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Accepted: 2020/12/16 hydraulic methods in porous environment has contributed a lot in
solving and optimizing groundwater related issues. Using these
methods In some areas that drinking water is supplied through
groundwater reserves will help a lot in economic optimization. The
interaction effect of pumping costs and water consumption must be
controlled and optimized. Supplying drinking water from
underground water resources must be done according to a precise
pre-designed plan so that It is optimized for both pumping and
energy costs and Water should be delivered to the consumer at a
reasonable price and with optimal energy consumption.

MethodsIn this study particle swarm metaheuristic algorithm (PSO)
was used to optimize the pumping of groundwater wells that supply
drinking water. The data of rate of shortage of statistic surface and
the required cost were used for pumping in the Mashhad drinking
water supply wells. The results show that by using the PSO algorithm,
in addition to providing problem constraints, water extraction could
be reduced.

Findings: Results show that by keeping the number of wells the same
in the current design and by applying this algorithm the cost of
pumping is reduced by 4.3%. The results of sensitivity analysis also
show that for a certain amount of water With a 100% increase in
pumping rates with two wells, the water demand will be provided
and the total costs will be reduced by about 56 percent. Also by
reducing the pumping rate the number of required wells for
supplying certain water needs has increased to seven and the total
costs will be increased by 26 percent.
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Extended Abstract

Introduction

Groundwater is one of the main sources for
meeting water needs in arid and semi-arid
regions of the world. The existence of more
than 600,000 water wells in alluvial
aquifers in Iran indicates the consumption
of a significant portion of groundwater
resources for agricultural, drinking,
sanitary, and industrial purposes. One of the
important issues in groundwater resource
management is to determine the
appropriate location for drilling wells and
the appropriate number and rate of
pumping for them so that these wells meet
water needs, including agricultural,
industrial, and drinking water. Given the
need to use new optimization techniques
and supply drinking water at the cost of
optimum pumping, in this study, the
particle swarm  optimization (PSO)
algorithm is used as an efficient solution to
determine the optimal location and
pumping flow rate of wells

Methods

The PSO algorithm was first introduced by
Eberhart and Kennedy in 1955. This
algorithm is used as an effective and
efficient method to solve optimization
problems. In this study, the PSO algorithm
is used to optimize the location and
pumping rate of groundwater wells. The
proposed model is analyzed using the data
of the Mashhad Water Supply Master Plan.
For this purpose, the number and location
of wells supplying drinking water as well as
the total annual extraction are determined
by examining the total number of wells in
the study area. The current model without
drinking water wells is first simulated. The
PSO model is then used to optimize the
location and capacity of drinking water
wells to fully meet the water needs.

The objective function is defined as a cost
minimization function. There are
limitations to the flow rate, pumping
capacity, and hydraulic conductivity of the
aquifer in the optimization process.
Pumping costs such as drilling, casing,
energy, and well development costs are
added to the optimization constraints. The
parameters of the well that affect costs are

considered as objective function variables.
In this study, the data of Mashhad Plain,
which is part of the Kashfarud River
watershed, are used. Mashhad is located in
Khorasan Razavi Province in northeastern
Iran. The studied plain is located in a
catchment basin with a longitude of 59 ° 20’
to 60 ° 08’and a latitude of 35 ° 40" to 36 °
03" and is limited to Hezar Masjed
Mountains from the north, the Jamrud River
watershed from South, and the Atrak River
watershed from the west.

Findings

The objective function of the problem is
expressed as a cost minimization function.
The costs considered in the function include
the costs of wells (water drilling,
equipment, and casing, pumping, and
annual energy), costs of water transfer to
the destination (equipment and casing), and
water treatment costs. The decision
variables in this model are the coordinates
(location) and pumping rate of the wells,
the optimal combination of which creates
the best mode (minimum cost). Changes in
the coordinates of wells based on the
variable thickness of the aquifer and
different water quality in different areas
will affect the cost of water extraction and
treatment, respectively. On the other hand,
with increasing distance from the place of
consumption, transfer costs increase.
Moreover, changing the pumping flow rate
of wells is directly related to the cost of
treatment and also affects the extraction
costs by affecting the energy consumption
of the pump in the water extraction process.
The first step to solving the problem is to
implement the objective function in the PSO
model and determine the minimum and
maximum values for the problem
constraints based on the aquifer conditions.
In this study, the total maximum pumping
of existing wells is considered as the
maximum extraction rate, the value of
which is 46 thousand m3 per year for the
study area. Besides, the annual
consumption rate is 159 thousand m3.

The costs of the optimal design obtained by
the PSO model are reduced by about 5%
compared to the initial design. Examination
of cost components indicates that the share
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of drilling and water extraction costs is
higher than other costs. It should be noted
that the cost of treatment is lower than
other costs due to limited water extraction,
but it can be effective in the long run
because it is exponential, unlike other costs.

Discussion

Increasing the maximum pumping flow rate
in the problem and, consequently, assigning
higher pumping rates to the wells by the
model, require the use of more powerful
pumps and costs more. On the other hand,
the number of wells required to meet the
water needs and the final cost decrease
with the increase of the maximum pumping
rate. According to the results, with a 100%
increase in the maximum pumping rate and
the allocation of two wells, water needs will
be met and costs will be reduced by about
56%. Moreover, as the pumping rate
decreases, the number of wells required to
meet water needs increases to 7, and costs
increase by 26%. The results indicate the
high sensitivity of the model to the
maximum pumping rate.

Conclusion

The results of the model suggest that the
costs of drilling and water extraction are
higher than other costs. Besides, the cost of
treatment is small compared to other costs,
but it will increase significantly in the long
run. The cost of water extraction is reduced
by using the PSO algorithm and observing
the constraints of the problem. If the
number of wells in the design in the model
is considered the same, the pumping cost
will be reduced by 4.2% using the PSO
algorithm. Water needs can be met and total
costs can be reduced by about 56% by
increasing the pumping rate by 100%.

The model is implemented for the current
situation, and it is found that water transfer
costs will increase by 24.5% with the
implementation of the model results. These
costs will increase exponentially due to the
high value of energy in the future. The total
cost reduction for the base year will be
4.2%.
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