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1- Introduction

Land subsidence is the downward displacement of the earth's surface due to stress changes in the soil (Adiyaman,
2012). This phenomenon is affected by several factors, the most important and most common of which is over-
extraction of groundwater from alluvial aquifers on the one hand and the reduction of aquifer recharging as a
result of climate change and drought. In recent years, several studies have been conducted on the assessment of
subsidence in alluvial aquifers, including the Rafsanjan plain in Kerman Province (Solaimani and Mortazavi,
2008) and the Mashhad plain in Khorasan Razavi Province (Lashkaripour et al., 2014). According to the study
conducted on the Tehran plain's subsidence, the subsidence rate is 36 cm per year, which includes about 530
square kilometers of plain area (Mahmoudpour et al., 2016).

In recent years, the alluvial aquifer of Damaneh-Daran plain, one of the sub-basins of Gavkhoni wetland, faces
several problems, including subsidence. The problem of land subsidence in Damaneh city in the middle part of
this plain has become very prominent and has caused numerous seams and cracks in residential houses.
Therefore, the subsidence rate in the whole aquifer is measured, and then by modelling the aquifer and obtaining
the aquifer's hydraulic parameters, the relationship between the drop in the aquifer water level and the subsidence
rate is analyzed. Therefore, in this paper, the subsidence rate in the whole aquifer is measured, and then by
modelling the aquifer and obtaining the aquifer's hydraulic parameters, the relationship between the drop in the
aquifer water level and the subsidence rate is analyzed. Damaneh-Daran plain is located in the west of Isfahan
province and in the catchment area of Gavkhooni swamp and Zayandehrood tributaries. This area is located about
140 to 180 km west of Isfahan.

2- Materials and methods
2-1- Interferometry synthetic aperture radar

The term interference is derived from the word interference, meaning two waves' interference on the earth's
surface. In the Interferometry synthetic aperture radar (INSAR) technique, a series of images are used from one
side of the radar mounted on the satellite to estimate the earth's surface's vertical displacements. In this study,
radar data from SLC type with Sentinel.1 imaging system have been used to use the radar interferometer method
in preparing the amount and trend of subsidence of the Dameneh Daran plain aquifer. Radar image processing is
also done in the Snap software environment.

2-2- Finite difference modeling

Before starting to build the model, the model's objectives must first be identified so that the necessary data for the
code of choice for numerical modelling of the study area is the MODFLOW program. MODFLOW is a three-
dimensional finite-difference groundwater flow model developed by the United States Geological Survey (USGS)
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(McDonald and Harbaugh, 1988). The software used in this project is the GMS10 Groundwater Modeling
System.

2-3- Analysis of the relationship between groundwater level drop and subsidence in the aquifer
with analytical model

Subsidence is affected by several factors, the most important and most common: the over-extraction of
groundwater from alluvial aquifers. For this purpose, due to the lithological diversity of alluvium and its layering
sequence, part of the region's unconfined aquifer, which acts like a confined aquifer due to the impermeable clay
layer and has subsided according to radar images, has been considered separately. Then, with the help of Lohman
(1972) relation, first, the compaction parameter in the studied aquifer is estimated and then with the help of the
model results in obtaining the optimal values of hydraulic conductivity and aquifer storage coefficient, logs of
existing wells and water level changes in the section. The aquifer's selection, the amount of subsidence in a
certain period during the management scenarios were obtained and compared with the results of radar images and
the region's reality.

Ab =yw.h (S / yw-nbpw) eq. 1

In this formula, b is the rate of subsidence (meter), p is the groundwater level fluctuations in the aquifer (meter), S
is the aquifer storage coefficient, yw: specific gravity of water (Newtons per cubic meter), n is decimal porosity, b
is the thickness of the aquifer (Meters) and fw: water compressibility coefficient (square meters per Newton).

3- Results and discussion
3-1- Determining the rate of subsidence in the aquifer

This study's first step is to determine the subsidence rate at the alluvial aquifer level in the domain range studies -
a 6 - month selection period from January to June 2017 estimated aquifer subsidence.

The results show that subsidence has affected most of the aquifer's southeastern part and around the city of
Damneh and has occurred at a maximum of 6.38 cm. These results are consistent with the area's natural
conditions, which appeared as fractures and cracks in residential areas and well piping.

3-2- Quantitative analysis of aquifers with the help of modeling

The purpose of modelling in the first place is to determine the hydraulic parameters of the aquifer and then use
the above parameters to manage problems such as subsidence that has affected the aquifer in recent years. Thus,
first, the data required to prepare the aquifer's concept were prepared with ArcGIS10 software and Microsoft
Excel, and to prepare each general framework of the aquifer and the layers related to its balance factors.
According to the aquifer's hydrogeological conditions and the available data, the monthly time step and the
network with 107 by 194 cells with dimensions of 200 meters have been considered.

To prepare the steady-state model, October 1994 was selected, and during the water year 2015-2016, the model
was prepared and calibrated in the unstable state. Therefore, first, the conceptual model of preparation has been
transformed into a numerical model, and by implementing it under initial conditions in a stable state, optimal
values of hydraulic conductivity at the aquifer level have been obtained. In order to achieve these values and to
achieve the minimum model error during the calibration stage, the available hydraulic guidance information from
some parts of the aquifer and also according to the type of alluvial components, the pilot point method is used and
by changing the input values of hydraulic conductivity at the surface Aquifer in several stages of implementation.
After reaching the minimum possible error, the spatial map of optimal hydraulic conductivity values in the aquifer
has been obtained. The boundaries of the alluvial aquifer have also been checked.

Therefore, at this stage, the conceptual model parameters have been introduced and calibrated to the model in the
unstable period's time steps. For unstable state and obtaining optimal values of specific discharge, the aquifer
zoning method is used, and by changing it at each stage of the model, this work has continued until the minimum
error is reached. The next step in modelling is to validate the calibrated model. Thus, the model has been run,
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introducing new groundwater level of 2016-2017 and 2017-17. Then, the model's calculated groundwater levels
in each of the piezometers have been compared with the actual values.

3-3- Relationship between subsidence rate in aquifer and groundwater level changes

In order to analyze the drop-in groundwater level in alluvial aquifers and by applying Equation 1 in the GIS
environment, the following steps have been performed:

A) By examining the logos of 119 exploitation wells and preparing the geological section of the southeastern part
of the aquifer, which has a great variety of lithology and acts as a pressure aquifer, it has been considered a
separate section.

B) At this stage, according to the amount of pressure bar changes in the aquifer during the period of six months
from January 2017 to June 2017, the subsidence rate in the aquifer was determined by radar interferometer
method and by applying Equation 1 in Arc Map environment and using tools Raster Calculator. The value of the
aquifer storage coefficient is calculated as the only unknown of the mentioned relation. The results show an
almost constant value of 0.00007 for the entire southeastern area of the aquifer. In this formula, the
compressibility coefficient is equal to 4.76 x 10-10 m? / N, and the specific density is 9810 N / m?, the visa
porosity is equal to 8%, and the average aquifer thickness is equal to 50 meters.

C) In the last step, according to the groundwater level change map obtained from the previous step and the
storage coefficient obtained from step (B) and by applying Equation 1 in the Arc Map environment and using the
Raster Calculator tool, the subsidence rate in the southeastern part of the aquifer under each condition The
scenario is calculated.

4- Conclusions

This study aimed to determine the subsidence rate in an alluvial aquifer and the effect of groundwater level
fluctuations on the aquifer. Aquifer subsidence was estimated during the selected 6-month period from January to
June 2017. The results confirm that subsidence mostly has affected the aquifer's southeastern part around the
Damaneh city and has occurred at a maximum rate of 6.38 cm. These results are consistent with the area's natural
conditions, which appeared as seams and gaps in residential areas and well piping. During the water year 2015-
2016, the aquifer model was prepared and calibrated using the finite differences method and the MODFLOW
program in the GMS software environment. The model has been validated in 1395 and 1397-97. The model
results confirm the negative balance and the severe reservoir deficit of the alluvial plain of Damaneh-Daran plain,
with a significant amount of 33.8 million cubic meters at the end of the unstable period.

Then, in the southeastern part of the aquifer, during the period of 6 months from January to June 2017, with the
help of hydraulic conductivity and specific yield values, groundwater level changes and the amount of subsidence
obtained by radar interference method, the aquifer storage coefficient is calculated and equal to 0.00007 Square
meters per Newton.

Finally, by applying the management scenario in the aquifer's mathematical model and reducing the water
withdrawal from the aquifer by 50%, changes in the groundwater level have been obtained. Then, in the same
period of 6 months, the amount of subsidence in the aquifer's southeastern part has been obtained. The results
show that with a 50% reduction in aquifer abstraction, the aquifer reservoir deficit decreases from 43.5 million
cubic meters at the end of the two-year validation period to 31.1 million cubic meters, and on the other hand, the
process of aquifer subsidence occurs. Therefore, considering the high use of plain groundwater resources in the
agricultural sector, one of the essential solutions to control the current status of the aquifer, reduce the use of
groundwater resources by correcting and modifying well extraction justifications and then closely monitoring the
discharges and the optimal use of water in the agricultural sector by changing the cultivation pattern of the region
and implementing new irrigation projects.
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Table 2. Field data of fractures in residential area of north Damaneh city.

Opening rates

Range in the

UTMx UTMy Opening rates in Opening rates in in 5 year northern half
12May2015 300ctober 2020 period of the

Damaneh city
452381 3654043 3.33 4.8 1.47 North
452347 3654048 9.09 13.02 3.93 North
452350 3654024 0.85 4 3.15 North
452319 3654061 5.51 7.2 1.69 North
452276 3654051 3.33 7 3.67 North
452444 3654084 4.22 9.88 5.66 North
452503 3654059 - 5 - North
452466 3654043 - 8 - North
452720 3653616 2.36 6.7 5.24 East
452682 3653602 - 5 - East
452648 3653592 4.6 104 5.8 West
452723 3653644 - - West
452091 3653556 3.8 5 1.2 West
452123 3653562 1.65 2 0.35 West
452122 3653529 3.43 35 0.07 West
452011 3653486 - 2 - West
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Table 3. Water budget of Damaneh-Daran plain at the end of the unsteady state.

Volumetric Water Budget in 2016-2017 water year

Balance parameter (m?)
Input Output

Constant Head 0 0
Wells 0 120288056

Groundwater inflow 53013996 0
Groundwater Outflow 0 15439786

Recharge 48901648 0
Sum 101915644 135727842

Input - Output -33812198

Table 4. Water budget of the plain at the end of the verification period.

Volumetric Water Budget in 2016-2017 water year

Balance parameter (m?)
Input Output

Constant Head 0 0
Wells 0 234118448

Groundwater inflow 110230136 0
Groundwater Outflow 0 22283814

Recharge 102634648 0
Sum 212864784 256402262

Input - Output -43537478
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10. Graph of observational versus computational values in model validation.
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Table 5. Aquifer balance after 50% reduction of aquifer discharge.

Volumetric Water Budget in 2016-2017 water year
Balance parameter (m3)
Input Output
Constant Head 0 0
Wells 0 236766544
Groundwater inflow 124349672 0
Groundwater Outflow 0 21446804
Recharge 102762352 0
Sum 227112024 258213348
Input - Output -31101324
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Fig. 12. Map of water table variation rate from January to June 2017 in the aquifer under management scenario

reduction of 30% (a) and 50% (b) discharge.
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Fig. 13. Map of subsidence rate from January to June 2017 in the aquifer under management scenario reduction of
30% (a) and 50% (b) discharge.
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