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Summary

This study estimated the groundwater recharge rates with the Soil and Water
Assessment Tool (SWAT) based on stream discharge of four sub-basins located
at Mid-Seogwi area. Calibrating hydrologic parameters of SWAT using the
collected data, the groundwater recharge rate of each subbasin was estimated.
The groundwater flow of the area was simulated using GMS-MODFLOW with
the estimated groundwater recharge rates. Groundwater level fluctuation due to
long-term pumping from existing groundwater wells in the area was analyzed
by assuming no-groundwater recharge conditions. The sensitivity analysis of
SWAT model in Mid-Seogwi watershed showed that groundwater recharge and
discharge were changed sensitively by SLOPE, SLSUBBSN, SOL_AWC, and CN_2.
The changes of the discharge and recharge rates ranged from -7% to 12% and
from -46 to 78%, respectively. As the results of regression analysis between
the measured data and the simulated data, the coefficient of determination (R%
of Gangjung, Akgun, Yenwei, and Donghong was, 0.88, 0.93, 0.83, and 0.81,
respectively. SWAT model results indicated that groundwater recharge rate
increased during raining season, but decrease in dry season. During the dry
season in 2013, the recharge rate reduced more then 20% compared to the
annual average recharge rate. As the results of groundwater flow analysis in
steady state, the hydraulic gradient of the upstream area changed corresponding
to its geographic elevation change . Also, the groundwater recharge of the
downstream area headed toward the ocean from the left basin area. The
calibrated hydraulic conductivity ranged from 0.17 m/d to 1,951.0 m/d.
Continuous pumping at 477 wells in Mid-Seogwi basin for 50 days resulted in a
large groundwater level reduction in the upsteam and midstream areas. The
initial level of groundwater was calculated as 48 m by the simulation. The level

reached to the first warning level (29.97 m) after continuous 69 days pumping.
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Table 2.1 The main hydrological cycle simulation method of SWAT

Phase Process/Component Model/Equation
Precipition Weather Generator : Nicks model
Air T t d ~ Generated from normal
i emperé ufe an distribution and adjusted from
solar radiation continuity equation
Wind Speed Modified exponential equation
Green & Ampt or difference
Infiltration between rainfall land surface
runoff using SCS CN method
Potential Hargreaves, Priestley Taylor,
Land Evapotranspiration Penman-Monteith equations
Phase Lateral Surface flow A Kinematic storage model
NRCS-CN, Green & Ampt
Surface runoff volume equations
Peak runoff rate Modified Rational formula
Transmission losses Lane’s method
Land cover/plant growth Modified EPIC model
. Modified Universal Soil Loss
Erosion Equation
Pesticide movement Adapted from GLEAMS model
Variable storage coefficient
g Flood routing method or Muskingum routing
tream method
Phase Sediment routing

Function of peak channel velocit

Nutrient routing

Adapted from QUALE

Z& ¢ HyGIS SWAT manual, KICT(2008)
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o2 YFo] A (SWAT manual, 2001).
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Fig. 2.1 Schematic representation of the hydrologic cycle (SWAT manual, 2001)
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l

Fig. 2.2 HRU/Subbasin command loop (SWAT manual, 2001, Jung, 2008)
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Table 2.3 Classification of soil group in SCS runoff curve method
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Straight row
Straight row Poor 6 76 84 88
Contoured Good 63 75 83 &7
) Contoured Poor 63 74 82 &5
Small grains
Contoured and Good 6l 76 81 &4
terraced Poor 6l 72 79 82
Contoured and Good 59 70 78 &1
terraced
Straight row
Straight row Poor 66 77 8 &9
Contoured Good 58 72 81 &5
Close-seeded
Contoured Poor 64 75 81 &
legumes or
] Contoured and Good 55 69 78 83
rotation meadow
terraced Poor 63 73 80 &3
Contoured and Good 51 67 76 &0
terraced
Poor 68 79 86 89
Fair 49 69 79 &4
Good 39 61 74 &0
Pasture or range
Contoured Poor 47 67 81 &8
Contoured Fair 25 59 75 &3
Contoured Good 6 3H 70 79
Meadow good 30 58 71 78
Poor 45 66 77 83
Woods Fair 36 60 73 79
Good 25 B 70 77
Forest Very sparse - 56 75 86 91
Farmstead - 59 74 82 &4
Dirt - 72 82 87 &9
Roads
Hard surface - 74 84 90 92
Commecial and |85% impervious - 8 92 94 95
Business Area |72% impervious - 8 &8 91 93
Industrial Area |65% impervious - 70 8 90 92
Residentia Area [30%96 impervious - 59 71 8 &6
@ % A4 Green & Ampt I FH



SWAT Edo|A AF%E= Green & Ampt 521(1911)2 7§ A A xHo] 74
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Actual Infiltration Green & Ampt Infiltration

Fig. 2.7 Difference of the actual infiltration and the infiltrating aspect of
Green & Ampt formula (Arnold, 2000)
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Ad - AgE ¢ QRS Ao dedn dan ANNe g 4 Q203 2

LAI
cang,, = can,, . - AL (2.21)
oA71A, cany,, T Foll AdAFE = H A FHmm/day)
can,, A0l ARH AERS Wl A v Hmm)

@ A 5 & A Potential evapotranspiration)

N

A = AHPET; Potential EvapoTranspiration)o] @ &4 Aol A3 ESFH
swol 7bedtal, olF Ee IAF &I gflel AFste AR dAdeA dE
&S 9u o (Thornthwaite, 1948).
e A vE&e gYgd AAY B 3 muSAe md dFs wo
Penman(1956)2 A SAb2 X o] ddsh ol ¢bd g Hde oA 7
o] M3 = FHY =M & o3 FAEE FRFoR FoT

SWAT EEo|AE AAZwa PETS AHA S €3 A824 02 Penman-Monteith

d
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method(Monteith, 1965; Allen, 1986)¢} Priestley-Taylor method (Priestley 2}

o

Taylor, 1972), Hargreaves method(Hargreaves %, 1985)¢} o] A|7}#] 2]
Agstal gom ALy e 4y Asrt 722 24 A &Ev. Table 2.5+

Al A A8 Rl mE dEARE yehdth

Table 2.5 Input data according to PET calculating method



Method qFH A=
Penman-Monteith Method 712, AU EE, HEEAYE, 35
Priestley-Taylor Method 71, AdEE, HIFEAdg

Hargreaves Method 7]

4 o] AlE-% = Penman-Monteith WH+ 7129 A=, 379
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\E= * ! ’ b (2.22)
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Pur + FNEE (kg/m), ¢, DA FHAA L v (M~ 2d ")
e) @ o] zoll A9 Ee T 7|d(kPa), e, 1 ol zol A 5 7Y (kPa)

v 55244 ( the psychrometric constant) (kPa/C),
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Steady state water table

—————— Transient water table

AAE ETolA e ERE, Qe ThE A 300 % v

2 - SW? exrcess - KSG, - Slp
Qup = 0.024 (om0 (2.30)
Dy Lyy

K, @ 23 FAE%(mmh), ¢, 1 F7tsd ES 355 (mm/mm)
W ZAol(m), slp : TS AE

(4) A8+ (Groundwater)
A &= (Groundwater):= %S (Positive Pressure)S Wil Q= ¥E3A o &8 A
o5 HE(infiltration) ¢} # F(percolation) A S E3dle] EFZd =2 & AF
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O A& Al (Groundwater System)
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Fig. 2.11 Nitrogen transition process in SWAT
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(@) Akgeon-stream
(@ Yeonoei-stream
(&) Donghong-stream

Fig. 3.1 Map of Basin for this study (Mid-Seogwi watershed of Jeju Island)
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Table 3.1 Geological features of the studied basin
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Fig. 3.2 The altitude and slope of Gangjung-stream watershed

Table 3.2 The altitude analysis result of Gangjung-stream watershed

Fa1d9 9 Hl & 4 w99y s Ral -3
(m) (km?) (%) (km?) (%)

0~200 4.78 12.18 478 12.18
200~400 0.47 13.95 10.25 26.13
400~600 4.71 12.02 14.96 38.15
600~ 800 5.36 13.67 20.32 51.82
800~ 1000 5.44 13.87 25.76 65.69
1000~1200 6.14 15.66 31.91 81.35
1200~1400 3.97 10.11 35.87 91.46
1400~1600 2.22 5.66 38.09 97.12
1600~1800 1.13 2.89 39.22 100.00

AR Ao AA BA AnE B 10° o]ste] o] HA WA 61.39%=
7h e ngE FdAEYoH, 10~20°E 31.17%, 20°0] 42 A 744% 2 EA
= 2 tH(Fig 3.2, Table 3.3).

Table 3.3 The slope analysis result of Gangjung-stream watershed

A | Fe9RA o & A f9Uy | AN
(°) (km?) (%) (km?) (%)




0~10 24.08 61.39 24.08 61.39
10~20 12.22 31.17 36.30 92.56
20~30 1.97 5.03 38.27 97.59
30~40 0.65 1.65 38.92 99.24
40~50 0.22 0.56 39.14 99.80
50~60 0.08 0.20 39.22 100.00
60~70 - - - -
70~80 - - - -
80~90 - - - -

o dl §°19 OmelA 2000m7HA 200m ©@SlE FReb] EnEAF AT Om
~200m7H A AA 9 21.47%F AAEL BT, 200m~400m A 92 23.15%,

400m~800m #| 9> 30.77%, 800m~1200m A& 2059% = FAZHATS FUT
T ATh g 1200m o] el A2 3.66%= A= ATHFig 3.3, Table 3.4).
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[ |NoData [ |NoData

Fig. 3.3 The altitude and slope of Akgeun-stream watershed

Table 3.4 The altitude analysis result of Akgeun-stream watershed

Euwe | faad We | w4 f9ud | SAne
(m) (km?) (%) (km?) (%)
0~200 4,94 21.47 4.94 21.47
200~400 5.32 23.15 10.26 44.62
400~600 4.01 17.46 14.27 62.08




600 ~800 3.06 13.31 17.33 75.39
300 ~1000 2.83 12.31 20.16 87.70
1000 ~1200 1.99 3.64 22.15 96.34
1200~1400 0.84 3.66 22.99 100.00
1400 ~ 1600 - - - -
1600 ~ 1800 - - - -
o mA foe) A} B4 AnE ww 10° olse Aol A WA 6845%

=2l tH(Fig 3.3, Table 3.5).

Table 3.5 The slope analysis result of Akgeun-stream watershed

o, 10~20°% 30.17%, 20°0]7¢21 A

9 1.38%= 4

BAHE 9 fFrea A H & A e TAA &
(°) (km?) (%) (km?) (%)
0~10 15.74 68.45 15.74 68.45
10~20 6.94 30.17 22,67 9862
20~30 0.24 1.04 22.91 99.66
30~40 0.08 0.34 22.99 100.00
40~50 - - - -
50~60 - - - -
60~70 - - - -
70~80 - - - -
80~90 - - - -

Ao

O o] O
T =

~200m7FA] A

600m~1000m #] 4

=z} A] &} a1

Rom™ 200m~600m A <

Omel A 2000m7FA] 200m ©¢ 2 83t T FA3 A3 Om
9] 31.67%=
2 16.15%, 1000m~1200m #| <

HA%E FAY 5

=2

2 51.64%,

& 0.54%% 200m~400m7FA] H]
2 tH(Fig 3.4, Table 3.6).
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Fig. 3.4 The altitude and slope of Yeonoei-stream watershed

Table 3.6 The altitude analysis result of Yeonoei-stream watershed

R R 9 H & 4 w99y s Ral -3
(m) (km?) (%) (km?) (%)
0~200 6.16 31.67 6.16 31.67
200~400 1.25 37.24 13.41 68.91
400~600 2.80 14.40 16.21 83.31
600~ 800 2.05 10.54 18.26 93.85
800~ 1000 1.09 5.61 19.35 99.46
1000~1200 0.11 0.54 19.46 100.00
1200~1400 - - - -
1400~1600 - - - -
1600~1800 - - - -

¥ A H(Fig 3.4, Table 3.7).

Table 3.7 The slope analysis result of Yeonoei-stream watershed

AAF A AFRE BW O10° ofke] A o] Al WA 82.25% =

o™ 10~20°%= 16.99%, 20°0]73<1 A2 0.76% % 4

AAEY | w9Ed o & 4 foud | AN g
) (km?) (%) (k) (%)
0~10 16.01 82.25 16.01 82.25
10~20 3.31 16.99 19.31 99.24
20~30 0.13 0.65 19.44 99.89




30~40 0.02 0.11 19.46 100.00

40~50 - - - -

50~60 - - - -

60~70 - - - -

70~80 - - - -

80~90 - - - -

FFA #92 omolA 1000m7H4 200m 912 FEG] ¥ EAY ATE Om

~200m7HAl A 9] 48.70% 5 AbAetal e, 200m~400m A

12
rlo

21.32%,

400m~600m A9 23.53%, 600m~1000m A9 6.45%= 2 = AtH(Fig 3.5,

Table 3.8).
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Fig. 3.5 The altitude and slope of Donghong-stream watershed

Table 3.8 The altitude analysis result of Donghong-stream watershed

Fa1d9 9 Hl & 4 w99y s Ral -3
(m) (km?) (%) (km?) (%)
0~200 4.58 48.70 4.58 48.70
200~400 2.00 21.32 6.58 70.02
400~600 2.21 23.53 8.79 93.55
600~ 800 0.58 6.22 9.38 99.77
800~ 1000 0.02 0.23 9.4 100.00
1000~1200 - - - -
1200~1400 - - - -




1400~1600 - - - -
1600 ~1800 - - - -

=2t (Fig 3.5, Table 3.9).

Table 3.9 The slope analysis result of Donghong-stream watershed

BAHE 9 fFrea A H & A F9Hs FAH &
(°) (km?) (%) (km?) (%)
0~10 8.25 87.78 8.25 87.78
10~20 1.04 11.05 9.29 98.83
20~30 0.11 1.17 9.40 100.00
30~40 - - - -
40~50 - - - -
50~60 - - - -
60~70 - - - -
70~80 - - - -
80~90 - - - -
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2.1.1 ADCP(Acoustic Doppler Current Profiler)
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3 e dHA e w=e A A2 EAE(USGS; United  States

Z4o] AAFFe] 9% A H(Muste

i

Geological Survey)oll A ¢F 57%9] #=
%, 2007, Kim &, 2011; Jung, 2013).

ADCP9] 9= ahitel AXd 539 4 =Z(beam)ell A ¢F 200kHz - 3MHz #3
o] Z2&3E Abete] sl FRfELC wabd S3ke] =Fe HAHDoppler
effect) & o] &3t} ol Rl XPWEFe] F&HS 2~100cm T = S5kl 7479

Hell A Z4d JAdSe] F&5S SAE dHe] #5 Ao Av]d wel AA {7

ftlo
>

A SHHHRDI, 1996; SonTek, 2010; Jung, 2013).
B Ao A= SonTekAle] River Surveyer M9o] A& ¥ on EALS z=43
T AMgtEE AAENL FASAHVIE HERE RS 9o Hlog FAE

al
o] 9] tH(SonTek, 2010).
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Fig. 3.6 ADCP operating approaches: a) fixed deployment; b) moving boat; c¢)

cross—sectional area directly measured or unmeasured by ADCP (Kim, 2011)



Fig. 3.7 Site application photo of ADCP for discharge observation

2.1.2 ADC(Acoustic Digital Current Meter)
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(a) (b)

Fig. 3.8 The configuration of velocity observation equipment ADC: a) velocity

and water level etc, monitor equioment; b) ADC sensor.
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(d)

Fig. 3.9 Observation point of the Gangjung-stream: a), b) application point of
the ADCP; c¢) photos of the field application; d) result of the ADCP

2 ok 466m A H o
Fig 3.10¢] (d)¢} #t}.
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Fig. 3.10 Observation point of the Akgeun-stream: a), b) application point of the



ADCP; c¢) photos of the field application; d) result of the ADCP
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(d)

Fig. 3.11 Observation point of the Yeonoei-stream: a), b) application point of the

ADCP; c¢) photos of the field application; d) result of the ADCP
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Fig. 3.14 The position of the groundwater level observation well(a), and The

results of groundwater level observation analysis(b)

Table 3.10 Coordinates of monitoring groundwater wells

T X-#E Y-FE ¥ 31(m) =Z 4 =(m) H] 31

JD-SH 155676.7 72830.1 69 134.5
JM-YH 152710.8 73825.3 122 135.0
F-627 156678.6 "74233.5 145 180.0
W201320023 153996.2 73344.1 99 120.0
F-574 157603.7 5775.7 236 255.0
F-526 154305.6 77749.1 450 420.0
W201320009 153197.9 77402.9 400 300.0
D199620029 150000.8 T1572.5 417 430.0
W200320001 150473.4 80657.8 765 411.0
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Fig. 3.15 Variation characteristics of long-term groundwater level (JD-SH)
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Fig. 3.16 Variation characteristics of long-term groundwater level (JM-YH)
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Fig. 3.17 The distribution of groundwater wells in Mid-Seogwi

AL 294704, 200 ~ 500m'/day el 82 63704, 500 ~ 1,000m’/day®] ¥
A F RNAE gRE FFHA] AAS Ak 1,000 ~ 2,000m’/daye] A5}
T HAL 404, 2000m'/dayelde] AetrHAe TEdA SMATE iEE AR
o1 E Y tH(Table 3.11). A AR E TEBA 58704, ALTA 419027 A
o] &5Ql Aor FgREAeH, ol #AY 1Y FT YFeHS 112455 m'/day°]
aEdd A 1Y F SFF5EHS 47436m, AHEBA ] F FF5ELS 65019

m'o]# (Table 3.12), 1¥9F FdFTs4S s&HAo] 818m'/day, AHE A o] 155m
=
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Fig. 3.18 The daily amount of groundwater pumped by wells in Mid-Seogwi

Table 3.11 The daily amount of groundwater pumped by wells in Mid-Seogwi

45 4 (m'/day) TTHA A BA A
0 - 100 3 76 79

100 - 200 4 290 294
200 - 500 13 50 63
500 - 1,000 31 1 32
1,000 - 2,000 2 2 4
2,000 - 3,000 2 0 2
3,0000] % 3 0 3
A 58 419 477

& AsEndgel 3 Frde 54333m/dayoln, FHE AdFuAd F Faw
#2 57,785m'/day, & &2 337m'/daye]ltH(Table 3.12). A&-§& A st Ha] &



F s e 155m/day o2 &l ¢t
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Fig. 3.19 The usage of groundwater in Mid-Seogwi

Table 3.12 The usage of groundwater in Mid-Seogwi

2EBA b 2 A
—
A B === B === B ===
: (m'/d) : (m/d) ° (m'/d)

g 24 27,068 162 27,265 186 54,333
THE 34 20,368 255 37,417 289 57,785
TAE 0 0 2 337 2 337

SHA| 58 47.436 419 65,019 477 112,455
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Table 4.1 Weather and GIS data for SWAT model

Weather input data GIS & Watershed input data

1. Precipitation(Rainfall) 1. DEM(Digital Elevation Model)

2. Max - Min temperature 2. Land use data

3. Solar radiation 3. Soil data

4. Average wind—speed 4. Watershed data

5. Humidity 5. Stream shape data
111 @7 dE/F99 7138 75 2 £4

SWAT = owg Aol H8&st7] A= 2424 A9 (sub-basin)ol
et 7EAEZE e Tt 49 A=A AREHARE AEsE ARl T
9 7t7te) AR TES @ddow Bl%eth mepd SWAT waldA s
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Fig. 4.1 The Location of meterological observatories and AWS

Table 4.2 Locations of meteorological posts of the studiedbasins



Observatin post Elevation
Name X-PR Y-PR
(ID) (m)
Weather station .
Seogwipo 159404.9 -27739.3 49.0
(189)
AWS
Wekse 155010.1 -14857.8 1179.0
(871)
AWS
Hoesu 148593.3 -24776.9 226.0
(330)
AWS .
Orimok 152891.5 -11461.4 968.3
(753)
AWS .
Jindal 158553.4 -14020.0 1489.4
(870)
AWS
Joongmun 144568.1 -27239.4 60.9
(328)
Table 4.3 Applied date and input data form
Climate Ob " ; Data form Applied
Input data servatin pos Climate Location date
Wekse-AWS Wekse_P.dbf
Hoesu-AWS Hoesu_P.dbf
Orimok-AWS Orimok_P.dbf
Rainfall Pa_P.dbf
Jindal-AWS Jindal_P.dbf
Joongmun-AWS Joongmun_P.dbf
2003.01.01
Seogwipo . ~
. Seogwi_P.dbf
Weather station 2015.12.31
Max - Min Seogwipo )
. Seogwi_C.dbf Pa_C.dbf
temperature Weather station
Solar Seogwipo )
L . Seogwi_S.dbf Pa_S.dbf
radiation Weather station
Average Seogwipo .
. ) Seogwi_W.dbf Pa_W.dbf
wind-speed Weather station
o Seogwipo )
Humidity . Seogwi_H.dbf Pa_H.dbf
Weather station
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Fig. 4.2 Annual rainfall data at six observation points (2003-2015)
Table 4.4 Annual rainfall data at six observation points (2003-2015)
DATE Annual rainfall data
(Years) Orimok | Wekse Jindal | Joongmmn | Hoesu | Seogwi
2003 3592.00 | 5894.50 | 6080.00 | 212050 | 2758.00 | 2280.60
2004 333250 | 6529.50 | 5449.00 | 2079.50 | 2535.00 | 2018.00
2005 206250 | 323350 | 3679.50 | 1309.00 | 1774.00 | 1390.60
2006 350550 | 4335.00 | 3734.00 | 1447.00 | 2039.50 | 1757.60
2007 396250 | 4869.50 | 5522.50 | 1780.50 | 257850 | 2238.80
2008 216350 | 1923.00 | 314950 | 1213.00 | 160550 | 1661.40
2009 236750 | 3121.50 | 3087.00 | 1548.00 | 2150.00 | 2006.80
2010 4014.50 | 415950 | 5483.00 | 1843.00 | 2903.50 | 2393.30
2011 3574.00 | 559850 | 6437.00 | 143350 | 2161.00 | 2010.50
2012 4459.00 | 6514.50 | 7317.00 | 1990.50 | 2400.50 | 2700.80
2013 257650 | 312050 | 479350 | 114250 | 1416.00 | 1086.60
2014 4054.50 | 7282.00 | 6585.00 | 2034.00 | 238250 | 2473.20
2015 374750 | 6359.50 | 6508.00 | 253450 | 273850 | 2617.10
Tatal average 3339.38 | 4841.62 | 5217.31 | 1728.88 | 2264.81 | 2048.87
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Table 4.5 Monthly rainfall data at six observation points (2003)

DATE Monthly rainfall data
(2003, Month) Orimok | Wekse Jindal | Joongmmn | Hoesu | Seogwi
January 162.50 88.50 19.00 71.50 66.00 86.40
February 154.00 287.50 221.00 61.50 85.00 70.00
March 120.00 260.50 178.00 82.50 104.00 113.20
April 368.50 830.00 495.00 186.50 284.00 225.00
May 569.50 | 1094.50 | 1544.00 | 348.00 504.00 392.00
June 45150 | 112350 | 799.50 334.50 372.50 377.00
July 527.50 499.50 789.50 340.50 450.50 325.80
August 510.00 798.00 891.50 347.50 343.50 310.60
September 496.50 673.50 788.00 214.50 368.00 223.30
October 49.00 39.00 74.00 30.50 39.50 36.00
November 132.50 166.00 266.50 85.50 118.50 109.50
December 50.50 34.00 14.00 17.50 22.50 11.80
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Fig. 4.4 Monthly rainfall data at six observation points (2004)

Table 4.6 Monthly rainfall data at six observation points (2004)

DATE Monthly rainfall data
(2004, Month) Orimok | Wekse Jindal | Joongmmn | Hoesu | Seogwi
January 14.00 44.00 31.50 15.50 5.00 15.60
February 130.00 134.00 128.50 97.00 105.50 97.10
March 159.50 279.00 294.00 98.00 143.00 87.00
April 270.50 551.50 558.00 251.00 323.50 257.60
May 449.00 903.00 869.50 325.50 473.50 420.70
June 250.00 582.50 574.00 151.00 212.00 180.40
July 370.50 998.00 525.50 70.50 109.50 52.90
August 779.50 1932.00 | 1147.00 | 639.00 709.00 420.50
September 637.00 796.00 892.50 299.50 316.00 325.50
October 69.00 77.50 115.00 35.00 35.00 35.70
November 117.00 153.00 204.50 54.00 66.00 81.10
December 86.50 79.00 109.00 43.50 37.00 43.90
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Fig. 4.5 Monthly rainfall data at six observation points (2005)

Table 4.7 Monthly rainfall data at six observation points (2005)

DATE Monthly rainfall data
(2005, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 69.50 33.50 40.50 48.00 32.00 32.80
February 77.50 101.00 142.50 56.50 60.50 104.90
March 259.00 335.50 434.50 154.50 248.00 194.60
April 205.00 351.50 403.00 96.50 163.50 135.50
May 254.00 453.00 530.50 150.00 288.50 137.70
June 204.00 333.00 395.50 107.00 151.00 96.30
July 302.50 31850 343.50 187.50 213.00 194.70
August 381.00 693.00 753.00 202.00 269.50 243.50
September 91.50 268.50 264.00 29.50 54.50 17.00
October 70.00 120.50 106.50 51.50 90.50 53.30
November 136.00 22450 258.00 120.00 146.50 137.00
December 12.50 1.00 8.00 106.00 56.50 43.30
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Fig. 4.6 Monthly rainfall data at six observation points (2006)

Table 4.8 Monthly rainfall data at six observation points (2006)

DATE Monthly rainfall data
(2006, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 95.50 82.00 72.50 58.00 62.50 83.70
February 81.00 73.50 57.50 32.50 51.50 56.20
March 69.00 73.00 100.50 44.50 50.50 54.20
April 243.00 388.50 253.00 204.50 281.00 282.80
May 760.50 738.00 637.00 166.50 295.50 178.70
June 587.00 860.50 | 1043.00 | 231.00 367.50 292.00
July 926.00 1201.50 | 298.00 285.00 451.00 311.30
August 153.50 262.00 340.50 134.50 197.50 183.00
September 329.50 340.50 491.00 159.00 127.00 162.20
October 77.00 122.00 144.00 63.00 71.50 60.00
November 112.50 151.00 235.50 47.50 57.50 72.40
December 71.00 42.50 11.50 21.00 26.50 21.10
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Fig. 4.7 Monthly rainfall data at six observation points (2007)

Table 4.9 Monthly rainfall data at six observation points (2007)

DATE Monthly rainfall data
(2007, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 108.50 43.00 28.50 46.50 52.00 65.70
February 120.50 116.50 146.50 30.50 37.00 44.60
March 412.50 504.00 588.50 93.00 180.50 96.40
April 95.00 155.00 180.00 58.50 75.50 81.00
May 193.50 271.50 262.50 159.00 227.50 154.00
June 150.00 1.00 354.50 106.50 172.00 144.40
July 570.00 653.50 729.50 401.50 518.00 464.20
August 941.00 1413.00 | 1485.00 | 156.50 339.00 330.10
September 931.00 1154.00 | 991.00 375.50 636.50 506.10
October 236.00 277.00 384.00 238.00 237.00 183.00
November 112.50 151.00 235.50 47.50 57.50 72.40
December 92.00 130.00 137.00 67.50 46.00 96.90
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Fig. 4.8 Monthly rainfall data at six observation points (2008)

Table 4.10 Monthly rainfall data at six observation points (2008)

DATE Monthly rainfall data
(2008, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 123.00 55.00 42.50 48.50 38.00 63.00
February 52.00 18.00 10.00 27.00 0.00 26.10
March 162.00 22450 274.00 103.50 171.50 123.60
April 89.50 119.50 185.00 56.00 73.00 97.50
May 241.00 198.00 382.50 137.00 204.00 209.90
June 540.50 600.00 861.50 325.00 461.00 377.30
July 136.00 139.00 304.50 56.00 89.00 62.10
August 181.50 167.00 393.50 100.00 147.50 178.50
September 291.00 217.00 393.50 145.50 143.00 343.20
October 76.00 50.00 102.50 84.50 110.00 82.30
November 161.00 74.00 113.50 85.50 114.00 67.30
December 110.00 61.00 86.50 44.50 54.50 30.60
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Fig. 4.9 Monthly rainfall data at six observation points (2009)

Table 4.11 Monthly rainfall data at six observation points (2009)

DATE Monthly rainfall data

(2009, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 107.00 16.00 70.50 46.00 49.50 50.90
February 149.50 98.50 205.00 132.00 166.00 157.00
March 226.50 395.00 389.00 162.00 268.50 216.60
April 286.50 483.50 379.50 152.50 211.50 183.20
May 176.00 208.50 170.50 101.50 138.00 103.40
June 212.50 359.00 297.00 309.00 428.00 393.00
July 394.50 798.00 643.50 260.00 367.00 329.10
August 291.00 366.50 501.50 101.50 161.50 158.70
September 105.00 167.00 177.00 59.00 73.50 134.30
October 90.00 108.50 93.50 74.50 91.00 81.50
November 189.00 106.00 140.50 130.00 169.50 180.10
December 140.00 15.00 19.50 20.00 26.00 19.00
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Fig. 4.10 Monthly rainfall data at six observation points (2010)

Table 4.12 Monthly rainfall data at six observation points (2010)

DATE Monthly rainfall data
(2010, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 157.50 119.00 173.50 55.00 81.50 64.10
February 271.00 200.00 296.50 59.50 106.50 83.10
March 316.50 323.00 228.00 219.00 354.50 257.90
April 290.50 177.00 220.00 219.50 283.50 324.80
May 250.50 532.50 661.50 51.50 275.00 109.90
June 401.50 30150 | 104150 | 267.50 421.50 387.00
July 605.50 32750 673.50 256.50 382.00 306.00
August 1015.00 | 137550 | 1076.00 | 478.00 694.50 491.20
September 523.50 526.00 696.50 98.00 166.50 162.80
October 83.00 142.00 211.00 74.50 79.00 125.00
November 5.50 1.00 0.50 0.00 2.00 2.60
December 94.50 134.50 204.50 64.00 57.00 78.90
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Fig. 4.11 Monthly rainfall data at six observation points (2011)

Table 4.13 Monthly rainfall data at six observation points (2011)

DATE Monthly rainfall data
(2011, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 75.00 127.00 6.50 12.00 13.50 5.50
February 109.50 144.00 113.00 33.50 41.00 34.10
March 93.50 147.00 159.00 58.50 109.50 91.60
April 315.50 291.00 595.50 123.50 266.50 148.40
May 246.50 487.00 602.00 74.50 124.00 125.40
June 763.50 1355.50 | 1367.00 | 391.00 553.00 584.50
July 470.50 883.00 929.00 74.00 100.50 130.40
August 915.00 1299.00 | 1133.00 | 296.50 326.00 246.20
September 30.50 90.50 300.00 15.50 94.00 112.20
October 77.00 21.00 129.00 72.00 79.50 71.00
November 312.00 619.00 821.50 23750 397.50 432.50
December 165.50 134.50 281.50 45.00 56.00 28.70
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Fig. 4.12 Monthly rainfall data at six observation points (2012)

Table 4.14 Monthly rainfall data at six observation points (2012)

DATE Monthly rainfall data
(2012, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 103.50 87.00 144.00 4.00 10.50 5.00
February 90.50 150.00 151.50 63.00 79.50 93.00
March 225.00 358.00 304.50 153.50 177.50 201.50
April 552.00 956.50 | 1159.00 | 380.00 538.00 516.50
May 57.00 163.00 207.50 54.50 79.50 96.10
June 193.00 319.00 431.00 93.00 148.00 193.10
July 581.00 797.50 857.00 222.00 258.00 196.50
August 1252.00 | 189450 | 2006.50 | 637.50 675.50 926.70
September 875.50 1095.50 | 1158.00 | 200.00 232.50 193.20
October 101.00 121.00 156.50 20.00 33.50 33.50
November 119.00 183.50 280.00 39.00 52.00 111.40
December 309.50 389.00 461.50 124.00 116.00 134.30
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Fig. 4.13 Monthly rainfall data at six observation points (2013)

Table 4.15 Monthly rainfall data at six observation points (2013)

DATE Monthly rainfall data
(2013, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 98.00 119.00 185.00 51.50 73.50 40.10
February 214.50 313.50 330.00 106.00 104.50 106.00
March 235.00 309.00 370.00 77.50 76.50 59.40
April 153.50 32450 378.00 127.00 143.00 112.50
May 479.50 1164.50 | 117550 | 217.50 307.00 160.50
June 135.50 305.50 393.00 150.00 122.50 156.00
July 71.00 148.50 121.00 18.00 19.00 18.80
August 344.00 138.50 475.00 155.00 267.50 171.30
September 101.00 55.50 233.00 64.50 86.00 70.00
October 254.00 107.50 363.00 41.50 49.00 76.90
November 321.00 98.00 539.50 94.50 122.50 85.60
December 169.50 36.50 230.50 39.50 45.00 29.50
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Fig. 4.14 Monthly rainfall data at six observation points (2014)

Table 4.16 Monthly rainfall data at six observation points (2014)

DATE Monthly rainfall data
(2014, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 67.00 90.00 112.50 34.50 38.50 28.50
February 223.00 220.00 319.50 82.50 76.50 91.00
March 233.50 480.50 431.00 188.00 275.00 207.00
April 113.50 307.50 346.50 165.50 188.00 198.20
May 306.00 692.00 673.50 23450 279.50 276.00
June 194.00 400.00 452.00 189.00 186.00 300.90
July 659.00 1152.00 | 824.00 394.00 390.00 435.00
August 1280.50 | 243250 | 197450 | 357.50 502.00 555.10
September 298.00 696.50 726.50 148.00 186.50 178.70
October 249.00 341.00 313.00 51.50 64.50 52.60
November 211.00 217.00 243.00 101.50 111.00 96.10
December 220.00 253.00 169.00 87.50 85.00 54.10
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Fig. 4.15 Monthly rainfall data at six observation points (2015)

Table 4.17 Monthly rainfall data at six observation points (2015)

DATE Monthly rainfall data

(2015, Month) Orimok | Wekse Jindal | Joongmun | Hoesu | Seogwi
January 182.00 229.50 206.50 83.50 96.50 80.60
February 92.50 181.50 196.00 154.50 132.50 180.70
March 154.50 102.00 304.50 193.00 239.50 182.50
April 361.50 787.50 857.00 250.00 336.50 248.10
May 375.50 717.50 701.50 455.50 445.00 426.50
June 250.00 400.00 409.00 259.00 260.00 271.50
July 108750 | 193550 | 1551.50 | 373.50 416.50 396.80
August 370.50 559.50 525.50 150.50 163.50 157.30
September 258.00 413.50 508.50 162.50 173.00 286.90
October 199.00 337.00 358.50 148.00 143.50 69.20
November 266.50 476.00 628.00 184.50 200.50 21550
December 150.00 220.00 261.50 120.00 131.50 101.50
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Fig. 4.16 Monthly average rainfall data at observation points (2003~2015)

Table 4.18 Monthly average rainfall data at six observation points (2003~2015)

DATE Average monthly rainfall data
(2003 ~2015, Month) | Orimok | Wekse Jindal | Joongmmn | Hoesu | Seogwi
January 43.97 36.56 36.55 18.53 19.97 20.06
February 62.72 72.41 82.41 33.20 37.13 40.58
March 86.02 122.29 130.82 52.50 77.37 60.82
April 111.48 190.78 200.32 75.70 105.58 93.70
May 140.60 245.90 273.16 79.85 117.45 90.03
June 144.43 232.33 280.62 97.12 128.50 12511
July 216.18 317.81 277.10 94.81 121.42 103.99
August 271.44 430.03 409.76 121.16 154.73 141.05
September 163.66 214.20 251.36 65.01 87.82 89.59
October 52.58 60.13 82.27 31.76 36.24 30.97
November 73.18 87.33 132.22 40.90 53.83 55.45
December 53.92 49.35 64.32 25.81 24.50 22.37
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Table 4.19 Annual average temperature data

DATE Temperature
(Year) Average(T) Maximum(<T) Minimum(<TC)
1973 16.07 33.90 -3.30
1974 15.56 32.50 -3.70
1975 16.29 33.40 -3.00
1976 15.39 31.70 -3.20
1977 15.92 32.00 -6.30
1978 16.60 33.60 -3.60
1979 17.12 32.40 -3.00
¢ (skip) ¢ (skip) : (skip) ¢ (skip)
2003 17.66 33.60 -2.40
2004 18.07 35.60 -3.30
2005 16.47 31.70 -2.90
2006 17.42 33.80 -1.50
2007 17.90 33.70 -0.30
2008 17.19 33.50 -1.10
2009 17.47 33.80 -3.90
2010 17.15 35.50 -3.70
2011 16.96 35.50 -3.70
2012 16.88 33.90 -1.50
2013 17.61 34.30 -1.10
2014 17.25 33.80 -0.10
2015 16.93 31.50 -0.80




Hof - HA&, 4 H 2529 1370d(2003~2015) ¥ R &2 A A=
Fig 4.19, Table 4.20 ¢} 2t} € Hat7]2o] 7M 2 8€2 2176CTE UEH S
7R v 198 730C9 € FEveSs e
2 Y Hurl2 8¢ 3041TC, € FHA72S 1€ 391TC= 2650TC ¢ 7|24kl &
UL o] o] FEE Hu - HA V]2 AEw SWAT E29 £ 3404 o

kd
)
FUN
fi

it
N
T
lo
of
oot
[o

7] 2% (Daily air temperature), A ™7] =% (Hoyrly air temperature), E% <
% (Soil temperature)®] A4 Ao o] &EW AHozg Z=wAl W Eoko] HG

dH S dEEn

35.0

~ Average temperature(°C)

=#—Min temperature("C)

A
30.0 \\-.—Max temperature(°C)

25.0

o \'\

D 200

® »

N

o 150

o

g NN

& 100 \
5.0
0.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
DATE(2003-2015, Month)

Fig. 4.19 Monthly average temperature data (2003~2015)

Table 4.20 Monthly average temperature data (2003~2015)

DATE Temperature
(2003~2015, Month) Average(TC) Maximum(C) Minimum(C)
January 7.30 10.68 3.91
February 8.65 12.05 5.24
March 11.10 14.78 7.42
April 15.20 18.81 11.59
May 19.32 22.72 15.93
June 22.37 25.05 19.69




July 26.26 28.60 23.91
August 21.76 30.41 25.11
September 24.90 27.85 21.94
October 20.37 23.96 16.77
November 15.17 18.68 11.65
December 9.26 12.73 5.79
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Fig. 4.20 Daily solar radiation data (2003~2015)
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Fig. 4.21 Annual average solar radiation data (2003~2015)
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Fig. 4.22 Monthly average solar radiation data (2003~ 2015)

Table 4.21 Solar radiation data between 2003 and 2015 (Monthly and yearly)



DATE Solar radiation DATE Solar radiation
(Year) Annual average(TC) (Month) Month average(T)
2003 17.47 January 6.59
2004 18.51 February 8.70
2005 18.92 March 12.09
2006 18.06 Abpril 17.48
2007 18.15 May 22.42
2008 17.98 June 24.79
2009 18.40 July 28.64
2010 1841 August 29.89
2011 18.75 September 26.17
2012 18.35 October 20.96
2013 19.45 November 14.38
2014 1777 December 8.23
2015 18.50 = -
(4) BdF&
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Fig. 4.23 Daily average wind speed day-data (2003~2015)
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Fig. 4.24 Annual average wind-speed data (2003~ 2015)
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Fig. 4.25 Monthly average wind-speed data (2003~2015)



Table 4.22 Wind-speed data between 2003 and 2015 (Monthly and yearly)

DATE Wind speed DATE Wind speed
(Year) Annual average(m/sec) (Month) Month average(m/sec)
2003 3.19 January 2.52
2004 3.02 February 2.69
2005 2.98 March 2.82
2006 2.83 April 2.78
2007 2.81 May 2.61
2008 2.39 June 2.50
2009 2.65 July 2.52
2010 2.68 August 2.75
2011 2.45 September 2.93
2012 2.57 October 2.71
2013 2.42 November 2.52
2014 2.39 December 2.47
2015 2.08 - -
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Fig. 4.26 Daily average humidity data(2003~2015)
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Fig. 4.27 Annual average humidity data(2003~2015)

100.0

@ Humidity(%)
90.0

80.0

70.0

60.0 -

50.0

40.0 -

Humidity(%)

30.0 -

20.0 -

10.0 -

0.0 A

Jan Feb  Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec
DATE(2003-2015, Average Monthly)

Fig. 4.28 Monthly average humidity data(2003~2015)
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SWAT Rde AFga Fdo sidsts FXdoly e e AYARE &
43t 4= 9+ GIS(Geographic Information System)} A E o] #A o] o] F oz},

B oA E GISe #EH 99 AuE xR d(Digital Elevation Model;

o|st DEM), EAM %%, Ede, 59 47 A%, 3 9o ARE FHse] AF
5 A7 §99 Bed 4L wgsAL GISY P AR 3 49 2, s

FH AHEe= SWAT B BA3RGoA Rojxuz A8 DEM, EXAYEE EYF

(1) DEM A& 7%

DEM< &3t XYZ#3o A Aoy Jez 4% 1= vAYE A% Hol
H AEE ou|gth. dfF-&2 DEM2 a3 A9 545 30mx30m &9 A=}
2 AFE3EA| U H 2ol = v %A A4 (United States Geological Survey; USGS)
oA Tt elE MAE 93 =¥e] dgtoz XFPEAHS 10mx10me] Tt =

&5 333 Ut DEM Atse Ad #4S 9 Aoy &

SWAT 299 98 Fe9l GIRDAAL A§HTh AFE DEMe] A A7 0~
1950me] %35 YellY, Hyr ¥31E 283.69m, H AAE 9.04% = LERSE
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Fig. 4.29 Digital Elevation Model (DEM) data of Jeju-Island for research

(2) EXolgE A7 T5
E X9 & % (land-cover map) & E A o] & % (Landuse map)= ¢l&9Ado] #FHg3sk A
= o] &8st AxHe HHE FAT UAYE AxE ou|siH AxFWH =% A
Fe EFS Aot 53] @AY AxEW o8& FIAS FRHSHA wrdsta JJon
2 oy Ay RAPgoA 7xAsE &8 HETH

E B

Hom A 7T FEHor FAHO WEFE UFolAH, 2271 FEY FET,
A7) 5o AlEFE Wiro] sid A9 IAuEAS AR A7 4 Al 2=
2 Esto] yEbdidn

ool AER ExelgE A 20079 AAE FRF(1:25000 AR

OFO

o AxarieE F9EE 100mx100me 2 A Aste] nEo] Ay (g ALg
st AT FAAFYHY EAolE AHH = AFHAA(FRSD, FRSE, FRST)©]
AA 799 5816%= 714 Ee EEXE YvelyY, 34U (ORCD)°] 23.01% 3%

st Ao ety L 9= FAAY 9 FgAA A (URLD)e] 3.01%, &, st
o AA D 7EF Al 7} 6.24% 9] BEE UEFWT



Table 4.23 Code on entries of landuse map
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Fig. 4.30 Landuse map (land-cover map) of the studied basin

Table 4.24 Ground coverage state at the studied basin

Value T H A () H] & (%)
110,140 URLD S EEE N 2.96 3.01
120 UIDU TAA A 0.02 0.02
130 UCOM 1ol 2] 0.25 0.26
150 UTRN WEA A 1.23 1.25
160 UINS R 0.36 0.37
210 RICE = 0.26 0.26
220, 230, 250 AGRR L RN I A B = M B B 6.15 6.24
240 ORCD S| 22.68 23.01
310 FRSD g4 32.83 33.31
320 FRSE AR 5g 20.74 21.04
330 FRST =89 3.75 3.81
410,430 PAST A 2], = 6.91 7.01
620 AGRC o1 X 0.35 0.36
710 WATR %o 0.05 0.05
Total 98.57 100




(3) E4E A5 75

SWAT Rdo] A&y EUdE(Soil type map) AEE 7 |€dY ESE
AAkst Aol gl F5E FHESHBEA 2" (Agricultural  Soil  Information
System, ASIS)] 1:25000 29 AW EJEE AMEstAth AFE FA7 79
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Fig. 4.31 Soil type map of the studied basin
Table 4.25 Hydrologic soil groups in the studied watershed
T H A (kat) H] &(%)
NOGSAN 0.04 0.04
NAMWEON 0.87 0.89
PYEONGDAE 0.13 0.13
BYEONGAG 0.47 0.47
SINEOM 0.10 0.1
SONGAG 0.23 0.23
GUEOM 1.87 19
GEUMAG 0.52 0.53




IHO 0.23 0.23
GIMYEONG 0.01 0.01
NORO 3.78 3.84
YONGGANG 0.11 0.11
MINAG 1.10 1.11
SONGDANG 0.17 0.17
Rocky land 0.06 0.06
DAEJEONG 0.10 0.1
ARA 5.99 6.07
SARA 0.45 0.46
TOSAN 1.20 1.22
HAENGWEON 0.07 0.07
JEOGAG 1.48 15
JEJU 9.64 9.78
NONGO 5.02 5.1
YONGHEUNG 1.77 1.8
JEONGBANG 0.47 0.48
GUNSAN 1.16 1.17
GAMSAN 0.78 0.8
JUNGEOM 3.01 3.05
EUIGUI 0.03 0.03
IDO 0.24 0.25
DONGGUI 2.77 2.81
RB 492 4.99
YONGSU 0.02 0.02
WEOLPYEONG 0.12 0.12
Rock outcrop 0.21 0.21
HANRIM 1.97 2
JUNGMUN 9.67 9.81
ORA 7.35 7.46
WUIMI 0.17 0.17
JOCHEON 0.04 0.04
HEUGAG 29.41 29.84
GYORAE 0.16 0.16
DONGHONG 0.04 0.04
GUJWA 0.61 0.62
Total 98.57 100
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Table 4.26 Parameters in SWAT medel (Jung, 2008)



ALPHA_BF 0 1 NARE 2 AT
o o [e) =XeN ~=0
Ground GWQMN 0 5000 4 Zﬁ%kogji E; HESS
water =
GW_REVAP | 0.02 0.2 &2 59 REVAP A+
REVAPMN 0 500 A7 gt &2 dFse AT
ESCO 0 1 Bkt B S
HRU SLOPE 0.0001 0.6 29 Hi AR AF(%)
General SLSUBBSN 10 150 4Are] Zol(m)
n - - o 2=A4
Soil TLAPS 0 50 <= ¥wE AF
SOL_AWC 0 EYS fFETEY
Main CH_COV -0.001 shde] IE 84
CH_EROD -0.05 0.6 sbde] HAAL ax
channel CH_K2 -001 | 150 Aol FEARE AF
BIOMIX 0 1 AESA Z3A 4
Management | USLE_P 0.1 1 USLE 2 @A+
CN_2 35 98 AMC-TI &7 o A9 SCSHEFdAF

Table 4.27 The value of the hydrological parameters used in the analysis

IdEd Axgt A o o
25 uj | 5 3F3EX] | AgA]
-100% | -50% | 0% | +50% | +100%
ALPHA_BF | -25% | -12% 0% +12% | +25% 0 1
Ground GWQMN | -100% | -50% 0% +50 | +100% 0 5000
water GW_REVAP | -100% | -50% 0% +50 | +100% | 0.02 0.2
REVAPMN | -100% | -50% 0% +50 | +100% 0 500
ESCO -100% | -50% 0% +50 | +100% 0 1
HRU
G | SLOPE -25% | -12% 0% +12% | 25% | 0.0001 0.6
enera
SLSUBBSN | -25% | -12% 0% +12% | +25% 10 150
TLAPS -100% | -50% 0% +50 | +100% 0 50
Soil
SOL_AWC | -0.05 | -0.025 | 0% | +0.025 | +0.05 0 1
CH_.COV | -100% | -50% 0% +50 | +100% | -0.001 1
Main
P CH_EROD | -25% | -12% 0% +12% | +25% | -0.05 0.6
channe
CH_K2 -100% | -50% 0% +50 | +100% | -0.01 150
Management CN_2 -8.0 -4.0 0% +4.0 +8.0 35 98
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Fig. 4.34 Recharge-rate change of Gangjung-basin by changing parameters

Table 4.28 The changes of outflow and rechargerates by changing paraneters; O
Gangjung—basin

FEFF A& (%) FEF H1&(%)

ARG
-100 -50 0 +50 +100 | -100 | -50 0 +50 | +100

ALPHA BF | -2% -1% 0% 1% 1% 0% 0% 0% 0% 0%

GWQMN 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

GWDREVAP | 0% 0% 0% 2% -4% 0% 0% 0% 0% 0%

REVAPMN | -11% -1% 0% 1% 2% 0% 0% 0% 0% 0%

ESCO 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

SLOPE 80% 29% 0% -14% | -24% -8% 4% 0% 4% 9%

SLSUBBSN | -29% | -16% 0% 26% 59% 12% 5% 0% -4% 7%

TLAPS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

SOL_AWC | 98% 34% 0% -34% | -50% 2% 0% 0% 1% 4%

CH_COV 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_EROD 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_K2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CN_2 36% 20% 0% -23% | -49% -1% 0% 0% 1% 1%
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Fig. 4.36 Recharge-rate change of Akgeon-basin by changing parameters

Table 4.29 The changes of outflow and rechargerates by changing paraneters;, @
Akgeon-basin

gFg A &(%) FrEF A3E(%)
w7 RE
-100 -50 0 +50 +100 | -100 | -50 0 +50 | +100

ALPHA BF | -3% -1% 0% 1% 2% 0% 0% 0% 0% 0%

GWQMN 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

GWDREVAP | 0% 0% 0% -3% -4% 0% 0% 0% 0% 0%
REVAPMN | -20% 2% 0% 1% 3% -1% 0% 0% 0% 0%
ESCO 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

SLOPE 81% 24% 0% -12% | -19% -9% -5% 0% 5% 10%

SLSUBBSN | -23% | -14% 0% 21% 57% 13% 5% 0% -4% -8%

TLAPS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

SOL_AWC | 156% 43% 0% -31% | -42% 6% 1% 0% 0% 2%

CH_COV 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_EROD 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_K2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CN_2 69% 36% 0% -36% | -69% 2% -1% 0% 2% 4%
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Table 4.30 The changes of outflow and

Yeonoei-basin

rechargerates by changing  parancters, @)

FFF A& (%) FEF A& (%)

o) 7} b
-100 | -50 0 +50 | +100 | -100 | -50 0 +50 | +100
ALPHA BF | -3% | -1% 0% 1% 2% 0% 0% 0% 0% 0%
GWQMN | 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
GWREVAP | 0% 0% 0% -3% | -5% 0% 0% 0% 0% 0%
REVAPMN | -21% | -1% 0% 1% 3% -2% 0% 0% 0% 0%
ESCO 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
SLOPE 35% | 14% 0% | -13% | -25% | -8% | -4% 0% 3% 7%
SLSUBBSN | -32% | -15% | 0% 13% | 26% 9% 4% 0% -3% | -6%
TLAPS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
SOL_AWC | 83% | 26% 0% | -28% | -49% | 9% 3% 0% -1% 0%
CH.COV | 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
CHEROD | 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
CH_ K2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
CN_2 50% | 26% 0% | -28% | -53% | -3% | 2% 0% 3% 7%
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wown o] & GW_REVAP a0 A& -5%9] WsheS Yetllth(Fig. 4.40; Table 4.31).
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Fig. 4.40 Recharge-rate change of Donghong-basin by changing parameters

Table 4.31 The changes of outflow and rechargerates by changing paraneters; @
Donghong—basin

FEFF A& (%) FEF H1&(%)

ARG
-100 -50 0 +50 +100 | -100 | -50 0 +50 | +100

ALPHA BF | -2% -1% 0% 1% 1% 0% 0% 0% 0% 0%

GWQMN 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

GWDREVAP | 0% 0% 0% -3% -5% 0% 0% 0% -1% -1%
REVAPMN | -13% | -1% 0% 1% 2% -3% 0% 0% 0% 0%
ESCO 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
SLOPE 20% 9% 0% -8% | -15% | 5% 2% 0% 3% 5%

SLSUBBSN | -20% | -9% 0% 8% 16% 7% 3% 0% 2% 4%

TLAPS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

SOL_AWC | 54% 23% 0% -25% | -41% 12% 5% 0% -3% -3%

CH_COV 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_EROD 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_K2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CN_2 24% 13% 0% -14% | -27% 2% -1% 0% 2% 6%
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Fig. 4.42 Recharge-rate change of A-basin by changing parameters

Table 4.32 The changes of outflow and recharge-rates by changing parameters; ®
A-basin

FEFF A& (%) FEF H1&(%)

ARG
-100 -50 0 +50 +100 | -100 | -50 0 +50 | +100

ALPHA BF | -3% -1% 0% 1% 2% 0% 0% 0% 0% 0%

GWQMN 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

GWDREVAP | 0% 0% 0% -3% -5% 0% 0% 0% 0% -1%

REVAPMN | -19% | -1% 0% 1% 2% -3% 0% 0% 0% 0%
ESCO 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
SLOPE 16% % 0% 6% | -10% | -4% 2% 0% 2% 4%

SLSUBBSN | -13% | -6% 0% 6% 12% 6% 2% 0% 2% -3%

TLAPS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

SOL_AWC | 61% 21% 0% -22% | -35% 15% 5% 0% -4% -5%

CH_COV 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_EROD 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_K2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CN_2 61% 21% 0% -22% | -35% 15% 5% 0% -4% -5%
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Fig. 4.44 Recharge-rate change of B-basin by changing parameters

Table 4.33 The changes of outflow and recharge-rates by changing parameters; ©®
B-basin

FEFF A& (%) FEF H1&(%)

-100 -50 0 +50 +100 -100 -50 0 +50 +100

ARG

ALPHA BF | -2% -1% 0% 1% 2% 0% 0% 0% 0% 0%

GWQMN 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

GWDREVAP | 0% 0% 0% -3% -4% 0% 0% 0% 0% -1%

REVAPMN | -15% 2% 0% 1% 2% 2% 0% 0% 0% 0%
ESCO 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
SLOPE 25% 11% 0% -9% | -19% -8% -3% 0% 3% 7%

SLSUBBSN | -23% | -11% 0% 10% 19% 9% 4% 0% -3% 6%

TLAPS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

SOL_AWC | 48% 21% 0% -31% | -44% 5% 1% 0% -3% -3%

CH_COV 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_EROD 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_K2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CN_2 19% 10% 0% -11% | -22% 2% -1% 0% 1% 4%
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Fig. 4.46 Recharge-rate change of C-basin by changing parameters

Table 4.34 The changes of outflow and rechargerates by changing parameters; @
C-basin

FEFF A& (%) FEF H1&(%)

ARG
-100 -50

(=]

+50 +100 -100 -50 0 +50 +100

ALPHA BF | -2% -1% 0% 1% 2% 0% 0% 0% 0% 0%

GWQMN 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

GWDREVAP | 0% 0% 0% -3% -5% 0% 0% 0% -1% -1%

REVAPMN | -13% | -1% 0% 1% 2% -3% 0% 0% 0% 0%
ESCO 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
SLOPE 16% 8% 0% 7% | -13% | 5% 2% 0% 2% 5%

SLSUBBSN | -17% | -7% 0% 7% 13% 6% 3% 0% 2% 4%

TLAPS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

SOL_AWC | 43% 17% 0% -18% | -31% 14% 5% 0% -4% 6%

CH_COV 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_EROD 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CH_K2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

CN_2 27% 14% 0% -14% | -28% -4% 2% 0% 4% 10%

- 114 -



= o] mjaE
Fig. 447~4.48% 2t}

&}

sto] A A= 1370

eav

-
1

R AA At

ZEAHOZ GWQMN(7)

"o

o

=0

!

o
N
oF

)

AAGFEH), ESCO(EYTE HAAS), TLAPS(=

(714

ALPHA_BF

N

el
el

o= ey
Aol 12%9] B

LHER

=
=

HAa 7% A

o
-46% N Al 78%°] XA ¢

&

e

=
=

g

FAoN N 5

s

FE A

ey

Z A H(NRCS-CN)HH 3 Green &

oF

o

™
el
il

e

o] o

==
S =

3

- =
it

HAg ol A A

934 A F 23 (kinematic storage model)o] Z &%t} wglA SWAT

3

"o

il

B8r
o
Y
w
T

o] w7y
A A7 2 ¥ (kinematic storage model)2]

&}

SLSUBBSN

Ao

&}
<1

NR

el
fro

115 —



35%

B Gangjung-basin M Akgeon-basin M Yeonoei-basin M Donghong-basin B A-basin W B-basin ¥ C-basin
30%

25%

20%
15%
10%
5%
0%

ALPHA_BF GWOMN GW_REVAP REVAPMN ESCO SLOPE SLSUBBSN TLAPS SOL_AWC CH_COV CH_EROD CH_K2 CN

Range of change(%)

Parameterin SWAT model

Fig. 4.47 The range of Outflow-rate change by Parameters in SWAT model
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Fig. 4.48 The range of Recharge-rate change by Parameters in SWAT model
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Fig. 449 Runoff simulation result of Gangjung stream basin

Table 4.35. Calibrated parameters of Gangjung-basin

A FAA kiga F3A B3
CN_2 AMC-TIol A 9] SCS FE=dAF 35 98 -4
SOL_AWC EYS rased 0 1 +0.02
SLOPE 2799 Fd A= AF(%) 0.0001 0.6 +3%
SLSUBBSN A4 o] (m) 10 150 none

ot oS ddem SWAT e A3E A fs) 201149 725
CP

B3 ARE ol gtglon,

o o] WgE A AMC-IolA1 9] SCS #4749 CN_29} E%F
§EFEE SOL_AWC, 2899 7 AALE A%l SLOPE, Z4AZolE 1A

&= SLSUBBSN <142 24831tk o] % HRU Generale] &%) A3 uf /s
9l SLOPE, SLSUBBSNt th2 <17 % 7p¢ wiztela APE543 padvoe
CN_29} SOL_AWCE HAH Fof vpxuto g wAgssic),
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Fig. 450 Runoff simulation result of Akgeon stream
Table 4.36. Calibrated parameters of Akgeon-basin
WA A FAA 3} X A eA RA#
CN_2 AMC-IId A1 9] SCS FrE& A 35 98 -5
SOL_AWC ESdS FareH 0 1 +0.03
SLOPE Af9e H AAE AS(%) 0.0001 0.6 +4%
SLSUBBSN A o] (m) 10 150 +5%
(3) 99 79
A FH& ez SWAT 29" ZAyiE 2437 98] 20119 7954
20154 129712 Hal AW #=7]7]20 ADCP @32 &83 255 o] &3 om,
Wi eE BAS A3 = Fig. 4493 2o
ALgH F9eo WHE FAL2 AMC-TIAIA ¢ SCS FE&F4A420 CN_29F EYS
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st+= SLSUBBSN ¢1#& ® A5t

ol
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Fig. 451 Runoff simulation result of Yeonoel stream

Table 4.37. Calibrated parameters of Yeonoei-basin

of 74 FAA kiga FEA B3
CN_2 AMC-TIol A 9] SCS FE=4dA+ 35 98 +3
SOL_AWC EYS rased 0 1 -0.04
SLOPE 2799 Fd A= AF(%) 0.0001 0.6 2%
SLSUBBSN 73 A4 0] (m) 10 150 -3%
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- 119 -



1

Runoff(mm)

000.000 ¥

100.000

10.000

1.000 -

0.100 -{{

0.010

0001 -

2003-01-01 2004-01-01 2005-01-01 2006-01-01 2007-01-01 2008-01-01 2009-01-01 2010-01-01 2011-01-01 2012-01-01 2013-01-01 2014-01-01 2015-01-01

1000

1200

Date(2003.01.01~2015.12.31)

Fig. 452 Runoff simulation result of Donghomg stream

Tabl 4.38. Calibrated parameters of Donghong-basin

Rainfall{mm)

ARG QA FAA X ki RAzt
CN_2 AMC-IIo| A 2] SCS F&IA A4 35 98 +5
SOL_AWC EdS fFareH 0 1 -0.03
SLOPE Af9e H AAE AS(%) 0.0001 0.6 -4%
SLSUBBSN A o] (m) 10 150 -99%
60 60
R*=0E77 Rzpase
50 4 = 50
T £ 0
t 0 b g i D
] T
= o S @)
@ .o Bl (o)
A8 30 9 50 0
b T (g
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& e £ 4
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Fig. 453 Result of calibration; a)Gangjung; b)Akgeon; c¢)Yoenoei; d)Donghong
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Fig 4.54 Recharge area of the studied basin
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Table 4.39 Monthly recharge rates of sub-basins (2012~2015) Unit : (mn/day)

2012 € st

T

14 249 34 49 59 649 74 84 9¢ | 1092 | 11€ | 12¢ A
1

316 | 140 | 124 | 278 | 372 | 421 | 67.3 | 80 | 1451 | 1345 | 255 | 177 643.3
7ZONE
2

2.0 1.7 2.7 52 33 2.1 1.1 0.6 0.7 0.2 34 34 26.4
7ZONE
3 .

1.9 1.8 3.0 5.8 34 2.3 1.2 0.7 0.8 0.6 39 39 29.2
7ZONE
4

21.1 9.7 95 193 | 183 | 135 | 103 | 175 | 181 8.2 156 | 131 174.2
7ZONE
? 0.0 1.0 2.4 47 2.7 1.9 1.0 05 0.6 0.1 2.4 2.8 20.1
7ZONE
6 . .

9.1 49 5.7 114 95 6.7 47 6.7 7.0 3.1 8.3 75 845
7ZONE
7

7.1 48 5.7 11.3 9.2 73 7.1 7.7 120 | 105 8.1 72 98.2
7ZONE
3 . .

1.7 1.9 3.0 5.8 35 2.4 1.3 0.7 0.8 0.3 36 36 28.3
7ZONE
9

42 33 47 9.1 6.2 44 25 2.3 2.4 14 59 5.7 52.2
7ZONE
10

6.1 4.0 52 10.2 74 438 2.7 1.9 2.1 1.0 7.0 6.6 59.1
7ZONE
11

8.0 5.1 5.7 114 9.6 8.0 8.4 9.1 145 | 130 85 73 108.6
7ZONE
12 )

9.2 6.2 6.8 135 | 11.7 9.6 104 | 11.8 | 191 | 170 | 100 86 133.8
7ZONE
A | 1020 | 583 | 666 | 1355 | 1220 | 1051 | 1181 | 147.6 | 2231 | 189.9 | 1022 | 87.3 | 1457.8
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2013 9 S

T

14 24 34 44 54 64 74 8¢ 94 1049 | 11¢ | 12¢ A
1

14.3 11.2 14.1 174 28.2 36.7 184 26.2 52.3 316 27.1 26.0 303.6
ZONE
2

3.2 2.9 3.0 2.4 4.7 7.1 3.0 3.0 1.8 2.0 2.0 2.6 37.7
ZONE
3

3.7 3.4 35 3.1 6.6 9.9 4.0 3.9 2.3 2.6 2.6 3.2 48.8
ZONE
4

11.1 8.9 10.6 10.4 159 23.7 12.8 9.9 6.0 145 14.7 149 153.3
ZONE
N 2.9 2.7 2.8 2.2 5.0 74 2.8 2.9 1.7 1.2 1.2 1.9 34.7
ZONE
6

6.7 5.6 6.3 5.8 95 14.2 6.9 5.8 3.7 6.9 7.0 75 86.0
ZONE
7

6.4 5.4 6.1 5.6 105 15.3 7.2 6.8 6.6 7.0 6.9 7.4 91.2
ZONE
8

34 3.0 3.2 2.7 59 8.8 34 34 2.1 2.4 25 3.2 439
ZONE
9

54 4.7 5.2 4.2 75 11.2 4.8 45 3.1 34 35 45 62.1
ZONE
10

6.1 5.1 5.6 4.7 7.8 11.6 5.2 4.7 3.3 5.1 5.2 56 70.0
ZONE
11

6.4 5.3 6.1 5.9 10.8 15.6 75 7.1 7.9 79 7.7 8.0 96.1
ZONE
12

74 6.1 7.1 6.9 13.3 19.1 9.3 8.7 8.9 9.6 95 9.7 1155
ZONE
SHAI 77.0 64.1 73.7 714 125.7 | 180.6 85.3 86.9 99.8 94.1 89.9 94.5 1143.0
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20144 9 S

T

14 24 34 44 54 64 74 8¢ 94 1049 | 11¢ | 12¢ A
1

19.3 184 177 14.6 20.2 214 289 40.6 829 85.2 76.7 384 464.4
ZONE
2

3.2 2.5 3.0 3.2 3.7 3.3 4.3 4.1 5.2 2.0 0.5 1.6 36.6
ZONE
3

3.6 3.0 3.7 4.2 49 4.8 6.9 6.6 8.3 3.2 1.3 2.3 52.8
ZONE
4

13.8 14.0 12.3 10.2 11.6 12.1 14.9 15.4 195 9.1 114 17.1 1614
ZONE
N 25 2.3 2.6 3.3 4.0 3.9 4.7 4.6 5.8 2.3 0.6 0.1 36.6
ZONE
6

75 7.4 6.9 6.3 7.1 7.0 8.7 8.8 11.1 5.0 45 7.2 875
ZONE
7

7.2 6.3 6.6 6.5 79 8.4 10.1 10.8 15.7 10.1 6.9 6.0 102.5
ZONE
8

3.6 3.0 34 3.8 4.7 4.6 5.9 5.8 7.3 2.8 0.7 14 47.2
ZONE
9

54 5.2 5.2 5.2 5.3 5.2 6.4 6.4 7.7 35 2.3 2.2 59.9
ZONE
10

6.1 6.0 5.8 55 5.7 5.1 6.3 6.3 8.0 35 1.7 4.4 64.4
ZONE
11

75 6.4 6.7 6.5 8.2 8.9 10.7 11.7 176 119 8.3 7.1 1114
ZONE
12

8.9 7.3 79 7.7 10.2 11.1 13.2 14.3 21.8 14.8 10.2 86 136.0
ZONE
SHAI 88.6 81.6 81.9 771 93.8 9.8 1209 | 1353 | 2109 | 1535 | 125.1 96.5 1360.9
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2015 9 S

T

14 24 34 44 54 64 74 8¢ 94 1049 | 11¢ | 12¢ A
1

26.8 20.4 187 22.2 51.8 41.7 37.0 579 59.2 79.9 76.8 68.7 561.0
ZONE
2

1.8 14 14 1.3 2.2 4.8 4.0 2.7 1.6 0.6 0.3 0.2 22.2
ZONE
3

2.0 14 1.2 1.0 2.3 45 4.2 3.0 1.6 0.6 0.3 0.2 22.3
ZONE
4

16.1 125 12.1 9.8 21.0 26.0 22.2 14.6 7.7 35 2.6 2.1 150.2
ZONE
N 0.0 0.0 0.0 0.0 0.9 4.2 35 2.6 1.5 0.6 0.3 0.2 13.7
ZONE
6

7.0 5.6 54 45 9.2 13.2 11.2 75 4.1 19 1.3 1.0 71.8
ZONE
7

5.8 5.0 5.1 5.1 9.4 12.7 11.0 9.6 7.5 7.2 6.1 54 90.1
ZONE
8

14 1.2 1.1 0.9 2.3 6.3 5.2 3.7 2.1 0.8 0.4 0.3 257
ZONE
9

2.6 2.8 3.3 3.6 4.6 7.6 6.4 4.7 2.6 14 1.0 0.7 41.3
ZONE
10

49 4.1 4.2 3.8 56 94 79 5.2 3.0 1.6 1.0 0.7 51.5
ZONE
11

6.8 5.6 54 54 10.4 134 119 10.7 8.9 9.1 79 6.9 102.2
ZONE
12

8.2 6.7 6.5 6.3 13.3 172 149 135 11.1 11.1 94 85 126.7
ZONE
SHAI 83.5 66.7 64.5 64.0 133.1 161.0 | 139.3 | 1355 | 110.8 | 1182 | 107.3 94.8 1278.7
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Fig 455 Recharge of sub-basin(2012~2015 yaers)
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Fig. 4.55%} #o] 5719 Coveragegs T4 ¥ 7I'd X @ (conceptual model)-= 7id A

(cell)oll gkol A& ddxo] GRIDZ 73kt

Table 4.40 Groundwater level observation well used in observation coverage

No Observation A% | v-AF ELm =2z .
. Name °]
1 JD-SH 155676.7 | 72830.1 69 134.5
2 JIM-YH 152710.8 | 73825.3 122 135.0
3 F-627 156678.6 | 742335 145 180.0
4 B-HOTEL 153996.2 | 73344.1 99 120.0
5 F-574 157603.7 | T75775.7 236 255.0
6 F-526 154305.6 | 77749.1 450 420.0
7 IV-RESORT 153197.9 | 77402.9 400 300.0
8 T-UNIVERSITY | 150000.8 | 775725 417 430.0
9 FOREST 150473.4 | 80657.8 765 411.0
g T — o : 5

T T T T T
150000 152000 154000 156000 158000

Fig 454 The position of the groundwater level observation well
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Fig 455 Coverage of configuration
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Fig 457 Layer cross—sections

123 AA% 4% 2 mde 72

FAANTGY ARYS FARE AN ATHY F AT £ FARE

=
Inactive cellZ 4 3} T}
Az AL e e 59 AA Coverageol A 123 Max size®t Base
sizeE o] &3le] AAW FAS 50m x 50mE AR, HAFIS AL gL
H] &4 8} Al (Inactive cells)2 23 23, 9 ) &34 (active cells)= 271 9]

layers 323%slo] 86,15671¢] A Aoz 45

Table 4.41 Grid network configuration
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T2 A9 74
Cell refine Base size: 50m, Bias : 1.0, Max. size: 50m
Number of | 323 columnsx 262 rows x 2 layers = 169,252 cell
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Fig 458 Grid network configuration
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Fig 459 Elevation analysis of layers
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Table 4.42 Comparison results between observation and computed water level

N Observation Obs. head Computed Head Residual Head
0.
Name (EL.m) (EL.m) (m)
1 JD-SH 41.0 40.0 -1.0
2 JM-YH 36.0 48.0 12.0
3 F-627 92.0 92.7 0.7
4 B-HOTEL 59.0 45.7 -13.3
5 F-574 117.0 116.0 -1.0
6 F-526 248.0 247.6 -0.4
7 IV-RESORT 214.0 215.1 1.1
8 T-UNIVERSITY 213.0 213.0 0.0
9 FOREST 398.0 398.2 0.2
Computed vs. Observed Values
Head
400—
350—
300 f
250 f
i -
§200—
150 f
100—
50— .
50 100 150 200 250 300 350 400
Observed
Le] = [n]
JD-SH JMYH F627 B-HOTEL F574 F526 IV.RESORT ~T-UNIVERCITY ~ FOREST

Fig 4.64 Computed vs. Observed Values

dutH o Ashgel= AFareet o FA] Arjd #AE EQltH(Fetter, 1998:
Williams, 1989). A& Jung(1999), Sim(2000), Lee(2001), Cho(2001)ell ¢J&}bH =
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Table 4.43 The value of

the modeling of the argument

= H Horizontal K Vertical K Specific yield Porosity
= (m/d) (m/d) (-) (-)
b 1 LAYER 8.7 ~ 2,400 1 ~ 240 02 ~ 035 0.3
°or 2 LAYER 0.01 ~ 100 0.001 ~ 10 0.04 0.01 ~ 0.35
_ 1 LAYER | 017 ~ 1951.0 0.2 ~ 200 0.28 0.3
2y &
2 LAYER 01 ~ 5 0.01 0.04 0.04
HK
182508
1703.42
1531 75
146010
133844
121678
109512
R
ELRT

608.48
436,82

365,15
I 243.49
121.83

Fig 4.65 Hydraulic conductivity contour lines in Mid-Seogwi
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et

FF 30%7E A

496.88
I 4B3.T75
45083
397.50
364.38
33125
29813
265.00
231.88
19875
165,63
132.50
9938
6625
3313

Table 4.44 Changes in the groundwater level due to recharge increase

Unit : (m)

#+=4 =719 10% 57} 30% %7}t 50% %7}t
JD-SH 40.00 40.95 42.86 44.74
JM-YH 48.00 49.00 50.95 52.87
F-627 92.70 94.60 98.31 101.96
B-HOTEL 45.70 46.67 48.61 50.52
F-574 116.00 117.85 121.60 125.31
F-526 247.60 250.11 255.13 260.09
I[V-RESORT 215.10 217.48 222.11 226.69
T-UNIVERSITY 213.00 215.22 219.64 224.00
FOREST 398.20 400.41 404.83 409.21
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Table 4.45 Changes in the groundwater level due to recharge decrease

Unit : (m)
A=A Z715991(m) 10% 7 &= 30% 7 2 50% 72
JD-SH 40.00 38.99 36.98 34.91
JM-YH 48.00 47.01 44,99 42.91
F-627 92.70 90.82 86.98 83.07
B-HOTEL 45.70 44.69 42.67 40.60
F-574 116.00 114.08 110.30 106.50
F-526 247.60 245.03 239.89 234.68
[V-RESORT 215.10 212.79 208.05 203.25
T-UNIVERSITY 213.00 210.75 206.23 201.65
FOREST 398.20 395.95 391.46 386.92
500
—GW.level © 10% - 30% + 50% = -10% - -30% - -50%
400 4
300
£ N
T Y ’
@ 200 ¥ t
, $
100 s
& 4+ +
0 T T T T T T T T T

JD-SH IM-YH F-627 B-HOTEL F-574 F-526 IV-RESO T-UNIVERCIT FOREST
Observed

Fig. 4.67 Water level change due to recharge change

— 144 -



24 AT AW HE AHF AFAN 2 13

201298 20159 7hA4] A F
F917F 51.57 m= 7bd A4 Wssgl e, JD-SH ¥4 9]
ettt Al o2 Ae9] BE7F 50 melste A$ 1
et o 200 molate] 4¢3 m

molde] 79 50 moliel FYMES wole Aow B4 59t MODFLOW
s FEstd A" FARAH] AT Anet -
=5 Table 4467 2ol A s3low, Fig. 466 F57]7te] ©hE SHFRE
LolW, Fig. 467+ FFHstE 2822 eyt

%2 1345 m=E 4

2012 14 2012 2¢ 2012 3¢ 2012 44

2012 59 2012 64 2012 74 2012 8¢

— 145 —



2012 9¢ 2012 104 2012 114

2012 12¢
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2014 14 2014 24 2014 34 2014 44

2014 59 2014 64 2014 74 2014 8¢

2014 9¢ 2014 104
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Table 4.46 Groundwater level changes in unsteady state

20154 64

20154 104

2015 74

201541 8¢

2015 114

20154 12¢

Fig. 4.68 Groundwater level changes in unsteady state

o JD-S | ]M-Y Fog07 B-HO Fo574 | Fo508 IV-RE | T-UN | FORE
H H TEL SORT I ST

2012/01 | 3945 | 47776 | 90.84 | 4541 | 11397 | 244.80 | 212,67 | 210.68 | 396.37
2012/02 | 3792 | 46.06 | 8825 | 4373 | 111.44 | 241.10 | 209.23 | 207.36 | 392.70
2012/03 | 3649 | 4443 | 86.01 | 4213 | 109.29 | 237.95 | 206.31 | 204.54 | 389.34
2012/04 | 4024 | 4819 | 9333 | 4588 | 11655 | 247.76 | 21539 | 213.20 | 397.60
2012/05 | 4278 | 50.89 | 98.12 | 4855 | 121.40 | 254.81 | 221.86 | 219.38 | 404.41
2012/06 | 41.17 | 49.44 | 9491 | 47.07 | 11824 | 251.84 | 219.02 | 216.73 | 403.14
2012/07 | 4097 | 4942 | 9464 | 47.00 | 11814 | 253.68 | 220.56 | 218.29 | 406.57
2012/08 | 4259 | 51.39 | 97.66 | 4890 | 121.32 | 260.00 | 226.24 | 223.81 | 414.18
2012/09 | 4762 | 5691 | 10743 | 54.31 | 13152 | 276.45 | 241.18 | 238.16 | 431.68
2012/10 | 49.81 | 59.20 | 112.09 | 56.56 | 13654 | 284.88 | 248.78 | 245.45 | 440.91
2012/11 | 4430 | 5294 | 101.36 | 5047 | 125.10 | 264.71 | 230.59 | 227.94 | 418.04
2012/12 | 3943 | 4745 | 91.61 | 4513 | 114.83 | 24569 | 21347 | 211.41 | 396.21
2013/01 | 3807 | 46.05 | 89.09 | 4374 | 112.35 | 242.25 | 210.31 | 208.39 | 392.95
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am JD-S | JM-Y P67 B-HO Fo574 | Fo508 IV-RE | T-UN | FORE
H H TEL SORT I ST

2013/02 | 3726 | 4523 | 87.63 | 4292 | 11092 | 240.41 | 208.61 | 206.76 | 391.30
2013/03 | 37.11 45.08 | 8733 | 42777 | 11063 | 240.03 | 208.25 | 206.42 | 391.01
2013/04 | 37.21 45.21 8746 | 4290 | 110.76 | 240.35 | 208.52 | 206.67 | 391.56
2013/05 | 39.86 | 47.82 | 9264 | 4551 | 11591 | 247.39 | 214.96 | 212.79 | 397.79
2013/06 | 4530 | 5325 | 10342 | 50.93 | 126.83 | 261.64 | 228.07 | 225.25 | 409.88
2013/07 | 4343 | 51.34 | 99.64 | 49.04 | 12293 | 256.26 | 223.13 | 220.55 | 405.11
2013/08 | 3859 | 4656 | 90.17 | 4424 | 11347 | 244.29 | 212.07 | 210.08 | 395.37
2013/09 | 39.38 | 4758 | 91.87 | 4520 | 11535 | 249.00 | 216.32 | 214.25 | 401.34
2013/10 | 39.63 | 47.87 | 9210 | 4549 | 11552 | 249.07 | 216.38 | 214.27 | 401.52
2013/11 | 39.10 | 4719 | 90.72 | 44.86 | 11395 | 245.02 | 212.74 | 210.68 | 396.52
2013/12 | 3913 | 4719 | 90.83 | 44.87 | 114.05 | 244.89 | 21265 | 21059 | 396.10
2014/01 | 3894 | 4696 | 9059 | 44.65 | 113.81 | 244.35 | 212.19 | 210.17 | 395.25
2014/02 | 3863 | 46.68 | 89.97 | 44.37 | 113.18 | 243.41 | 211.36 | 209.36 | 394.17
2014/03 | 3829 | 46.35 | 89.33 | 44.03 | 11257 | 242.70 | 210.70 | 208.73 | 393.57
2014/04 | 3793 | 4589 | 8886 | 4359 | 112.14 | 242.12 | 210.15 | 208.22 | 392.97
2014/05 | 3866 | 4657 | 90.42 | 44.26 | 113.71 | 244.29 | 212.10 | 210.08 | 394.85
2014/06 | 39.76 | 4760 | 9259 | 4531 | 11585 | 247.07 | 21459 | 212.40 | 397.35
2014/07 | 41.04 | 4888 | 95.05 | 4658 | 11833 | 250.46 | 217.69 | 215.34 | 400.46
2014/08 | 4264 | 50.61 98.20 | 4828 | 121.56 | 25548 | 222.28 | 219.77 | 405.48
2014/09 | 4714 | 5538 | 107.08 | 5298 | 130.82 | 269.72 | 235.26 | 232.21 | 419.88
2014/10 | 4797 | 5648 | 108.82 | 54.02 | 132.80 | 274.60 | 239.62 | 236.47 | 426.37
2014/11 | 4363 | 52.32 | 100.10 | 49.83 | 123.87 | 263.70 | 229.58 | 226.98 | 417.64
2014/12 | 40.60 | 49.20 | 9359 | 46.75 | 117.07 | 25255 | 21952 | 217.36 | 406.13
2015/01 | 3840 | 46.70 | 89.04 | 44.33 | 112.29 | 243.31 | 211.22 | 209.36 | 395.65
2015/02 | 3747 | 4563 | 87.38 | 4329 | 11059 | 240.17 | 208.36 | 206.57 | 392.18
2015/03 | 36.66 | 4475 | 8596 | 4242 | 109.20 | 237.97 | 206.33 | 204.59 | 389.96
2015/04 | 36.36 | 4443 | 8555 | 4211 | 108.83 | 237.59 | 205.97 | 204.23 | 389.71
2015/05 | 39.73 | 4793 | 91.93 | 4558 | 11517 | 247.08 | 214.63 | 212,52 | 398.92
2015/06 | 4450 | 5275 | 101.15 | 50.39 | 124.46 | 259.31 | 225.88 | 223.21 | 409.41
2015/07 | 44.87 | 5299 | 101.98 | 50.66 | 125.27 | 259.66 | 226.24 | 223.50 | 408.82
2015/08 | 4343 | 51.65 | 99.38 | 49.28 | 122.76 | 257.85 | 224.48 | 221.91 | 40857
2015/09 | 4237 | 50.72 | 97.61 4830 | 121.16 | 257.72 | 224.22 | 221.77 | 410.18
2015/10 | 41.62 | 50.07 | 96.36 | 47.62 | 120.05 | 257.87 | 224.25 | 221.88 | 411.76
2015/11 | 41.36 | 4996 | 9592 | 4747 | 119.72 | 258.70 | 224.96 | 222.63 | 413.60
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. JD-S | ]M-Y B-HO IV-RE | T-UN | FORE
T F-627 F-574 | F-526
H H TEL SORT I ST

2015/12 | 40.18 | 4877 | 9360 | 4629 | 117.38 | 255.34 | 221.89 | 219.70 | 410.40

Bt 40.81 | 49.04 | 9437 | 46.67 | 11778 | 251.40 | 218.56 | 216.30 | 403.02

Hd 49.81 | 59.20 | 112.09 | 56.56 | 136.54 | 284.88 | 248.78 | 24545 | 440.91

HAa 36.36 | 4443 | 8555 | 4211 | 108.83 | 237.59 | 205.97 | 204.23 | 389.34

Wk | 1345 | 1477 | 2654 | 1446 | 2771 | 4729 | 4281 | 41.22 | 5157
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Table 4.47 Water level drop amount of full-term 10 days

#=4 Z7191(ELm) | #4159 (EL.m) 517 & (m) 5} 7&(%)
JD-SH 39.98 36.39 3.99 8.97
JM-YH 48.01 44.96 3.05 6.35

F-627 92.72 86.60 6.11 6.59
B-HOT 45.69 42.55 3.14 6.87

F-574 11597 110.79 5.17 4.46

F-526 247.57 244.72 2.86 1.15
IV-RES 215.14 211.98 3.17 147
T-UNI 212.99 209.81 3.18 1.49

FOREST 398.19 396.93 1.26 0.32
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Table 4.48 Water level drop amount of full-term 30 days

#=4 Z7191(ELm) | #4159 (EL.m) 517 & (m) 5} 7&(%)
JD-SH 39.98 31.01 8.97 22.43
JM-YH 48.01 39.67 8.34 17.37

F-627 92.72 76.67 16.04 17.31
B-HOT 45.69 37.24 8.45 18.50

F-574 11597 101.44 14.53 12.53

F-526 247.57 231.84 15.73 6.35
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Fig. 4.75 Water level drop
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#54 %27199(ELm) | 459 (ELm) a7 & (m) (%)
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