l‘)

Check for
updates

Evaluation of The Potential for One-Way Flow in The Terusan Tengah Tidal
Irrigation Area

Rezky Dwi Utami, Adam Pamudji Rahardjo 2", Joko Sujono 2, and Yakubson®

'Master Student, Civil and Environmental Engineering Department, Universitas Gadjah Mada, Yogyakarta, Indonesia
2Civil and Environmental Engineering Department, Universitas Gadjah Mada, Y ogyakarta, Indonesia
3Directorate General Water Resources, Ministry of Public Works and Housing, Jakarta, Indonesia
rahardjo.adam@ugm.ac.id

Abstract. Terusan Tengah Tidal Irrigation Area (T3IA) is a potential tidal swamp land and one of the ex-PLGs.
The water system uses a fork system with retention ponds. The condition of the water system in T3IA is not
functioning optimally. The existence of a channel through the retention-pond to the Kapuas River estuary
disrupts the flow system. The purpose of this study is to calibrate the flow simulation results so as to obtain
flow simulation results that are approximately the same as the conditions in the field. It also aims to determine
the potential for one-way flow by utilizing tidal energy at T3IA. The data used is water level elevation data
obtained from field observations. The analysis used is RMSE analysis to test the accuracy of the calibration
process. Unsteady flow analysis using the HECRAS program. The results of the study obtained an RMSE value
of 0.162. The simulation results of several flow scenarios resulted in scenario two with the largest volumetric
amount. It is recommended to simulate unsteady flow with longer tidal data, so that the simulation results are
more accurate.
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1 Introduction

In the tidal swamp areas of South Kalimantan and Central Kalimantan, the main canals were built between 1950 and 1970
[1]. Between 1956-1958, the Dredge, Drain and Reclamation Project was known for creating and improving channels to
connect two major rivers and open access to swampland [2]. The irrigation network system was built since 1970 by the "
Proyek Pembukaan Persawahan Pasang Surut (P4S)" and is still used for agriculture today [3]. People began to develop
the tidal swamp on the lower riverbank in the 1920s. This was followed by the government's transmigration program in

1970 [4].

Terusan Tengah Tidal Irrigation Area (T3IA) is one of the ex-plg areas where water management designs and practices
are still incomplete or not adapted to tidal irrigation principles [4]. The Total Area is 4.000 Ha [5]. The Terusan Tengah
Tidal Irrigation Area (T3IA) has a fork- flow system with retention-pond at the upstream end, there is no water gate and
two-way flow. The water system consists of primary channels, secondary channels and collector channels. But the current
condition of the collector channel and retention-pond are not functional. At the upstream end of the main channel, there
is a connecting channel that connects the primary channel and the neighbouring channel around Terusan Tengah Tidal
Irrigation Area [6]. The connection channel can also be seen in Figure 1. It is recommended to simulate unsteady flow

simulations for evaluating water management scenarios in Terusan Tengah Tidal Irrigation Area [7]
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Fig. 1. Channel network inside and outside Terusan Tengah Tidal Irrigation Area. (Source : Modification by QGIS 3.8.10).

The flow of the connecting canal comes from the Kapuas River, which propagates through the palm oil plantation
channel, as shown in Figure 1. There are two tidal sources that affect the flow in the T3IA network. Therefore, a flow
simulation is needed to identify the potential of the two tidal sources in changing the flow in one direction in T3IA. In
tidal swamp land, a one-way flow system confers advantages over a two-way flow system that can enhance rice
production [8]. Further research is required at Belanti II Tidal Irrigation Area, a one-way flow water system, to prevent
the pollution of the water supply by oxidation products of acid-sulfate soils [9].

The calibration must be done carefully. The variation of the manning value is the most sensitive coefficient in the river
simulation [10] . The factors that have the greatest influence on the roughness coefficient in artificial and natural
channels are as follows: a. surface roughness b. vegetation c. channel irregularity d. channel alignment e. silting and
scouring f. scouring g. channel size and shape h. elevation and discharge i. seasonal changes j. suspended material and
bed load [11]. The purpose of this study is to calibrate so as to obtain flow simulation results that are approximately the
same as the conditions in the field. And also aims to determine the potential for one-way flow by utilizing tidal energy
in the Terusan Tengah Tidal Irrigation Area. Unsteady flow simulation analysis using HEC-RAS program. The use of
HEC RAS as a model calibration has been widely done to model hydraulic [10], salinity [12], water quality [13],
temperature and nutrient models [14].

2 Methods and Data

2.1 Study Approach

Calibration was performed using the HEC-RAS program. Calibration refers to the Manning value. In this study, the
Manning value for the canal varies depending on the type of canal, namely primary, secondary and tertiary canals.
Calibration is done by comparing the observed water level value with the results of the HEC-RAS simulation run. The
value of the multiplication coefficient is then given for each occupation value. So that the simulation results obtained
are varying water level values. The RMSE is then used to analyze the degree of agreement between the simulation
results and the measured data.

Flow simulations were conducted with four flow scenarios. The flow in all four scenarios applied one-way flow
using a control gate. The flow scenarios were to evaluate the ability of tides entering through the Terusan River and
those entering through the connecting channel at the upstream section to make one-way flow at T3IA. The channel
geometry used two types of geometry, modified based on the tidal source used. The parameter to be assessed is the
discharge capable of flowing into the T3IA.

2.2 Data Collection

The data used are water level elevation and channel geometry data. Water level data at the first point were obtained
directly from field measurements using a portable data logger device. The device is installed at the downstream end of
the primary channel. While the water level elevation at the second and third points used a peilschaal. Measurements
were made by direct observation on the peilschall. For the measuring tools you can see on Figure 2. Simultaneous
measurements were taken at all three points on March 25-26, 2024
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Fig. 2. Measuring tools for water elevation (a) Portable logger device on sample point one (b) Peilschaal on sample point two (c)
Peilschaal on sample point three.

The channel geometry data used in this study includes primary channels, secondary channels, collector channels and
connecting channels. Primary, secondary and collector channel geometry data were obtained through Kalimantan II
Palangkaraya River Basin Organization as part of the final report “SID Rehabilitation and Improvement of Swamp
Irrigation Network of Block D Working Area (Package 4)” [5]. The geometry data used is the current condition data
without rehabilitation. While the connecting channel geometry was obtained from direct field measurements.

2.3 Analysis Method

The HEC-RAS program will be used to analyze the results of the flow simulations at the T3IA. HEC-RAS is currently
capable of performing 1D water surface profile calculations for gradually varying and steady flows in natural or
constructed channels [15]. The channel cross section scheme is analyzed in one dimension. The channel cross-section
data are obtained from the collection of channel geometry data. Simulations for calibration of primary channels,
secondary channels and connecting channels are performed according to the network scheme of the T3IA. The
geometry of the simulation for the one-way flow scenario is performed with the addition of a collector channel.

The flow simulation analysis used water level elevation data collected directly in the field. The analysis was conducted
to evaluate the ability of tides as a potential one-way flow in the T3IA. The data used were tidal data at the first point at
the downstream end of the main channel. And data at the upstream end of the collector channel using the results of the
third point measurement. The time period used was March 25-26, 2024, when water level measurements were taken
simultaneously at three points.

Estimating the Manning's roughness coefficient "n" is an important tool for simulating open channel flow [16]. The
Manning's coefficient value used in the flow simulation analysis is close to the channel conditions in the field. Due to
the different channel conditions in the field, the Manning's value is also different for the T3IA. Documentation of the
channel conditions is shown in Figure 3. The manning value for the primary channel is 0.035, the secondary channel is
0.045, and the connecting channel is 0.05. Reference occupancy values are shown in the table 1. Simulations are also
performed based on variations in the multiplication coefficient for each crew level. Thus, the output of the simulation
will produce a different water level value for each variation of the multiplication coefficient.

Fig. 3. The channel condition in T3IA (a) primary channel (b) secondary channel (c) connecting channel.
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Table 1. Values of the roughness coefficient n.

Type of Canal and

- Min Normal Max
Description

Excavated or Dredged

a. Earth, straigh and
uniform with short grass,
few weeds

0.022 0.027 0.033

b. Dragline-excavated or
dredged light brush on 0.035 0.050 0.060
banks

c¢. Channels non maintaned,
weeds and brush uncut
clean bottom, brush on
sides

0.040 0.050 0.080

To evaluate the accuracy of the calibration process, an RMSE analysis was performed. Root mean square error (RMSE)
is a widely used metric for evaluating models [17]. The RMSE analysis uses a comparison of the flow simulation results
from the multiplication variation of the Manning roughness coefficient. The comparison is made between the water
level of the HECRAS flow simulation results according to the measurement time (y;) and the reference water level at
the second water level height observation point (). Then the difference is multiplied by two and then the average is
calculated based on the amount of data (n). The last step is to find the square root of the mean result. Calculations using

RMSE can be seen below, namely Equation 1.
0:av:)2
RMSE = / G )

Four flow scenarios were used to identify the potential for the tide to become a one-way flow. The flow analysis was
performed on secondary channel flow variations using floodgates. One-way flow variations include secondary to
collector or collector to secondary. It also uses variations of tidal sources used for flow. Tidal variations include tidal
sources from the channel river, collector upstream-end, and collector downstream-end. The simulation of flow and tidal
sources for different scenarios can be seen in the table. The result of the analysis is the amount of water generated by
each flow scenario.

Table 2. Scenarios for flow simulation.

Scenarios Flow Directions Boundary Condition
Secondary to Terusan River and
1 Y Collector Upstream-
Collector
end
Collector to Terusan River and
2 Collector Upstream-
Secondary
end
Terusan River and
Secondary to
3 Collector
Collector
Downstream-end
Collector to Terusan River and
4 Seconda Collector
Y Downstream-end

Scenarios one and two have boundary conditions in the form of tides at the Terusan River and at the collector upstream-
end. The Terusan River is taken from the measurement data at the first point using a logger, where the device measures
the tides at 600 m from the Terusan River. Data from the upstream-end collector was taken from the third tidal
measurement point. The third point is located in the primary channel of the Rey 43 area, where the tide is 680 m from
the upstream-end of the retention-pond. The tidal plot is shown in Figure 4.
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Fig. 4. Water elevation as boundary condition for flow simulation using HEC-RAS program.

For tidal scenarios three and four, the boundary conditions are tides from the Terusan River and at the Collector
Downstream-end. Both tides as boundary conditions use the measurement results at the Terusan River used in scenarios
one and two. The collector downstream-end on the left and right channels is illustrated to be extended so that it connects
to the Terusan River. The collector channel was extended for 750 m.

The flow scenarios use the primary channel, secondary channel and collector channel. Cross section and long
section for the three channels can be seen in Figure 5. The first scenario is directed by using a valve door so as to
produce flow at high tide flow into the primary channel through the secondary channel and at low tide out through the
collector channel. The second scenario is directed by using a valve door so as to produce flow at high tide flow into the
collector channel through the secondary channel and at low tide out through the primary channel. The flow direction for
the third scenario is the same as the first scenario, while the fourth scenario is the same as the second scenario.

Fig. 5. Cross section of channels for simulatioh flow (a) primary channel, (b) secondary channel, (c) Collector Ehannel, and (d) long
section from primary channel, secondary channel and collector channel.

3 Result and Discussion

3.1 Simulation for Calibration Flow

Calibration was carried out by comparing the observed water level values with the running results of the HEC-RAS
simulation. The comparison in the value of the roughness coefficient (Manning) given in the simulation affects the
water level. This is similar to the calibration conducted on the Barito, Kapuas Murung and Mengkatip river networks
[18].
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Fig. 6. Comparison of observed water levels at second point sample and water level results using the HECRAS program based on
variation in factor multiplying Manning coefficient.
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However, the water level results from the variation of Manning's roughness coefficient values are only close to the
direct observation results. This can be caused by the HECRAS flow simulation, in which the flow distribution model is
based only on the cross section and Manning's roughness coefficient value [15]. While in direct observation conditions
the flow is also influenced by sediment in the channel. And also the activities of residents who utilize water in the
channel.

3.2 RMSE Analysis

After the calibration is performed based on the comparison of the reference water level of the calibration results, then
perform an RMSE analysis. The RMSE calculation is shown in Equation 1. The smaller the RMSE value, the more
accurate the calibration results will be. In this study, the smaller the RMSE value, the closer the water level obtained
from the HEC-RAS flow simulation is to the observed results. The results of the RMSE analysis are shown in Table 3.

Table 3. Results of the RMSE value with variation of the multiplication factor of the manning value.

Multiply RMSE Value of Manning
Factor Value | Primary | Secondary | Connecting

Manning Channel Channel Channel
1.3 0.217 0.042 0.059 0.065
1.2 0.213 0.042 0.054 0.060
1.1 0.210 0.039 0.050 0.055
1.0 0.162 0.035 0.045 0.050
0.9 0.200 0.032 0.041 0.045
0.8 0.195 0.028 0.036 0.040

It can be seen from the Figure 7 that the values of the Manning Multiplication Factor produce different RMSE values.
The calculation results show that the RMSE value of 0.162 for the value of Manning Multiplication Factor 1.0 is the
closest value to 0. The RMSE value of 0.162 shows the best performance in terms of RMSE between model outputs and
observations for time series of water level. For the value of Manning Multiplication Factor 1.1 to 1.3, the RMSE results
obtained continue to increase. While for the value of Manning multiplication factor 0.9 to 0.7, the RMSE results
obtained are decreasing. However, the RMSE value is still greater than the RMSE value of the crew multiplication
factor 1.0.

0.225
0.215
0.205
0.195

0.185

Value of RMSE

0.175

0.165

0.155

0.6 08 1 1.2 14

Manning's Coefficient Multiplication Factor

Fig. 7. Comparison Value of RMSE based on variation in factor multiplying Manning coefficient

The increase in the correlation value between HEC-RAS simulated and observed water levels is due to the reduced
systematic error [17]. This can be achieved by calibration based on the variation of manning's roughness coefticient
values with the original condition approach. The variation of manning values obtained from the RMSE results is still in
accordance with the limit values in the van the cou table. The manning value is 0.035 for the primary channel, 0.045 for
the secondary channel and 0.050 for the connecting channel. The manning roughness coefficient value obtained can be
used for further flow simulation.

33 Scenarios Simulation for One-way Flow

The results of the four scenarios produce different flow volumes for each scenario. The results can be seen in the table.
This result is from the total volume of water passing through the water gate. Negative values in the first and third
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scenarios describe the flow flowing from the secondary channel to the collector channel. Positive values describe the
flow flowing from the collector channel to the secondary channel.

Table 4. Results of water volume based on scenario flows.

Water Volume (m?)
Channel
Scenario 1 Scenario 2 Scenario 3 Scenario 4

Right -31.806 189.369 -29.547 48.303
Secondary

Left -34.398 182.052 -27.126 43.974
Secondary

Total 66.204 371.421 56.673 92277

In Table 4, the results of the two tidal data flow simulation, the largest volume of water is generated from the second
scenario. The volume of water entering the secondary channel reached 371,421 m®. With details of 189,369 m? for the
right secondary channel and 182,052 m?® for the left secondary channel. Meanwhile, the smallest volume of water
resulted from the first scenario. The volume of water entering the collector channel is 66,204 m*. With a breakdown of
31,806 m? obtained from the right secondary channel and 34,398 m? from the left secondary channel.
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Fig. 8. Comparison of total inline structure vs variation of scenarios on right secondary channel Rey 5

Figure 8 shows the difference in discharge delivered by the water gate in the channel for each flow scenario.
Differences can also be seen in the flow time. A negative discharge indicates that the flow is flowing from the
secondary to the collector. A positive discharge indicates that the flow is flowing from the collector to the secondary.
The difference in water level between the secondary and collector channels causes the door to open and close.

It can be seen from Figure 8 that the flow rate with the flow scheme from the collector to the primary is greater than the
flow scheme from the primary to the collector. The flow discharge in scenario two is greater than that in scenario one.
Likewise, scenario four is greater than scenario three. It appears that the cross section of the primary channel is deeper
(See Figure 8 d) than the collector channel, so that at ebb tide the water level in the primary channel is lower. This
results in faster flow discharge when the ebb tide scenario flows from the collector to the primary

4 Conclusion

Calibration of the flow system resulted in Manning's values of 0.035 for the primary channel, 0.045 for the secondary
channel, and 0.050 for the connecting channel. The RMSE analysis yielded a value of 0.162. The four flow scenarios
resulted in variations in water discharge entering the Terusan Tengah Tidal Irrigation Area. The most water discharge
resulted from the second scenario with two tidal sources. The second scenario is controlled by using a valve gate to
generate flow at flood tide, the flow enters the collector channel through the secondary channel, and when the ebb-tide,
the water flow out through the primary channel. It is recommended that transient flow simulations be performed with
longer tidal data so that the simulation results are more accurate. It is also recommended that flow simulations be
performed with a larger and more comprehensive network.
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