RS

Research Paper

The Conjunctive Management of Ground and Surface Water Using Finite
Difference Method (Case Study: Dehloran Plain, Farrokhabad Region)

Yousef Eghbali !,

Mehrdad Shahrbanouzadeh 2*

' M.Sc. Graduate of Water Resource Engineering, Department of Civil Engineering, Jundi-Shapur University of Technology,

Dezful, Iran.

2 Assistant Professor, Department of Civil Engineering, Jundi-Shapur University of Technology, Dezful, Iran.
Email: m.shahrbanouzadeh@jsu.ac.ir. Corresponding Author.

d 10.22125/iwe.2025.519245.1877.

Received:

April 25, 2025
Accepted:

August 16, 2025
Available online:
December 25, 2025

Keywords:

The Conjunctive
Management,
Ground and Surface
Water,

Finite Difference
Method,

Dehloran Plain,
GMS software

Abstract

Swamping in arid and semi-arid regions has become a critical environmental and
agricultural challenge, particularly in areas affected by rising groundwater levels.
The Farrokhabad region, located approximately five kilometers southwest of
Dehloran city in western Iran, is experiencing such conditions due to elevated
water tables. Field observations, community consultations and analysis of prior
research indicate that surface water inflows particularly from municipal
wastewater and the Abgarm spring play a significant role in exacerbating
groundwater rise and land salinization. This study employed the ModFlow
numerical model within the GMS software platform to perform a quantitative
simulation of the Dehloran aquifer, with the objective of identifying the primary
drivers of waterlogging and assessing potential mitigation strategies. Following
steady-state and transient calibration and validation, four management scenarios
were evaluated over a one-year hydrological period: operation of the Abgarm
spring water transfer project, a 50% reduction in surface inflow, activation of
licensed abstraction wells, and a 20% increase in groundwater pumping The
modeling results revealed that conjunctive management of surface and
groundwater particularly the reduction of surface inflow had the most pronounced
effect, lowering the water table by up to 3.5 meters in the Farrokhabad monitoring
well. This study not only provides a validated hydrological model of the region
but also quantitatively demonstrates the impact of human activities on aquifer
conditions. The research offers a practical framework for integrated groundwater
management and may serve as a transferable model for application in other plains
with comparable hydrogeological challenges.
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1. Introduction

In recent years, decision-making in water resources management has increasingly been
conducted under conditions of uncertainty, due to the rapid and often unpredictable changes
in climatic, socio-economic, and political factors. Effective and sustainable management of
water resources necessitates the integration of social, economic, and political dimensions into
planning and policy-making processes. This is particularly important because climate change
variables (such as temperature, precipitation, and evaporation), socio-economic
developments (including population growth, economic expansion, and land and water use
changes), and institutional and political considerations (such as allocation policies,
regulatory frameworks, and governmental interventions) exert both direct and indirect
influences on water resource systems (Dong et al., 2013).

Groundwater modeling, as a simplified representation of actual aquifer systems, is a
valuable tool that quantitatively describes the spatial and temporal relationships among
recharge, discharge, and fluctuations in the water table (Anderson and Woessner, 1992).

Prior to the 1950s, surface water and groundwater were generally treated as two distinct
systems. However, the negative consequences of this fragmented approach soon became
evident in practice. Burt, (1964) was the first to introduce the concept of conjunctive use,
emphasizing the necessity of integrated management of both surface and groundwater
resources. Integrated water resource management (IWRM) seeks to coordinate the
exploitation of these resources to maximize overall efficiency, minimize environmental
degradation, and enhance long-term sustainability.

Recent advances in numerical modeling tools—such as ModFlow and its enhanced versions
like MF-OWHM—have enabled more precise analyses of surface—groundwater interactions
and more robust evaluations of alternative management scenarios (Hanson et al., 2014;
Boyce, 2022).

A review of prior studies in the target region indicates a predominant focus on isolated
scenarios, often disregarding critical variables such as surface water flow. Additionally, the
primary causes of salinization and the identification of economically viable solutions to the
water crisis remain inadequately addressed. In light of these gaps, the present study aims to
conduct a comprehensive assessment of the Dehloran aquifer, including analysis of reduced
recharge due to diminished surface inflows into the Farrokhabad area, potential aquifer
drawdown, and its subsequent impact on the regional water balance. Furthermore, the study
seeks to develop a quantitative mathematical model capable of simulating future aquifer
conditions. These models can be employed to evaluate various groundwater management
scenarios, thereby facilitating the formulation of strategies that not only meet current water
demands but also minimize adverse impacts on both the quantity and quality of groundwater
resources within the study area.

2. Materials and Methods

The ModFlow groundwater model was developed by the United States Geological Survey
(USGS) models in three dimensions using the finite difference method. The numerical models
are divided into several groups based on various methods, approximation of the differential
equations of flow, and numerical solution methods of the new algebraic equation system, the
most applicable of which are the finite element method and the finite difference method.
(Kresic, 2007) The ModFlow model, written in Fortran, provides an approximate solution of
the differential equations of groundwater flow in porous media based on the finite difference
method and the central block method. The following equation is obtained:
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Where H is the hydraulic load, Kx, Ky, Kz are the permeability coefficient in the x, y, z
axes,qy is the inlet or outlet flow rate, S is the specific storage coefficient of porous media
and t is time.

In this study, after collecting and examining data related to groundwater in the Dehloran
aquifer and preparing the required maps in the Arc GIS environment and using satellite
images from Santinel2, meteorological, evapotranspiration, rain gauge and synoptic stations,
and extracting the parameters required for calibration and validation of the model,
quantitative modeling of the aquifer was carried out using the ModFlow model in the GMS
software. In this regard, after entering the data into the GMS modeler, all the available
parameters were converted to the ModFlow code in this environment. After running and
calibrating the model in a steady state for October 2010 and obtaining the desired results in
this stage, the model was calibrated and run in a non-steady state for the water year 2010-
2011. After the validation stage for the water year 2019-2020 and obtaining the desired
results, the modeling was completed. Finally, after completing the modeling, the feasibility
of constructing an underground drain was examined with respect to the design and application
of 4 scenarios on different factors of aquifer discharge and recharge.

3. Discussion and Conclusion

The present study, conducted using the ModFlow model within the GMS software platform
(version 7.1.3), aimed to quantitatively simulate groundwater flow in the Farrokhabad aquifer
located in the Dehloran Plain. The findings highlight the considerable potential of numerical
modeling for comprehensive analysis of aquifer dynamics and the evaluation of alternative
groundwater management strategies. In comparison with similar studies conducted in other
regions of Iran, this research incorporates several distinctive and innovative elements that
enhance its scientific rigor and practical relevance.

A notable strength of this study lies in its explicit and quantitative consideration of localized
surface recharge sources, including municipal wastewater discharge, the Dehloran wastewater
treatment facility, and geothermal spring flows. While many prior studies have focused solely on
well abstraction or precipitation as primary recharge components, this research demonstrates—
through scenario-based numerical analysis—that a 50% reduction in these surface inputs could
lead to a groundwater level decline of approximately 3.5 meters over a one-year period. This
result underscores the pivotal influence of anthropogenic and urban factors on the sustainability
of the regional aquifer and provides a critical evidence base for urban planning and environmental
policy development.

In addition, the study examined the feasibility of implementing a subsurface drainage
system. A thorough technical assessment, grounded in the hydrogeological characteristics of
the aquifer and the surrounding region, revealed that such an intervention would not be
economically viable due to its low operational efficiency and high implementation costs.
Based on these findings—and in light of the increasing emphasis on sustainable groundwater
use—the study recommends that future research endeavors incorporate detailed economic
evaluations into the assessment of management options. Such analyses could involve cost-
benefit modeling of scenarios (e.g., drainage infrastructure development, expansion of
treatment facilities, controlled abstraction, or artificial recharge enhancement), application
of multi-criteria decision analysis (MCDA), and integration of hydro-economic models.
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In summary, this study not only offers a validated hydrological model of the Dehloran
aquifer but also provides a quantitative evaluation of the nexus between human activities—
particularly wastewater management—and aquifer response. While the economic dimension
is addressed to a limited extent, the research establishes a conceptual and methodological
foundation for future hydrogeological studies that aim to integrate technical modeling with
socio-economic and policy considerations. The proposed approach has the potential to serve
as a transferable model for similarly affected regions across the country
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