifer, Transmissivity, Storage coefficient,

Earthquake, Pumping test.
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# 5 B A 5 =100m),r,=20(m),r;, =30(m) = 18 fz & # K > % Kk & 5%
20(m’/hr) > %36 B B2 H KA B B AT (m’[hr) > B K Ak # %0.0035 > w3t

HomAAn AR B2 2B EuEER ST ZEM 0 &2.20 7

2.1 EBEG K

Fm)y  Qun’fhry  T(m’[hr) S
punping well_1 10 20 47 0.0035
punping well_2 20 20 47 0.0035
punping well_3 30 20 47 0.0035
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#22 HH B2 Sl I EH

t(hr) 1 2 3 4 5 6 7 8
ul 1.86E-03 9.31E-04 6.21E-04 4.65E-04 3.72E-04 3.10E-04 2.66E-04 2.33E-04
u2 7.45E-03 3.72E-03 2.48E-03 1.86E-03 1.49E-03 1.24E-03 1.06E-03 9.31E-04
u3 1.38E-02 8.38E-03 5.59E-03 4.19E-03 3.35E-03 2.79E-03 2.39E-03 2.09E-03
t(hr) 9 10 11 12 13 14 15 16
ul 2.07E-04 1.86E-04 1.69E-04 1.55E-04 1.43E-04 1.33E-04 1.24E-04 1.16E-04
u2 8.27E-04 7.45E-04 6.77E-04 6.21E-04 5.73E-04 5.32E-04 4.96E-04 4.65E-04
u3 1.86E-03 1.68E-03 1.52E-03 1.40E-03 1.29E-03 1.20E-03 1.12E-03 1.05E-03
t(hr) 17 18 19 20 21 22 23 24
ul 1.10E-04 1.03E-04 9.80E-05 9.31E-05 8.87E-05 8.46E-05 8.09E-05 7.76E-05
u2 4.38E-04 4.14E-04 3.92E-04 3.72E-04 3.55E-04 3.38E-04 3.24E-04 3.10E-04
u3 9.86E-04 9.31E-04 8.82E-04 8.38E-04 7.98E-04 7.62E-04 7.28E-04 6.98E-04
t(hr) 25 26 27 28 29 30 31 32
ul 7.45E-05 7.16E-05 6.90E-05 6.65E-05 6.42E-05 6.21E-05 6.01E-05 5.82E-05
u2 2.98E-04 2.86E-04 2.76E-04 2.66E-04 2.57E-04 2.48E-04 2.40E-04 2.33E-04
u3 6.70E-04 6.44E-04 6.21E-04 5.98E-04 5.78E-04 5.59E-04 5.40E-04 5.24E-04
t(hr) 33 34 35 36 37 38 39 40
ul 5.64E-05 5.48E-05 5.32E-05 5.17E-05 5.03E-05 4.90E-05 4.77E-05 4.65E-05
u2 2.26E-04 2.19E-04 2.13E-04 2.07E-04 2.01E-04 1.96E-04 1.91E-04 1.86E-04
u3 5.08E-04 4.93E-04 4.79E-04 4.65E-04 4.53E-04 4.41E-04 4.30E-04 4.19E-04
t(hr) 41 42 43 44 45 46 47 48
ul 4.54E-05 4.43E-05 4.33E-05 4.23E-05 4.14E-05 4.05E-05 3.96E-05 3.88E-05
u2 1.82E-04 1.77E-04 1.73E-04 1.69E-04 1.65E-04 1.62E-04 1.58E-04 1.55E-04
u3 4.09E-04 3.99E-04 3.90E-04 3.81E-04 3.72E-04 3.64E-04 3.56E-04 3.49E-04
WXL T KRE - REERRNET FHBRXTZHE 3
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222 mesEA#Y

A RL T KEERM K ERFIAINET 28 UREBAE R
MEBWEBRABERAKMELZRA L 2 AEMEX G AR ETHY
HFARBEHEM LG -

—~FRHEHGEHK

MAMKXE—HAEASBEMEY G K > NEMEHHEEMN
K ABEHEAZ T R ABRAN > wB2.68T KT EREY G
Ko BB FEREMKRFZEL > RRTRAHEMNHAKE  HABEAHF 2
BEGAC A KEERERE > HARABERK > RZ > KEHREAME - R
WMAABERA D AU BAEREFABEREZ R T > A M
EumffthKkEd K2 MAAEMBEEYBEANIBKERNHEE  #
BI2.0R K mAd KR E B Ao — KA BT HRIALRB27 (B @ 8AH
XA ATFEMEZIELEMAKFMKELNMEE  BAFB2.THBHHK

it E A2 BEHMUB2.8%F -

B2.6 FRHIEHGMHATEER—
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B27 $MEHHHWATE

G
=
I

B28 FREMHIGHATER=

LB KEZLE

- ABmABEXLBELBREMEY I A(REK) > A 2RERMH
B ARAK(REKEEARCRSERAN > A % 0 b KHF AT H
Ko MM EBEBEAEBZRKMELZRE  REMEYGH KA ABREL KM
BIE(RIE)ZE o % 0 KA R B AK(REK)T SE AR R E I 48K

ZHRE BB KETUARE R T XA EH B KE -
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Uﬁ
A i1 ’

B AR &

sk o ik o o B

hl.w- hu |
1—'*[’0 ' Re >
= FHEAR =
2 [8 A Gk EER
_’ﬁ PR B v Y v
= FEAKRe

B29 #A#RG s EEA F LK 2007)

HREMHGIHARZEFHARF B RKEETHEUKXQI8) LT §H

B2 jh KB D E KB By KRR e K (2.19) 0 H ARG

RZBERBEESHARFBABE29ET > BABRGEEE AT A EF i

Kk B2 B E AR (22007 M K (2.20)F 5 E 5 5 BF 4K E SR

ZRTE R K221 HAHHAKERZEFLB K (2.22) -

0=0,=-=0, (2.18)
0=Y0 (2.19)
s(1)=5, (1) (2.20)
s(t)=%[—0.5772—ln(%ﬂ (2.21)
Vs ()= 2| S

;Si(t)—izl 47:T[ 0.5772 h{mﬂ (2.22)

EHF o nkmKAMBE S s EHHBAR(REKERKLEE S 5, 5
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CRRE ESE R SEF X SN A R S ELE S L R RECEC
KARBA 2R OARAE — Ak 2 KE » B4 FBBEMK
T 0A%iAMAKFZIHAE -

2.3 K BB BE Z 46

MAMBERLEZALRERBANUEBEAERR I KERREL > B H
CEESCRESLNEE ERENE X SEESELES 2310 FE Y Suns

HHKXER HFwwEEws -

HAA A X Q22005 RS ABHERRAF X REBET RS F R
BMARNEBNER  BRAANTHAAN G A ERABE —fKH*

KT A d &S KQ2D)A K (2.22) ) FEAF 2B Ew T XAF -

2 n 2
2| o5772-m| L2 | |23 Ll _g5770 1| 22
4T 4Tt = 4xT 4Tt

= L|:Q1 [_05772 - ln (ﬂjj + 4 Qn (_05772 D h’l[ 7;, S JJ:|
anT ATt ATT

£2X(22)THTFR

2 ) 5 5
- In LS =—l Q In nS +1In nS +---+In .S (2.24)
axT |\ 41 )| ndar|\ 4Tt 4Tt 4Tt

fi(2.24)ﬁ§i§ﬂﬂ%‘%§u%jﬁ_ﬁu nt > THATR :

rZyS n ]’125 rzzs }"2S
In| 2= | =Iln| = [+In| 2= |+---+In| 2
4Tt ATt ATt ATt

(2.23)

(2.25)
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B X Q2% ERETH TR

(r2) =120 eer (2.26)
%

ra=4nn (2.27)

BRQ2DT4 > FAFEHEE — KA X AKEBEET LT X
TR o

r1=5,r2=2r1,---,rn=nr1 CRAlEn TR ERE > XQ2DTAF L

n
TF :
r =tim X2 n (2.28)

n—ee pn

#] Bl mathematicask 83+ & » X (2.28)2 X A# AT

lim—4/T- 2 n =1 = 036788 (2.29)

n—epn e

HRQ2)THZ T :
(2.30)

RQ30)GRARLETLE S OB AKFRILAHE —FAKRFMAEF RH

Z i KIEBE A Rle o

AMREF—EBRECIUETEMESN G R ELBMEREZT
T BB PBREABEFLERA-DNE BR-ARZRE— A} R
b BB T EA L0000 KA (WwB274R7) -0 KHFZIKEAS
0.008277 m’/hr » M B LA R & o 48 3 K & B 8.27Tm’[hr » L BB/
K A B Fo 4% K Ah B %) B 15.41 m* [hr $20.00001 > B A A & bt & Ao Bp 5T K

138 R 2 AN B R TR A BLAE
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FTHBMAKRAAE AT RUABMASBE X EHKERES

R/e=367.88m - % 34K & 92 4 /K 36 8 2 8 A R A K (2.13) 3 #] A MLU &

B BB (2.25.380R &) 0 K AT Wk Atk B 45 K AR B B B 15.45 m? [ hr Ao

0.00001 » JHEFEHFTUMABE X AL T2 I KIEEHEIHKET > T KF

BRBERYAIME 28 (o k23T ) R23F A2 ABHTE

BREMEZRE  HRBETRANABEAXETERFPERIBAFLALES

o> mARFEFREFATHAARTRALERS OFH - B2.1058 & 3

E 5 2 BB KA Bt B KA LR -

k23 EMEH K ER EGBRAMGE T EA LR L

T(m*/hr) S
e 15.41 1.00E-05
HEMA 15.45 1.00E-05
15.05
o BBME --- HEM
15 +
]
1\
]
14.95 “
1\
_ ]
£ +
o 149 “
% .
A
14.85 *a
Q\
‘M’“‘N
e ““M
14.75
1999/9/2012:00 1999/9/210:00 1999/9/2112:00 1999/9/22 0:00 1999/9/22 12:00 1999/9/23 0:00 1999/9/2312:00
& I (hr)

B12.10 % R334 4 #h K 2 & 5t B ) 8RR 823 B KA b 2 B
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= » ﬁ"aﬂﬁ]f’g-ﬁi*

BMAEBXE _HAXALBREMB YR AL AEMBYHR
MRHF - ABERE P CRLZBRAN > B2 1A TEREG K T
EmmigiKkENE  HAAZERAFRESHE  dHEEATAE
— & B2.120r &R (B BRAIHF S X MAKRF))NBRAFEEMNKFZE
oo R RIEHRMBEEATHREIER S RX > HKEREMRL > FHAKER
AN BN S ORI AR G IERER K B2.13%k g A EER A

B —dhkHFxthKkEHET -

B2.11 ZrBHgIAFEER—
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e
=
I

B2.12 ZRHHJHAKTE

B2.13 ZRBHGgEATFTER=

MABTE R ERBEAZHY K BB EHM YK
RIAEENREBRBERLEN > S0 KA RFETHK R EHE
BAMGILZR L AEHH G AKBEBAMLRABFZE - % 0ibhKHAR

Brdh KR (REK)TAHERREHAHARKZR L b K ETRAESHR
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BMAWEB R T "W TARLZIABR ZLAAEIMGAEISRNE  TUR

BT XEHEF B KRE -

MO AZEIMAKFFIZ KT A KFERZFHLHE N
mEEESERBAERNQR3) MABKKELANELSFALBBAEUALH R

R EE— ORI IR B o K(2.32) KT -

2

0 =7rq

» =T 22_ 12

Q (V V)(] (2.31)
0 =x(r’-r)q

0=Y0 (2.32)

Hb o nkmAKAMEE rn, RAEE KR nA % i BRI H
BAHZER, AR BB ARKE QAFIiDMAHIHMKE ORA

B okt AKE A BLEHRAE -

H AR AR X R IR G b K R R R AR B L K (2.33) & R K (2.33)
S RAEHFEKREERZ AR /N3 8 AR KL RZRE AKX

(2.36)

N0=2&0) (2.33)
_0 | [ TS

s(z)_.4ﬂ7, 0.5772 ln( 471j} (2.34)

Zn:s (1)= 3 M -0.5772=1n r’z—S 2.35

N & g ' ATt (2.33)
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SRR R(REKR)ERKRMBTE S 5, BF 0 H KR EK)
¥ AR K AL R T

2.3% 7K BB B 2 45

ARV ETHHHNBRAFZ AR ETULELSHASE
REMBNER  BERANUHRAAB IS H  EHBHRARLEHBK
B R RZABARURARIDET BB RXQR360)EHMURQR3INE

m o
n n ﬁ(i;z—ri:)q r’S
(t)=) ————|-0.5772=1In| ~— 2.36
;St() Z:I: 4xT k. 4Tt ( :
%,
5 (1) =74| 05772 [ 15 O o <1 | N 5 2.37)
P 4nT 4Tt 4nT 4Tt 2.

BRQINERLUAKXQLI)ATHHBKERZAE  FHRA/HE

KR 2 MK (2.39) &% ©

2\3 213 2\ (1#3+-+n) (143+---+n)
v I (R L
47zT{ 0.5772%(1+3+---+n)—In (4Tt)(”3+”'+") (2.38)
TR’gq r>S)]
= —-0.5772—1In| 2— 2.
9 osmn( 22 239

4 X (2.38) 82 X, (2.39) % 3 4% - A B 3 91 3 B 2 3 K FE 3 T 14 X (2.40)
xR e
2:(2:2-1) 2:(2:3-1) 2:(2n-1)

P2 = 2(1+3+~~+n) ] 3(1+3+~~+n) (143++n) 72 (2.40)

av 1
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A (2.40)7T & F 38 pR @ K 4o F AT T

12

2(2j-1) 2(2j-1)

n n

w2 no | 2@ ] RN
_ U] = "/12 :H] i=l (_j (241)

Jj=1 Jj=1

G KFAMENARE S ORI TR I KBBR8 K

(2.42) % 5% o

—_

(2.42)

—
<
X
S | =

r, =R-lim

n—soo =1

EhRnRQADF 2 SRR BHE B E UHA T X R HBE R
BH2 KM - R24AAH A BB E F R KBERPPELE LD
M AT Ththkrms BAMKERRDELE L LHG

AN AR R2AGH R E E2.14 0 LB AT 50 K B A AR

=

TR -

F2.4 FEBAABME I oKRIEREF L E E R L2 B4

n r./R
100 0.61251
1000 0.60713
10000 0.60659
20000 0.60656
30000 0.60655
40000 0.60654
50000 0.60654
100000 0.60653
150000 0.60653
200000 0.60653
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0.613

0.612 ‘
0.611 \
0.61 \
0.609 \
0.608 \
0.607 \‘

0.606

r,,/R

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Logn

B2.14 F2AEF I KBEHEZHATE

JE5)

WE2A4MBE 214 /G 40 FHEBE H HE B KIEE2 ML > A
A(2.43)%k 5w °

r,, =0.6065-R (2.43)

AMREFT—EBREN REBEEEMH YR EIMEREZT
T ER Y BREABEFRRAE—LPE BER—ARXE—vKH} B
A EH P EA10000 dh K (wB2.12%7) B — ORI ZHAKENR
BN mAZiKENAE 4B AKERZRAUNBREETRBAKET S

(7 =r2)/R)Q > M 3 B Ak M & ho b K & 58.27Tm'[hr » R B K2 %

4 B Ao B K A B %) 2 15.41 m?/hr #20.00001 » B #) A & 14 & ho Bp T K &

BB 2 A8 N BER FEAE A B AIE -
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FTHBMAKRAAE AT RUABMASBE X EHKERES

0.6065R=606.50m - f§4hK & f 4 KEBEZ B AERAKX(2.13)EF A

MLUZE ¥ #8# (2.25.38 & &) > K43 3 K 15 80914 K 45 209 3] % 15.47 m* [hr

#20.00001 > EREFTAARZIMOBE XML T KIEREAIHKE > 7T

R RAEB PR EATH T KRG BEE KGR (ER25H) K25+ F

RKGEHZABAGEERALEBRERE  ARATRANABE AT BET

BBzHBAABALEE S0 MAEXRIEBREFAFTHAIAARATRALESE %

O o B2.15% K #t R B\ A KA gt H ok b B -

&2.5 ZM¥ KRR ZHBRAMEE T HE LR L

T(m?/hr) S
i 1541  1.00E-05
HEME 1547  1.00E-05

15.05

e RAME ---3tEE
15

14.95

14.9

g PR L. 4
,—_——

K 4 (m)

14.85 \

14.8

“"g.““’

14.75 iac s 2 TN

MAAAe o IV

147
1999/9/2012:00 1999/9/210:00

1999/9/2112:00 1999/9/220:00 1999/9/2212:00

1999/9/230:00  1999/9/23 12:00
5 M (hr)

B 2.15 7% R34 4 3Kk B #E 5800 KA 83 B KA Lk 8 B
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