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Abstract
Groundwater level management and control is a multidisciplinary process that calls for the collaboration

of several experts in geotechnical engineering, hydrogeology, hydrology, geochemistry, hydrochemistry,
etc.

It is quite likely that some form of groundwater management is necessary for any new civil engineering
project that involves building at altitudes below the water table. During excavation, a number of tried—
and-true methods have been devised to decrease the groundwater table. The most often used
techniques for dewatering include wells, sumps, and well points.

Controlling the surface and subsurface hydrologic environment to enable 'in the dry" building of the
structure is the aim of construction dewatering. The majority of the analytical techniques for groundwater
flow described in this handbook are for 'steady-state' flow, not "unsteady-state" flow, which happens
during the first stages of dewatering.

By hydrostatic pressure and seepage, uncontrolled or incorrectly managed groundwater can induce
heave, leakage, or decrease the stability of excavation slopes or foundation soils to the point that they
are unfit for sustaining the structure.

The methods used to address the resulting issues rely on a number of variables, including the size of
the excavation, the type of soil, and the needs for groundwater control.

Even the most basic dewatering procedures are performed without any thought beforehand. Advanced
engineering and construction techniques are necessary for large—scale operations in challenging
environments.

The following categories best describe the primary goals of this paper:
a) Analyze groundwater flow via porous media using numerical techniques (finite difference method);

b) Present the theoretical findings of simulations of groundwater flow in the suggested research aquifer.
c) Calculate the discharge, the number of well locations, and the distance between each well.

Keywords: Dewatering, groundwater, wells, well points.
INTRODUCTION

'"The separation of water from the soil' or 'removing the water entirely from the specific construction
problem" are two definitions of dewatering. This gives rise to ideas like pre—drainage of soil, groundwater
management, and even enhancing the physical characteristics of soil. building dewatering, which entails
temporarily lowering the ground water table to facilitate excavation and building within a reasonably dry
environment, is rarely an issue if ground water concerns are addressed adequately at the research and

design stage'
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The most common methods found in the literature for analysis of dewatering systems are the
mathematical formulas method, the flow net method, and the numerical modeling method. There are a
number of mathematical formulas found in the literature that can be used to predict the drawdown of
groundwater table for simple cases of dewatering systems.™

The method of flow net can be successfully used to analyze the dewatering system with fully and
partially penetrating wells in case of line source of seepage!”

Dewatering construction sites has long been a specialized market.

Dewatering construction: The groundwater may significantly aid in the building of subterranean buildings
based on pervious soil strata under the water table by:

1. Catching seepage that would normally surface from an excavation's bottom or slopes.

2. Improving the stability of slopes that have been dug and avoiding material loss from the slopes or
excavation bottom.

3. Lowering cofferdam lateral loads.
4. Reducing or doing away with the requirement for air pressure during tunneling.

5. Improving sandy soils' features for backfill and excavation.
The well point system is constructed as follows:

1. The well points are jetted into the earth.

2. Filter medium is inserted into the annular void.

3. Ariser is used to link the well points to a header pipe.
4. Suction pumps are attached to the header pipe in order to pump. !

2. Method of solution and case study

2-1 Method of solution: Analytical solutions are always the result of simplifying assumptions. This is
due to the fact that real-world scenarios are too complex to accurately replicate. Numerical approaches

are preferred to solve the mathematical model in order to cope with more realistic scenarios.
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With the advent of high—speed digital computers numerical models have been app- lied successfully for
studying groundwater flow.
In this study, a two—dimensional numerical model using the finite difference method is applied for the
ground water flow to a well in a circular island unconfined aquifer in steady state flow condition. The
analysis in this method is based on the replacement of the partial differential equation which governs the
water flow and subjected to boundary conditions by an equivalent difference. The procedure is to
divide the study are with a grid network and to develop the difference equation at each grid intersection
(i-e. nodal points). Thus, a partial differential equation can be converted into a set of N algebraic
equation involving N unknown heads. The solution is obtained by repented arithmetic calculations known
as the iteration or relaxation methods. We can test a numerical solution by comparing the head
distribution generated by the computer with that determined from an analytical solution, if one is
available, and check the simulated head distribution with the values observed in the field !
When it comes to dewatering building sites, well point systems are usually the most sensible and cost-
effective option when the necessary drop in ground water level is around six meters or less™
2-2 Case study:

It is a land on located north of Benghazi, near the sea and in the ground water level is high
significantly, which does not allow us to put the foundations and pillars of the building, but after getting

rid of the amount of water that formed in the ground under the building that we want it was set up, there

are several ways to reduce the water level in this land.
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Building project (Zhou Benghazi) north of Benghazi. Figure 1.

General information on the public site:
The total area of land for the project = 16234.274 m?
The total area of the land on which the building trade = 2400 m?
The total area of the land on which the tower is built = 2530 m?
The total area allocated to green spaces = 2678 m? of land

The total area of the land allocated to stations and parking = 4830 m?

Figure 2. well points in (Zhou Benghazi tower).

3.Theory and Calculation
Relationships using the language of science — mathematics. We then try to solve the resulting
mathematical equations in order to describe and understand the behavior of the system under study. In

general, a full mathematical equation too complex to solve exactly, so we will make approximations
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which we judge the impact will be negligible for the problem at hand. Even equations usually draw well.
Difficult to solve analytically, so we resort to numerical approximations for this set of simplified
equations. The approximate numerical production systems algebraic equations which are solved using
computers.

The most common methods are:

« The method of finite differences

« The technique of finite elements
In this paper we will use the finite difference method because it can be easily used of systems having
regular boundaries as is the case in our study. !

3-1 Finite Difference:

Finite difference method is a numerical approach to solve partial differential equations. And can be
used to describe a large number of problems in the field of groundwater hydrology. Spreadsheet
applications may readily implement the finite difference technique and partial differential equations in
the case of problems with constrained basic geometry and boundary constraints. The technique may be

used in anisotropic situations and with numerous layers.!®!

Taylor Series: Whose values and derivatives are continuous in the function Y = f(x).

_ fla fi
f(x) = f(a)+T(x— a)+ P "

y‘l. a L)
AR A

Figure3. Graph showing the function £ (x)
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3.1.1 Finite Difference model based on steady-state flow
e Laplace's equation:
when water has an anisotropic permeability and flows continuously through a two—dimensional porous

soil.[4] (Kx #=K,),

d%h 9%h _

kxgy +hy 5 =0 2]

Eq. [2] becomes Laplace's equation in the case of isotropic permeability (kx = ky)
—+—=0 (3]
e Poisson's equation (confined aquifer):

Which is the finite deference from Laplace's equation. Consideration of discharge or recharge
wells can mathematically be represented by the use of Poisson's equation. For a two—dimensional flow
in a confined aquifer whose thickness is constant and equals b. Let R (x,y) be the volume of water
disc- charged or recharged per unit time per unit aquifer area. For steady state conditions, the continuity
implies that the volume rate of out flow must equal

R (x,y) Ax ,Ay. Therefore,

%Ax(bAy) + %Ay(be) = R(x,y).AxAy [4]
Substitute Darcy's low for g, and q,, and let the transmissivity. g, T equals the product of hydraulic
conductivity K and the aquifer thickness b. Making this substitution in Eq. [4] and dividing through by -T

Ax Ay yields Poisson's equation

8’h 9*h  R(xvy
LFh_ Rxy)

ox? dy? T 5]

The finite difference form of Poisson's equation can be obtained after substitution of second differences

for the second partial derivatives, then
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hi—l_.j - Zth + h‘i+1,j + h’i,j—l - Zhi;j + h]'\.j+1 __ R[X_.y)

2 2
(Ay) (8) T ”
where Ax the nodal spacing Ax = Ay
R(Y) = 4 [7]

Ax.Ay

and Q is the pumping rate from the well. For a two—dimensional flow in an unconfined aquifer Poisson's

equation takes the form:

K 62h2+62h2 n
2\ 9x? a2 )

[8]

which is the Poisson Equation in h?, or making the variable transformation v = h>. The solution is first
obtained in terms of v and the heads are then obtained by taking the square root of v.
where h: The water head in unconfined aquifer and Ax and Ay are the nodes spacing in the x and y

directions, respectively, the discredited from of Eq. [8] at Point i,j is™

y

(i, g+ 1)

—

G0 gy g

Z {denotes vertical direction)

Figure 4. five—point operator ¥

. k,
AxZ (hi+l + hi—l,_lr'_ Zhi,j) +ﬂ—“2 (th—H + hi,j—l - ?.hi’j)= 0
g (9]
2
As shown in Figure 4.( Ax =Ay =5 m and k, =k,=14m /day)
h. = L h h h h
i _Z( gt ) 10]
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Usually, the dewatering pumps that are utilized are made especially for that purpose. A typical system
has well points spaced one to three meters apart. The kind of underlying soil has a major role in
determining how deep a well point is buried.
3.2 Calculation

The optimization solver available in Microsoft excel can be used for solving the groundwater

management problem. In this paper, we will solve a dewatering problem using excel solver.

No Flow Boundary

Pumping wells

Constant Head
Constant Head

No Flow Boundary

Figure 5. Schematic diagram of a dewatering problem !

Consider a two—dimensional unconfined aquifer shown in Fig. 5. The left- and right-hand sides of the
aquifer have constant head (h = 100 m). The other two sides of the aquifer have no flow boundary.
Some construction is proposed in the area shown as construction site. To facilitate the construction, the
water table has to bring down to certain desirable level.

Several cases will be considered here in order to calculate the drawdown which will result in the study
area in response to the proposed abstractions. The discharge rate was changed and the corresponding

heads (and drawdown) were calculated. For each case drawdown.
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4.Results and Discussion
In our study we set the number of well in which a draw to 5 wells. In first case, which was
attributed 96.41015 m when the withdrawal rate (0.5 m3/day and including that attributable required to

establish a less than the level of groundwater, was necessary to increase the rate of withdrawal as

shown in following table.

Table 1. All types of cases

Case No. Q (m3/ day) h (m)

1 0.5 96.410
2 0.6 95.692
3 0.7 94.974
4 0.8 94.256
5 1.0 92.820
6 6 56.922
7 10 28.203
8 13 6.664

9 14 -0.516

100

80 T\‘{\'_\
60
o T
= 40 | | Cases
20 B Q(m3/day)
° 2 T e
-20 N’L

Cases

Figure 4. Cases vs.h,Q
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5. Conclusions
In the first eight states the level of the water was upper than the construction level. We
started changing the Q, which is the value of Dewatering unit we reached to the ninth state in
which the level of the subterranean water become less than the construction and that what we

really need to build the bases and then we stopped dewatering.
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