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Numerical Analysis of Horizontal Collector Well in Riverbank Filtration

Hyoung-Soo Kim - Jae-Hoon Jeong*

Korea Institute of Water and Environment, Korea Water Resources Corporation

ABSTRACT

Groundwater flow due to intake of horizontal collector well in riverbank filtration site was analyzed by use of
numerical groundwater modeling program (FEFLOW 5.1). Drawdowns of groundwater table nearby collector well
were evaluated according to variations of several conditions; pumping rate, thickness of aquifer, offset distance from
well to shore line of stream, conductance of streambed. It is observed that the drawdowns of groundwater table are
clearly changed according to the variations of these conditions. The results of sensitive analysis shows that the
thickness of alluvial aquifer and the offset distance are more sensitive than the conductance of streambed in evaluation
of drawdown. This result implies that hydrogeological conditions, as like thickness of aquifer and its distribution in the
site are important factors in site selection and evaluating the availability of riverbank filtration intake using horizontal
collector well system. It is also revealed that numerical modeling using FEFLOW with 1-D discrete element feature
can give efficient quantitative evaluation of horizontal collector well and estimation of availability of riverbank
filtration site.

Key words : Riverbank filtration (RBF), Horizontal collector well, Groundwater numerical modeling, Sensitivity anal-
ysis, Availability of groundwater, Riverbed conductance, FEFLOW.
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Fig. 1. Design of a FEM element and horizontal collector wells (upper part : plan view, lower part : vertical cross section near stream).
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Fig. 2. Three cases of vertical cross sections of aquifer structure
for numerical model study.
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Fig. 3. Three dimensional shape of modeling domain.

Table 1. Hydraulic conductivity of modelling layer

Layefr # Layer'# Geologic layer Hydraulic conductivity (m/sec) Remarks

(Phyical) (modelling) Kx Ky Kz
1 1 Silt & Sand 5.0x107 5.0x 107 1.0x 107
2 i Sand/Gravel ~ 14x10°  14x10°  1.0x 107 H‘;re‘tzv‘v’;‘;anl r‘;’lzgzlﬁfgkl’:;‘f;d #zt :fdszge
3 2 Bedrock 3.6x1077 3.6x1077 1.0x 1077
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Fig. 4. Infiltration condition of a stream bed (Diersch, 2002b).
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Fig. 5. River discharge condition of a stream bed (Diersch, 2002b).
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Table 2. Drawdowns (s) and the time to reach steady state according to offset distances and thicknesses of main aquifer because of

horizontal collector well pumping (rate = 16,000 m>/day)

Thickness of Well-1 Well-2 Well-3 Well-4
aquifer Steady state time ] Steady state time s Steady state time S Steady state time $
(m) (day) (m) (day) (m) (day) (m) (day) (m)
5 100 3.369 244 5.021 284 7.487 - -
10 80 2.382 122 2.896 250 3429 447 4.125
20 62 1.641 100 1.838 200 2.062 249 2.340
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Table 3. Result of sensitivity analysis about parameters; thickness of aquifer, offset distance, couductance and pumping rate.

Sensitivity item Value of Simulated

Ratio of value (%) Groundwater level (m)

50 -11.092
100 —6.456
200 —5.063

50 —6.035
100 —6.456
200 —7.006

50 —6.644
100 —6.456
200 -6.295

50 —4.592
100 —6.456
200 -10.693

5
Thickness of aquifer (m) 10
20
50
Distance of wells (m) 100
200
0.25/1.0
Hydraulic conductance In/Out (1/day) 0.5/2.0
1.0/4.0
8,000
Pumping rate (m*/day) 16,000
32,000
4.8 44— Pumping rate
" A—A—ah Hydraulc conductance
T\ @—e—8 temmtmi "
o
-6.0 —

6456 ~ « — - =

Groundwater level (m)
&
[=]
[

0.0 — 1
|
! N
B i
i

!

A R R R R RN RN R R N R R R R RR RN
50 100 200
Ratio of value (%)

Fig. 13. Sensitivity analysis of the effect of four factors (hydraulic
conductance, offset distance from collector well to stream,
thickness of aquifer and pumping rate) on groundwater level.
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Table 4. Availability of collector well intake in riverbank filtration site according to assumed conditions ( O : Available, X : Not available)

Case

Pumping rate (m*/day)
(Transfer In/Out =1.0/4.0)

Hydraulic conductance of transfer In/Out (m/day)
(Pumping rate = 16,000 m*/day)

Thickness of Offset

. . 8,000 16,000 24,000 32,000 0.05/0.2 0.1/0.4 0.5/2.0 1.0/4.0
aquifer (m) distance (m)
20 O O O X X O O O
5 50 O O O X X O O O
100 O ) X X X X O O
200 O O X X X X X O
20 O O O O O O O O
10 50 O O O X O O O O
100 O O O X O O O O
200 O O O X O O O O
20 O O O O O O O O
20 50 O O O O O O O ©)
100 O @) O O @) O O O
200 O O O O O O O O
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