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Abstract—The Tulang Bawang river is one of the largest rivers in Lampung Province, Indonesia, transporting humans and goods.
Changes in upstream land use, climate, and sedimentation are silting the riverbed and disrupting transportation. To this end, investors
and government agencies have submitted various proposals to carry out sand mining downstream to assist the local government in
revitalizing transportation. However, some government and community assets are likely to be affected in the upstream part that is
planned to be dredged. Therefore, this study aimed to conduct a modeling scenario of riverbed dredging in the lower reaches of the
Tulang Bawang River from the estuary to 11.8 km upstream. It also aimed to review the impact on the environment, especially the
impact of flooding and sedimentation by 17.8 km upstream, using the HEC-RAS software. The scenarios of upstream and downstream
boundary conditions were used to determine the significance of the impact. The results showed that dredging would cause water level
elevation to drop upstream and sediment deposition along the river section dredged. However, the decrease in river water level was
insignificant for the upstream assets and beneficial for reducing flood inundation. The result of sedimentation analysis shows that river
dredging leads to morphological changes and may have an environmental impact. Therefore, effective environmental management for
dredging needs to be applied to minimize the environmental impact.
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The current condition of the Tulang Bawang River estuary
I. INTRODUCTION is almost similar to that of others on the East Coast of
Lampung Province, which has been experiencing siltation
[21]. Apart from erosion in upstream, other causes of siltation
include the confluence of east and west winds that carry sand
and mud from the high seas, resulting in accumulation and
sedimentation in river mouths.
Several important assets concern the government; therefore,

Rivers are natural resources that sustain living things [1]—
[5]. Moreover, it serves as a waterway to oceans and affects
the development of humans and culture by playing an
essential role as a means of transportation [6]-[9]. Dredging
is often necessary to restore the functions of rivers in terms of
increasing the reduced capacity due to sedimentation [10]— . > S T
[16]. Some people believe that river dredging negatively dredglr}g must be carried out to keep the. assets fupctwmng
impacts the environment [17], [18], while others think and ex1.stence unharmed. A Dipasena shrimp pond is located
otherwise [19], [20]. approximately 17.8 km from the mouth of the Tulang Bawang

River (Fig. 1). It was once the favorite spot of the largest
Tulang Bawang River, located in Lampung Province shrimp exporters, although there has been a vacuum in recent
Indonesia. Based on the watershed pattern, this river has an times. This pond was handgd over to the government in 202.1.
area of 9814.30 km? and a length of 753.5 km. It is spread Furthermore, two swamp irrigation systems, namely Rawa
over several regencies: Way Kanan, North Lampung, West Jitu and Rawa Pitu, utilize this river. In Lampung Province,
Tulang Bawang, and Tulang Bawailg. The average ;mnual the largest swamp region used for paddy fields is in Tulang
rainfall in this watershed is greater than 2,500 mm. This river Bawang Regency. .

has a continuous annual flow in the rainy and dry seasons. It At the estuary of the Tulang Bawang River, Kuala Teladas

has an average width of 180 m and a depth of 40 m (Fig. 1). Village, there is a docking (Fig. 2). There are seven piers on
the Tulang Bawang river, namely Menggala, Gedong Aji,

The discourse of dredging also echoes when discussing the
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Bina Bumi, Gunung Tapa, Rawajitu, Teladas, and Kuala
Teladas (Fig. 1). Menggala Pier, once served the Menggala—
Merak transportation using a speed boat, connecting Sumatera
and Java islands. However, this mode of transportation has
remained non-operational for a long time because it was
extremely expensive. In addition, there have been conflicts
with the residents on the outskirts of the Tulang Bawang River
because of the current generated. This speedboat interferes
with the development of fish in the community's cages.
Nevertheless, the existence of several plantation companies,
ponds, or fisheries creates the potential for river transportation
revitalization, especially for conveying goods.
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Recently, the Indonesian government implemented a
flexible policy granting permits to investors and government
agencies, such as the department of transportation, to carry
out their business activities in the country in the context of
accelerating development. One of the efforts is the submission
of technical recommendations from the authorities, which is a
requirement to obtain a permit for sand mining activities.
Notably, dredging activities deepen the riverbed while
creating opportunities for river transportation [22]-[24],
which is also one of the Lampung regional government's
agendas. However, a lot needs to be initially studied regarding
the environmental impact, especially strategic businesses
upstream. The existence of several reactivated plantation
companies, fisheries, swamp irrigation systems, and Dipasena
ponds emphasizes the potential for revitalizing river
transportation, especially for the conveyance of goods.

The objectives of this study are to conduct a modeling
scenario of riverbed dredging in the lower reaches of the
Tulang Bawang River from the estuary to 11.8 km upstream.
It also aimed to review the impact of dredging on the
environment, especially flooding and sedimentation, by 17.8
km upstream to Dipasena shrimp pond and further upstream
to Rawajitu and Rawapitu swampland areas. This study used
some scenarios of upstream and downstream boundary
conditions to determine the significance of the impact.
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Fig.2 The pier located at Kuala Teladas at the estuary of the Tulang Bawang
River

II. MATERIALS AND METHOD

Primary and secondary data obtained from field
measurements and previous studies were utilized. Primary
data included bathymetry measurements of the Tulang
Bawang River along a stretch of 11.8 km from the estuary.
Meanwhile, situational and tidal surveys were carried out to
determine the minimum and maximum water level elevations
used to determine boundary conditions downstream.
Secondary data included bathymetry measurements of the
Tulang Bawang River from a distance of 12-17.8 km
downstream. Similarly, tidal information for one year were
generated using the WX-TIDE software.

The discharges measured daily from 1986 to 2000 were
used for data analysis. Afterward, there was no measurement
available in subsequent years. Based on the available
information, the average, minimum, and maximum
discharges were 545 m’/s, 52 m’/s, and 3334 m’/s,
respectively. The hydrological analysis included the analysis
of design flood discharges and drought discharges.

Frequency analysis is used to determine the design of flood
discharge. The aim is to examine the relationship between the
extreme events' magnitude and the occurrence frequency
using a probability distribution. The design flood discharge
for a certain return period is calculated based on the selected
distribution type (Normal Distribution, Log-Normal, Log
Pearson Type III, or Gumbel).

Drought discharge analysis determined water availability
or dependable discharge depending on the available data. This
study acquired the daily discharge data within a fairly lengthy
recording period, followed by the Flow Duration Curve
(FDC). The FDC was obtained by sorting the discharge data
from the largest to the smallest. This was followed by
calculating the probability of each data based on the data
series. The dependable discharge was calculated based on the
desired probability, further converted into a return period, 7.
Drought discharge for return period 7 was obtained using
Equation 1:

_ 1 1
T (1-P(X2x))  P(X<x))

(1)

T denotes the number of years showing the failure
probability at a discharge < x m*/s, which occurs at an average
of once in T years, while P is the probability.



Numerical simulation was carried out to describe the
conditions of existing and planned channels and determine the
river's hydraulic flow behavioral phenomenon. Furthermore,
the HEC-RAS modeling program [25]-[30] was used to
determine the hydraulic analysis, which included examining
the water level elevation, dredging plan, and sedimentation
under several boundary conditions. This was carried out to
investigate the water level and sediment in the longitudinal
direction. The scenario in Setting 3 boundary conditions is as
follows:

o A: upstream flooding and low downstream tide.

e B: upstream flooding and downstream high tide.

o C: upstream drought and low downstream tide.
The upstream and downstream boundary conditions are the
discharge and water level elevation, respectively.

The flow scheme of the Tulang Bawang River from the
river mouth to 17.8 km upstream, i.e., the Dipasena shrimp
pond, is shown in Figure 3. The cross-sectional data of the
river and its stationing position concerning the estuary at
certain coordinates and elevations were taken from the
BenchMark based on measurements made in the field. Peg 0
depicts an estuary elevation of +15.00 m. The 15 m datum is
the Mean Sea Level that facilitates the HEC-RAS modeling.

A hydraulic analysis was carried out to understand the
impact of dredging on the river. However, the cross-sectional
input data was used to investigate the water level along the
river, assuming the sediment dredging would be carried out
later. The part of the Tulang Bawang River to be dredged
along an 11.8-km stretch with the number of cross-sections
measured on the field is 114 pieces. Figure 3 shows the
longitudinal cross-sections of the river upstream, and figure 4
shows the middle part to be dredged at 5.4 km from the

estuary.
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Fig. 3 Longitudinal cross-section of the dredged river section

262

5+900 PROFILE

Wote
377 07 / Water
2/ 7/,

——a

0N

A
),89

240,05 10,
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Fig.5 Cross-section of the Tulang Bawang River along the stretch from 11.8
km (estuary) to 17.8 km (Dipasena) that is not considered to be dredged

The cross-section of the river that was not dredged, at a
distance of 11.8 to 17.8 km from the estuary, is represented
by Figure 5. This constitutes the secondary data, with a less
frequent density than the section planned to be dredged.
Figure 6 shows a longitudinal cross-section of the riverbed
from the estuary to 17.8 km, at the existing condition and after
the planned dredging.
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Fig. 6 Longitudinal cross-section of the riverbed in terms of the existing
condition and dredging target

For sedimentation analysis, the geometric data used is
similar to the water level analysis. In addition, the sediment
data section required several input parameters, namely the
equations used and the grain size gradation. The applied
equations are Toffaleti as a sediment transport function,
Thomas (ExS5) for the sorting process, and the Ruby method
used to obtain the Fall Velocity. Figure 7 shows the grain size
gradation obtained from the laboratory analysis of sediment
extraction at that location. A flow chart of the research stages
systematically presented in Figure 8.
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III. RESULTS AND DISCUSSION

A. Impact of Water Elevation Changes

Downstream boundary conditions is determined based on
tidal measurement from June 18 to July 1, 2020, and WX
TIDE predictions with data generation for 1 year. The datum
used is 15 m, which is assumed to be the MSL (Mean Sea
Level elevation) and obtained from the results of the analysis
using WX TIDE for | year. The analysis results showed that
the highest and lowest tide elevations (HWS and LWS) are
15.97 m and 14.14 m, respectively.

The upstream boundary experiences a discharge with a
return period of 2, 10, and 25 years, which was obtained by
calculating the frequency analysis of the flood conditions.
Meanwhile, for dry conditions, the drought discharge was
calculated using Formula 1. For downstream boundary
conditions, the water level was used. Downstream flooding
means the highest tide elevation was applied, while
downstream drought means the lowest low tide was used to
calculate the downstream low tides. The calculated results of
each boundary condition are shown in Table 1.

TABLEI
UPSTREAM AND DOWNSTREAM BOUNDARY CONDITIONS FOR EACH
SCENARIO
UPSTREAM UPSTREAM
ggﬁﬁi?;;’ Design Discharge (m?/s) “;;t;fatzrlel
2 years 10 years 25 years (m)
A 1931.4 4253.2 6069.2 14.14
B 1931.4 4253.2 6069.2 15.97
C 474.07 190.92 53.93 15.97
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Return Period (year)

Modeling A B C
Scenario 2 10 252 10 25| 2 10 25
Existing 152 17.0 182|163 17.5 18.6| 16 1597 1597
condition (m)

After 148 163 174|162 17.1 17.9]15.99 1597 15.97
dredging (m)

Elevation 04 069 08| 0.1 03 06| 0.01 0 0
Drop (m)

The Water Level Modeling Scenario results shown in
Table 2 indicate that the upstream water level elevation is 17.8
km from the estuary. Table 2 shows the water level elevation
simulation results following the upstream and downstream
boundary conditions presented in Table 1. However, the
differences in the existing water level elevation before and
after dredging were reported for each boundary condition
scenario.
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Fig. 9 Water level elevation of the Tulang Bawang River from 17.8 km to
the estuary before and after dredging concerning 2 and 10-year return periods
in boundary condition scenario A, B and C

Based on the scenario analysis results of boundary
conditions A, when the downstream floods recede, there is a
decrease in the water level upstream from 0.4 m to 0.8 m for
a return period of 2 to 25 years. For the same return period,
water level drops using scenario A are larger than those using
scenario B.

The scenario analysis results of boundary conditions B
(upstream flooding and downstream tides) show that when
there is a flood in the upstream and tide in the downstream,
the flow propagation in the upstream becomes smaller when
dredged. This is similar to scenario A in the upstream and
lower parts of the flood and low tide, respectively. Simulation
B shows how tides in the estuary spread upstream, and



dredging reduces flood propagation's effect upstream.
Meanwhile, when the upstream was flooded within a return
period of 2 years, the difference before and after dredging
became 0.13 m, and the decrease in elevation rose with
increasing flood returns. During the 25th return period, the
difference in water level before and after dredging was 0.65 m.

Dredging sediment from riverbeds increases the flow
capacity of the channels. As shown in this study, as the impact
of dredging, the water level decreases (Figure 9). This result
is in line with the stakeholders’ and policymakers’ point of
view that dredging is often the most appropriate flood-
reduction measure [22], [24]. The part of the Tulang Bawang
River studied here inundates some villages when it floods.
Dredging the lower portion of the rivers thus reduces the
impact of flooding on communities located on the banks of
rivers.

Based on the result obtained from scenario C, water from
downstream moves upstream during the drought period at the
upstream and high tide downstream. However, no elevation
difference results with and without dredging on the water
level upstream. Even for a higher return period (25 years), as
presented in Table 2, dredging has no impact on the water
level upstream. Condition C has the maximum chance for
seawater intrusion in the upstream direction. Under existing
conditions, seawater intrusion occurred along a stretch of 80
km from the Menggala area [31]. The intrusion increases
when there is an increase in the upstream base elevation
because the energy grade is affected under these conditions.
Therefore, based on the analysis results, the effect of dredging
on seawater intrusion is insignificant and, therefore,
considered safe.

As salt intrusion is not much upstream, it may be said that
the swamp irrigation areas, Rawa Jitu and Rawa Pitu will not
be affected by saltwater. The irrigation areas produce paddy
rice in large quantities every year. The swamp irrigation areas
exhibit good water management and prevent saltwater from
invading the paddy fields. As this study shows, dredging
causes a drop in the water elevation at a point upstream of the
planned dredge area; a drop of 13 cm was observed in the
water level for a 2-year return period. The situation was
analyzed using the boundary condition of the extreme
situation. Considering the water level drop in a regular
situation would not be much help, as it would be much less
than that in an extreme situation.

In addition, the Rawajitu and Rawapitu swamp irrigation
areas are located 27 km and 45 km from the estuary, which
lessens the effect of elevation on water drop even more. While
for the Dipasena shrimp pond, this has an insignificant effect
because it draws water supply from the sea with intakes that
are not connected to the Tulang Bawang River. The part of
the Dipasena Shrimp Farm connected to the river is the outlet.
Therefore, the decrease in water level elevation is stated to
have an insignificant effect on the pond. It is beneficial for the
main drain Dipasena, which is connected to the Tulang
Bawang River, to have water elevation drop.

B. Impact of Riverbed Changes and Sedimentation

The sedimentation process in the Tulang Bawang River
based on the three scenarios is shown in Fig. 10. Simulation
for a period of one-year results in aggradation and deposition
along the river both before and after dredging. Scenarios A
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and B showed significant changes in the Tulang Bawang
Riverbed, while the changes observed in scenario C were
incredibly minimal.

In addition to scenarios A to C for boundary conditions,
each simulation was carried out in 2 scenarios before and after
dredging. In total, six scenarios were recorded. Furthermore,
for each of these scenarios, the cumulative sediment was
analyzed in three sections: 1) a section of the Tulang Bawang
River from the Dipasena downstream to the upstream planned
to be dredged (17.8 km—11.8 km from the estuary); 2) a part
of the dredged riverbed (11.8 km—0 km); and 3) from the
Dipasena downstream to the estuary (17.8 km—0 km). To
further analyze the sedimentation process in each segment,
the cumulative reviewed are sediments in (In), (out), and (all).
This represents the sum of incoming and outgoing sediments.
The analysis results are shown in detail in Table 3.
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Fig 10 Riverbed elevation at existing and dredged conditions for scenarios
A,Band C

Dredging in tidal rivers, as in the Tulang Bawang River,
may push sediments up the rivers [28], potentially increasing
the risk associated with floods. Besides, dredging in scenario
A showed that cumulative sediment has the largest deposition
compared to the other scenarios. In addition, scenario B
showed that when dredging was carried out, the riverbed
upstream of the dredged section experienced erosion
(sediment Out is greater than In). This needs to be paid
attention to if dredging will be carried out in the future. Both
scenarios A and B showed a higher sedimentation value in
circumstances where no dredging was conducted. Meanwhile,
scenario C showed an even smaller sedimentation impact after
dredging.



TABLE III
CUMULATIVE SEDIMENT (IN, OUT, AND ALL) (IN 10° M3) FOR VARIOUS
SCENARIOS ON 3 RIVER SECTIONS

Difference of Cumulative Sediment (10° m’)

Distance from of existing to dredged conditions

estuary (km)

A B C
17.8-11.8 3354.2 270.8 -5.4
In 11.8-0 -150.3 -2852.2 -59.8
17.8-0 3203.9 -2581.4 -65.1
17.8-11.8 3344.0 320.5 -5.1
Out 11.8-0 -476.4 -2927.9 -67.7
17.8-0 2867.6 -2607.4 -56.5
17.8-11.8 10.2 -49.7 -0.3
All 11.8-0 325.9 75.7 -0.2
17.8-0 336.2 25.9 -0.5

The result of sedimentation analysis shows that river
dredging leads to morphological changes. Dredging activities
occur both in developed and developing countries such as
Indonesia and may have an environmental impact [32]-[34].
Especially in a developing country, effective environmental
management for dredging needs to be implemented to
minimize the environmental impact such as technologies
applied in some countries [35].

IV.CONCLUSION

River dredging leads to long- and short-term
morphological changes. In the case of the downstream
dredging plan in the Tulang Bawang River, the results of this
study indicate that, after the process was carried out, changes
in the water level elevation had an insignificant effect on
valuable assets in the upstream section. Water elevation drop
will benefit the Dipasena shrimp pond as the part connected
to the Tulang Bawang River is the main drain. Changes in
water level elevation may insignificantly affect the
swampland irrigation areas. The dredging process will

increase cumulative sediment deposited at the dredged section.

Further study needs to be conducted to have a minimum
impact on dredging activities upstream and in the dredged
section.
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