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1-Introduction

In the last decade, subsidence has occurred in large part of Iran's plains due to climatic drought and subsequent
depletion of groundwater. The subsidence has caused a lot of environmental, economic, and social damage. The
phenomenon of subsidence is slow and gradual, and its effects are long-term compared to other natural
phenomena (Karemi et al., 2013). The most important reason for this phenomenon in recent decades is the
decrease in groundwater level in areas with a fine-grained layer (clay and silt). Because as the groundwater level
drops, effective stress increases, and the phenomenon of subsidence occurs. One of the reasons the subsidence
phenomenon has different intensity and amplitude at different times and places is the thickness of the fine layers
in different parts (Nameghi et al., 2013). Therefore, recognizing the thickness and spatial distribution of
compressible layers at the aquifer level is essential in modeling the phenomenon of land subsidence due to the
drop in the groundwater level. Tehran-Karaj-Shahriar alluvial aquifer is one of the most critical and primary
sources of agricultural, drinking, and industrial needs. According to the aquifer's hydrograph, the rate of
decrease in groundwater level during the 22-year water period (1993-2014) was 13.4 meters, or in other words,
on average, it was 0.42 meters per year. This decrease in groundwater has increased the effective stress and
compaction of the soil layers, which has eventually led to the emergence of the phenomenon of subsidence at
the aquifer level. The existence of famous cities and residential areas in this plain (Tehran, Karaj, and Shahriar)
and the existence of agricultural lands, gardens, and various industries in this area have made it essential to
study and evaluate the causes of subsidence in this aquifer.

2-Methodology

In the present study, the region's hydro-climatic data (piezometric wells, pumping wells, and drilling logs;
www.wrm.irhttps://gsi.ir/fa) were first collected. It used ENVISAT satellite radar data and the DINSAR method
to study the Earth's subsidence over the years. In the final step, the relationship between them was examined by
matching the thickness of the fine-layers, the groundwater level changes, and the land subsidence map. Then, by
examining the stress-strain relationship and using radar interference measurements and groundwater level
information at the piezometric wells, the rate of aquifer storage coefficient was obtained.
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3- Results and discussion

The subsidence pattern in this plain is V-shaped. The maximum subsidence rate of the area using DINSAR
method, 17 cm per year, is observed in the center of the plain (Fig. 1). On the other hand, the study of
groundwater level fluctuations in this plain shows that the groundwater level has decreased continuously and
gradually over 15 years. The average annual decline in these 15 years was 42 cm, and the average 5-year decline
over the period corresponding to the radar images of the region June 2004 to March 2008 was 54 cm. To
interpret the relationship between the level of groundwater level drop and aquifer type with the subsidence of
the region, the information of several piezometer wells located in the center and those outside the subsidence
range (based on the subsidence map) were examined separately. In wells locating within the subsidence area, the
amount of groundwater drawdown is about 10 to 15 meters, and the type of aquifer in these wells is fine-grained
clay or silty-clay; that is the clay of these areas from the asymmetric layer. The maximum amount of subsidence
in them is 4.5 to 8.5 cm per year. In these areas, even after the reduction of groundwater level through
compensated aquifer recharge, the subsidence of the region has continued. Thus, the subsidence in these areas is
irreversible, due to the presence of fine layers. The position of these wells on the figure 1 is marked with a circle
called wells 2.
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Fig. 1. Area subsidence map.

In contrast, wells outside the subsidence range have a water drop of between 20 and 25 meters. The aquifer in
these areas is a type of coarse-grained sediment. In these areas, since aquifer is coarse-grained sediment, the
threshold is very low, and in some areas, it is zero because these sediments have a low degree of compressibility
and do not undergo significant compaction with increasing effective stress. The location of these wells is
marked with an asterisk called wells 1. In the next step, in order to better understand the behavior of the plain,
the results of the maps of the aquifer storage coefficient and transmission capability were examined, and it was
determined that The maximum water reserve coefficient in the northern regions is about 15%. In the central
parts and in the eastern parts, the aquifer is 3 to 6 percent, and in other parts, it is less than 3 percent. Also, the
amount of water transfer capacity varies from 2500 in the central and western parts of the aquifer (areas with
maximum subsidence) to less than 200 square meters per day in the south and about 2m/day in the northeast
(with minimum subsidence is variable). In the northeastern part, although the alluvial sediments are coarse-
grained, they have little transferability due to their low thickness. Therefore, the reduction in water transfer
capacity in the southern regions that are mostly due to the low level of hydraulic conductivity of sediments and
in the northern regions, especially in the northeast, due to the decrease in the thickness of the saturated layer.
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4-Conclusions

A comparison of the groundwater level change map and the thickness map of fine-grained layers showed that
the most critical factor in the occurrence of subsidence is the sharp drop in groundwater in fine sediments that
have high compressibility. As a result, areas fit to subsidence are common in precipitation densities and have
low storage and transfer coefficients. Also, Tehran-Karaj-Shahriyar aquifer storage coefficients were evaluated
based on groundwater level data and subsidence time series analysis, in the non-subsidence area about 16% and
in the subsurface margin area about 6% and in the subsidence range about 2%. According to the results of the
Differential Interference Method (DINSAR), subsidence occurred in the central part of the Tehran-Karaj-
Shabhriar plain with a maximum rate of 17 cm in the period 2004 to 2009. The subsidence in these areas is of the
plastic subsidence type, and the role of the elastic subsidence is minimal. As a result, this subsidence will not be
reversible, even though the recharge of groundwater aquifers and the groundwater level's return to the primary
level. Plastic subsidence depends on factors such as the thickness of the compressible fine-grained sediments,
the drop in water level, and the increase in effective stress. As a result, to control the rate of subsidence and
reduce the destructive effects of this phenomenon in the region, it is recommended to prevent the removal of
sand in the upper and inner areas of the subsidence (due to the negative effect on groundwater aquifer nutrition).
It is also recommended to change the pattern of water consumption and cultivation for this region.
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Tablel. List and position of pumping test in Tehran-Karaj-Shahriar Plain (Geological Survey and Mineral
Exploration of Iran; https://gsi.ir/fa).

Spatial watering Transmissivity | Depth of well drilling Y X Name
5.2 596 163 3926600 | 525150 Nezam Abad
11 1251 180 3933100 | 502800 | Shahryar Yosefabad
13 2768 160 3950850 | 525700 Jangal Mehrabad
1.7 1777 63.7 3943100 | 537700 Park Shahr
3.6 750 100 3934800 | 516600 Said Abad
2.3 1444 130 3934800 | 529100 Hol\jz'?agﬁad
0.7 1641 108 3943600 | 525050 Shams Abad
0.2 75 3962500 | 539700 Niavaran
0.3 348 100 3931750 | 530250 Morad Abad
0.05 500 100 3944700 | 533100 Ghale Morghi
0.5 367.5 140 3930350 | 521400 | GHasem Abad Shahi
1.3 1400 150 3945150 | 537850 | Roghan Nabati Ghoo
0.007 2764 3963966 | 485056 Bazr Kamal Abad
17 786 3953590 | 518870 Chitgar
0.96 2400 164.7 3950800 | 537870 Shahrdari
2.4 2615 70 3947150 | 497550 Malard Shahryar
1.4 247 90 3940375 | 537530 B'mare;t;"; Shahr
0.007 3300 3932160 | 552455 | Karkhane Siman Ray
1.1 3067 90 3922765 | 514730 Kazem Abad
0.76 1185 3920174 | 540835 Sarhang Kamal
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Fig. 5. (a) Transmissivity coefficient map, (b) Storage coefficient map, (c) Bedrock map, and (d)
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Table 2. Lists of ENVISAT ASAR images.
2008.05.20 2007.02.07 2005.11.22 2005.04.26 2004.08.24
2009.03.31 2007.03.27 2006.03.07 2005.07.05 2004.11.02
2007.08.14 2006.06.20 2005.08.09 2005.02.15
2008.04.15 2006.11.07 2005.09.13 2005.03.22
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Fig. 7. Area subsidence map (in meters).
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Fig. 8. Time series of surface displacement and volatility of groundwater level in some wells of the

region, with fine grained layers (clay and silt) in the texture.
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Fig. 10. Calculated storage coefficients from the time
series of displacement analysis and groundwater data
of the Haftjoy wells (outside the subsidence area),
Anbar Dehish (margin of subsidence area), and
Bahman Abad (within the subsidence rang).

sz

Sl 5l Sllvs g us) g plomle Gloj (5w -1 IS0
9 o) g, Y e dlie sl olx Sl pan )0 ) )

Fig. 9. Time series of displacement and
fluctuations of groundwater level in some wells
of the region, without fine-grained layer (clay
and silt) in texture.
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