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Abstract

Sedimentation in river channels may increase lateral earth pressure and reduce slope stability around
hydraulic structures. However, studies concerning the effect of sediment accumulation on sheet pile-supported
slopes at irrigation structures remain limited. This study evaluates the influence of sedimentation on slope
stability at the Tinggar Buntut Water Gate, Kali Sadar River, using the Rankine method and the finite element
method. Soil parameters were obtained from BBWS Brantas, while the sediment thickness of 1.5 m was
estimated and validated by comparing riverbed elevations derived from Google Earth Pro historical imagery
between 2019 and 2025. Soil behavior was simulated using the Mohr—Coulomb model under existing and
sedimented conditions. The results show that active earth pressure increased from 74.93 kN/m to 126.62 kN/m,
while the safety factor decreased from 1.44 to 0.85. Numerical analysis also indicated that the safety factor
decreased from 1.7342 to 1.4420, accompanied by an increase in deformation from 3.40 x 107 m to 9.06 %
107 m.
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INTRODUCTION to drain water will be decreasing. This

condition can ultimately reduce effectiveness
In the hydrological cycle, where the river has a as well as a source of disruption to the
function as an important part of water sustainability of water resource infrastructure
distribution, water supply for irrigation needs, [1].
and supports the flood control system.

However, with the increase in human activities
accompanied by changes in land use, it has
triggered various environmental problems in
watersheds, especially sedimentation. The
sedimentation process can occur when eroded
materials such as soil particles and other
materials are carried by the water flow and then
deposited at the location with a lower flow
speed. If the sedimentation continues
continuously, the elevation of the river bed will
increase, the width of the channel will
gradually narrow, and the capacity of the river

In the Mojokerto Regency area, precisely
around the Tinggar Buntut Water Gate, the
Kali Sadar River is one of the locations that
experiences sediment accumulation. The
existence of hydraulic buildings in this area has
a very important role in regulating flow, flood
control, and distributing irrigation water to
surrounding agricultural land. As an effort to
be able to maintain the stability of the river
bank where a retaining wall in the form of
concrete sheet piles has been built on both sides
of the stream. However, conditions in the field
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have indicated that sediment deposits are still
forming in the downstream part of the river.
This accumulation not only increases the
elevation of the river bed but also changes the
cross-section of the stream. This situation is a
marker of the ongoing sedimentation process
and can have an impact on the condition of the
surrounding soil which ultimately has the
potential to affect the performance of the river
structure[2].

Sedimentation not only affects the hydraulic
condition of the river but can also reduce the
stability of the slope and the performance of the
soil retaining structure. As sediment deposits
continue to increase where the soil mass around
the sheet pile increases. This condition is the
cause of greater lateral soil pressure received
by the structure. This increase in pressure can
reduce the value of the slope safety factor so
that the potential for instability will be higher.
If not handled, the retaining structure is at risk
of greater deformation and has the potential to
fail [3]. Therefore, the influence of
sedimentation needs to be analyzed as an
important part of maintaining the performance
of hydraulic buildings for the long term as well
as ensuring the safety of the river infrastructure
structure is well maintained. A number of
previous studies have indicated slope and sheet
pile stability using analytical calculations
based on Rankine theory or numerical
simulations using the finite element method.
However, most of these studies only focus on
the initial condition of the soil without
considering changes due to sediment deposits
that continue to increase over time. As a result,
information about the influence of sediment
accumulation on the magnitude of lateral soil
pressure and slope stability around hydraulic
buildings is still very limited, more specifically
on the Kali Sadar River in the Tinggar Buntut
Water Gate area [4].

This study was conducted as an effort to
understand the impact of sedimentation on the
engineering conditions in the Tinggar Buntut
Water Gate, especially related to lateral soil
pressure and slope stability strengthened by
sheet piles. The analysis was carried out by
comparing two conditions, namely the existing
state and the state after sedimentation by using
the Rankine theory approach and the 2D Plaxis
numerical simulation. From these two

approaches, changes in lateral soil pressure,
slope deformation, and safety factors are then
evaluated to be able to see the effect of
sediment accumulation. The results obtained
are expected to be a basis for consideration in
the preparation of maintenance strategies and
support for river infrastructure management in
a more sustainable manner.

Research Questions

The formulation of the problems in this study

is prepared based on various problems that

have been described in the background so that
the research has a clear direction:

1. How does sediment accumulation affect
active lateral earth pressure acting on sheet
piles and the stability of adjacent slopes at
the Tinggar Buntut Water Gate?

2. How do existing and sedimented
conditions influence active and passive
earth pressures around the sheet pile
structure of the Kali Sadar River based on
Rankine theory?

3. How do sedimented conditions affect slope
deformation and the Safety Factor (SF) of
sheet pile-supported slopes according to
Plaxis 2D numerical simulations?

Soil

Soil in geotechnical engineering is considered
a three-phase material consisting of solid
particles, water, and air. The behavior of soil in
engineering structures is strongly influenced
by its physical and mechanical properties,
which affect slope stability, lateral earth
pressure distribution, bearing capacity, and the
deformation  characteristics of retaining
structures[5].  Several  parameters  are
commonly used to describe soil behavior,
including unit weight (y), cohesion (c), internal
friction angle (¢), moisture content, and
permeability.

In addition to its physical and mechanical
properties, soil behavior is highly dependent on
pore-water conditions. Variations in pore-
water pressure influence the effective stress,
which governs the shear strength of the soil
mass. An increase in pore-water pressure
reduces the effective stress and consequently
decreases the soil's resistance to shear forces,
resulting in a higher potential for slope
instability[6]. Therefore, understanding soil
characteristics and their response to
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environmental changes is essential for
estimating lateral earth pressure and evaluating
slope stability in geotechnical structures.

For riverbank slopes, soil properties play an
important role in determining the response of
the slope and retaining system to changes in
geometry and external loading. Variations in
soil unit weight, cohesion, and internal friction
angle affect the magnitude of lateral earth
pressure and the resistance of the soil mass
against deformation. Previous studies have
shown that finite-element methods and
strength-reduction techniques can effectively
evaluate the stability of sheet pile-supported
slopes and estimate the corresponding factor of
safety[7]. At the Tinggar Buntut Water Gate,
sediment accumulation and changes in riverbed
geometry are expected to modify the stress
distribution in the surrounding soil mass and
increase the lateral pressure acting on the sheet
pile structure. Therefore, soil parameters were
incorporated into the Rankine earth pressure
analysis and the Mohr—Coulomb constitutive
model in Plaxis 2D to evaluate the stability
response of the sheet pile-supported slope
under existing and sedimented conditions.

River Sedimentation

The sediment deposition process can occur
when the water stream no longer has enough
hydraulic energy to transport the erosioned
particles so that the material begins to settle at
the bottom of the stream. These particles had
previously been carried by moving water from
various sources of erosion then stopped and
accumulated as their speed decreased. The
deposits that are formed can be in the form of
sand, silt, clay, gravel, and organic materials
that come from natural processes such as
weathering and erosion or human activities in
the watershed [8].

According to [3], Sediment deposition is
commonly associated with changes in
hydraulic conditions, such as lower flow
velocities, fluctuations in water depth, channel
widening, and the presence of hydraulic
structures that influence sediment transport
processes. Prolonged sediment accumulation
may result in riverbed aggradation, channel
constriction, and modifications to channel
geometry. In geotechnical engineering, these
changes can increase lateral loading on

retaining systems and contribute to a reduction
in the stability of adjacent slopes and riverbank
structures.

At the Tinggar Buntut Water Gate, sediment
accumulation is particularly relevant because
changes in the riverbed profile may alter the
loading conditions around the sheet pile-
supported slope. The sedimentation in this
study was modeled as an approximately 1.5 m
thick sediment layer based on the interpretation
of Historical Imagery and Elevation Profile
data for the period 2019-2025. The changes in
lateral earth pressure, slope deformation and
Factor of Safety due to sediment deposition
were evaluated by comparing the sedimented
state with the existing condition.

Rankine Earth Pressure Theory

Rankine theory is used to analyze the lateral
earth pressure acting on retaining structures
based on the plastic equilibrium condition of
soil. In this theory, earth pressure is classified
into active earth pressure and passive earth
pressure, which are used to evaluate the
stability of retaining structures and slopes [9].

Active Earth Pressure According to
Rankine

Active earth pressure occurs when a retaining
structure moves away from the soil mass,
causing the horizontal stress within the soil to
decrease until it reaches the active failure
condition. Under this condition, the soil exerts
a pushing force on the retaining structure and
produces the minimum lateral earth pressure
[9]. The active earth pressure coefficient
according to Rankine theory is calculated using
Equation

Ka=tan®(45° — ) ... 1)
Where:

K, = Active earth pressure coefficient

© = Internal friction angle of soil (°)

The magnitude of active earth pressure stress is
calculated using Equation

o,=Ka.v.H 2
Where:

O, = Active earth pressure stress (KN/m2)
Y = Unit weight of soil (kN/m3)

H = Height of soil (m)

The total active earth pressure force is
calculated using Equation
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Where:
Pa = Total active earth pressure force
(KN/m)

Passive Earth Pressure According to
Rankine Theory

Passive earth pressure occurs when a retaining
structure moves toward the soil mass, causing
the horizontal stress within the soil to increase
until it reaches the passive failure condition.
Under this condition, the soil provides
maximum resistance against the movement of
the retaining structure [9] .

The passive earth pressure coefficient
according to Rankine theory is calculated using
Equation

Kp=tan® (45°+2) ... @)
Where:

Kp = Passive earth pressure coefficient
1) = Internal friction angle of soil (°)

The magnitude of passive earth pressure stress
is calculated using Equation

op=Kp.v.H (5)
Where

Op = Passive earth pressure stress(kN/m2)
Y = Unit weight of soil (KN/m?)

H = Height of soil (m)

The total passive earth pressure force is
calculated using Equation

Pp = Total passive earth pressure
forceZ(KN/m)

Plaxis 2D 8.6

Plaxis 2D software version 8.6 is a program
based on the finite element method (FEM)
which is used for the purpose of analyzing
deformation behavior and soil stability.
Modeling of geotechnical conditions can be
done with a plane strain or axisymmetric
approach. In addition, this device is also
equipped with a gratific feature that will allow
users to build model geometry, enter soil
parameters, determine loading conditions, and
systematically form mesh [10].

The behavior of the soil in this study was
modeled using the Mohr—Coulomb approach to
provide an overview of the elastic—plastic
properties of the soil. The model is determined
by a number of parameters including content
weight (y), Young modulus (E), Poisson ratio

(n), cohesion (c), deep shear angle (¢), and
dilation angle (v). The determination of slope
safety factors is carried out through the phi/c
reduction method. From the analysis process,
which can be obtained with outputs in the form
of total displacement, voltage distribution,
collapse field, and safety factor values
compared to existing conditions and
sedimentation conditions [11].

METHOD

Study Area

The study was conducted on the Kali Sadar
River, located in Tinggar Buntut Village,
Bangsal  District, Mojokerto  Regency,
Indonesia. The study area is situated between
coordinates 667067.00 m E and 9173635.00 m
Sand 667222.00 mE and 9173507.00 mS in the
UTM Zone 49S coordinate system. The
proximity of the research location to the
Tinggar Buntut Water Gate is the main reason
for its selection because this structure plays an
important role in river regulation, flood
control, and irrigation supply for agricultural
areas in Bangsal District and its surroundings.

Field observations and historical imagery
indicate sediment accumulation around the
study area, which may alter riverbed geometry
and increase the lateral earth pressure acting on
the sheet pile structure. Consequently,
sediment deposition may reduce slope stability
and affect the long-term performance of the
hydraulic structure.

Research Procedure

The initial stage of the research was carried out
by reviewing various literature related to river
sedimentation, lateral soil pressure, slope
stability, Rankine theory, and modeling using
Plaxis 2D. After that, the collection of primary
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or secondary data is carried out as the basis of
analysis. The data obtained was then processed
to be used in lateral soil pressure calculations
with the Rankine approach and numerical
simulations using Plaxis 2D version 8.6. The
results of the two methods were then analyzed
and compared to see the effect of sedimentation
on lateral soil pressure changes and slope
stability in conditions before and after
sedimentation occurred.

I Literature Review l
I Data Collection l
t * 3
Primary Data: Secondary Data:

¢ Documentation of * Topographic Data

Sxtst )
Existing Conditions o River Water Level Data

o Sedsmentation Interpretation o Soil Parameter Data

(Comtowr Extraction and |
Elevation Profile) ¢ Toup Goometry Data
| ]
'
[ Data Processing l
v
¢ )
Rankine Analysis I I PLAXIS 2D Medeling
| ]

Comparbson of Rankine
andd PLAXIS 2D Results

.

[ Analysis and Isterpretation of Results ]

-

[ Concluséom and Recommendation ]

Figure 2. Research Flowchart

Research Data

In this study, lateral soil pressure analysis using
the Rankine method and slope stability
modeling using Plaxis 2D version 8.6 was
carried out by using primary data and
secondary data as input parameters. All data
needed in this study are then grouped into
several categories as follows:

1. Topographic Data

Topographic data were used to define the slope
geometry, riverbed elevation, and cross-
sectional profile of the Kali Sadar River for the
numerical modeling and stability analysis.

Tinggar_buntut_cobaBaru.tif
I 13.76121521 - 145652167
[ 14.56521671 - 1536921819
[[115.3692182 - 1617321968
11617321969 - 16.97722117
[C116.57722118 - 17.78122266
[017.78122267 - 1858522415
[ 18.38522416 - 19.38922564
| T MR\ []19.38922565 - 20.19322713
I i [120.19322714 - 20.99722862

/' Al
Figure 3. Topographic Contour Map

2. Soil Parameters

The soil parameters used in this study included
unit weight (y), cohesion (c), internal friction
angle (), elastic modulus (E), Poisson’s ratio
(v), and dilatancy angle (y). These parameters
were used as input data for the Rankine earth
pressure analysis and the Mohr—Coulomb soil
model in Plaxis 2D.

Tabel 1. Soil Parameters

Tura
Paramet Tanah Tanah Tanan p
Timbuna - Dasar
er Asli Beto
n Keras n

Mohr- Mohr- Elasti
Coulom Coulom c
b b Plate

Model Mohr-
Material ~ Coulomb

Jenis

. Drained Drained -
Drainase

Drained

yunsat

(kNI) 18 18

ysat

(kNIm) 19 19 20 -

Eref

(kNIm?) 20 20 30 -

v 0,30 0,30 030 0,30
¢ (kN/m?) 20 20 20 -

¢ (°) 30 30 35 -
v (°) 0 0 0 -
EA 2,10
(KN/m) x 108
El
(KNm&/m - - - 2.1
)
Berat

Sendiri
(KN/m/m

)

3. River Water Level Data

Jurnal Teknik Sipil Cendekia (JTSC) Volume 07, No.03, July 2026

626



Lintang Fadhila Putril, *Sekar Ayu Kuncaravita2, Dayat Indri Yuliastuti3
Analysis of Slope Stability Against River Openings Due to the Influence of Sedimentation at the Tinggar Buntut Water Gate

In the analysis model used where groundwater
conditions and pore water pressure that affect
slope stability are determined on the basis of
available river water level data.

4. Sedimentation Data

Determination of sedimentation conditions in
the basic analysis in the estimated sediment
thickness of around +1.5 m. This value can be
obtained from the results of Google Earth Pro
data interpretation in the form of historical
imagery and elevation profiles. Based on
observations from the range of 2019 to 2025
where it can be seen that there is an
accumulation of sediment which is then used as
a reference in modeling sedimentation
conditions in this study.

Faktor Safety
Factor (SF) 1,44 0,85

Figure 4. Existing and Sedimented
Conditions

5. Sheet Pile Geometry Data

In the analysis process, sheet pile geometry
data was used with high coverage of the
structure, planting depth, and its location on the
slope. The data can first be collected and then
entered into the model as a representation of
the retaining structure. Furthermore, where
these parameters are used as the main reference
in modeling as well as to be able to assess the
stability of the slope under the conditions under
which the analysis is carried out.

RESULTS AND DISCUSSION

Rankine Earth Pressure Analysis

Tabel 2. Results of Rankine Method

Based on Table 2, it can be seen that
sedimentation conditions have an effect in the
form of an increase in active soil pressure from
74.93 KN/m to 126.62 kN/m. This is related to
the addition of soil mass due to sediment
deposits which then add lateral load to the sheet
pile structure. Meanwhile, the passive soil
pressure value was recorded unchanged at
108.00 kN/m because in the analysis carried
out the depth of sheet pile planting was
maintained the same under both conditions.

The decrease in safety factors occurred in line
with an increase in active soil pressure due to
sedimentation from 1.44 in the existing
condition to 0.85 in the sedimentation
condition. In the criteria presented by [Author]
where the change in value indicates a
degradation of slope stability triggered by
sediment accumulation [12]. In the initial
condition with a value of 1.44, it still indicates
a relatively stable slope, while a value of 0.85
already indicates unstable conditions.
Therefore, it can be understood that the
sedimentation process has a role in terms of
increasing lateral soil pressure as well as
decreasing the level of slope stability around
the Tinggar Buntut Sluice Gate.

Geometry Modeling

Slope stability analysis was conducted using
Plaxis 2D Version 8.6 under plane strain
assumptions. The numerical model was
established using Digital Elevation Model
(DEM) data, field observations, and structural
information ~ obtained  from[13].  Input
parameters included slope geometry, soil
characteristics, and groundwater conditions.
These data were incorporated into the model to
accurately represent the existing site conditions
and to assess the impact of sediment

Analysis
Parameter Exist'ir_lg Sedimgr)ted
Condition Condition
Active earth
pressure (KN/m) 74,93 126,62
Passive earth 108 108

pressure (KN/m)
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accumulation on slope stability and the
performance of the sheet pile structure.

.
.

Figure 5. Geometry Model of the
Existing Condition

The initial condition of the location before the
sediment accumulation occurred is given an
overview through the slope geometry as shown
in Figure 5. The preparation of this model
covers the bottom soil layer, the slope of the
river bank, and the sheet pile element which is
a form of representation of real conditions in
the field. Based on topographic data and the
results of field observations where the
geometry was formed as a basic model which
was then used as a reference to assess changes
in slope stability due to sedimentation.

.
v

Figure 6. Geometry Model of the
Sedimented Condition

Figure 6 presents the slope geometry under
sedimented conditions, incorporating an
additional sediment layer with a thickness of
1.5 m on the riverbed. The presence of this
sediment deposit modified the river cross-
sectional profile and potentially increased the
loading acting on the slope and sheet pile
structure. These modified conditions were
subsequently analyzed to assess the influence
of sediment accumulation on slope
deformation and overall stability.

Total Displacement

A total displacement analysis was carried out
using Plaxis 2D to assess the deformation
response of the slope due to sediment
accumulation. The analysis results were
presented as total displacement contours for
both existing and sedimented conditions. With
these contours, the assessment of deformation

can be carried out both in terms of its
magnitude or its distribution pattern in space.
This condition is then associated with changes
in the shape of the slope and additional loads
that arise due to the sediment deposition
process.

~

Figure 7. Total Displacement under the
Existing Condition
In the existing conditions where Figure 7 can
be an indication of the distribution of the total
displacement contour on the slope. The greatest
displacement can be seen concentrated at the
top of the slope adjacent to the sheet pile
structure. This condition indicates that the
deformation is influenced by the weight of the
soil itself and the pressure of the soil working
in the slope system. Even so, the relatively
small displacement is an indication that the
slope stability can still be maintained in these
initial conditions.

Figure 8. Total Displacement under the
Sedimented Condition

In sedimentation conditions where the contours
of total displacement shown in Figure 8 are
able to show changes quite clearly. Compared
to the initial conditions itself, the area that
underwent deformation became wider after the
formation of sediment deposits as thick as 1.5
m on the riverbed. This can happen because the
additional load from the sediment creates an
increase in tension on the slope system which
then triggers greater soil movement around the
sheet pile structure and the surrounding slopes.
These findings indicate that sediment buildup
can magnify slope deformation and in the long
term potentially reduce its stability levels.
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Safety Factor

For slope stability assessment, the phi-c
reduction approach was used with the
implementation through Plaxis 2D software to
obtain Safety Factor (SF) values in two
conditions, namely existing conditions and
conditions after sedimentation. The results of
the calculation of the safety factor are then used
as a basis to be able to see how sediment
accumulation affects the stability of the slope
held by the sheet pile structure in the Tinggar
Buntut Water Gate area. A comparison
between these two SF conditions will allow the
magnitude of changes in slope behavior due to
sedimentation to be identified and analyzed in
a quantitative way.

Table 3. Comparison of Safety Factors
Obtained from Rankine and Plaxis 2D

Analyses
Analysis  EXisting  Sedimented SE
Method Condition  Condition Reduction
SF SF
Rankine 1,44 0,85 40,97%
Plaxis 1 73 1,44 16,85%
2D 7 7 7 0

From Table 3, it can be seen that there is a
consistent pattern between the results of the
Rankine and Plaxis 2D methods with a
decrease in the value of the safety factor after
the sediment buildup. The calculation with the
Rankine method indicates that the safety factor
drops from 1.44 to 0.85 which means that it is
reduced by around 40.97%. On the other hand,
the results of the Plaxis 2D simulation also
show a decrease from 1.7342 to 1.4420 with a
percentage decrease of 16.85%.

The difference in safety factor values produced
by the two methods arises because the basis of
the analysis approach is not the same. In the
Rankine method where slope stability is
determined through a simplified calculation of
soil pressure by looking at the balance between
active and passive conditions. Meanwhile,
Plaxis 2D uses an elemental approach that is
able to include various aspects such as the
geometric shape of the slope, the mechanical
characteristics of the soil, the tension—strain
response, soil deformation, and the interaction
between the soil and the structure so that the

conditions in the field can be described more
closely [14].

The results of both analysis methods indicated
a similar direction of change even though the
value of the security factor obtained was not
the same. The decrease in slope stability
continues to occur along with the increase in
sediment deposits. This condition can be
explained because the accumulation of
sediment creates an increase in lateral pressure
on the sheet pile structure which ultimately
makes the slope stability in the area around the
Tinggar Buntut Water Gate decrease [15].

CONCLUSION

Based on the results of this study, sediment
accumulation in the Kali Sadar River around
the Tinggar Buntut Water Gate significantly
affects lateral earth pressure and the stability of
the slope supported by the sheet pile structure.
According to the Rankine analysis, the active
earth pressure increased from 74.93 kN/m
under existing conditions to 126.62 kN/m after
sedimentation. This increase was accompanied
by a reduction in the safety factor from 1.44 to
0.85, indicating that sediment accumulation
considerably decreases slope stability.

The numerical analysis using Plaxis 2D also
showed a similar trend. The safety factor
decreased from 1.7342 under existing
conditions to 1.4420 after sediment
accumulation, representing a reduction of
16.85%. In addition, the total deformation
increased from 3.40 X 1073 m to 9.06 X 1073 m,
indicating that sediment deposits increase the
load acting on the slope and sheet pile system,
resulting in greater displacement and reduced
structural performance.

Based on the commonly accepted safety
criterion, where a safety factor greater than
1.25 indicates stable conditions, the Plaxis 2D
results show that the slope remains stable under
static conditions despite the reduction in
stability caused by sedimentation. In contrast,
the Rankine method predicts an unstable
condition after sediment accumulation, with a
safety factor below the minimum requirement.
The comparison between the Rankine and
Plaxis 2D methods indicates that variations in
the safety factor values are influenced by the
different analytical approaches used by each

Jurnal Teknik Sipil Cendekia (JTSC) Volume 07, No.03, July 2026

629



Lintang Fadhila Putril, *Sekar Ayu Kuncaravita2, Dayat Indri Yuliastuti3
Analysis of Slope Stability Against River Openings Due to the Influence of Sedimentation at the Tinggar Buntut Water Gate

method. Rankine theory employs simplified
assumptions and idealized conditions, whereas
Plaxis 2D utilizes the finite element method to
provide a more comprehensive representation
of soil behavior, structural response, and soil-
structure  interaction[16].  Although the
approaches are different, both methods
consistently  demonstrate  that  sediment
accumulation has a negative impact on slope
stability at the study location.

This study has several limitations. The soil
parameters used in the analysis were obtained
from secondary data provided by BBWS
Brantas, while the sediment thickness of 1.5 m
was estimated from historical imagery and
elevation profiles derived from Google Earth
Pro. Furthermore, this study did not include
detailed hydraulic modeling, field
measurements of sediment thickness, or
redesign alternatives for the sheet pile
structure.

Based on these findings, several technical
recommendations can be proposed to maintain
the long-term stability of the Tinggar Buntut
Water Gate area. Periodic sediment dredging
should be carried out to reduce the additional
lateral load caused by sediment accumulation.
Regular monitoring of sheet pile deformation
and annual topographic surveys are also
necessary to detect changes in riverbed
geometry. In addition, further investigations
involving field measurements and
comprehensive  hydraulic  analyses are
recommended to improve the accuracy of
future studies. Slope stability assessments
should also be updated whenever significant
sediment deposition occurs to ensure the safety

and  sustainability of the hydraulic
infrastructure.
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