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ABSTRACT

It is getting difficult to manage water resources in South Korea because more than half of annual precipitation is
concentrated in the summer season and its intensity is increasing due to global warming and climate change. Artificial
recharge schemes such as well recharge of surface water and roof-top rainwater harvesting can be a useful method to
manage water resources in Korea. In this study, potential artificial recharge site is evaluated using geographic information
system with hydrogeological and social factors. The hydrogeological factors include annual precipitation, geological
classification based on geological map, specific capacity and depth to water level of national groundwater monitoring
wells. These factors were selected to evaluate potential artificial recharge site because annual precipitation is closely
related to source water availability for artificial recharge, geological features and specific capacity are related to injection
capacity and depth to water is related to storage capacity of the subsurface medium. In addition to those hydrogeological
factors, social aspect was taken into consideration by selecting the areas that is not serviced by national water works and
have been suffered from drought. These factors are graded into five rates and integrated together in the GIS system
resulting in spatial distribution of artificial recharge potential. Cheongsong, Yeongdeok in Gyeongsangbuk-do and Hadong
in Gyeongsangnam-do, and Suncheon in Jeollanam-do were proven as favorable areas for applying artificial recharge
schemes. Although the potential map for artificial recharge in South Korea developed in this study need to be improved by
using other scientific factors such as evaporation and topographical features, and other social factors such as water-curtain
cultivation area, hot spring resorts and industrial area where groundwater level is severely lowered, it can be used in a
rough site-selection, preliminary and/or feasibility study for artificial recharge.
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Table 1. Influencing factors on artificial recharge potential

Influencing factor

Rainfall
Geology

Influencing element

Rainfall ratio
Rock type
Specific capacity Fault and pore

Depth to water (DTW) Depth from the surface
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Table 2. Arttificial recharge potential and corresponding classification of specific capacity, DTW and Rainfall

Specific capacity (m*d - m)

Arttificial recharge potential Classification DTWL (m) Rainfall (mm)
deep shallow
Very low A% <2 <5 <3 1126.76 - 1205.98
Low v 2-38 5-15 3-6 1205.99 - 1334.92
Moderate I 8 -15 15 - 30 6-9 1334.93 - 1452.08
High I 15 - 50 30 - 100 9-12 1452.09 - 1676.29
Very high I >50 >100 >12 1676.30 - 2176.60
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Fig. 1. Specific capacity of (a) fractured aquifer and (b) alluvial aquifer at the National Groundwater Monitoring Wells NGMWs).
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Table 3. The statistical analysis of the DTW of NGMW data
Shallow DTW(m)

Deep DTW(m)

data No. 316 157
Max. 252.71 31.77
Min. 0.76 1.39
Ave. 8.73 5.34

Median 4.77 4.49
Var. 419.15 12.97
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Fig. 2. Histogram of the depth to water at the NGMWs: (a) fractured aquifer, (b) alluvial aquifer.
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Fig. 3. Distribution of depth to water calculated by Thiessen polygon method: (a) fractured aquifer, (b) alluvial aquifer.
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Table 4. Artificial recharge potential and its corresponding classification of rock type of South Korea

Artificial recharge

Classification Rock type

Subdivided rock type

potential
Granitic rocks gabbro, hornblende, diorite, syenite etc.
Very low \ . . . .
Metamorphic rocks —quartzites, gneiss, phyllite etc.
Low v Volcanic rocks basalt, andesite, basalt cinder cone etc.
Moderate I Sedimentary rocks Yeonyil-group, Pyeongahn-group, sedimentary rock, sandstone, mudstone,
conglomerate etc.
High 11 Limestone limestone, Limeston-group, Joseon-supergroup etc.
Very high 1 Alluvium Soil, sand, gravel, alluvium, landfill etc.
Table 5. Weights on the factors influencing on artificial

recharge potential

Factors Weights (%)
Specific capacity 40
Deptt to water 30

Rainfall 20

Geology 10
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Fig. 5. Classified geological map of South Korea based on the
classification of Table 4.
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Fig. 6. Distribution map of artificial recharge potential in (a) fractured aquifer and (b) alluvial aquifer.
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Table 6. Artificial recharge potential calculated by muliplying each factors by different weights

High Artificial recharge potential Low _
Factor Class I 11 111 v \"
Weights (%) 40
Specific capacity  Rates 90 70 50 30 10
Effectiveness 36 28 20 12 4
Weights (%) 30
DTWL Rates 90 70 50 30 10
Effectiveness 27 21 15 9 3
Weights (%) 20
Rainfall Rates 90 70 50 30 10
Effectiveness 18 14 10 6 2
Weights (%) 10
Rock type Rates 90 70 50 30 10
Effectiveness 9 7 5 3 1

Table 7. Water shortage for agricultural use and domestic use in the habitual drought areas (data obtained by personal contact with
National Emergency Management Agency)

Volume of water (m*/day) WNWS®
. . Area(ha)/ popu- m3/(d + km?)®
Province si, gun, gu L (Person)  Demand Supply Shortage ( (or m3/ ) Status
(d - person)®)
Gyeongsangbuk-do Yeongyang 570 2060 1500 560 0.71 clear-unclear
Yeoju 12.2 361 150 211 8.74 clear
Gyeonggi-do Gimpo 263 5030 2450 2580 9.83 unclear
Anseong 97 5075 3383 1692 9.95 clear
Hapcheon 7 42 17 25 1.85 clear
Gyeongsangnam-do Uiryeong 38.5 83.5 10 73.5 191 unclear
Nambhae 237 2370 1150 1220 425 clear-unclear
Hadong 69 875 260 615 6.48 clear-unclear
Gyeongsangbuk-do Yeongdeok 340.3 15431 9051 6380 11.06 clear
Cheongsong®® 5175 500/175 200/70 300/105 30.3©® clear
Incheon Ongjin® -1262 506 91 415 0.99 clear
Wando 60 220 109 111 0.86 clear
Jindo 85 450 250 200 1.58 clear
Muan 766.7 5250 2000 3250 2.19 clear
Jeollanam-do Hwasun 152.1 2307 1137 1170 5.60 clear
Yeosu 118 3872 2418 1454 7.62 clear
Gwangyang 6.5 180 80 100 7.69 clear
Suncheon 24 1210 250 960 20.00 clear
Hampyeong 10 500 80 420 21.00 clear
Jeongeup 21 200 100 100 4.76 unclear
Namwon 478 23900 18950 4950 6.43 clear-unclear
Jeollabuk-do Muju 118.5 1550 131.5 1418.5 11.56 clear-unclear
Jinan 15 750 300 450 15.00 clear
Imsil 155 22050 7410 14640 47.10 clear

(1) WNWS= Weighted Normalized Water Shortage

(2) Water shortage in agricultural use at the habitual drought area

(3) Water shortage in domestic use at the habitual drought area

(4) Water shortage area for both agricultural use and domestic use

(5) Water shortage area only for domestc use

(6) Sum of weigted mormalized water shortage for both agricultural use and domestc use
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Table 8. Classification on the necessity of artificial recharge on the factors of the unsupplied population and the water shortage at the

habitual drought area

Necessity for artificial recharge Classification

Weighted normalized water shortage
(m*/(d - km?) or m’/(d - person))

Unsupplied population (person)

Very low \" < 5,010 <0
Low v 5,010 - 15,414 0-4
Moderate 1 15,414 - 28,426 4 -8
High I 28,426 - 46,329 8§ -15
Very high I 46,329 - 70,295 15 - 50
(@) (b)
53 5
. X . \ .
i AR -1.00 - 0.00
« e, RS =
A [ 15414.01 - 28426.00 R * _‘YQ 14 . B 4.01 - 84~00
. I 28426.01 - 46329.00 P I 8.01 - 15.00

I 46329.01 - 70295.00

Il 15.01 - 50.00

Fig. 7. Distribution map of artificial recharge necessity on the respect of (a) the population unsupplied from national water works and (b)

the habitual drought area.
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