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along the Iran-Pakistan border. In most of the rural areas of this plain, especially in the northern parts
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Keywords: of the plain along the border of Iran and Pakistan, the effects of land subsidence in the form of cracks
Soil permeability, Liquid limit, 5,4 fissyres in buildings as well as collapse in sewage wells were observed. In order to evaluate these
Collapsible, Land subsidence. . ) . . . .
E "i -E land subsidences, the Tehlab plain was first zoned in terms of subsidence risk. Based on the land
i e subsidence risk zoning map, it can be seen that most of the areas of the Tahlab plain have a low risk of
e subsidence, except for the northern region, where there are many exploitation wells in this area. To
study the collapse in sewage wells and its relationship with soil type in the northern regions of the
plain, the collapsibility of soil samples was investigated. According to Jennings and Knight criteria in
the oedometer device in the laboratory in the saturated state. the coefficient of collapsible of soil
samples was measured between 0.21 to 7.3, which showed that the soil samples were collapsible in this
area. Finally, to investigate the occurrence of collapse in sewage wells in the northern of the plain, an
in-situ permeability test (ring) test was performed at different depths of a dug well. This test showed
that a soil layer with high permeability rate (9.24 cm/hr) was located between low permeability layers.
These low permeability layers caused an increasing the water level in the sewage wells. Moreover, the
liquid limit of most surface soil samples was less than 30%. Therefore, the soil permeability and liquid
limit were the most important factors controlling collapse in the sewage wells.

Introduction
Land subsidence is a natural hazard that often occurs

be caused by various factors and sources such as broken
water pipes, leakage from sewage pipes and leakage

vertically and may be observed over a period of several
years. Land subsidence occurs under several conditions,
including subsidence due to land displacement and
overexploitation of groundwater. One of the
mechanisms of land subsidence is collapse and this is
one of the most common hazardous processes in loess
soils. Collapsed soils experience a significant decrease
in volume when saturated. This volume change can be
caused by the application of additional loads. Structures
built on such soils will be subject to significant
settlement when the soil is saturated. This moisture may

from water tanks or rising groundwater levels.
Currently, in most cities and villages of Iran,
wastewater is disposed of through sewage wells. In the
east of Sistan and Baluchestan province, the Tahlab
plain is located, and is extensively used for agriculture.
In addition, it is observed that in villages, especially the
city of Rig-Malek located in the plain, in residential
areas close to sewage wells, collapse of the ground
surface and cracking of building walls due to
subsidence occur, causing many problems for the
residents of this area. Most of these sewage wells are
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located in high-traffic areas; in houses and streets, and
given the dangers that these collapses can pose to the
residents of the area and buildings, it is necessary to
conduct a study on this matter and investigate the cause
of these sudden collapses and to suggest ways to
prevent these collapses. Therefore, this study aims to
investigate land subsidence and its relationship with
groundwater withdrawal and wastewater disposal from
sewage wells in the Tahlab Plain and Rig-Malek city.

Materials and Methods

In order to investigate the risk of subsidence in the
Tahlab plain, statistical data such as: hydrogeological
information, map information such as; Tahlab plain
topographic map, Tahlab watershed geological map,
elevation map and fault and land use map in shape file
format and studies conducted in the study area were
collected from the Sistan and Baluchestan Regional
Water Joint Stock Company to be used in preparing
information layers effective on subsidence and
assessing the risk of subsidence in the Tahlab plain. In
addition, boreholes were drilled in the city of Rig-Malek
as a field and laboratory study to determine the cause of
land subsidence and the formation of cracks and fissures
in residential buildings.. In this regard, the soils of the
region were sampled at different depths of the wells to
conduct soil mechanics tests. In addition, the infiltration
rate of water into different soil layers was determined
using a cylinder test.

Results and Discussion

After combining the layers in the GIS software, a
land subsidence vulnerability index was obtained for the
Tahlab plain. Based on the land subsidence risk zoning
map, it is observed that most areas of the plain have a
low subsidence risk, with the exception of the northern
region, where the discharge of exploitation wells is
high. For this purpose and to assess the land subsidence
risk in relation to the discharge of exploitation wells, it
was observed that the drop in the water table between
2009 and 2015 was insignificant and the land
subsidence risk was low.
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Based on the soil collapse data in terms of the
Clevenger criterion, it is observed that the urban surface
soil in the four study wells initially has a dry density of
less than 1.30 g/cm? and is collapsible according to the
Clevenger criterion. At a depth of 2 m in all the drilled
wells, there is a significant change in the dry density
and the dry density increases to 1.49 g/cm?, which is an
average collapse potential based on the Clevenger
criterion. Finally, at a depth of 4 m in all the drilled
wells, the dry density decreases to less than 1.30 g/cm?®
and the collapse potential increases. Therefore,
settlement in buildings and the formation of cracks and
crevices in them can be due to the presence of
collapsible soils in the city of Rig-Malek.

As the effluent to the sewage wells in the study area
increases, the water level in these wells rises due to the
low permeability of the soil located at a depth of 4 m.
Then, the soils located at the middle depth of the wells
with high permeability cause horizontal water transfer
to the adjacent areas. The increase in water input to the
well or the presence of adjacent sewage wells as well as
the horizontal change in the soil in terms of
permeability causes the water level in the wells to rise
again. The rise in the water level causes the soils located
at the middle depth of the wells to be saturated with
water and due to the lack of adhesion and particle size,
the particles fall to the bottom of the well when exposed
to water, causing internal erosion between the upper and
lower layers. Subsequently, with the increase in the
water input, the water level rises. At this stage, the slope
created by internal erosion and the low liquid limit of
the surface soils cause the surface soils to flow with
20% moisture absorption, leading to the sudden collapse
of the well.

Conclusions

This study founds that the Tahlab Plain has a low
risk of subsidence in terms of groundwater withdrawal
in most areas. However, the land subsidence in the north
of the Tahlab Plain is due to the presence of collapsible
soils in this area. The surface soils in this area are
capable of withstanding additional loads in dry
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conditions. However, the presence of collapsible surface
soils in the north of the Tahlab plain is the most
important factor in causing cracks and gaps in buildings.
The soil layer located at a depth of 2 meters in the study
area, with high permeability and low soil cohesion, has
caused internal erosion in the sewage wells and the low
liqguid limit of collapsible soils causes sudden
subsidence of the sewage wells. The rise in the water
level in the sewage wells is also due to the presence of
soils with very low permeability at a depth of 4 meters
from the ground surface.. Based on the results of this
study on the causes of collapses of wells, it is possible
to propose solutions to prevent further collapses in the
area, including:

- To prevent the decrease in the water table of the
aquifer in this area, border runoff should be controlled
and used for artificial recharge of the border aquifer.

- Avoid using gardens in the residential areas located
in the study area.

- Prevent water infiltration from gardens and sewage
wells by using plastic or tarring the lateral edges of
gardens and sewage wells into the collapsible loess
layers located in the area of the foundations of buildings
that are potentially collapsible.

- To prevent collapses in sewage wells in the study
area, internal erosion of the sand layer by means of a
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lime shield or a concrete wall or culverts around the
walls of sewage wells can be used.
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Fig. 7. Classified layer related to well flow rate
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Fig. 8. Classified layer related to clay soil
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Fig. 9. Classified layer related to land use
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Fig. 10. Classified layer related to slope of the ground surface
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Fig. 11. Classified layer related to distance from faults
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Fig. 12. Subsidence vulnerability index in the study area
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Fig. 13. In-situ soil dry density estimation using a ring

Table. 1. Estimated value of in-situ soil dry density
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Fig. 14. Collapse coefficient of soil according to the Jennings and Knight criteria in an Oedometer device
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Table. 2. Estimated value of soil collapse coefficient according to the Jennings and Knight criteria
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Table. 3. Liquid limit of soils in depth of 2 m in well 1
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Fig. 15. Determination of liquid limit of soils in well 1
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Table. 4. Soil collapse of in the studied samples according to Gibbs and Barra criteria
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Table. 5. Estimated infiltration rate (in cm/hr) in various depth of well 2
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Table. 6. Results of DCP test in the depth of 2 m in well 2

Yo lods Sal> e ¥ 3ec ;0 DCP iolejl mlis -# Jgax

(o b 3585 ol3ae

DCP oKws 4o oloas

40

50
100
150
200
250
300
350

Table. 7. Measured DPI index (in mm/blow) in well 2
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Fig. 17. Soil gradation curve in the depth of 2 m of well 2
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Fig. 18. Value of soil collapse according to Clevenger criteria for various depth of wells
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Fig. 19. Soil collapse coefficient according to Jennings and Knight criteria for various depth of wells
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Fig. 20. Cumulative infiltration and infiltration rate of water in the various depth of well 2
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Fig. 21. Liquid limit of soil for various depth of well 2
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