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Abstract: An optimization model for direct water supply intakes operation was created to
maximize the rate of recovery of river bed, i.e. minimizing the effects pumping on river bed
morphology. The model adopted constraints such as the water volume that should be pumped
daily, minimum and maximum pumping intake capacity, and maximum time of pumping per
day, while the objective function maximized is the rate of recovery of the river bed . The decision
variables are selected as the pumping rate to river flow ratio, and the intake operation time to
time of non-operation ratio. The model combines the Genetic Algorthim and the Artificial
Neural Networks techniques to find the optimum solution. The application indicated that the
required number of the randomly generated solutions and the number of cross over process for a
stable optimum genetic algorithm solution are (100) and (1) respectively. Sensitivity analysis of
the effect of number of cycles of operation and non-operation periods of the intake per day and
the river flow indicates that these variables have no effect on the objective function.
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1.0 Introduction

Sediment movement of the river bed near direct river intake structures is a complex
problem that reduces the system efficiency and increases the cost of dredging and
system maintenance. In case of power-plants using river-cooling water, sediment
reduces the withdrawn capacity of the plant, causes damage to the pumping system and
partial or full blockage at the entrance of intake. Sediment blockage may result in the
stopping of the plant, Abd Al-Haleem, (2008). As water is abstracted through the intake,
sediment is typically drawn towards the intake structure or point of diversion. Sediment
may either be drawn into the intake structure or may be trapped behind it.

Many researches had been conducted concerning the problem that occurs in the water
supply projects due to sediment withdrawal , Amin(2005), Zheng and Alsaffar(2000).
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However, very little work had been done on the effect of direct water intakes operation
on the river bed morphology. These intakes operation can affect the river bed
morphology by creating considerable changes in the bed formation near the intake, and
disturb the river as a system. This operation causes movement of sediments near the
intake creating some sort of a hole in the vicinity of the intake. Part of the sediments
moved due to pumping will be withdrawn with the pumped water, while the other part
will move just downstream the intake where it deposited creating local sediment
accumulation. The reduction in sediment downstream and increased erosion can damage
important habitats (e.g. bank-side habitat) and habitats that depend on a supply of
sediment from upstream reaches SEPA, (2008).

For a scientific and rational approach to different river problems and proper planning
and design of water resources projects, an understanding of the morphology and
behavior of the river is a pre-requisite, Ali et al.(2012). Rivers morphology is a field of
science which deals with the change of river plan and cross sections due to
sedimentation and erosion. In this field, dynamics of flow and sediment transport are the
principal elements. The morphological Studies, therefore, play an important role in
planning, designing and maintaining river engineering structures

These changes in the river morphology near the intake may disturb the natural river
system. It may have effects on the natural flow and the ecosystem, Kaless et
al(2011),Selander (2004). However, the river system will try to retain its natural
properties when the disturbance created by the water intake operation stop. This is the
recovery property of any natural system such as rivers. Many studies had been
conducted concerning the river morphology changes, Scott and Jia(2005),Formann et
al.(2007).

Khalaf et al. (2013) had developed an artificial neural network model that relates the
rate of river bed recovery (defined by equation (1)), as the output variable with four
input variables (d/w) the ratio of the extent of intake pipe in the perpendicular direction
to the river flow direction to the width of river, (dsn/yn) the ratio of the intake strainer
submergence depth to the normal depth of the rive,(Qr=Qp/QR) the ratio of the pumping
rate of the intake to the river flow, and ( tr=top/tnon) the ratio of the time of intake
operation to the time of non-operation. The model correlation coefficient was (0.843).
Many researches had been conducted concerning the application of the genetic
algorithm in water resources engineering problems, Goldberg (1983), Goldberg (1991).
Researches on this technique methodology were also conducted to the proper
assignments of the schemes used and sizing of the genetic population, Goldberg(1989).

In this research it is intended to formulate an optimum operation model, that maximize
the rate of recovery for an existing intake. This model can obtain the optimum pumping
rate and the optimum ratio of the time of intake operation to the time of non operation.
The model uses the genetic algorithm technique for the solution. Constraint adopted
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concern the required volume of water that should be pumped daily, the range of
pumping capacity of the intake and the total time of operation non operation cycles per
day.

2.0 Formulation of the Optimization Model

For the problem under study, the following optimization model was formulated in order
to achieve the goal. It is worth mentioning here that this optimization model is an
operational one, not a design one. This means that this model will optimize the operation
of an existing intake with given ratio of the extent of the intake pipe along the river
width to the width of river (d/w), given ratio of the strainer submergence depth to the
river normal depth (dsn/yn), and given range of pumping capacity (QPmin,QPmax)-
However this model can be used for optimum design and operation of intakes using
assumed values for these variables.The objective function adopted herein is:

Min. effect on river bed = Maximize Pr (Qr, tr, d/w, dsn/yn ) =1 — V"_V—Z”‘”‘ 1)

Where:

Vo: is the volume of hole created after time of intake operation

Vnon: is the volume of hole after time of intake non operation.

Pr: is the rate of river self-bed recovery (rate of recovery)

d/w and dsn/yn: are auxiliary variables which are given for any existing intake or
assumed by the designer for a proposed intake ( are as defined before).

Qr, tr: are ratios of pumped flow to the river flow ratio (Qp/QR) and the ratio of time of
operation to time of non operation (top/tnop) for each cycle of the intake operation, and
represent the decision variables that the optimization model should find to maximize the
rate of recovery (Pr).

The selected optimum Qr and tr should be subject to the following constraints:

Qpmin Qpmax
- < < =

QR Qr Qr )
trmin < F < tryax 3

Finding these optimum ratios, the optimum pumping rate Qp and the time of operation
(top) , and time of non operation (tnop) of each cycle could be found as explained
below.

For a given volume of water that should be pumped daily (Vp) in m®, and for a river
flow QR, and given pumping capacity range QpPmin, QPmax ,» and the optimum flow ratio
Qr one can find:
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v
Top = Q—E (4)

Top: is the total required time of pumping per day, where :
Qp =Qr*QR (®)
Then for a given optimum time ratio tr, and humber of cycles of operation per day, nc:
Top=nc * top (6)

Multiplying and dividing equation (6) by tr(=top/tnop), to get:

Top = nc * top * % , Which yields:
tnop
top
tn0p - nc.tr (7)

From which tnop is obtained, then top could be found by:

top=tr. tnop (8)
and the total cycles time per day could be found by :

Tot = nc (top + tnop) 9)

Additional constraints could be added easily according to the choice of operator; such as:

Tot < 24 hrs (10)
nc <3 (12)
Top < 12 hrs (12)

3.0 Genetic Algorithm Model Development

The formulated optimization problem can be solved using any non-linear optimization
technique. The optimization problem is non-linear due to the non-linear relationship
between Pr with the other variables as shown in equation (1), represented by the ANN
model developed by Khalaf et al. (2013) for this purpose. However, the genetic
algorithm model solution had proved to be effective, and can find the global optimum
solution, hence, this technique was used in this research, Goldberg (1991),
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For obtaining the optimum values of the decision variables Qr and tr for the problem
under consideration using the genetic algorithm technique, it needs the calculation of
the fitness function (objective function), for a large number of randomly generated
solutions, hence, the model was coupled with Khalaf et al. (2013) ANN model for this
purpose. The following steps were used for this algorithm:

1) Generate an (np) number of feasible solutions in the form of four genes
chromosomes as shown in Figure 1 below:

X1 X2 X3 X4 1
Qr tr d/w dsn/yn 2
[ ] [ ]

[ ] [ ]

np

Figure 1: The chromosomes genes representation of the randomly generated feasible solution.

With the first two variables (decision variables), generated randomly and
transformed to be feasible, i.e., within the constraints given by equations (2) and (3),
respectively. The other two variables were kept constant for all the solutions as
given for the existing intake and river properties. The required value of the number
of population np (solutions) generated randomly for a stable optimum solution will
be found upon application as will be shown later.

2) Obtain the fitness function (Objective function) of each solution generated in step(1)
above using the Khalaf et al. (2013) developed ANN model and sort the solution
according to the obtained objective function in descending order.

3) Apply the cross-over process with 100% cross-over probability Pc=100, in order to
generate an (np) off springs population as shown in Figure 2 below.
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Parents off springs
X11 | X21 | X31 | X41 X11 | X22 | X31 | X41
[ ] L]

—

X21 X22 | X32 | X42 X21 | X21 | X32 | X42

Figure 2: Cross over process of the genetic algorithm optimization technique.

4) Obtain the fitness function (objective function) for the off springs, and mix the two
populations of the parents and off springs as (2np). Sort the new population in
descending order of objective function Pr.

5) Omit the last np solutions and keep the first (np) solutions (the best) and repeat
steps (3) to (5) for a selected number of iterations (it), which will be found upon
application.

6) Apply a mutation process for the first selected (nm) solutions. This process
includes a small changes in (Qr) and (tr) values to check if better optimum solution
could be obtained.

4.0 Application of The Genetic Algorithm Optimization Model

In order to apply the optimization model developed above, a Mattlab code was written
for this purpose and used for a given example as follows:

1) Required pumping volume per day, Vp=100000 m°.

2) Available Qpumping capacity, Qpmin.=3 m*/sec, Qpmax.=5 m*/sec.

3) Available intake data and river flow and normal depth d/w=0.2625, dsn/yn=0.7,
number of cycles nc=3, trmin=2 and trmax.=10.

Since the genetic algorithm technique starts with randomly generated solutions,
sensitivity analysis is required for the two main parameters of this technique, the number
of these solutions (population size) required for stable optimum solution, and the
number of cross over process iterations. For each application there exists a minimum
value for each of these two parameters that give a stable solution. If the selected values
are less than those minimums then unstable optimum solution is obtained ,i.e.,for each
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run a new solution is resulted, and usually it is not the global optimum. Upon
application of the developed optimization model to the data mentioned above, the
minimum required randomly generated np solutions that gives a stable optimum solution
values for this phenomena should first be obtained. Table 1 shows the results of three

runs for each of some selected np values.

Table 1 : Effect of nP values on the stability of the optimum solution.

Obj.
Function

4.422
3.166
3.42850

Table 1 shows that a stable optimum solution, could be obtained when the np-value is
100. This stability is observed in the sense of obtaining a constant objective function, i.e.,
constant rate of recovery, with slight changes in the accompanied other variables. In
order to find the required number of cross over process iterations (it), many runs were
performed for the same data mentioned above, for (it)=1,2, and 3. It is observed that,
only one iteration is enough as the results were the same even though the number of
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iterations was changed. This little effect of the number of iteration could be due to the
limited number of decision variables (only two).

The following analysis is concerned with the sensitivity of some variables on the
optimum solution of the phenomena under study, rather than that performed above
which concern the genetic algorithm stability. All the following analysis will be done
with np=100 and it=1, since these values were obtained as the genetic algorthim
parameters that gives stable optimum solution for the phenomena under study.

In order to obtain the optimum schedule of operation, different runs were performed for
the data of the above example. Table 2 shows the first three most optimum solutions. It
is observed that even though slight differences in the objective function were observed,
considerable changes were detected for the other variables. These three solutions were
subject to a mutation process by making slight changes on the obtained optimum tr and
Qr values. These mutations were found to have no effect on the optimum solution.

Table2 : Optimum solutions for np=100, (it)=1, and nc=3.

Total time of cycles
(Te)

Obj. function

Table 3 shows the effect of different values of the river flow (QR) on the optimum
solution. It is shown that the model can observe the maximum possible objective
function for all the values of QR, but with slightly different values of the other variables,
except for the pumping flow Qp which was changed considerably as the river flow
changes.

Table 4 shows the effect of different values of the number of cycles on the optimum
solution. It is obvious that the maximum possible rate of recovery could be obtained by
the model for different number of cycles by slightly changing the other variables.

Table 5 shows the effect of different values of the volume of water that should be
pumped daily on the objective function. It is shown that the maximum possible rate of
recovery could be obtained by changing the top values.
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Table 3 : Sensitivity analysis for the effect of river flow on the optimum solution.

Obj. Function

1 600 78.65 9.88 | 857 | 2.86 | 0.29 3.24
I 2 550 78.65 9.96 | 853 | 2.84 | 0.29 3.26
I 3 500 78.65 987 | 6.04 | 201 | 0.20 4.59
I 4 400 78.65 9.95 | 889 | 297 | 0.29 3.12
I 100 5 350 78.65 986 | 7.21 | 240 | 0.24 3.85
I 6 300 78.65 998 | 764 | 255 | 0.26 3.64
I 7 250 78.65 995 | 697 | 232 | 0.23 3.97
I 8 200 78.65 9.94 | 6.07 | 202 | 0.20 4.58

100

78.65

9.94

7.14

2.38

0.23

3.89

Table 4 : Sensitivity analysis for the effect of number of cycles on the optimum solution.

Obj. Function
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Table 5: Sensitivity analysis for the effect of the daily pumped volume on the optimum solution

Obj. Function

25000

50000

75000

100000

150000

5.0

20000

Conclusions

Form the study conducted above the following conclusions can be deduced:

1)

2)

3)

It was found that it is possible to obtain an optimum solution using the formulated
optimization model and the genetic algorithm technique for the phenomena under
study. Moreover there exists a maximum possible rate of recovery that the river can
achieve.

The minimum number of populations that should be generated randomly to obtain a
stable optimum solution for the phenomena studied should be 100, and only one
iteration of cross over process is required. This stability is observed in the sense of
obtaining a constant optimum objective function, i.e., constant rate of recovery
even though the run of the program repeated frequently, with almost constant
accompanied values for the other variables.

The maximum rate of recovery that could be obtained for a given intake data
associated with the optimum operational model, is found not affected by the
variation in river flow, this indicated a limited capability of the river for self-
recovery, which means that the movement of bed during non- operational time,
towards the created hole by the intake operation is limited. This is in accordance
with the experimental data obtained by Khalaf et al. (2013), where when the time
of operation increased over a certain limit, no increase in the rate of recovery was
observed.
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4) It is observed that a maximum rate of recovery could be observed by a certain time
ratio and flow ratios, and almost a stable operation optimum schedule could be
adopted for a given intake properties, hence it reflect easy operation for the intake
operation authority.
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