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April 25, 2025 annual groundwater decline. A GMS/MODFLOW model was developed

to manage groundwater. Following conceptual model development, the
numerical model was calibrated (automatic and manual methods) and
validated for the 2020-2021 water year. Results showed the model
accurately forecasts aquifer status. Scenarios to address a -27.23 million
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Damghan plain, 40% to achieve equilibrium.
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1. Introduction

Iran's growing population has increased demand for groundwater resources, particularly in arid and
semi-arid regions. Effective aquifer management requires understanding future conditions through
modeling—a crucial tool for water resource planning. Globally, numerous studies have applied
guantitative groundwater modeling. For example, Al-Salamah et al. (2011) used modeling to assess
overuse impacts on Saudi Arabia's Saq aquifer. Tian et al. (2015) integrated GSFLOW with SWMM in
China's Zhangye Basin to study hydrological cycles. Patil and Chetan (2017) applied MODFLOW to
address India's Hiranyakshi Basin issues. In Iran, mathematical models have been used since 1968 for
various aquifers (Nakhaei et al., 2022). Notable studies include Karimi et al.'s analysis of Tehran’s
aquifer dynamics and Barati et al.'s work on Kermanshah Plain using GMS software.

Despite advancements with Al models, traditional mathematical approaches remain essential as they
provide conceptual insights into complex processes within an aquifer system through partial differential
equations. This study focuses on Iran’s Damghan plain—a region reliant on groundwater due to surface
water scarcity but facing reservoir deficits recently. The objective is to develop a numerical model using
GMS software combined with MODFLOW for predicting future groundwater levels under diverse
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management scenarios aimed at enhancing both quantitative and qualitative resource management
strategies locally.

2. Methodology

The Damghan study area is located in Semnan Province, northern Iran, northwest of the Central Desert
watershed. The region spans from Mount Karksi at 3623 meters to the southeastern plain at 1068 meters
above sea level. Quaternary alluviums form alluvial fans in the south, contributing to useful aquifers
that diminish towards the aquifer axis. The studied aquifer covers an area of about 812.4 square
kilometers. Geoelectric studies indicate that this unconfined aquifer rests on clay and marl bedrock with
nearly impermeable hydraulic behavior. Over ten years, groundwater levels have dropped by over six
meters (60 cm annually). Annual rainfall averages about 92 mm. To predict groundwater status,
comprehensive data were collected: geophysical information, geological status, hydrodynamic
coefficients (hydraulic conductivity), piezometer data from wells, and meteorological records including
precipitation for water year 2020-2021. These data were sourced from various organizations like
meteorological offices and processed using GIS before being imported into GMS software for modeling
purposes.

3. Discussion and Conclusion

Following conceptual model development, the Damghan Plain numerical model was initially run in a
steady state for October 2020. Calibration, a critical step for model validity, involved both automatic
(PEST) and manual adjustments to match observed and calculated hydraulic head values. Hydraulic
conductivity, identified as a key parameter for calibration, was refined through iterative adjustments.
The steady-state model underwent over 78 calibration runs to minimize discrepancies between
calculated and observed values, resulting in improved hydraulic head agreement. Subsequently, the
model transitioned to an unsteady state for the water year 2020-2021, utilizing groundwater level data
from the stable state as initial conditions. Additional calibration, both automatic and manual, was
performed for this period, yielding acceptable error ranges and close alignment between simulated and
observed values. The calibrated model underwent validation across two consecutive periods (water
years 2021-2022 and 2022-2023), distinct from the calibration timeframe. High correlations between
observed and calculated hydraulic head values confirmed the model's accuracy in predicting
groundwater levels and estimating future aquifer conditions. The primary objective of the model was
to forecast groundwater levels under hydraulic stresses. Given a substantial reservoir deficit of
approximately -27.23 million cubic meters in the study year, scenarios were designed to enhance
groundwater levels. Recognizing the Damghan Plain's critical status, scenarios focused on reducing
withdrawals rather than increasing them. Initial simulations with 10% and 20% reductions in
withdrawal from production wells showed increased groundwater levels in observation wells but failed
to eliminate the reservoir deficit. A subsequent scenario involving a 40% reduction in withdrawal was
tested, revealing that only this level of reduction could achieve a positive groundwater balance,
underscoring the area's critical condition and the necessity for stringent water management practices.

4. Results

This study designed a numerical model to assess the Damghan Plain's alluvial aquifer and predict
groundwater level changes. Validated for accuracy after calibration, the model revealed that the
reservoir deficit is primarily due to excessive water withdrawal, with limited impact from rainfall
fluctuations. Scenarios emphasized reducing withdrawal from exploitation wells, indicating that a
reduction of over 40% is necessary to achieve a balanced groundwater balance. Given the critical
situation, characterized by a declining groundwater level, managing withdrawal is crucial.
Implementing artificial recharge plans and enhancing water productivity through modern irrigation
systems are recommended.
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