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Analysis of Groundwater Flow Characterstics and Hydraulic
Conductivity in Jeju Island Using Groundwater Model
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Jeju Research Ingtitute, Jeju 63147, Korea
YDepartment of Civil Engineering, Jeju National University, Jeju 63243, Korea

Abstract

We used numerical models to reliably analyze the groundwater flow and hydraulic conductivity on Jeju Island. To increase
reliability, improvements were made to model application factors such as hydraulic watershed classification, groundwater
recharge calculation by precipitation, hydraulic conduction calculation using the pilot point method, and expansion of the
observed groundwater level. Analysis of groundwater flow showed that the model-calculated water level was similar to the
observed value. However, the Seogwi and West Jeju watersheds showed large differences in groundwater level. These areas
need to be analyzed by segmenting the distribution of the hydraulic conductivity. Analyzing the groundwater flow in a sub
watershed showed that groundwater flow was similar to values from equipotential lines; therefore, the reliability of the
analysis results could be improved. Estimation of hydraulic conductivity distribution according to the results of the
groundwater flow simulation for all areas of Jeju Island showed hydraulic conductivity > 100 m/d in the coastal area and 1 -
45 m/d in the upstream area. Notably, hydraulic conductivity was 500 m/d or above in the lowlands of the eastern area, and it
was relatively high in some northern and southern areas. Such characteristics were found to be related to distribution of the
equipotential lines and type of groundwater occurrence.
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Fig. 1. Watershed and Groundwater Observations of Jejudo
(2003).
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Fig. 2. Groundwater contour map in Jejudo.
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Fig. 4. observation station and Isohyetal map of Jejudo.
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Table 1. Groundwater recharge by subwatershed

i

2
o
N

unit : cm/s
Subwatershed Zonel Zone2 Zone3 Zone4 ZoneS

Namwon 3.26.E-06 3.91.E-06 4.88.E-06 6.02.E-06 7.25.E-06
Seogwi 3.16.E-06 3.90.E-06 4.88.E-06 6.02.E-06 7.41.E-06
Pyoseon-Seongsan 2.78.E-06 3.19.E-06 3.86.E-06 4.94.E-06 -

Kujwa 2.25.E-06 2.65.E-06 3.22.E-06 3.90.E-06 -

East Jeju 2.13.E-06 2.94.E-06 4.04.E-06 5.40.E-06 7.36.E-06
West Jeju 1.78.E-06 2.62.E-06 3.77.E-06 4.96.E-06 6.65.E-06
Deajeong-Andeok 1.69.E-06 1.98.E-06 2.36.E-06 3.12.E-06

Hanrim-Hankyeong 1.67.E-06 2.09.E-06 2.77.E-06 3.58.E-06 -
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L AA| 28 mEofa = Bt AsREG RS 3
k=t ool WAE]7] i) o] dAtoA= AR
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Fig. 5. Plan view of low permeability layer depth.
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Table 2. Elevation analysis of basaltic and low permeability layer

unit : El. m

Basaltic layer

Subwatershed Low permeability layer
Top Bottom
Namwon 1,619.6 -75.3 162.7
Seogwi 1,767.1 -8.3 180.0
Pyoseon-Seongsan 748.1 -117.5 96.0
Kujwa 499.3 -140.2 27.1
East Jeju 1,930.8 -117.2 179.5
West Jeju 1,691.0 -91.6 180.0
Deajeong-Andeok 769.7 -83.2 180.0
Hanrim-Hankyeong 861.2 -94.5 180.0

A Tl AJal4-9] B2ge] o)AE Eakslgon,
ulAEA Sl 49 ol WA Mg AelE
SEEjo] elRlR 23~307140] Xel9lE AHEsI%

t}(Fig. 6).
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Xﬂ%E«l FEAEE M= 8.7~2,400 m/day 2 4=
HEES] HAk= wle- F 54S vehditi(ejudo,
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Fig. 6. Random points for groundwater level.
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Fig. 7. Pilot point for hydraulic conductivity.
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Table 3. Grid network configuration

i

Class Grid configuration

Cell refine

Base size: 200m, Bias : 1.0, Max. size: 200m

Number of layers 2 layers

Pyoseon-Seongsan

Kujwa 96 columnsx 127 rows x 2 layers = 24,384 cell

Deajeong-Andeok

Hanrim-Hankyeong

Namwon 82 columnsx 122 rows x 2 layers = 20,008 cell
Seogwi 84 columnsx 121 rows x 2 layers = 20,328 cell
East Jeju
West Jeju

95 columnsx 149 rows x 2 layers = 28,310 cell
87 columnsx 140 rows x 2 layers = 24,360 cell

111 columnsx 168 rows x 2 layers = 37,296 cell (Active cells: 13,070 cell / Inactive cells: 24,226 cell)

(Active cells: 11,456 cell / Inactive cells: 12,928 cell)
(Active cells: 11,528 cell / Inactive cells: 16,782 cell)
(Active cells: 10,782 cell / Inactive cells: 13,578 cell)
(Active cells: 9,664 cell / Inactive cells: 10,344 cell)
(Active cells: 10,546 cell / Inactive cells: 9,782 cell)

121 columnsx 103 rows x 2 layers = 24,926 cell (Active cells: 13,062 cell / Inactive cells: 11,864 cell)
127 columnsx 129 rows x 2 layers = 32,766 cell (Active cells: 15,302 cell / Inactive cells: 17,464 cell)

9~597) A|HES

4 9 e
B4} 5)o] S AR G ARt

26. ZX[ A
e ke A 22kl et o1y
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H12) ol2jo] Aol wjgsh e Aok
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fg,s}oq 13,07071H¢] Al Ao g Jd=|glom, =t
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10,5467Y, AL 13,0627, AAIZG-012 15,302
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31 ANk wheba] o] GAelA 2eloh £

Z=0)710] |9} X5l BE2HIEE] A= ANl I
9 Axlo] AAA-L Hrstg)

A BEE A 7K A AAE AR
oW S elo R Wob gel wasilc
£5], B AT TG oo A9 AR
oA SKAIe) ksl T G Sl
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a. Pyoseon-Seongsan b. Kujwa

c. Deajeong-Andeok d. Hanrim-Hankyeong

e. Namwon f. Seogwi

g. East Jeju h. West Jeju
Fig. 9. Groundwater flow analysis results.
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Computed vs, Observed Values Computed vs. Observed Values
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Fig. 10. Computed vs. Observed Values.
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Table 4. Groundwater Flow Direction

Subwatershed Direction Y Inclination ()

standard Groundwater contour map Analysis

Pyoseon-Seongsan Southeast y 14 15

Kujwa Northeastward X 35 35

Deajeong-Andeok Southwest X 27 26

Hanrim-Hankyeong Northwestward y 19 19

Namwon Southeast y 47 47

Seogwi South X 3 3

East Jeju North y 94 94

West Jeju Northwestward y 75 73

o A i) Rslr S5 Afel of

3l T=99) AiE9 9] 71}, RMSE (Root Mean
Square Error)& £85I} A1 JARFS 0] =9
=0.26 ~ 131.66 mo|H], AXE9= 0.29 ~ 131.68
2 T=2209} AREEYIe] 22 =0.03 ~ 3.11 m=E
SRI=|Ict =h-olo] #E91= 0.47 ~ 181.03 m,
TR AR 0.5 ~ 17645 mE A= 4.57 ~
254 mz FEAEglom, iAok IE9
0.39 ~ 215.96 m, AEE$] 0.06 ~ 211.64 m= 2=
4.32 ~ 472 mE FAEQ) SH-SR AS
211.08 ~286.05 m, AR 0.19 ~ 283.77 m= 2k}
£=-15.69 ~ 10.14 m=Z EAE|gj o, Ylgode 1=
2221 0.43 ~ 290.43 m, AA=$] 0.29 ~ 287.43 m= %+
ZR= 1511 ~ 5.01m= EA=jolch A7lgolo] pad
9]=1.25 ~ 365.05 m, AXE9=3.59 ~ 362.75 m=E
A= -19.87 ~ 18.13 m=z BEAE o, T4
L H=49]0.2 ~295.39 m, AAE$ 0.2 ~295.99 m,
ZER=-1.06 ~ 1.54 m=2 2= Qlck AAI=FH 2] &
Z491=0.95 ~ 341.76 m, A= 0.42 ~ 339.81
mz = -20.82 ~ 14.48 m= BAE|Q) E3), A
Aremt AAFERoll TS5t Al=2zte] %k
A7} 718 & Ao SRIEGITE ARG A% AR
AT T4 BSHNAN BPE FA v,
5 A7) Agl= oF 2.1 kne] &R 7)ol vhH z|s}
9= 276.93 mE A WAYE]o] A 4290
S9] tin] v 2 ek AkEENL, S0
A2 vl =2 =97 AP E| Sick(fig. 9(f) AAI-
A2 A& Sl HXIgE LSHNA Al 2L A

Al ez, AT rE IR R BEAR
Ae)=2.9 ko] A9k 2[8l=912] Zol=170.76 m2 4=
FApol7} A U oA Q1 AJtp9] g =E5H]
7} ol ek (fig. 9(h)). of=iRt A2 A|SHA A Q] T4
T 2 B4 weh A eg st Al 7t
A e 2108 ietken], HEEA A] 23w
T S AlEslslo] EAE ook 3 Al o & yiheErh

RMSE #4] A3} 34-JA-92 1.616, 25
< 1.864, - 1.941, SH-3HERY
3.41, FH9912 2,943, AAGIL 6177, BAFH
2 0.544, AT 6.0052 FFE27E A
AT AATRAE AlQska We 2nE
3 4= Ql9ltK(fig. 10).
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Table 5. Hydraulic conductivity results by subwatershed

i

unit : m/d
Classification Deajeong-Andeok Hanrim-Hankyeong Seogwi Namwon
Maximum 445.41 1,534.35 1,525.48 2,771.84
Range 444.41 1,533.35 1,525.48 2,770.84
Average 26.79 78.85 60.92 112.42
Median value 8.18 10.80 7.72 8.12
Standard deviation 60.98 22931 226.62 403.86
Classification Kujwa Pyoseon-Seongsan West Jeju East Jeju
Maximum 2,626.39 2,707.61 875.30 2,205.77
Range 2,625.39 2,705.53 874.30 2,204.77
Average 186.26 227.67 39.37 110.89
Median value 53.37 33.23 3.43 16.65
Standard deviation 403.24 456.98 133.16 348.85
BEOT Y= 7|& 559412 94°, AT = 94°0] AAEL 22 39.37 m/d, 78.85 m/d, 26.79 m/d,

o, AAIFES AR S50 WEAL Y5
71 S ale 750, EAET=T S
0.

87Ho) Auyo} Kol SEMRES F49l Tavie)
AR 58S Holm glo] ¥4 Aufe] AHES Y
A7 4= 150ck

4. X3k SEHET S

41, RYY BMg S5 paNEE 2E £Y

Fig. 112 AF= 870 §o4& thdo s madesls
o Akl el ook kA O R siokA] o
100 mvd opie] s B3 Holu, 5 4R
21 ~ 45 m/do| et 2R AREE ]l

AR, TR, A4, HERe) Bt
FARE FRAEET} 500 mid o) FA) FEstaL g
= W, 331 9200 m o) A3} - kel 2] 22] 73
500 m/de] ofste] Ayt ARzl £3], FHA
9] 7% sfgtell A H-0= oF 12 km7H4] Sefdet=
71500 m/d oA} EESR= 21 0 & BAE|9Ic)

/Aol et e 227.67 m/d2 8
M # 5 7P A e, e 186.24
m/d, -] 112.42 mvd, FAF=3-2 110.89 m/d=
FHAA9] Fat Fe|dEErt Bl A aEsGlr.
AR e] ARG, e, dig-etE R,

of

d

60.92 m/d 2 A o] vlel] v]aa] 2A| L3I
Tz ot 7Y 2 oS HE o T
SR ollA] 7 2 S2| e t(2,770.84 m/d)7F Ak
ZE0ck TG 2,707.61 m/id, 7EMS
2,625 m/d, BAIFFS22,205.77 mvd, 3H-24-6<
1,533.35 m/d, A 1,525.48 m/d, ARS8
874.30 m/d, Ti-FE9e] 444.41 m/dE EAE|QC)
(Table 5).

Fig. 11. Hydraulic conductivity distribution map of Jejudo.

4.2, DYEEMo|| M2 »2|MEEQ} X5k SSEM H|
wAE

Fig. 12(a)= AIFEL] R|ol FEHEEA 5HA

Ao 7| AR |el=A7} 3FHe1A B2, Fig. 12(b)
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Fig. 12. Groundwater Occurrence and Groundwater table contour map in Jejudo.

= A5l 5491l BRAelol= skl 12 k7t
%10 m olte] X|a14915 ehar 9l

Aezzo) Aalss REges G-HYo} B 5}
o] AR o] ulel 7|ARIEE, 271415
Al T, BRIl ARsiei ol
A Tl sio] Axjs RSt gle] 714
Aol Bk 53], BRA skl BEA]
o0 9 ~ 12 km®] H$]0] FiAlo] F& AR
5g of2 glon, sjso] glelo] ola) sl
S0 §oI5H 4 Qs B L So] 2 ugE] g
E439 woltkKoh et al, 2006). SE|AEE ASAT}
of olshel, ZIAAIBIAY Hast Qs ERAel]
7 e Aol ) 1] & 500 mid o)) 2]
I S4o] HHIsA Lehidek

A0 A3gle AFE Sl Re sl
o A= ol 4TS B, E3), 52K
o2 AN 0 R Sk S ANE A S Kol BA
of R Qix|olo] ol FAT 9IS
T I A LI b

& B o Sl HERA ARt S0 T} o]
7hEUsttal o w x[sfeee] o g dtes AR
3ot srelwtee]] ofs) AEr(Park, 2016). %,
o] ol el At A vhERd AR
A 2 B AR BT S PAEA
Rkl R ekl 9] gom waz o
2 HEET}F500 ~ 1,500 m/d 2 AREE| i)

RFEEe] S E R E AT} 2|51 FEEA, 549]
d HEEHS FPHOR vmEst Ak vl
© SRR AEEA] PHHOR B Ao
Qe A[514-g] FIEEAS wolm, 7|45

SJspA RIS A ofolek. 2 A5} o] Sei
= B4 A|stegie} Alele HERHele) 4 AV

43, FE|HEEo| X[ske LAy Znte} HwHE

Table 6- A|lFIe B4, A, G, 552 Hof 91
THF YT 29 8453t ST A WS 4w
o FAEE FEl AME =R Auoltt
(Jejudo, 2003). SHANE| 277l tid FelHee=
23t 839.0 m/d, F|tH 2,266.2 m/do]H, AJE ]S 47
I oA o 199.20 m/d, Zf 385.00 m/d, HEA| <2
2170 oA} Bt 637.50 m/d, ) 2,400.00 m/d, B3
292 36705 A Hat 358.40 nvd, F o 1,650.10
m/do|c},

Table 72 & Atol|A AlEH e A= 5
A ), AR -, dhe-eE
o), FR(EY, AR, FFRCEAT AR A
oo 2 JLEsto] 2003 Hof| FAE e e e} v st
At

FHRAYY] Byt pEdEEs 20636 m/d, i
2,707.61 m/do|m, AFA|HO] Hyt pejHEEE
51.91 m/d, o} 1,534.35 m/do|c}. Wz o o] Bt 4=
YAEEL 86.67 m/d, Tl 2,771.84 m/d, BX-2] Q]
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Table 6. Hydraulic conductivity results by pumping test

i

unit : m/d
Classification East South North
Average 839.00 199.20 637.50 358.40
Maximum 2,266.20 385.00 2,400.00 1,650.10
Data (point) 27 21 36
Table 7. Hydraulic conductivity results by modeling
unit : m/d
Classification East South North
Average 206.36 86.67 72.85
Maximum 2,707.61 1,534.35 2,771.84 2,205.77
Data (point) 103 104 94

Pt 22 AT 72.85 m/d, 2 2,205.77 m/d= 2
A9k Ak o 2 2003 o) FAE ol Hg 5=
AT} 2 Ao Hot el Hg] 3.84f ~
7.48)] A JeRdTE 2003 o= Al 221 2|5
2 =70l ghste] AR AR AFRAI (L 600
moPH o] Apa= FAL sFRA|9e] FiES tiite
2 31 glo] HlaLd 2 e} AREE 9 0,
2 Ao FAHAIE O R e RS A
51507] wiol| vlad WA Akes Ao wgEch 1
Ao e s Zighe 1 Atol|A AkeH At
1.15 8] ~ 3.988) =7 UFEREoH, 200312] 79 oF
FAIE FESTFATNE ~ 367150 vl &2 Aol
4R ~ 114R- 02 AH7HA 0 2 JHSIEHA| A
51917] el el ErE o] M= vl 2A AEE
o= ghtEch

5. Z 8

A=A Al EE5E4S Het Al Al &
A1517] flef A EE A-8RIALE 7St sl -5
54 2 s A HESkL oA 4P
Al far 4SS o EARH Auf= o
=
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o .
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