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Abstract
Controlling groundwater levels in urban areas using different dewatering processes is
considered as a civil engineering challenge in each new project. This is evident due to
the current commonly observed gap between design and construction of dewatering
systems. Despite the remarkable progress in recent years of groundwater numerical
modelling using different techniques, it was agreed that there is an urgent need to use
these sophisticated tools for predicting the full scale performance of actual projects in
order to build-up confidence in these tools for their use in design of urban projects
and/or identify their shortcomings.
This paper presents the results of using a well-known finite difference software
package, MODFLOW, for back-analysis of a dewatering system of deep wells that was
used to control groundwater level at a site northeast of Cairo, Egypt. Dewatering for the
deep excavation of the project was implemented in four stages to make it more feasible
and to reduce the effect of groundwater drawdown on the surrounding buildings. The
employed dewatering system composed of twenty two deep well and monitored using
fifteen piezometers. A pumping test was performed to assess the in-situ values of the
coefficient of permeability of the ground mass. Results of the pumping test and
groundwater drawdown during the actual dewatering are compared with those of backanalyses utilizing both of the conventional closed-form solutions and numerical analysis
using MODFLOW.
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Introduction
Management and controlling of groundwater levels is a multi-discipline process
requiring cooperative efforts from a number of specialists in geotechnical engineering,
hydrogeology, hydrology, geochemistry, hydrochemistry..etc. Within urban
environments, the geotechnical role becomes crucial in order to assess the implications
of changing the groundwater levels and to propose and implement additional safety
elements or measures. In many cases, control of groundwater levels is essential to
prevent, or at least minimize, the expected detrimental effects on existing adjacent
buildings and other structures (El-Nahhas, 2003).
The rise of groundwater levels in urban regions is becoming an alarming problem in
recent years. Every new civil engineering project involving construction at elevations
below water table most likely requires some measures of groundwater control. On the
other hand, shallow foundations and underground floors of old existing buildings,
which were constructed above the water table, may suffer of some detrimental attacks
of groundwater and possible flooding due to the unexpected rise of water table. The
demand for using deep wells has been increasing to lower the water table at the sites of
new developments or within existing urban areas (Mossaad et al., 2000).
The design of a dewatering scheme should provide an estimate of the needed pumping
capacity and the expected drawdown within and in the vicinity of the area under
consideration. Capacity of the dewatering scheme is reflected on several items; such as
the number, depth and spacing of the wells and the type and output of the selected
submersible pumps. Prediction of the expected drawdown, taking into account the
water-soil characteristics and the complex well-to-well interaction, is also considered
one of the difficult tasks during the design stages (El-Nahhas et al., 1999).
Extensive reviews of the recommended guidelines of the analysis, design and
construction of controlling groundwater are given by Mansur and Kaufman (1962),
Somerville (1986) Preene et al. (2000) and Powers (2007). The role of numerical
techniques in back-analysis or predicting the performance of dewatering systems have
been expanding during last two decades. Several attempts were made to utilize either
the finite element or the finite difference methods for such purpose in Egypt; such as:
Abdel-Karim (1992), Hassaneen (1998) and Samieh and Mahmoud (2009).
This paper presents the results of using a well-known finite difference software
package, MODFLOW, for back-analysis of a dewatering system of deep wells that was
used to control groundwater level at a site northeast of Cairo, Egypt. Results of the
pumping test and groundwater drawdown during the actual dewatering are compared
with those of back-analyses utilizing both of the conventional closed-form solutions and
numerical analysis using MODFLOW.
Finite Difference Modelling
The simple form of Laplace’s equation, given in Equation 1, represents the potential
head “h” of two-dimensional water seepage through a homogeneous anisotropic soil
(kx≠kz), Verruijt (1970).
(1)
Numerical idealization of this equation in the simple case of isotropic soils can be
conducted utilizing the finite difference method at any point “0” away from the
boundaries and using a mesh of squares (∆x=∆z), as follows:
(2)
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Special modifications are made on Equation 2 to represent the hydraulic requirements at
the boundary conditions. Hence, the differential Laplace’s equation is replaced by a set
of simultaneous linear equations representing the actual case with its unique boundary
conditions. Well documented and extensively tested software like MODFLOW (U.S.
Geological Survey, 2000) utilizes the finite difference method for modelling
groundwater flow. This program is also versatile user friendly, having pre- and postprocessing that stream line data entry, model construction and analysis and was hence
selected for conducting this research.
Case Study
The case study used in this research focuses on the groundwater lowering process
during the construction of the foundations and underground elements of a new
development in northeast Cairo, Egypt. The proposed reinforced concrete structure of
this project consists of a basement on the whole area of the building and up to thirteen
upper reinforced concrete floors. The employed dewatering system composed of twenty
two deep well, 22-m deep, and monitored using fifteen piezometers (15-m deep), as
shown on Figure 1. Full details about this case study are given by Kassem (2010).

Figure( 1):Layout of the deep wells and piezometers of the dewatering system
The soil stratigraphy at the site consists of a surface alluvial layer of stiff to very stiff
brown silty clay to a depth of about 7.00 m. This layer is underlain by graded to coarse
dense to very dense sand with variable contents of fine gravel. The highest reported
groundwater level within the upper clay layer was at a depth of about 1.30 m below
ground surface. However, the geotechnical investigation indicated that the piezometric
head in the lower sand layer may reach the ground surface level. It was recommended
that a dewatering system is required to lower the groundwater level to a depth of about
4.75 m below ground surface level.
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The operation of lowering groundwater table at this project site was divided into four
stages covering four sections of the site area (A, B, C & D) to make it more feasible and
to reduce the effect of groundwater drawdown on the surrounding buildings. It was
estimated that the daily quantity of water discharged for every stage will be about
11500 m3 using the 22-m deep wells with average pumping rate of about 60 m3/h from
each well. However, if two stages were operated simultaneously the discharge may
reach about 20160 m3.
Pumping test was performed to evaluate the in-situ values of the coefficient of
permeability of the ground mass. Piezometers were used to monitor the changes of
groundwater levels and settlement of three nearby buildings was monitor to assess the
effect of lowering the groundwater table on them. This research focuses on lowering the
groundwater table below the foundation level over Area D of about 4225 m2. This was
the first stage of the dewatering operation of this project utilizing eight deep wells (W1,
W2, W3, W4, W5, W6, W7, W8) and focusing monitoring of the changes in
groundwater levels at four piezometers (P1, P2, P3, P4) to confirm achieving the target
drawdown of 4.75 m.
Back-Analysis of the Case Study
Analysis of Pumping Test
A pumping test is the preferred method for compiling reliable data on hydraulic
conductivity, transmisivity, radius of influence, storage coefficient, recharge, capacity
of deep wells and other factors that will determine the scope and cost of required
dewatering. In the selected case study, the test well (TW) was pumped at an average
rate of 65 m3/h for five hours. The groundwater levels were monitored using four
piezometers (P1, P4, P7 and P8). The compiled data of water levels and discharge were
observed at small intervals to assure accuracy. The observations are shown in Table 1
and Figure 2.
Back-analysis using of the pumping test results utilizing isotropic closed-form-solutions
indicated an average value of the coefficient of permeability “kav” ranging between
2.43×10-2 to 3.07×10-2 cm/sec. On the other hand, the coefficient of permeability
calculated utilizing the gradation data using Hazen formula was 3.97×10-2 cm/sec.
Another back-analysis of the coefficient of permeability was performed using the
MODFLOW program considering both isotropic and anisotropic conditions. For
kv/kh=1, matching of the drawdown values was attained when k = 4.8×10-2 cm/sec
(Figure 3). For anisotropic condition, matching was obtained for kv and kh of 4.9×10-2
and 3.4×10-2 cm/sec, respectively, giving a kv/kh value of 1.44 as illustrated in Figure 4.
Analysis of Case Study
Extensive trials of numerical modelling and closed-form solutions were conducted for
back-analysis of Area D of the case study. The range of used values of the horizontal
and vertical of permeability ranged between 1×10-2 and 5×10-2 cm/sec. Figure 5
compares the results of the analysis using the isotropic and anisotropic conditions. It is
evident from these results that the calculated drawdown is significantly affected by the
magnitude of the coefficient of vertical permeability.
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Table (1):Results of the pumping test
Time
(min)
0
1.0
2.0
3.0
4.0
5.0
10.0
20.0
30.0
60.0
90.0
120.0
150.0
180.0
240.0
300.0

Q
(m3)
26

91
155
220
289
345

TW
(0)
2.06
2.59
3.67
3.69
3.71
3.74
3.8
3.85
3.89
3.93
3.95
3.96
3.97
3.98
3.98
3.98

P7
(31.24m)
2.01

P4
(32.83m)
1.95

P1
(71.96m)
1.96

P8
(75.44m)
1.85

2.14
2.2
2.21
2.24
2.26
2.27
2.27
2.27
2.27
2.27

1.99

2.17
2.16
2.21
2.32
2.36
2.45
2.45
2.47
2.49
2.5
2.5
2.5
2.5
2.5

2.28
2.33
2.36
2.39
2.43
2.43
2.43
2.43
2.43
2.43

2.04
2.1
2.17
2.18
2.19
2.19
2.19
2.19

Figure (2) :Drawdown measurements during the pumping test.

Figure (3):Results of back-analysis of the pumping test for isotropic condition.
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Figure( 4) : Results of back-analysis of the pumping test for anisotropic condition.

Figure( 5) :Results of back-analysis of the case study using isotropic and
anisotropic conditions.
Finally, Figure 6 compares the calculated values of the drawdown using different
assumptions with the measured values at some of the piezometers. This comparison
confirms that the back-analysis using the MODFLOW model tends to match the field
measurements.

516

Figure( 6) :Comparison of the results of back-analysis of the case study with field
measurements.
Conclusion
This paper presents the results of back-analysis of a dewatering system that was used to
control groundwater level at a site northeast of Cairo, Egypt using the finite difference
modelling. Results of the pumping test and groundwater drawdown during the actual
dewatering are compared with those of back-analyses utilizing both of the conventional
closed-form calculations and numerical analysis using MODFLOW. It is confirmed that
the results of back-analysis using the finite difference modelling tend to match the
drawdown field measurements.
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