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The Influence Of Hydraulic Parameters In
Different Groundwater Systems On The Results
Of Modular Groundwater Optimizer (MGO)
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Abstract: The aim of this study is to evaluate the effect of the hydraulic parameters of groundwater systems on the results of simulation optimization
modelling when applied to the dewatering systems design for different construction sites in Egypt. The hydraulic parameter which will be evaluated is
mainly the hydraulic conductivity represented by the position of the groundwater table according to different soil stratification taking into account the
different excavation depths at the construction sites. This work takes into consideration six executed construction projects, classified into two groups
according to the position of the groundwater table with respect to the depth of excavation; the first group where the excavation reaches Sandy Soil
(ESS), the second group where excavation reaches Clayey Soil (ECS) the two systems are treated as semi-confined and confined systems respectively.
The Modflow as a numerical simulation model and the Modular Groundwater Optimizer (MGO) as an optimization model were integrated with each other
as a simulation-optimization tool. Each group or system was simulated by the model using the pumping test results obtained from the field data and the
wells which were already executed for pumping. The model was run until reaching the values of the drawdown that were observed by the
piezometric/observed wells at each site. The model was run another time using MGO in order to minimize the wells number, the quantity of water
pumped from them and the dewatering systems cost. By comparing the outputs of the two runs for the same site regarding the achieved drawdown
value either by the executed wells or from the optimization results of the two groups of ESS and ECS, the comparison revealed that the drawdown can
be achieved with average saving of (28%, and 25%) of the actually number of executed wells respectively, so it is highly recommended to apply MGO
when designing any dewatering system in order to achieve the most cost-effective pumping system especially in the case of ESS.
Index Terms: Confined and Semiconfined Aquifers, Dewatering systems, Groundwater system, Hydraulic Parameters, Modular Groundwater Optimizer
(MGO), Visual Modflow.

——————————  ——————————

1. INTRODUCTION
THE groundwater table rise is a common engineering problem
encountered at construction sites. Successful site dewatering
systems require proper design and implementation of
groundwater lowering techniques depending on the
environmental standards in the area, type of soil, and digging
level. TThe design of any dewatering system includes the
identification of well numbers, and their special distribution, in
addition to, the rates of yield from each well and its extent. The
total water quantity discharged to achieve the required
lowering of the groundwater table, which is the main purpose
of the dewatering process by drying out a well-defined area.
The configured system is then assessed by either numerical or
analytical methods, which depend on the continuity equation
and Darcy's low. The continuity equation solution requires the
aquifer’s geometrical and hydraulic data such as hydraulic
conductivity, transmissivity, porosity, the original water head
and boundary conditions from site examination and pumping
tests. The equation which describe the flow in the subsurface
layers can be resolved using numerical or analytical methods.
Groundwater flow is numerically modelled using the finite
difference or element techniques. In the last twenty years,
mathematical models were used to simulate, and manage
groundwater; by which the equations of the groundwater flow
were solved by integration with different optimization methods.
The USGS contributes in the models building then there
application either in simulation or optimization process to
evaluate the flow of the groundwater systems. These models
increase the understanding of hydrologic systems and
hydrologic processes and provide a scientific basis for
determining how water-resource development affect these
systems.
————————————————
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(Wang & Zheng, 1998), used genetic Algorithms (GA) and
Simulated Annealing (SA) to optimize and management the
groundwater. The results show that in case of maximization
the pumping rate, the SA was better than GA. However, the
two methods converged almost to the same results of the
linear modelling results. While, in case of the pumping coast
minimization, the SA and GA give almost identical results after
the same number of generations.
Finally, in case of
minimizing the pumping cost but with a bigger decision
variables number, the SA results were lower than GA
irrespective to the wells number. (Jiang S., 2013), used a 2-D
simulation model to illustrate the groundwater flow in a coal
mine. The method of pilot point was used to identify the
hydraulic conductivity field. An optimization model was
integrated with the simulation model, after calibration, to
understand the behavior of the optimization process in the
dewatering of groundwater in the coal mine. The modified
Pareto dominance-based real-coded genetic algorithm method
was adopted for the optimization process. The results
demonstrate that the optimization process of the dewatering
system can help as a suitable method to solve the problem of
groundwater table rise in the mining sites.
(Javad & Mojtaba, 2015), used the optimization technology of
pumping well to identify the ideal locations and rates of
pumping from wells to maximize or minimize definite
standards. Modflow, as a simulation model, was integrated
with an optimization model, Firefly. The simulation optimization
model was, then, applied to calculate the most cost-effective
design of the dewatering system used to protect an ancient
mosque in Kerman city – Iran, by lowering the groundwater
table, optimizing the number of the dewatering wells to the
minimum. (Abbas, 2016), optimized the pumping rate of
groundwater from an unconfined aquifer, by integrating the
simulation Model (Modflow) and optimization model (Modular
Groundwater Optimizer), based on the simulated annealing
(SA) solver. The location of wells was considered as a fixed
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constraint while running the model with approved calibrating
parameters. A comparison between the results and the
optimum value of pumping rate was obtained from preceding
work, using genetic algorithms (GA) for the same area. The
results of the comparison confirmed that the values of the (SA)
process is higher than that of (GA) by about 18.35% to reach
the same drawdown in groundwater head. Therefore, it was
concluded that the SA is better than the GA solver, while
handling the management of groundwater. (HUANG, ShanShan; et. al., 2018) studied the impact of a foundation pit
dewatering on the instability of slopes and uneven settlement
which may cause a great risk to a project area and the
adjacent environment. An Optimization Model was applied
using Modflow GWM-2005 and Local Grid Refinement (LGR)
technique. The results show that the optimization process is
slightly improved if integrated with LGR. (Yi Liu et. al., 2019),
used an innovative method of optimization which integrates a
nonlinear programming model and a genetic algorithm
technique for the allocation of wells. The method was
confirmed and evaluated in case study in Qira Oasis, China.
The pumping wells number was reduced by about 59%.
(Mansour, Samieh, Radwan, & Ahmed, 2019) evaluated the
accuracy of the mostly used analytical equations in the
dewatering systems design. The data of dewatering systems
executed of twenty different sites in Egypt was analyzed.
These dewatering systems were applied in an unconfined
aquifer (gravity flow), a confined aquifer (artesian flow) and
semi-confined aquifer (mixed flow). For every construction site,
the drop in the groundwater table (drawdown), and the
pumping rate (well discharge) were measured. In addition to
performing a pumping test of all the sites. The study adopted
empirical analytical equations to analyze these data to
evaluate the impact of the dewatering system on the
groundwater. The results stressed that the observed drop in
the groundwater table (drawdown) did not coincide with the
results of the analytical equations. Consequently, and based
on a precise study and the investigated sites, correlation
factors were calculated to improve the analytical equations
results. Therefore, by applying the correlation factors to the
empirical equations, a correction for the predicted drawdown
values can be achieved. For unconfined aquifers, confined
aquifers, and semi-confined aquifers, the correlation factors
were found to be 0.7, 0.65 and 0.8 respectively. (Mansour &
Aly, 2020) adopted Visual Modflow to simulate the flow of
groundwater in unconfined groundwater strata through a
dewatering system of already existing construction projects,
the results of the simulation were integrated with an optimizer
modular (MGO), depending on genetic algorithms (GA) as a
solver for optimization process. The models were run two
times, the first to simulate the drop in groundwater table
(drawdown); the second was to apply MGO in order to
minimize the number of dewatering wells, the amount of
pumped water, and the cost as objective functions then the
results were compared with the simulation results. The ground
water table in the study cases was in a sandy soil which
means that the values of hydraulic conductivity and
transmissivity are relatively high. It was found that the
optimization process decreases the number of dewatering
wells in case of unconfined strata by a percentage ranging
between 58 and 75% in the studied projects. The objective of
this study is to evaluate the effect of the hydraulic conductivity
of groundwater systems, represented by the position of the
groundwater table according to different soil stratification
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taking into account the different excavation depths at the
construction sites, on the results of simulation optimization
modelling when applied to the dewatering systems design for
different construction sites in Egypt.

2 CASES STUDY CLASSIFICATION
The data of dewatering systems were obtained from many
construction projects carried out in Egypt either in the Egyptian
Nile valley or delta as shown in Figure1 (Mansour, Samieh,
Radwan, & Ahmed, 2019). The projects were classified into
two groups, according to the groundwater system condition,
which was differentiated according to the groundwater table
(GWT) position before and after dewatering with respect to
the soil layers type taking into consideration the depth of
excavation. The first group, where the GWT is originally in a
clayey soil and the Excavation depths and GWT will reach the
Sandy Soil (ESS), as shown in Figure 2a. This group include;
Hosh Eisa – Eldlngat - Water Station Project (ESS1), Shoubra
Elkhema Sewerage Project (ESS2), Abu Sower Water supply
Project (ESS3). The second group represents the cases in
which the GWT is originally in a clayey soil and the Excavation
depth and GWT remain in the Clayey Soil (ECS) and will never
reach a sandy soil, as shown in Figure 2b. This represented in
Elzahra'a and Elgaysh Tunnels Projects in Assiut governorate
(ECS1, ECS2) and Expansions of Elkantra West Station
Project (ECS3). It is worth mentioning that in both cases the
dewatering well screen was in the sandy soil. All the previous
mentioned construction sites are shown in Figure (1) and their
in-situ dewatering data such as; the log of the borehole, the
results of pumping test and the dewatering data as
summarized in the tables 1 and 2.

3 METHODOLOGY
Visual Modflow 2011.1, was adopted for the dewatering
process performance simulation in different types of
groundwater systems related to the construction sites, then
Modular Groundwater Optimizer MGO was adopted for the
optimization process to identify the strategy of yielding which
is needed in the different cases to reach a design which is
economically efficient and to achieve the constraints within the
optimum rate of pumping, and eventually the optimum well
number. The solver supporting MGO is the Genetic Algorithms
(GA).

S

Figure 1. Cases of study in Egypt

348
IJSTR©2020
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 08, AUGUST 2020

ISSN 2277-8616

D.D.: Drop in GWT (drawdown) at distance r (m.)

3.1 Basic Groundwater flow Equations.
For dewatering systems, the mostly used design equations,
were applied to the cases in study in order to assess the
reliability of analytical solutions of the behavior of groundwater
during dewatering (Preene, Roberts, Powrie, & Dyer, 2000)
(Powers, Corwin, Schmall , & Kaeck, 2007). The following
analytical equations are used, to calculate the drop-in
groundwater table at different points at projects sites either for
ESS or ECS cases:
For

ESS
𝐷. 𝐷. = 𝐻 −

2𝐻𝐷 −

𝐷2

𝑄
−
𝜋𝐾

𝑙𝑛(𝑅 𝑟)

flow
(Semiconfined),

For ECS flow (confined),

𝐷. 𝐷. =

Where:

𝑄
2𝜋𝐾𝐷

H:

Initial Head, (m)

Q:

Rate of discharge (m3/hr.)

K:

Hydraulic conductivity (m/ sec.)

R:

Radius of influence (m.)

D:

Thickness of the confined aquifer (m.)

P:

Constant = 0.13ln (R/r)

S:

The thickness of aquifer - the depth of well (m)

T:

Transmissivity (T=K*D) (m2/day)

The observed data from the pumping test are then analyzed
to evaluate the corresponding (R) and the transmissivity (T),
as shown in tables 1 and 2, described as following:
1. The corresponding (R) is calculated by plotting, using
a semi-log scale, the observed D.D. and the distance to the
well.
2. The transmissivity (T) is calculated from the data of
the pumping test according to (Cooper & Jacob, 1946)
straight-line solution to the time-drawdown data collected in
the piezometer throughout a constant rate of pumping, (Q),
observed through the test.
The current study applies a simulation-optimization
groundwater approach taking into consideration the decision
and the State Variables (SVs). Generally, the water extracted
amount from the well is included in the decision variables in
addition to the number and the spatial distribution of these
wells. However, the head of water is considered in the state
variable depending on the model of the groundwater flow. The
simulation optimization groundwater model contains two
components: the simulation model and the optimization
management model to state variables updating and optimum
decision variables selecting respectively.

𝑙𝑛(𝑅 𝑟)

Table 1. Site description, results of pumping test, wells data, and the observed drop in groundwater table (drawdown) for the semiconfined system projects
Project

ESS1

ESS2

ESS3

ESS4

ESS5

5
25
5.5

72
85
10.6

3
90
6.7

12
100
5

3
35
6

Depth of borehole (m)

15

20

20

15

15

Top layer thickness of clay (m)

1.4

3

4

2.7

3

G.W.T (m)

0.4

5.6

2

0.4

1.5

Discharge (m3/hr.)

113.58

95.83

106

98.3

92.55

Transmissivity, (m²/day)

1420

1710

1840

2000

1180

Radius of influence (m)

140

290

320

200

355

Number of wells
Well depth (m)
Drawdown (m)

10
21
6.2

22
24
6.15

11
20
5.5

19
21
5.21

6
19
5.75

W (m)
L (m)
D (m)

Excavation
dimensions

Results of
Pumping test

Dewatering
system
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Table 2. Site description, results of pumping test, wells data, and the observed drop in groundwater table (drawdown) for the confined
system projects .
Project

ECS1

ECS2

ECS3

W (m)
L (m)

33
73

18
71

12.8
22.8

D (m)

6.65

7.5

2.5

20

10

13

3

3

3

0.5

Discharge (m3/hr.)

92.6

92.6

88.13

Transmissivity, (m²/day)

890

930

1870

Radius of influence (m)

210

210

160

Number of wells

9

11

12

Excavation
dimensions

Depth of borehole (m)
Top layer thickness of clay (m)
G.W.T (m)
Results
Pumping test

Dewatering
system

20
13

of

Well depth (m)

20

20

18

Drawdown (m)

4.15

6.3

2.9

3.2 The Simulation Model
The model describes the flow of groundwater of constant
density in case of non-equilibrium situations in an anisotropic
and heterogeneous medium according to (Bear, 1975)
equation:
∂
∂ℎ
∂
∂ℎ
∂
∂ℎ
∂ℎ
(𝑘
) + (𝑘𝑦𝑦 ) + (𝑘𝑧𝑧 ) − 𝑤 = 𝑆𝑠
∂𝑥 𝑥𝑥 ∂𝑥
∂𝑦
∂𝑦
∂𝑧
∂𝑧
∂𝑡

----- 1
Where:
Kxx, Kyy, Kzz: coefficient of permeability along x, y, and z (L/T);
Ss: porous material Specific Storage of the (L-1);
W: volumetric flux per unit volume (T-1)
H: groundwater Head (L);
t : time (T).
By merging the problem boundary and initial conditions,
equation (1) is solved numerically. In the current study, visual
Modflow 2011.1, which depends on the finite difference
method, was applied to simulate the groundwater responses in
the different types system.
3.3 Modular Groundwater Optimizer
Visual Modflow and MGO only support steady state simulation
and optimization (Zheng & Wang, 2003). MGO is only familiar
with wells which are activated in the input data of the
simulation model (Modflow). The used MGO version valid with
each grid cell having only one well. The optimization process
takes into consideration only one cell since the MGO input file
parameter list and deals with other cells as dependent
parameters.
The steps for well optimization settings in MGO are;
(1) The optimization engine and the Decision Variables (DVs)
are restricted to wells type. The spatial distribution of wells,
their types, initial, allowed minimum and maximum rate of
pumping for each well. The optimum rate should be within
these values.
(2) The constraints achieve the management objectives. The
project conditions define the technical, legal, socio-economic,
political and legal points of view which drive the constraints.
Constraints on the DVs include the number of candidate wells,
the upper and lower bounds for pumping rates, and their

locations. The level of groundwater representing the head
constraint is required for this approach to be achieved for the
excavation implementation limit. The constraints on SVs
depend on lower and upper boundary of zero and a required
zone budget definite values respectively, with a penalty value
to guarantee that these constraints will be respected.
(3) The objective function selection namely; minimizing the
cost of the system installation, and the water extraction cost,
as well as the fixed capital cost per well is expressed as
follows
𝑁

𝐽 = 𝑎1

𝑁

𝑌𝑖 + 𝑎2
𝑖=1

𝑁

𝑌𝑖 𝑑𝑖 + 𝑎3
𝑖=1

𝑌𝑖 𝑄𝑖 𝛥𝑡𝑖 + 𝑎4 𝐹(𝑞, ℎ)
𝑖=1

----- 2

Where:
J
: The objective function the total water extracted
amount
q
: The flow rate
h
: The hydraulic head
yi
: A binary variable = 1 if i is active (q ≠0) or = 0 if i
is inactive (q =0).
di
: The well depth
Qi
: The well extracting rate
F(q,h,) : Any cost function depending on q and h.
Δti
: The duration of water extraction.
a1
: The fixed capital cost per well ($);
a2
: The cost of the system installation per unit well
length ($/m);
a3
: The extracting costs per unit flow volume ($/m3).
a4
: The cost of an external user-supplied multiplier.
(4) The selection of the optimization solver is the GA which
mimics the biological evolution based on Darwin theory
(survival of the fittest), where the strongest (or any selected)
offspring in a generation is more likely to survive and
reproduce. The Genetic Algorithm method starts with a
number of possible solutions, referred to as the initial
population, which are randomly selected within the
predetermined lower and upper bounds of each model
parameter to be optimized. Each of the possible solutions in
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the initial population is referred to as an individual, typically
encoded as a binary string (called a chromosome). For each
individual, the objective function (also referred to as the fitness
function in GA) is evaluated. During the course of the search,
new generations of individuals are reproduced from the old
generations through random selection, crossover, and
mutation, based on certain probabilistic rules. The selection
favors those interim solutions with lower objective function
values (in a minimization problem). Gradually, the population
will evolve toward the optimal solution. For the whole
population the following three operations are applied; as
shown in Figure 3;-

Figure 3 Flow Chart of GA Method

ISSN 2277-8616

(a) Selection, is the procedure by which chromosomes are
chosen for participation in the reproduction process,
(b) Crossover, the general theory behind the crossover
operation is that, by exchanging important building blocks
between two strings that perform well, the GA attempts to
create new strings that preserve the best material from two
parent strings.
(c) Mutation is an important process that permits new genetic
material to be introduced to a population. A mutation
probability is specified that permits random mutations to be
made to individual genes. The two basic approaches to
mutation for real-value representations are uniform mutation
and non-uniform mutation (Michalewicz, 1992) [9]. Uniform
mutation permits the value of a gene to be mutated randomly
within its feasible range of values possibly resulting in
significant modification of otherwise good solutions. In this
study, a modified uniform mutation operator has been used.
Modified uniform mutation permits modification of a gene by a
specified amount, which may be either positive or negative.
The three previous mentioned steps are repeated for each
chromosome which is newly formed in the children pool. So, a
replacement strategy should be adopted, since strong
chromosome from the father pool may not be selected.
Consequently, replacing the weakest string from the children
pool with the fittest one from the father pool, and exchanging
the contents of the father pool chromosome with contents of
the children pool chromosome.
The study methodology can be summarized in the
following steps:a)
Simulation process for the case in study using Visual
Modflow numerical model.
b)
Extracting the needed data from Modflow for the
optimization process like the initial water head, the model
domain discharge, the boundary condition, the different
hydraulic and groundwater characteristics parameters and the
groundwater strata description
c)
The MGO call the above-mentioned extracted data as
input files then the solver initially generates the chromosomes.
d)
Each chromosome considers a problem solution, it
consists of different gens, each one considers the well
discharge. The gens number (chromosome length) represents
the total wells number for every case of dewatering.
e)
MGO assumes the discharge values randomly for
every model well domain well in every chromosome ranging
between 0 m3/day as a minimum allowable discharge and to
5000 m3/day as a maximum discharge.
f)
The water head distribution is updated by Modflow
according to the rates of pumping variations.
g)
After every run of Modflow, the optimization objective
function is assessed in MGO. According to the new values the
objective function of the entire chromosomes, the previous
three steps namely selection, crossover, and mutation are
consequently processed.
h)
The last 2 steps are repeated until the optimum
solution is obtained.
The different projects in the three studied types of groundwater
systems were simulated using Modflow. The size of cell was
selected to be (10*10)m. The boundary conditions were setup
at distance bigger than the radius of influence, obtained from
the pumping tests executed in the field for each case, in order
to eliminate the pumping impact on them. The initial
groundwater head boundaries were selected as constant.
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Based on the distribution of stratum, the grids of the finitedifference were built generating a 3D groundwater model. A
refinement of the grid has taken place on the dewatering area
to be sure that every cell has no more than one well.

4 RESULTS AND ANALYSIS
In order to calibrate the simulation model, some trials have
taken place to reach the correct value of the hydraulic
conductivity which lead to lowering the water table with the
same value monitored in the piezometric wells, knowing the
transmissivity of the aquifer previously. This lowering is also
considered as the objective of the simulation process, while,
the objective of the integrated optimization model is to
decrease the number of wells, while maintaining the
constraints of water head. The simulation-optimization model
results of the dewatering systems for the different groundwater
system types, are shown for each groundwater system as
follows where the coefficient of permeability (K) was applied
with values that achieve the required Ground Water Table
(GWT) from the Initial Water Table (IWT) when operating the
Executed Dewatering System Wells (EDSW) to extract
Discharge Pumping Rate (DPR) that was executed in reality.
The results of MGO show the Optimized Wells Number (OWN)
that extracting the Optimum Pumping rate (OPR) to reach the
required water table. All the above-mentioned parameters and
circumstances were taken into consideration in the current
research methodology.
4.1 ESS cases (Semi Confined System)
The results of the three simulation – optimization models
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applied on the cases from ESS1 to ESS3 are shown in table 3
where the best results of well number savings were found in
case of ESS3 (Abu Sower Water supply) reaching 37%, while
the average percentage of the well number savings in the
semi-confined system for the three projects reach 28%.
4.2 ECS cases (Confined System)
The results of the three simulation – optimization models
applied on the cases from ECS1 to ECS3 are shown in table 4
where the best results of well number savings were found in
case of ECS2 (Elgaysh Tunnels Projects) reaching 27%, while
the average percentage of the well number savings in the
confined system for the three projects reach about 25%.
Figures 4 and 5 show the contour maps of the groundwater
table in the projects of the semi-confined (ESS1-ESS3) and
the confined (ECS1-ECS3) systems obtained from the
simulation model before optimization (left maps) and the
optimization models (right maps) for the same site. In these
maps, it is clear that the groundwater table reaches the
required values surrounding the construction site, but with less
number of extracting wells in the optimized cases. The
percentage of decrease in the well number after optimization
was found ranging between (20-37)% and (22-27)% in case of
semi-confined and confined systems respectively. These
results show the positive impact of the optimization process
specially in ESS cases (semi-confined system). Figure 6
shows a typical cross section in one of the construction sites,
extracted from the Visual Modflow, indicating the drawdown of
the GWT after operating the optimized dewatering wells.
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FIGURE 6. TYPICAL CROSS SECTION EXTRACTED FROM MODFLOW IN A CONSTRUCTION SITE

according to the position of the groundwater table with respect
to the depth of excavation; the first group when the Excavation
reached Sandy Soil (ESS) level, the second one where
Excavation reached Clayey Soil (ECS). This two system were
treated as semi-confined and confined system respectively.
From the results obtained from the modelling process it can be
concluded that the percentage of decrease in well numbers

5 SUMMARY AND CONCLUSION
The Finite Difference method was the approach used in The
Finite Difference method was the approach used in numerical
modeling applying the MODFLOW Software as a Simulation–
optimization model to study six projects in Egypt which needed
dewatering systems to lowering the groundwater table. These
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FIGURE 4. CONTOUR MAP FOR THE DRAWDOWN IN CASE OF SEMI-CONFINED
SYSTEM PROJECTS ESS1 TO ESS3

FIGURE 5. CONTOUR MAP FOR THE DRAWDOWN IN CASE CONFINED
SYSTEM ECS1 TO ECS3

projects were executed in different groundwater system,
according to which they were classified into two groups

after optimization was found ranging between (20-37)% and
(22-27)% in case of semi-confined and confined systems
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respectively. These results show the positive impact of the
optimization process specially in ESS cases (semi-confined
system). The results also confirmed that the behavior and
design of the dewatering system is sensitive to the values of
hydraulic conductivity, this was clear from the saved
percentage of operating wells in the studied different
groundwater systems, as this percentage was less in case of
the confined system compared to the semi-confined one.
The objective function value in the optimization solver using
(GA) was found to be dependent on the dewatering wells
number as it is reached faster in case of large well numbers
compared to the case when the well numbers are small where
the objective function is reached after numerous number of
iterations. This may be attributed to the binary string length
(chromosome) which controls the solution precision. In
General, it is highly recommended in simulation - optimization
modelling to apply MGO in the dewatering projects design in
order to get an economically feasible design for this
dewatering system.
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