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ABSTRACT

The problem of seepage under the floor of a pumping station is investigated here.
The upstream and the downstream cracks assumed to occur between lining and the
ends of the floor, i.e., Ly;= 0 and L,= 0. The floor is provided with two sheet piles of
different depths at the two ends and it has a vertical rise. The pumping station is
resting on a permeable layer of finite depth. Effects of the different sheet pile depths
and location of the vertical rise on the piezometric head underneath the floor, exit
gradients and seepage discharge have been analyzed using Finite Element Program
and graphically represented in dimensionless charts.
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NOMENCLATURE

D : Height of the vertical rise;

F1 : Length of the upstream part of the floor;
F2 : Length of the downstream part of the floor;
F : Horizontal length of the floor;

Ha : Upstream water depth;

H> : Downstream water depth;

Hs . Total static head:;

I . Exit hydraulic gradient through the upstream crack;
kyy : Permeability in x- and y-directions respectively;

Lo : Upstream reach before the upstream crack;

Ly . Upstream edge just before the upstream edge of the floor, taken = 0 in this
work;

L, : Downstream lining just before the downstream crack, taken =0 in this work;

L3 : Downstream reach after the downstream crack;

q . Seepage discharge per unit width;

Wi  : Width of the upstream crack, taken constant in this study;

W,  : Width of the downstream crack, taken constant in this study;

T : Depth of the soil strata;

X : Length measured from the upstream edge of the floor;

() : Velocity potential, piezometric head and

1. INTRODUCTION

The cornerstone of the Tushka Project (South Valley Project in Egypt) is a plan to
ultimately irrigate more than 500,000 acres of undeveloped desert land. The
government has nearly completed the region’s water delivery systems, which include
the world’s largest water pumping station and the Sheikh Zayed Canal. The pumping
station will convey more than 20,000 acre-feet a day. The cracks between the
upstream and the downstream floor ends and canal lining may be developed due to
many factors such as imperfect lining or gradual deterioration of lining. In such case,
the uplift pressures and exit gradients may endanger the stability of this huge
structure. In this paper, the effect of crack existence in bed lining on uplift pressures,
exit gradients and seepage discharge is studied numerically using finite element
method. FORTRAN program is prepared to solve this seepage problem.
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The problem of two-dimensional confined seepage beneath hydraulic structure have
been extensively investigated analytically, numerically, and experimentally, for
different boundary conditions and floor configurations, [1, 2, 4, 5 and 6]. The
investigation is extended for the cases of unlined canals [1, 3, 5, 7 and 9]. It was also
investigated for lined canals with upstream and downstream bed cracks using the
only same depths of sheet piles, different depths were not investigated, [2]. The
boundary element method was used in the previous work taking into consideration
the crack width, crack location which has minor effects on the pressure distribution.
In the present work, more investigations are carried out using finite element program
to investigate wider range of sheet pile depths using two rows of sheet piles of same
and different depths. Dimensionless charts are presented as design curves in which
we can enter the relative depths of the two sheet piles to estimate the uplift pressure
distribution, exit gradients and seepage discharge. A FORTRAN program is prepared
to solve the problem using finite element method.

2. THEORETICAL STUDY

The investigated domain represents an ideal (incompressible) flow through porous
media is presented in Fig. 1. Laplace’s equation for two-dimensional flow is used to
model this domain considering the piezometric potential head as ¢.

Laplace’s equation for two-dimensional flow is given by:
0’ 0’
an d:+ky 8;1):0 (1)
X

Where ¢ is the piezometric head, ks and k, are the soil permeability in x- and y-
directions respectively.

The boundary conditions of this domain are either: -
i- Constant boundary

The constant boundary condition is represented by ¢ = Hi, which is considered
applicable at the upstream crack and ¢ = H; is applicable at the downstream crack.
or

ii-No flow conditions

The no flow condition is considered applicable at the floor surface, upstream
and downstream lining, upstream and downstream sides of the sheet piles, and
the vertical imaginary boundaries at the end of the upstream and the downstream

of

reaches and are represented by 8—:0, as shown in Fig. 1
n
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2.1. Finite Element Formulation

The finite element method has been successfully applied in solving Laplace's
Equation for two-dimensional flow [7, 8, and 9]. The method is superior over other
numerical solution techniques due to its great ability to model local concentration of
potentials at the desired portions of the investigated domain. Four-node
isoparametric quadrilateral element with one degree of freedom for each node
representing the fluid potential ¢ is chosen for this study, as shown in Fig. 2.

2.2. Computer Program

The in-hand problem is a two-dimensional flow of an ideal fluid through porous
media. A finite element program is prepared using Fortran 90 programming language
to solve Laplace’s equation with the boundary conditions as shown in Fig. 2. The
domain is composed of four-node quadrilateral elements. The global conductivity
relation is represented by:

(KT {¢} = {a} (2)

Where [K] is the conductivity matrix

The program output results include flow rate, uplift pressures and exit gradients.
Some effort is conducted in the geometry subroutine to simulate the changes in
domain dimensions and the boundary conditions due to the existence of sheet pile of
very small thickness.

3. PARAMETRIC STUDY

To achieve the research objective, a parametric study is conducted to assess and
quantify the effect of each chosen parameter on the relative uplift pressure, relative
exit gradient, and relative seepage discharge. These parameters are further
explained as:

(i) Effect of relative depth of the upstream sheet pile, (i) Effect of the relative depth
of the downstream sheet pile, (iii) Effect of the relative depth of the two sheet piles,

(iv) Effect of the location of the vertical rise, (v) Effect of the relative depth of the
pervious layer on each of the following :

- The relative uplift pressure.

- The relative exit gradient through the upstream crack.

- The relative seepage discharge.

4. ANALYSIS OF THE RESULTS
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The output results of the computer program are analyzed and graphically
represented using dimensionless graphs to investigate the effect of each individual
parameter on seepage characteristics.

4.1 Effect of the Relative Depth of Upstream Sheet Pile
4.1.1 Effect of the Relative Depth of Upstream Sheet Pile on the Relative Uplift
Pressure:

Fig. 3 shows the effect of relative depth of the upstream sheet pile, d;/F, on the
relative uplift pressure under the floor of the pumping station. The relative uplift
pressures are considerably increased due to increasing the upstream sheet pile
depth. The maximum increase in the uplift pressure, about 60%, is obtained at the
upstream end of the floor (just downstream the upstream sheet pile). This increase
may be attributed to gradual holding of building up of pressures resulting from
upstream sheet pile depth increasing. The increasing rate of the uplift pressures
gradually decreases towards the downstream, due to the increased distance from the
obstruction of flow lines. The increase in the relative uplift pressure is about 20% at
the downstream end of the upstream part of the floor. However, About 7% increase is
obtained at the downstream part of the floor. This reduction in the relative uplift
pressure may be attributed to the drop in the structure floor.

For the case of no downstream sheet pile, the same increasing rate in the relative
uplift pressures under the upstream part of the floor is observed due to the long
distance from the downstream sheet pile. Also, no effect is noticed at the
downstream end of the floor, as shown in Fig. 6.

4.1.2 Effect of the Relative Depth of Upstream Sheet Pile on the Relative EXxit
Gradient Through the Upstream Crack

About 13% decrease in the relative exit gradient just upstream the upstream part of
the floor is obtained due to increasing the relative depth of the upstream sheet pile
from 0.05 to 0.35 due to the greater path of flow, as shown in Fig. 4. The same
decreasing rate is obtained for the case of no downstream sheet pile due to the long
distance between the downstream sheet pile and exit crack, Fig. 7.

4.1.3 Effect of the Relative Depth of Upstream Sheet Pile on the Relative
Seepage Discharge

Fig. 5 shows that about 11% decrease in the relative seepage discharge could be
obtained due to increasing the relative depth of the upstream sheet pile from 0.05 to
0.35 resulted from longer path of flow. Nearly same decrease is obtained in the
relative seepage discharge is obtained for the case of no downstream sheet pile as
presented in Fig. 8.

4.2 Effect of the Relative Depth of the Downstream Sheet Pile
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4.2.1 Effect of the Relative Depth of the Downstream Sheet Pile on the Relative
Uplift Pressure under the Floor

The effect of the relative depth of the downstream sheet pile on the relative uplift
pressure under the floor is shown in Fig. 9. The figure shows that about 9% decrease
in the relative uplift pressure is obtained at the upstream end of the upstream part of
the floor due to the increase of the relative depth of the downstream sheet pile from
0.05 to 0.35, as increasing the beginning flow path of the downstream sheet pile. The
decreasing rate increases towards downstream, it reaches 11% under the
downstream end of the upstream part of the floor and 23% at the downstream end of
the floor, (more near to the abrupt change resulted from downstream sheet pile
existence). Also, Fig. 12 shows the case in which no upstream sheet pile is installed.
The figure shows that nearly the same decreasing rate is obtained at the two ends of
the upstream part of the floor, (far from the changes in head resulting from
downstream sheet pile location), but the decreasing rate at downstream end of the
downstream part reaches 26%, (most adjacent to the downstream sheet pile).

4.2.2 Effect of the Relative Depth of the Downstream Sheet Pile on the Relative
Exit Gradient

About 8% decrease in the relative exit gradient is obtained as a result of seepage
longer path in the beginning, as shown in Fig. 10. Fig. 13 represent the same relation
for no upstream sheet pile and about 10% reduction is obtained in the relative exit
gradient.

4.2.3 Effect of the Relative Depth of the Downstream Sheet Pile on the Relative
Seepage Discharge

Fig. 11 shows that about 8% decrease in the relative seepage discharge is obtained
due to increasing the relative depth of the downstream sheet pile depth from 0.05 to
0.35. However, about 10% decrease in the relative seepage discharge is obtained for
the case of no upstream sheet pile installed, Fig. 14.

4.3 Effect of the Relative Depth of the Two Sheet Piles
4.3.1 Effect of the Relative Depth of the Two Sheet Piles on the Relative Uplift
Pressure

As the relative depth of the two sheet piles increases, the relative uplift pressures
increase to be more than double its original value at the upstream end of the
upstream part of the floor, as shown in Fig. 15 due to the increase in of the upstream
sheet pile depth. In contrast, the relative uplift pressures decrease through the
vertical rise and downstream part of the floor, due to longer path of flow at the
beginning. Moreover, no effect is obtained at the upstream part of the vertical rise
and the decreasing rate increases gradually thereafter. About 28% decrease in
relative uplift pressure original value occurs at the downstream end of the floor, Fig.
15.
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4.3.2 Effect of the Relative Depth of the Two Sheet Piles on the Relative Exit
Gradient

About 36% decrease in the relative exit gradient is obtained due to increasing the
relative depth of the two sheet piles from 0 to 0.35; this may be attributed to longer
path of flow, Fig.16.

4.3.3 Effect of the Relative Depth of the Two Sheet Piles on the Relative
Seepage Discharge

Fig.17 shows that about 23% decrease in the relative seepage discharge is obtained
due to increasing the two sheet piles depths from 0 to 0.35, more head drops are
achieved for the existence of two sheet piles that decrease the flow discharge.

4.4 Effect of the Location of the Vertical Rise

The relative vertical rise location, Fi/F, is used to determine the location of the
vertical rise of the pumping station floor.

4.4.1 Effect of the Location of the Vertical Rise on the Relative Uplift Pressure

As the relative length of the upstream part of the floor, Fi/F, increases from 0.2 to
0.8, about 9% increase in the relative uplift pressures is obtained at the upstream half
of the downstream part of the floor, due to the location of the vertical rise become
more near to the beginning of flow. The opposite occurs under the upstream half of
the upstream part of the floor, about 5% decrease in the relative uplift pressures
occurs under the upstream end of the upstream part of the floor, as shown in Fig. 18.

4.4.2 Effect of the Location of the Vertical Rise on the Relative Exit Gradient
Fig.19 shows that a relatively small decrease in the relative exit gradient, about 4%,

is obtained due to increasing the relative location of the vertical rise, F1/F. This may
be attributed to that the same length of flow is found in all cases.

4.4.3 Effect of the Location of the Vertical Rise on the Relative Seepage
Discharge
About 4% decrease in the relative seepage discharge is obtained due to increasing

the relative location of the vertical rise, Fi/F, as shown in Fig. 20. And this may be
attributed to the same reason as before.
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4.5. Effect of the Relative Depth of the Pervious Layer
4.5.1 Effect of the Relative Depth of the Pervious Layer on the Relative Uplift
Pressure

Very slight decrease in the relative uplift pressures is noticed under the upstream
part of the floor. The decreasing rate in the uplift pressure increases gradually
through the vertical rise and under the downstream part of the floor, reaching about
4% at the end of the floor as shown in Fig. 21.

4.5.2 Effect of the Relative Depth of the Pervious Layer on the Relative Exit
Gradient

Fig. 22 shows that increasing the relative depth of the upstream pervious layer
resulted in about 13% increase in the relative exit gradient.

4.5.3 Effect of the Relative Depth of the Pervious Layer on the Relative Seepage
Discharge:

Fig. 23 shows that about 13% increase in the relative seepage discharge resulted
from increasing the relative depth of the pervious layer.

5. CONCLUSIONS

1- About 26% decrease in relative uplift pressure is obtained at the downstream end
of the floor for no sheet pile at the downstream end of the floor. But only 23%
decrease at the downstream end of the floor in the case of the upstream sheet
pile.

2- The relative uplift pressure increases to be doubled in its value at the upstream
end of the floor but it decreases to be about 28% of its original value at the
downstream end of the floor.

3- About 36% decrease in the relative exit gradient is obtained for the increasing of
the two sheet piles from 0 to 0.35.

4- The increase in the relative sheet pile depths from 0 to 0.35 causes about 23%
decrease in the relative seepage discharge.

5- About 12% increase in relative exit gradient and seepage discharge due to the
increase in the pervious strata from 0.6 to 2.5.
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Fig. 2. Finite element mesh and the domain dimensions.
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Fig. 11: Effect of the relative depth of the
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