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Analyzing the Effect of a Weir Construction on the Groundwater Flow System
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ABSTRACT

Visual MODFLOW, a three dimensional groundwater flow model, was used to analyze effects of a weir construction in an
alluvial stream on the nearby groundwater flow system. A hypothetical conceptual model was developed to investigate
how the groundwater level and the water budget could change after a weir construction depending on the location of
tributary streams. A site example, dealing with the Juksan weir installed in the Yeongsan River, was also demonstrated to
predict the effects of the weir construction. Model results show that impacts of a weir construction on the groundwater
flow system greatly vary depending on how far a tributary is located and whether it is located downstream or upstream
from the weir. Therefore, consideration of the location of tributaries in planning the location of a weir could effectively
minimize the impacts of a weir construction on the groundwater flow system. It is also demonstrated that model results are
highly dependent upon how the model is dealing with small tributaries and agricultural drainage channels, which can be
easily found nearby the main streams, acting as major water bodies for groundwater discharge. The model for the Juksan
area shows that the weir construction will change the direction of groundwater flow in some areas, leading to changes of
groundwater quality and interaction of the Yeongsan River to the aquifer from a gaining to a losing stream. The model
also predicted the areas where rise of groundwater level caused by the Juksan weir could adversely affect plant growth,
and thereby suggested installing new drainage channels as a countermeasure to drawdown the groundwater level.
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Fig. 1. A hypothetical conceptual model for analyzing effects of a
weir construction on the groundwater flow system.
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Fig. 2. Models showing different locations of a tributary to the main stream: (a) Model A, (b) Model B, (C) Model C, (D) Model D, and

(E) Model E.
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Table 1. Water balance analyses for 5 different conceptual models (unit: m*/day)

Before a weir After a weir After a weir & drain

Inflows Outflows Inflows Outflows Inflows Outflows
Prescribed head 304.8 0.0 240.1 0.0 304.7 0.0
Upstream 0.0 1532 106.5 424 593.5 0.0
A Downstream 0.0 151.6 0.0 304.2 0.0 207.2
Drain - - - - 0.0 691.4
Total 304.8 304.7 346.6 346.6 898.2 898.6
Prescribed head 309.1 0.0 247.7 0.0 310.0 0.0
Upstream 0.0 1524 76.3 42.1 593.5 0.0
B Downstream 0.0 142.3 0.0 260.8 0.0 200.1
Tributary 3.0 18.6 1.6 22.6 22 18.8
Drain - - - - 0.0 687.2
Total 312.1 313.3 325.5 325.5 905.7 906.0
Prescribed head 309.7 0.0 264.4 0.0 306.6 0.0
Upstream 0.0 143.8 78.6 142 563.2 0.0
C Downstream 0.0 150.9 0.0 271.7 0.0 206.5
Tributary 3.0 18.6 1.3 58.4 128.6 22.8
Drain - - - - 0.0 769.6
Total 312.7 313.3 3443 3442 998.4 998.9
Prescribed head 316.6 0.0 266.5 0.0 310.2 0.0
Upstream 0.0 1414 16.7 482 493.7 0.0
D Downstream 0.0 144.0 0.0 301.8 0.0 250.3
Tributary 52 37.1 159.1 922 480.1 455
Drain - - - - 0.0 988.9
Total 321.8 322.5 4423 4423 1,284.0 1,284.6
Prescribed head 316.6 0.0 280.0 0.0 315.2 0.0
Upstream 0.0 145.1 145.6 25.6 621.1 0.0
E Downstream 0.0 140.3 0.0 145.5 0.0 144.8
Tributary 5.2 37.1 4.0 258.4 4.2 174.4
Drain - - - - 0.0 621.9
Total 321.8 322.5 429.6 429.5 940.6 941.1
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Fig. 5. Effects of the drain conductance on water levels: (a)
C =0.01 m*day and (b) C = 100 m*day.
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Fig. 6. Changes of the water budget with the drain conductance.
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Table 2. Comparison of the water balance before and after a weir construction (unit: m*/day)

After a weir construction

Before a weir construction - - - -
Before applying new drain  After applying new drain

Inflows Outflows Inflows Outflows Inflows Outflows

Recharge 25,341.0 0.0 25,315.0 0.0 25,3222 0.0
Yeongsan River upstream 394 3,617.8 2,528.1 1,014.5 4,007.4 936.5
Yeongsan River downstream 0.0 984.2 0.0 1,045.5 0.0 971.7
Old river channel 0.0 1,690.2 0.0 3,950.4 0.0 3,908.6
Munpyeongcheon 641.6 1,724.5 2,983.7 1,574.9 3,730.5 1,574.9
Manbongcheon 0.0 1,710.2 0.0 1,632.9 0.0 1,632.8
Tributary and Reservoir 9,729.7 4,662.6 9,638.0 5,314.0 9,692.6 5,293.4
Drain 0.0 21,367.0 0.0 25,927.0 0.0 28,435.7

Total 35,751.7 35,756.5 40,464.8 40,459.2 42,752.7 42,753.6
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Fig. 14. Model results showing distribution of depths to water levels: (a) before a weir construction, (b) after a weir construction, and (c)
after applying the new drainages.
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Table 3. Depths and lengths of the new drainage installation and
model simulated discharge into the drainage

Drain EL. (m)  Length (m) Discharge (m*/day)
A 1.0 122 1,787.4
B 0.5~-0.3 108 582.7
C 1.35~1.75 51 354.4
D 2.5 180 447.8
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