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Introduction
The objective of dewatering is to lower the groundwater table to prevent significant groundwater 
flow into an excavation, and/or to ensure slope stability. The preferred dewatering system will depend 
on hydrogeological conditions and construction requirements. In the case of slopes and excavations, 
the groundwater table can be lowered using a combination of methods, such as deep wells, 
wellpoints, vacuum wells, and horizontal wells. Deep well systems are often used for dewatering 
slopes and excavations when large drawdowns are required. This type of system generally consists of 
an array of pumping wells located near the excavation or slope. The combined effect of the array 
lowers the groundwater table over a wide area. The active pumping system must be set below the 
groundwater table whereas the bottom of the wells must be set deep enough to allow flow without 
excessive head loss.  

The objective of this example is to illustrate how to model deep well systems in three-dimensional 
environments, and to verify the water-flow formulation against a well-known benchmark. To do so, 
the example will discuss a specific deep well system, and provide insight into an approach for modeling 
pumping wells.

Numerical Simulation 
The deep well system, taken from Mansur and Kaufman’s (1962) chapter on dewatering, consists of a 
large, 770 foot-long by 370 foot-wide, 40 foot-deep excavation in a 90 foot-deep unconfined sandy 
aquifer. In order to capture the full effect of the river, the domain was extended 10,000 feet beyond 
the excavation in each direction. As shown in Figure 1, the centerline of the excavation is located 1000 
feet from the edge of the river. The dewatering system consists of twelve pumping wells, located 5 
feet from the crown of the excavation slope. The wells are provided with 40 feet of 10-inch diameter 
screens, and the pumping rate at each well is assumed equal to 1150 gpm (or 2.56 ft³/sec).

http://www.geo-slope.com/


2

 

Figure 1.  Problem configuration. 

The Saturated/Unsaturated Material Model was used to describe the sandy aquifer. Although optional 
in steady-state analyses, the volumetric water content function was used to estimate the hydraulic 
conductivity function. The volumetric water content function was taken as that of a typical sand with 
a porosity of 0.35 and a soil-structure compressibility of 5 x 10-8 /psf. The saturated hydraulic 
conductivity was set equal to 3.33 x 10-3 ft/s.

The river level was assumed to remain constant, at 85 feet of elevation, and a potential seepage face 
was assumed to prevail on the inner surfaces of the excavation. Although the pumping wells can be 
modeled as three-dimensional cylindrical objects, this can create numerical difficulties in large-scale 
problems. These difficulties can be alleviated by representing the wells as single nodes or lines of 
nodes with prescribed pumping flow rates. In this study, each pumping well was modeled as a series 
of nine equally spaced nodes along a line representing the effective screen length. The effective screen 
length accounts for head loss in the wells, and was determined by numerical experimentation. The 
pumping flow rate at each node was computed according to its contributing area, such that 

 and . The downside to this approach is that large 𝑄𝑡𝑜𝑝= 𝑄𝑏𝑜𝑡𝑡𝑜𝑚= 𝑄𝑝𝑢𝑚𝑝𝑖𝑛𝑔 16 𝑄𝑚𝑖𝑑𝑑𝑙𝑒= 𝑄𝑝𝑢𝑚𝑝𝑖𝑛𝑔 8

gradients may prevail near the nodes where pumping occurs. This downside was remediated by 
constraining the mesh using a series of nine meshed cylindrical bodies (or liners) along the screen 
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length (refer to the insert in Figure 1). In this example, the finite element mesh was generated with 
200 ft edge lengths in a tetrahedral pattern, which resulted in 58789 nodes and 312608 elements.

Results and Discussion 
Figure 2 shows the total head isosurfaces and phreatic surface from three different perspectives. As 
expected, the array of pumping wells prevents groundwater flow from entering the excavation, and 
results in lowering of the total head and phreatic surface beneath the excavation. The total head is 
also found to be highest in the portion of the excavation closest to the river. Overall, the deep well 
system lowers the phreatic surface, and thus provides additional stability to the side slopes and base 
of the excavation.
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Figure 2.  Total head isosurfaces and phreatic surface.

Figure 3 shows the total head beneath the center of the excavation, and reveals that it is essentially 
constant at 44.83 ft.

Y
 (ft)

Water Total Head (ft)

0

10

20

30

40

50

60

70

80

90

44.816 44.82 44.824 44.828 44.832
44.818 44.822 44.826 44.83 44.834

Figure 3.  Total head beneath the center of the excavation.
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Figure 4 shows the total head along the length of the different wells. As in reality, the pumping process 
results in nearly constant values of total head along the screened portion of the wells. For instance, 
the total head along the effective screen length of well number four remains approximately constant 
at 31.45 ft. The total head is also shown to be highest in the wells closest to the river, and symmetrical 
with respect to the axis perpendicular to the river. 

a. Well 1 : 0 sec
b. Well 2 : 0 sec
c. Well 3 : 0 sec
d. Well 4 : 0 sec
e. Well 5 : 0 sec
f. Well 6 : 0 sec
g. Well 7 : 0 sec
h. Well 8 : 0 sec
i. Well 9 : 0 sec
j. Well 10 : 0 sec
k. Well 11 : 0 sec
l. Well 12 : 0 sec
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Figure 4.  Total head along the length of the wells.

Adequacy of these results can be assessed by comparing them to those obtained using the method of 
images. As reported by Mansur and Kaufman (1962), the method of images results in values of total 
head of 44.5 and 32 feet beneath the center of the excavation and at well number four, respectively. 
These results are in very good agreement with the model results. It must be noted that even better 
agreement can be achieved by decreasing the element edge lengths. It must also be noted that failure 
to constrain the mesh using cylindrical bodies (or liners) leads to significant errors in the computed 
values of total head near the wells. This can rapidly be assessed by suppressing the geometry items 
and their extrusion from the design history.  

Summary and Conclusions
The capabilities of the software were assessed with a benchmark problem for deep well systems in 
three-dimensional environments. The results were shown to capture the general trend of the 
groundwater flow system, and to be in close agreement with those provided by the method of images. 
Though it was shown that pumping wells could be modeled as lines of nodes with prescribed pumping 
flow rates, it was found that mesh constraints had to be applied around the screened portion of the 
wells for the sake of accuracy. The history-based approach of the software was also shown to provide 
a rapid means of assessing the effect of adding mesh constraints to the pumping wells. 
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