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Summary

The correlation between groundwater level data of Jeju Island and altitude
was analyzed. The hydraulic watershed was established based on groundwater
surface of the equipotential lines. The 3D numerical analysis model was used to
interpret flow characteristics of the watershed, and the results of analyzing
hydraulic conductivity computed from the model are as follows.

The range of average annual fluctuation of ground water level in Jeju Island
was 0.16 ~ 48.84m. The basal groundwater distribution area was changed to
0.16 ~ 2.73m, the parabasal groundwater area was changed to 0.47 ~ 12.56m
and the high level groundwater area was changed to 0.62 ~ 48.84m.

Based on analysis of the correlation between altitude and groundwater level
for every 100m of altitude, the value of R? was 0.1653 ~ 0.8011. There was no
clear correlation between altitude and groundwater level. Especially, the eastern
and western areas showed an inversely proportional relationship between altitude
and groundwater level. Only a portion of the southern and northern areas
showed the inversely proportional relationship.

The Kriging technique was used to analyze underground water level data and
construct the equipotential lines for all areas of Jeju Island. Eight groundwater
watersheds were established by considering the direction of groundwater flow,
positions of groundwater level observation wells and long and short axes of the
watersheds.

Groundwater recharge considering rainfall characteristics, hydraulic conductivity
of each spot and observation data were supplemented for the groundwater
watersheds to perform 3D numerical analysis. The groundwater flow simulation
showed RMSE of 0554 ~ 6.177 and the direction of groundwater flow was
similar to the equipotential lines, increasing reliability of flow analysis.

Based on analysis of hydraulic conductivity distribution according to the

results of the groundwater flow simulation in all areas of Jeju Island, hydraulic

_Xi_



conductivity was 100m/d or above in the coastal area and 1 ~ 4bm/d in the
upstream area. Especially, hydraulic conductivity was 500m/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. 1.1 Flow chart on the study
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Fig. 2.1 Conceptual diagram of Kriking
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Fig. 2.2 Conceptual diagram of IDW
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&3t o= A Z(Choi, 2010)(Fig. 2.4.).
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Fig. 2.5 Block-centered grid and point-centered grid system
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dTHE A9

AFms ek Wsgs JHow gvtet 75 RS o|F = 4FY Sl
(BEIR kil shield volcano)e] &4 H.ti(Jejudo, 2003). Ex=o & A3 A=
73.262kmel ™, o 53 41.12kn, &5 =AE EFE B A4 ddAEE ¢
oAl AAETA 77.326km, A A ket E7EA] 99.878kmelth. Al TR A W
212 1,849.1kiro] W, AF A 7F 978 ki = 52.9%, A7 EAI7F 870.7kif = 47.1%°] t}. @l
ko] Zeol= & 551,78kmel™, =] st Zol= 41556km, F&EA ] A
Aol 136.22kme) th(A F 5 - A A &=, 2017)(Fig. 3.1).
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PyOSEDn - 7

East Seogwi
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Fig. 3.1 Study area in Jejudo



THERFE ATk A R AsteAd FEEARIM2003, AlFE) A

15000 FAAFES /Mo ERE 4l FH9% 1678 sfdon pid
!

th §9Hde B8 gAa89e 20732 b WA, 3 1725ke, Y 1417
kat, I 1335k <o) tH(Table 3.1).

Table 3.1 Subwatershed areas

M_
Watershed North East
S- Ae- E- M- W- Jo— Ku- Seong | Pyo-
Watershed | weol Jeju Jeju Jeju cheon jwa —-san seon
l?gmezf‘ 85.3 75.3 89.8 895 | 1262 | 1725 | 1149 | 2073
M_
Watershed South West
S- Nam- E- M- W- An- Dae—- Han- Han-
Watershed | won | Seogwi | Seogwi | Seogwi | deok | jeong |kyeong | rim
*%}flgf‘ 1335 | 107.1 | 1063 | 828 625 | 130.8 | 1028 | 141.7

1.1 3554

£

2 2bAe 30d7H1987d ~ 20169) AFES Hwt ArES 1,659.5mol k. 3
FaEin] 120%0]4 A7 @AgE sl 19879, 19994, 20034, 2007, 2012\,
2015 . &, 1999 o] FHH = 3d~5de] whRAQl sHom Aol Wol Wy

AES welt, whA HF FeEke] 80%coldt®E WY = 19889, 19964,
2000, 20059, 2013 o & ZALEQlow AnbA o R 4~5d AW 7d HFro| I
Bo® ol AA vEe a7t #Agth(Table 3.2, Fig. 3.2).

rr



Table 3.2 Annual precipitation characteristics

Year Jeju Gosan Seongsan Seogwipo
1987 1719.4 - 2323.5 1952.9
1988 1084.6 735.5 1264.4 1591.8
1989 1358.6 1081.5 1696.1 1681.9
1990 1544.5 1162.3 1952.3 2398.6
1991 1810.9 1504.0 1983.8 1872.6
1992 1232.9 1107.6 1981.4 1827.5
1993 1552.8 1151.4 2025.4 2190.2
1994 1448.9 834.3 1509.3 1626.0
1995 1472.9 1003.0 2169.8 2280.4
1996 881.1 837.4 17579 1656.0
1997 999.5 875.1 1803.0 1575.8
1998 1581.1 1050.4 22359 2091.9
1999 2526.0 1874.5 2328.0 2970.5
2000 1189.4 1013.6 1370.0 1368.5
2001 1388.6 1113.7 1856.5 1782.1
2002 1704.1 1225.8 1781.5 1877.2
2003 1999.2 1503.0 2550.5 2280.1
2004 1333.8 1269.9 1962.5 2018.0
2005 872.5 827.5 1588.0 1390.6
2006 1527.4 1350.3 2238.0 1757.6
2007 2139.8 1296.0 2982.5 2166.5
2008 1308.8 972.3 1770.7 1661.4
2009 1304.8 1133.0 1753.5 2006.8
2010 1584.9 1361.8 2086.8 2393.3
2011 1478.6 961.3 1865.7 2010.2
2012 2248.3 1418.1 2458.4 2700.8
2013 839.1 697.1 1364.0 1086.6
2014 1563.4 1271.6 2240.9 2473.2
2015 1728.3 1546.4 2542.2 2618.1
2016 1416.4 1293.1 2255.9 2204.5
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Fig. 3.2 Annual precipitation characteristics
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Fig. 3.3 Monthly precipitation characteristics

Table 3.3 Monthly precipitation characteristics

Month Jeju Gosan Seongsan Seogwipo
1 67.5 411 79.0 62.1
2 62.1 50.2 84.6 87.2
3 90.7 5.7 135.9 131.2
4 88.7 94.0 1584 190.2
5) 103.2 1104 174.4 216.5
6 169.4 150.2 229.1 268.8




Month Jeju Gosan Seongsan Seogwipo
7 205.9 163.5 258.0 271.6
8 261.8 1954 334.6 314.5
9 2104 114.2 222.1 188.8
10 779 49.6 105.5 92.2
11 73.3 63.4 107.3 88.7
12 52.9 36.7 74.1 51.4
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Fig. 3.4 Stream distribution in Jejudo



ATz APH 5L E43517] 98 1/5000 AT FAAFEE o] &35S
W GIS(Geographic Information System)E ©|-&3le] F &4
35). AFEs APuxd wel ¥3 200m ©]stE A Ao, E3 200 ~ 600m

SAREAI Y, 3 600m oY Ags AetA iz FEdH(Jejudo, 2003). &<t

)
filo

AR A9 200m o]ake] Aol 1,001.3kio 2 AAl WA hi] 544%E =}
], g5 FAAY FA8A FEHAJT FAEAY (200 ~ 600m)e] WA
5932kt o2 AA WA o] 322% 5 A st FAA} HxX, #F AL

il
oj

o] Bxaly, sl o] WAL 2468kf o2 HA WA v 134%E AA|s3, F
2 A E FA o 9 tH(Table 3.4).

Blevation(m)
s-100 [0 eoo- voo [ 1200 - 1300
100- zoo [ 700- 800 [ 1300 - 1400
200- 300 [ soo0- soo 1400 - 1500
" [ 300~ aoo [ so0- 1000 1500 - 1945
10 5 0 10 20 30 I :00- soo [ 1000 - 1100

e e () 500 soo [ 1100 - 1200

Fig. 3.5 The altitude of Jejudo



Table 3.4 The altitude analysis result of Jejudo

altitude(m) area (k) rate(%)

0 ~ 100 638.1 34.7

100 ~ 200 363.2 19.7

200 ~ 300 232.0 12.6
300 ~ 400 162.3 8.8
400 ~ 500 1194 6.5
500 ~ 600 79.5 4.3
600 ~ 700 59.6 3.2
700 ~ 800 435 2.4
800 ~ 900 34.3 1.9
900 ~ 1,000 26.9 1.5
1,000 ~ 1,100 23.3 1.3
1,100 ~ 1,200 16.2 0.9
1,200 ~ 1,300 11.8 0.6
1,300 ~ 1,400 95 05
1,400 ~ 1,500 6.7 04

Total 1,841.2 100.0

FaL) 15000 =7kEAAE RS GIS 4 2oz AA AFA G AAHA s 2oy

1.4 3 AHEH

Sk 2 FAR1988) el o] &k 1°0] k= FEHA], 1~4°% SAAA], 4~8°+ AAL
A, 8~12°F FAAMA], 12~30°% w4 A4, 30°0172 S AAMA R FE8kal Tt
(Fig. 3.6).
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302% % 7hd Wom, 4~8°9 AAFA| 7} 389.6 kir (21.2%), 1° o]ale] @ ekA] 7} 423.2
ki (23.0%) % 41 AtH(Table 3.5).
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Fig. 3.6 The slope of Jejudo

Table 3.5 The slope analysis result of Jejudo

slope(®) area(km) rate(%)
0 ~ 1 423.2 23.0
1 ~ 2 231.8 12.6
2 ~ 3 234.3 12.7
3 ~ 4 181.5 9.9
4 ~ 6 242.8 13.2
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Table 3.6 Geological system of Jejudo
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Fig. 3.7 Geological maps of Jejudo
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Fig. 3.9 Groundwater Occurrence in Jejudo
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2.1 A8t Aol 8 AJA

, 3982 163/MAaE 31%, HE AE> 7
Axz 01%clth FAEARTE FRAGH FARAGe] Do) Adn, Y
w

- AAZAA S 2 E o] vk(Fig. 3.1D).

Table 3.7 Groundwater status by developing subject and usage

unit : point

o ) . ) bottled ) )
classification industrial | agricultural residential total
water
public 3 926 6 428 1,363
private 150 2,335 1 1,016 3,002
total 153 3,261 7 1,444 4,865
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Fig. 3.11 Groundwater status by usage in Jejudo




ot A A Y A o (F 3L 200mO]3}), SRR A 9 (2L 200~600m), LA A (%
I 600meol) oz EFal Ry, ot xR o] 431174 HA] 886%™, T4
22 11.3%, nA Aol 3/MAZ 0.1%0]tHTable 3.8). AFEe

Table 3.8 Groundwater development by elevation

altitude under 200m 200 ~ 600m over 600m total
Groundwater
] 4311 551 3 4,865
(point)
rate (%) 83.6 11.3 0.1 100.0

Fig. 3.12 Groundwater development by elevation
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3t t}5 A% Code Division Multiple Access)FA5 o] o&] AAztoz A=

4 Hy AdEAME dFHo #YHa JAHAFEEAAE, 2014). AFE=W A

T HS5AL 20019 #5o] AFE o] 2016 129 7F T 1337047F A A H o

TPH L o, At #EA, MFHF 4, 39 #AA
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Ht}(Table 3.9).
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Table 3.9 Development status of groundwater observations by year

year 2001 2002 2003 2004 2005 2006 2007 2008
observation
) 35 2 26 13 7 2 11 14
(point)

accumulate 35 37 63 76 83 85 96 110

year 2009 2010 2011 2012 2013 2014 2015 2016
observation
) 5 6 4 5 1 0 2 0
(point)

accumulate | 115 121 125 130 131 131 133 133

= AXFEs o] oFhH, & obA X ) (200mel bl = 10670 A2 AA 79.6%7F
Bxatm, A (200 ~ 600m)ol &= 247024, A th(600me])ol &= 37/AE o)

o] #5A42 Had vk g s 2 Folvk(Fig. 3.13).
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Fig. 3.13 Groundwater observation location map
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Table 4.1 Status of groundwater development by year

under
year 1994 1995 1996 1997 1998 1999 2000 2001

1993

point | 2,299 0 410 206 191 432 252 265 139

yvear | 2002 2003 2004 2005 2006 2007 2008 2009 2010

point 70 34 o4 31 38 75 15 69 39

yvear | 2011 2012 2013 2014 2015 2016 | unconfirmed total

point 34 14 6 26 33 35 48 4,865
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Fig. 4.1 Graph of groundwater development by year
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ME BAL 5047042 DA 200%E ZA sk Qdth(Table 4.2, Fig. 4.2).




Table 4.2 Monthly groundwater development

rainy
class dry season average season
season
month 1 2 3 4 5 6
point 151 216 156 90 134 349
) dry
class rainy season average season
season
month 7 8 9 10 11 12
point 275 230 307 112 168 331
400
350
F 300
T 250
20
200
hix
© 150
k=
100
0
18 3E 92 108 112 12
Fig. 4.2 Monthly groundwater development status graph
113 =34 = B F
AA A sk 486570148 & =24 =7 Lo 0/MAE A3t 4,8457
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Sh7kAl = 2ek Aok $A L B2/l A ® 11.3%, a4 AR S0m7bA] =gk A st
T 49471 A2 10.2%°]H(Table 4.3, Fig. 4.3).
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Table 4.3 Classification by depth of groundwater

depth | under | -100™ | =100~ | =50~ | =407~ | -30~ | -20~ -10~ 0~
(EL. m) | -150 | -150 -50 40 30 -20 -10 0 10
OBS
] 1 24 552 387 721 1008 976 532 185
(point)
rate
0.0 0.5 11.3 8.0 14.8 20.7 20.1 10.9 3.8
(%)
depth 107 ~ _ _ 50710 | 10071 | over | unconf
20730 | 30740 | 40750 ) total
(EL.m)| 20 0 50 150 | irmed
OBS(p
] 134 74 62 39 94 42 14 20 4865
oint)
rate(%

) 2.8 1.5 1.3 0.8 19 0.9 0.3 0.4 0.0
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Fig. 4.3 Classification by depth of groundwater
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Table 4.4 Classification by groundwater level

GW- under 50~10 | 100~ 200~ over | unconfi
0~10 | 10~50
level(m) 0 0 200 300 300 rmed

OBS

] 866 1,500 1,379 363 206 44 14 493

(point)

rate

17.8 30.8 28.3 75 4.2 0.9 0.3 10.1
(%)
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Fig. 4.4 Classification by groundwater level
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Fig. 45 Annual average difference in groundwater level

Table 4.5 The ratio of the annual average groundwater level difference

GW-level(m) under 5 5~ 10 10 ~ 20 over 20 total
obs(point) 93 22 13 5 133
rate(%) 69.9 16.5 9.8 3.8 100.0

2
B2 634 F 4170465.1%)14 Ho) R
H #=A 130704 F 37704 (285%), 20123744 AdE #=A
T 17TM2(128%)0l A Hol+95 B tH(Table 4.6).
Song (2012)°] <&tH, A= #=4
92%°l wetrtar A A8kl om, 2003 O



mni, 2001958 20161 7kA1 o Bt (1,675 1mm) thH] 128 ~14vf &= 2245
Atk 20154 ol & ZsFo] 2,1088m= H A gk gk 2013 SA4S 7HEe o

ol oa] AwrHow Aetrort FsHA £ Aoz AdHH(Fig. 4.6).

Table 4.6 Maximum groundwater level by year

year 2001 2002 2003 2004 2005 2006 2007 2008
obs
] 3 3 41 7 0 2 8 2
(point)
develop
35 37 63 76 33 85 96 110
obs
rate

8.6 8.1 65.1 9.2 0.0 24 8.3 1.8
(%)

precipitation
( ) 1535.2 | 1647.2 | 2083.2 | 1646.1 | 1169.7 | 1718.3 | 2046.2 | 1428.3
mm
year 2009 2010 2011 2012 2013 2014 2015 2016
obs
] 1 5 0 37 3 2 2 17
(point)
develop
115 121 125 130 131 131 133 133
obs
rate
09 4.1 0.0 285 2.3 15 1.5 12.8
(%)
precipitation
( ) 15495 | 1856.7 | 1579.0 | 2206.4 | 1001.7 | 1887.3 | 2108.8 | 17925
mm
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Fig. 4.6 Maximum groundwater level ratio by year

Table 4.7 Minimum groundwater level by year

year 2001 2002 2003 2004 2005 2006 2007 2008
obs
] 8 4 1 0 33 2 3 5
(point)
develop
35 37 63 76 83 85 96 110
obs
rate
229 10.8 1.6 0.0 39.8 2.4 3.1 45
(%)
precipitation
( ) 1535.2 | 1647.2 | 2083.2 | 1646.1 | 1169.7 | 1718.3 | 2046.2 | 1428.3
mm




year 2009 2010 2011 2012 2013 2014 2015 2016
obs
) 26 0 5 1 27 10 2 6
(point)
develop
115 121 125 130 131 131 133 133
obs
rate
22.6 0.0 4.0 0.8 20.6 7.6 15 45
(%)
precipitation
15495 | 1856.7 | 1579.0 | 2206.4 | 1001.7 | 1887.3 | 2108.8 | 1792.5
(mm)
100 0
80 | | | I | | I I | I I | | | 1000
60 2000 ::;-
g or
o T
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o
Fig. 4.7 minimum groundwater level ratio by year
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7 4:(16.5%), 971 4:(6.8%) &2 4] ¥ A vH(Fig. 4.8, Table 4.8).
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Fig. 4.8 Monthly precipitation and maximum groundwater level
Table 4.8 Monthly precipitation and maximum groundwater level
month 1 2 3 4 5 6
precipitation
62 71 108 133 151 204
(mm)
maximum
gw-level 0 0 0 0 2 0
(point)
rate(%) 0.00 0.00 0.00 0.00 1.50 0.00
month 7 8 9 10 11 12
precipitation
225 277 184 81 83 54
(mm)
maximum
gw-level 22 9 62 32 4 2
(point)
rate(%) 16.54 6.77 46.62 24.06 3.01 1.50
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vEbgon, 2457 19 ~ 4974A] = Aske9l 7 vA E 2 ek hk(Fig. 4.9, Table

49).
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Fig. 4.9 Monthly precipitation and minimum groundwater level
Table 4.9 Monthly precipitation and minimum groundwater level
month 1 2 3 4 5 6
precipitation
62 71 108 133 151 204
(mm)
minimum
gw-level 17 40 31 16 10 11
(point)
rate(%) 12.78 30.08 23.31 12.03 752 8.27
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2.1 shebAE e FEashe] AR

AFe Ags oz sitA @bl AT e S5 7Ae Aot wae] 4
0.8400, R*= 0.7056°19, Agle]l w& #ae] 7]&7]& oF 39.20=
I gREA Ay FREAY9e r& 09662, R
0.9336% sietAzet maele] ARy HwA =& 3oz FAFHJon A
o2 ®ao 717 oF 29652 BAEHAT ARA 9] r 0.8851, R 0.78365%
EAE Ao, Age] e e 7|7 oF 35788 BAHAG. FE-A A r&
0.9308, R*:= 0.8664= w2 = lom, Age m& 7|7 oF 70972 A=)
R r& 09412, R 088592 B4 HAom, 71&7]e= o 48752 A 59
TH(Table 4.10).
SAEE A st Ry AFAGore A wE ®ad BAES B4
o AR o2 ARt dsdel w1

al
, AR BE o R BAEAN(Fig. 4.11).
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Table 4.10 Coastal distance-elevation correlation analysis

class Jejudo Eastern Western Southern Northern
data 125 33 33 24 35
T 0.8400 0.9662 0.8851 0.9308 0.9412
R* 0.7056 0.9336 0.7835 0.8664 0.8859
leaning 39.30 29.65 35.78 70.97 48.75
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Fig. 4.11 Regional coastal distance—elevation correlation analysis
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Table 4.11 Coastal distance-Groundwater correlation analysis
class Jejudo Eastern Western Southern Northern
data 125 33 33 24 35
r 0.5714 0.7532 0.6746 0.8670 0.8035
R? 0.3265 0.5673 0.4551 0.7516 0.6455
leaning 15.21 0.41 12.59 41.00 18.00
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Fig. 4.12 Regional coastal distance-groundwater correlation analysis
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Table 4.12 Elevation-groundwater correlation analysis

) over over over over over
class Jejudo
100m 200m 300m 400m 500m
data 125 76 102 113 118 121
r 0.8950 0.4379 0.4066 0.6767 0.7537 0.8236
R? 0.8011 0.1918 0.1653 0.4579 0.5681 0.6783
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Fig. 4.13 Elevation—groundwater correlation analysis by elevation
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rol 0.7475, R*= 05588, MFEA 99 r& 06052, R*= 03662, FHAHe r&
0.7037, R*= 04952, HHA A r& 05957, R*= 035452 #2415 9 vH(Fig. 4.14,
Table 4.13).
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Fig. 4.14 Regional elevation—-groundwater correlation analysis

Table 4.13 Regional elevation-groundwater correlation analysis

class Eastern Western Southern Northern
data 30 27 18 27
r 0.7475 0.6052 0.7037 0.5954
R* 0.5588 0.3662 0.4952 0.3545
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Fig. 4.16 Relation between elevation and groundwater level in eastern (60~ 250m)
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Fig. 4.17 Relation between elevation and groundwater level in Western (60m or less)
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Fig. 4.18 Relation between elevation and groundwater level in Western (60~450m)
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Fig. 4.20 Relation between elevation and groundwater level in Southern (80~650m)
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Table 4.14 Cross validarion of kriging results and observations

class Data ME MSE | RMSE | MKV VE MRE | SDRE
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Fig. 4.27 Analysis of groundwater flow in Sung-san basin(Kim, 2015)

(a)Elevation (b)Groundwater Flow (c)Analysis result

Fig. 4.28 Analysis of groundwater flow in Dae-jeong basin(Park, 2016)
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Table 4.15 Groundwater basin of jejudo

Subwatershed circumference(km) area(km’) area ratio(%)
Namwon watershed 72.3 190.2 10.3
Seogwi watershed 814 200.1 10.9
Pyoseon-Seongsan

117.7 257.2 14.0
watershed
Kujwa watershed 95.7 218.9 11.9
East Jeju watershed 98.0 252.4 13.7
West Jeju watershed 96.4 292.8 15.9
Deajeong-Andeok
104.5 220.1 12.0
watershed
Hanrim-Hankyeong
88.4 208.9 11.3

watershed
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4.1.2 Hydraulic Conductivity Coverage
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4.1.3 Recharge Coverage
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Fig. 4.32 Rainfall observation station in Jejudo
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Table 4.16 Groundwater recharge by subwatershed

unit : cm/s

Subwatershed zonel zone2 zone3 zone4 zonedb
Namwon watershed | 3.26.E-06 | 3.91.E-06 | 4.88E-06 | 6.02.E-06 | 7.25.E-06
Seogwi watershed | 3.16.E-06 | 3.90.E-06 | 4.83.E-06 | 6.02.E-06 | 7.41.E-06

Pyoseon-Seongsan

27/8E-06 | 3.19.E-06 | 3.86.E-06 | 4.94.E-06 -

watershed
Kujwa watershed 2.25.E-06 | 265.E-06 | 3.22.E-06 | 3.90.E-06 -

East Jeju

213 E-06 | 294E-06 | 4.04.E-06 | 5.40.E-06 | 7.36.E-06
watershed
West Jeju

1.78E-06 | 262.E-06 | 3.77E-06 | 4.96.E-06 | 6.65.E-06
watershed

Deajeong—Andeok
1.69.E-06 | 1.98.E-06 | 2.36. E-06 | 3.12.E-06
watershed

Hanrim-Hankyeong

1.67.E-06 | 2.09.E-06 | 2.77.E-06 | 3.58. E-06 -

watershed

4.1.4 Observation Coverage
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(h) Hanrim-Hankyeong watershed

(g) Deajeong—-Andeok watershed

Fig. 4.35 Random points in subwatershed
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cells)2 2709 layerE X3tste] 1307070 A Axg oz FAEQom 37
= 1145670, dtiAd-<te ol 1152871, -4 F2 107827H, FLFA>
9,66471, A#-F92 1054670, sAF+92 13,06271, AAF/H9S 15302712
’d 5] A tH(Table 4.17).

Table 4.17 Grid network configuration

class Grid configuration
Cell refine Base size: 200m, Bias : 1.0, Max. size: 200m
number of layers 2 layers
Pyoseon—-Seongsan 111 columnsx 168 rows x 2 layers = 37,296 cell
watershed (Active cells: 13,070 cell / Inactive cells: 24,226 cell)
Kujwa 96 columnsx 127 rows x 2 layers = 24,384 cell
watershed (Active cells: 11,456 cell / Inactive cells: 12,928 cell)
Deajeong—-Andeok 95 columnsx 149 rows x 2 layers = 28,310 cell
watershed (Active cells: 11,528 cell / Inactive cells: 16,782 cell)
Hanrim-Hankyeong 87 columnsx 140 rows x 2 layers = 24,360 cell
watershed (Active cells: 10,782 cell / Inactive cells: 13,578 cell)
Namwon 82 columnsx 122 rows x 2 layers = 20,008 cell
watershed (Active cells: 9,664 cell / Inactive cells: 10,344 cell)
Seogwo 84 columnsx 121 rows x 2 layers = 20,328 cell
watershed (Active cells: 10,546 cell / Inactive cells: 9,782 cell)
East Jeju 121 columnsx 103 rows x 2 layers = 24,926 cell
watershed (Active cells: 13,062 cell / Inactive cells: 11,864 cell)
West Jeju 127 columnsx 129 rows x 2 layers = 32,766 cell
watershed (Active cells: 15,302 cell / Inactive cells: 17,464 cell)

gl BAE AAES tEE(default) o] FEI=, xA83 y Ao Az gnt
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FA-AAr9ge] dFdEd 1 layers9 HW Top2 EL. 7481 melH, FHA&
Bottom< EL. -117.5 me]th(Fig. 4.37(a)). Fig. 4.37(b)= AFFZE<2 2 layer=9
Topo.2 EL -1175~960 m& A% Atk

(a) Top surface Elevation of 1 layer (b) Top surface Elevation of 2 layer
Fig. 4.37 Elevation analysis of layers(Pyoseon-Seongsan watershed)
THRFYe dF452A 1 layerse Hdl Top EL. 499.3 mel™, # 4 Bottom

S EL. -140.2 me°]tH(Fig. 4.38(a)). Fig. 4.38(b)x= A F4+=2l 2 layer=9¢ Topl &
EL -140.2~271 m%Z T4 %3}

I

L.

(a) Top surface Elevation of 1 layer (b) Top surface Elevation of 2 layer

Fig. 4.38 Elevation analysis of layers(Kujwa watershed)
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HAg-otd[9e dAFA4E2 1 layer=2 HU Top EL. 769.7 molH, HA
Bottom< EL. -83.2 me|tH(Fig. 4.39(a)). Fig. 4.39(b)= AFFZE<2 2 layer=9
ToplZ EL -832~180.0 mZ T4 ¥ At}

(a) Top surface Elevation of 1 layer (b) Top surface Elevation of 2 layer

Fig. 4.39 Elevation analysis of layers(Deajeong—-Andeok watershed)

ro
(o]

T35 1 layerso FHd Top> EL. 861.2 meolH, FHa
mo] tH(Fig. 4.40(a)). Fig. 4.40(b)x= AFF=< 2 layer=
] Top> EL 180.0 m=Z A ¥ Ut}

H-F e &
Bottom< EL. -945
Topl. & 2 layers 9

(a) Top surface Elevation of 1 layer (b) Top surface Elevation of 2 layer

Fig. 440 Elevation analysis of layers(Hanrim-Hankyeong watershed)
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1)
=]

o

T dF A2 1 layers2 U Tope EL. 1,619.6 mo|™, # 4 Bottom
S EL. -75.3 m°]t}(Fig. 4.41(a)). Fig. 441(b)= AF+=2 2 layer=9 Topl &
EL -753~1627 m% 74 %3t}

(a) Top surface Elevation of 1 layer (b) Top surface Elevation of 2 layer

Fig. 441 Elevation analysis of layers(Namwon watershed)

AAFAe dFEer=2 1 layer=9 A Tope EL. 1,767.1 mo]H, 4 Bottom
S EL. -83 meo|tHFig. 4.42(a)). Fig. 442(b)x= AF+ZE< 2 layer=9 Topl =
EL -83~180.0 m= T4 %At}

L

(a) Top surface Elevation of 1 layer (b) Top surface Elevation of 2 layer

Fig. 4.42 Elevation analysis of layers(Seogwi watershed)
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TATFGY] RIS 1 layerge HuW Top2 EL. 19308 meolw, FHAi
Bottom< EL. -117.2 me°]tH(Fig. 4.43(a)). Fig. 443(b)= AFFZE<2 2 layer=9
Topo.®& EL -1172~1795 m& T4 ¥ A}

L L.

(a) Top surface Elevation of 1 layer (b) Top surface Elevation of 2 layer

Fig. 443 Elevation analysis of layers(East Jeju watershed)

MAFFAe dFLEA 1 layerzel AW Tope EL. 1,691
Bottom< EL. -91.6 me|th(Fig. 4.44(a)). Fig. 444(b)= AFF+Z<2 2 layer=9
Topo.Z EL -916~180.0 m% 4 ¥ At}

(a) Top surface Elevation of 1 layer (b) Top surface Elevation of 2 layer

Fig. 4.44 Elevation analysis of layers(West Jeju watershed)
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Table 4.18 Grid network configuration
basaltic layer
4 low permeability layer
Top Bottom
Pyoseon-Seongsan
748.1 -1175 96.0
watershed
Kujwa watershed 499.3 -140.2 271
Deajeong-Andeok
769.7 -83.2 180.0
watershed
Hanrim-Hankyeong
861.2 -94.5 180.0
watershed
Namwon watershed 1619.6 -75.3 162.7
Seogwi watershed 1767.1 -8.3 180.0
East Jeju
1930.8 -117.2 179.5
watershed
West Jeju
1691.0 -91.6 180.0
watershed
42 A% $99 £5 54 A4
421 EA-43F9
Fig. 445+ Z4-44F9e Z1 S4o= F99 HAFAA s st
o @ushl WolAE IS Holw, Fig 446& Adsdl U3 A4uE 3 A
% ARG SR FuREe FUSA AFA G sfehdeko
2 gl WoldE AFS melth aeu f99 Sudn 5500 By
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Fig. 4.47 Groundwater flow analysis results of Pyoseon-Seongsan watershed
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Table 4.19 Comparison results between observation and computed water level of

Pyoseon-Seongsan watershed

NO observation(m) calculation(m) residual(m)
1 131.66 131.68 0.03
2 75.03 75.32 0.30
3 58.22 58.54 0.32
4 37.81 38.26 0.45
5 22.26 23.67 1.40
6 16.84 18.04 1.20
7 3.25 6.36 3.11
8 6.92 9.58 2.66
9 4.15 6.64 2.49

10 3.66 5.76 2.10
11 1.84 4.23 2.40
12 1.31 3.67 2.35
13 2.53 4.67 2.14
14 2.20 412 1.92
15 1.11 2.37 1.26
16 1.20 2.83 1.64
17 0.56 1.29 0.73
18 0.76 1.55 0.78
19 0.26 0.57 0.31

20 1.02 1.83 0.80

21 1.31 2.93 1.62

22 0.45 1.13 0.68

23 0.89 1.16 0.26
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Computed vs. Observed Values
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Fig. 4.48 Computed vs. Observed Values (Pyoseon-Seongsan watershed)
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Fig. 4.49 Elevation of Kujwa watershed

Y

105841

100841

95841

S04l

3

23433
| 218.67
203.00
187.33
171.67
156.00
140.33
124 67
109.00
93.33
77.66
62.00
46.33
30.66
15.00

m

T

=4

163089
173089
175089
177089
179089
181089
183089
1850892
187089
1890892

o
@
<
—
a2
—

Fig. 450 Groundwater flow of Kujwa watershed
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Fig. 451 Groundwater flow analysis results of Kujwa watershed

Table 4.20 Comparison results between observation and computed water level of

Kujwa watershed

NO observation(m) calculation(m) residual(m)
1 181.03 176.45 -4.57
2 119.10 115.43 -3.67
3 75.05 71.38 -3.66
4 67.71 66.96 -0.75
5 32.16 33.38 1.23
6 30.18 31.27 1.09
7 23.63 25.10 1.47
8 4.73 6.83 2.10
9 10.54 12.19 1.65
10 6.71 8.81 2.10
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NO observation(m) calculation(m) residual(m)
11 2.81 5.36 2.54
12 1.60 3.19 1.59
13 2.90 4.64 1.74
14 2.55 474 2.19
15 1.54 4.04 2.50
16 0.69 1.25 0.56
17 0.69 1.25 0.56
18 1.28 2.54 1.26
19 1.48 3.41 1.93
20 2.00 3.38 1.38
21 1.49 3.11 1.62
22 1.27 2.90 1.63
23 0.63 1.19 0.55
24 0.66 1.65 0.99
25 1.11 1.70 0.59
26 1.42 2.27 0.85
27 1.02 1.76 0.74
28 1.00 1.59 0.59
29 0.57 0.80 0.23
30 0.47 0.50 0.03
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Fig. 452 Computed vs. Observed Values (Kujwa watershed)
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Fig. 454 Groundwater flow of Deajeong—Andeok watershed
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Fig. 455 Groundwater flow analysis results of Deajeong—Andeok watershed

Table 4.21 Comparison results between observation and computed water level of

Deajeong-Andeok watershed

NO observation(m) calculation(m) residual(m)
1 215.96 211.64 -4.32
2 135.54 136.08 0.54
3 97.28 101.51 4.24
4 85.42 85.51 0.09
5 73.13 73.49 0.36
6 57.93 62.65 4.72
7 46.14 49.61 3.47
8 47.22 48.28 1.06
9 38.30 39.15 -3.15
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NO observation(m) calculation(m) residual(m)
10 27.85 28.07 0.22
11 13.69 13.34 -0.36
12 21.93 23.43 1.50
13 27.13 28.92 1.79
14 30.18 31.86 1.68
15 18.02 19.79 1.78
16 2.05 2.7 0.66
17 11.33 11.44 0.11
18 13.81 14.70 0.88
19 5.43 5h4 0.11
20 10.41 10.33 -0.08
21 14.34 14.07 -0.27
22 7.50 8.59 1.09
23 0.39 0.78 0.39
24 0.43 1.05 0.62
25 1.63 3.51 1.88
26 1.64 3.12 1.47
27 3.38 0.90 -2.48
28 3.73 3.49 -0.24
29 0.51 0.06 -0.45
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Fig. 457 Elevation of Hanrim-Hankyeong watershed
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Fig. 458 Groundwater flow of Hanrim-Hankyeong watershed
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Fig. 459 Groundwater flow analysis results of Hanrim-Hankyeong watershed

Table 4.22 Comparison results between observation and computed water level of

Hanrim-Hankyeong watershed

NO observation(m) calculation(m) residual(m)
1 286.05 283.77 -2.28
2 251.11 256.24 5.13
3 242.66 233.03 -9.63
4 177.34 182.48 5.14
5 160.12 169.28 9.15
6 97.78 101.52 3.74
7 164.03 148.34 -15.69
8 76.77 84.89 8.12
9 717.22 87.36 10.14
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Observed

NO observation(m) calculation(m) residual(m)
10 37.35 36.60 -0.75
11 67.32 70.14 2.81
12 56.93 62.05 512
13 21.59 23.719 2.20
14 13.28 22.24 8.96
15 13.07 16.00 2.93
16 18.10 19.54 1.44
17 18.47 18.33 -0.15
18 7.85 2.92 -4.94
19 10.94 9.45 -1.49
20 10.98 8.54 =244
21 1.08 0.19 -0.89
22 553 1.06 -4.46
23 3.76 0.37 -3.39
Computed vs. Observed Values
Head
300
250--
200
5150 A
S
100 :
50
o_: | | | | | | | | | | | | | | | | | |
0 50 100 150 200 250 300

Fig. 4.60 Computed vs. Observed Values
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Fig. 4.61 Elevation of Namwon watershed
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Fig. 462 Groundwater flow of Namwon watershed
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Fig. 4.63 Groundwater flow analysis results of Namwon watershed
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Table 4.23 Comparison results between observation and computed water level of

Namwon watershed

NO observation(m) calculation(m) residual(m)
1 286.42 287.43 1.01
2 281.50 281.42 -0.08
3 290.43 275.32 -15.11
4 251.04 251.11 0.08
5 216.74 214.47 -2.27
6 235.32 238.13 2.82
7 225.81 226.39 0.58
8 214.78 21554 0.76
9 198.86 198.42 -0.44

10 171.99 171.90 -0.09
11 150.84 151.69 0.85
12 166.42 166.95 0.53
13 129.15 132.39 3.24
14 123.59 124.71 1.12
15 115.59 115.90 0.32
16 105.03 106.61 1.59
17 88.17 89.34 1.17
18 97.92 101.24 3.32
19 49.11 54.12 5.01
20 56.67 58.44 1.77
21 58.36 59.12 0.76
22 53.99 53.66 0.07
23 50.39 50.60 0.21
24 40.56 41.50 0.94
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NO observation(m) calculation(m) residual(m)
25 29.11 2894 -0.17
26 28.58 30.68 2.10
27 18.97 19.21 0.24
28 20.01 19.26 -0.74
29 12.37 11.56 -0.81
30 4.25 5.57 1.33
31 4.25 4.03 -0.22
32 2.95 3.88 0.92
33 0.88 2.53 1.66
34 1.43 3.84 241
35 1.33 2.87 1.54
36 0.43 0.34 -0.09
37 0.54 0.29 -0.25

Computed

Computed vs. Observed Values
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Fig. 4.64 Computed vs. Observed Values
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Fig. 4.66 Groundwater flow of Seogwi watershed
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Fig. 4.67 Groundwater flow analysis results of Seogwi watershed
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Table 4.24 Comparison results between observation and computed water level of

Seogwi watershed

NO observation(m) calculation(m) residual(m)
1 339.48 343.39 3.92
2 316.45 317.07 0.61
3 301.74 302.02 0.28
4 294.30 293.39 -0.91
5} 365.05 362.75 -2.30
6 311.59 312.38 0.79
7 281.44 280.97 -0.47
8 266.13 265.79 -0.34
9 352.94 333.97 -18.96
10 364.03 344.16 -19.87
11 266.13 266.79 0.66
12 237.50 231.26 -0.23
13 226.65 226.50 -0.15
14 220.72 220.28 -0.45
15 222.44 222.56 0.11
16 204.41 208.68 4.27
17 200.76 199.44 -1.33
18 171.24 173.25 2.01
19 164.54 163.71 -0.83
20 164.17 164.28 0.12
21 165.55 163.55 -2.00
22 113.15 113.87 0.72
23 87.10 105.24 18.13
24 94.33 81.84 -12.49
25 101.84 102.42 0.58
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NO observation(m) calculation(m) residual(m)
26 91.03 90.02 -1.00
27 84.13 83.56 -0.57
28 65.89 64.38 -1.51
29 29.93 34.14 4.21
30 59.81 54.65 -5.17
31 64.24 54.14 -10.10
32 48.70 51.13 2.44
33 17.26 22.58 5.32
34 41.37 39.98 -1.39
35 17.01 15.53 -1.48
36 41.04 40.02 -1.02
37 54.08 53.29 -0.79
38 11.86 11.99 0.13
39 1.25 3.59 2.34

350

300

N N
o [8)]
o o
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Head
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200 250
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Fig. 4.68 Computed vs. Observed Values (Seogwi watershed)
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Fig. 470 Groundwater flow of East Jeju watershed
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Fig. 471 Groundwater flow analysis results of East Jeju watershed
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Table 4.25 Comparison results between observation and computed water level of

East Jeju watershed

NO observation(m) calculation(m) residual(m)
1 295.92 295.99 0.07
2 288.46 288.36 -0.10
3 263.47 263.47 -0.01
4 258.73 258.78 0.05
5 246.89 246.83 -0.06
6 233.64 233.65 0.01
7 198.52 198.53 0.01
8 193.81 193.76 -0.05
9 187.91 188.11 0.20

10 185.50 185.62 0.11
11 175.67 175.37 -0.30
12 136.76 136.77 0.01
13 132.61 132.65 0.05
14 124.20 123.93 -0.27
15 120.46 121.53 1.06
16 116.00 115.52 -0.48
17 65.94 65.95 0.01
18 66.31 66.29 -0.02
19 56.61 96.27 -0.34
20 49.76 50.48 0.73
21 42.73 41.67 -1.06
22 20.97 2091 -0.05
23 12.06 11.69 -0.37
24 11.00 10.49 -0.50
25 5.96 591 -0.05
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NO observation(m) calculation(m) residual(m)
26 10.40 11.22 0.82
27 2.88 2.95 0.07
28 5.33 6.87 1.4
29 1.50 2.19 0.69
30 4.99 5.56 0.57
31 2.18 1.59 -0.59
32 1.77 0.94 -0.83
33 0.60 0.84 0.24
34 12.69 12.42 -0.27
35 6.16 .17 1.02
36 1.20 0.25 -0.96
37 0.27 0.20 -0.07
38 1.13 0.25 -0.88
39 0.20 0.29 0.08

Computed vs. Observed Values
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Fig. 4.74 Groundwater flow of West Jeju watershed

101124 o
96124 o
e
1124 A
35438
33075
30713
28350
2569.88
236.25
21263
86124 189.00
16538
141.75
11813
94.50
70.88
I 47.25
2363
81124 t t t f t t f t t t t
< <t < < < < < <t A S <t <
— — — — — — — — — — — —
13} o] 0 n 1 is] ig} wn un 3] 1o} 0
<t o w < ] S © [ae] =] ™ < [V
m m () Bl <t < <t < i i3] 1o} T3]
— — — — — — — — — — — —
X

Fig. 475 Groundwater flow analysis results of West Jeju watershed
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Table 4.26 Comparison results between observation and computed water level of

West Jeju watershed

NO observation(m) calculation(m) residual(m)
1 341.23 339.81 -1.41
2 341.76 338.27 -3.49
3 277.37 272.40 -4.96
4 301.69 304.70 3.01
5 311.26 309.62 -1.65
6 307.78 303.99 -3.80
7 221.30 214.60 -6.70
8 212.63 22217 9.55
9 233.73 234.26 0.53

10 245.79 234.51 -11.28
11 242.21 244.44 2.23
12 188.85 168.04 -20.82
13 18.09 30.87 12.79
14 37.34 51.82 14.48
15 72.82 69.22 -3.59
16 111.07 113.01 1.94
17 125.62 127.23 1.61
18 158.39 157.43 -0.96
19 138.63 139.84 1.22
20 112.60 113.31 0.71
21 104.04 106.27 2.23
22 97.29 96.66 -0.63
23 3.47 2.29 -1.18
24 9.00 6.49 -2.51
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NO observation(m) calculation(m) residual(m)
25 10.75 11.31 0.56
26 15.22 8.39 -6.83
27 22.69 18.72 -3.96
28 49.29 50.64 1.35
29 37.00 36.45 -0.55
30 21.37 20.88 -0.49
31 0.95 0.42 -0.53
32 4.66 1.55 -3.11
33 717 242 -4.76
34 7.19 0.58 -6.61
35 13.51 12.52 -0.99
36 4.42 8.25 3.83
37 8.98 10.38 1.40
Computed vs. Observed Values
o Head
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8 200 -
E
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100 f
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Fig. 4716 Computed vs. Observed Values
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Table 4.27 Hydraulic conductivity results by subwatershed

unit : m/d
L Deajeong—-Andeok | Hanrim—-Hankyeong | Seogwi Namwon
classification
watershed watershed watershed | watershed
maximum 44541 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 8.18 10.80 772 812
value
standard 60.98 929.31 996,62 403.86
deviation
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L . Pyoseon-Seongsan | West Jeju | East Jeju
classification | Kujwa watershed
watershed watershed | watershed
maximum 2,626.39 2,707.61 &75.30 2,205.77
range 2,625.39 2,705.53 874.30 2,204.77
average 186.26 22767 39.37 110.89
median 53.37 33.23 3.43 16.65
value
standard 403.24 456.98 133.16 34885
deviation
432 A% REYH L 5594 B wa-AE

Fig. 4.78a= AF+%2] A3} FJEH A BRXA 7| AAsF5A) 7 FHE Y s
A EEH, Fig. 478b= A8t AR sHA A= st 12km7H-A] 10m
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AFEe] A3ty FEFuHe G-HAE S 7435 a5 ARss 720 ot
NAA B, E71AA G, AR R, AT A FE A o ol A

g st shol AASETE &S AL Qlo] I AA SR ERET 58], &
FA G Fletel A WEAGew 9 ~ 12mo] WS FFAde] F2 AFUFI
TE ofFa doH, o kgl o muiEo] WRowR FUT F Ue T
Ee Fol & wdyo] e 548 HAtk(Kho, 2003). FEHAEE AEZA ol 9
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A Eth(Park, 2016).
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Table 4.28 Hydraulic conductivity results by pumping test

unit © m/d
classification East West 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 4 21 36
# AR AFE FEAE R A ST 2AHI)
Table 4.29 Hydraulic conductivity results by modeling
unit : m/d
classification East West South North
average 206.36 5191 86.67 72.85
maximum 2,707.61 1,534.35 2,771.84 2,205.77
ata (point) 103 114 104 94
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