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Abstract  
Groundwater contaminant transport modeling is a useful tool for identifying how pollutants 
fate and transport in porous aquifer environments. These models include several parameters, 
which are often estimated based on personal judgment or in the best case, based on limited field 
measurements. Therefore, the input data of simulation models are not accurate and contain 
several errors. The purpose of this study is parameter uncertainty and sensitivity analysis in the 
groundwater solute contaminants transport modeling using probability theory. First, governing 
equations for groundwater flow and solute contaminant transport have been presented. Then, 
using MOFLOW for modeling groundwater flow and MT3DMS for modeling solute 
contaminant transport in a hypothetical problem and using effective parameters in a case study 
(Qazvin plain), uncertainty analysis through the Monte Carlo method was done. To illustrate the 
uncertainty analysis, the Complementary Cumulative Distribution Functions (CCDF) of 
Chloride and Nitrate graphs have been computed. Then using random samples, generated in 
uncertainty analysis step, local and global sensitivity analysis of solute transport model 
parameters have been determined.  Result: Using maximum concentration of solute contaminant 
as a model output, the results of the local sensitivity analysis show that the most sensitive 
parameters are hydraulic conductivity (K), decay rate constant (λ), porosity (θ), distribution 
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coefficient (Kd), and dispersivity (D) respectively. While using time to maximum concentration 
as output variable, leads to the following order of sensitivity: K, Kd, θ, D, and λ. On the other 
hand, the global sensitivity analysis using maximum concentration shows that the order of 
sensitivity is: K, λ, θ, D, and Kd, and using time to maximum concentration it is: K, Kd, D, λ,
and θ respectively. According to the CCDF of Chloride, concentrations of 5%, 50% and 95% 
equal 205.5, 196 and 185.4 mg/L respectively. Also, according to the CCDF of Nitrate the 
concentrations of 5%, 50%, and 95% equal 56, 54.125 and 51.5 mg/L respectively. All five 
parameters are sensitivite in solute transport modeling. The local and global sensitivity analysis 
show more or less the same results. In general, the sensitivity ranking of parameters is K, λ, Kd, 
θ, and D. 

Keywords: Groundwater Contamination, Uncertainty Analysis, Sensitivity Analysis, Monte 
Carlo Simulation. 
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10 Modular Transport 3D Multi Species (MT3DMS) 
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Fig. 1. Configuration of the test problem involving 
transport in a heterogeneous aquifer with a strong 

regional gradient 
'=�)4H�I O�_� &* -��
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*��@ �� ��84�������*�

Fig. 2. The calculated solute plume on day 365 
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Fig. 3. Change of solute concentration with time at a 
pumping well 
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Fig. 4. Change of maximum solute concentration with 
change of input parameters 
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Fig. 5. Time changes with imput parameter changes
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Table 1. Result of local sensitivity analysis 
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Table 2. Mean and standard deviation of input 

parameters 
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5×10-11 3.63 0.0025 0.005 5Standard 
deviation

10-1012.740.0050.320Mean
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Table 3. Correlation matrix of parameters 
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Table 4. Result of global sensitivity analysis 
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�0�L ���n��F�
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Fig 6. Modeling area (Google Earth 2016) 
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2016).
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��F���� �3���� �3�*8��� . ���)�� F�%���N &* -�� ��, %* �
;��0> %* 2��� B.��� �� %* ���� *%�*��������� ���3��*%�* %����N 

(ACEC, 2013).
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��6/34�
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* % ��1�N��, �8�.1 ����  ��84�� �� ��
��� �1 �$ ��8�.> 
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Fig. 7. Model cells of Qazvin plain aquifer 
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Fig. 8. Location of the study area and wastewater 
treatment plant 
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Fig. 9. Chloride iso-concentration curves 
'��{4.�.�
���'���/� �]/^�-

��5:h4%�-e� ��� &-, �%�a@��H�W%* %��3��C� o ��� 2/34� 
Table 5. Longitudinal dispersivity in different studies 

Hydraulic 
conductivity 

)m/s(

Module
)m(

Longitudinal 
dispersivity )m(

10-5-10-32007.5
6×10-3200243
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Fig. 10. Transport model of chloride in Qazvin plain 
 '��)|4O-��� O�e3���&-. ��/��- aN �,* +��F

Fig. 11. Chloride concentration distribution 
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Fig. 12. Nitrate concentration distribution 
 '��)04����<�� � �]/^�<��3 
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Fig. 13. Locations of the pumping wells 
'��)3-=N8���&�L ���&�\� %�*���

Fig. 14. Changes in chloride concentrations during the 
simulation period at well no. 784 
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Fig. 15. Changes in nitrate concentrations during the 
simulation period at well no. 784 
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Fig. 16. Chloride concentration changes in 20 scenarios 
in pumping well no. 784 
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Fig. 17. Nitrate concentration changes in 20 scenarios in 
pumping well no. 784 
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Fig. 18. CCFD for chloride 
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Fig. 19. CCFD for Nitrate 
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