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ABSTRACT

Ogan Sub-watershed in South Sumatra is one of the relatively large Musi river sub-watersheds which area
crosses several cities with management complexity. The Ogan watershed experiences flooding during rainy
season annually, especially in the downstream of Ogan Ilir District and one of the reasons of flooding in
Palembang City. The information about hydrological characteristics was needed for water resources
management. Therefore, it is necessary to analyze the hydrological characteristics of the Ogan watershed
based on the morphometric conditions, geomorphology, and climatology. Data used was digital elevation
model for analyzing the distribution and characteristic of sub-watersheds based on morphometric conditions,
sentinel satellite imagery maps for land use analysis, and maximum daily rainfall data. Rainfall data used
for analyzing climatology of sub-watersheds (hourly rainfall) using the Alternating Block Method (ABM)
of the Intensity Duration Frequency (IDF) curve with time intervals of 10 minutes for 360 minutes in return
periods of 2,5, 10, 25, 50, and 100 years. Peak discharge was analysed by developing hydrological model of
synthetic unit hydrograph SCS using HEC-HMS 4.3 software. Flood discharge hydrograph analysis measured
with Soil Conservation Service (SCS) by inputting characteristic of sub-watersheds based on the
morphometric condition, geomorphology, and climatology. The result of analysis showed that the total
area of the Ogan Watershed is 841,721 ha, which is classified as a large watershed with a length of 343.19
km. Ogan watershed divided into 12 sub-watersheds, namely Ogan Tengah, Rambang, Kuang Besar,
Sakatiga, Ual, Gelas, Kisam, Kurup, Ogan Ulu, Ogan Ilir, Kelekar, and Tebangka. Ogan sub-watersheds
were dominated by rubber plantations, oil palm plantations, and dry land forests. The highest depth of the
rain occurred at 180 minutes and the lowest depth at 360 minutes and 10 minutes. Result of hydrological
model using HEC-HMS 4.3 software presented a peak discharge hydrograph with a return period of 2
years from 12 sub-watersheds revealed that Ogan Ulu sub-watershed had the highest discharge of 180.9
m’s! and the lowest was Kisam sub-watershed at 24.7 m* s'. The results of the overall peak discharge
analysis of the Ogan watershed with a return period of 2 years is equal to 516.4 m* s
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Introduction river which determined by using a topographic map
with contour lines. Runoff flows from the highest
Watershed is an area bounded by ridges of moun-  points and flow towards lower points in a perpen-

tains where rainfall water will flow into the main dicular direction to the contour lines (Farahani et al.,
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2016). Integrated watershed management from up-
stream to downstream areas is necessary for disas-
ter management, such as floods and drought
(Brindha and Pavelic, 2016). The planning and man-
agement of watersheds required detailed data of
watershed characteristics (Yilmaz et al., 2011).
Analysis of watershed characteristics is very impor-
tant to identify the level of vulnerability and poten-
tial of a watershed. Understanding the characteris-
tics of a watershed resulted more effective and effi-
cient watershed management (Wang et al., 2016).

Flow discharge characteristics of watershed
strongly influenced by rainfall and watershed char-
acteristics and these factors affect the occurrence of
flooding. The effect of watershed characteristics,
including: area, length, curve number, percentage of
impervious, and slope can be used for analyzing
peak discharge using the unit synthesis hydrograph
method (Ramirez, 2010). The Synthetic Unit
Hydrograph (HSS) is a method for estimating the
use of unit hydrograph concept in a management
planning that utilize watershed characteristic data
(Yasril et al., 2017).

Surface runoff in watersheds is greatly influ-
enced by several parameters, i.e. area, slope, shape,
and vegetation. The wider area of a watershed, the
greater amount of rainfall received and greater vol-
ume of run off. In addition, higher slope and wider
watershed resulted faster runoff rate. The drainage
areas affect surface runoff velocity. In contrary, veg-
etation increase the amount of water retained
thereby reduce runoff rate (Jia et al., 2020).

The potential of watersheds in all regions of In-
donesia has decreased in last ten years as indicated
by the occurrence of floods during the rainy season
and drought during the dry season (Case et al.,
2007). One of watersheds in South Sumatra prov-
ince, Ogan sub-watershed experiences flooding dur-
ing rainy season annually, especially in the down-
stream of Ogan llir District and contributed to
flooding in Palembang City (Al Amin et al., 2017;
Farid et al., 2017). Miralti et al. (2020) revealed that
sub-watersheds that experience flooding each year
due to Ogan River discharge runoff. Ogan water-
shed is the biggest supplier of flooding in Musi due
to high precipitation. Maximum daily rainfall in the
Ogan Sub-watershed is 234 mm which is classified
as very high rainfall. The peak discharge of Ogan
watershed sub-watershed with a return period of 25
years is 1227.09 m* s (Farid et al., 2017). The prob-
lem of flood disaster is closely related to the peak
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discharge potential. Flood control in a watershed
can be done well if the planned peak discharge
identified. Peak discharge can be calculated based
on watershed characteristic data (Roy and Mistri,
2013). Thus, it is necessary to analyze the character-
istics of the Ogan Sub-watersheds as the basic infor-
mation for sustainable sub-watersheds management
(Fulazzaky, 2014; Miralti et al., 2020).

Watershed characteristic parameters are obtained
from the digital elevation model (DEM) data analy-
sis using GIS software. The peak discharge can be
analysed by constructing a hydrological model. The
hydrological model is a simple description of a wa-
tershed to predict hydrological events (Tegegne et
al., 2017). The hydrological simulation model was
developed to explain the process of converting in-
put (rain) to output (streams) by considering the
physical characteristics of the watershed (Daniel,
2011). The study focused on the hydrological char-
acteristics analysis of Ogan Watershed, South
Sumatra, Indonesia. The flood hydrograph model-
ing utilized the SCS Synthetic Unit Hydrograph
method with HEC-HMS 4.3 software.

Methods

Study area

The study area covered Ogan watershed located in
Ogan Ilir district, Prabumulih city, Muara Enim dis-
trict, Ogan Komering Ulu district, and Ogan
Komering Ulu Timur district (Figure 1). The loca-
tion of study area between -03°05'33"'S, 104°46'04”'E
and -04°16"40"'S, 103°37'57"'E. Ogan watershed
devided into 12 sub-watersheds, namely: Ogan
Tengah, Rambang, Kuang Besar, Sakatiga, Ual,
Gelas, Kisam, Kurup, Ogan Ulu, Ogan Ilir, Kelekar,
and Tebangka (Figure 1).

Data collection

This study used primary data by direct observation
at study area and secondary data which were mea-
sured and observed by related institutions (Table 1).

Data Analysis
Watershed morphometric condition analysis

The Digital Elevation Model (DEM) data in 2013
with the Pixel Resolution of 20 meters was extracted
for Ogan Sub-watersheds morphometric condition.
The data obtained were river area, river length, and
slope of the sub-watershed.
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Fig. 1. Map of Ogan sub-watersheds

Table 1. Data collection

No. Data Year guroe

1 Maximum daily precipitation 2009-2018 eteorology, Climatology, and Geophysical
Agency (Indonesian: Badan Meteorologi,
Klimatologi, dan Geofisika, abbreviated BMKG)
South Sumatra

2 Digital Elevation Model (DEM) 2013 Geospatial Information Agency (Indonesian:
Badan Informasi Geospasial abbreviated BIG)

3 Sentinel Satellite Imagery Maps 2019 Copernicus Open Access Hub European Union

4 Soil type 2013 Sumatra River Basin Center VIII(Indonesian:

Balai Besar Wilayah Sungai Sumatra VI,
abbreviated BBWSS)

Land use analysis

The sentinel Satellite Imagery Maps was extracted
for analyzing land use, and soil type to determine
value of CN and % impervious. The characteristic of
soil texture in study area is categorized as B type,
sandy loam.

Climatology analysis
Rainfall intensity

Rainfall intensity is calculated using the Mononobe
method. The maximum daily precipitation of 2009-
2018 were collected and calculated using the
thiessen polygon method. Then, rainfall frequency

was calculated using average rainfall, standard de-
viation (S), coefficient of variation (Cv), and skew-
ness coefficient (Cs). Design rainfall analysis was
calculated using 4 different methods with return
periods of 2, 5, 10, 25, 50, and 100 years. The meth-
ods used were: normal, normal log, gumbel, and log
person type IIl. Based on Smirnov-Kolmogorov dis-
tribution fit test, Log person type Il was the best
design rainfall. The results obtained in the form of
an IDF (Intensity Duration Frequency) curve with
10 minutes intervals for 360 minutes.

Hyetograph Alternating Block Method (ABM)

Design rain distributed into hourly rain
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(hyetograph) is required for design flood calcula-
tions. Hyetograph from the IDF curve was created
with Hyetograph Alternating Block Method (ABM).
The Hyetograph ABM method is rain occurrence in
sequential time series intervals with duration “t
during time td = n x “t. For certain return periods,
the rainfall intensity is obtained from the IDF curve
at each time duration “t, 2”t, 3"t, and so on.

Flood Discharge Hydrograph Analysis

Flood Discharge Hydrograph Analysis uses the Soil
Conservation Service (SCS) method with the assis-
tance of HEC-HMS 4.3 software by inputting char-
acteristic of sub-watersheds base on the morpho-
metric condition in watershed, geomorphology, and
climatology. The parameters used were: watershed
area, length river, slope, CN (curve number), imper-
vious percentage, hourly rainfall (hyetograph), ini-
tial abstraction value, concentration time, and lag
time. The schematic model created in HEC-HMS 4.3
were the duplication of the Ogan River geometry.
Modeling was done with 3 days duration and a
peak discharge hydrograph obtained with a certain
return period.

Calibration

Calibration was carried out by measuring river dis-
charge directly. Measurements were conducted at
the downstream point of the study area.

Results and Discussion

Watershed Morphometric Condition Analysis

The hydrological characteristics of a watershed are
influenced by its natural character called morphom-
etry. The morphometric condition of Ogan sub-wa-
tersheds analysed were river area and length (Table
2). The data was obtained from the delineation of
the Digital Elevation Model. Acorrding to Hirpa et
al. (2010) watershed area is one of the most impor-
tant parameters in analysing river flow. The total
area of the Ogan Watershed was 841,721 ha, classi-
fied as a large watershed. Among 12 Ogan sub-wa-
tersheds, 9 sub-watersheds classified as small
(10,000 - <100,000 ha) and 3 sub-watersheds classi-
fied as medium (100,000 - <500,000 ha). The river
length is the distance from the source of river chan-
nel to a given point or to the outlet (Dixon and
Uddameri, 2016). Based on the results of morpho-
metric analysis, the length of Ogan sub-watershed
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was of 343.19 km. The longest sub-watershed was
Ogan Tengah of 251.90 km and the shortest was
Kurup sub-watershed of 33.78 km.

Table 2. Sub-Watersheds Morphometric Condition

No  Sub-watershed Sub- River

watershed length
area (ha) (km)

1 Ogan Tengah 125,625 21590

2 Rambang 202,448 137.00
3 Kuang Besar 64,472 73.07
4 Sakatiga 46,407 36.15
5 Ual 26,966 64.16
6 Gelas 36,975 68.00
7 Kisam 14,058 4443
8 Kurup 18,173 33.78
9 (@] gan U lu 57,767 46.29
10 (@] gan Ilir 49,791 81.00
11 Kelekar 85,882 79.10
12 Tebangka 113,157 53.88

Total 841,721

Geomorphology Analysis

The hydrological characteristics of the watershed is
strongly influenced by land use. The more imper-
meable area resulted a greater runoff discharge. The
sentinel Satellite Imagery Maps was extracted for
analyzing land use. The land use analysis of each
sub-watershed (Table 3). Ogan Sub-watershed was
dominated by rubber plantations, oil palm planta-
tions and dryland forests which have higher ability
in absorbing water compared to road network, open
land, and settlements.

Climatology Analysis

Rainfall intensity

Rainfall intensity analysis was conducted to deter-
mine the amount (depth) of rainfall that occurs in
the period of time where water is concentrated. In-
tensity Duration Frequency (IDF) curves represent
the amount of rainfall within a period of time in
catchment areas (Elsebaie, 2012). In this study, IDF
curve created to show the relationship between in-
tensity and duration of design rainfall for each re-
turn period of 10 minutesglr 6 hours. IDF curve of
Ogan sub-watersheds for 2 years, 5 years, 10 years,
25 years, 50 years, and 100 years return period (Fig.
2). Results showed that the highest rainfall intensity
is at 10 minutes, while the lowest rainfall intensity is
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charge, especially in high return period and water-
shed area. Thus, high CN will increase runoff and
decrease the time of concentration. Concentration
time is the time taken by water particles to flow
from the farthest point in a rain catchment area to
the outlet point. Result of this study was inconsis-
tent with previous study, which highest CN (70.87)
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in Kurup did not showed the lowest time of concen-
tration (39.15 hours). CN had been reported to be
affected by land use change (Rietz and Hawkins,
2004). In addition, CN influencing water saturation
in soil. A greater CN will decrease the potential
water retention value, which means lowered infil-
tration. Potential water retention (S) is the maxi-
mum infiltration in which condition of soil pores are
full of water. The highest potential water retention
value found in Tebangka sub-watershed (141.95
mm), while the lowest in Kurup sub-watershed
(104.42 mm).

Initial abstraction (Ia) is the amount water lost
before occurrence of surface runoff due to surface
storage and intercept influenced by the potential
water retention. In linear with the largest potential
water retention value, the highest la value was also
in Tebangka sub-watershed at 28.39 mm and the
lowest in Kurup sub-watershed at 20.88 mm.

Concentration time determine the time spend for
the flow of water particles from the farthest point in
a rain catchment to the outlet point. Concentration
time influenced by the river length (L), potential
water retention (S), and slope (Y). Concentration
time counts between rain stop until the peak dis-
charge. While, time lag indicated the time between
the occurrence of rain until the peak discharge and
mainly affected by concentration time. The greatest
concentration time and lag time were found in
Rambang sub-watershed. These characteristics de-
crease the speed of water particles flow compared to
other sub-watersheds. In contrary, the lowest con-

Table 4. Characteristic of sub-watersheds used for synthetic unit hydrograph of SCS-CN

No  Sub-watershed Sub- River Curve Yo Potential  Initial Slope  Concen- Lag
watershed length ~ Number Impervious water abstraction (%) tration time
area (km?®)  (km) retention (mm) time  (hour)

(mm) (hour)

1 Ogan Tengah 125625 21590 69.27 478 112.69 2254 0.94 142.06 8524

2 Rambang 2024 48 137.00 70.20 349 107.81 21.56 0.30 16893 101.36

3 Kuang Besar 64472 73.07 70.59 3.03 105.82 21.16 0.27 106.66 6399

4 Sakatiga 464.07 36.15 70.24 458 107.59 21.52 0.10 10095 6057

5 Ual 269.66 64.16 69.76 257 110.09 2202 0.54 69.83 41.90

[ Gelas 369.75 68.00 70.09 477 108.37 21.67 0.27 102.66 6159

7 Kisam 140.58 4443 70.39 295 106.86 21.37 0.56 50.47 30.28

8 Kurup 181.73 33.78 70.87 271 104.42 20.88 0.58 39.15 2349

9 Ogan Ulu 577.67 46.29 67.39 223 12290 2458 3.21 2351 14.10

10 Ogan Ilir 49791 81.00 67.80 7.65 120.62 2412 0.31 119.07 7144

11 Kelekar B58.82 79.10 7017 648 107.97 21.59 0.14 155.49 95.09

12 Tebangka 1131.57 53.88 64.15 3.00 141.95 28.39 0.89 54.90 3294

Total 541721
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centration time and pause time found in Ogan Ulu
watershed. The low values of concentration and lag
time indicated that flow acceleration and water con-
centration at the slope base during torrential rainfall
occurrence would cause a rapid transmission of
flood and exponential growth of discharge in a
short time (Costache, 2014).

HEC-HMS 4.3 Modelling

The model scheme built on the HEC-HMS 4.3 pro-
gram is in the form of geometry duplication of the
Ogan River and flow patterns in to the Ogan River
(Figure 4). Then data of sub-watersheds characteris-
tic inputted (Table 4). Modeling of peak discharge

433

hydrograph in Ogan watershed for 2 years return
period (Figure 5). The top six largest sub-water-
sheds were Rambang, Ogan Tengah, Tebangka,
Kelekar, Kuang Besar, and Ogan Ulu sub-water-
sheds. However, Ogan Ulu sub-watershed is the
shorter sub-watershed but largest slope, the result
show that Ogan Ulu sub-watershed having the
highest peak discharge value. In addition, Tebangka
has shorter length river with a large slope, these
characteristics caused a widened watershed shape
and let the second highest peak discharge after the
Ogan Ulu sub-watershed.

A simulation of the peak discharge of Ogan sub-
watershed was conducted for 3 days (Table 5). This
simulation revealed that the largest peak discharge
was in the Ogan Ulu sub-watershed of 180.9 m*s™
and the lowest peak discharge was in the Kisam
sub-watershed of 24.7 m*s™. This phenomenon oc-
curred because of the interaction inputted param-
eters which influence each other, such as sub-water-
shed area, river length, curve number, impervious
percentage, potential water retention, initial abstrac-
tion, slope, concentration time, and lag time.

Due to the limitation of measurement discharge
data, calibration was carried out by measuring river
discharge three times during the dry and rainy sea-
son by using a current meter. Measurements were
made at the downstream point of the research area
in outlet 12. The highest discharge was obtained
during the rainy season on June 1, 2020 with an av-
erage velocity of 9.53 m s, a wet cross-sectional
area of 52.75 m?, and a discharge of 502.72 m® s’

=
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Fig. 5. Hydrograph of peak discharge in Ogan watershed for 2 years return period
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Table 5. Simulation of peak discharge

Eco. Env. & Cons. 27 (1) : 2021

No  Sub watershed Rain Peak time Q peak for each return periode (m?/s)

duration (hour) 2 years 5 years 10 years 25years 50years 100 years

(hour)

1 O gan Tcngah 16.33 B1.85 867 122.9 142.1 162.3 1748 185.7
2 Rambang 12.77 63.98 738 167.0 2491 377.2 490.6 6194
3 Kuang Besar 5.91 4466 445 107.2 166.8 2648 355.2 4614
4 Sakatiga 12.28 61.52 63.7 97.6 117.6 140.1 154.7 168.7
5 Ual 6.69 33.52 411 548 65.9 787 B7.5 95.7
[ Gelas 7.19 36.03 354 50.5 58.5 67.6 737 793
7 Kisam 6.67 3342 247 36.7 46.0 59.4 702 821
8 Kurup 512 25.66 419 62.1 777 100.2 118.3 138.2
9 Ogan Ulu 2.65 13.26 1809 2774 3533 463.3 5534 6524
10 Ogan Ilir 12.25 61.40 724 91.6 107.9 126.7 139.5 1514
11 Kelekar 14.12 70.75 599 919 110.3 131.6 1447 156.3
12 Tebangka 3.90 19.55 130.2 2044 263.6 350.3 4220 501.2
13 Ogan watershed 3237 162.21 516.4 B38.7 1089.8 1445.2 1737.9 2058.6

The results of modeling with the help of HEC-HMS
4.3 software with a return period of 2 years obtained
a peak discharge of 516.4 m? 5. Thus, the results of
the peak discharge simulation similar with the mea-
surement discharge in the field during the rainy sea-
son. A bit greater value of the peak discharge simu-
lation because the measurement results in the field
were not at the peak time.

The flood peak discharge of the Ogan sub-water-
shed calculated with a 25-year return period was
1227.09 m?® s (Farid et al., 2017). Based on the com-
prehensive study of water management in the Musi
watershed of Indonesia. The peak discharge of the
Ogan sub-watershed with a 25-year return period
was 1168 m? s (Ministry of Public Works Republic
of Indonesia Water Resources Management, 2003).
In this present study. the peak discharge of the
Ogan sub-watershed calculated based on the divi-
sion of 12 sub-watersheds which the results of peak
discharge the simulation in 12 downstream outlets
with a return period of 25 years was 14452 m® s,
Based on the simulation results. the peak discharge
obtained were almost similar but greater than the
simulation results from previous studies. It caused
by the different series rain data from the past with
more update data at present.

Conclusion

The total area of the Ogan Watershed is 841,721 ha,
which is classified as a large watershed with a
length of 343.19 km. Ogan watershed divided into
12 sub-watersheds, namely Ogan Tengah,

Rambang, Kuang Besar, Sakatiga, Ual, Gelas,
Kisam, Kurup, Ogan Ulu, Ogan llir, Kelekar, and
Tebangka. Ogan sub-watersheds were dominated
by rubber plantations, oil palm plantations, and dry
land forests. The highest depth of the rain occurred
at 180 minutes and the lowest depth at 360 minutes
and 10 minutes. Result of hydrological model using
HEC-HMS 4.3 software presented a peak discharge
hydrograph with a return period of 2 years from 12
sub-watersheds revealed that Ogan Ulu sub-water-
shed had the highest discharge of 180.9 m*s"' and
the lowest was Kisam sub-watershed at 24.7 m* s,
The results of the overall peak discharge analysis of
the Ogan watershed with a return period of 2 years
is equal to 516.4 m* s™.
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