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Table 1. Morphometric characteristics of the watershed of the tailings dam of Dar-e-Allo copper mine
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Fig. 2. Digital Elevation Map (DEM) of the watershed of the tailings dam of Dar-e-Allo copper mine and the location of
soil samples, (B) Slope percentage map of the watershed of the tailings dam of Dar-e-Allo copper mine
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Fig. 3. Types of erosion form in the watershed of the tailings dam of Dar-e-Allo copper mine. (A) Compression of the soil
surface due to the impact of raindrops; (B) Rill erosion on the slopes and the expansion of their depth and width at the bottom
of the slopes; (C and D) Extended gully erosion in the western sub-basin; (E) Water flow in underground tunnels and erosion
of subsurface soil; (F) Stream-bank erosion in the walls of meandering streams is seen in an intensified manner.
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Fig. 5. Surface geological map of the watershed of the tailings dam of Dar-e-Allo copper mine
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Table 3. scoring the surface geological index to the watershed of the tailings dam of Dar-e-Allo copper mine
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Abstract

Soil erosion is considered a serious threat to the pollution of water sources, soil wastage and the spread
of environmental pollution in arid and semi-arid areas. Therefore, it is necessary to identify sediment
production areas as erosion critical points and take necessary measures to prevent and control this
destructive environmental phenomenon. The modified PSIAC (MPSIAC) and EPM models are global
models for evaluating soil erosion and annual sediment input behind dams. The purpose of this study is
to evaluate the erosion rate in the watershed of the tailing dam of Dar-e-Allo copper mine and calculate
the amount of annual sediment input behind the dam. The results of the field study and laboratory data
show that based on the MPSIAC model parameters, the watershed of the waste dam of Dar-e-Allo mine
is in the category of basins with low erosion. Among the nine effective factors in soil erosion, river
erosion is known as the most effective factor in the whole watershed and the western sub-basin. The
topographic factor has the greatest effect in increasing the transported sediment load, in the eastern sub-
basin. On the other hand, the land cover factor shows the minimum effect on the production of sediment
in the catchment basin. This shows that human activities in this watershed do not have much effect on
the surface soil degradation. On the other hand, the EPM model evaluated the severity of erosion in the
study area as severe to very severe due to the ignoring of many effective parameters. The evaluated
values are highly exaggerated and far from reality by considering the natural conditions prevailing in
the area. Therefore, the MPSIAC model is highly recommended for erosion studies in the upstream
watershed of the tailings dam of Dar-e-Allo Cu despite being expensive and time-consuming.

Keywords: Erosion, Sedimentation, MPSTAC, EPM, Dar-e-Allo copper mine

estimate the amount of eroded sediment in the
area and the amount of inflow of the Dar-e-Allo
copper mine waste dam, the study of the erosion
rate of the basin using the MPSIAC and EPM

Introduction

Soil erosion by runoff is one of the most
important environmental problems and soil
degradation.  Unfortunately, in semi-arid

climates, erosion processes are more widespread
due to deforestation land use change and
insufficient agricultural management. Therefore,
to protect the watersheds that need care and to
reduce the adverse effects of erosion, it is
necessary to assess the risks of erosion through
models that are based on empirical or semi-
quantitative processes. The most famous semi-
quantitative erosion models are the modified
Psiak and EPM models (Johnson and Gebhardt,
1982; Gavrilovic, 1988), which were applied to
the arid and semi-arid climates of the
southwestern United States and southeast of
Yugoslavia. In designing and calculating the
volume of reservoir dams, it iS necessary to
determine the amount of erosion and
sedimentation of the watershed. Therefore, to

methods, while being practical. The purpose of
this study includes: 1- Investigating the
physiological and hydrological conditions of the
catchment area of the Dar-e-Allo copper mine
sedimentation dam, 2- Collecting background
information on the amount of natural erosion in
the area before setting up other mining facilities
and changing the land use of the basin, and 3-
evaluation and comparison of erosion and
sedimentation rate in industrial area by MPSIAC
and EPM modeling. We predict that, due to the
change in many erosion parameters, especially in
land use, we will see an increase in delivered
sediment to the dam. Considering that the erosion
of the area, along with the waste of soil and the
filling of the reservoir of the dam, causes the
distribution  of  environmental pollution;



aA

VP f lewoli g 5lee YO o5losls VY 0,90 (60 j135 ol g,

Therefore, it seems necessary to carry out erosion
control activities before any environmental
damage.

Materials & Methods

1- watershed with a scale of 1:25000; 2-
Estimation of the morphometric parameters of
the watershed by using GIS analytical functions;
3- Sampling of the soil system (fifteen samples)
to evaluate the permeability index; 4- Preparing a
geological map of the catchment area with a scale
of 1:25000; 5- extracting the digital elevation
maps and the slope map of the watershed; 6-
Evaluation of the climatic condition of the
watershed using the data of the mine
meteorological station and the data of the closest
meteorological stations; 7- Preparing a map of
vegetation density and land use using the
vegetation difference index (NDVI); 8- Dividing
the watershed into two study sub-basins, and
scoring each of them based parameters of the
MPSIAC and EPM model; 9- Calculating the
total scores of each sub-basin and main
watershed based on weighted averaging and
assessing the amount of annual erosion and
sedimentation.

Results and Discussion

The similarity in lithology and climatic
conditions in the entire watershed has caused
both sub-basins to be affected by the same
erosion factors, similar erosion forms with
different intensities and weaknesses. The main
forms of basin erosion include: 1- Splash erosion,
Rill erosion, Gully erosin, Tunnle erosion and
Stream-bank erosion.

Compared to other existing experimental
methods, the MPSIAC method is considered the
most effective in soil erosion and sediment
production. In this method, the role of 9 factors
in soil erosion of the watershed is evaluated.
Finally, by calculating the sum of the numbers
obtained for different factors, the sedimentation
rate is estimated. The catchment of Dar-e-Allo
copper mining dam does not have high
lithological diversity. Dominant lithologies
include tuff, andesite, dacite-rhyodacite, and
wide sandy and silty clay areas. To determine the
amount of surface geological factor in each sub-
basin, the area occupied by each geological unit
in that particular sub-basin and the average
amount of geological factor in the total watershed
and each sub-basin were calculated by weighted
average; Based on this, the geological factor
score for the entire study basin and the eastern
and western sub-basins has been calculated as
8.29, 8.1 and 8.63, respectively. According to the
results of soil texture, the soil of the eastern sub-

basin (SB1) has a sandy texture and the soil of the
western sub-basin (SB2) has a silty-clay texture.
Considering the fine texture of the western sub-
basin, it is expected that the ability to transport
sediments is high; On the other hand, due to the
sticky properties of clay particles, they are
resistant to water erosion; Therefore, according
to the silty-clay texture of the soil and the amount
of organic matter (0.45) in it, moderate to high
erosion is expected for the soil factor under the
western basin. In this way, the soil factor scores
for the whole basin and the eastern and western
sub-basins has been calculated as 7.17, 7 and 7.5
respectively.

Based on the statistics of 24-hour rainfall with a
two-year return period (32.8 mm), the amount of
6-hour rainfall with a two-year return period in
the studied basin is equivalent to 21.86 mm.
Considering that the significant climate
differences are not observed among the sub-
basins; Therefore, the total watershed and each of
the sub-basins get the same score of 4.37. The
runoff score for SB1 and SB2 sub-basins is 7.52
and 7.72, respectively. The reason for the higher
score of this factor for the SB2 is the smaller area
and the low concentration time, which directly
affects the amount of rainfall intensity in the
basin; This factor plays a high role in erosion and
sediment production in the watershed with a
score of 7.59. The influence of the slope on the
erosion and transport of sediments in the eastern
sub-basin, which has a large height difference
and a higher slope, has been identified with a
higher score (8.55); This can be due to the
increase in runoff speed and decrease in soil
permeability. On the other hand, this factor has
obtained a lower score (5.48) in the estimation of
erosion in the western sub-basin, which has low
elevation and less slope.

The ground cover of the watershed of Dar-e-Allo
waste dam is pasture-type. The ground cover
score for the total watershed, the eastern and
western sub-basins of the waste dam has been
calculated as 3.34, 3.62 and 2.84, respectively;
The western sub-basin, having a higher
percentage of ground cover, therefore, has a
lower score in the region's erosion.

According to the density of vegetation, the
pasture of the watershed is considered to be a
good pasture that has a significant effect on
controlling weathering and soil erosion. The
score of the land use factor for the total watershed
and the eastern and western sub-basins has been
calculated as 3.65, 4.08 and 2.88, respectively.
The erosion score for SB1 and SB2 is 6.5 and
6.25, respectively. The total score of the
watershed for the upland erosion is 6.41. The
most prominent erosion factor in the highlands of
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the eastern sub-basin (SB1) is related to the form
of streams. On the other hand, the most
significant factor of upland erosion in the western
sub-basin (SB2) in addition to the shape of the
waterways, which is mostly seen as a meander,
can be the large number of gully in the region;
Mining activities and construction of roads and
facilities have led to intensified erosion in this
area. According to the obtained results, the state
of erosion affected by this factor in the watershed
is low (S.S.F.>21>40).

The channel erosion and sediment transport score
for both sub-basins is calculated based on the
final score of gully erosion in the BLM method.
Therefore, it is natural that the sub-basin that has
the most gully erosions takes the most scores
from the river erosion factor. Therefore, the
western sub-basin (SB2) has the highest score of
the channel erosion and sediment transport
erosion factor (11.69) and the eastern sub-basin
has the lowest score (6.68). The total score of the
watershed is obtained with a weighted average of
8.46. Finally, the degree of sedimentation (R) for
the watershed of the waste dam and the eastern
and western sub-basins are 56.74, 56.42 and
57.36, respectively. Also, according to the
average specific weight of soil (1.4 t/m3), the
weight of the sediments transported in the
watershed and the eastern and western sub-basins
1§ 2729, 1734 and 997 tons per year, respectively.
According to the specific sediment (QS) and
SDR, the specific erosion for the watershed and
the eastern and western sub-basins has been
calculated as 6349, 3687 and 1957 tons per year,
respectively. The amount of sediment produced
in the watershed is far more than the sediment
eroded from the watershed; This can minimize
the concerns of erosion and environmental
pollution caused by the filling of the reservoir
with tailings from natural erosion. For the
management of the watershed, various programs
are suggested as follows.1- control active gully
erosion through the diversion of streams, the
establishment of suitable vegetation and the
construction of light structures near the head of
the gully.2- Water resource management and
runoff control before the flow rate reaches the
erosion threshold; This is possible through
stabilizing the slopes and increasing the
permeability of the soil, storing surface water and
directing excess water to the outlet channels,
controlling  floods with biological and

mechanical operations and determining the
appropriate landuse. In evaluating the erosion
rate, many factors and micro-factors calculated in
the MPSIAC model are ignored in the EPM
method. In the EPM model, based on the climatic
parameters and geological conditions of the
watershed, the specific erosion calculated for the
entire basin and the eastern and western sub-
basins is 1118, 667 and 1926 m3/km2/year,
respectively. In the following, considering the
specific weight of the sediments, the total weight
of the transported sediments in one year for the
study catchment and the eastern and western sub-
basins has been calculated as 20976, 31488 and
2113 t/year respectively. All the results obtained
from the EPM method compared to the MPSIAC
method indicate a kind of exaggeration in the
estimation of the amount of erosion and the
sediments transported behind the dam; These
estimates, which are somewhat far from reality,
can be the result of omitting many basic
parameters in calculating the erosion in the
watershed. The MPSIAC model shows better and
more acceptable results in estimating the erosion
and sedimentation of the catchment of the Dar-e-
Allo copper mine sedimentation dam due to the
consideration of many effective micro-factors.

Conclusions

Evaluating soil erosion in the natural state is
complementary to other studies on the location of
waste dams. According to the results of the
MPSIAC, the intensity of sedimentation is low
and the annual sediment production of the
watershed is calculated as 2729 t/year. On the
other hand, the estimation of the erosion and
accumulation of sediments behind the dam of
Dar-e-Allo mine using the EPM method indicates
the degree of severe to very severe erosion in the
catchment, which does not show any agreement
with the results of the MPSIAC method. In other
words, due to the limited effective factors, the
EPM method shows an exaggeration in the
estimation of the results and cannot be considered
a suitable substitute for the MPSIAC model to
estimate the erosion in the watershed of the Dar-
e-Allo Cu mine dam. Based on the greatest
impact of erosion factors in the basin and to
properly manage the watershed, it is
recommended to establish vegetation, store
surface water and modify the usage practices.



