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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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BES SRS Yolsha, 4w AR 04
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New full condition

Available storage for one wet year
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OCWD operating range

Provides at least three years

of drought supply
above MWD storage

82,000 AF (=1.01 x 10 m?) MWD storageT
66,000 AF (= 0.81 x 10° w?) CUP storage
16,000 AF (=0.20 x 10° w®) Super In-Lieu
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(OCWD, 2015) 5 °F 0.8%°l )z 2HI3Ith(Fig.
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100,000 AF

(=123 x 10°m?)
v

A

318,000 AF
(53.92x 105 n?)

Y
A

82,000 AF
(=1.01x 105m?3)

Y

L Lowest acceptable level
+ Current maximum approved volume

(Abbreviations) AF, acre-foot

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

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

2015)
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o] A7 dvkar stefeks Aske] A8t eHAIXE
zlolE BY = Ut <Eq. 1>6A] AXAE WA =
THEFAIEAN ARSIt ARAlTE AskraE]7)1=
AZ(MOCT, 20070114 AAISH 7)) =EAAALNE F=
5 HAE 71EE sl FEAAGE ARAFE=
M2 A4 5255 0.19 W9, ka3 0.04
o], vknd 44 549 0.02 e, vigd skt
0.03 W12, AL 0.04 W], A8 EHY 0.04 Ul
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2010~2018 7|7t B¢ FEFFAG B40] w2 g7)
FolE FANEAFT B 5394 Al 7 4 4
Jh= <Table 1>3} ZTHKRC, 2012; MOE and NDIAC,
2018). 2010047} 20110l = A=Fow Hd 9] 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 2013 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
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FS ARt 20129 o2 A T 5
o] o5 Jeel wet 7heol s HAE
, o133 @A 2017A7HA] A&EAT. IS,
201244 7371, F, AR, 201430 AFH oz 7=
o] ¥Rl 3 2015700 A Ad 5 @ A
WS AlRIS YA Aol H=Hog Thgo] WAEtS
a1, 201600= A7), A 5 SHEAMel w3kEo]
o] WABlTh. 2Elar 201739 THA] & W A=How
7HEo] BAgE & 2018d0lE WY S 8ISt
o] AFNME <Table 1>& 7|%=E 7z} JIAAsH=Z A
o3t Hdz} 7EEbY AES TR HEe, 2017
W 3¢ o] 37E FHERATdAAN AT FR, G
71732 ~108)0l thel E-A]4=(SMI, soil moisture
index)E ©l83l FHU7HES 48 ZFHNAS, 2021)E
23718+ SPI 24 Axe} HlwsIAth, EUFEA|S(SMI)
= Ul oftAu A 7hsg EAER] TS tide=
Eke] FarEgdd AE7IRN45% o1, 15~45% 10
g H|9h 15~45% 104 °)d, 15% PIThS 7Eo=z
e, 4, 7he 9, T A, TR vl e =
TEShs FA7HEEAISGReIH SMI E4 23 2017 5€
IRE 62 WK AxEoR F7REo] Al o]
7] R85 T AE 2o, ot A=
SPI ¥4 ZA3K(Table 1)2} Y=&}53T).
BlarzolEFAklA Belshk= 1,38074 o GE 33
o] AAE BT G AlTel] tisted, Bd% 7t
A A=) Rl o] 87 Hle-S k=S Aske
3]

T

i

ST HHAERS Flsto] AM=ESTH(Table 2).
o] A3}, 7hEA Aol iR, AFA, YR 5 A
Fge] BEo= gl olgFo] ol misf oF 1.34]
(1L1-1.580 9] W)= S7kshe A & 5 AT

42. 78 W Al X|5k 2 22 2A

42.1. U3t AR 7R B A RS A A5

A 1670 AT 7R SkersolEdAl w0
8 FEIgo] AXE 1007 ATl sk, 2 Al
T 2R 338 HEAEH ASrRARIE (MOE
and K-water, 2019)9] 7S 7|02 7Hg Al A
sl A H5Es BAEAT dEE, T TS
ol Adsld, 347 A FoYE 338 dHAL
S5 B4 27, 87 7R Amelle sde] H
3l oF 1.1 viirRFe] AslE ol&gith. 17iH] Askrx
AR ST ATt A8l o8 17,7033 m?/yrell
sfggict. ol we, () Wdol8H 17,703 ml/yr
(17,7037 m¥yr x 1.0 x 1'4), (i) 48] A& 7H= A] o]
SR 77,277 myr(17,703 mi/yr x 1.1 x 43)0l] &
Fale, AfHog 9T 7he Al sk AU AR
2 94,9807 m'/yrel] aFet. o= FAT Alsk A
7Fs%(33,704% m’/yr; MOLIT, 2017)2] <F 2.84 4=
olt}. 184, ol AT Agkr WY Hir M=
A 3F 96 m AT YA B9 Xelr F<E5(897,630
A miyne] oF 1% EFSIEZ (Lee et al., 2018) ¥
AJAR Ao I i arze] e Aot
7He Al A8k A B, Kim et al.(2017)> 54
7HE A Al YAF R Al T bs R dElehke
AskrE B et TaEshe A, e
ek sl FEFS AYaL 7] W@, ¢ 27] |3
At sl 9] Ate AlQlshd tie3e] Ak 3+

(1=

YL 3] AAES Aok EEHS ol8sle] Bl
sk vk ok dAsHlE, B9 &4l 00 95 km x

Skmyell tisted 77 Al7] GAIA @ 100€)02 338
T e H AT Ak 5 2L (MODFLOW)S
olg3ted st vl Qlot. o] Ay}, Ui Al I
S8 BI04} 7he A17120159)01 A Fd9

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
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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

J.

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

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

< B, Al U 7| 7hEe] A&Ho e o
W vzt o] Al Fedo] des Belom, &
I TG F A7t mE SE2 SEE ] XakAld
2 JFo] gleS HI v} UTHFig. 2; KRC, 2017).
B B2 At tisle] FYg e E
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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/AY
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 1.4
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
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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/EF
©) ranged in Per'centile 75~100% ranged in perf:entile 75~100%
and it in 0~5.4% and it in 0~5.4%
(D) (E)

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 2.31 24 2.3
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 14 1.8
Average 5.58 1.85 1.62 3.5 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

Drawdown limitation of

Groundwater levels

(m)

groundwater levels

Difference between average

Difference between median groundwater

Province (m) groundwater level value ranged in level value ranged in percentile ot CE
© percentile 75~100% and it in 0~54%  75~100% and it in 0~5.4%
D) ®)
Gyeonggi 4.38 0.94 0.89 4.7 5.0
Gangwon 228 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 4.24 1.20 1.13 3.6 3.8
Gyeongbuk 2.76 2.11 2.05 1.3 14
Gyeongnam 3.97 2.66 2.39 1.5 1.7
Average 4.03 1.42 1.32 2.8 3.1

TC/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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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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