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Table 12 The range of variation of dam structure stability parameters over a period of six
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years
Investigated condition Variable Maximum | Minimum | Average
Smax (MPa) 19.23 11.11 13.86
Optimal condition U .k (Cm) 7.62 2.17 4.24
USeRter (cm) 7.27 1.48 3.66
Smax (MPa) 23.65 11.57 16.51
SOP policy U ¢ (cm) 8.16 3.08 6.56
USERer (¢m) 8.42 1.49 6.30
Smax (MPa) 22.97 11.77 15.89
Current condition U, ... (cm) 7.80 3.21 5.88
USERTer (cm) 7.76 1.53 5.46
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Table 3 Internal and external radius of Karaj dam at different levels

Level (m) | Internal radius (m) | External radius (m) | Thickness Dam (m) | Angle of Dam(

De)
0 58 90 32 52
20 64.9 94 29.1 76
40 74.3 100.6 26.3 08
60 86.8 110.2 23.4 110
80 102.5 123 20.5 115
100 121.8 139.4 17.6 117
120 145 159.8 14.8 115
140 171.9 183.8 11.9 110
160 192.9 201.9 9 109
168 198 205.8 7.8 109

Table 2 Mechanical and thermal properties of concrete in Karaj concrete arch dam

Parameter Value Parameter Value
Specific Heat (] /kg °k) 912 Modulus Of Elasticity (MPa) | 25480
Thermal conductivity (w/m °k) 2.62 Density (kg/m?) 2450
Thermal expansion coefficient (1/°k) 8.05x10¢ | Poisson Coefficient 0.17
Maximum compressive strength (MPa) 43 Static Tensile Strength (MPa) 3.8
Convection coefficient (w/m?°k) 23.2 Solar absorption 0.5
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Fig. 1 The location of the Karaj Amirkabir dam
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Legend
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Fig. 1 (a) Iran's watersheds (b) The geographical location of case study (c) General

specifications of the Bandargaz Nokandeh plain
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Kara) plam  aquifer  hydrology .
hydrogeology .and nitrate concentration

data collection

Qualitative and quantitative modeling of
aquifer using GMS model

Determination of calibrated hydrodynamic,
longitudinal and transverse diffusion
coefficients of aquifer

:

Calibraion and validation of the
prepared aquifer simulation model

'

'

Investigation  of  quantitative  and
qualitative behavior of the aquifer based on
the developed simulation model

Development of MATLAB code to call
the GMS simulation model within the
proposed aquifer management model

/

Development of multi-objective
optimization model structure to improve
the  quantitative  and
conditions of the aquifer

—>

Defining the decision variables of the
proposed groundwater management model.
itroducing the mput data to the GMS model
and determining the parameters of the NSGA-
II optimization algorithm

.

Definition of objective function and
constraints of the developed approach for
sustainable development of the aquifer

'

Adjust the parameters of the NSGA-II
algorithm and execute it to determine the
optimal trade-off curve between objectives

.

Extract the best population to determine the
optimal amount of decision variables

qualitative [

<

Using multi-criteria decision making
methods to extract the superior scenario
located on the optimal trade-off curve

Determining the optimal withdrawal
values from the wells and assessment
the operation policies under the optimal

and existing conditions

Quantitative and qualitative analysis of
aquifer behavior based on the optimal
abstraction values and presentation of

withdrawal strategies in the planning horizon

Fig. 2 The structure of the proposed multi-objective simulation-optimization model for
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