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Abstract
The identification of potential pollution sources and their continuous monitoring is one of the most important measures in the %uality management of
roundwater and surface water resources. Since the relation between these two systems and the injected pollution pattern at the source is not easily
iscernible, inverse methods are recommended. In this paper, the inverse solution of the ADE equation is conducted using the simulation-optimization
approach to identify the characteristics of a pollution source that is released in a confined aquifer and reaches a river, then moves along the stream to a
momtormg cross-section where it is detected. The proposed case studies were not investigated before. The inverse method combines the forward
model and an optimization algorithm. To speed up the computation, the transfer function theory is applied to create a surrogate transport forward
model. The two approaches are compared in terms of accuracy and speed of solution for two hypothetical cases (The second example, considering the
geometric dimensions of the Karun River in_Iran). The result show transfer function methodology used to create a surrogate transport model is
convenient, very fast compared to other existing_approaches, and more accurate in the reconstruction of source characteristics even in presence of
noise on observations. Moreover, each application of the transfer function to_surrogate the_transport process requires only 0.56 percent of the
computation time of the complete simulation model. So due to its effect on significantly increasing the reverse resolution speed, it can be used for real
scenarios of pollutant transport problems that generally face time constraints.

Kheyworc_ls:_ Advection-Dispersion equation, Inverse problem, Quality management of water resources, Reconstruction of pollution source
characteristics.
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Figure 1. Sketch view of the case study
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I Generate input files for Modflow and Mt3dms using I

1

| Open sink/source mixing package file of Mt3dms in |

1

I Run mt3dms53.exe with Mt3dms super file (x.mts file) I

nrahla

. 2

1

Read concentration file in interface boundary of the
aquifer-river system; apply as injecting pollution sources
into the river by calling boundary condition file (x.dfs0)

I

-

Forward simulation

model of integrated

aquifer-river system
in Matlab

Optimization
algorithm

-

Run Mzlaunch.exe with simulation file (x.sim11)
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Figure 2. Schematic representation of linked simulation-optimization model
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Figure 3. Schematic representation of transfer function based optimization model
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Table 1. Hydraulic and geometry characteristic in aquifer

Parameters Values Parameters Values
Effective porosity, o 0.3 Length of the stress periods, At(months) 3
Longitudinal dispersivity, oy (m) 40 Source flux in the first stress period (g/s) 35
Transverse dispersivity, ar(m) 4 Source flux in the second stress period (g/s) 90
Saturated thickness, b(m) 30 Source flux in the third stress period (g/s) 65
Grid spacing in the x-direction, Ax(m) 50 Source flux in the fourth stress period (g/s) 0
Grid spacing in the y-direction, Ay(m) 50 Initial concentration (g/l) 0
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Figure 9. Source release histories in error-free data (e=0) and error-perturbed-data( =0.05) conditions for case 1

Table 2. Statistical parameters to test the accuracy in estimation of the source release histories for case 1

Surrogate Transport Model

Simulation-Optimization Model

Parameters Error-Free Noise Level (5 present)  Error-Free Noise Level (5 present)
MAE (mg/l) 0.67 477 3.52 9.72
RMSE (mg/l) 0.77 5.45 4.26 10.48
NRMSE (%) 1.39 9.92 7.75 19.06
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Figure 10. Response curves of Cell 5 unit loading in the river downstream control station

Table 3. Statistical parameters to test the accuracy in estimation of the source release histories for case 2

Surrogate Transport Model Simulation-Optimization Model

Parameters Error-Free  Noise Level (5 present)  Error-Free  Noise Level (5 present)
MAE (mg/l) 0.91 9.19 2.83 9.31
RMSE (mg/l) 1.06 10.76 3.2 12.04
NRMSE (%) 1.92 19.57 5.81 21.89
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Figure 11. Source release histories in error-free data (¢=0) and error-perturf)ed data (0=0.05) conditions for case 2
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