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ANALYSIS SEDIMENT TRANSPORT BABARSARI-MATARAM IRRIGATION CANAL

AGATHA PADMA LAKSITANINGTYAS
University of Atma Jaya Yogyakarta, Yogyakarta, Indonesia, padmagatha@gmail.com

SUMIYATIGUNAWAN
University of Atma Jaya Yogyakarta, Yogyakarta, Indonesia, sumiyatig07@gmail.com

ABSTRACT

Babarsari irrigation is the part of Mataram Irrigation Canal, is a main irrigation canal in Special Province of
Yogyakarta. This research area contain Mataram Irrigation area at Babarsari District. Bed Load Sediment
process is a simultaneous event that can make deposition sediment at the base of irrigation canal and can make
of water elevation changes. It will affect the availability of water to be used for irrigation functions. To
calculate the amount of bed load sediments in the irrigation canal using three methods: Schoklitsch’s Formula,
Meyer Peter Miller’s Approach Formula and Einstein Method. Flow velocity measurement in the canal using
current meters. The channel geometry is measured directly in the canal. The bed load of the channel is taken
in the field by taking samples from two different location. The result of the research shows that by using the
formula Schoklitsch’s Formula get result of 2.49789 kg/s, whereas with Meyer Peter Mvller’s Approach
Formula get result of 1.10042 kg/s. and Einstein’s Method get result 3.99997 kg/s. The results of the analysis
can be produce as an information to maintenance and dredging the bed load sediments on the canal so as not
to disrupt the flow of water in irrigation canal.

Keywords:Canal, sediment-transport, Bed-Load,

1. INTRODUCTION

The irrigation canal is one of the important buildings of the irrigation system, which is very beneficial for
human survival. The flow of water in irrigation canal should be free of sediment materials. The sedimentation
process in irrigation canal is a simultaneous event that can cause silting at the base of the irrigation canal and
elevation changes so that it will affect the availability of water to be used for irrigation, is one of the main
problems in the operation and maintenance of irrigation system. High annual investments are required for
rehabilitation and maintenance to maintain irrigation systems suitable for review of irrigation objectives. To
reduce these costs and to conserve and then improve the performance of irrigation networks, sediment
transport must be properly estimated in terms of time and space. Accurate prediction of sediment deposition
along the entire canal network during the irrigation season will contribute to the repair operation of the
channel in such a way that the irrigation needs are fully met and at the same time the minimum deposition is
expected (Dewepeg et al 2014). Although it is difficult, to predict the amount of sediment that will be on
irrigation canal, numerical modeling of sediment transport offers the possibility to predict and Evaluate
sediment transport under general flow conditions (Lyn, 1987).

Bella (2014) conducted a study on the calculation of the basic sediment load on the Muara Sungai Lilin,
which aims to determine sedimentation rates and sediment movement patterns in the estuary. Calculation of
the amount of sediment that occurs in the Lilin River with two approaches: Shear Stress (Duboy's Method and
Shield's Method) and Energy Slope (Meyer-Peter and Muller's) approach. Boangmanalu and Indrawan (2013)
conducted a study on the study of sediment transport rates on the Wampu River. The study aims to calculate
the sediment transport in the river. The methods used are Yang's Method, Engelund and Hansen Methods,
Methods of Shen and Hung. The results of the study concluded that the method of sediment transport used is
the Engelund and Hansen Methods because the results are more possible and the amount of sediment load
produced is greater than other methods.

The location of velocity measurements and sediment sampling were carried out at the same point
location in the Mataram Canal with a split in the Babarsari Sleman Area. Determination of the location point
is taken in a relatively straight canal segment and no water building that affects except the geometry of the
canal itself (Fig. 1).
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Fig. 1. Location of Research (source : google maps)

1.1 Research Objectives

This study aims to knowing sediment transport in irrigation canal, so as to overcome the impact of sediment
for irrigation networks.

1.2 Research Benefits

The benefits of this study are as below.

1. Knowing the quantity of sedimentlocated in the Mataram Canal Irrigation Channel.

2. Understand the transport of sediments in irrigation canal to achieve the efficiency of irrigation canal in
irrigation systemsthatwill support the productivity and sustainability of irrigation systems.

3. Obtaining guidance and development of technologies thatcanbeutilized by civil society and industrial
engineering.

2 LITERATURE STUDY
2.1 Discharge

This research use direct flow velocity measurement (direct) with current measuring instrument (rotating
current meter). Measurement of flow velocity with current meter current meter with propeller current meter
type. Measurements are made because of the particle of water passing through the vane so that it will rotate
the propeller against the horizontal axis which produces the number of rounds of unity of time to be converted
to flow velocity. The relationship between the number of turns per time, and flow velocity v has the following
linear form :

()
where,
v = water velocity (m/s)
K = first constanta
N = round/s
A = second constanta

2.2 Sediment

According to Asdak (1995), sediment is the result of erosion processes, either surface erosion, trench erosion,
or other types of erosion, although the erosion of the cliff has contributed in this section, but the portion is
very small and can be considered a natural process. The sediment transported from the site of the erosion will
be carried by the stream and will be deposited at a site where the velocity of the water flow slows or stops.
The carrier means surface runoff and when the runoff reaches the river body, the stream is a sediment
transport medium. Sediment transport by water flow can be divided into three groups: as suspended load, as a
wash load, and as a bed load.

The accumulation of sediments in irrigation canal will shorten the service life of irrigation networks due
to silting and decreasing the capacity of irrigation services. The accumulation of sediments in the rice fields
will raise the surface of the rice fields, making it difficult for the water to reach the surface of the fields and
irrigate the fields. Smooth sediment particles can even clog pores of the soil and inhibit the absorption of
water by plants, though not all sediment fractions potentially damage.The characteristic of the basic sediment



load has the closeness of the mass of precipitate deposited at the bottom of the canal, and the amount of the
base base depends primarily on the availability of the fine particle size of the precipitate. At a given moment,
the mass of loads in the river channel depends on the amount of material washed by surface runoff, the main
transport mechanism in the river canal, and the prediction of sediment yields is often based only on data on
drifting sediments. The effects of sediments in river flows can disrupt the life of water flora and fauna,
degrading water quality for local and industrial needs; reducing the capacity of reservoirs to prevent flooding,
irrigation; damage to turbines and water pumps; and hamper the shipping traffic. Sediment transport to
calculate sediment on canal in this study uses the analysis as below (Yang, 1996).

2.2.1 Schoklitsch Method

The Schoklitsch equation considers from the aspect of the relationship with flowing water discharge. The
equation for basement sediment discharge is as follows.

@)
3)
where
o = bed load ((kg/s)/m),
d = the particle size (mm),
q = water discharge ((m’/s)/m),
Je = critical discharge at incipient motion ((m?/s)/m)

2.2.2 Metode Meyer-Peter and Miiller’s Approach

The Meyer-Peter and Miiller’s Approach equation for basement sediment transport is as follows.
“4)
where,
= specifig weights of water
= specifig weights of sediment
= hydraulics radius
d = mean particle diameter
= specific mass of water
= bed load rate in underwater weight per unit time and width
= the kind of slope
Equation (3) can also be expressed in dimensionless form as
(%)

The energy slope can be obtained from Stickler’s formula

(6)
or (7
where

®)

2.2.3 Einstein Method

The Einstein equation for basement sediment transport is as follows.

9)
(10)
(1)
where,
W oE = particle shear intensity,
® = sediment discharge,
s = bed load.

3 RESEARCH METHODS

The research procedure in this study was doing as in the flow chart shown in Fig 2.

4 RESULT AND DISCUSSION

4.1 River Discharge Measurement

Calculation Result of discharge use current meter Method shown at table 1 and table 2.

Table 1.Calculation result of discharge use Current Meter at Location 1



Average

Point \% A left A right A total Discharge
m/s m’ m’ m? m’/s
A 0.47945 0.18093 0.35208 0.53301 0.255552
B 0.64618 0.36675 0.39609 0.76284 0.492932
C 0.54585 0.398535 0.38142 0.779955 0.425738
Average V 0.55716 discharge 1.174222
Table 2.Calculation result of discharge use Current Meter at Location 2
Average
Point \% A left A right A total Discharge
m/s m’ m’ m’ m’/s
A 0.47945 0.20265 0.4053 0.60795 0.291482
B 0.64618 0.45162 0.50373 0.95535 0.617328
C 0.54585 0.51531 0.49215 1.00746 0.549922
Average V 0.55716 discharge 1.458732
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Fig 2. Flow Chart of Research
4.2 Sediment Parameters

Sediment samples taken from the Mataram Canal, then tested its parameters in the Soil Mechanics Laboratory
of Faculty of Engineering, University of Atma Jaya Yogyakartathe results of testing the sediment parameters

can be seen in table 3 and the grain size distribution at each locations seen in fig 3 and fig 4.

Table 3. Sediment Parameters

Soil Mataram Canal of Yogyakarta

Picnometer number 1 2
wl Weight of empty Picnometerkosong 30.11 29.13
w2 Weight of Picnometer +dry soil 60.41 59.37
w3 Weight Picnometer+soil+water 99.37 98.36
w4 Weight Picnometer+water 79.61 79.06



A w2-wl 30.31 30.24

B w3-w4 19.76 19.30

C A-B 10.55 10.94

G Specific Weight 2.8737 2.7643
100

N .
\ .
o [ )
\ .

. \ . -0

10.0000 1.0000 0.1000 0.0100 0.0010
Grain size distribution (mm)

Fig 3. Grain size distribution Graph at Location 1
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Fig 4. Grain size distribution Graph at Location 2
4.3 Bed Load Calculation
4.3.1  Schoklitsch Method Calculation

Calculation for the Schoklitsch Method with the formula corresponding to equation (5), the example
calculation for location data 1 is as follows below.
Known data for location 1

Vaverage =0.55716 m?

Q average =1.156556 m’/s
S =0.004302

dso =(0.87 mm

average width =4.890 m

The analysis using the Schoklitsch Method is as follows in this opponent.
q=0.024174 (m’/s)/m

gy = 0.457271 (kg/s/m)
for a unit lenght resulting in 2.236055 kg/s
The same calculations were performed on the results of the measurement and testing of sediment samples at
location 2.

4.3.2  Meyer-Peter and Miiller'sApproach Method Calculation



Calculations for the Meyer-Peter and Miiller's Approach Method with the formula corresponding to equation
(6), the example calculations for data location 1 are as follows.
Is known:

Yower = 1ton/m’

Pwaer = 0.1019367 tons*/ m*

Vsediment  — 2.65 ton/ m’

R =6.31065m

doo =0.283 mm

g =9.81m?/s

v =0.951327m/s
S =0.003604

The analysis using the Meyer-Peter and Miiller's Approach Methods is as follows below.

From Equation Method Meyer-Peter and Miiller's Approach get g, = 0,003256443 kg / ms while a unit length
for q, = 0,015924 kg/ s

The same calculations were performed on the results of the measurement and testing of sediment samples at
location 2.

4.3.3  Einstein Method Calculation

The calculation for Einstein Method with the formula corresponding to equation (6), the example calculation
for location data 1 is as follows below.
Is known:

Youer = 1ton/m’

Pwser = 0.1019367 tons?’m*

Veedimen: = 2.65 ton/m?

R =6.31065 m
dso =0.87 mm

g =9.81 m%/s

\% =0.951327 m/s
S =0.003604
=0,0528784

From the Einstein Method equation obtained g, = 2.7359064 kg/ms while for Gb = 13.378582 kg/s
From the results of analysis and calculation with three methods, then the results of the calculation and analysis
can be seen in table 4.

Table 4. The results of sediment transport calculations

. Schoklitsch Meyer Peter Mbller’s Einstein
Location
kg/s kg/s kg/s
1 2.23606 0.87899 4.74639
2 2.75972 1.32186 3.25356
Average 2.49789 1.10042 3.99997

5 CONCLUSIONS AND RECOMMENDATIONS

From the results of measurement, testing and analysis then concluded as below.

1. The discharge for MeterCurrent Method is at location 1 thatis 1.174222 m?*/s, and the 2™ location thatis
1.458732 m’/s.

2. Einstein sediment transport calculationresultsgive the greatestresult for each location.

Recommendations for the research as below.

1. Dregging or flushing the canal minimal every 6 (six) months

2. Use of more variedsediment transport methods.

3. Use of more updates variedsediment transport methods.

4. Trying to do samplingresearch in more varied places so as to provide more variedknowledge on sediment
transport
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