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configurations on performance and efficiency of radial collector wells using a detailed numerical modeling
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ABSTRACT: A series of numerical simulations is performed using a detailed numerical modeling technique to
evaluate quantitatively impacts of radial arm configurations (orientation, number, inter-arm angle) on performance
and efficiency of radial collector wells for riverside groundwater intake. The detailed numerical modeling technique
consists of three components such as precise discretization of complicated shapes of radial collector wells, rigorous
realization of actual intake schemes of radial collector wells, and integrated simulation of saturated-unsaturated
groundwater flow. An aquifer-river linked radial collector well model is also established and used considering
groundwater intake with a radial collector well at an actual riverside area. The results of numerical simulations
show that the performance and efficiency of the radial collector well is optimal when three radial arms are arranged
with an inter-arm angle of 45.0° in the aquifer-river linked radial collector well model used in this study. This implies
that the distance between the river and the arms and the competition and interference between the arms play important
roles in determining the performance and efficiency of the radial collector well. The detailed numerical modeling
technique used in this study and its results can be usefully applied in evaluating and optimizing the performance
and efficiency of radial collector wells for large-capacity indirect intake of riverside groundwater using radial
collector wells.
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Fig. 1. Schematic diagram of the aquifer, river, riverbed,
and radial collector well (modeling domain). The verti-
cal coordinate axis is exaggerated 5 times.
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Table 1. Hydrogeological properties of the aquifer, riverbed, and radial arm.

Property Aquifer Rive?rbed Radi_al arm
(fine to medium sand) (silt) (pipe)
Porosity, n 0.41 0.36 1.00
Saturated hydraulic conductivity tensor
wat 2y, [0/5EC] 1.78 x 107 1.78 x 10”7 2.76 x 10*
sat 2,0, TOV/SEC] 1.78 x 10” 1.78 x 107 2.76 x 10°
K, 1,0, [M/s0C] 1.78 x 10” 1.78 x 107 2.76 x 10°
Compressibility, G, [m’/N] 7.46 x 10” 1.11 x 107 0.00
Residual water saturation, S, 0.1585 0.1944 1.0000
van Genuchten's (1980) unsaturated hydraulic parameters
a, [m'] 7.50 0.50 0.00
n 1.89 1.09 1.00
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Fig. 2. Configurations of (a) 8 radial arms in 360 degree
for Cases 1 and 2 and (b) 9 radial arms in 180 degree
for Cases 3 and 4.
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Table 2. Combinations of radial arms for Case 2.

Radial arm number

Case

4 5 6 7 8

Case 2-A
Case 2-B
Case 2-C
Case 2-D
Case 2-E
Case 2-F
Case 2-G
Case 2-H
Case 2-1
Case 2-J
Case 2-K
Case 2-L
Case 2-M
Case 2-N
Case 2-O
Case 2-P
Case 2-Q
Case 2-R
Case 2-S
Case 2-T
Case 2-U
Case 2-V
Case 2-W
Case 2-X
Case 2-Y
Case 2-Z
Case 2-AA
Case 2-AB
Case 2-AC
Case 2-AD
Case 2-AE
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Fig. 4. Performance of radial collector well for Case 2.

0|9} 7o) 360%= 437 871 % 375 &F3h= 7
—r°ﬂ i3t %] melE Ak 54 weko 2 Sxet
YA 55 EZ3lste] 3k =Sk 4 2P A Eo] WA}
&'@AH Fee wole ol i s BoE
o} wlebA] A 2R s 9 HU\]_&] R He
o) 3t 51 vFeke] £~ A sfd=o] J3ke Hrh o ok
oFs} A0 ti5ke] AekA o2 Hrler g g7t Qi




88 HHE - 2

—_
[
~

2000 T T T T
: Rivel |

> - Arm2 1509

© - -
g 1500
©

‘o 1000 E
o 3 -
E Arm|4 4
o [ 555 ]
= 500k 477 r 477 ]
- 3 -
E L I I ]
of ]

Intake rate [ m*/day ]

2 3 4 Total
Radial arm number

b)
2000 T T T T
: River
o Arm 8 N
1500 |- i
1000 F ]
L Arm 6
500 - i
[ 265
- 109 109
[ a7
b w o« v 1
6 7 8 Total

Radial arm number
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Fig. 6. Performance of individual radial arms and total radial collector well for (a) Case 3-A, (b) Case 3-B, (c) Case
3-C, (d) Case 3-D, and (e) Case 3-E and (f) performance and efficiency of total radial collector well for Case 3.
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