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Abstract

Artificial recharge technology is a method for solving problems such as groundwater level drop and
ground subsidence caused by groundwater withdrawal. This study investigated the applicability of
using the hydraulic conductivity of an aquifer to predict injection test results for aquifer restoration.
Pumping and injection tests were performed under the same conditions as those for the artificial
injection facility located in Icheon, Gyeonggi-do. The hydraulic conductivity of the aquifer, which
plays a decisive role in restoring the groundwater level, was derived from the pumping test. A
numerical model of a simplified on-site aquifer was constructed, and a transient analysis was applied
with the same conditions as the pumping test. The correlation between the measured and the resulting
model values is strong (R? = 0.78). The injection test was performed in a sedimentary layer composed
of silt sand and clay sand. From the results of the injection test, an empirical formula was derived using
Theim’s formula, which is a common well analysis solution to determine the parameters of the aquifer
from time-level data. The model values from the empirical formula have a high degree of correlation
a OPEN ACCESS (R? = 0.99) with measured values. Under specific conditions, for areas where it is difficult to conduct

an injection test, the formula from this study, which relies on the hydraulic conductivity of the aquifer
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Fig. 1. (a) Location map of the study area and (b) digital elevation model.

Aals: o} A AL 2 108 F1AR(I 1 km olUl) SHe1E]g] 0 0], F7RSI Y HAIEIS So) S ok T, TfR
20| FAB(HA B G2 0 & Aol o] 87> S| HAE ] 2 dEliet Aol 8-+ AP 8 B(MOLIT, 2013)
of mie} A A, 27, e, LSS S0 71202 BAE Aol o §2RL 2,052 m'/day (B 19
m’/day/3) 2 A=A



592 - HSM - UL - YHY - YHE

FE|AREH
A2 9] AL EANE melolr] Q1o 37/l ol AlFRANE 8ot o™ A SR iHS> B4 e>38)
E>ZE3001oro 2 2420 TA= 12 0~13.0 m (B 12.5 m)E AT ZHE 1|52 5|42 Lol 2 LR £}

oFO] T=7=7.9~8.5 m (B 8.2 m) 2 TRf7F A5t A 0 2 Vet 7]H}°P° =3 /SE% GL. 20.5~20.9 m (B20.7
m) 2] A =S Bk 2[5l BE53-2 A5 S ol AlF2ANS-2 7550 &2 285110, A4 Z[51-9l= GL.
6.9~7.0 m (Tt 6.9 m) 2 Z&=0]| S)x|51a1 QItk(Fig. 2).

Komp 13 gl / /UW/ ] Altwvial >~ A
‘ f (O T o

oo [/ ITIT Weathered sol ’[
| ARAATAI NS IWH

Elevation (EL.m)
s
o=

30.0

EAEAEAEAER NN

ey
e ey
By ) s e ar ar ar ar ar arar ar ar ar ar ares
G ey ey i e e s

00,0 LA e o o e e e B B A A A,

G Observation well

0.0 5.0 10.0 15.0 20.0
Length (m)

Fig. 2. Cross-section of geological strata in the study area, based on drilling data.
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Table 1. Vertical distribution of permeability in the study area, based on field survey results

Borehole Depth (GL.-m) Geology Test type Hydraulic conductivity (cm/sec)
2535 Alluvial ) 723 x 107
) Falling head down 5
Ob-2 4.0~5.0 Alluvial 345 10°
22.0~27.0 Soft rock Lugeon 1.99 x 10°
4.0~5.0 Alluvial ) 4.02 x 1073
. Falling head down .
Ob-3 6.0~7.0 Weathered soil 6.55 x 107
21.5~26.5 Soft rock Lugeon 1.54 x 107
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Fig. 3. Schematics of pumping well.

Table 2. Description of wells data

Surface level Water level Depth Distance from

Type Borehole (EL.m) (EL.m) (m) pumping well (m)

Pumping/Injection Pw 58.0 51.0 30.0 -
Ob-1 57.8 50.9 34.0 5.7
Observation Ob-2 58.0 51.0 27.0 6.3
Ob-3 579 50.9 26.5 16.3
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=2 Ob-1(0.78 m = 51.60 m - 50.82 m), Ob-2(1.01 m = 51.80 - 50.79 m), Ob-3(0.59 m = 51.70 m - 51.11 m)<] 5=
ZFol7t Uebstth(Fig. 4).
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Fig. 4. Changes of head during a pumping test at the (a) P. well and b (Ob. well).
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Table 3. Results of pumping and recovery tests at observation wells

Name Method Transmissivity (cm*day) Hydraulic conductivity (cm/sec) Storage coefficient
Pumping Theis 7.74 3.23 x 107 1.87 x 107
Ob-1 Cooper and Jacob 8.11 3.38 x 107 1.48 x 107
Recovery Theis 5.57 232x107° 6.51 x 107
Pumping Theis 4.50 1.88 x 10 5.64 x 107
Ob-2 Cooper and Jacob 5.15 2.15x 107 3.98 x 107
Recovery Theis 3.47 1.45 %107 1.21 x 107
Pumping Theis 7.23 3.01 x 107 2.56 x 107
Ob-3 Cooper and Jacob 7.17 2.98 x 107 433 x 107

Recovery Theis 5.84 243 x 107 4.60 x 107




CHAZ 42| R ZIEM0|| [HE OIDSIORA | X4 HitHo|| 25t G172

A5t 2 EY

500m x 1.500 m G0 2 AuFAZF 10 m x 10 m (A AR m x 1 m) 7+ 02 AzE 45}
L @Y AFRA AR E ol glo] oY - EH 3SR 330 37) S0 8 UAsigon, BHAH

=50 v‘?—‘#%#\ﬂ J?J*O Heo] 285 } W, 78A 1 719] 7855k 739 s nl7 | 2 A1 ol A LA
SN AT A1 428 50 2 L
(well package)< 2-85tH(Fig. 5a).

re
-
A
18
flo
g
2
‘ D

18
2
e,
o
:’)
2,
i)
HJ
EJ;
2
=
a
8
o
8
o,
o
2
=
g 4
*3
O.u
_O,L
=
00
TS
o
[lo
o
_l
EN
L

AR A
Aol 55 Blo] HAEA MRS Tl Aitelel /g T A5 Bk o] Hjod, o] 2] Qojzl =
P2 Aol S8 Alskrl A A5k -89 P AR 23S Alseitt 2 Rdof -85 X[skroh= A8 E
AFE E ol AR 47119] 2k oF =7 Al sk HATE =78 Als 2 107119] AJske9] BEAIRE ol-8stalom, AR
ol o] e B Avt Alite 2[skaeel= o1-8H 2APH 9 WellA] 24k Holal QLo (Fig. 5b, Table 4), ©l=
ndo] HAo] A&
b G Legend 55
é} /) Inactiverea
River Boundary
I General Head Boundary
® Pumping Well
& Observation well 54
e E °
A =
. Fae xe® f—é o)
AP g§33 °
o 4 P <6 -,g
BRI = o
- B A A
o 52
Field Tesg Site @
N 51
N 51 52 53 54 55
2 wll & Observation Head(m)
(a) (b)
Fig. 5. Numerical model (a) boundary conditionand (b) model calibration.
Table 4. Statistics of result for steady-state model calibration
Number of point 14 Standard error of the estimate 0.06 (m)
Residual mean 0.023 (m) Normalized RMS 9.53 (%)
Absolute residual mean 0.15 (m) Correlation coefficient 0.95
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Fig. 6. Comparison of observation data and modeling date performed through numerical model.
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Table 5. Result of drawdown for applying various hydraulic conductivity at pumping test

Drawdown (m)

Distance from

Borehole . . Modeling applied at aquifer hydraulic conductivity (cm/sec)
pumping well (m) ~ Observation 3 B B 3 B
2.00 x 10 1.75x 10 1.50 x 10 1.25x 10 1.00 x 10
Ob-1 5.70 0.73 0.65 0.72 0.84 0.99 1.22
Ob-2 6.30 1.00 0.63 0.71 0.82 0.97 1.19
Ob-3 16.30 0.56 0.39 0.43 0.49 0.58 0.71
Coefficient of determination (R?) 0.751 0.775 0.762 0.766 0.761
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Fig. 7. Changes of head during a injection test at (a) injection well, (b) observation well.
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Table 6. Changes of head during a artificial injection test

Water level (EL. m)

Observation ' ].)ist.ance from Surface level - Step1 (Ah) Step2 (Ah)
injection well (m) (EL.m) Initial head Q1 + 78 m¥day) (Q2: 119 mday)
Injection well 0.1 58.0 52.0 54.97/(2.97 m) 57.97/(5.97 m)
Ob-1 5.7 57.8 51.8 51.92/(0.12 m) 52.33/(0.53 m)
Ob-2 6.3 58.0 52.0 52.47/(0.48 m) 52.80/(0.80 m)
Ob-3 16.3 57.9 51.9 52.19/(0.39 m) 52.46 /(0.66 m)
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