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ABSTRACT 
Dadahup lowland irrigation area, known in Bahasa as Daerah Irigasi Rawa (DIR) Dadahup, is one of the Ex-PLG areas 
that has been now included in the food estate program. It has been experiencing low productivity, producing only 
1.7 - 2.9 ton/ha/year of paddy. Farming on lowland areas is often hindered by inundation during rainy season. Such 
problems were observed at Blok A5 of DIR Dadahup where inundation might last for a long time. Drainage was hindered 
since the water level in the channel, being at +1.4 to 1.6 m, was higher than the ground level whose elevations were 
+1.30 m for the right area and +1.00 m for the left area. Flow simulation by employing HEC-RAS is proposed to obtain 
a drainage system that can overcome this inundation problem. The use of gates in the secondary and tertiary channels 
was analyzed to improve drainage performance. The results show that by using gates and pumps can reduce the 
inundation area and maintain the water level in the channel according to cultivation needs. Such as in tertiary channel, 
the water level in the right tertiary channel can be maintained at +1.30 m ~ +1.46 m, and that in the left tertiary channel 
can be maintained at +1.12 m. 
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1. INTRODUCTION 

The Indonesian government has opened up tidal land 
to become agricultural land since 1969 to realize the food 
self-sufficiency program [1]. The Indonesian government 
initiated the one-million-hectare peatland project 
(or PLG) in 1995 as part of the program. This project, 
known as the "Mega Rice Project", is converting one 
million hectares of lowland and peatland into agricultural 
land [2]. The ex-peatland project area is bounded by the 
Barito River, the Kapuas Murung River, and the 
Sebangau River. This area consists of five blocks from A 
to E with total area of 1,462,000 ha. In 2020, the 
Indonesian government initiated the food estate program 
to revitalize this area to become Indonesia's food stock 
region [3].  

Dadahup Lowland Irrigation Area, known in Bahasa 
as Daerah Irigasi Rawa (DIR) Dadahup, is one of the 
Ex-PLG areas that is included in the food estate program. 

DIR Dadahup has a potential area of 21,226 ha but only 
6,111 ha is functional. It produces only 1.7-2.9 
ton/ha/year of paddy. Its cropping intensity is once per 
year (CI 100%) [4]. Such productivity should be 
considered low. The productivity of irrigated rice fields 
should reach 8 tons/ha/year [5]. Another opinion stated 
that an irrigated area with good conditions, farmers are 
able to crop paddy two or three times per year producing 
5-7 ton/ha/year of high-yielding paddy variety [6]. 

 Agricultural problems in lowland areas were due to 
water insufficiency to meet crop water requirements [7]. 
Channel conditions are often poorly maintained. Channel 
sedimentation and full shrubs coverage are common 
problems. Some irrigation networks do not have tertiary 
channels and control gates. If any, they are not 
functioning properly according to the agricultural 
needs [8]. Tidal lowland areas between Zona II-b and 
Zona III have complex challenges due to river discharge 
and tides that affect this area [9]. They impact the land 
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being inundated during the rainy season and drought in 
the dry season. Water in the channel is often stagnant 
which produce toxic substance and cause acidity which 
is harmful to paddy growth [10].  

Such problem is observed at Blok A5 of 
DIR Dadahup where inundation and drought are 
challenges faced in this area. Since the amount of 
discharge of the Barito River affects the different water 
levels during rainy and dry seasons [11]. During rainy 
season, this area can be inundated due to the ground 
elevation being lower than the channel's water level. 
During the dry season, there is a possibility that the land 
will suffer from water shortages and poor water quality.  

Considering ground elevation and operational ease 
differences, the water management system must be 
divided into smaller blocks. The application of smaller 
blocks is expected to dilute and circulate acid water more 
effectively. Water conservation and water management 
can also be done in a simpler way [11]. The water 
management in tidal irrigation schemes should meet at 
least three objectives. The first objective is to provide 
adequate water for leaching and diluting acid water. The 
second is drainage of excess water during storm. The 
third is maintaining the potential acid sulphate soil under 
reduced conditions to avoid excessive oxidation [12].  

The inundation that occurred during rainy seasons at 
Block A5 DIR Dadahup is presented and discussed in this 
paper. This paper aims to overcome this inundation 
problem by using gates in secondary and tertiary 
channels. Therefore, the correct water management and 
gate operation rule is needed to adapt with that condition. 
In addition, further research is also needed regarding the 
effectiveness of using gates during the dry season as 
adaptive infrastructure in both conditions. 

2. MATERIAL AND METHOD 

DIR Dadahup is a tidal irrigation scheme located 
between Zone II-b and Zone III. Zone II-b water level is 
influenced by the tides during wet and dry seasons. This 
area is also known as freshwater tidal lowland where 
there is no salinity intrusion. The drainage performance 
can be done by gravity during the dry season and 
irrigation during wet and dry seasons. In Zone III water 
level is influenced by river discharge, tidal influenced 
only during the dry season. In this area no salinity 
intrusion has been found, the ground elevation is 
relatively high and the irrigation capability only uses 
pumps. More details can be seen in Figure 1 and Table 
1 [9]. 

 
Figure 1 Illustration of river zonation in relation to 
salinity, drainage and irrigation [9]. 

Table 1. River zonation system in relation to salinity, 
drainage and irrigation [9] 

Zone Water Level Salinity, drainage and 
Irrigation 

I Influenced by 
the tides during 
wet and dry 
season 

Brackish, drainage by 
gravity during low tide. 
No possibility for 
supplementary irrigation 

II-a Influenced by 
the tides during 
wet and dry 
season 

Salinity intrusion during 
dry season, drainage by 
gravity during low tide, 
supplementary irrigation 
only during wet season 

II-b Influenced by 
the tides during 
wet and dry 
season 

Fresh water lowland, no 
salinity intrusion, drainage 
by gravity during low tide, 
and irrigation during wet 
and dry season 

III Influenced by 
river discharge, 
tidal influenced 
only during the 
dry season 

No salinity intrusion, 
ground level is relativity 
high, irrigation only by 
pumps 

IV Determine only 
by river 
discharge 

No tidal influence, upland 

Block A5 DIR Dadahup is the main locus of this 
paper. Block A5 is divided into two sections, namely 
Block A5 Right and Block A5 Left. This area covers 
1,632 ha with secondary channel Q – Q2' along ±3,300 
m, five right tertiary canals and five left tertiary canals 
with each tertiary channel length of ±2,500 m. This 
block's ground elevation ranges from +0.57 m to +1.74 m 
with average elevations are +1.30 m for the right area and 
+1.00 m for the left area. More details can be seen in 
Figure 2.
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Figure 2 Location spot image and irrigation canal network of Blok A5 DIR. Dadahup [13] [14]. 

This paper simulates the condition of network 
system during rainy season. Drainage was hindered 
since the water level in the channel, being at 
+1.4 to 1.6 m, was higher than the ground level whose 
average elevations were +1.30 m for the right area and 
+1.00 m for the left area, so this area will be inundated 
for a long time as shown in Figure 3.  

  
Figure 3 Inundation that occurred in Block A5 
DIR Dadahup. 

The concept of improving the micro water 
management in this area is to treat this area like a folder 
system. This system aims to isolate this block, so it does 
not affect or be influenced by other blocks. Some of 
advantages of this system are protecting the lower areas 
from overflowing excess water from higher areas, 
accelerating the discharge of excess water into the river, 
expediting the circulation of water in the channel and 

simplifying the operation and maintenance of the 
channel [11]. 

This paper focuses on improving drainage 
performance during rainy season by using gates in 
secondary and tertiary channels. Tidal influence by 
main primary channel and auxiliary primary channel 
entering into secondary and tertiary channels of 
Block A5 will be regulated by these gates. These gates 
have functioned as the regulator, regulating the 
channel's water level according to cultivation needs.  

Flow simulation by employing HEC-RAS is 
proposed to obtain a drainage system that can overcome 
this inundation problem. The data for the simulation of 
the HEC-RAS model are longitudinal and 
cross-sectional sections of the channel, hydraulic 
control structure layout, boundary condition (upstream 
and downstream), hydrological data, and terrain data. 
Flow simulation due to water level fluctuations should 
be carried out using unsteady flow analysis [15]. The 
hydraulic simulation was carried out under four 
scenarios. Figure 4 and Table 2 present these four 
simulation scenarios. 

Several previous studies have also used 
mathematical models to assist in evaluating the 
drainage performance of a lowland irrigation network 
system [15] [16] [17]. 
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Table 2. Scenarios geometries regarding gate placement and pump station 

Simulation 
Scenarios 

Secondary 
Gate 

Tertiary 
Gate Pump Description 

No gate - - - Without gate structure 

Secondary gates √ - - Gate structure at secondary channel 

Tertiary gates √ √ - Gate structure at secondary and tertiary channels 

Pumps √ √ √ Gate structure at secondary and tertiary channels + pump 
station 

  

 
Figure 4 System layout. 

3. RESULTS AND DISCUSSION 

3.1 Gates and Pumps 

The gate designs were determined for supply and 
drainage of the Block A5 system. These gates are 
expected to adapt for both conditions. However, this 
paper only discusses the use of these gates to improve 
drainage performance. The type of gate is a sluice gate 
placed in the secondary and tertiary channels. The gate 
dimension at secondary channel was 2x2 m whose 
invert is at +0.4 m and consists of 4 gates at each 
structure. The gate structures are placed at the upstream 
and downstream ends of the secondary channel. 

Whereas the gate dimension at tertiary channel was 
1.5x1.5 m whose invert are ranging of -0.5 to -0.8 m 
and each structure consists of 1 gate. The gate 
structures for the tertiary channel are placed at every 
downstream of the channel. The gate operation rules 
use the specified reference by the water level in the 
channel. For example, the gate structure at secondary 
channel, the gates begin to close when water level 
reference on secondary channel reaches +1.45 m and 
the gates begins open when water level reference on 
secondary channel is down to +1.40 m. In general, the 
gate operation rules in this paper are the gates close 
when water level in the channel is high enough and 
open again when water level in the channel is low 
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enough due to cultivation needs and drainage purposes. 
The type, size, and operation rules of these gates could 
later be redesigned as the need for drainage may vary.  

In addition, the use of pumps certainly improves the 
drainage performance of this network system. There are 
two pumps for the tertiary channel at each pumping 
station. Meanwhile, there are ten pumps in the 
secondary channel at each pump station. The pump 
operation based on the water level, where the pump 
starts up when the water level reaches a certain height 
and shuts down when the water level has down to a 
certain height. For example, the operation of the pump 
at secondary channel, where the pump starts up when 
water level on secondary channel reaches +1.45 m, and 
the pump shuts down when water level on secondary 
channel down to +1.30 m. The number, capacity and 
operation rule of the pump could later be redesigned as 
the need for drainage may vary.  

3.2 Hydraulic Simulation Results 

The analysis using HEC-RAS was simulated for ±5 
days (120 hours) from 21-25 Nov 2021 with Stage 
Hydrograph as boundary conditions in upstream and 
downstream. In addition, rainfall event was modelled 
using 2D Flow Area with precipitation as a boundary 
condition. In this model, the stage hydrograph and the 
precipitation event are based on real conditions 
measured on 21-25 Nov 2021. 

Based on simulated flow, the inundation area that 
occurred is shown in Figure 5. In the condition without 
the gate, inundation occurred in almost area plots in 
both the right and left areas of Block A5. By putting 

gates at secondary channel, the inundation area can be 
slightly reduced.  The use of gates in secondary and 
tertiary channels, the inundation area especially on the 
left area can be reduced and its better than in the 
previous scenario. Meanwhile, using pumps at the end 
or outlet of the channel, the inundation area is greatly 
reduced than in another scenario. Based on Table 3, it 
can be seen in the no gate scenario that the highest 
inundation for the right area ranges from 0.44 ~ 0.58 m 
and for the left area ranges from 0.47 ~ 1.01 m. The 
inundation height in the secondary gates scenario can 
be reduced to ± 9 cm in each area plot. The use of gates 
in secondary channels impacts the Block A5 micro 
water management, which can avoid the influence of 
tides. For the tertiary gates scenario, the inundation 
height has similar results to the secondary gates 
scenario on the right area. However, the difference is 
the inundation level on the left area. The existence of 
gate structures, especially in the left tertiary channel, 
protected the lower area (left area) from overflowing 
excess water from the higher area (right area). The 
result shows that the highest inundation on the left area 
ranges from 0.04 ~ 0.59 m which means the water level 
can be lowered significantly. By using pumps, the 
results show that the highest inundation of the right area 
ranges from 0.19 ~ 0.26 m and for the left area ranges 
from 0.04 ~ 0.59 m, so this is much better than another 
scenario. As a result, where water cannot be drawn by 
gravity (due to the elevation of the area being lower 
than the surrounding area or water level in the channel 
higher than ground level), the use of a pump is an 
alternative that can be used to reduce the inundation 
level.

 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Figure 5 Inundation area: (a) no gate; (b) secondary gates; (c) tertiary gates; (d) pumps. 

Table 3. The highest inundation in each area 

Simulation 
Scenarios 

Right Area Block A5 (m) Left Area Block A5 (m) 

Right 1 Right 2 Right 3 Right 4 Right 5 Right 6 Left 1 Left 2 Left 3 Left 4 Left 5 Left 6 

No gate 0.50 0.49 0.47 0.44 0.48 0.58 0.47 0.98 1.01 0.97 0.93 0.90 

Secondary 
gates 0.42 0.41 0.38 0.35 0.38 0.49 0.39 0.89 0.92 0.88 0.84 0.82 

Tertiary 
gates 0.42 0.41 0.38 0.35 0.38 0.49 0.04 0.55 0.59 0.56 0.52 0.50 

Pumps 0.26 0.25 0.22 0.19 0.24 0.34 0.04 0.55 0.59 0.56 0.52 0.50 

The simulation results for water level fluctuations in 
the secondary channel, right tertiary channel and left 
tertiary channel can also be seen in Figure 6, Figure 7 
and Figure 8 below: 

  
Figure 6 Water level on the secondary channel. 

 
Figure 7 Water level on the right third 
tertiary channel. 
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Figure 8 Water level on the left third tertiary channel. 

The result on the no gate scenario shows that water 
level fluctuation at secondary channel can reach 
+1.60 m (Figure 6). This causes tidal water to enter 
deep into the irrigation network system and inundate 
the area plot. Meanwhile, rainwater on the area plot 
cannot be drained due to the high water level in the 
channel. This is also shown in Figure 7 and Figure 8, 
where the water level in the right and left tertiary 
channels is more than +1.50 m (in no gate scenario). On 
the secondary gates scenario, the water level at 
secondary channel can be maintained at an elevation of 
+1.46 m (Figure 6). As well on the right and left tertiary 
channels, the water level can be maintained at an 
elevation of +1.46 m (Figure 7 and Figure 8). The 
tertiary gates scenario shows that the water level at the 
secondary channel can be maintained at +1.50 m and 
the right tertiary channel has similar results to the 
secondary gates scenario where the water level can be 
maintained at an elevation of +1.46 m. (Figure 6 and 
Figure 7). However, with the existence of gate 
structures especially on the left tertiary channel, the left 
area is protected from overflowing excess water from 
higher areas. The result shows that the water level at the 
left tertiary channel can be maintained at an elevation 
of +1.12 m (Figure 8). The result of the pumps scenario 
shows that using pumps effectively maintains the water 
level in the channel. For secondary channel, the water 
level can be maintained at an elevation of +1.31 m 
(Figure 6), right tertiary channel of +1.31 m (Figure 7) 
and left tertiary channel of +1.12 m (Figure 8) so that 
the rainwater on the area plot can be drain to the 
channel and out of the system, so the inundation area 
can be reduced significantly.  

Based on best practice, the tolerance for inundation 
in the paddy fields is generally ±0.2 m. Such results in 
the right area with an average ground elevation of 
+1.30 m where the water level in the tertiary channel 
can be maintained at +1.30 ~ +1.46 m (secondary gates, 
tertiary gates and pumps scenarios). Likewise, with the 
left area wherewith an average ground elevation of 
+1.00 m, the results show that the water level in the 
tertiary channel can be maintained at an elevation of 
+1.12 m (tertiary gates and pumps scenarios). This 
indicates that the water level in the channel can be 

regulated by using gates and pumps according to 
cultivation needs. 

4. CONCLUSION 

Farming on lowland areas is often hindered by 
inundation during rainy season. Such problem is 
observed at Blok A5 of DIR Dadahup where inundation 
may last for a long time. This paper analyzed the use of 
gates to improve drainage performance. The hydraulic 
simulation was run using HEC-RAS to obtain a 
drainage system that can overcome this inundation 
problem. The results show that by using gates and 
pumps can reduce the inundation area and maintain the 
water level in the channel according to cultivation 
needs. Such as in tertiary channel, the water level in the 
right tertiary channel can be maintained at 
+1.30 m ~ +1.46 m, and that in the left tertiary channel 
can be maintained at +1.12 m.  

AUTHORS' CONTRIBUTIONS 

All authors contributed equally based on their 
expertise. 

ACKNOWLEDGMENTS 

The authors would like to express their gratitude for 
the support by the Directorate Irrigation and Lowland 
and Balai Wilayah Sungai Kalimantan II, Directorate 
General of Water Resources, Ministry of Public Works 
and Housing, Republic of Indonesia. 

REFERENCES 

[1] F. S. S. Rahajeng, R. Jayadi, and A. Maas, “The 
Preliminary Study for Increasing the Productivity 
of Unit Tamban Lowland Irrigation Area based on 
Fact Findings of Observations,” IOP Conf. Ser. 
Earth Environ. Sci. 930(1) (2021). doi: 
10.1088/1755-1315/930/1/012047. 

[2] M. I. Arif, D. Legono, and D. Luknanto, “Study 
on the Performance of the Hydraulics System 
Planning of Swampy Irrigation Area of Dadahup, 
Kapuas District, Central Kalimantan Province,” 
IOP Conf. Ser. Earth Environ. Sci. 930(1) (2021). 
doi: 10.1088/1755-1315/930/1/012049. 

[3] S. Marwanto and F. Pangestu, “Food Estate 
Program in Central Kalimantan Province as An 
Integrated and Sustainable Solution for Food 
Security in Indonesia,” IOP Conf. Ser. Earth 
Environ. Sci., 794(1) (2021). doi: 10.1088/1755-
1315/794/1/012068. 

[4] Direktorat Irigasi dan Rawa, “Program 
Peningkatan Penyediaan Pangan di Kalimantan 
tengah,” 2020. 

Hydraulic Study on The Use of Gates to Improve Drainage Performance             169



[5] R. Wunangkolu, Rismaneswati, and L. 
Christianto, “Rachmad Wunangkolu, 1 
Rismaneswati, 1 Christianto Lopulisa,” vol. 2, 
(2019) 34–49. 

[6] A. Hairani and M. Noor, “Water management for 
increase rice production in the tidal swampland of 
Kalimantan, Indonesia: Constraints, limitedness 
and opportunities,” IOP Conf. Ser. Earth Environ. 
Sci. 724(1) (2021). doi: 10.1088/1755-
1315/724/1/012021. 

[7] M. S. Imanudin, B. Bakri, M. E. Armanto, B. I. 
Setiawan, and R. S. NP, “Land And Water 
Management Option of Tidal Lowland 
Reclamation Area to Support Rice Production (A 
Case Study in Delta Sugihan Kanan of South 
Sumatra Indonesia),” J. Wetl. Environ. Manag. 
6(2) (2019) 93. doi: 10.20527/jwem.v6i2.165. 

[8] L. Hutahaean, E. E. Ananto, and B. Raharjo, 
“Pengembangan Teknologi Pertanian Lahan Rawa 
Pasang Surut Dalam Mendukung Peningkatan 
Produksi Pangan : Kasus di Sumatera Selatan,” 
Memperkuat Kemamp. Swasembada Pangan, pp. 
89–108, 2015, [Online]. Available: 
www.litbang.pertanian.go.id/buku/swasembada/
BAB-II-5.pdf. 

[9] F. X. Suryadi, “Soil and Water Management 
Strategies for Tidal Lowlands in Indonesia,” Soil 
Water Manag. Strateg. Tidal Lowl. Indones., 
1996, doi: 10.1201/9780429333231. 

[10] A. A. Pramono and M. Sholichin, “Study of Water 
Management Development in Petung Swamp 
Areas at the Province of East Kalimantan,” Civ. 
Evironmental Sci. J. 4(2) (2021) 173–182. 

[11] B. S. Wignyosukarto, “Konsep Pengembangan 
Pola Tata Air Lahan Gambut,” Forum Tek. 24(3) 
(200) 342–357. 

[12] B. S. Wignyosukarto, “Leaching and flushing of 
acidity in the reclamation of acid sulphate soil, 
kalimantan, indonesia,” Irrig. Drain. 62(S1) 
(2013) 75–81. doi: 10.1002/ird.1777. 

[13] Balai Wilayah Sungai Kalimantan II, “Laporan 
Akhir Survey dan Investigasi Design (SID) 
Rehabilitasi dan Peningkatan Jaringan Irigasi 
Rawa Wilayah Kerja Blok A,” 2020. 

[14] Google Earth Pro, “Imagery Satellite of DIR 
Dadahup,”2022. https://earth.google.com/web/@-
2.70042008,114.65744516,30.54269258a,66806.
6139835d,35y,-0h,0t,0r (accessed Jun. 15, 2022). 

[15] A. K. Fauzan, B. S. Wignyosukarto, and R. Jayadi, 
“Water Management Evaluation for Upgrading 
Tidal Irrigation System, Katingan, Kalimantan,” 

IOP Conf. Ser. Earth Environ. Sci. 791(1) (2021). 
doi: 10.1088/1755-1315/794/1/012040. 

[16] K. Shioda, K. Iwasaki, and V. Khao-Uppatum, 
“Simplified Methods for Estimation of Mean 
Daily Discharge at Confluences and Regulators in 
Tifal Rivers for Adequate Water Management,” 
Irrig. Eng. Rural Plan. vol. 23 (1992). 

[17] Megawaty, R. H. Susanto, F. X. Suryadi, and 
Ngudiantoro, “Optimazing operation and 
maintenance Telang II tidal reclamation scheme in 
relation to agricultural development,” Agric. Sci. 
03(02) (2012) 287–298. doi: 
10.4236/as.2012.32033. 

 
 

170             H. Ansari et al.



Open Access This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/), which permits any noncommercial use, sharing, adaptation, distribution
and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license and indicate if changes were made. 
     The images or other third party material in this chapter are included in the chapter s Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not included in the chapter s Creative Commons license and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. 

’
’

Hydraulic Study on The Use of Gates to Improve Drainage Performance             171




