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Gully erosion is an important and major process of land destruction and is
considered one of the most important sources of erosion and sediment
production in the country. The purpose of this research was to determine
the effect of saturated lime solution (SLS) in reducing the growth rate of
gullies. After locating two active gullies with similar physiographic and soil
characteristics in one of the gully areas of Tehran province and recording
the physiographic and soil characteristics, one was considered as a control
and the other as a treatment. The effect of volume of SLS and curing time
in improving the uniaxial strength of gully soil was investigated and tested.
To inject SLS, a strip pond was created around the gully and the optimal
volume of SLS was discharged on the surface of the pond. Then, in six-
month periods, the length and volume growth of gullies were measured and
the results were compared with each other. The results of the effect of the
volume of SLS on the uniaxial strength of gully soil during constant curing
time showed that the maximum increase in soil strength by 420% of the
control sample was obtained by injecting 40 times the volume of soil
porosity. The results of the study of the effect of curing time on the soil

strength showed the maximum increase in the 60-day curing period and as
much as 400%. Also, the stabilized gully had a 58% decrease in
longitudinal growth and an 83% decrease in volume growth.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

Gully erosion is a major process in land
degradation and one of the most important
sources of erosion and sediment production in
our country. Researchers believe that the
sediment production contribution of gullies per
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unit area is several hundred times that of splash
and surface erosion. According to research in the
Mediterranean region, 80% of sediment is caused
by gully erosion. Therefore, by stabilizing and
controlling gullies, a significant volume of soil
erosion can be reduced. The aim of this study
was to investigate the effect of saturated lime
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solution (SLS) on reducing the growth rate of
gullies. In this study, two active gullies with
similar physiographic and soil characteristics in
one of the gully areas of Tehran province were
selected. One was considered as a control and the
other as a treatment. The effect of volume of SLS
and curing time in improving the uniaxial
strength of gully soil was investigated and tested.
To inject SLS, a strip pond was created around
the gully and the optimal volume of SLS was
discharged on the surface of the pond. Then, in
six-month periods, the length and volume growth
of gullies was measured and the results were
compared with each other.
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Material and Methods

The study area was located in one of the gully
areas of Tehran province, in the southwest of
Mahdasht city, in the general area of the Shur
river basin; The location of the study area was
shown in Fig. 1.a and an example of the created
gully was shown in Fig. 1-b. In this figure, two
similar samples of gullies can be seen; Number
one and two have similar characteristics in terms
of size and physiographic and soil characteristics,
and gully number three and four also have the
same characteristics. As can be seen from the
image; The growth of gully number four has
been controlled naturally by vegetation cover.

I8N

After locating, two active gullies with similar
physiographic and soil characteristics in one of
the gully areas in Tehran province were selected
and recorded  physiographic and  soil
characteristics, one was considered as a control
and the other as a treatment. Then, their soil was
sampled and its chemical, physical and
mechanical characteristics including Porosity,
Atterberg limits (according to ASTM-D4318),
pH, Ec, Ca'™, uniaxial strength (according to
ASTM D2166-66), density, and grain size were
determined. In order to determine the optimal
moisture and maximum density, a Proctor
compaction test was performed and samples
were prepared with 80% density of standard
Proctor. Six soil samples were prepared and SLS
was passed through them at the rate of 2, 4, 8, 20,
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Fig. 1: A) Study ar and B) selected gullies '

40, and 50, equal to the volume of soil porosity.
One sample was also prepared and tested as a
control. The effect of SLS volume and curing
time on improving the uniaxial strength of gully
soils were investigated and tested. In the next
step, to allow SLS to enter the soil, a strip pond
was created around a gully and vertical holes
with a diameter of 5 cm were made in the bottom
of the strip pond and filled with sand. Then based
on the results of the laboratory test, the injection
of SLS was done in one of the gullies when there
was no rain (summer) and the other one was used
as a control. In the next step, base points were
installed around gullies. Then, in six-month
periods, using a laser mapping camera as well as
aerial imaging of the gully and preparing its
digital elevation model, the longitudinal and
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volumetric growth of gullies were measured and
the results were compared with each other.

Results

The results of the physical tests of the soil
sample showed that the soil of the gully region
was of CL type, and its characteristics were as
follows. The liquid limit (32.4); the plastic limit
(17.78); the Plastic Index (14.62); the percentage
passing through sieve No. 200 was equal to 85%
by weight and the density of the grains was equal
to 2.59 g/cm?,

The results of chemical tests showed that the pH
of the soil was 7.72, EC (37.6 mS/m) and the
Ca*™ was 108 meg/l. Other soluble salts in one
liter of extract were as follows: HCOs* (6); CI
(430); SO4% (51.2); Mg?* (98); Na* (265) and K*
equal to 59 meg/l and the total percentage of
neutralizing substances was 46.18 percent. The
results of the effect of the volume of SLS on soil
strength during constant curing time showed that
by injecting SLS at 40 times the porosity of the
soil, soil strength increased by 420% of the
control sample. The results of the investigation
of the effect of curing time on soil strength
during the constant volume of SLS showed a
400% increase in soil strength over a 60-day
curing time. A comparison of the longitudinal
growth rate of the stabilized gully with the
control sample showed that the stabilized gully
had a 58% reduction in longitudinal growth and
83% in volumetric growth (Fig. 2).
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Fig. 2 Cumulative curve of relative growth changes of
gully length and volume
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Conclusion

In this study, the effect of SLS on reducing
the longitudinal and volumetric growth of
the gullies was investigated during two series
of laboratory tests and field operations. The
overall conclusion of the results showed, the
ability of the SLS method to control and
reduce, longitudinal and volumetric growth
of gullies; In this regard, the following
results were noteworthy.

1. The optimal volume of SLS for injection in
gullies was found to be 40 times the porosity
volume of the soil samples.

2. The optimal curing period for the maximum
stabilization of gullies was found to be between
28-60 days.

3. Comparison of the length and volume growth
of the stabilized gullies with the control gully
showed that the stabilized gully decreased by
58% in terms of length and 83% in terms of
volume compared to the control sample.
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Table 1 Preliminary characteristics of two selected gully for stabilization
Characteristic/ Type Length Up width Middle width Down width Depth  Volume
(m) (m) (m) (m) (m) (m°)
Control gully 1.50 0.30 0.75 0.50 0.55 0.55
Stabilized gully 1.30 0.45 0.60 0.40 0.50 0.41
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Fig. 8 Control and stabilized gully volume changes during five mapping stepes
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