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Abstract

Groundwater storages are the main sources of water in Iran.
With the developments in technology, utilization of these
resources has been severely increased over the past few
decades so that the extracted water is more than the capacity of
renewable water. This has led to depletion in groundwater
levels, deterioration of these resources and its associated
negative consequences. Hence, the proper management of
these valuable resources and the sustainability conservation
means are of significant importance. For proper management
of groundwater resources, decision models can be used with a
combined framework of simulation and optimization models.
Therefore, in this research, using numerical simulation model
(MODFLOW) for a management horizon of ten-years and ant
colony optimization algorithm, simulation-optimization model
for the Namdan aquifer located in Fars province, Iran, was
developed. Three indices of sustainability, filling and
restoration of the aquifer are considered to restoration
management of groundwater resources in the study area, in line
with Iran aquifer restoration plan. Based on the objective of
achieving best condition for stability, filling, and restoration of
the aquifer over the management horizon, the results indicated
an increase of 3, 9.5 and 10.6 m of groundwater level,
respectively, compared to the beginning of the management
period. This highlighted the necessity of proper selection of
objective function considering the main objectives of the
management plan and provided the feasibility of assessment on
the requirements to implement the plan. Also, the use of three
indicators of reliability, utility and vulnerability to examine the
results of scenarios showed the best aquifer status under the
scenario of applying the restoration index.
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Table 1- A summary of studies on the application of simulation — optimization models in solving
groundwater problems
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Simulation Optimization
Reference Model Solver  Algorithm* Objective Objective Case study
function
) Minimizing the Minimizing the Tahtali
Ayvaz and Elci MODELOW  Numerical HS cost of ) costs for aguifer Wa}ters_hed,
(2013) pumping the management zmir-
wells Turkey
Maximizing the
amount of Developing an
: . groundwater efficient aquifer Kish Island,
Ataie-Ashtiani SUTRA, Numerical MO, GA extraction by multi-objective  Persian Gulf
etal. (2014) ANN protecting management (90.5 km?)
seawater model
penetration
Minimizing the Management of
Hussain et al. . economic and advancing )
(2015) SUTRA Numerical GA environmental seawater to Hypothetical
Costs groundwater
Minimizing the
risks for several .

Sedki and adverse Sustainable Rhlsl-;\_l:kor
Ouazar MODFLOW  Numerical GA environmental groundwater M%r(;c’co
(2011) impacts, such development (100 k)

as seatwater
intrusion
Maximizing
pumping from

G t al an a}qqif_e ' anhd Ground Dore river
aur et al. ox . minimizing the roundwater :
(2011) AEM Analytical PSO cost to develop management ll:)f;]rée

the new
pumping well
system
Determining the
optimal
Ketabchi and CACO Minimizing of management Kish Island,
Ataie-Ashtiani SUTRA Numerical PSO GA seawater strategies of large  Persian Gulf
(2015b) ' intrusion scale coastal (90.5 km?)
groundwater
problems
Ketabchi and dMaﬁ'm'Z'”%h Optimal
Ataie-Ashtiani SUTRA Numerical CACO tr:zcot?ggfvz:\gce management of  Hypothetical
(2011) of salinity coastal aquifers
Mah dradeh dMar:dmizingh Anallysis of Kish Island
ahmoodzade . ischarge wit optimal strategies - :
et al. (2015) SUTRA Numerical CACO the observance  to environmental ng'g”kﬁ‘;)”
of salinity changes '

* MO: Multi-objective; GA: Genetic algorithm; HS: Harmony search; PSO: Particle swarm optimization; CACO: Continuous ant
colony optimization

** AEM: Analytic element method
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Fig. 1- Namdan plain study area, Tashk- Bakhtegan basin, Fars province, Iran
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Table 2- Characteristics of case study (Fars Regional Water Authority, 2016)
(Fars Regional Water Authority, 2016) _Jlallae dilzie Clbasuivn -Y Joua

Characteristics

Description

Overview
Geographical coordinates

Total area

Area of plain

Avrea of aquifer

Average plain elevation
Operation status

Depth of Groundwater

Number of exploitation wells
Operating hours of exploitation wells (annual)
Discharge rate (annual)
Discharge capacity
Consumption

Groundwater depletion (annual)
Meteorological (1966-2006)
Temperature (°C)

Precipitation (mm)

Evaporation (mm)

52:, 00:- 52:, 56: Longitude
30°,30-30", 31 Latitude
2803 km”

1845.6 km*

1217 km?

2431.76 m

10-80 m

1702

3673 hr

320 MCM

318000 m? xyear/km?
Agriculture (almost)
>1m

Plains/ Mountains
10.6

318.8

1515.6
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and constraints

Select an
optimization tool

|
|
| Define objectives
|
|
|

[

Update
decision variable

|
|
|
|
|
|
|
|
—»
|

Simulation component

Optimization algorithm

|
: Input
|
|

variables and parameters

simulation model

Prepare and reform for run

Output the simulation results

e simulation - optimization model for groundwater management

e optimal management of groundwater resources

|

|

|

|

|

: I— Select
_____ e optimum solution
_____ |

|

|

|

|

: Analyze

|

|

| Results

|

|

|

|

I J L

|
_____ |

__ Case study, Namdan plain, Fars
Province, Iran
[r—

Fig. 2 - Simulation-optimization model procedure
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Table 3- The simulation model characteristics.
Sbwdam Jo Olasein - Joaa

Characteristics

Description

Simulation setup

Dimension

Simulation mode

Spatial discretization

Simulation model

Structure

Number of elements

Mesh dimension (vertical direction) (m)
Mesh dimension (horizontal direction) (m)
Temporal discretization

Time step for transient simulation (day)
Stress period for transient simulation (month)
Boundary conditions

Lateral boundaries

Top surface boundary
Bottom surface boundary
Calibration
Auto-calibration code
Calibration observation
Calibration parameters

Total number of calibration parameters
Optimization algorithm

Max number of iteration

Max of iteration with no improvement
Relative convergence limit

Relative parameter change criterion
Preferred homogenous regularization
Prior information power factor
Preferred value regularization

Two dimensional
Saturated steady-state and transient flow

MODFLOW (Harbaugh, 2005)
Finite difference method

5058

15-153 (one layer)

500500

30
83

No flow

Time-dependent fixed head (2241.2-2339.6 m)
Flow boundary (recharge and extraction rates)
No flow

PEST (Doherty, 2005)

Water elevation in 48 piezometer wells
Hydraulic conductivity

Recharge rate

Specific yield (only for transient calibration)
3108

Gauss-Marquardt-Levenberg nonlinear scheme
20-30

3-4

0.005

0.005

Yes

1.0

NO

Table 4- Input parameters to the simulation model
Silwdnnd Jio (63959 (5 gl )by -F Jou

Model Parameters Description
Topography elevation (m) 2288-3022
Bedrock elevation (m) 2148-2394
Water table elevation (m) 2268-2400
Aquifer thickness (m) 15-153
Freshwater density (kg/m?) 1000
Recharge rate (m/day) 0.00000945-0.003354
Extraction rate (m3/day) 554.1-2622.8
Gravitational acceleration (m/s?) 9.81
Hydraulic conductivity (m/day) 1-25
Specific storage 0.008-0.21
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Fig. 5- a) Changes in the objective function for the number of 3 individual sample runs for 200 iterations and
50 population; b) The value of the objective function (maximum filling index) for the different values of the
ant population
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Table 5- Components of water balance in the study
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Base 43.1 221.6 264.7 55.5 322.6 378.1 -55.5

Sustainability 32.9 2214 254.3 67.8 202.2 267.0 -15.6

Filling 24.9 221.3 246.2 83.5 146.7 230.2 +15.9

Restoration 20.9 221.2 242.1 934 131.9 225.3 +16.6
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Fig. 6- Namdan aquifer groundwater level changes on the basis of three indicators, stability, filling and
restoration for the ten-year simulation period
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