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Abstract

Local drought in South Korea has recently increased interest in the efficient use of groundwater and
then induces a growing need to introduce artificial recharge of groundwater that stores water in
sedimentary layer. In order to evaluate the potential artificial recharge sites in the alluvial basins in
Chungcheongnamdo province, an AHP (Analytical hierarchy process) model consisting of three
primary and seven secondary factors was developed in this study. In the AHP model, adding candidate
sites changes final evaluation score through a mathematical calculation process. By contrast ANN
(Artificial neural network) model always provides an unchanged score for each candidate area.
Therefore, the score can be used as a selection criterion for artificial recharge sites. It is concluded that
the possibility of artificial recharge is relatively low if the score of the ANN model is less than about
1.5. Further studies and field surveys on the other regions in Korea will lead to draw out a more
applicable ANN model.
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A7} 4=885 Hf I} (Oh et al., 2011; Moon et al., 2012).

ZAA|A2 0 2 AHP(Analytical Hierarchy Process) 712 -8t 25l Q159 214] A17g ol theh rhefet A+-5°]
=385 HF QI o|3+e] Garabaygan A oA = B2 A 7171 918 212 7S flste] 87119
AHP 228 7l<h v} §] © ™ (Nasiri et al., 2013), 1T]o}2] Karnataka Z] < =)
870 QIANAIFBAL, A1, A1, AL, A& wli, AAF2] D, Aol o, EY E7 55 ENE AHP &
98 eIl A5l 9F Y HAAE B2 it ek (Ramu and Mahalingam, 2015). 77]938) FU70] 2355
AS flote] Hl-9] QlERteF B ARRE-S flste], 7719] o] thiste] mx] =2] ol Ofet #ES} gha E-8slo
AHPO]| oJ3t A 2] AA G512 4-385HH} 9l © 1 (Gdoura et al., 2015), 7-3-2] Q15 TS 95t 2172 0] Q4149 AA
flste] GIS?} 1% A7 S 453t A A7 ATk (Singh et al., 2017). ©]2F 2], AHP 2 GIS 7#-2>
AT A AES 1S = A ThFsHA E-8-E o] et fHH, QIFAITERE=2- 20001 o) FHE o] 5 A1l Zof
oA BEIT s, Aol ol 48 2 2, A Hlolele o2, o1 47 %7l Bol BaET gle
(Yaseen et al., 2015; Sun et al., 2016; Ostad-Ali-Askari et al., 2017), Ao} Q53HFO] A7) AL 9t A&

70] g olck
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| Targetof analysis | AHP model | [ Inputandoutput variables | ANN model |
‘ | of ANN '
| i i
‘ Selection of criteria | i : Model development |
! Input Hidden Output
Determination of hierarchy layer layer layer

structure

!
Questionnaires | |
!
!
!
!

‘ Weighting of each criteria |

‘ Evaluation |

‘ i General model and
‘ Consistency analysis | 1 application

Fig. 1. Flow diagram of a generalized model development by using AHP and ANN.
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AHP = 71t

Wt olnel 2y
AHP APg5H= LA, o)A Ao BRTH &4 A4S w9 4 9l A, W7t QEe] 2 A A
Kol iAIElo] SAT ALk 4+ G 21T, 7t QU A4z 4] ol A=) W7t Akt At golat
ey, 37} QST AR gol v 4 .
AHP o] SIFt A T20) A Aol et e 4 9lo B, HErNe] Eokg Beto] 16 26 7t
oz ASE 9] 24 ARG AN L 2,

59| AR 5ol thet W7h 2 F U] 2%, AU hE 9] 94 9

3

EFAFgro 2 A 7154 of7d, ]

) o = :“J_i- =
o (MWR, 2007). ©]eF 22 7|2 921-& defsto], 19H4] B7113= 34, AR oA Zlska 2159t

P4 952 g o] SRA IR 2, S, SelxFoiH o2 sk QRS Sl 24do] silehs 7, Al

A, P2 g7t s iRke A 5 AAsilth

Table 1. Basic factors related with artificial recharge and selection of main factors

Represen-  Objecti- Easeofdata . . . Indepen- Final

Basic factors tative vity collection Simplicity dence selection Remarks
Depth of unconsolidated layer O A A O O o
Condition of land surface O O O A O Similar to “condigon
of land surface
Water demand O O O O O o
Depth to groundwater @) @) A O O [
Soil type x A O x AN
Grain size of soil A O x O AN
Basin shape AN VAN @) O A Ijllj;fliiilr ie:zt}llzlrlgts
S Unclear relation to
Basin size ) A O O O artificial recharge
Existence of public waterworks A @) O @) A Included in “,\:vater
demand
Existence of small waterworks O O O O AN Included in “’\:vater
demand
Quantity of source water O O A O O o
Quality of source water O O A O O [
Topographic slope O O O O O o
Distribution of residential area x A A A AN Similar to “condigon
of land surface
Distribution of pollution sources A @) A AN A
Land availability x AN AN A AN o
Hydraulic conductivity O O x A O
Soil drainage A O x A O
Groundwater quality trend VAN @) x @) A
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27 HINQIARE A5 Q1B AR TR IARE Erhz glelA Q1 5714 27300 thet $gh 7 ikt
W 584 52 wefsto] KAtk Table 1). 525 Zol= A5 Q13ao] 5252 thgo Sl 22 o)
sjgl00, x| e 771710k | Q@A) B 5 QT g AHOR TejE 4+ Gl A4S A9 917 AL
24 A G 7R T ARHIS Telote] EXALG 7P O R ST, 85 40k 71E A B e
o 33 Fefell P G work, /1A Adt F4 A B2 A do] Fa AT el FL Telstio
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ol A5} ATAUUTF A BAS= RERAE 59 Sl HEE, AR v E4, Aolre] 24 S& 2]
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Fig. 2. Hierarchy structure of primary and secondary evaluation factors in AHP model.
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Table 2. Example of a relative importance determination of the primary evaluation factors by using a pairwise comparison.

Factor A B C Geometric mean Importance
A 1 6 % 3 (1><6><%)=0.95 %zo.zﬂ
B % 1 3 3 (%x1><3):0.79 %:026
C 7 % 1 3 (7x%x1):1.33 %:043

Sum 3.07 1.0

Table 3. Calculation of average evaluation score for secondary evaluation factors

Secondary factors Answers Sum of evaluation score Average evaluation score
Water demand 66 524 7.939
Land availability 66 466 7.061
Topographic slope 66 432 6.545
Depth to groundwater 66 492 7.455
Depth of unconsolidated layer 66 523 7.924
Quantity of source water 66 521 7.894
Quality of source water 66 490 7.424
Table 4. Relative importance for secondary evaluation factors
Primary Secondary factor
factor ary
Factors Water demand ~ Land availability - Geometric mean Importance
Social Water demand 1 1.879 - 1.371 0.653
factor  Land availability 0.532 1 - 0.730 0.347
Sum 2.101 1.000 - 1.000
. Depth to Dep th. of .
Factors Topographic slope unconsolidated ~ Geometric mean Importance
groundwater
layer
Topographic slope 1 0.524 0.420 0.604 0.188
Hydro- Depth to
geologic P 1.909 | 0.680 1.091 0.340
groundwater
factor
Depth of
unconsoli-dated 2.379 1.470 1 1.518 0.472
layer
Sum 3.213 1.000 1.000 1.000
Factors Quantity of source - Quality of source - Geometric mean Importance
water water
ity of
Source  Juantity of source | 1.470 ; 1212 0.595
water
water lity of
Quality of source 0.680 1 ; 0.825 0.405
water
Sum 2.037 1.000 - 1.000
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et 7h AR G| WIS egstal 7|58 vta otel AR 94 ks AEstal 7HEAlE APESHIT (Table
2). 2t SHAE 7HEAE B Eo B HFH O R EH 12} BRI HE 7S Al “IRALSlH 8]170] 0.341,
S} 8Q170] 0.412, “g= 54 811701 0.2472 Ueh, $2| etz 8]lo] 7P F-a7t 20 =2 BrErt.
22} B7RIARE] 7Hg A= 2A| S B RHHER 7T7H 7RR1AkS] S A S fdtelal S 7t & ofefiel o] g
7FEAIE ARSIt Table 3). A5 501, “84 87 2H B2 ARE- 71 /g7 2] 71SA] Ak 8= 8.0] Bt /M
ot EXALS: 7573 0] Bt B HdaS WAL 15 Tstd AP ot &, 84 87 EXARE 7Fs A E T 1.879(=
7.939-7.061 + 1) ¥ B F Qs B7HA. ook o] A 22} B71R1Ate] AT A F8 ea= Table 49 2.
Vg AHP BEO] 12} 5l 22} g7} QIAe] 7hS A S B = 2F W7 thadt 22 78 19 HEE A o

At

3
)
>
i)

N, N,

i2

Total score= Y| FW}" Z(FVV;M) . (l‘fﬁ,) 3)

i j

A71A, £ Q1 TRY TrA| 0] 2% WS, N, = 14 BARIAKEL 2, F3)2] &, FWHE 13 5871917 £,
NEA, Ny 12 871R17 o]l AAE= 22} 371R1A} e, Fie 17 871914} § 0] 22 37191} 2] 15 A),
87} o Ao kol 17} 871912 ©] 27 871917 0] A 443 et

8, 7424 37} QAL BE WAS BT So| FEa1A] o] o] 715A1E A 8slr] el £ B

WA TS TRt o] BESIS UASkL - g2 AISH] Slste] k22 wshaick

=X
ph=—2—"49 “)

o7, 2l e BE A, X, B g 1 22 BRI 2L, X, 24 W7} QL] B, 027 Nl
HALZ Sfnlaict. g, 4471 AHP REo] HgHe Betshy] Slstel, W71olae] ke Consistency ratio) S RS}
AT}, QT 10%E ZTHE Aol AT) F05S BES v ZAstolof Siths 21 ojlshr, 2 ndo

ATHIH]=0.000 ~ 0.003 L EA] B 10% o E2A] ARsh A0 2 Hrte|gir),
FHA|90| {8 U AHP 22 T}

20158 7hgo] 53] Astod SAE=WO 107] A (B4AE 22, 7, B8, 4, =25, 95, =% @8, )=l
Aro g A7) AHP REl-S A-85)] HQItK Table 5, Fig. 3).

ol 7+ IAPE JYARE E-85lo] A (3)= A8t XF =EH B7HIGE B Y, 433 (Sanghang) 2 ¢lo] TE7}
A= 238241 71 =11 A (Cheonjang) Z]¢j0] 0.9982A4 714 B WrlE]ole). Hrpd4e] BERE B A%
(Cheonjang)& Al €5t U 2= T Fgo] 27 Fol Eash= £S5 Z2E01 Itk Table 6). A7 (Geomcheon) 2} %17
(Cheonjang) A| 9> &7 HAF 21} Alo] FaL S242A1712F 80~120 mO] FH O = FolJtid o & Qlgolef A o=

FoslA| gom, ol 1 melo] vhe Hrhus Aol A1 A% WAt S5, 4 (Cheonjang) A& 71 e
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Table 5. Input data and standardized data for the AHP analysis

Oiginal data Standardized data
Basin F11  F12  F21 F22 F23 F31 F32
(score) (%) (%) (DTW.m) (m) (m) (score) Fl11 F12 F21 F22 F23 F31 F32
Dongsan 3 82.1 243 1.69 10 50 2 304 170 037 044 217 267 200
Geumyji 2 70.7 5.6 5.00 17.5 200 3 .56 031 138 375 371 125 350
Juam 2 86.6 4.0 3.80 17.5 500 2 1.56 225 190 255 371 09 2.00
Cheonjang 1 70.6 7.7 2.84 10 300 1 0.07 030 1.02 159 217 1.09 050
Sanghang 3 935 2.1 3.98 10 150 1 3.04 3.09 356 273 217 140 050
Ungok 3 883 35 1.95 5.1 80 2 3.0 246 216 070 1.17 196 2.00
Deoggok 2 870 22 4.01 53 40 2 1.56 230 340 276 121 3.4 2.00
Yanggok 3 8.9 36 3.39 6.0 200 3 3.0 229 210 214 135 125 350
Oryong 2 947 5.0 2.92 50 30 2 1.56 324 153 1.67 1.15 393 200
Geomcheon 2 852 29 2.93 53 60 2 1.56 208 259 1.68 121 235 2.00
N
\V@E
_ +
T 0 20(km)
RN :'Sanghang .
ol L ¢
_“o . _bongsan 7o
.. Oryorg Y
'y .0 Jo i ./
"'Cheonjang @
,}Geumﬁ P juam ' Dacjeon...
~_Geomcheon Q)
.~ Deoggok
Fig. 3. Location of the target sites for developing an AHP model.
Table 6. Final evaluation scores for 10 sites by using the AHP model
Basin F1 score F2 score F3 score Total score Ranks
Dongsan 0.88 0.51 0.59 1.98 7
Geumyji 0.38 1.35 0.53 2.27 2
Juam 0.61 1.23 0.34 2.18 4
Cheonjang 0.05 0.72 0.21 0.99 10
Sanghang 1.04 1.08 0.26 2.38 1
Ungok 0.97 0.49 0.49 1.95 8
Deoggok 0.62 0.88 0.66 2.16 5
Yanggok 0.95 0.73 0.53 2.21 3
Oryong 0.73 0.58 0.78 2.08 6
Geomcheon 0.59 0.67 0.55 1.81 L9
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TS Hol=t] QIEARRA] fRloM = Alskr7tEhtoto] & o] AL A E]R] oh=th= At BEA] w5 EA474 <
aloF 4 A7} S eI Rtk S0l Mg n, Ul 271 QoA 147 ] e A4S BRIl 2
25t AR A|H 02 A Y BAPEF5kL, ApA] Ya-E ARgSliok sk Ao o] EAskaL ik

ASAFY R

A5} Q1 EF 2| 0] A4S 915te] A7) AHP RE-S 2-851H= Zlo] 71535, Zh22) SIRte] it deizta g,
9 Y, 7Hs AR 7 Aol okt ARE F A0 IS ARNA| HlE = SR OAF AAg o] Alofe] gle H ofue,
Ol 2| o] F7HE - 715 24 AR 2FH7T 47 HskEl= T Qe ARl A2 Sl Al 71+ 4ol of
Hoh= o] AR whebA, 2 Aok, AHP Rdof| A ARSE 107 $-H 2|9 J=i(F7RIAte] 4h) 2 E=(H7t
AS E2 &8 9 13 tlo|HE 278 F SPSS ModellerE -85t Q13417 el 7Hdshodct.

T Hlo]E o] S0l whE oS Axto] PR3-S HESHL, 5o glo] RHlo] Gk v|x=A] melstr] flste] 3714
2] & HlolEE AAstth A WA -f-9 o] &7 HlolElw, A5 22} 87 QIAe] glo] fHE o ' L= o 4
(AF78AE] -9y Hol7| ke sk Zdf g (A A1)t 2|4 g (4 A )o] T ZE]= E-to[elE st
RO (Case 1), T+ ¥ F-FolA= o] =B FE % 2| B7gAe] Hhah(-EAF A1 Y& 2oHA] e FHiTolH
= I5H 0™ (Case 2), Al HAl= 854871 191 B934 217} st R o] B = o] 5 A|Jstal ERIEoEE +
/Jet 7% (Case 3) 2= Eoto] BElS HES] H’%ﬂ(Table ).

Table 7. Three cases of training and test data selection (O: training data, x: test data) and factor score estimations by
ANN models

. Case 1 Case 2 Case 3
. Original Estimated Estimated Estimated
Basin factor Dat? factor  Difference Dat? factor  Difference Dat? factor  Difference
scores  selection selection selection
scores scores scores
Dongsan 1.98 O 1.99 0.01 X 1.89 -0.09 O 1.98 0
Geumji 2.27 X 2.34 0.07 X 2.25 -0.02 @) 2.27 0
Juam 2.18 O 2.17 -0.01 O 2.18 0 O 2.18 0
Cheonjang 0.99 O 0.99 0 O 1 0.01 x 1.39 0.40
Sanghang 2.38 O 2.38 0 O 2.37 -0.01 @) 2.38 0
Ungok 1.95 O 1.94 -0.01 O 1.96 0.01 O 1.95 0
Deoggok 2.16 X 2.13 -0.03 x 22 0.04 x 2.08 -0.08
Yanggok 221 O 221 0 O 22 -0.01 O 22 -0.01
Oryong 2.08 X 2.07 -0.01 O 2.09 0.01 2.02 -0.06
Geomcheon  1.81 O 1.8 -0.01 O 1.8 -0.01 @) 1.82 0.01

Case 1942 el FAI A pale 0 U=0 Hoiz A5ty oul=0] 3hA5) Sl AT ERA E S8 28619 o

=1 110 -

B

2459 LB 15004 671, 2504 670, E852] kLt VIR Vet 75H BHo] Txtgo] A o=
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Fig. 4. Relationship between original and estimated factor scores for three cases of ANN model.
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SRR ol ShHIS 1.54, AR 232 A2 Lefdth (Table 9). 5FHA 1.54 10} e Ao leiginfel
BEE 1, o E27)0] Qlxelx] ko] slabilmrt Lhe B 4L Bo| 3 gk, oS Sol, Wb 0.0991 W A
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S0} EX]0]§ 7R o] SRk ofefe] ke Holu], WA 1.429) TIF AR 85 400t 5245 AL shat
A 11 18 2012 SIF (Tl . Tble , Table ), it 2ol 7} 3= Ao B2t A e e
] A2 A0 £ FEA71A) 27 FsHo] L0 Q1Y AA) kAol WPk o 1.5 Betyth
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Table 8. Possibility assessment of artificial recharge for additional eleven sites in Chungnam province by using the ANN
model

Input data .
Basin F11 F12 F21 F22 F23 F31 F32 Esst:otzt:d
(score) (%) (%) (DTW, m) (m) (m) (score)

Ssangdae 1 94.0 2.0 4.6 53 58 2 2.13

Hwacheon 3 99.0 5.0 4.5 5.0 125 2 237

Dogok 1 72.0 4.0 6.1 3.0 93 2 1.83

Yangdae 1 78.0 5.0 23 6.0 34 2 1.18

Bonglim 3 88.0 3.0 8.7 1.0 800 1 2.15

Gurye 3 100.0 5.0 1.4 3.0 72 2 1.98

Nojeon 3 94.0 4.0 1.0 2.0 500 3 1.58

Gadeok 3 97.0 6.0 9.3 3.0 1,100 2 222

Sindae 3 93.0 5.0 4.7 3.0 311 2 222

Ganyang 1 93.0 1.0 32 1.0 310 2 1.42

Magyo 3 83.0 3.0 1.5 3.0 182 2 1.47
Table 9. Statistics for input variables and estimated factor score of all (21) sites by using the ANN model

Input data .
Basin F11 F12 F21 F22 F23 F31 F32 Esstér;ztsed
(score) (%) (%) (DTW, m) (m) (m) (score)

Average 23 87.5 4.9 3.8 6.0 247.4 2.0 1.93

St. dev. 0.8 8.9 4.7 2.2 4.6 276.8 0.5 0.39

Average — St.dev 1.4 78.6 0.2 1.6 1.4 -29.4 1.5 1.54

Average + St.dev 3.1 96.3 9.6 6.0 10.7 524.2 2.5 232

2 AT AHP LS 243 L
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A S AR LIP3, 107) RG] 157) Ao 2 A AS] 218 B 1571 440
ANE R WSS B ABUL FRAC) Al e B K of el Ho
A% 02 Qg A% 1S A I8 T AR W) Bt e
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