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Abstract

Recently, concern has arisen regarding the lowering of groundwater levels in the hinterland caused by
the development of high-capacity radial collector wells in riverbank filtration areas. In this study,
groundwater levels are estimated using Modflow software in relation to the water volume pumped by
the radial collector well in Anseongcheon Stream. Using the water volume data, an artificial neural
network (ANN) model is developed to determine the amount of water that can be withdrawn while
minimizing the reduction of groundwater level. We estimate that increasing the pumping rate of the
horizontal well HW-6, which is drilled parallel to the stream direction, is necessary to minimize the
reduction of groundwater levels in wells OW-7 and OB-11. We also note that the number of input data
and the classification of training and test data affect the results of the ANN model. This type of
approach, which supplements ANN modeling with observed data, should contribute to the future

groundwater management of hinterland areas.
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HEA AER F/4J5]o] It (Fig. 1; Kim et al., 2016). Q729 0] A 7952 HElA] JPHARTAY] 5429
A 109 Bt 725521 1,268 mmo|H, |5l FAE-2 oF 13.54%2A] 172 mm/y ]l SIFHHMOCT, 2007).
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Table 1. Specifications of the radial collector well and hydraulic features of the aquifer

. Height to Average
. Number of Averags: length Thickness of D%ameter of horizontal well ~ hydraulic Aver‘ag?: t‘rans-
Site . of horizontal . horizontal well .. missivity
horizontal well well (m) aquifer (m) (m) from bottom  conductivity (d)
(m) (m/d)

Anseong 7 37.7 6.0 0.2 0.8 41.22 289.0
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Fig. 1. (a) Location of the study area and (b) location of the radial collector well and groundwater-monitoring wells
(adapted from Kim et al., 2016).
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o}, A15-0] 2] 3= 3709 layer= d5I31=T sHE=RE A, F31%, T25 FolH, A

FHAE = 71E FAIE 9 BhAIE ATE 280t 1938t opolth oM 1] F45+29.00 x 107~1.00 x 107

9.90 x 10° cm/sec, E3}F2 7.00 x 10 em/sec, AL 3.60 x 107 em/sec S 2-851500t (Fig.

2). 2 o WALy o] AW LR 1.2 x 1.2 kmE A751.0H, HREA1 A% 37110 x 10 m, WA 4=
7 9182 x 2 m=B 2 A5

v} Qo™ o] wjo] v &-2] 2|5}9] 54 AmE B-85to] Hlw HE5IAT (Fig. 2d). A5 A[6kr9lE &8t 2 Y
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oY F=H AR Hels &8oto] A Fedol HskE THA RAR RS palsieitt. Rade] F e
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Fig. 2. Design of the numerical model and comparison of actual and estimated water levels.

Table 2. Simulation results for collector well pumping and the numerically estimated groundwater levels for the monitored
wells

(a) Simulation cases of pumping rate

Simulation condition (m*/d)

Case Total pumping rate (m*/d)
HW-1 HW-3 HW-4 HW-5 HW-6 HW-7 HW-8

1 4,045.1 637.9 301.2 292.2 330.5 1,192.8 577.8 712.7
2 4,031.6 0.0 366.9 341.2 378.7 1,382.8 684.9 877.1
3 4,019.7 683.2 340.3 0.0 3554 1,266.7 616.3 757.8
4 4,037.8 816.5 389.1 355.7 4522 300.9 792.9 930.3
5 4,020.6 715.9 330.4 314.9 356.3 1,298.4 643.7 361.1
6 5,011.2 381.6 401.6 353.5 437.6 1,685.2 775.1 976.7
7 5,010.1 1,029.2 504.3 406.3 693.1 0.0 1,157.9 1,219.4
8 5,021.4 979.2 470.8 391.1 607.1 399.9 1,031.6 1,141.7
9 5,002.2 843.9 396.9 349.7 466.7 1,176.7 807.6 960.7
10 5,014.3 994.5 432.7 374.4 471.4 1,846.5 894.8 0.0
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Table 2. Simulation results for collector well pumping and the numerically estimated groundwater levels for the monitored
wells (Continued)

(b) Estimation of groundwater levels at each monitoring well by using a numerical model.

Estimated groundwater level (El.m)

Case AN-1 OW-1 OwW-2 OW-7 OW-8 OB-4 OB-8 OB-9 OB-10  OB-11 OB-12
1 4.4447 35495 34399 41547 46808  6.0358  5.6653 49936  4.6907 43123  4.6664
2 44430  3.6814  3.6533 42066 4.6946  6.0590 5.6764  5.0212 47552 43968  4.6800
3 4.4445  3.5484 34744 41693 46873  6.0359  5.6653  4.9928  4.6921  4.3224  4.6701
4 44493 32876  3.1353  4.0549 46498 59969  5.6440 49464 45800  4.1818  4.6396
5 44440  3.6402 34765 41603 4.6808 6.0356  5.6639  5.0001 4.7101 43312  4.6666
6 44345 33048 32141 40699 46492 6.0031 5.6476 49525 4.6072 42119 4.6414
7 4.4453  2.6771  2.4691 37857  4.5764 58925 55845  4.8266 43376  3.8551 45732
8 44436  2.8401  2.6495 3.8711 45972 59457 5.6182  4.8761 44279 39643  4.5938
9 44390  3.1074 29477 39879  4.6270 59860  5.6406  4.9249 45304  4.1030  4.6204
10 44325  3.4558  3.1672 40580 4.6439 6.0174  5.6553 49711 4.6311 42118  4.6373

Ave. 44420 33092  3.1627  4.0518 4.6487  6.0008  5.6461 49505 45971  4.1891  4.6389

LSO EES &80 AS4AY ] 1=

ATAVFES A2 Aeko & YESTE Ft wrl(ie5)0] o525 5510 AL A A7 1S HotA 7] A
TAIE Eolhe BES onleh= A 02 A, 9F- 8, 317 &4, AAIG o, ZAFREE, 19 14, SeAEP 5o
oFot Hoto] E-8%] 11 Itk Zakaria et al., 2014).

Q54172 1S (Input layer), <45 (Hidden layer) ¥ &3 35(Output layer).0.2 A% 0] Qlom, 7+ Z7He] =+
A o] AT XA o e 2 &S5k 1S LRITHFig. 3). & Aol S3nidaelE-S o] 8ol=ths HAE

= [€)
E(Multilayer perceptron) A7 HIEHZ 7IH& 28530, HipmA 7 3 AE Fadt 2 S-S AR
shal E W= 2ok TS5 0] Aokt S 218019l 23 ol olste] Aats= 2450 &2 ol Ak o]

2} K 29) 7157] ()9} e 20] AR ()0 SJ5}od AAHCY,

Input Hidden Qutput
layer layer layer

Fig. 3. Multilayer perceptron concept of an artificial neural network with a hidden layer.



588

Zh A e RIS H ol R R QISAIEW Bl H5-2 Slote] Fd A=E At} vighS XIS S

5ol 70%= A=, 30% = ASAER E-85t3irh 2hE, BE A6 —}F‘T&%@% TEHAPE Ego]
IR, 1 Ao A 0] B ] Aol ke mlefoke 248 IS B2 Agelel OW-T 3
OB-11-& FH2| 9 ZJsl=91oll Tzt 7| ]3] 0 2 dHsto] SE5R4= Afeislet.

HEo] 2932 1712 AAskl 2950 /43 b= MTRHAIE o B A 8ot Bdll 5 A 2450
T o7l 859 L= 2712 YERdT] 755 BElo] e5AtR 0] @ AFA-FH(SSE: Sum squared error)= 0.0042
o om HIA = 0.137= o Eot ARte] 7FsAdo] Aok, 107 R Abmof thet AR dl&54te]
Pearson A= 0.01 -5-2J===510ll 4 OW-720.997, OB-11-20.993 0 2 tj-¢- o} 2 ndl-g {5 A THFig. 4).

b
w
B
(23]

(a) OW-7 (b) OB-11

o
r
o]
(o]

=

-
=
i
[¢]

w

v}
ry
(=)

Corr. Coef = 0.997 o Corr. Coef = 0.993

w
o
o

w
~J

Estimated groundwater level (El.m)
=y
o
o}
Estimated groundwater level (El.m)
s
2]
o
)

-
o

3.7 38 3.9 4.0 4.1 4.2 4.3 3.8 4.0 4.2 4.4 4.6
Original groundwater level (El.m) Original groundwater level (El.m)

Fig. 4. Scatterplots of original versus estimated groundwater levels at the two monitoring wells.
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Fig. 5. Simulation results for 52 cases of the pumping rate of a collector well for the two monitoring wells.

Table 3. Representative cases of groundwater level estimation using the ANN model

Contents  Case No. HW-1 HW-3 HW-4 HW-5 HW-6 HW-7 HW-8 OW-7 OB-11

Asvgzaags‘;:f - 4404 297.1 2913 4551 11040  629.1 783.2 - -
High 9 3905 2253 3716 798 13857 10651 4822 42623 44373
level 19 3727 3866 4494 1623 10024 4579  1,1688 42827  4.4543
cases 21 2397 4039 1419 1139 13436 9132 8438 42395  4.4580
Low 8 4857 4555 186.6 7927 4773 6541 9482 38560  3.9766
level 16 7580 1619 1546 6688 6855 12711 3002  3.8682  3.9855
cases %) 4082 2565 1590 7355 6573 7042 10793  3.8871  4.0022
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Fig. 6. Scatterplots of horizontal well yields (y-axis) versus groundwater levels (x-axis).
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Table 4. Characteristics and structure of the ANN models for the three cases

Pearson
Hi
idden layer Output layer corr. coef.
Case No. of Actival Activali SSE
00 ctlvaltlon No. of node ctlva.tlon No. of node OW-7 OB-11
layer function function
Hyperbolic tangent Identity
1 1 2 . . .
function 6 function 0.006 0.997 0.996
2 I Hyperbolic tangent 6 1dentity 2 0.004 0995 0998
function function
3 | Hyperbolic tangent 6 dentity 2 0.025 089 0897
function function
Table 5. Statistics of estimated groundwater levels at two monitored wells
Case Wells Average level (El.m) Standard deviation (m)
. OW-7 4.10 0.11
Original model OB-11 426 0.14
Case | OW-7 4.12 0.11
ase OB-11 427 0.13
OW-7 4.13 0.07
Case 2 OB-11 429 0.09
OW-7 4.16 0.02
Case 3

OB-11 432 0.03
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(c) Case 3
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Simulation cases

Estimations of groundwater level at the two monitoring wells for three cases: (1) Case 1, nine data points; (2) Case
2, eight data points; and (3) Case 3, five data points.
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