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Abstract

In this study, groundwater flow was analyzed targeting Dae-jeong watershed, which exhibited the largest variations of
groundwater levels at the identical elevation points among the 16 watersheds of Jgju Island. The issues of the methods applied
in practice were identified and improvement plans were suggested. This groundwater-flow estimates derived by applying
hydraulic conductivity values onto zones of equal topographic ground level were found to be quite different from actual
measured groundwater flow. Conversely, groundwater-flow estimates that utilized hydraulic conductivity values applied onto
groundwater-level equipotential lines indicated relatively lesser divergences from actual measured groundwater flow. The
reliabilities of the two approaches were assessed for 60 randomly selected points on DEM (digital elevation model) maps,
The method using hydraulic conductivity values applied onto groundwater-level contours turned out to be the more reliable
approach for the Dae-jeong watershed in Jgju Island.
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Fig. 1. Groundwater monitoring wells (a) and groundwater level contour map (b) over Jeju Idland.
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Fig. 2. Hydraulic conductivity zonation in Dae-jeong watershed based on ground level (a) and equipotential line (b).
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Fig. 3. Groundwater lever compared to ground level over Jeju Idand.
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Table 1. Groundwater level difference compared to ground level
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Fig. 4. Dae-jeong watershed based on front view (b) and active cells (a).
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Table 2. Hydraulic conductivity distribution of the Dae-jeong watershed based on el evation

Hvdraulic conductivit Zone-1 Zone-2 Zone-3 Zone-4
Y y (Below EL. 50 m) (EL. 50 ~ 100 m) (EL.100 ~200m)  (AboveEL. 200 m)
Horizontal (m/sec) 5.78 x 107 2.31x10° 6.94x 10" 5.79x 10"
Vertical (m/sec) 578 x 10" 2.31x 10" 6.94x 10° 5.79x 10°
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Table 3. Comparison results between observed and computed groundwater level based on ground level

Observed groundwater level

Computed groundwater level

Observation wells (EL. m) (EL.m) Residual (m)
SG2 24.56 26.10 154
SG1 2754 23.32 -4.22
AS 14.50 14.68 0.18
HM2 138 2.87 149
HM1 034 0.35 0.01
IG 3.33 348 0.15
YR1 2.86 373 0.87
SM2 6.56 6.12 -0.44
SM1 275 2.96 0.21
ML2 8.82 8.97 0.15
SG3 98.61 98.92 0.31
Wggoel AgTuel GAR Aoz et Hjoluke ulmste] AR A A et #
£ A2 I ITHFig. 5). Wh, S94lS 5l LS 7| AR Akl Alskes sidS AAIRE A
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Fig. 5. Steady flow analysis based on ground level.
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Fig. 6. Groundwater flow in Dae-jeong watershed.
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Table4. Hydraulic conductivity distribution of the Dae-jeong watershed based on equipotential line

Hydra.Jli.c Zone-1 Zone-2 Zone-3 Zone-4 Zone-5 Zone-6
conductivity

Horizontal 289 x 10° 1.15x 10° 104 % 10° 8.68 x 10° 8.10x 10 463 10*

(mVsec)

Vertical 2.89x 10" 1.15x 10* 1.04x 10" 8.68x 10° 8.10x 10° 463x10°

(m/sec)
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Table 5. Comparison results between observed and computed groundwater level based on equipotential line

Observation wells Observed groundwater level Computed groundwater level Residual

(EL.m) (EL. m) (m)

SG2 24.56 2361 -0.95
SG1 2754 28.78 124
AS 14.50 1491 0.41
HM2 138 2.65 127
HM1 0.34 0.28 -0.06
1G 333 325 -0.08
YR1 2.86 3.38 0.52
SM2 6.56 591 -0.65
SM1 2.75 2.55 -0.20
ML2 8.82 8.56 -0.26
SG3 98.61 98.59 -0.02
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Table 6. Caculated groundwater level for 60 random points from DEM compared to groundwater level based on ground level
and equipotential line

Groundwater level (m) Groundwater level (m)
NO. Calculated Ground level Equ Potenti d NO- Calculated Ground level Equi potenti a
line line

1 147 7.98 7.55 31 35.85 35.94 41.56
2 7.82 8.2 7.69 32 36.4 3441 42.33
3 7.7 7.33 6.82 33 35.97 34.02 433
4 5.53 55 477 34 34.36 32.28 41.28
5 355 4.45 391 35 3374 3114 39.31
6 195 3.05 2.79 36 36.16 56.24 41.26
7 0.63 122 115 37 40.34 54.32 48.03
8 14.08 12.96 1115 38 44.34 53.29 51.81
9 13.84 11.81 11.36 39 47.05 51.57 54.23
10 13.34 11.64 11.2 40 47.71 50.41 55.34
11 10.75 1043 9.94 41 4847 50.38 56.59
12 8.56 9.27 8.86 42 49.12 49.54 57.02
13 6.33 6.85 6.51 43 43.99 7183 50.6
14 443 272 248 44 50.06 70.96 58
15 20.53 22.07 15.91 45 57.2 72.24 64.74
16 20.14 19.15 1511 46 60.26 70.14 67.33
17 19.53 15.92 14.56 47 64.69 7112 70.59
18 17.2 15.02 14.13 48 66.06 70.52 71.61
19 14.03 138 1351 49 67.81 70.81 72.74
20 11.65 114 11.53 50 65.3 89.73 74.64
21 10.27 7.27 7.6 51 75.21 89.88 82.17
22 26.28 29.68 28 52 78.82 86.99 84.68
23 26.32 27.76 28.27 53 83.43 86.74 88.39
24 27.71 26.01 29.57 54 87.33 86.89 90.91
25 2571 20.98 26.54 55 82.66 103.42 9141
26 235 19.87 24.82 56 98.79 101.89 100.61
27 20.52 17.97 18.97 57 109.21 101.47 114.14
28 19.52 14.95 14.88 58 106.87 11591 109.14
29 30.37 38.31 353 59 117.38 115.21 124.86
30 33.33 36.12 38.62 60 127.33 115.24 134.16
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Fig. 7. Steady flow analysis based on equipotential line.
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Fig. 8. 60 random pointsin Dae-jeong watershed.

1S 7|3208 Se|AEEE H8ste] molst
R} HIL o] 2ol -27.84 ~ 12.09 m EA]
<, 5 H A& 710 mofgh Aahgliar
~ 503 me] Hel= A=

&RL =)

23
|
o Hol= -
(Table 6). Tﬁﬂsﬂ 30 mo|3KTable 62] NO. 1 ~

28) Aol B4 FNE felel $9IRE
- 340 ~ 473 m, 5594 71E §ojario] 493}
= -195~503 mi 5 BE AR o2 ALk

150
*
*
120
LJ
*
-
£ w0 e
ki %
2
5 ¥
= *
S 60
G X
=] *
&
30
) /
o] 30 60 90 120 150

Simulated values (m)

(b)

Fig. 9. Comparison results between cal culated and simulated groundwater level based on ground level (&) and equipotential

line (b).



AFE e seliEe 4

2910k Al ATHE AT 4 Qglon, Kskes]
30 MoJA(NO. 20~ 60) X/ ¢2] ¢ Eu17]% G
Ho| 20217} -27.84 ~ 12.09 mE H|@LA =7 1
A3, S35 o] Lrebdeh(Fig. 9a). W, %
591418 7120 §o1S T ATHNO. 29~ 60)
Z9]7to] = -9.34 ~ -1.82 m AXSlo] 3} 7
AFEEIQA, WA AR 49 BTt WA
EHFig. 9b). ojefat Ak thA-fede] M5tee] 1
47} A/519) 30 mofel ¥ HESH, AFRA
ol 1] A5k B2t 9ixIaka glo] BHRA
o] A|she9lis ARSI AT 4 U, ARA
ofo] Aak49] Bt HBksHA HAlEA 2ol o
£07 grkE,

4 22

2 A= 20144 A5l 4914} FalklE o
tol FURIAHA o] A|5k=9] BAS HES}
s Al AR ol A7 BiAf-efo] il
ro] zol7t 714 £ A o & SRl ¢r). o]
= dFoE A5t a4 BllES eistale
HHA o2 A8E= Al 21750 §
F i S eld Aols HEsh] f18l
A 7Eer pRdEE 285 & sk
ANE Frekict =1k, AA 914 Az et
- HEsto] nAISA o] tiste] HET At
3} Z¢ck.

Aol dRbHo R ANEE ®
AR oR Aol magS 4

ol

[e]

SN ®

i

012 5 oX > 22 oo
I do Ho [o

fotr o
i
do

i)
=T

*

2
N
1o

o2 K

o ont

X
RIOrE MY
(|

lo

oFEat Aupr} ehdeh. et Aske £

4] S4=91410) Helet Aolet Auks veh
o AFEl e Aoz FAEYc). 1)
Aol wjet s HEE S Mgl By
3} B25910k ARle] Zolt= -09
126 mz2 7] Ei17]20] A8l uls)] BEA%
Hs49lete] Aol S 2As) 8 4 9glon], st
o] 8% qAgolo] Saelia FUT Yo
AE|deh. vASA o] 529 AAS 19 AR
of U] 607440] QoS ARl XA 4915

>
f
)

=)
o of St r

Lo

[e]

of,

I 4 >
o o of
o o

Y, ol
a
]

o uE A3k mele A 7t

© ixfol7 Urktout, Askpsirt $7) RS
£ A)eo] A9 E491H AAS A8 do] Al

w7 e Ao BAE g
B AT A5k B25918 BEste] 1%
SIS A AspEgoR Agstgon,
RECECERE EEEREERHE:
o7 5

I3

o
off

flo ot ok
ST PO
W 4o on
2
v
ojf
OO
i
e
-
ol
rE
=2
i)
>

S ox, H oot

©
el
fo
_OIL
=

REFERENCES

Ahn, S. S, Park, D. I, Oh, Y. H., 2013, Characteristics
of ground water capture zone according to pumping
rate, J. Environ. Sci. Inter., 22(7), 895-903.

Cho, B., 2001, Hydrogeological characterigtics of the
groundwater resources in the Busan area, Korea. Ph.
D. Thesis, Kyungpook Nationd University, 36.

Choi, B. S, 1999, Determination of aquifer character
-igtics from specific capacity data of wells in Cheju
Idand, J. of sci. Groundwater Environment, 6,
180-187.

Chung, S. Y., Yoo, I. K., Yoon, M. J., Kweon, H. W., Heo,
S. H., 1999, Application of geogtatistica method to
groundwater flow andysis in a heterogeneous
anisotropic aguifer, J. of Engineering Geology., 9(2),
147-159.

Fetter, C. W., 1994, Applied hydrogeology, third edition,
Macamillan College Publishing Company.

GIMS (National groundwater information center), 2013,
https.//www.gims.go.kr/

Han, J. S, 1999, 3D groundwater model and application,
Parkyoungsa.

Jegjudo, 2003, Comperhensive survey of hydrogeology
and groundwater resources in Jgu Idland(Id),
173-179.

Jgju Specia Sdf-Governing Province, 2013, Water
resources management master plan.

Jgju Specid Salf-Governing Province, 2014, Groundwater
management regulations.

Kang, D. H., Yang, S. I, Kim, T. Y., Park, H. J., Kwon,



1738 BT - 710l . oF

B. H., 2008, The Variation characterigtics of
groundwater level with distance from shorelinein the
Jeju Island, J. of Engineering Geology.

Kim, B. S,, 2011, Study on hydrogeologica characteristics
of volcanic rocks in Jgu Idand, Ph. D. Dissertation,
Pusan National University, Korea.

Kim, G. B., 2009, Modd application for groundwater
resource development and management, J. the
Computational  Structural Engineering Ingtitute of
Korea, 22(4), 40-45.

Kim, K. J, 1999, Current Stuation and problems in
applying groundwater flow medelsto EIAs in Koreg,
J. the Korean Society Groundwater Environment,
6(2), 66-75.

Kim, M. C, Yang, S. K., Oh, S. T., 2015, Andysis on
groundwater flow according to low permeable layer
structure over Seongsan watershed of Jeju I1dand, J.
Environ. Sci. Inter., 24(4), 449-459.

Kim, N. W., Na, H. N., Chung, I. M., 2013, Simulation
of groundwater variation characteristics of Hancheon
watershed in Jgu Idland using integrated hydrologic
modeling, J. Environ. Sci. Inter., 22(5), 515-522.

Ko, G. W., 1997, Characteristics of the groundwater and
hydrogeologic implications of the Seoguipo
formation in Cheju Idand, Ph. D. Dissertation, Pusan
National University, Korea.

Ko, J. W., 2016, Surface & ground water based on the

7] - ol & - 7184

=

observation data of Jgu Isdand midwest basin flow
characteristic anadysis, Ph. D. Dissertation, Jgju
National University, Korea.

Lee, B. D., 2001, Study on hydrogeologica characteristics
related to the excavation of Youngchun waterway
tunne, Ph. D. Dissertation, Pusan Nationa University,
Korea.

McDonad, M. G., Harbaugh, A. W., 1988, A modular
three-dimensional finite-difference groundwater flow
model, Techniques of Water-Resources I nvestigations
of the United States Geological Survey.

Na, H. N., Koo, M. H., Cha, J H., Kim, Y. J, 2007,
Sendtivity analysis of groundwater model
predictions associated with uncertainty of boundary
conditions: A Case study, Korean Society of Soil and
Groundwater Environ., 12(3), 53-65.

Park, N. S, Koh, B. R, Lim, Y. D., 2013, Impacts of
fresh and saline groundwater development in
Sungsan watershed, Jeju Idand, J. of Korea Water
Resour. Assoc., 46(7), 783-794.

Sacks, J., Welch, W. J,, Mitchell, T. J, Wynn, H. P,,
1989, Design and anadysis of computer experi
-ments, Statistical Science, 4(4), 409-435.

Williams, J. R, Nicks, A. D., Arnald, J. G., 1985, Smulato
for water resources in rural basins, J. Hydrological.
Eng. ASCE, 111(6), 970-987.



