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Abstract— Land areas in the territorial waters will often be 
affected by sea-level flooding or commonly referred to as rob. 
This research was conducted to see the physical condition of the 
waters and to do a hydrodynamic model (2D) in the waters of 
the Tembesi Reservoir, Batam, Indonesia. This research was 
conducted using primary and secondary data to produce 
physical conditions of waters and hydrodynamic (2D) models. 
The results showed the depth of waters has a minimum value of 
depth of -1.05 meters and a maximum value of depth of -5.95 
meters. The percentage of wind speed below 1 Knot is 3.23%, 
and the independent variable in the percentage of wind data 
processing is 1.61%, with the lowest wind speed in the range of 
0.1-1 Knots. Water level models produced in conditions during 
the filling process before the water discharge from the outlet is 
0.023 meters and relatively small currents range from 0.0012 
cm/s. Elevation of the final water level to the final flow when the 
conditions during the filling process before the water is 
discharged, resulting in highest water elevation, compared to 
when the water condition in the reservoir has been discharged 
from the outlet into the sea. 

Keywords— physical Oceanography, hydrodynamic 
modelling, Tembesi reservoir, wind speed, water level 

I. INTRODUCTION 

Batam Island is rapidly developing as an industrial area. 
Several studies have been carried out related to the physical 
condition in Batam waters to see the relationship between 
temperature and chlorophyll-a [1-3]. Besides that, there is a 
lot of research that needs to be done in the coastal and 
seawater to analyze the environmental problems caused by 
human and natural activities. One of the problems that 
occurred is tidal floods or commonly referred as rob (a 
phenomenon where the seawater is overflowing into the 
mainland by tides). This problem is occurring at the northeast 
of Barelang Bridge, Batam Island and causes the formation 
of reservoirs by natural processes with a range of time around 
2014-2019. The effect of this process can cause every 
building and agricultural land around the area to be inundated 
by rob. 

Starting from 2014 to 2019, the water level of this 
reservoir is increasing. The study to analyze the water level 
can be performed by hydrodynamic studies or remote 
sensing. Hydrodynamic studies can be done through 
measuring data directly in the areas that undergoes the rob, 
while remote sensing can observe and analyze without direct 
contact. Another efficient method can be reached through the 
application of numerical models. This numerical model will 
require data for validation purposes only so that it is more 
efficient in terms of time, cost, and energy [4]. This modeling 
is very important to analyze the increasing of reservoir water 
level that can be daily influenced by rainfall and hydrological 
processes [5]. 

The main causes of tidal floods include storm surge, 
tsunami, inland flooding, and shallow coastal flooding. Storm 
surge is a process where an increase in sea level is caused by 
a storm. If the storm surge coincides with the rising tide, it 
will cause a very large influence on the tidal floods [6-7]. This 
research was conducted to obtain the value of reservoir water 
level, reservoir water depth, wind conditions, and 2D 
hydrodynamic models, and their relationship to the 
infrastructure position, namely the SUTT tower located in 
Tembesi reservoir waters, Batam. 

II. RESEARCH METHODS 

A. Location, Tools and Research Material 

The study was conducted on October 16-18, 2019 in the 
Tembesi reservoir area with the coordinate 104.024583 E and 
1.025067 N, which can be seen on Fig.1. Primary data such 
as water level were acquired by water level measurement 
gauge, SUTT tower location by GPS, and bathymetry by 
Garmin GPSMAP 585. While, the secondary data include 
wind data was obtained from European Center for Medium-
Range Weather Forecasts (ECMWF). Modeling data was 
processed using MIKE 21 software and carried out with 
different conditions. First, during the water filling process by 
the river, rainfall etc. Before the water discharge from the 
outlet and the second when the water in the reservoir has been 
discharged from the outlet into the sea. 
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Fig. 1. Map of research location. 

 

B. The Basic Equation of Hydrodynamics 

Water is an incompressible fluid, which means that its 
density (ρ) is constant. The water density can change by 
pressure and temperature [8]. The equation of continuity and 
momentum for water flow if written in Cartesian coordinates 
[9] is: డ௨డ௫ + డ௩డ௬ + డ௪డ௭ = 0     (1) 

డ௨డ௧ + డ௨௨డ௫ + డ௨௩డ௬ + డ௨௪డ௭ = − ଵఘ డ௣డ௫ + ଵఘ డఛೣೣడ௫ + ଵఘ	డఛ೤ೣడ௬ + ଵఘ	డఛ೥ೣడ௭ + ݃௫ (2) 

డ௩డ௧ + డ௩௨డ௫ + డ௩௩డ௬ + డ௩௪డ௭ = 	− ଵఘ	డ௣డ௬ + ଵఘ డఛೣ೤డ௫ + ଵఘ డఛ೤೤డ௬ + ଵఘ డఛ೥೤డ௭ + ݃௬  (3) 

డ௪డ௧ + డ௪௨డ௫ + డ௪௩డ௭ = − ଵఘ డ௣డ௭ + ଵఘ డఛೣ೥డ௫ + ଵఘ డఛ೤೥డ௬ + ଵఘ డఛ೥೥డ௭ + ݃௭   (4) 

In the above equation t is time, x, y, and z are the 
coordinate axes that have longitudinal, transverse, and 
vertical directions, u, v, and w are the velocity that exists for 
a moment the direction of x, y, and z, p is the pressure, τij (i, 
j = x, y, z) is the shear stress (a function of water velocity and 
viscosity) the direction of j acting in the perpendicular plane 
of the axis i, and gx, gy, and gz are the gravitational 
acceleration in the x, y, and z. 

The equations above, the continuity equation 1, and the 
momentum equation (Eq. 2, 3, 4), are known as the Navier-
Stokes Equation. Historically the Navier-Stokes equation is 
the momentum equation in fact. However, in the modern 
CFD literature, the terminology of the Navier-Stokes 
equation is broadened to include not only the momentum 
equation, but also the continuity equation and energy 
equation. 

III. RESULTS AND DISCUSSION 

A. Water Condition (Water Level) 

The water level is very influential in generating currents 
and also determines the extent of exposed tidal flats, 
especially in shallow areas. The daily average of water level 
has been collected from water level measurement for 3 days 
from 9 a.m. to 7 p.m. The average of water level obtained on 
the 1st day is 0.316 meters, the 2nd day with 0.310 meters, 
and the 3rd day is 0.326 meters. The graph of the 
measurement of water level can be seen on Fig. 2-4. 

 

Fig. 2. The value of the water level for the first day of measurement. 

 

Fig. 3. The value of the water level for the second day of measurement. 

 

 

Fig. 4. The value of the water level for the third day of measurement. 

B. Depth of Water  

 The mapping of bathymetry was used Garmin GPSMAP 
585, which equipped with the ability to detect the bathymetry 
on each point in the Tembesi reservoir, especially in the 
Bright Batam SUTT tower area. The range of water depth is 
-1.05 until -5.99 meters (Fig. 5). The information on the water 
depth is important to make the hydrodynamic model that will 
be carried out in the existing condition of the Tembesi 
reservoir. 
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Fig. 5. Map of the depth of the Tembesi reservoir, Batam. 

C. Wind Roses and Hydrodynamic Model (2D) 

Based on the wind rose (Fig. 6), the wind is dominant 
towards to the northern region with value 51.60% and wind 
speeds ranging from 1-4 Knots. The percentage of wind 
speed below 1 Knot is 3.23%, and the independent variable 
in the percentage of wind data processing is 1.61%, with the 
lowest wind speed in the range of 0.1-1 Knots. In the Fig. 6 
also shows the frequency distribution table of the speed and 
wind direction. 

 

Fig. 6. Wind roses around Tembesi reservoir waters, Batam. 

In general, the 2D hydrodynamic simulation model is able 
to represent the hydrodynamic conditions in the coastal area 
to see the process and time occurrence of the tidal flood 
[10,14-16]. The elevation modeling of the water surface and 
water currents was done during the water filling process by 
the river, rainfall etc before the water discharge from the 
outlet and the second when the water in the reservoir has been 
discharged from the outlet into the sea. According to [11], the 
process involves several factors, namely: 

1. The volume of drainage water discharge into the 
reservoir 

2. The volume of run-off water affected by the watershed 
around the reservoir 

3. Rainfall 
 

The factors that are mentioned above are very influential 
on the dynamics of the waters in the reservoir. The bottom 
morphology of the reservoir can be greatly affected by the 

water current conditions. The water level and flow-rate are 
modeled with hydrodynamic models. The hydrodynamic 
model will be simulated for 18 days with the assumption that 
the extreme condition of the water level and current flow-rate 
will be obtained on the western season (October). The results 
of this 2D Hydrodynamic modeling are carried out by: 

a.Modeling the beginning water level elevation to the 
current flow during water filling process before the water 
discharge from the outlet. 

b.Modeling the beginning water surface elevation to the 
current flow at the final stage during water filling process 
before the water discharge from the outlet. 

c.Modeling the final water surface elevation to the current 
flow when the water in the reservoir has been discharged 
from the outlet into the sea. 

d.Modeling the final water surface elevation to the initial 
current flow when the water in the reservoir has been 
discharged from the outlet into the sea. 

This is consistent with the results of research [12] which 
shows that the flow pattern in the Porong waters region 
changes continuously in accordance with the water level that 
occurs at the location of these waters. The results of 2D 
hydrodynamic modeling carried out in Tembesi reservoir 
waters are shown on Fig. 7-10.  

(A)   (B) 

Fig. 7. Modeling of the beginning (A) water surface elevation, (B) current 
flow during water filling process before the water discharge from the outlet. 

(A)     (B) 

Fig. 8. Modeling of the final (A) water surface elevation, (B) current flow 
during water filling process before the water discharge from the outlet. 

The SUTT tower is located in the reservoir areas that are 
marked by the black triangle that as shown in the figure. The 
results of 2D hydrodynamic modeling clearly seen that the 
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water elevation modeling which is produced during filling 
process before the water is discharge from the outlet is 0.023 
meters (Fig. 7). This result is equivalent with the relatively of 
small current flow-rate ranging from 0.0012 cm/s. This can 
be caused by the decreasing of current flow-rate or due to the 
reduction of current speed and the deflected of the direction 
because of the beach building as a barrier to the current [13]. 

 

(A)     (B) 

Fig. 9. Modeling of the beginning (A) water surface elevation, (B) current 
flow when the water in the reservoir has been discharged from the outlet into 
the sea. 

(A)     (B) 

Fig. 10. Modeling of the final (A) water surface elevation, (B) current flow 
when the water in the reservoir has been discharged from the outlet into the 
sea. 

 The modeling with the beginning surface water level 
and current flow when the water in the reservoir has been 
discharge from the outlet into the sea proceed water level 
with 0.029 meters with range of current speed is 0.03 - 0.035 
m/s (Fig. 9). While the modeling of the final treatment in 
which the condition when the water elevation in the reservoir 
has been discharged has the highest value of current speed 
than other conditions (Fig. 10). From this result, it can be 
stated that the water level is an important parameter in this 
model. The value of water level around the tower is 1.81 
meters, with the current speed range 0.0008 - 0.0024 m/s. 

IV. CONCLUSION 

The results of the final water elevation during the filling 
process are generating water elevation which higher 
compared when the water in the reservoir has been 
discharged from the outlet into the sea. The water elevation 
to the current flow at the final condition when the water in the 
reservoir has been discharged from the outlet into the sea has 

the highest value compared with other conditions. This can 
be stated that the water level is an important value in making 
the model. The entire SUTT tower location was all 
submerged and flooded, especially the tower which located 
in the south of the Tembesi Reservoir, Batam. 
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