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ABSTRACT

This study was conducted to estimate groundwater demand and supply for agricultural activities in a frequent-drought area
that requires implementation of optimal distribution plan utilizing the well-network system (WNS). The WNS has been
considered as a viable strategic way of supplying groundwater to farmlands by connecting groundwater wells physically or
virtually. The study area heavily relied on groundwater resources for irrigation up to 53% due to a lack of surface water
resources. Two kinds of methods, HOMWRS software and FAO approach, were used for estimating irrigation water
requirements for paddy and upland fields, respectively. During the latest 10 years (2010~2019), the water requirements
was estimated to be 1,106 m*/day. The requirements notably increased to 1,121~4,004 m*/day during active farming
season (May to September), which exceeded the total yield capacity of pre-existing groundwater wells (2,356 m*/day) in
the area. Detailed and definite determination for groundwater demand and supply helped to determine optimal scale
parameters of WNS. The WNS has achieved more balanced distribution of groundwater resources for irrigation over the

study area.
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Fig. 1. Study area with (a) a distribution of pre-existing groundwater wells and (b) geological map (modified after Ha et al., 2021).
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% 100 m oJ3te] 54 2B} Heket A= 4
o] 2AckFig. 1a). AELS X7
Huld, o]F 2] #A47] ST :
THLee and Kim, 1963; Fig. 1b). =3} A7 FH9-2
S GRES0] Al Adate] st Aeb)-
HE7] A, tlir]-Egfololr] HIKSS A= -3}
I Qiok Al ] sk s sgtew
2 7Y, 2P 52 vkt FElE Holal, Mg
71 AL SEE-AY A wdAgte s FdEn)
ATAGL] AZol| EE3l= HlE7]-Egfololr] HIQES
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g5 Hole A9d wdAte] SAIEHAl LESh(Kim
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ZIRRRFESY WA Arghe s AR, BT} Fsi)
o FAE 42 6.0~75m 2 2.0-23mZ YERITHHa
et al., 2021).

714 BHoERE A§lG Tl w7 dLHA
ojFoiIXEA] JHE EdE, JujFez g Kt
BE] AFAIS} AR o g A3 MEe] BEAIR T
HThFig. 1). T3 o] AYGL g o] wieksie] #
NEF tits Aalrol o&Es=d|, s34l st
WHEF oEEE 53%C|THKIGAM et al., 2021).

VELAS(Vegetation, landcover, and soil water dyna-
mics) 23S o83 A 18d(2001-2018)F E5A] &
A Az}, Bt AFEEE 12107 mm/yr, XS gokke
196.9 mm/yr(d5-32] °F 14.9%), =S 150.6 mm/
yr(12.7%), AFEFZERE 272.9 mm/yr(21.7%), SLAFke
mm/yr 591.6(51.1%)= YEFSTHHa et al, 2021). 3
18 7IRE 9] At Z5RFe] HAR(799.1~1750.8 mm/yr)
7h w9 =LA vEbdel wet, Aek ddE HEE(G.6-
282%)% ZA| A=Ak VELAS E3L R EH
AFFAsE B3 5 29, A5 A4S 133 E
AujEe] Wsle} 1o W Y] EY 43 wHsle]
FAQ BANE Bol EY 7R WPt e 25
S4B WA= G AR wEbA, 28] Al
uE A3FE 9 SEe] wisky ver) rhssiRE, A
EREY, S 2 S 2ot At Akl ¢
ItHHa et al., 2021).

A 9] WAL oF 290 haol™, XX =0 AXE F2
A= F 1L,1647] BAeltt. ZA 104(2010~20197F 7
AHZ (SF 52 ha, 3418A) FHA] oF 18% W=,
=3} o] 24zt oF 11%(QF 33 ha, 1722A))9F oF 7%k
19 ha, 16922l SFHTHTable 1). FAEE AR,
AFA AAHAHL oF 27 ha(1778A)E FHZ 9] oF 9%
Wejolar, =3 o] 2zt oF 5%(SF 14 ha, 75294}
oF 5%(SF 13 ha, 1028A] 0l sfFEt. B5A HAHEAE
oF 25 ha(1648X)2 FTHA 9] oF 9% We]o]ar, ==} 1t
o] Z¥zt ok 6%k 19 ha, 978A])9} °F 2%(2F 6 ha, 67
DAl et A Aol AA 2 1083 H
A A A FHAL] 60~64%(SF 32~33 ha)2 71
Yok W 2L F(6~15%; 3~8ha), 7H(8~11%; 4~6 ha),
313 (3~9%; 2~5ha), LT/ HFQ%; <l ha), FF
(2~3%; 1ha) T2 A=Y, HT 5o] dau}, vhs,
A, 3 FaWA, 5EF 5 SRV oRBEIAlE Aol
(Table 2).
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Table 1. Change of farmland area in the study area from 2010 to 2019 (unit : m?)
Year Average 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Total 518,591 518,624 518,624 516,426 518,624 516,426 518,624 516,426 516,946 516,426 528,767
Paddy fields 326,888 331,392 331,392 331,392 331,392 331,392 331,392 323,487 319,015 319,015 319,015
Uplands 191,703 187,233 187,233 185,035 187,233 185,035 187,233 192,940 197,931 197,411 209,752
Table 2. Change of farmland area per each crop in the study area from 2010 to 2019 (unit : m?)
Crop erp 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
rotation
Paddy fields 331,392 331,392 331,392 331,392 331,392 331,392 323,487 319,015 319,015 319,015
Apricot 1,194 1,194
Bean 79,394 47,000 78,482 45300 77,196 43,034 75,038 35,154 69,274 33,563
Bean and grape Yes 803
Bean and sesame  Yes 7,199 7,199 7,199 6,411 6,411 6,411 6,411 6,411 6,411 6,411
Bean and sweet Yes 2,106
potato
Corn 3,756 3,756 3,756 3,756 3,756 3,756 3,756 3,756 3,756 3,756
Corn and sesame  Yes 4,463 4,463 4,463 4,463 4,463 4,463 4,463 4,463 4,463 4,463
Garlic 1,034
Jujube 33 33 33 33 33 33 33
Millet 13,017 13,017 13,017 13,017 13,017 13,017 13,017 13,017 13,017 13,017
Oak mushroom 7,905 7,905 7,905 7,905
Persimmon and  y, 645 645 645
apricot
Pumpkin 2,086 2,086 3,483 3,483 3,483
Uplands Red pepper 16,177 47,170 17,333 45,035 18,279 42,297 16,177 44,604 16,978 46,856
iiiﬁzpper and e 8327 8327 8327 8327 8327 8327 8327 8327 8327 8327
Red pepper and v, 2,106 3,137
sweet potato
Red pepper, Yes 1376 1376 1376 1376 1376 1376 1376 1376 1376 1376
bean, and sesame
Seasoned aster 992 992 992 3,480 3,480 8,807 8,807 8,807 8,807 7,355
Sesame 52,454 58,892 52,947 57,129 52,484 57,655 47,202 52,733 40,766 52,390
Sesame and Yes 203
grape
Sesame and Yes 2208 2208 2208 2208 2208 2208 2208 2208 2208 3464
sweet potato
Sweet potato 595 595 595 945 6,734 8,183 7,253
Sweet pumpkin 5,339
Welsh onion 256 256 256 6,238 5,982 6,238
3. 9iq1HiE ZZIY(KRC, 2019y o]-83}] A=3199tt. HOMWRS
© WE AFelA e 2ole RYPoF WHETF &
ATAY WHES Boswke A7AY =3 wel B FAGS Feb] el AARE 5§ @
[FES 2 A= & et =ollMY] WEr Ner dard, S7A B4 2 8T W 5=
o g arso]lEFAe] HOMWRS(Hydrological THsl== ARHE T aPolo), o) tigk Whes
operation model for water resources system, ver. 2.11) Q52 A AT 274 (Food and agriculture organi-

J. Soil Groundwater Environ. Vol. 27(2), p. 24~35, 2022



28 oA - HXY - oyt -

zation of the united nations, FAO)IA A3 RE2MEH
A Fo7F ARPPHE o]83te] AFE3tATHAllen et
al, 1998).

2019). o714 FFFE FAlU EGOlA 57] FH
2 O] Fo= e Sl AE 1Us Bl s
e A Folth AR = EY ol Aek o
FToE IFHE FgolH

7 N7 T = gof o
+ Penman(1948)°] FHA}G ¢4 e (potential evapotrans-
piration) 2F= WA (1)S o83l L] 7V el
w2} i o] RS sk, WY A5
AT AAlSEEEe] B1eR] ZHEAIS (crop
coefficient, K& ©]-83t] AAIZ T4 (actual evapo-
transpiration)yS AFESICE ofgle] (2] (1)olAM Epwe o
B mm/day), me E357|bA1e] 7187 (kPa/K),
RS EALZRE#(MI/miday), v& =5 (kPa/K), U,
E FE(m/sec), de= 719 H=2(kPa), hE A
dMl/kg)eltt.

mRn+6.437/(1 +0.536U2)5e
mass ﬂ“v(er )

1)
AR o] ST = B gz

ZHct. HOMWRSOIM 9] F-E-9-32 60 mm H5+4
o8] AZEFHTHKRC, 2019). B2] BE471HEHAA7]
7], 5o o]¢7], o|d-2H7] 2 E57]) WiE Z
[ E AP & A s aefsie] 4]
2 WA og AE3tK(Table 3). o714 Eo-AA]7]
(seeding bed preparation periodsy= =& 75715 A4
3= 71ZF, B7](seeding periodsy= WS EAlEel I}
T3t BE 719w 71k, BUl-o]Y7](seeding and
transplanting periods)= ZAR|ONIA Ak BE =l &A
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A= A7, Z8)a o]-E5 7] (transplanting and growing
periodsy= ©|¢ & =ollA HE AS3sh= 7IkE, VI
(growing periodsy= =04 W7} QFgZ oz AAsl= 7|
e om)gitt.

=] WS A4S HOMWRS Z21315 )8
st S0 AS7IEENEAT(@E 2), BV &
T~59 F<0), B 0|75 S~5¢ sk, old B
7169 &), 2 E2H71(68 T8 To)EE AT
28 o] &3l AME3IUTtH(Table 3). 714 Reqt= Z+
A7 BeAEmY), = € FFFH(mm/day), WRE=
2] AA 8T (mm), D> EAR] AA YT (day), A
How3] (ha), ET, (= SEFFHmm), WRE ©|¢85
(mm), A= o|GA] B2 (ha), D= YU (day)elth.
o] &, v7} Ak 4¥9 TNEH 98 S 4 A
F719] ¥ ZAEAGTE ST el wete] 7 A
H719] = oS skl o5 HF FLBIATH(Table
4). FAZ I Sl ARE TPREE AR HellA
7V 7k AEA] V1, A, 5, QAR S

d

bt

o] WS degd AL flsle] FAOIM %=
©=F 443 FAO Penman-Monteith(Allen et al., 1998)
T2 o8st A TIEAE A K (reference
crop evapotranspiration, ET,)S AFESIATHA (2)). ¢17]
A 7B 3T (grass)e] T

900
0.408A(R,~G)+ y—===Un(e,~¢,)

A+ (1+0.340,)

ETy = @

Table 3. Equations provided from HOMWRS software to determine agricultural water requirements on paddy fields for each rice-

growing periods (modified after KRC (2019))

Period

Equations

Seeding bed preparation
Seeding
Seeding and transplanting
Transplanting and growing
Growing

Req(t)=(I+ WR,/ D,) x 4,
Req(t) = (I + ET(1)) x 4,

Req(t)= (I + ET,(#)) x Ay+ (WR, | D, /| 2) x 4,

Req(t)=[1+ET,(t)+ (WR,/ D, | 2)] % 4,
Req(f)= (I + ET,()) * 4,
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Table 4. Crop coefficients of paddy provided from HOMWRS software per every 10-day sequential period (modified after KRC (2019))

Period April May June July August September
erio
Mid* Late Early Mid* Late Early Mid* Late Early Mid* Late Early Mid* Late Early Mid*
Crop 056 056 056 056 075 095 1.06 1.09 1.17 139 153 158 147 142 132 132
coefficient
* Mid: Middle

Table 5. Crop coefficients of upland crops provided from FAO (modified after Allen et al. (1998))

Crop Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Now. Dec.
Bean 0.58 0.88 0.88 1.00 0.93
Corn 0.68 1.09 1.20 0.75
Garlic 1.00 0.70 0.70 0.70 1.00 1.00 1.00 0.70 0.70 0.70 1.00 1.00
Grape 0.30 0.30 0.85 0.85 0.45 0.45
Millet 0.70 1.00 1.00 0.55
Oak mushroom 0.35 1.10 1.10 0.25 0.25
Pumpkin 0.50 1.00 0.80 0.50 1.00 0.80
Red pepper 0.53 0.96 1.06 1.06 0.82
Seasoned aster 0.70 1.00 1.00 0.95
Sesame 0.35 1.10 0.25 0.35 1.10 0.25
Sweet potato 0.67 1.08 0.99 0.82 0.82
Sweet pumpkin 0.50 1.00 0.80 0.50 1.00 0.80
Welsh onion 1.00 1.00 0.70 1.00 1.00 1.00 0.70 1.00 1.00 0.70

oA7IM ETee 71838 S (mm/day), R AE3E
o] UK MI/m%/day), G AFEFH(MI/mY/day),
T A% A 2m =09 dHA712(°C), U= Af
AR 2m =ol9] HdFE(m/sec), e EITF7IY
(kPa), #= 7571 F4 71871(kPa°C), y= AFAVS
F(kPa°C), P= 719 (kPa), 1= FAMJ/kg)oltt.

o] & 7FAE ZHREKET, ol 2 RREe] AEAG
(Ko 2 AMAEA (Aye Fol] 2 228 FEHET)S
AERATHA 0.

ET,=ETyxK x4 3)

Zh RERREO] SRS AW AR B e
o] ZHMAEFET,)e] Hal, o]S A4 o] wigs 4
eFE 93t Aoz 1Stk Allen et al., 1998;
Song et al., 2018). o AEATH 7IEAER] T
SHES 1,002 2GRS o, ool gk 7} L2RE9)
A7V ASZ, A7, F71, 371 Sryedd Sk
o] &S orleitt. FEE ZEAIGF= FAO(Allen et
al,, 1998)°] ALRE o|83tHor, 7VPAE= AP
o] ISAB W7, Fies, Hoas, s
2831t 18ja W e dage] H 1097
Hal A4S S8k, A7AY A 10d(2010~2019)KF

AR AR AR AR BT,

AFAY A FEAGE 1,16482))e] g e
RS HZ 105(2010~2019) Hit 1,106 m’/day®, =
3} who] W fake 717} 878 m¥/day?} 227 m¥/day= At
Z5JAK(Table 6). < 1053(2010~2019) 5<F =3} 1t
o] et AAu|Eo] 1.7:1.09]1 ¥hH R8s ok
3.9:1.02 UERdol| wef, AoHoR =oflxe] W8
g grafo] o] H|a] <F 230 =& AoE Yl

g AFAYS] WS e wid S 54
(1,001 — 1,246 m*/day)Z F21=] UK Table 6). A=EZ
= 1,001 m%day(2010), 976 m*/day(2011%d), 1,086 m?/
day(2012'), 1,105 m*/day(2013'd), 1,036 m*/day(2014'3),
1,150 m*/day(20153), 1,206 m*/day(20163), 1,001 m*/day
(2017), 1,250 m*/day(2018'3) = 1,246 m*/day(2019'3)
° 2 J=EAhFig. 2).

=0] S WAL noksA G311 — 3198 mY)H
= v Qo 4ske 3T FA4(795 — 955 m¥/day)E Y
Efk=t, o 7SSl wE V1E AslE Sk v

~
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Table 6. Change of agricultural water requirement for paddy and uplands fields, respectively, in accordance with change of farmland
areas since 2010

v Agri-water requirements (m’/day) Areas (m?)
ear
Total Paddy fields Uplands Total Paddy fields Uplands
2010 1,001 795 206 518,624 331,392 187,233
2011 976 779 197 518,624 331,392 187,233
2012 1,086 868 218 516,426 331,392 185,035
2013 1,105 892 213 518,624 331,392 187,233
2014 1,036 828 207 516,426 331,392 185,035
2015 1,150 931 219 518,624 331,392 187,233
2016 1,206 977 229 516,426 323,487 192,940
2017 1,001 770 231 516,946 319,015 197,931
2018 1,250 989 261 516,426 319,015 197,411
2019 1,246 955 291 528,767 319,015 209,752
Average 1,106 878 227 518,591 326,888 191,703
Total farm fields = :
— e /C} 540000
e T R G
ch o’ Sl 530000
~ 1000 ) - o O :
’-\- '
_g y
-~ 800 _ & A 4 - 520000
T A A At taax
S
. - 510000
g 600
g 1000 { Paddy fields e O- G5 350000
%] Q \ ! -
= 900 o- NON 2 \ ’ %
= = @ v - 340000 é
g wo-0o © 2
= 700 &~ A& - A - A _‘__A\ - 330000 P
- h -
S 600 A
= A — A - & 320000
TE 500 - -
5 300 - [Tp]ﬁnds - =3 - - Agri-water requirements _ 220000
= - — A - - Areas /O'
= -
= ')
gﬂ 250 ; O ,k =
« -O ‘? +" L 200000
K= o O _A--A
200 P~ (o8 4 A - 190000
f-iﬂiﬂan,A_fA
150 =1 T T T T T T T T 180000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Elapsed time (year)

Fig. 2. Change of agricultural water requirements since 2010; Open circles represent for annually agricultural water requirements and
closed triangles represent for annual farmland-area, respectively.

£ (%)°] 1N oz AHETHLim et al., 2015; TS AxEF AHHET, 795 mY/day(2010:d), 779 mY/
Moon, 2018; Sohn et al., 2014). VELAS =&& o]& day(2011%), 868 m*/day(201253), 892 m*/day(201317), 828
St AFA G| B B4 Ao Sk B1E(%) m/day(2014'd), 931 m¥/day(2015'd), 977 m*/day(2016'),
& ZVIEAIYNS Rt Ha et al, 2021). =2 I)-8<F 770 m*/day(2017%3), 989 m*/day(2018'd) = 955 m*/day
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groundwater ¢ 1,277 m’/day
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Agricultural
groundwater < 1,106 m%day
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Fig. 3. Aquifer capacity of the study area keeping up with
agricultural groundwater requirements.

(201902 A=HA

el B ApaAe] 3] S7H187H — 2101
m?)BAA, WS BaFds st X&EH o= F7t
FA(206 — 291 mY/day)’} UEISTE AEEZ= 206
m*/day(2010%3), 197 m¥/day(2011%3), 218 m*/day(2012\3),
213 m¥/day(2013'd), 207 m*/day(2014'd), 219 m*/day(2015
), 229 m¥/day(2016'3), 231 m¥/day(2017'3), 261 m*/day
(20180) 2 291 m¥/day(2019'3)0& A=},

. ol

ArR|e] I8 gk it oF 1,106 mY/day
(& 878 m¥/day, Rt 227 m¥/day)o.2, A|sk= Nl
(1,277 m*/day; Ha et al., 2021)Ht} 2o S=afo]c}, &
sk 7|Ed AXE 427 Y A{ FrHAlERS
2,356 m*/day(5Q4-8& 30704, 1,938 m¥/day; A& 1270
&, 418 m/day)=, 714 A A8l FEHeE W
|5 dage T3] tS s ez EAEn
(Fig. 3).

agelE B8t AAIHe] wid AEER1 WES
HE5S A olfie, 985 20T 95715921l
FEO] 7] wto g dekEn) A AXE e 2
L9(1,106 m*/day)y> 7+ W8S BRFH404d m?/
S 365UE e FEo g wxREo] Aehs 3%
(5~99)ll W daFeo] FFse 45 Whiesr
FE3 o] wle 4 ot

ATFAS A= A7z mE 9 Y] H
NeG BRGFeS F2 5-99(1,121~4,004 m*/day)dll H
F=o] Atk(Table 7). 53] A7AY 6~8¥ W& 2
Q7(2,963~4,004 m/dayy> A7AY FHE 24 3070
20 Ao F597Fs%(1,938 m¥/day) B 42704 AA B

Aol A T (2,365 m¥/day)S ZH3ch AAe
A, 48 T 304 571,938 mY/day) 71
64 Hi 2,066 m¥day, 72 it 1,025 m*/day, 18]
31 89 H —1,544 mY/dayd] & H=o| WS} e
I 40 AA B 337 (2,365 mi/day) 715 6
2 Hd 1,639 m¥day, 7€ Hit 598 m¥/day, 1|3l
8Y Hi 1,117 m¥/daye] & F=o] WhAysic)

FAEE AWEH, ATA A B FHvteE
1,293 m*/day <1 WHFA, AFTAIS] F571(5~9€) € I
| AT 547-1,816 m/day = FE7] B RS
Heloh, 53] 6~89 WHEF BAFHES 1,370~1,816
m*/day2X FF7Fs%H(1,293 m*/day) tiH] F —523 ~—77
m’/day®] & F=o] WAYSITHTable 7). A=, 69
Bt 523 mY/day, 72 i 77 m¥/day, T12]321 8 H
T 352 m¥/daye] & H=o] vyt

BA|l AA B9 3F7FHS 1,072 m¥/day 91 HhH,
BFAY 4571(5~9¥€) € W8 a5 573~
2,188 m¥/day 2, BFAIE ATAIS} "RV AR d57] &
F=5S B, 53] 6~88 W8S B4 1,593~
2,188 m¥/day=X 37 Fs(1,072 m¥/day) the] <F —1,116
~-521 m*/day®] & F=o| AT Table 7). “FAISHA
=, 62 ¥ 1,116 m¥/day, 79 Wit —521 m’/day, L
23 8¢ HI 765 m¥/daye] & F=o] WA

wEbx| Zskre] WSS iR YEsle A7AY
<, W7t 7R dstAl AR old7Iet Edrlel F
FET TRE AEsP| ofele] HEAd = 7o) WA
sHAl "ok g 7 Alsle] e Sk 7 59
2210 % (Moon, 2018; Ha et al., 2021) &7](5~8¥)
WHEF o3 vid S715Alo|oK(Table 7). B3 7]
Folrdel &, A=A oz Fuprzhed dke~78 Z5)
B2t Ak e AR 350 mmyell & PR wkE
A7} ot At 717H2010~20199) S @A o]
2} wAggtel] (KBS, 2020), 7AYGS ke E
doh= FE7l B FF U 7IE A80] Alg3] 8
= AAolnt.

4.3. HAAH 0|2 7|& XS et

L8 750l 83l gk 15 o
WA FpZolANE, 7 v EAl, DR
3 e A B 2 Aske #E 7l
TOE At NS AR A 22 FHoloh
2hA] o] AFA|Gelle Ahlidte] E9E =2 T e
it ViE=, 71 TS G831 Ael ol8as S =

[e)

o

uolo

k=)

(e
Yo
3 G

Ky

X

i)
m]I.
o= I
N
3
oo

)
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Table 7. Change of monthly agricultural water requirement for farmlands since 2010 (unit : m*/day)
Agr"wat‘g;lf/‘zg““emem Average 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Study area 2 - - - - - - - 4 5
J. 2 - - - - - - - 4 5
anvary Watershed
Study area 2 - - - - - - - 7 7 10
February 2 - - - - - - - 7 7 10
Watershed
Study area 3 - - - - - - - 8 8 12
March 3 - - - - - - - 8 8 12
are Watershed
Study area 175 166 180 171 145 170 154 153 190 191 228
April 97 83 100 86 84 86 91 83 119 107 135
Watershed
77 83 79 85 62 84 63 70 71 84 93
Study area 1,431 1,145 1358 1,569 1,320 1,481 1,566 1,397 1,486 12280 1,706
May 759 603 728 809 703 764 827 739 802 677 936
Watershed
672 541 631 760 617 717 740 658 684 603 770
Study area 4,004 3,892 3392 4454 4,058 3,853 3,845 4,095 4280 4,023 4,150
June Watershed 1,816 1,793 1,544 2,045 1,838 1,769 1,746 1,838 1,906 1,820 1,860
atershe
2,188 2,100 1,848 2,409 2,220 2,084 2,099 2257 2374 2203 2,290
Study area 2963 3,373 2,054 2960 2,392 2866 3,071 3,125 2,158 4265 3,362
July 1,370 1,575 972 1,400 1,111 1,354 1,419 1,431 985 1,930 1,521
Watershed
1,593 1,798 1,082 1,559 1,282 1,511 1,652 1,693 1,173 2335 1,841
Study area 3,482 2,591 3203 2870 4,052 2,890 3,835 4407 2,509 3961 4,499
August Watershed 1,645 1,270 1,510 1,391 1,926 1,383 1,810 2,027 1,206 1,848 2,077
atershe
1,837 1,321 1,693 1,479 2,126 1,507 2,025 2,381 1,303 2,113 2422
S Study area 1,121 779 1,470 938 1,214 1,100 1,236 1,198 1,308 1,130 832
eptem- 547 414 693 468 579 547 602 571 616 559 425
ber Watershed
573 366 777 470 635 553 634 627 692 571 407
Study area 4 - - - - - - - 13 12 18
October 4 - - - - - - - 13 12 18
Watershed
Study area 2 - - - - - - - 5 5 9
Novem- ) ) ) i i i ) ) 5 5 9
ber Watershed
Study area <1 - - - - - - - - - 1
Decem-
<1 - - - - - - - - - 1
ber Watershed
Study area 13,188 11,946 11,658 12,962 13,183 12,359 13,708 14,374 11,968 14,885 14,834
Average Watershed A 6,247 5737 5549 6,200 6242 5903 6,495 6,689 5671 6976 7,012
atershe
B 6,941 6,209 6,110 6,762 6942 6456 7213 7,686 6,297 7909 7,823
skt 5= 2l day), BFAIGl 47022(572 m¥/dayyF $1XI3laL Ut &
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WY Askr A S ATAIY Askr A=
(676 m*/day)°] B5A|2] 2127572 m¥/day)ich Bol, 43
WHoR AP} BASS Tl HEd Qo= AR
2 5 e} Ty FEEAdd A3 SRS AR
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controller for

cha .gudg-

groundwaters;

i‘éatlon route
""* through pipeline
f 2

Fig. 4. Schematic view of the well-network system placed in the study area: a yellow line representing for a pipeline transferring a
pumped groundwater from the public wells to the water tank, yellow closed arrows representing for groundwater transferring direction
along the yellow line, blue line representing for pipelines distributing groundwater from the water tank to water shortage zones, blue
closed arrows representing for groundwater transferring direction along the blue line (modified after KIGAM et al., 2021).

A, AA FFHY TlAhe EREw 5HH0E st
o, 74 T 23 haolltt FEH 02 A3lE FFshe
A7} ATHKIGAM et al., 2021). ¥Fd, BFAl &5
A oh= oF 100m e 7R veks] fXxIskal ol
ok wEbA WY 3 RS Haskely FA tiF &
7t 7Fs3, thge] Aalkrgs 7 sAe WA 3w
& 4 AUTHKIGAM et al, 2021). E3H %HETX]"%‘Q] =
o T e skt EaE Fa I
2 WEe} Aol gss A& SAFE 7 EH@ ‘F no=
2 ol SHoNME J80] & o] Uk A& 3]
T A9 53 A% £ el w2t &<
FTEFY 30~80%«l HAZ oFstAl A A
(Choo, 2004; Chung and Park, 2004; Kim et al, 2010;
Kim et al, 2022; Song et al., 2015), 7153l Aako g,
BFAIY ¢ oM 3EBY 3H7FsEH(572 mY/day)d]
) 130~180%2] °]8&EES 7|Ugd 4= 3ot

olof] wie}, A7AY IPAAlE & HF8&Qhe A3t

T o8 &H0] e ATAIY] WP BE0] =L BT
o BAHE AT AARKES FASITHFig. 4; KIGAM

et al., 2021). o= AFAl A5l viEe] HEEAS Tl
A7} A BFAIS] AskE ATAlNl T8k, RSk
olgaES FUig} sk= Wikte|th &, AFAISE BFAI
TIPSO ERE AslrE el ARE T3 AT
RNl AXE Uy E9aE IS o] &, wijdke
A HAAAE B3 ATAl 2 BFAlY] B H= wF
FejF oz AMiRsIES AU A, BFA T3y
o] A3l e AE JAHEE AXste] ZF #g<]
Aalre] Aol we} FEREE 282 Y Ao
AT 3ITh aelal ICT 7Hke] FAEAl YESSES
ol g3t T I =4 & Al olF o] AE
o7 Ol*ErOMEi st

ICT 385 93 AgAE=Es 2 B3 AAdEST,
Ah: 44 7+ A ﬁ) AA At _»]-7(45_/] ﬂg] A
9 °o"~r oA otk A7AY A A8k
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o AalE HiEslE WHS FF 29 daElsdl <
3 A=, A ) BEAAlE AR M IF-
Aoz 567l 3191 A9l el gk HET} ol
(KIGAM et al., 2021). AlUg]Qol <Jahd, 71E 24
Al IFAA ) AlxHlo R AdHE PHEL 7F4la
TS 23l G A AEkE A= o]
£ F Ue Ao FHHUHKIGAM et al,, 2021).
5.4 o1
7 ho 2 Qs T9ET K=
1“6Fr HA WS ke %ﬂ

W-" dil Hoz G Tk Adrbed WS A
FAA 7L 913 vl AeFQ V)EE JriEg &

Frd=E o] 7les FEjF o= A8alr| fEiMe Y
A AufREe] WEG o FAo] AR
[TEH, ol EUE Asl57t HiFoE FH Ay
A =S x|9o g2 AAZAQ XskrE vjE A] 1,} o=
TAslor gt o] ATe FHEE ST s T
RG9S gPde s #AIAlE Ves HE %ﬁf}ﬂ
el FEden, 4 10:9(2010~2019) F AEREHE
W3l SAE ol83sl] Wier oS LEshal, 9
E71(5~98)l HEA sHET B 7S ERlst
Aot mE FHIA LS 71Es ]ol~r il HAs} Al
2Hlo g FEE 4= QEE Ao Wdsiion, Ham]
|02 FE7(599) TRET HSF AE FEIE W
HE AAsAT

AEH o WHAANE Ve 8T BT &
ool gk Zsleatd HA iR 7Ie=, ARl F
FET TS T Ak AR o8] Hepdo] gR
2 4 . 2y A0S Ve A oFelx &

Hzo] uhsh= ZAolle, tigze] FeiAdsky 54
48 EUlZ Xalis 233 TIN5

o)
S el B ee Agalor & gow e

it
&=

AL A

B dye 845 Faulsd EXFANIZAIY A
7REAGY Al HA FFHEE SIS loT 718 Q1F
2 Well Network 7]& 7§19, IA|e] 1] =

o oJaff o]FoiHitt.
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