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ABSTRACT

The problem of sedimentation in water storage reservoirs has become more important in recent years as
competition for fresh water increases and storage capacity of reservoirs is decreased by sediment. Construction
of new dams and control of surface waters in Iran are also increasing. Estimation of suspended sediment loads
in flood flows which form the main part of incoming sediment to reservoirs, has resulted in more sediment
specialists being involved in reservoir life estimation. This research was conducted to develop an optimum
model for determining suspended sediment estimation by optimization a sediment conveyance equation of
Qs=aQw

b at the Seera (inlet) hydrometrical station of the reservoir on the Karaj River catchments area in
northern Iran. Five models were tested and the model with the mean least sum of squares errors was used to
select the best model. At the end, the model B, based on a monthly data analysis, had the least sum of squares
errors for the inlet hydrometrical station of Karaj dam and was selected as the best model. The model A based
on total data analysis and without separation of data had the highest mean sum of squares errors in Seera
hydrometrical station and was the most undesirable model.
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Introduction

All rivers carry suspended solid materials
produced by weathering and erosion and solution
materials from the drainage basins [1]. The amount
of produced sediment depends on several factors such
as catchments area, vegetation, geology of the region
and its formations, temporal and spatial distribution
of rainfall and rainfall intensity and duration [2].
About 20 billion tons of sediment are carried by the
world’s rivers and are settled out in still water each
year [3].  In Iran, over 100 million tons of sediment
is deposited annually in reservoirs and reduces
manageable capacity due to sedimentation [4].
Estimation of the net change in suspended sediment
load, which is the largest source of sedimentation in
reservoirs, is an important issue. A typical sediment
conveyance equation has the following general form
[5]:

Qs = a Qw b       (1)

Where Qs is the sediment discharge rate in
tons/day, Qw is the water flow rate in m3/s and a, b
are the coefficients of sediment conveyance. 

The coefficients in equation (1) can be obtained
for each hydrometrical station and can be used to
estimate sediment transport in similar stations using
water flow rates measurements only. Coefficients
determination should be based data from a long-term
period; otherwise, the sediment rating curve data
would be excessively scattered [6].  Horowitz (2002)
estimated, and evaluated suitably, the suspended
sediment load for rivers, using equation (1) and a 20-
year data set [7]. Mosaedi et.al (2009) estimated the
amount of input and output sediments discharge from
these dams, they have used monthly sediment rating
curves (SRC) which are established in up and down
streams stations [8]. In this research, a 43-year
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(1967-2010) data set of sediment discharge and water
flow rates for the hydrometrical station of Seera,
which is the inlet station of Karaj Dam, were used to
develop model coefficients for sediment conveyance
and deposition.

Materials and methods

The watershed of the Karaj (Amir Kabir)
reservoir is located between 51° 2 ' to 51° 32 ' east
longitudes and 35° 53 ' to 36° 11 ' northern latitudes.
It has an area of 850 Km2 and circumference of 146
Km, and is located on the southern slope of the
Alborz Mountains. The area of the watershed above
the Seera station in the main branch of Karaj River
is 720 Km2. The highest point of the watershed is
over 4200m (MSL) and the least height is 1600m
(MSL) in location of the dam. This watershed is
limited on the north by the watersheds of the
Mazandaran, Taleghan and Lar Rivers and in the
south, east and west by the watersheds of the rivers
Jajrod, Kordan and northern Tehran. The climate is
influenced by the fronts coming from the
Mediterranean Sea. The length of the river is about
66.2 Km where it enters the Karaj dam at Seera [9].
The Karaj River watershed above the dam site is
shown in Fig. 1. Before any data is evaluated, the
quality and homogeneity of data should be verified.
For this purpose, the software TH (Technical
Hydrology) was used. Then the modeling process
started by considering the factors that may produce
errors, like the time of measurements. Five models
were examined as follows:

In model A, the sediment flow is estimated
based on all measured data and without consideration
of the time of measurements or other classification of
the data.

In model B, the estimation of sediment flow is
performed based on monthly separations of data. 

In model C, the estimation of sediment flow is
performed based on a seasonal separation of data.

In model D, the separation of data is based on
high water and low water flow months.  A high
water month has higher mean monthly flow rates
than mean annual discharge rate or is equal to it.  A
low water month has a lower mean monthly
discharge rate than the mean annual flow rate. 

In model E, the sediment and flow rates are
divided into the following three groups, based on
daily flow rates:

-Amounts less than mean annual flow rate
-Amounts greater than or equal to mean annual flow
rate but less than twice the mean annual flow rate.
- Amounts greater than or equal to twice the mean
annual flow rate. The regression relationships
between flow rates and sediment discharge rates were
established and the a, and b the coefficients of

equation (1) were obtained. To select the best model,
the mean least sum of squares errors were used
[10,11]. To obtain the above results, EXCEL,
MINITAB and TH software was used. 

Results and discussion

The homogeneity test showed that average daily
water flow rates for the hydrometrical station was,
overall, homogeneous. The mean annual flow rates
for the Seera stations was15.35 m3/s. 

By regression analysis, the relationship between
water flow rate and sediment discharge rate was
established, then the a, b and correlation coefficients
were calculated in each model (Tables 1). The
sediment rating curves (the x-axis is water flow rates
in m3/s and y-axis is sediment discharge rates in
tons/day) were then drawn (Figure 2). The mean sum
of squares errors were calculated for the models
using statistical relationships and histograms of sum
of squares errors of the models in station was drawn
to find the least mean sum of squares errors (Table
1).

The results showed that the coefficients of the
sediment conveyance equation were function of the
selected model and the form of separation of the
data. The relationship between suspended sediment
and water flow rate was direct. With an increase in
water flow rate, the amount of suspended sediment
also increased. Using the criterion of least sum of
squares errors in which the difference between the
sediment conveyance function and the measured data
becomes minimum, model B, in which the separation
of data was made monthly, had the least mean sum
of squares errors for both stations and was selected
as the best model. In fact, this model, with the
influences of climatic factors (such as rainfall) and
hydrologic factors (such as run-off) which were
important in monthly separation of data, had the best
coincidence. On the other hand, in model A, which
is the most common model for sediment estimation
when the data are not separated, there was no
coincidence among hydrologic, climatic and erosion
factors. In other words, the model A had the
maximum mean sum of squares and highest error in
suspended sediment estimation. The model A results
are similar to what Mohammdiaustakalayeh (2002)
found in Gorganrood River watershed. Also, the
results of the seasonal model applied at the
Baylaghan outlet station showed that the model A is
closer to the best selected model when compared to
other forms of data separation [12]. The maximum
correlation coefficients for the seasonal model
occurred for the Seera station in winter. The
classification results for the inlet station of Seera are
closer to the best selected model with respect to
other situations, which shows flexibility of the
selected  models  compared to the other models. In
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Fig. 1: Karaj catchment area

Fig. 2: Sediment curves of optyimun monthty model in enrrance Seera station (Karaj Dam)
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Fgi. 3: Histogram of sum of squara of models in Seera station

Table 1: Summary of parameters used from models in entrance Seera station

other words, with more precise classification, there is
a possibility of obtaining more representative results.
The results of models with high water and low water
months showed that sediment conveyance is much
higher in high water months than in low water
months as expected. In low water months, the water
flow rate is very low and most of the time is in the
base flow state and has the minimum effect on the
amount of erosion. In contrast, in high water months,
the increasing water flow rates produce more channel
erosion, which is the same as the results reported by
Biksham and Subramania [13]. In any case, it should
be noted that more precise calibration of suspended
sediment determination, along with studying different
prediction models, makes it possible to improve

estimates of the incoming sediment to reservoirs,
which are national assets of each country. Knowing
the exact amount of incoming sediments may suitably
predict the useful life of a water storage reservoir on
natural rivers.

Conclusions:

A usable and dependable model for estimating
the suspended sediments in the Karaj River was
found, using the well-known sediment conveyance
equation and long-term data for hydrometrical station
in the Karaj River watershed area. Five possible
models were studied. Among them, model B, with
the least mean sum of squares errors, was the best
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and model A with the highest mean sum of squares
was the least suitable model. Use of the model will
allow good estimates of the amount of sediment
deposited annually in the Karaj reservoir and the
change of available storage over time.
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