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ABSTRACT: As a weir construction enables to control on the river stage level, there is increasing demand to
understand its effects on the adjacent groundwater system more clearly, on which agricultural productivity may
depend. To adequately address this question, it is essential to obtain detailed knowledge on surface water-
groundwater interaction that can affect groundwater quality and quantity by applying quantitative analytical
approaches to various factors inducing groundwater changes. We first introduce a cluster analysis utilizing
Pearson’s correlation to classify wells to compare the degree of interaction with the river, and then quantify
individual contributions of natural and anthropogenic factors which may induce temporal groundwater level
changes. Finally, we predict groundwater level under presumed modeling scenarios to clarify the effects of
controlling the river stage and increasing irrigation. The cluster analysis classifies wells in the study area into two
distinct groups by the patterns of groundwater level changes, which are mainly resulted from the geographical
distance from the river. The groundwater-level model assumes total groundwater fluctuation as a sum of changes
brought by individual model components based on physically-derived governing equations and finds the best
estimation of the parameters by comparing the observation and modeled groundwater levels. Using the calibrated
model, it is possible to quantify each controlling factors’ effects on groundwater system under different case
scenarios. According to the modeling results, the river stage change accounts for approximately 50% ~ 90% of
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declining groundwater level during the first and the second weir opening periods. The model also indicates that
scheduled river stage drop can lower the groundwater level by 2.0 m at maximum, and additional irrigation can
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exacerbate depletion by 0.5 m at maximum.
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d&& A &3t H--2HJeong et al., 2010; Park et al.,
2010; Choi et al., 2018; Kim and Lee, 2018; Kim et
al., 2018; Lee et al., 2018), ¢t 2| 24 of| 2J3t %]
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A& gA-A 712 (Box and Jenkins, 1976) 2] ®HE
ol 23t A713] F2 o5 H+ 23 (auto-regressive
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et al., 2014; Yoon, H. et al., 2016). ©]Z 2] ZA|2] A|
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o] AX|TH(Yoon et al., 2016), |3t HIE Lo
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2 Q13 A9 1 A3k9] MEE S Slstod
Algte oz, 2|ske9] M3E thE 8219 9
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Fig. 1. Regional and enlarged maps of the study area located in the riparian zone of the Geum River. The river stage
can be artificially controlled by the weir constructed downstream of the river.
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Table 1. Lists of monitoring wells and stations, items, periods, and GPS coordinates used for the study (GWL:
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Groundwater Level, T: Temperature, EC: Electric Conductivity, AWS: Automatic Weather Station).

Wells/ Stations Monitoring Items Monitoring Periods GPS Coordinates (WGS 84)
SU-3 GWL, T 2018/01/01-2019/09/30 126.942545, 36.328034
BR-2 GWL, T, EC 2019/06/11-2020/01/14 126.950491, 36.327777
BR-3 GWL, T, EC 2019/06/11-2020/01/14 126.944541, 36.326307
BR-4 GWL, T, EC 2019/06/11-2020/01/14 126.939741, 36.324272
MW-1 GWL, T, EC 2019/06/26-2020/01/14 126.949191, 36.321231
MW-2 GWL, T, EC 2019/06/26-2020/01/14 126.949191, 36.321231
MW-3 GWL, T, EC 2019/06/26-2020/01/14 126.949191, 36.321231
BL-2 GWL, T, EC 2019/05/15-2020/01/14 126.953541, 36.322077
BL-3 GWL, T, EC 2019/05/15-2020/01/14 126.949316, 36.319720
BL-4 GWL, T, EC 2019/05/15-2020/01/14 126.945616, 36.318249
NG-1 GWL, T 2018/04/03-2019/09/30 126.949630, 36.319414
NG-2 GWL, T 2018/04/03-2019/09/30 126.962903, 36.323624
BZ-1 GWL, T 2018/06/21-2019/09/30 126.951812, 36.320984
BZ-2 GWL, T 2018/06/21-2019/09/30 126.957384, 36.318970
BZ-3 GWL, T 2018/06/21-2019/09/30 126.963138, 36.322370
BZ-4 GWL, T 2018/06/21-2019/09/30 126.965481, 36.315656
BJ-5 GWL, T, EC 2019/05/15-2020/01/14 126.955466, 36.319680
BJ-6 GWL, T, EC 2019/07/23-2020/01/14 126.951441, 36.317605
CH-1 GWL, T 2018/04/03-2019/09/30 126.970489, 36.323521
CH-2 GWL, T 2018/04/03-2019/09/30 126.967129, 36.320594
RIV River stage 2018/04/03-2019/09/30 Upstream from weir
PRECI Precipitation 2018/01/01-2020/01/14 Buyeo AWS
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2 AollA ETo2 712(FA) S834H, Ker= Hi
JfHg=oltt. RAE= SAIE T 571 992 g4kt
78 AEE Bl BALE (extra-terrestrial radia-

tion) [L/T|= 99, $= @iz Aolajrh. TCE Ui

Groundwater-Level Model
Groundwater-Level Conversion to .
Model Component Groundwater Synthetic
(GLMC) Level (Modeled)
Precipitation Water-Balance/ Groundwater-

Transfer Function Level
River Stage Groundwater Flow Calibration
Equation (PEST)
Pumping Theis Equation Observed
Groundwatetr-
Background Moving Average Level
GWL Function

Fig. 2. The schematic diagram showing procedure of the groundwater-level model.
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Table 2. Groundwater-level model components with conversion equations and parameters, values used for the study.

Groundwater-

Level Model Conversion Equations ~ Parameters Values

Components

Precipitation ~Water balance/transfer  a, Amplitude multiplier Estimated by PEST
function

Precipitation ~ Water balance/transfer 5’ Initial storage (in the vegetative §"=1mm"
function canopy and the root zone)

Precipitation =~ Water balance/transfer Sy Maximum total storage Spax =10 mm""
function (maximum bucket capacity)

Precipitation ~ Water balance/transfer & Transfer function scale factor Estimated by PEST
function

Precipitation ~ Water balance/transfer n Transfer function shape factor Estimated by PEST
function

River stage ~ Groundwater flow a Amplitude multiplier Estimated by PEST
equation

River stage ~ Groundwater flow d Distance from the river d =294 m®
equation

River stage ~ Groundwater flow /8 Transmissivity/ storativity Estimated by PEST
equation

Pumping Theis equation a Amplitude multiplier Estimated by PEST

Pumping Theis equation r Distance to the pumping well r=100 m”

Pumping Theis equation /8 Transmissivity/ storativity Estimated by PEST®

Background = Moving average apr,apzaps  Amplitude multiplier (for each Estimated by PEST

GWL averaging period)

U Values selected within the range suggested by the literature ® In-field measurement between the river and NG-1
® Based on the assumption (see the text) ¥ The same value to one used in the river stage model component

Aok B2 BiEA] A A5} vuste]
I zpo|7t AL Hes nd g 40| st gE
BAslofof gitt. o] IS Aol FFH o R
F35}7] fJste] sl okl A de] AMSH = T}
ghE A5 54 T2 HAE(PEST)E AR
stRom, HaskE 3t 54 g o= St 2
o] Al4FE 4= Utk

B(X) = S (SWL(X); — MWL(X);)* (12)

i=1

9 AoA Xe F7g3ke sEvEEE 749
B, n2 B3 A4 9] 74, SWL(X)i2 &4 Alske9
(e A3, MWL A2 2514918 Lt

L7 2] B2 A (13)% 22 Al B Al
IH(root mean square) S 0|83l e 4

ATt

&)

RMS = (13)

aihE 378 2golx] e wlejE HEkselective
parameter transformation)} Eo|z}t 23 A3}
(singular-value decomposition regularization)&
M gatgr. Hst S AR ngkEs} gAY
3 BAZE 22 vt E = Il A<=
11 5342 9] 40| 7153l Xth(Doherty and Hunt,
2010).

4. A1} 9l E9|

QA aie] A7 2 B4 23} A7 A
Ao A9l wek Aol gt 2A F I
(Group 1, 2)+ 71 9] AFgHgo] ot BHEE L
oAtk o] FolAl SS9l Ggol ArjaoR



88

0x

o
Ot

oN

Iet HHEY] 25 2F 1 2 shto] By
G-1)ell thaf Aske9) 2dg 285k, A9
P49 Hste} ek F7kel B2 A5k
Hsks HAskT

’2

[«

il

41 S&297} Xst2lol DIAS Az

27 32 47 Ao 197 BH(E6 A2 A5
59)9} SHUSARIVE EA)) ASH 2HE 2
o= ASE(dendrogram) 2 A 252 ¥4 3} 8
o] 715(Z3 ¢k 1F W3S Yey i, 712
& 7H BAOIA Ak ol 4 B wE bl
A2lg etk 298 2 Aoy Wsh
o we 2A 7] 283} 1ole] BHER T2
Bl 2 Bela 4 ik 18 1034 AA)e 1%
o T4 7k A S ke RS B o), B
AT $A 2 spRgIgte] SAo] S
S AL L S Ytk TE 2N A= DY A
2b0] $ AV S e T 19 FEE D, S
slofe] SAME 18 18 AR B o A
gHoz e Aoz tehdth. 1 9 BZ, 4 2
BI5E b4 AW 5 D86l Sox gon ke
243} shTe] gAbgol A om Wt S
BZ-49] A9e T2 B Aaed] Az} e

BZ4(5) 4

ol

Mo
lob

rx

o
0f0
[

AolatA det=d], ol X ¥ 22 o4 v s
TS A0l A5t s9let F=f FFo] A9
Hrg =] 2] 9b7] wijZoleka gzt

A ﬁﬁré IFEE A=Al =AS 2H
(2d 4), 25 1(3A )2 2 5P 292
o £ oPﬂ At A Ao g2 77k 3ol
9|3t uhd, 18 2(A A ghAl) = sk Fetel 244
A kol YIXBHEA IF 1 Hk= Aol 914
3t #ol gt ERE T 2= shIte] A= A
Ao g "y, Y| EE L3R (28 19 %
Z sithote AdE oz 7i7ke Aoz vehdch
Ef A A o2 W1 7 Aol gt Alsk=9] ¥
P& Bl BZ-49] 7-9+= shTe] 2 A Ae
7 7P W S A 9} 7HHY s fier W=
gk FaFol Al YehtA] gh=tt.

IFE Aok MgkE Y, 15 12 5P
Htel I AHIAE 2o, 15 | #HE
A3 Asol AY dX|st= AR HATHH
5a). 2018'd 7€} 9Yof| 7--=F F7HE Qg spH
9] XA AT, sk =91 13 24 717141 2018
| 99T} 119 Ato], 23} 2 7]7121 20194 7€ 9]
9] sPH91 9 DAA s17ko] st w3te] &
g Elo] ok 27200 &% WA SN E FYgH

-

L

in

BJ5(4) 4

BZ3(3) 1
CH1(2) 1

BZ2(2) Group2

CH2(2)4
NG2(2) 1
RIV(1) 1
SU3(1) 4
BL4(1)4
BZ1(1) A
NG1(1)
BL3(1) 1
BR4(1)q 1
BL2(1) A
BR3(1)1
BR2(1) 4
MW3(1) 4
MW2(1) 4
MW1(1) 1

Tlﬂ

Well Name

Group1l

—_—

0.05 0.1

o 4

0.15

0.2 1.3 1.35 1.4

Linkage Distance
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groups by their groundwater change patterns. Wells linked with blue lines are referred to Group 1 and red as Group
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Table 3. Groundwater-level model component parameters after best fit by PEST.
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Parameters (unit)

Best-Fit Values

a(-) Amplitude multiplier for precipitation model component 0.629

k (day) Transfer function scale factor 3.459

n(-) Transfer function shape factor 3.977

ar(-) Amplitude multiplier for river stage model component 1.028

7/8 (m*/day) Transmissivity/ Storativity 1.324x10*

a (-) Amplitude multiplier for pumping model component 0.094

ap (-) Amplitude multiplier for background GWL model component ~ 0.072
(averaging period = 1 day)

ap (-) Amplitude multiplier for background GWL model component  0.045
(averaging period = 1 week)

a3 (-) Amplitude multiplier for background GWL model component  0.013

(averaging period = 1 month)
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Fig. 8. Model component contribution for groundwater level change plotted in a stacked bar chart. Positive values
represent that model components contribute to raise the groundwater level, and negative to drop.
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Table 4. Groundwater level modeling case scenarios.
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Case  Model Components Considered

Parameter Setting

1 Precipitation, River stage, Pumping, Background GWL Best-fit values in Table 3

2 Precipitation, River stage, Background GWL The same as Case 1 except a;= 0

3 Precipitation, Pumping, Background GWL The same as Case 1 except a,=0

4 Precipitation, Background GWL The same as Case 1 except ¢,;= 0 and a,= 0
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