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Objective: The management approach is one of the most strategic principles in the
discussion of water resources management, considering the conditions of water scarcity
and climatic stresses. This issue has led to the emergence of various approaches to evaluate
and identify the dimensions of the issue.

Method: One of the challenges created by the issue of groundwater resource management
is the overexploitation of the aquifer, which has caused land subsidence in clay layers in
alluvial aquifers. Accordingly, the approach of using numerical models to identify and
zone areas prone to subsidence is very efficient due to its predictability. In this regard, the
simulation of the Najafabad aquifer, which was carried out using the SUB package in the
MODFLOW model due to the high aquifer drawdown in recent years, was carried out.

Results: Based on the results obtained, the aquifer is affected by over-abstraction due to
the lack of water supply and demand management, and the developments made due to the
reduction in surface flow have caused a significant increase in pressure on groundwater
resources, causing aquifer drawdown from a quantitative perspective and land subsidence
in parts of the aquifer. The results showed that the rate of land subsidence in the central
and outlet parts of the aquifer was higher due to the high concentration of exploitation
wells and reached a maximum of more than 30 centimeters per year.

Conclusions: These changes in land subsidence were also analyzed according to the
conditions affected by the depth of groundwater about climatic fluctuations, and the model
results showed that the highest amount of subsidence occurred during drought periods.
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Introduction

Unplanned exploitation and lack of proper management of groundwater resources have caused, in
addition to quantitative and qualitative problems, the creation of subsidence as irreparable damage to
natural resources(1). Subsidence is a morphological phenomenon that occurs under the influence of
ground subsidence(2). The occurrence of this phenomenon has a relatively high frequency and
sequence, but due to the slow and sluggish movement of the ground, it is often not possible to
understand and measure it. The uneven decrease of groundwater in different parts of the aquifer leads
to heterogeneous compaction of alluvium and, as a result, uneven subsidence of the ground surface
and the creation of cracks or fissures in the ground surface, which gradually lead to various damages
to structures, buildings, and pipelines(3). The most important risk created in this regard is the cutting
of vital arteries, including oil, gas, gasoline, and water lines. On the other hand, sensitive structures
will also be deformed, which will greatly increase the possibility of creating irreparable risks in them.
In some cases, subsidence will also lead to the creation of huge sinkholes in the area and a feeling of
insecurity among residents. According to the definition of the Geological Institute, the phenomenon of
land subsidence includes the collapse or downward settlement of the earth's surface, which can also
have a slight horizontal displacement.

It covers various important factors of land subsidence such as elevation, slope, lithological
direction, distance from the fault, distance from the river, normal vegetation difference index, soil
type, flow strength index, topographic moisture index, and land use(4). Groundwater resource
management and providing remedial solutions make it possible to control this phenomenon. One of
the appropriate tools to study this phenomenon is the simulation process using a humerical model. The
mathematical model of groundwater provides a simulation of a hydrogeological system that obeys
physical and mathematical laws.

Investigating the potential for subsidence at the aquifer level can affect the performance of
groundwater resource exploitation. Therefore, using numerical simulation of aquifers to predict the
rate of subsidence using numerical models can be considered as one of the components of
comprehensive and sustainable water resources management.

Method

Case study

The Najafabad study area is one of the main areas of the Gavkhoni watershed in central Iran, which
has an area of 1711.6 square kilometers. The volume of groundwater resources discharged in the
region is 850 million cubic meters per year, and according to the sources of supply of this aquifer,
there is an annual groundwater loss of about 80 centimeters. Due to the high exploitation and lack of
management in this aquifer, the condition of this aquifer is very critical and parts of this aquifer have
cracks in the ground surface. Geologically, the main part of the aquifer is formed by alluvium, and the
southern and northern parts of the aquifer, which are limited to the heights, are formed by limestone
formations, which play an important role in supplying water to the underground fronts entering the
aquifer.

Simulation

Considering the purpose of this research, which is to simulate the subsidence phenomenon and
evaluate the level of exploitation of groundwater resources in this phenomenon, the MODFLOW
numerical model is used for quantitative simulation and then the SUB package is used to determine the
level of land subsidence. The first step in simulating the groundwater model is to prepare a conceptual
model of the aquifer. This model actually represents the parameters of the water balance of the region
and is the main input to MODFLOW. The finite difference method was used to solve the groundwater
equation, so on this basis, the spatial division of the aquifer into a series of square or rectangular grids
or cells with dimensions of 500 x 500 meters was carried out. Observation wells as control points,
exploitation wells, underground aquifer outlet fronts and evaporation from groundwater as parameters
of aquifer discharge and return water from the exploitation of wells, infiltration due to runoff and
precipitation, and groundwater inlet fronts were entered as parameters of aquifer recharge in the
conceptual model. After preparing the conceptual model of the aquifer, the aquifer structure including
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the topography of the land, the initial groundwater level, and the bedrock were entered into the model.
The hydrodynamic parameters of the aquifer including the hydraulic conductivity, storage coefficient,
and specific water yield of the aquifer were also extracted based on the results of pumping tests in the
area and entered into the model as initial values.

After a quantitative simulation of the aquifer, the SUB package was used to simulate the amount of
ground settlement due to water withdrawal. The SUB package actually simulates subsidence modeling
for aquifers with compressible layers. The head or pre-consolidation stress, elastic storage, inelastic
storage, and initial compaction should be applied to the model as the main parameters for the
subsidence simulation.

Results

In order to calibrate the model, the results of the geological formations of the region and the results of
pumping tests were also used. Accordingly, the initial parts of the aquifer are coarser-grained and have
higher values of hydraulic conductivity, and the middle and end parts of the aquifer are finer-grained
and have lower hydraulic conductivity. Also, the specific water yield in this aquifer is consistent with
the hydraulic conductivity, and as a general trend, the specific water yield has decreased from the
inlets to the outlet of the aquifer. After validating the quantitative aquifer model and evaluating the
appropriate correlation between the observed and simulated groundwater levels, the future state of the
aquifer was predicted, considering the continuation of the current state for 6 years. In these conditions,
the climatic conditions were considered in three climatic conditions: dry, normal, and wet, and the
level of exploitation of groundwater resources was considered based on the current trend.
Accordingly, the highest level of groundwater stress and loss was related to the dry period of the
region, with the highest loss in the outlet section of the aquifer at 40.6 meters. Under the same
conditions, the drop rate in wet conditions in the same observation well was predicted to be 13.8
meters.

The aquifer outlet areas and areas with the most exploitation wells will also have the highest

amount of subsidence due to water withdrawal. Compressible layers are usually made of clay and, by
absorbing water, gain a higher specific gravity, causing the aquifer to drop and the groundwater level
to decrease. In the model, two sections of compressible layers were defined, called No Delay Interbeds
and Delay Interbeds. The No Delay Interbeds section is used to express the drainage speed and does
not show the delay in water transfer. In this case, the flow speed is calculated using a conceptual
model in the unsteady state of the model. Pre-consolidation head is also very important and significant
in the aquifer area, which in this study was divided into aquifers using interpolation and raw data and
estimation of pre-consolidation head coefficients and entered into the subsidence model. After
entering this information and using the information of the aquifer quantitative model (hydraulic
conductivity and initial groundwater level), a ground subsidence simulation was performed.
The results show that the outlet sections of the aquifer, especially in the northeastern region of the
aquifer, have the highest rate of subsidence. The study of the model and behavior of the aquifer shows
that this part of the aquifer has the highest number of exploitation wells and the highest volume of
water is extracted from this part. Therefore, the continuation of exploitation without planning will
indicate aquifer subsidence and an increase in land subsidence up to a maximum of 23 centimeters in
normal climatic conditions. The study of the relationship between density and exploitation of water
wells in the region showed that the outlet section of the aquifer, which has a large number of
exploitation wells, has the highest damage due to aquifer subsidence. Also, the study of land
subsidence in other parts of the aquifer shows that the central and southeastern parts of the aquifer will
also be affected if the current trend continues, and this will increase the damage.

Conclusions

The results of the groundwater level prediction in three climate scenarios indicated a decrease in the
aquifer and an uncertainty range of about 8 meters at the end of the period. Considering the
quantitative status of the aquifer, a subsidence simulation was performed according to the time period
of the quantitative model by activating the Sub software package. The results obtained from the
subsidence rate simulation showed that the maximum subsidence rate of the Najafabad aquifer over
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the next 6 years is 23 centimeters in the outlet section of the aquifer. Also, the average subsidence rate
in the entire aquifer was 3 centimeters. Considering the results obtained from the current and future
status of the Najafabad aquifer, it is necessary to implement the solutions presented in the region so
that this problem does not cause irreparable damage to the infrastructure of the region. The results of
this study showed that the relationship between the aquifer subsidence rate and excessive exploitation
is direct and the greatest effect of subsidence is in parts of the aquifer where the density of exploitation
wells is high and the exploitation rate is high.
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