KBAXIE Madw, N3, 239-246, 2011
Econ. Environ. Geol, 44(3), 239-246, 2011

afieh Chr-S0iiM XIsts &7| FUE-E S8 2| §M ZAL

<%
! i
i
2
2
%
3
2
=
e
y

TEADAFER A DALY
Hydrologic Characterization through Ground Water Monitoring in a Coastal
Aquifer

Byoung Ohan Shim* and Cholwoo Lee

Geological Research Division, Korea Istitute of Geoscience and Mineral Resources, Daejeon 305-350, Korea

Groundwater in small islands is used as main water resource but the overuse of groundwater may cause seawa-
ter intrusion and temperature decrease in geothermal wells. This study aimed to characterize the hydrogeology of
Maeum-ri area in Seokmo Island of Ganghwagun using long-term monitoring at groundwater wells and geothermal
wells. In the monitoring period seasonal water level change, consistent drop or increase of water levels are not
detected. The groundwater temperature about 10 m below ground surface shows year cycle variation having two to
five months difference with ambient temperature cycle. The storativity was calculated by tidal method. The storativ-
ity estimated by adapting tidal efficiency factor showed some larger values than that by using tidal time lag. The
result suggested that the tidal method assuming several assumptions on aquifer condition may produce broad ranges
but the calculated ranges at this application are reasonable. The similar shape of groundwater level change and tidal
effects was observed at several wells clustered east-south-east direction which may implicate the distribution of ver-
tical fracture system strongly related with groundwater flow channels. The applied methodology and study results
will be valuable to evaluate optimal pumping rate for the preservation of groundwater resources, and to manage
geothermal development.

Key words : coastal aquifer, tidal method, geothermal well, hydrogeology, long-term monitoring
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Fig. 1. Location map of the study area and meonitoring wells at Seokmo Island of Ganghwagun. Red circles represent

monitoring wells and up arrow indicates artesian well.
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Fig. 2. Long term monitoring of groundwater level (black line) and temperature (red line) of geothermal wells (YG-3, 4, 5, 8,

PSG-1, and 2) and groundwater wells (YG-3GW and GW1).
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Fig. 3. Tidal heights and water levels measured at geothermal
wells from 3 March to 26 April 2009.
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Table 1. Descriptions of the groundwater level and the fluctuations associated with tidal effect at the monitored wells from 3

March to 26 April 2009

Well No. Hole depth  Average depth to

Lowest water

Highest water Fluctuation by  Distance from the

(m) water (m) level (b.g.) level (b.g.l) tide (m) coast line (m)
YG-2 14423 9.89 11.29 8.29 (overflow) 1.51 850
YG-3 451.5 3.56 5.82 2.33 0.43 1170
YG-3 GW ? 1.05 3.58 0.12 - 1170
YG-4 951.6 1.26 5.1 0.03 -? 1110
YG-5 491.1 2.39 5.87 overflow 0.61 1510
YG-8 694.2 2.69 4.37 1.85 - 1010
PSG-1 957.9 0.40 1.81 overflow 0.30 691
PSG-2 724.1 5.0 6.38 2.96 1.42 470
GW1 30? 3.0 6.18 2.7 - 1030
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A&Ho 7 Asgslo] 93 lrk(Ferris, 1951; Li and
Jiao, 2001; Li et al, 2000; Mehnert ef al, 1999;
Shim and Chung, 2004; Xia and Li, 2009; Zhou,
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Table 2. Calculation of storage coefficients with tidal efficiency factors and time lags associated with tidal effect at the

monitored wells

Well No.  Cross correlation Time lag (min) Tidal efficiency factor (%)  Transmissivity (m%d) in HM-2, 3
YG-2 0.980 20 16.26
YG-3 0.361 60 4.59
YG-5 0.364 80 6.58 144,225
PSG-1 0.383 120 3.24
PSG-2 0.937 60 15.32
100 T a.1
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Fig. 4. Graphs of tidal efficiency (a) and time lag (b) versus the distance from the coast line at the monitored geothermal

wells.



B

o
BRI S0l Fig 45 ZHEE5 ARAA 942 7
A7) 93 AAFHS TAF Ao =AM, Fig 4a, b
o] 7} A AR WE A8 AFASe) &
A 99) W) (hydraulic diffusivity)® 78 4 ok
2y gz mellA ZR|Eo] HEFAHAM Bato] v
Z FHE YERY Q) o7l dEdut digl] B
w2 s e e} 1 oo <l
39 A H=27 Exsle] 249 @] tids 4

22 o|%3l] wEol Aow WThAT ol V; A
AE FEAE 34 AEEA S dA TN HM-2,

3TFFAE 504, 412 m, AINHE 76, 85 m)2
FFEAS 144, 226 mYdSung et al, 20012 &
G W AR A S o83t AlkE A FA
5 7t 3.25x10°%9 550x10%)8 =M E L <]
g AFATE zHE 119x10%, 3.22x1048 Jelyit)
el 2% AkARst tha Aojrt Vel
Fhrse] FE88ol —HH AL A3}
o= ¥IZEH JERARE fE88 13
AFe] Fe 2 S %&@*é T 5%
7] WiEl Aoz FAHU. Fg 49 =49
—%i-‘?—Ei Bk glolele) 93ke vElsh A

WE 3.25x10%0 322x10 R =2 54
ulr

KR
=

H
1

}ﬂ_\al

Ao

i
ME S o

oot ) o dn
rlo

2 4
e

i

i :1m
&

5
fasd 19

4
[N

=2
==

7] BUEH 93 s s4S Sl 5
Loy d A 549 skt 9 B
YEIF] Sshd i) 23Folx A&
a7 e e glom, b9 ofd dakde
HehpR] ekttt A xR XEeee Ay |
HE vepdie, di7lex
AE HolAY &A% AHztoli) e vet
WA st 2 e fEes IS =
I} ATAA 84 S Ay 2488S 9
AR AFAFIE AIZAA 845 A9 g
N ﬂﬂ] Yelyt), AFAeE 3.25x100~3.22x10 A

B2 FPE9, i) Badds okey 389 o
F3 A, st FHle Aol TS vAe A
o7 31&1:/_}-3]_1:} _/;L_Jq oclsk _,_./thg o]é x—LQ_gp] _?4

1;{]

;}%
18
[\"]
)
g
e
o
ki
lo
>,

=2 710

3 oA=7A] 7Pge] EFsle] AtE el A

HEEt ok Jelrt 9lg 4 glovt B sl
o £HEAS 4] 98 Ada o v
ok Aakes) WE dE 24 93 N9 A9

Fo Ase ] BUERS

o
=
ol
N
=
4 [
o\ |1
nﬁ =
o
o 8

N
&
£
=
__>|'I_'.’
X,
24
¢ o
o o
H
&
i
o
s,
to
]
N
i

2 ‘E%E @%ﬂﬂxﬁm%"l 7IRAIY A A
o718 AR Ade 29 e
1% A ?MH Asrow ST

N

=3

Aquilina, L., Pauwels, H., Genter, A. and Fouillac, C.
(1997) Water-rock interaction processes in the Tri-
assic sandstone and the granitic basement of the
Rhine Graben: Geochemical investigation of a geo-
thermal reservoir, Geochimica et Cosmochimica Acta,
v.61, n.20, p.4281-4295.

Cary, PA. and Van Der Kamp, G.S. (1969) Determining
aquifer characteristics by the tidal method, Water
Resources Research, v.5, n.5, p.1023-1031

Cheng, AH.D. and Ouazar, D. (2004) Coastal aquifer
management: monitoring, modeling, and case studies.
Lewis Publishers.

Ferris, J.G. (1951) Cyclic fluctuations of water level as a
basis for determining aquifer transmissibility, Inter-
national Association of Scientific Hydrology, v.33, n.,
p.148-155.

Hwang, J.H. and Kim, Y.H. (2005) Geological report of
the Gangwha-Onsuri sheet 1:50,000, Korea Insitute
of Geoscience and Mineral Resources.

Jiao, J. and Tang, Z. (1999) Analytical solution of ground-
water response to tidal fluctuation in a leaky confined
aquifer, Water Resources Research, v.35, n.3, p.747-
751.

Kim, K.Y, Shim, B.O., Park, K.H., Kim, T, Seong, H.,
Park, Y.S., Koh, G.W. and Woo, N.C. (2005) Analysis of
Hydraulic Gradient at Coastal Aquifers in Eastern
Part of Jeju Island, Economic and Environmental
Geology, v.38, n.1, p.79-89.

Lee, C. (2009) The well distribution and the geological
structure in hot spring areas, 2009 Spring Conference
of The Korean Society for New and Renewable
Energy

Lee, TJ., Han, N. and Song, Y. (2010) Magnetotelluric
survey applied to geothermal exploration: An exam-
ple at Seokmo Island, Korea, Exploration Geophysics,



246 AP 0|28

v4dl, n.1, p.61-68.

Lee, TJ. and Song, Y. (2010) Geothermal Exploration for
Combined Heat and Power Generation in Seokmo
Island, Korea.

Lee, Tj., Song, Y., Lee, C., Park, D., Kim, H.C,, Lee, S,,
Lee, C, Lee, Y, Lee, S,, Park, [, Shim, B.O., Hwang,
S., Park, K., Lee, S, Kim, T, Lee, Y., Park, Y., Yoon,
Y., Lee, G, Go, L, Lee, B, Kim, J., Chung, Y., Choj, J.,
Han, N., Park, ], Back, S., Nam, M. and Lee, C.
(2009) Development of Geothermal Resources for
Combined Heat and Power Generation GP2009-016-
2009, Korea Institute of Geoscience and Mineral
Resources, The Ministry of Knowledge Economy,
177p.

Lee, Tj., Song, Y, Park, D., Lee, S., Lee, C., Lee, Y, Lee,
S., Kim, H.C,, Park, I, Shim, B.O., Hwang, S., Park,
K, Lee, S, Kim, T, Lee, Y, Yoon, ¥, Lee, C., Kim, J.,
Park, J., Choi, ]J. and Lee, C. (2010) Development of
Geothermal Resources for Combined Heat and Power
Generation GP2009-016-2010, Korea Institute of
Geoscience and Mineral Resources, The Ministry of
Knowledge Economy, 141p.

Li, H. and Jiao, J. (2001) Tide-induced groundwater fluc-
tuation in a coastal leaky confined aquifer system
extending under the sea, Water Resources Research,
v37, n.5, p.1165-1171.

Li, L., Barry, D., Stagnitti, E and Parlange, J. (2000)
Groundwater waves in a coastal aguifer: A new gov-
erning equation including vertical effects and capil-
larity, Water Resources Research, v.36, n.2, p.411-420.

Mehnert, E., Valocchi, A., Heidari, M., Kapoor, S. and
Kumar, P, (1999) Estimating transmissivity from the
water level fluctuations of a sinusoidally forced well,

Ground water, v.37, n.6, p.855-860.

Niroshana Gunawardhana, L. and Kazama, S. (2009) Tidal
effects on aquifer thermal regime: An analytical solu-
tion for coastal ecosystem management, Journal of
Hydrology, v.377, n.3-4, p.377-390.

Park, D.-W. and Lee, C.B. (2010) Characteristics of Frac-
ture System in Precambrian Metamorphic Rocks and
Mesozoic Granites from Seokmo-do, Ganghwa-gun,
The Journal of the Petrological Society of Korea, v.19,
n.2, p.123-139.

Ramsay, J.G., Huber, M.L and Lisle, R.J. (2000) The tech-
niques of modern structural geology: Applications of
continuum mechanics in structural geology. Academic
Pr, 1061p.

Shim, B.O. and Chung, S.Y. (2004) Hydrogeologic param-
eter estimation by using tidal method in a fractured
rock aquifer, The journal of Korean Society of Soil and
Groundwater Environment, v.9, n.3, p.27-32.

Sung, J., Lee, M. and Soon, ]J. (2001) The report of geo-
thermal well investigation of Haemyoung hot spring
area., Hankookgunup engineering Co., Ltd., 86p.

Todd, D.K. (1980) Groundwater hydrology. Second edi-
tion. John Wiley & Sons, 535p.

Xia, Y. and Li, H. (2009) The Estimation of Aquifer
Parameters Using Tidal Effect in a Coastal Aquifer; A
Case Study in Beihai Peninsula, Earth Science Fron-
tiers, v.16, n.6, p.276-281.

Zhou, X. (2008) Determination of aquifer parameters
based on measurements of tidal effects on a coastal
aquifer near Beihai, China, Hydrological Processes,
v.22, n.16, p.3176-3180.

20119 38 189 Qg4 20114 6¥ 21 AlAE



