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ABSTRACT

Groundwater is considered to be the best water resource to solve water shortage problems during drought periods. Even
though excessive pumping (overdraft) during short-period may give an unprofitable effect on groundwater hydrology, it
has a primary role to solve a lack of water resources and to maintain incomes of farmers. This study evaluated maximum
irrigation amounts of groundwater to each local-government and province during drought periods. Maximum irrigation
amounts of groundwater were evaluated using cumulative groundwater usage data of each local-government during
normal and drought years. Maximum irrigation amounts of groundwater during drought periods would be roughly
identified as approximately 1.3 times more than the exploitable amounts of groundwater resources for each local-
government. Drawdown-limitation depth on groundwater levels at each monitoring well was determined by transforming
the maximum irrigating amounts into degree of change on levels. Universal limitation depth of drawdown on groundwater
levels was evaluated to be approximately three times of annual fluctuating range on groundwater levels for each
monitoring well. Systematic response on groundwater demands with abiding by drawdown-limitation depth can attain an
optimal irrigation of groundwater resources during short-term drought.
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23S Al =9 o]Yshe AI71Y] 7 ARAA
3 7HE(7~8Y, B7} Sk HES I AI719] 7E)
o8 FREKKRC, 2012). FEUR] sHE 7S
713548 B o] YAAY TEel FE olFH, ATt
ATsE A5ddde AFAAF 7ol A A
9= otk YU} 7 R Fole YA
2000 ©]F ¥R =717} ok 2008 ©] Foll= AL
d wREEka Qlom, 2013~2018A71A] 5ol AX A
7] 7hEe A=A 93E ZHSATHMOE  and
NDIAS, 2018).

7HEo] Ao AR, sRdg T AEF Aol 1
29 $17lel AshH, IRbHo R Rt} £l o]
At Ae B P AeA] s viEe] BRES
F5le] 71 852 gusle otk ddE, 20124
A=) 7hHEo] HAYS wolle F 1,046992] 71
AW (FAFH 5959¢, WAMPAR 2699, ARA| 392
A 9 IarsolEdAl 329yt e 2 A
FRE 98 FYHAT o] 7R, AI7IEC] Hol 2l
= AR AFAE 595992 e gEAdeR
2 oGS WML T A 9F SHo) 25394,
AeA] D sk upg 400 34201900] 22 FUdH ut
AUTHKRC, 2012). 715 Ak B Aol sl A
2 vt FAL JHE A9 AA, AR oS wikt 5
HEARI 7 tix] Wkte] ofar, 7 A Al719] &
F= TAE dld A7)l gshallishe WiHe]7] wiiEel
7HeE Wix9] diaEAde] ¥ A7 ok 13y A E
oz FEuzo] Fal, 9T A A} o &
ojF AHoll= tiitE 7He tHAXEATA F=017] At
4, A5 Ak 5 Ul Al A 5ol E7F
Sol7] witol], Ak Al B Ak £ 7Rl o)
Aeh= 7 dEAA2 digte] H7I= gtk

olXH Aslg= T tEY 7HE A A 85 F
7 wAE A aldstar, AETEE Hasleh, 5o
7o) &g ARES ABIERE BHsleE F8 A
AgE gt 2ey Asl ol FEsie], 153t
SVl e AslkraE] 7| 2AIE A XA AERE 27
gt Al N7 Fs odZE AelrE o8 RS #
3 $IEL(MOLIT, 2017), tiFate] XM= o1&
55 Asg gl disk s7lal JF-E 533
St o] wEel, & HFo] Asld 7k Al7]el= ddr
A o] Al MW Fsars 3 o868 47t sle
A} AT A N PeEe B A mE At
g o] 8Ap} FFElor & Al o]l w3t WES 7]

TYoll= Bt ok, 4 7HEo] 2AEk 7HE 4
ARgle] REFL £ 77MllE, AR RSl At

g % Qe F8 7Fse Ho H5EE o
oFo g AGsle & B FAE AT e ot
(KRC, 2017).

AR A= FHARA A3l FEeglol A3l
S I 5 da, AsIArE Al AEE SEshs
tloll tizke] Alzte] Badh =k ln), Ty AR)E
o2 FofH “318 7Fedt HYd B HelA FHat
oL, 7HE A17] Bt HYY= DIk 7
& ARl 9 4 JAThUS. ACE, 1993; DWFGI,
2018). AFF| o2 FAE B3| o} Folvle] A5 B
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n|= A FEUolF FE= 2012-20163 7I7F B¢t o)
Aoz AAE 204, BAE 12009 F71¢ A7) 7H=o]
HRAISIATH Lund et al., 2018). ©] 7|3t 5<t A Eo}
T ST FFE F oY 5-65%(HT 37%) 1A,
HAeoid € 20174, & F=239] °F 80~85% 8%
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2014), 5 AF- ZholA ABlrE HIRS AR Aol
< O a9 S vidsles a7l 25t
20140 Ao} F FReMe A&rFsd sk
#2]*H(SGMA; Sustainable Groundwater Management
Actys ASIAAL, o] HE 7o g AE|Eujol 5
EE JReE A2 e A7) AAE e AL Fsd Alska
e ke vhaste] RdeHAlE wiAlskeRt

AEo} F QA THeElE B APFxol 22
A2 Al QlZol] AX|gt. QAA| TRE] FEARIA
(OCWD; Orange county water district, ©]8} OCWD)el|
e B 7] of 75%5 WA drale] IS,
WA 25% olde] ke Aol FHE - AR
Yol FEAIA(MWD; Metropolitan Water District of
Southern California)2%-E Ysle] Fg3Ic}. o] 7124
2By 2] 9, OCWDE 7H-E] W 190 A4
5 AR Solg HORTE XHE s
BNES SIS Helsln, AFE AQAEe 2uA]
FRE] 55 29971 km?) oF 24075 2] FHloA &
= e

OCWD= A3l #EH(SGMAYS T3, A0
A S FA de Hdl s8Fsd dies AR
W3S} FollM 513k Al kS A flstod, Alskr

New full condition

Available storage for one wet year

Optimal target

OCWD operating range

Provides at least three years

of drought supply

above MWD storage

82,000 AF (=1.01 x 10° w* ) MWD storaget
66.000 AF (2 0.81 x 10° n’ ) CUP storage
16.000 AF (= 0.20 x 10° w’) Super In-Lieu

ol $4E

9 BEAES} BdE 7PHS o8, 79 Wl Hd 58
7Fsst Aek o829 Al sk oF 6.29 m’(5.0x10°
acre-feet, OCWD 9 W A} B=2F 8149 m?
(OCWD, 2015) T 2F 0.8%°1 oz 231 th(Fig.
1). oAk A&7bsdt Aok o7 AlRAHoR I
N HRIE RS, ) B9 AU RS we g
ol st FF F 129 m3(1.0x10° acre-feet),
(i) 399] A&TEo] BARS W ejFoz 5T F
THFORHE] grol§ Thss 7 oF 49 m’(3.18x10°
acre-feet), (iii) OCWD 1ol X3k {3 2] Erjo}
FEARIA(MWD; Metropolitan Water District of Southemn
California)°l| Al H = FY7Fss & F 19 m’
(0.82x10° acre-feet) ©Jt}. o] 718 S0l AL (i) &
o2A, 7THE 2 5% & ¥ APlde g2 7IkE
S Aot FEFS 2HSE FER(F 49 m)
3.18x10° acre-feetys Tl 7] H=d HE=ako 2 HE]
Frolg & 5 UES HAIs) g Mot} olof wje, F
F71ole Had dRFFEF 129 m’; 1.0x10° acre-feet)ll
Fehs Aekrs ot = il th-8-(optimal
target in Fig. 1)3}al, YF¥ HEF8-S MWDEYE
dsted 8 RS At 2, 7o) o] Ast

A e Axe REE AslrE st

100,000 AF
(=123 x 10°nP )
v
A

318,000 AF
(=3.92x 10° nP )

L
>

82,000 AF
(=1.01x 10°nP)

L

T— Lowest acceptable level
+ Current maximum approved volume

(Abbreviations) AF, acre-foot

OCWD, Orange county water district
MWD, metropolitan water district of southern California
CUF, conjunctive use program

Fig. 1. Strategic basin operating levels and an optimal target of Orange county water district, California, USA (referred from OCWD,

2015)

J. Soil Groundwater Environ. Vol. 26(1), p. 76~87, 2021



7 aThs @73 518 7he s AW 5 |7t 79

oF 3%19] 7Kg 717k B9t oF 49] A Yol g
S Y=S sgrk. TP BPs SHE o] o
o] 2 w

=T
B el AV A7 B AR Euol FREARIA
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3.1. S0 E 332N KXok 0|38 £

5% Fellde s 7
TS =93l olE EUE Al ol &3S TR &
oh ey H 71%0dstel] mE Az ke W, 3
o] A9 HAL A3l o] A5E AT 4l 5
o 93l o] B 3]
AR FHZ THE AAS s AEel <A
M7Veds 71502 598 =3] Hie, (718 ¥
A5 B3G9 A o8-S VFEeR AU Ik '
Ao FFL F J= FHTFHel o 59 F= o

FYPE FFHARL Al o] 87 S Sl
TEETAIM A T2 Ax F 1,5557042(2019.12
Aol FoldE TFHE F, 2010-20183 (70 st
7187 @ 7150 FHE 1,38004 FEHAEE g
7} BAe] Awd A3l LTS Tttt
Aol o] &% 1,387 FolHE I R 1,192
TR (F86%), TATE 188704 (2F14%)0|H, e
TSEEEZE o830, TR AIEEFZE 9]
g3l ABIGE It 7 Ige] HEAE RS HY)
S7oF A En HEASHe T B (GEEEEE
Tv APIEEEE)] AL E) g s 2
Ae)e MgAgFoz e ¢ Qo 15 FFE
Elgzo) nig) mje- Fe HAFS Awsy] uliel, o] A
ToME #ge] HEAgao] el HAXE FFEE
o] MEASFa FYsitta 7Pgsiitt. IR Azt
235 o8 7 BA e A7t AEAEF KW 5
HEEFHKW)S] HlIg s #ske] =Skt
(MOLIT, 2015). ©] &, 7} Alit7tol] 43 58 3%
HFEY] o] 87FS Akt Al
TS AESIT AR e R, YEAY ¢l solE
BAAAA 7], B, S5, T, A&, A, A5, A
s ol FRIRA))] ATtel 8- 3
&5k Al E A7 oIS FEHAES Ak o)
F& sl ks

ShsolEdAl B Tolde 33T 1,3807114]
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B Al Ak o &7 Thr B A A8l o] S
Hlal FA37] 9J8), 94 FolEAd ol XA G
BA] ALhe] 201020183 (W) 7+ 71 by A
2 RSN 7R dAwo] RO JarpolzgAL
7HEW A (KRC, 2012)¢F 7} HE4 B A E(MOE and
NDIAS, 2018)°ll4 At 1677) Algroll thsle] %57
ZA|4=(SPI; Standardized precipitation index, McKee et
al., 1993)3 o]&ale] A&7 7F 3704 (SPI3) 2 7Y
(SPI6)l| el #A18t AvE Q&3 FFdTAT=
AREzoE TR Bo| 8Ee VEATE, 54
3 71l thE AR 3, 6, 9, 12HY S o)
Agslar, TRIGSER A B53S Akl 7HES
vdehs Aot} o] &, FojEXY ¢l FIAI=HE,
AFTHEE Folde Tl Hd Al o8 3
, 7HE A Axe] o] &+ Btgks Akt o)
AxtE 271 Highe] vlES ol FAIEE, AT
CER i A=

41 2 [

32.7k8 Al o) 2 & X|5kre] XMSISHAIR| M

o] A AE OCWDR015)] /Nd< wix|n})éle]
7He Al Aslr FHul HRks ARSItk ocwbDe] 7t
5 A Al HA FHFES ) Fd Asl gk (i)
3d9] A&7 Al diFSolld AW & 5 s A8k
FEF, (i) B 92 HEH Al @] o= A
2RE 4 otk o] o, (il tigh iyt Giye] BlES oF
3.28), o.gulfel siEgith Fulo] Ae, A7, FHS
2014~2018< 7|ZF &<t oejF oz 4d7te] A&ThEol
HASIIA R, TR BRI E 39 o] d&7HE
o] MAsEA] 3Tt TS, julelAs AskiHel 9
7 oCcwD9] (iiiyd & A (water right) Y3 E
7t B7Fseb] wiitel] FAAEIE 9 79, =0
Atz etk oy U AFES 1H3she
2010~2018A(PN) 713t 5 B Al o] &%
THEEA A=e] Al o)l& B AMESIT). o]
%, (a) WA o]&7Fs3t AakE TS, OCWDY (i)
of 3, Fd Al 1d Het Asl o]8%), (b) &F 44
o] 7HE WA Al tiFo2ZHE Ao & = e A
3l HEEHE, ocwDY (i)} (ii)e] gl T, 7HE
Al 1d B ol 87 4o R FHE, (aell tiFE (b)9]
HIES oF 40012 A3t 71 B Al AUl H5ES
ARt del o] 8 ks Aek e Askrx
AR (MOE and K-water, 2019)°)] 712% Al A
sl S7RIatEke] Fho = ARSIt RSk rRAIE
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of Shne: sk 4 o}ed e Aolt i
T Aok 24, AR &2 vies ¥ A, &
7} g Qox BEala og—séz/\]._ Ak J]} Al

IPPOR F4 AN WA AT, ALE AEAN
A Gl sl el ¥y JiaT 5 ol HlA
FHQ 83de IS W, o] AFelME HAK R
HRUFsd AlrEAIAR ] sP7RIaES 2 ARk o]
Asler olgoz gt

A3kl Astk FAATE gl A 7}% Al A8l
Al FHrdS BF Folgds o #5He, ¥45F
oM SA" Askre] Aske] Aol Zl*“’ Afs}
AR BRY FEd EXNGETFEHAT WA FHAE
= 51 ol8sle] AEsle Aol 7F HepHol

Ao}, 29 o] A7e} o] AFE o P43}
£ A9l O B0l 4914 54 A wEe 71F
)

TS Fustolol sht, 428 BHGHRES,
A% Sl 7MHE B ASreREE A%
Aoz AAFOE FHHL ofee AT} Hob A
ZAo] @7} Ik T, o] AT wy] Sk
telel PO RNE A, Ak WAl tig 7
BV ) $EE G0l T G s, ¢

Bejstoln AFFASE R s
e WA 517) ahel, o] ST <k 152
olgste] AT olT Askrgl Ast WAAE A
alsict.

o]'ﬁ'@" )

i

3

A[sla=9] At A
= 7R Al A He - (3 x 358) )

a8y ZF #A=Fo] AAS g2 AeASIHE=
&)y ThE7] wj2ell, o fARE Aol Hes Ad 2
MY AAA7F Aok siEEkE 214y A5}t SHAIXE=
zlolE B 4 Stk <Eq. 13014 ZAAME AL =
THEFAEA AR ARAlTE Ak 712
A1Z(MOCT, 2007)°14 x}]/\]zﬂ N EA AT 2=
E5 HIE 7RE sl 7 V‘D}Htﬂ AFATE=
)P E A4 4835 0.19 U9, g2 skt 0.04
v, wiad A8 E8Y 0.02 W9, vicksd shiet
0.03 W<, #UsHIL 0.04 <], 21434 EHL 0.04 U
9], Bkt 0.03 W2l WA 0.01 We)S F-83150ch
o] &, 7} AxAwiTt EAATeE WAS AkEsial,
G FEAEDLI AfAITE A83haL o Fdsi
7t 22 Zsl thergo] ARAGE ARSIt

4. 23 ¥ E9|

41. BA L IF Al XIEH‘- 0|18 54

2010~2018 717} B9 FE4EASG B4 w2 g7l
TojE FANEAT F 5FHA ALe] 7HE 24 2
Fh= <Table 1>3 ZTHKRC, 2012; MOE and NDIAC,
2018). 201097 20110 E AEHo g od 3 7

Table 1. Annual drought occurrence on agricultural provinces by applying SPI (standardized precipitation index) (modified after KRC

(2012) and MOE and NDIAC (2018))

Province 2010 2011 2012 2014 2015 2016 2017 2018

. SPI3 Drought Drought  Drought Drought  Drought

Gyeonggi
SPI6 Drought Drought  Drought Drought  Drought
SPI3 Drought  Drought  Drought  Drought

Gangwon
SPI6 Drought  Drought Drought  Drought
SPI3 Drought  Drought Drought

Chungbuk
SPI6 Drought  Drought Drought
SPI3 Drought Drought  Drought Drought

Chungnam
SPI6 Drought Drought  Drought Drought
SPI3 Drought Drought  Drought Drought

Jeonbuk
SPI6 Drought Drought  Drought Drought
SPI3 Drought Drought
Jeonnam
SPI6 Drought
SPI3 Drought  Drought Drought
Gyeongbuk
SPI6 Drought  Drought Drought
SPI3 Drought Drought
Gyeongnam

SPI6 Drought

J. Soil Groundwater Environ. Vol. 26(1), p. 76~87, 2021



7 aThs @73 518 7he s AW 5 |7t 81

S FARIE, 20129 olHiR A TR RS E
Y Aed Feol wt 7hsol RidsHA A E A
, ol3Ed @2 2017d7HA] A&GEAT. AdAHISHE,
201243 A7), g, AR, 20140 ASZog V1=
o] Hh¥slgIT). w3 20150 Ada A 5 @ A
WS Ak YA A Qe A= oz 7HEo] s3]
a1, 20169 71, A T SHEA wgkE]o] e
o] WhalgITh. avlar 201790 T & W H=zow
7hEo] AR & 20180l s WA 58 FESTh
o] AFofAE <Table 1>S 7|%=2 7} FAx=H= A
olgt Wl VA A=E TSI TEY, 2017
9 3¢ o] 3RE FHEFHSAAAN AT T2, FE7]
71ZH3L~102 )0l el ERFEA]S(SMI, soil moisture
index)E ©]83l9 FH7HES A8 AIHNAS, 2021)E
3718k SPI 24 Ade} vlaalgth. EYGEASG(SMI)
= T oty Al 7hse tiEAER] TS iR
Ego Farad AE71RH45% o, 15~45% 10
A wRh, 15~45% 104 °PF, 15% Pehs 7lEe® 7
i, A, 7He 79, 7hE AR 7hE vk Ao s
wohe FA7REAIelTh sMI 24 A7 2017 59
TRE 69 W7 ARFO0FE FH7HEe] MAst o]
7] F4ET 39 AL Do, olHd Ave=
SPI 4] Z3K(Table 1)} DR8I
gharsolEgAllA Bk 138074 FoHE 3%
o] AXE FAAE B AT thste], 3da 7
A Axo] sl o] & HIE-S ATt Ask
o] &S FasolEFAIA HEs] HEdt FoldE-
T3 AYAREES SHlsle] AREStAATH(Table 2).
o] Aa}, 7FEA Alolle sk, AFA|, HAYE T A
o] FFH0 2 A3l o]g=fo] de| sl F 1.38)
(L1~1.59 9 W= F7iehke 21 ¢ 5 Aok

=
T
L
py
al

B

4.2. 7+8 U Al XI5k ) 352 2Y

42.1. U3t Al 7 2 A Ask Adl A5

A= 1670 AT 718 SerEolEaal Be Fo
AE TaTAo] AXE 10070 Aol thsle, zF Al
T A FFEPe] AEAREEH ASrRARIRE (MOE
and K-water, 2019)2] &7 FS 71202 7HE Al A
sl Aol FHrEs BT YR, T 9T
o] A, ST A FoFE FIHA HYAL
S B4 4y, 7S 7R dxole e v
3 oF 1.1 vlirRke] AekrE o]kt 1'ld] Aekrx
ARARe] 33T AT ABlr o872 17,7033 m’/yrel
it ool we}, (i) HdolEF 17,7031 mi/yr
(17,7033 m’/yr x 1.0 x 1), (i) 439 9 7H A] o]
SRS 772773 mPlyr(17,703H mPlyr x 1.1 x 43l 3f
Fete, AxpHom 3T 7R Al Ak Aol A=
2 94,9803 miyrell dFeHE. o= ST A8l AN
7Fs%(33,7044 m’/yr; MOLIT, 2017)] <F 2.8 o=
ojtt. e, ol B3 Ak B HWit MEE
A& 3} 96 m AE YA H=H X|ekr BE3897,630
A miyr)e] oF 1% E8I2Z (Lee et al., 2018) ¥
AAR] Bl mE Ui Sdade] Seie Ak
7he Al Ak S B, Kim et al 2017y 54
7He A Al dAF o R Xl T Fs RS AdSlehe
Aekrg AY rste] FEhe Ao, e 7
Sk A8l FES AYaL 7] widell, 5 27 F
At Al 9] At ALk tirge] Ak 3=
Y 73] RS Aok RdES ol8ste] Bal
gk vk Aok A, S &4 00 (5 km x
kmyll st 7He Al7] DAIAEF 100€)02 3+
e Ao H5Ee N3 559 (MODFLOW)S:
ol-g3te] W71t uf Qlrt. o] Ay}, o] A8k 5
THE 0102y 7k A7120159)] A9l U

(V)]

4

Table 2. Multiple-number of ratio on groundwater usage for each province during drought periods against normal ones

Multiple-number of ratio on groundwater usage during

Province drought periods Drought occurring year
Gyeonggi 1.3 times 2012, 2014~2017
Gangwon 1.5 times 2014~2017
Chungbuk 1.3 times 2014, 2015, 2017
Chungnam 1.1 times 2012, 2014, 2015, 2017
Jeonbuk 1.1 times 2012, 2014, 2015, 2017
Jeonnam 1.1 times 2014, 2017
Gyeongbuk 1.3 times 2014, 2015, 2017
Gyeongnam 1.4 times 2014, 2017
Average 1.3 times

J. Soil Groundwater Environ. Vol. 26(1), p. 76~87, 2021
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Fig. 2. Comparison on change of groundwater heads due to overdraft during (a) a normal year (i.e. 2010 calendar year) and (b) a drought

one (2015) (referred from KRC, 2017).

Table 3. Evaluated maximum irrigation amounts of groundwater for some selected local-government during drought periods

Groundwater exploitable amounts

Maximum irrigation amounts

.

Province Local-government (10°m*/yr) (10°m*/yr) B/A
A B)

Gyeonggi Anseong 82,865 196,630 24
Gangwon Wonju 132,201 252,180 1.9
Chungbuk Yeongdong 76,902 123,126 1.6
Chungnam Asan 60,011 153,962 2.6
Jeonbuk Namwon 110,282 138,030 1.3
Jeonnam Jangheung 83,099 94,526 1.1
Gyeongbuk Chilgok 49,043 97,672 2.0
Gyeongnam Jinju 94,757 214,747 2.3
Total 689,160 1,270,873 1.9

"B/A: A ratio of maximum irrigation amounts to groundwater exploitable one for some selective local-government during drought periods

S BHAA, A8 Ui A7) 7HEe] X&EHE 3
Wt vlS3t o] Al FH% Y] oS BoH, oF
T F ARt me Sxe sjEsie) Al
2 Fgo] gl HQl vl Uth(Fig. 2; KRC, 2017).
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vl Fdo) vls) ZHEEA A JfEolg JFsd X|sle
Fo| TR u|7} ot 238 7HEe] WA
< wells olv] A5l sdshe Askrae Aek2
Azt UIA] o8 S0l 23l o] He] AAElenz
4 Ze Axd FEd X3E A4S g3l gkt
I HA RE MEEl 7RES 55 ¢ e ABS
TS Zolyjofof e =S R OCWD, 2015).
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Table 4. Evaluated maximum irrigation amounts of groundwater for agricultural provinces during drought periods

Groundwater exploitable amounts

Maximum irrigation amounts

Province (10 m*/yr) (10°m*/yr) B/A"
A B)

Gyeonggi 1,325,656 2,458,459 1.9
Gangwon 2,263,659 1,323,192 0.6
Chungbuk 893,670 1,598,136 1.8
Chungnam 1,006,130 1,984,906 2.0
Jeonbuk 1,008,125 1,278,102 1.3
Jeonnam 1,523,180 1,964,729 1.3
Gyeongbuk 2,196,457 2,290,404 1.0
Gyeongnam 1,342,939 1,849,602 14
Total 11,559,816 15,533,334 1.3

"B/A: A ratio of maximum irrigation amounts to groundwater exploitable one for each agricultural province during drought periods

T HU 5 B1E©F 1.98), Table 4yl vls) 2}
< Folth. <Table 4>= =S WFO 2 sfar lov=z,
29} - Bol EFsIAY, AiEgl oJgh wold &
Aol o] AL, s Biggo] Eot Ak o]
fako] Lre A|ZTE wE ¥8kslr] wliol, <Table 3>
of Hlg] FJjFoeE 1 Hlgo] HA AEH FHoE 4
A} =] A, 5 WA (16,875 km?, G WE 9
oF 16.8%)°l HI A& <Q1F+SF 156914, Tk Q19
oF 3%)(GSI, 20217} 2] X|8}(186,14431 mi/yr, 8
N FolE FANE o8 °F 7.5%)5 ©-8SITHMOE
and K-water, 2019). 23802 43f9] s7luss 7]
o2 THE Al Askr A HeEs stk |
2 HET el FEES o83l Akl s FA
Ak M7 FsHRTg AA A= AV o Ah=
+ 3 1,000 m oPde] T ARAPE BaL, iR es
FAA7E BA1,578 km?, U= WA oF 9.4%)5}]
(GSI, 2021), o]l W} APFHoZE AelrE /E-ol&
g 4 e A Fe] A3 AgHHelnt. iRt AF(EEA
HAH S 13.5%; GSI, 2021), FAEZEAA BH0&
13.4%; GSI, 2021) & A7} dFoz vl XA
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2] 7} 1.9, 2R AEET] wiiol], U= AR IR
£ AlQJeld o] AgellA A& 7He WA Al Aske
Hol H=ke vl et 295 Hole AoR it
Ho} s 87 B9, AR 99 R A Al &
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(A BH, Al o] gt 2] Ao & T
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o5 Azt

4.3. X|5t2| X5t SHAIX| N
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=)o) o] k] AelE UERATH(Fig. 4). <Fig.
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Fig. 3. Long-term change on levels of one rural groundwater monitoring well (Hongseong II) : Dotted circle represents for drawdown of

groundwater levels during drought periods of 2017 calendar year.

Table 5. Evaluated drawdown limitation of groundwater levels for some selected local-government during drought periods

Groundwater levels

(m)

Drawdown limitation
of groundwater levels

Difference between average Difference between median

Province  Local-government (m) groundwater level value groundwater level value ~ C/D"  C/E*
©) ranged in Per‘centile 75~100% ranged in per?entile 75~100%
and it in 0~5.4% and it in 0~5.4%
) B

Gyeonggi Anseong 6.01 0.99 1.02 6.1 59
Gangwon Wonju 9.02 1.81 1.45 5.0 6.2
Chungbuk Yeongdong 5.38 225 231 24 23
Chungnam Asan 5.14 1.82 1.68 2.8 3.1
Jeonbuk Namwon 3.98 1.49 1.42 2.7 2.8
Jeonnam Jangheung 3.93 0.75 0.86 2.0 2.5
Gyeongbuk Chilgok 4.49 0.81 0.58 5.5 7.8
Gyeongnam Jinju 6.66 4.90 3.67 1.4 1.8
Average 5.58 1.85 1.62 35 4.1

C/D: Multiple-number of ratio on drawdown-limitation depth of groundwater levels against a difference between an annual average value
of groundwater levels ranging in percentile 75~100% and it in 0~5.4%

iC/E: Multiple-number of ratio on drawdown-limitation depth of groundwater levels against a difference between an annual median value
of groundwater levels ranging in percentile 75~100% and it in 0~5.4%
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Table 6. Evaluated drawdown limitation of groundwater levels for agricultural provinces during drought periods

Groundwater levels

Drawdown limitation of (m)
Province groundwater levels Difference between average . Difference between medi.an groundyvater D' C/E:
(m) groundwater level value ranged in level value ranged in percentile
© percentile 75~100% and it in 0~5.4% 75~100% and it in 0~5.4%
D) B
Gyeonggi 438 0.94 0.89 4.7 5.0
Gangwon 2.28 1.54 1.42 1.5 1.6
Chungbuk 5.85 1.17 1.11 5.0 53
Chungnam 6.11 0.89 0.79 6.9 7.8
Jeonbuk 2.67 0.84 0.80 32 34
Jeonnam 424 1.20 1.13 3.6 3.8
Gyeongbuk 2.76 2.11 2.05 1.3 1.4
Gyeongnam 3.97 2.66 2.39 1.5 1.7
Average 4.03 1.42 1.32 2.8 3.1

C/D: Multiple-number of ratio on drawdown-limitation depth of groundwater levels against a difference between an annual average value
of groundwater levels ranging in percentile 75~100% and it in 0~5.4%

1C/E: Multiple-number of ratio on drawdown-limitation depth of groundwater levels against a difference between an annual median value
of groundwater levels ranging in percentile 75~100% and it in 0~5.4%

117

116

roundwater Level (m)

C

Maximum irrigation amounts of groundwater resources

Drawdown-limitation depth of gr mrmhvm‘er levels due to overdraft
P s

131

331 430 530 6/29

Date

m~100%
m~75%
m-24.2%
m~12.95%
m0-5.40%

7729 828 927 10/27 11726 12/26

Fig. 4. Maximum irrigation amounts of groundwater resources during short-term drought periods by applying drawdown-limitation depth:
The dotted line represents for drawdown-limitation depth which was evaluated to be approximately three times of annual change on

groundwater levels.
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