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Abstract: Floods are an issue that results in losses, and thus attempts to solve the problem of flooding
are attempts to minimize losses. To mitigate the losses incurred as much as possible, there are several
approaches to deal with the loss through incident management and its impacts. The objective of
this study is to investigate the variations in water level within Air Lakitan Watershed to monitor the
fluctuations of water level for preventing flooding issues in the future. This research was carried
out by analyzing the hydrodynamics of flow in irrigation canals in Irrigation Area II with an area of
928 hectares using the HEC-RAS program with rainfall data and flow hydraulics data. The study
was carried out in Air Lakitan Watershed in Sumber Harta District, Musi Rawas Regency, Sumatra,
Indonesia. Each portion of the studied irrigation canal’s water level and velocity, as measured by
a current meter, are shown on graphs, as are the study’s overall conclusions for each observation
station along the channel. Simulated data was acquired using a river crossing that is not filled and
a discharge of 0.024 m3/s. From this research, it can be concluded that the Log-Pearson Type III
distribution is the frequency distribution that matches the hydrological analysis in the research area.
This method can be applied in analyses of river levels in other areas with heavy rainfall. Therefore,
the water level upstream and downstream is the same at 0.41 m with a discharge of 1 m3/s; the river
cross-section downstream with an existing discharge of 0.024 m3/s produces water height as high as
0.08 m and with a flow rate of 0.783 m/s, the water level at the downstream cross-section is filled up
to 0.75 m high, and the water level downstream of the irrigation channel is up to 0.40 m.

Keywords: Air Lakitan Watershed; discharge design; irrigation canal; HEC-RAS program; water level

1. Introduction

The Kelingi watershed, the Semangus watershed, the Air Lakitan Watershed, and
the Musi watershed are just a few of the water sources that feed the region’s 254 rivers,
both big and tiny. The water in these rivers can be used for any purpose, but it can also
cause problems, like floods, if it is not managed properly. Musi Rawas Regency’s Public
Works, Irrigation Service, Spatial Planning, and Cipta Karya will be better able to use and
regulate the river system with the collected data and river profile. Natural factors like heavy
precipitation, sloping land, and the effect of tides are common factors resulting in flooding
within a watershed or region. Human actions, such as settlement in low-lying areas near
rivers or having factories dispose of their waste in waterways, frequently contribute to
flood issues [1-3].

Inadequate river/drainage system management and/or poor maintenance are also
factors contributing to the flooding problem. As a result of societal issues, more and
better home environmental infrastructure is needed. A left/right inspection road design,
integrated structural and non-structural riverbank reclamation and installation in Musi
Rawas Regency, and immediate program outputs are required to address the issues outlined
above [1,4]. In this way, it is to everyone’s advantage to work on the natural factors that
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lead to flooding in a given location, such as by making use of natural flow-retaining zones
(retarding ponds) and spatial /land planning.

Musi Rawas Regency as a whole has an area of 1,236,582.66 Ha. The area is part of
Muara Lakitan District with an area of 15.88 percent of the total area of the district. In
general, the Musi Rawas Regency area has a diverse topography, ranging from lowlands
to highlands. The altitude of the area ranges from 25-1000 m above sea level and has a
tropical and wet climate with an average monthly rainfall of 200 mm based on the data for
15 years with an average of 11 rainy days per month. The highest average rainfall and the
rainiest days occur in December, which averages 382 mm and 19 rainy days [1,4].

The Musi Rawas district is fed by five main rivers that are generally navigable, namely,
the Musi River, Rawas River, Lakitan River, Kelingi River, and Semangus River. In addition,
other rivers are tributaries of the main rivers, such as the Keruh River, the Lintang River,
and the Kungku River, which is a tributary of the Musi River [1,4]. In addition to having
large rivers, in the Musi Rawas district there are also several lakes, including Raya Lake
in Rupit sub-district and Aur Lake in Sumber Harta sub-district, which function as water
reservoirs, and these lakes also have tourism potential for Musi Rawas district.

Musi Rawas Regency’s river channels are in relatively good shape, meaning that they
can accommodate flows of varying intensities and can even be used as river transportation
routes. However, the river’s flow is severely impeded by the many places that are used as
fishponds. As river levels rise, floods become more common as flow capacity is reduced.
The overflow of the river will also cause flooding in several neighborhoods. That is why it
is so important to check with the local authorities about whether or not there are any hard
and fast rules on how the river channel is supposed to work [5,6].

Because the river channel is full of big tree branches that hinder the flow of the river
and function as a factor limiting its flow capacity, there is damage to river channels and
cliffs in some regions, particularly near river bends. The river in Musi Rawas Regency
overflowed its banks several years ago (around 2008), causing widespread flooding in the
region. An average flood can reach a height of about a meter and linger for as long as two
days (results of interviews with residents). Smaller rivers gather and transmit runoff from
roads and other urban areas, complementing the larger rivers. There have been reports that
the storage capacity of the rivers in the Musi Rawas Regency is insufficient to evacuate the
rainwater during times of heavy rainfall [5,7].

Homes were rendered uninhabitable due to flooding, public health was compromised
due to the spread of numerous diseases, and transportation and the local economy were
rendered inoperable as a result of the flood catastrophe in the Musi Rawas Regency. In-
capable of regular mobility, many animals were lost or killed, and much property was
destroyed. Because not all of the natural drainage channels or small rivers in the area have
been revitalized according to conventional design, the flooding problem is exacerbated
whenever there is heavy rainfall [5] lasting between one and three hours and the water
from the natural drainage or small rivers overflows and fills the entire area. At the same
time, the low basin carries sediment to the unplanned drainage channel, which eventually
empties into the river as the “mainstream” in Musi Rawas Regency [5,8].

Since floods cannot be eliminated, the goal of flood preventive activities (flood loss
management) is to reduce losses brought on by floods. The objective of this study is to
investigate the variation of water levels within Air Lakitan Watershed. This research was
carried out by analyzing the hydrodynamics of flow in irrigation canals in Irrigation Area
IT with an area of 928 hectares using the HEC-RAS program with rainfall data and flow
hydraulics data.

2. Methods
2.1. Data and Investigation

This survey was carried out after studying maps that were the result of the secondary
data collection stages. This survey was designed to get a clearer picture of the details of
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damage to existing weirs and to estimate the potential for improved dam function in the
future. Data was obtained in this survey including:

Location (administrative, coordinates, river name, and others).

Determination of the measurement location boundary and topographic reference point.
Water sources and irrigation water availability.

Condition of irrigation networks (maps and schemes).

Irrigation management status.

Water supply, distribution, and water supply plans, cropping plans, drying plans, etc.
Estimated area of the service area to be irrigated.

Estimated benefits derived from plans for building a water divider building (tap-
ping building).

9.  Institutional irrigation Operation and Maintenance (OM).

PN

2.2. Research Location

The research location [5] is located in Air Lakitan Watershed in Sumber Harta District,
Musi Rawas Regency (Figure 1).
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Figure 1. The location of the research works.

3. Hydrograph Stream Flow Analysis

The Deras II Irrigation Area, which among other things aims to drain the water
discharge, includes the Moyan weir in Musi Rawas Regency. Several factors must be taken
into account in this regard: (1) the planning area is classified as a slightly bumpy area;
(2) the topography of the area, which is relatively flat and partly marshy, is in the form of a
basin or depression; (3) geologically, the soil is sedimentary soil with poor carrying capacity.

Technically, the research area is located in the Musi Rawas Regency with a measuring
radius of 2.25 km. Based on the hydrological analysis, a water-use governance design
will be conducted [9]. Observational data from past occurrences were used to forecast
similar-sized events in the future. The likelihood that extraordinary occurrences in a year

"1

“N” will occur again in year “n” is represented as:
P(N,n)=n/(N +n) 1)

Since adequate hydrometric data was not yet readily available, rain data were used as
a foundation for hydrological computations. The average rainfall value was determined
based on the maximum monthly rainfall data. The rainfall data were collected from Tugu
Mulyo rainfall station, and this was the only one in the investigated area with a period of
record for a reasonably long time, between 1989 and 2001 as well as between 2014 and 2016.
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There were no data between 2002 and 2013 in all stations due to confidentiality reasons
from the government [9].

By looking at the frequently utilized distribution, frequency analysis was used to
estimate rainfall [10]. Plans for estimated precipitation were implemented using frequency
analysis of yearly maximum rainfall data (annual series). There are numerous statistics in
the distribution, and there are four categories that are frequently employed in frequency
analysis [10], namely: Normal log 2 parameters; Normal; Gumbel type I; and Log-Pearson
Type IIL

Every distribution has different statistical properties. It is possible to determine which
distribution is appropriate for a given data set by calculating the statistical parameters of
the investigated data set. The following are the intended statistical parameters:

_ XX
X =& @)
_ (xi - xr)z
S=N o ©)
C = e L)’ @
Ce . > (x — x)? (5)

T (i—1D)(n—2)(n—23)s*

with: S is standard deviation; x; is rainfall data; C; is the skewness coefficient; X, = mean
value; Cy is the coefficient of kurtosis; and 7 is the amount of data.
Each distribution has a distinct statistical profile, which can be described as follows:

(1) Dispersion of logarithms is normally distributed (two parameters). Characteristics:
the constants Cs = 3 C, and C; are always positive; mathematical formula for a
probability line: x(t) = x + K; x(t) = rainfall depth, with f being the return period
(years); K = frequency factor.

(2) Probability is spread out evenly in a normal fashion. Characteristics: expected value
of Cs =0; P(x — S) =15.87%; P(x) = 50.00%; P(x + S) = 84.14%. Variables with values
between —S and +S have a 68.27% chance of occurring, while values between —X and
+X have a 95.44% chance.

(3) Dispersion of Gumbel type I. Characteristics: Cs = 1.3960 cv; Cy = 5.4002; mathematical
formula for a probability line:

X(0) = x+ (v~ ) ©)

with: y, is the mean value and oy, is reduced variated of standard deviation; y is
reduced variated and ¢ is standard deviation.

(4) Log-Pearson Type III distribution. There is no evidence that the statistical data follows
any of the three aforementioned distributions. The accumulated precipitation is
converted to its natural logarithm, with x; values replaced by In x;. Once this is done,
it can be computed for the mean, standard deviation, and skewness coefficient:

Inx = M (7)
_ Z?:l (lnxi — lnx)z
N ¢ (n=1) ®)
C= (n— 1)(1:1 —2)83 Zl*](znxi - lnx)3 9
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5.

Probability line equation:

Inx(t) = Inx + KS

(10)

Finding the anti-logarithm of the value of In’s value yields the depth of rainfall with
the birthday t. K is the frequency factor based on the value of C; computed in Equation (9).
Testing the goodness of fit with Smirnov—Kolmogorov and chi-square tests was carried out
to see whether the available data fall under the selected theoretical distribution.

Estimated rainfall plans with a return period of less than 1 t year cannot be obtained
with the frequency analysis above. Determination of the depth of rain with the proba-
bility of being equal or done once or several times a year can be performed using the
approach below.

Determination of the length of the rain data series (for example, n years).
Data for each year are broken down from large to small.
For each year, the data are taken (k + 1) the largest data, where k is the number of events
equaled or exceeded in the desired year. n years are obtained from n x (k + 1) data.

The new data set is sorted from large to small.
Rainfall with probability equaled or exceeded k times a year is data in order (n x k + 10).

4. Results and Discussion
4.1. Statistical Data Analysis

All rainfall data for 15 years (from 1989 to 2016), as in Table 1 below, were analyzed
using statistical analysis and the average rainfall (X), standard deviation (S), coefficient
of variation (Cy), coefficient of skewness (Cs), and kurtosis coefficient (C;) were obtained
as follows:

Table 1. Maximum rainfall data analysis result.

Years Rainfall (X) LOG X (X — Xaverage)® (X — Xaverage)® (X — Xaverage)*
1989 346 2.539 0.009 —0.000805 0.000075
1990 448 2.651 0.000 0.000007 0.000000
1991 518 2.714 0.007 0.000556 0.000046
1993 441 2.644 0.000 0.000002 0.000000
1994 468 2.670 0.001 0.000055 0.000002
1995 417 2.620 0.000 —0.000002 0.000000
1996 231 2.364 0.072 —0.019358 0.005198
1997 298 2.474 0.025 —0.003937 0.000622
1998 558 2.747 0.013 0.001502 0.000172
1999 365 2.562 0.005 —0.000340 0.000024
2000 347 2.540 0.008 —0.000773 0.000071
2001 626 2.797 0.027 0.004448 0.000731
2014 545 2.736 0.011 0.001134 0.000118
2015 417 2.620 0.000 —0.000002 0.000000
2016 634 2.802 0.029 0.004910 0.007059
Amount of data 15
Amount 39.482 0.113 0.0144 0.014118
Average 2.632 Cs
Standard of 0.090 Ck
deviation

Amount of data (n) = 15.
The average data (X) = 122,333.
Standard deviation (S) = 45,001.

Coefficient of variation (C,) = 0.368.
Coefficient of skewness (Cs)= 1.9245.
Coefficient of kurtosis (Ci) = 9831.
From the results of the analysis above, the maximum rain analysis was then carried
out as shown in Table 1.
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As a result, it can be seen that the distribution of rainfall is categorized in the type of
frequency distribution which is in accordance with Table 2 where the satisfying distribution
is Log-Pearson Type IIL

Table 2. Data Distribution of Requirements Testing for Using Frequency Analysis.

Distribution Type Terms Calculation Conclusion

Cs=~0 Cs =1.9245 .

Normal Ci~3 Ci = 9.831 No, fulfill
Cs =1.1396 Cs =1.9245 .

Gumbel Cp = 54002 C, 9831 No, fulfill
Cs(Inx)=0 Cs (Inx) = —0.2133 .

Log Normal Cp (Inx) =3 Cp (In x) = 3.4689 No, fulfill

Cs =—0.2133

Log-Pearson Type Il Apart from top value Fulfill

Cy = 3.4689

Table 3 presents the results of the planned rainfall analysis based on the distribution
of Log-Pearson Type IIL

Table 3. Rainfall Design of the Log-Pearson Type III

T P(%) Cs G Log X X (mm)
2 50 0.2133 —0.0373 2.0576 114
5 20 0.2133 0.8376 2.1894 155
10 10 0.2133 1.3117 2.2608 182
20 5 0.2133 1.7461 2.3262 212
25 4 0.2133 1.8329 2.3393 218
50 2 0.2133 21723 2.3904 246

4.2. Time of Concentration (t.)

To calculate the time of concentration (f), several formulas are used, namely Kraven,
Rhiza, and Kirpich [10].

4.2.1. Kraven Formula

In addition to the above methods to calculate concentration time, the following formula
can be used:
tc= L/W (11)

with:
t.: time of concentration (s)
L: length of the main river (m)
Slope (S) 1/100 > 1/100-1/200 < 1/200
Velocity (W) 3.5m/s;3.0m/s; 2.1 m/s

4.2.2. Rhiza Formula

Here lists the formula:
.=L/W (12)

W =7250,6

with:
t. = time of flood concentration (h)
W = flood velocity (km/h)
S =river average slope
L =river length (km)
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4.2.3. Kirpich Formula

Here lists the formula:
te =m 0.00013 077 038 (13)

with:
tc = time of flood concentration (h)
S = average slope of the main river
L =length of the main river (m)
m = based on earth type; 1 for bare earth; 2 for grassy earth, 4 for concrete and asphalt
Using the Kirpich formula, the time of concentration (t.) = 0.824 min was obtained.

4.3. Rainfall Intensity

To determine the amount of rainfall intensity from the amount of rainfall, we used
the formula:

4.3.1. Ishiguro

Here lists the formula: .

I= N (14)
Cx(1VE)-Z(?) — (V) £()
TR @ -x- X - xl
)T (1VE) =N g(2 - VE)
N -Y(1?) = X(I)- £(I)
where:
I = rainfall intensity (mm/h)
t = duration of rain (h)
N = lots of data
4.3.2. Mononobe
Here lists the formula: 23
R 24

In calculating the peak flood flow, t is equated with a time of ¢, (time of concentration).
The two formulas (Formulas (15) and (16)) above are suitable for an area of irrigation of
>100 Km?,

By using the Mononobe formula and rainfall design with the Log-Pearson Type 111
distribution, the rainfall intensity is shown in the table below [11].

Using the results of the rainfall analysis, which produces rainfall intensity with a
return period (Table 4), we then created an IDF graph with the results, as shown in Figure 2.

Table 4. Rainfall intensity.

Tr (Year) Ry4 (mm) I (mm/h)
5 114 45,0343

10 155 60,9973

25 182 71,8987

50 212 83,5867
100 218 86,1431

Note: Ryy is rain for 24 h or 1 day.
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Rainfall Intensity (mm)
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Figure 2. Intensity Duration Frequency (IDF) Curve.

In calculating the design flood, input is needed in the form of design rain which is
distributed into the hourly rainfall depth. In order to convert the design rainfall into hourly

rainfall, it is necessary to obtain an hourly rainfall distribution pattern.

If what is available is daily rainfall data, to obtain hourly rainfall depth from design
rainfall, a rainfall distribution model can be used. One of the rain distribution models
developed to convert daily rain to hourly rain is using the Alternating Block Method

(ABM) [11]. The results of the analysis were as shown in Figure 3.
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Figure 3. Alternating Block Method (ABM) Log-Pearson Type III Distribution.

4.4. Hydrodynamic Modeling Analysis

The results of hydrodynamic modeling are water level elevation, velocity, and several
other hydraulic parameters. By performing this hydrodynamic modeling, the water level
in each channel segment can be known so that segments that are not filled with water or

overflow will be known.
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With the knowledge of segments that are experiencing water shortages, the next
step can be carried out, either by making reservoirs or by making channel improvements.
Hydrodynamic modeling can also create plans/plans combined with control structures
such as flood pumps and flood gates. Hydrodynamic modeling with HEC-RAS 2D can also
compare plans between existing conditions and design conditions so that the design effect
on changes in water level will be known [12].

The graphical facilities provided by HEC-RAS include X-Y graphs of river channels,
cross-sections, rating curves, hydrographs, and other graphs which are X-Y plots of various
hydraulic variables. HEC-RAS also provides a 3D plot feature of multiple latitudes at once.
The model output results can also be displayed in tabular form. Users can choose between
using tables provided by HEC-RAS or creating/editing tables as needed. Graphs and tables
can be displayed on the screen, printed, or copied to the clipboard for inclusion in other
application programs (word processor, spreadsheet) [13].

Along with this existing conditions modeling, simulation can also performed by not
inputting from the source. This is intended to check whether the existing system can
accommodate the burden of its watershed. The results of modeling the existing debit
conditions and plan simulation conditions can be seen in Figure 4.

(b)

Figure 4. (a) Downstream and water level of Moyan weir; (b) upstream of Moyan weir.

4.5. HEC-RAS Program

HEC-RAS is an application program for modeling river flow, the River Analysis
System (RAS) created by the Hydrologic Engineering Center (HEC), which is a division
within the Institute for Water Resources (IWR), under the US Army Corps of Engineers
(USACE). HEC-RAS is a one-dimensional model of permanent and non-permanent flow
(steady and unsteady one-dimensional flow model). The latest version of HEC-RAS,
Version 4.1, has been in circulation since January 2010. HEC-RAS has four components
of a one-dimensional model: (1) calculation of the water surface profile of permanent
flows, (2) simulation of impermanent flows, and (3) calculations of sediment transport. An
important element in HEC-RAS is that all four components use the same geometry data,
the same hydraulic calculation routines, and several hydraulic design features that can
be accessed after a successful water level profile calculation. HEC-RAS is an application
program that integrates graphical user interface features, hydraulic analysis, management
and data storage, graphics, and reporting [14,15].

The HEC-RAS program is software used to analyze discharge where this software
allows the user to perform one-dimensional steady flow, one and two-dimensional un-
steady flow calculations, sediment transport/mobile bed computations, and water temper-
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ature/water quality modeling [16]. Figure 5 presents the Moyan Irrigation geometry menu
in HEC-RAS software.

\( Geometric Data - geo
File Edt Options View Tables Took GISTools Help

Jocls| River [Sorage | SA | Pump || po 5 0 I FWS oo ’—L]
Reach | Frea | Coon | SH i |Descrpion extents for Profile: | [none)
-uﬂ edfes L =

Edtors\ | )
=
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] L)
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i Yoo 3500
5 482350
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i 123087
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T :
e
E
.;'7—; .
Hu ]] s
;seccw
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_Kesar
Figure 5. Moyan Irrigation Geometry Menu.
Cross Section Data
a.  In the Description field, enter a description regarding the cross section (River

Sta) (Figure 6), namely, “The upstream boundary of the Graphic Sta segment is
1000 m” [17].

b.  The coordinates (Station, Elevation) of the latitude points on the River Sta are as
follows: (0, 3), (2, 1), (4, 1), (6, 3). Remember, the base slope of the channel is 0.001 so
the elevation at River Sta “1000” is 1 m above the elevation at River Sta “0” [18].

c. Fill in the distance of the River Sta section “1000” to the downstream reach lengths
with the number “1000” (the unit of length is meters), both for LOB, Channel,
and ROB [19].

d. Fill in Manning’s n Values, Main Channel Bank Stations, and Cont\Exp Coefficients
do not need to be changed [20].
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Figure 6. Cross section on the river.

4.6. Data Input

Existing discharge was obtained from the measurement of the velocity with the current
meter and water level from the bottom of the irrigation channel [21,22].
e  Obtained a discharge of 0.024 m3/s [23].
e  The cross-section condition in the downstream river is not filled with water [23].
e  The planned discharge is 1 m®/s [24].

Figure 7 shows the river cross-section downstream with an existing discharge of
0.024 m®/s producing water height as high as 0.08 m.

L o
I~ 0025 |
Legend
41.5 EG PF 1
WS PF 1
-------- -
) =
Ground
*
Bank Sta
40.5
40.0 . = E—- — !
& T 10 11

Station (m)
Figure 7. River cross-section downstream with existing discharge.

Figure 8 shows the river cross-section upstream with planned discharge 1 m?/s
producing water height as high as 0.41 m.
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Figure 8. River cross section upstream with planned discharge.
Figure 9 shows the river cross-section downstream with a planned discharge of 1 m3/s
producing water height as high as 0.404 m.
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Figure 9. River cross-section downstream with planned discharge.

5. Conclusions
From this research, the following can be concluded:

a.  The Log-Pearson Type III distribution is the frequency distribution that matches the
hydrological analysis in the research area. This method can be applied in analyses of
river levels in other areas with heavy rainfall.

b.  The water level upstream and downstream is the same at 0.41 m with a discharge of
1m3/s.

c. The river cross-section downstream with the existing discharge of 0.024 m3 /s pro-
duces water height as high as 0.08 m.

d. With a flow rate of 0.783 m/s, the water level at the downstream cross-section is

filled up to 0.75 m high, and the water level downstream of the irrigation channel is
up to 0.40 m.
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