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Abstract

In this study, the vulnerable period assessment method for weekly groundwater resources management was developed considering
correlation between data of groundwater level, river level, precipitation applying critical infiltration concept. The vulnerable periods
of 3 case study were assessed using data of groundwater, precipitation, river level, and results were compared . The weights for between
observation stations were calculated using correlation of groundwater, precipitation, river level data, and weights that could be
considered recently trend of data for each observation station. The vulnerable period was assessed using final calculated weights and
multi criteria decision method, compared result for each case study. The developed method can be a quantitative basis for the
establishment of efficient groundwater resources management and the decision of specific countermeasure applyment.
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Table 1. Study case configuration for groundwater resources management vulnerability

9 AAHFES A

o=

Case Impact factor to groundwater resources management vulnerability

1 Precipitation

2 River Level

3 Precipitation (Considering correlation with river level)

Groundwater level
gauge station
in study area

Groundwater level
gauge station
around study area

Data sets Critical infiltration
configuration estimation

Study area selection

‘Weights calculation

Vulnerable period
assessment

» Considering that there » Weekly data sets # Reconfiguration of » Weights calculation by 7 Weekly groundwater

configuration after

are enough analyzable daily miver level weekly precipitation observation stations management vulnerable
observation stations in precipitation, data sets considering using entropy method period assessment

study area groundwater level data critical infiltration
collection

Fig. 1. Procedure of this study
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Step 1. Standardization of the evaluating matrix

The matrix R constructed for the item to be evaluated consists of r;. If the
standardization result for the evaluation item is r;, the r;; is calculated as follows:
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where, ryis astandardized matrix, is an evalation alternative (i=1.2.3.....m). and j
is an indicator attribute for evalation (_11'21;2;3\;,,,;11);x!—J is a data valie about each
i,j.

Step 2. Definition of the entropy

The entropy for the item to be evalnated is as follows:
n
H = —kaUlong
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Step 3. Definition of the weight of entropy

The weight of entropy of i th alternative could be defined as:
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Fig. 2. Procedure of entropy method
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Table 2. Lists of selected observation station
(a) Precipitation observation station
No. Prec1.p1tat101? Data length Reference
obsevation station (year)
1 Samji
2 Gwangju Korea Annual
3 Ijang 2005-2016 | Hydrological
4 Donggok Report
B 3 o 5 Bonghwang
Ak
o —— (b) River level observation station
Fig. 3. Study area No. River level gauge station Daz;elzggt h Reference
1 Geumwol
o "
3. AR 2 Samji Korea Annual
3 Gwangju 2005-2016 | Hydrological
2 AT HAT ATAGe GG VA F GIFE 4 Yudeok Report
ROt B ARRNE 9O, BRI, UFA AW S Hocjin
A ATt B A 2| 51Q)et e, sFE S (c) Groundwater level observation station
91, A7AS TR 9] 2|5k21 9] ATHAIE o] 85 5 T2 No Groundwater level Datalength | o o
AJs}seA1 B FHe A1 ] B7HE Sllo] B2 A S gauge sation (vean
MBS BEAT 1~ P AT AP DA
. _ wangju Yudeo
T, AT Y Aok glel FFL E 5 Y= ATAL L — N S
2 BASSBET BEL S~ N AHEN BEL T i Bonghwane
_ S _ S ational
+Gote WS4 1 A, FEWSHOA Fot= B544 6 Muan Mongtan Groundwater
7 Hig] 7\}3% ‘lk‘;g 3}93\—1_1, ﬂid—’F% T&éﬁ\—% %EJT—%‘]‘?—OH 7 Hampyeong Singwang 2006-2016 Monitoring
A 2Fst= 570 WEA 0 Ak m & R SHIT Fig. 3 = A+ 8 Jangseong Hwangryong Network in
_ _ Korea Annual
2] 9 BA JhE 4 022 LR Q) 1, Table 2= Hoq 9 Jangseong Nammyel:on Report
AN AR F53, 59, 35 B34 Bl 19 | Jansscons Bulyi
11 Sunchang Ssangchi
12 Imsil Deokchi
13 Sunchang Sunchang
4. ﬁ I EJ-'-I' 14 Gokseong Ipmyeon
41 AR S 2 SEAe Y 2 o) PEARE S YA 2R Y AT BEAR L 2
ATAGO| ASGAA T HF A IS WA Sl Al 24 o BANES S B e 9ol ERES AN
shmrtolje et shis gl AR g olgslo] Al G ol ATAS o] 57 Askeg] BEL BEA R}
CHSR 2R AE Aefeh WIS st i 22} AT W DA, AAAES ool sh=t] o]
ARt SURAG ol 85k Y ARS TN AT wgick. AE BAYRRE, DAL, AAAIZEE Table 3
A Ao A 5, BEA 549 5= e 4 =M ¥ 21, Table 9] CV= AP H A TAIS Fh(Correlation
A 7NE= 285t Alskr-elete] JHaAlE 45k vaule), LTi= A% 24| A]7H(Lag time), Cli= A3 5 2HA|
7ot Alstk=919] A2 8 skl AlskeAkd FHof %] & %K(Critical infiltation), GWL OS+& A3t =4
A71E H7Fel7] §lote] A4 Wol geFaet, -4, (Groundwater observation station)< 2|08ttt 4Hg Aito]|
JFE UFAE 54l Astes #2548 71202 @ med Ui, 1R8] Hlsle] 947 B o] o
TAG W B, BT o1 BT, BGE A BIVUEL Soh FATIT BRI Ahg] w5 H4we)
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Table 3. Results of critical infiltation, lag time, correlation value estimation

GWL CI- .. . 5
0s PMA Samji | Gwangju| Ijang |Donggok [Bonghwang
D CV | 0.725 0.751 0.699 0.712 0.722
AWAE T ow | 10w | 9w | 9w oW
Damyang

CI |83.2mm | 50.0mm | 78.2mm | 83.2mm | 46.4mm
CV | 0.741 0.780 0.707 0.741 0.694
LT 15W 15W 15W 1I5W 15W
CI [293.0mm|293.0mm |365.0mm [293.0mm| 319.0mm
CV | 0317 0.377 0.295 0.326 0.306
LT 10W 10w CAV 10W AV
CI {293.0mm|293.0mm| 78.2mm | 83.2mm | 319.0mm
CV | 0.529 0.522 0.551 0.557 0.546
LT 13W 13W 13W 13W 14W
CI [ 16.0mm | 16.0mm | 15.0mm | 16.0mm | 11.0mm

Gwangju
Yudeok

o] Sl 20 Uik, 347t At
= ﬂ%ﬂ¢&ﬂLlﬂﬂ P 59~

2 Q1 20 & Vepeh whe Ut o)
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Table 4. Calculated result of correlation value with each observation station
(a) Correlation value for groundwater level observation stations in study area

Name of Damyang | Gwangju Naju Naju
Observation Stations | Damyang | Yudeok | Bonghwang | Samdo
Damyang | 550 | 0639 0384 | 0345
Damyang
Gwangju
Yudeok 0.639 1.000 0.687 0.223
Naju 0384 | 0687 1000 | 0.110
Bonghwang
Naju 0345 | 0223 0.110 1.000
Samdo
Jangseong | 61| 0086 0.125 0.113
Nammyeon
Jangseong | 456 | 0237 0.100 0.357
Bugi
Jangseong | g0 | (307 0.185 0.651
GWL Hwangnyong
Hampyeong | o4 | 0,059 0.116 0.101
Singwang
Muan
Mongtan 0.611 0.742 0.754 0.049
Sunchang | 519 | 092 0.120 0.327
Ssangchi
Sunchang | cse | 0380 0317 0.233
Sunchang
Hwasun 0062 | 0.078 0.124 0.117
Neungju
Imsil
Deokchi 0.185 0.271 0.560 0.175
Gokseong | 697 | 0,105 0.175 0.115
Ipmyeon
Samji 0.725 0.741 0.317 0.529
Gwangju 0.751 0.780 0.377 0.522
P [jang 0.699 0.707 0.295 0.551
Donggok 0.712 0.741 0.326 0.557
Bonghwang 0.722 0.694 0.306 0.546
Geumwol 0.584 0.722 0.695 0.125
Samji 0.655 0.733 0.616 0.266
RL Gwangju 0.666 0.814 0.453 0.411
Yudeok 0.366 0.523 0.626 0.101
Hoejin 0.113 0.031 0.036 0.619
(b) Correlation value for precipitation observation stations in study area
Name of .. . .
Observation Stations Samji [Gwangju| [jang | Donggok | Bonghwang
Samji 1.000 | 0.865 | 0.834 | 0.841 0.804
Gwangju | 0.865| 1.000 | 0.933 | 0.947 0.877
P Ijang 0.834 | 0.933 | 1.000 | 0.950 0.933
Donggok | 0.841 | 0.947 | 0.950 | 1.000 0.895
Bonghwang | 0.804 | 0.877 | 0.933 | 0.895 1.000
Geumwol | 0.566 | 0.564 | 0.516 | 0.540 0.489
Samji 0.702 | 0.681 | 0.618 | 0.642 0.590
RL Gwangju | 0.779 | 0.801 | 0.756 | 0.749 0.739
Yudeok 0.309 | 0.352 | 0.292 0318 0.271
Hoejin 0.081 | 0.086 | 0.109 | 0.116 0.107
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Table 5. Calculated result of weight for each assessment case
(a) Case 1. GWL-P

201

Table 5. Calculated result of weight for each assessment case (Continue)
(b) Case 2. GWL-RL

Name of Damyang | Gwangju Naju Naju Name of Damyang | Gwangju Naju Naju
Observation Stations| Damyang | Yudeok | Bonghwang | Samdo Observation Stations | Damyang | Yudeok | Bonghwang | Samdo
Damyang |, 506 | 0616 0315 | 0311 Damyang | 500 | 0627 0361 | 0311
Damyang Damyang
Gwangju Gwangju
oo 0.621 1.000 0.652 | 0.183 oo 0.621 | 1.000 0.675 | 0.183
Naju 0353 | 0.668 1.000 | 0.065 Naju 0353 | 0.677 1.000 | 0.065
Bonghwang Bonghwang
Naju 0312 | 0.175 0.011 | 1.000 Naju 0312 | 0.199 0.077 | 1.000
Samdo Samdo
Jangseong | 614 | 0,029 0.028 | 0.067 Jangseong | 510 | 0057 0.092 | 0.067
Nammyeon Nammyeon
Jangseong | 109 | 0,189 0.000 | 0.324 Jangseong | 19 | 0213 0.066 | 0.324
Bugi Bugi
vajzr%SZOZi 0559 | 0.264 0.095 | 0.634 Hﬁ;fsior(‘)i 0559 | 0.285 0.155 | 0.634
GWL Ham . eyon . GWL Ham . gon ;
MPYEONE | 6,000 | 0.000 0.018 | 0.055 MPYEONE | 9000 | 0.029 0.083 | 0.055
Singwang Singwang
Muan 0592 | 0.726 0.727 | 0.000 Muan 0592 | 0.734 0.745 | 0.000
Mongtan Mongtan
Sunchang |0 e0 10,035 0.022 | 0292 Sunchang |00 1§ 063 0.086 | 0.292
Ssangchi Ssangchi
Sunchang | ¢} 0.341 0241 | 0.194 Sunchang | ) ¢4, 0.361 0292 | 0.194
Sunchang Sunchang
Hwasun 0.014 | 0.020 0.027 | 0.072 Hwasun 10 500 1 0.049 0.092 | 0.072
Neungju Neungju
Imsil Imsil
Dentehi 0.144 | 0226 0511 | 0.133 Dentehi | 0144 | 0248 0543 | 0.133
Gokseong | hsr | 0.049 0.083 | 0.070 Gokseong | oo | 0.077 0.144 | 0.070
Ipmyeon Ipmyeon
Samji 0712 | 0.724 0241 | 0.505 Geumwol | 0.563 | 0.714 0.683 | 0.081
Gwangju | 0739 | 0.767 0308 | 0.497 Samji 0.637 | 0.725 0.601 | 0.228
P ljang 0.684 | 0.689 0217 | 0528 RL | Gwangju | 0.649 | 0.808 0432 | 0381
Donggok | 0.697 | 0.725 0251 | 0.534 Yudeok 0334 | 0.508 0.612 | 0.056
Bonghwang | 0.708 | 0.675 0229 | 0522 Hoejin 0.069 | 0.000 0.000 | 0.599

7}0~19 Ate] €] Lo 2 A = & = SFSIT Table 5+ |}
T2 FoF A7) B7FE 918t 2 Case ' 7HA] A Aitto]
). (a)2 Alot91 et 22 o83t FHeF A17] 7T Caseoll
et PS4 7152 A A ()= Alokrelet oS4
£ 0|85 HoF Al7] B7 Caseol| tiSt =4 H
AL, (o) Alotre1et sPd91E 13 S 0|85
of FeFA7] H7HE Qe Ak S Ast s 49 B4 T

7452 414 Aol

r

43 52 B GIPI| 20| et kS 3R] LY 2t
B4 T AAE SRS AT R 2 B

=
A20) FA1E ol § 2|45 APgte] 3 AsleAt B

i By

(c) Case 3. GWL-P(considering RL)

Name of
Observation | Samji | Gwangju | Ijang |Donggok| Bonghwang
Stations

Samji 1.000 | 0.853 |0.814| 0.820 0.780

Gwangju | 0.854 | 1.000 |0.924| 0.940 0.862

P Ijang 0.820 | 0.926 |1.000| 0.943 0.925

Donggok | 0.827 | 0.942 |0.943| 1.000 0.883

Bonghwang| 0.786 | 0.866 |0.925| 0.882 1.000

Geumwol | 0.528 | 0.523 |0.457| 0.479 0.428

Samji 0.676 | 0.651 |0.571| 0.595 0.541

RL| Gwangju | 0.760 | 0.783 |0.726 | 0.716 0.708

Yudeok | 0.248 | 0.291 |0.205| 0.229 0.184

Hoejin | 0.000 | 0.000 |0.000| 0.000 0.000
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Table 6. Weight results of observation stations
(a) Groundwater level observation stations

SHAT. o2 O] Table 62 5 B] 21} A1712 W71s17]
7} 7)o that A 7 0] Boh )2 7K
7 otk (ayis A|5Hg] BE40] BEA R et
Btk 75 A A o], (b= A, (0
Sl4-91o] Tieh 2 8 b |l T 7Kg 44 Aol

r ol

2w

an

4.4 R|5H21R 22| 2% A7) W} At
441 AsKSier PSS OIBE Z Tl Akl B2
2[oF 7| B} 2t
AeksAR e 2ok A171S B7FsE] SIat 3 A Case
& Aak491ob A9 e o] g3t F1ok A7) BoHE At

. Weight
Criteria - - -
(year) Damyang Gwangju Naju Naju Jangseong Jangseong Jangseong
Damyang Yudeok Bonghwang Samdo Nammyeon Bugi Hwangnyong
T 0.253 0.250 0.240 0.226 0.044 0.212 0.263
RS 0.253 0.236 0.246 0.259 0.263 0.261 0.242
R5 vs P6 0.250 0.248 0.252 0.254 0.347 0.263 0.263
R3 vs P8 0.244 0.266 0.262 0.262 0.346 0.264 0.231
Criteria Hampyeong Muan Sunchang Sunchang Hwasun Imsil Gokseong
(year) Singwang Mongtan Ssangchi Sunchang Neungju Deokchi Ipmyeon
T 0.035 0.114 0.258 0.168 0.020 0.272 0.036
R5 0.278 0.242 0.253 0.226 0.264 0.293 0.295
R5 vs P6 0.344 0.323 0.262 0.304 0.357 0.150 0.334
R3 vs P8 0.343 0.321 0.226 0.302 0.359 0.285 0.335
(b) Precipitation observation stations
Criteria . Weight
Description = - - -
(year) Samji Gwangju Tjang Donggok Naju
T GWL trend (2006-2016) 0.238 0.245 0.257 0.251 0.265
R5 GWL trend (2012-2016) 0.249 0.242 0.243 0.230 0.250
GWL trend (2012-2016)
R5 vs P6 vs. GWL trend (2012-2016) 0.248 0.256 0.251 0.265 0.260
GWL trend (2014-2016)
R3 vs P8 vs. GWL trend (2006-2013) 0.266 0.257 0.250 0.254 0.225
(¢) River level observation stations
Criteria _ Weight
Description - - -
(year) Geumwol Samji Yudeok Gwangju Hoejin
T GWL trend (2006-2016) 0.033 0.217 0.040 0.228 0.040
R5 GWL trend (2012-2016) 0.286 0.210 0.255 0.240 0.307
GWL trend (2012-2016)
R5 vs P6 vs. GWL trend (2012-2016) 0.341 0.288 0.353 0.269 0.327
GWL trend (2014-2016)
R3 vs P8 vs. GWL trend (2006-2013) 0.340 0.285 0.352 0.263 0.326
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Table 7. Groundwater resources management vulnerable period
assessment results for case 1 (GLW-P)

Table 8. Groundwater resources management vulnerable period
assessment results for case 2 (GLW-RL)

) Rank 1 Rank 2 Rank 3
GWL | Analysis —
oS Period (‘;f’) WVI | Week| WVI |Week| WVI

) Rank 1 Rank 2 Rank 3
GWL  |Analysis .
0S | Period (‘;f’) WVI | Week| WVI |Week| WVI

Damyang | 3 W |34-36|48.559 |35-37|46.401 |33-35|44.158

Damyang | 1W | 35 [16.980| 36 [16.884| 37 |14.746
Damyang | 3W |35-37(48.610 |34-36|48.129|36-38| 45.696

Gwangju | 1W | 36 |17.417| 35 [15.938| 34 |12.415
Yudeok | 3 W [34-36|45.770(35-37|45.010|33-35| 40.296

Gwangju | 1W | 36 |18431| 35 |17.689| 37 |16.536
Yudeok | 3 W [35-37]52.656|34-36|50.766|36-38| 50.410

Naju IW | 36 |[11.144| 35 |9.759 | 37 |9.285 Naju IW | 36 |16.546| 35 |15.457| 37 |15.213
Bonghwang| 3 W [35-37|30.188 [36-38 [29.233 |34-36| 28.943 Bonghwang| 3 W (35-37/47.216 |36-38 |46.112|34-36| 45.007
Naju IW | 36 [13.052] 35 [12.906] 29 |11.013 Naju I'W | 35 [11.898| 36 [11.504| 34 [10.572

Samdo 3W [34-36]36.366 |35-37|33.979|33-35|33.403

Samdo 3W [34-36|33.975|35-37|33.371|33-35|32.504

= a=

517] 915t AR EZF 7HE = 283 A5 Hlo|H & o]-&
SF FE] FIoF AI7] BIHE AAISH T B Ak 1
et A% 35 T2 9] FHoPd Aol tiste] 44911, 2, 3919
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Station, GWL OS) '8 Z|5}9]9} 797 o]- 83t 2|5k
A+ FoF A1 7] %7} AFto] I Table 7914 WVIE 3 T
A 5142 T F 2 X493 (Weekly Vulnerability Index)
£ oulstal 15 ]2}t A4 35 @9l of tholA= 247Xt
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Table 9. Groundwater resources management vulnerable period assessment results for case 3 (GLW-P (considering RL))

GWL Analysis Rank 1 Rank 2 Rank 3
(O Period Week (W) WVI Week WVI Week WVI
Damyang W 36 14.667 35 14.398 34 11.728
Damyang 3W 34-36 40.793 35-37 40.325 33-35 37.370
Gwangju 1w 36 14.296 35 13.152 37 11.465
Yudeok 3W 35-37 38913 34-36 37.951 36-38 36.458
Naju W 36 10.068 37 9.227 35 8.786
Bonghwang 3W 35-37 28.081 36-38 28.046 34-36 26.218
Naju W 35 10.895 36 10.776 34 9.054
Samdo 3W 34-36 30.725 35-37 29.534 33-35 28.510
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