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Abstract: Sediment ponds in coal mining operations serve as critical infrastructure for wastewater
management. A major challenge in their operation is excessive sediment accumulation, which is often difficult
to anticipate accurately, especially when relying solely on theoretical calculations. Such circumstances
highlight the importance of an approach that is not solely theoretical, but also considers the actual dynamics
observed in the field. The coal mining sediment pond examined in this study was initially constructed to
accommodate a catchment area of 205 Ha, with a useful life of 10 years. However, the pond has reached full
capacity in less than five years, 53% earlier than expected, indicating the need for re-evaluation, especially
as the catchment area is planned to expand to 885 Ha. This study aims to evaluate, compare, and recalculate
the sediment pond’s capacity under expanded catchment conditions (885 Ha), by integrating field-based
measurements and theoretical sediment yield methods to produce a more representative design. The
methods employed include the Revised Universal Soil Loss Equation (RUSLE), Lane & Kalinske’s Approach,
Einstein’s Approach, Brook's Approach, and Chang, Simons, and Richardson’s Approach. RUSLE utilizes
secondary data, while the other methods incorporate both primary and secondary data. The results show a
wide range of sediment transport estimates, from 20,184 m3 using Einstein’s to 507,075 m3 using Chang’s.
Among the evaluated methods, Lane and Kalinske, as well as Brook, produced sediment volume estimates
that closely matched field-based measurements, making them suitable for field conditions. RUSLE produced
a lower-bound estimate, while Einstein and Chang’s method deviated significantly from the observed range.
These findings underscore the importance of integrating field measurements with theoretical models to
enhance the reliability of sediment-yield estimation and support informed decision-making in sediment pond.

Keywords: coal mining catchment, sediment pond performance, sediment transport modelling, suspended
sediment load
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1. Introduction environmentally detrimental effluents
A substantial proportion of mining commonly referred to as Acid Mine Drainage
operations, particularly coal mining, produce (AMD). These effluents are typically
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characterized by elevated concentrations of
heavy metals and other pollutants that degrade
water quality and the integrity of aquatic
ecosystems integrity (Fahruddin et al., 2020;
Suryani et al., 2022; Saptawartono et al.,, 2024;
Syam & Iryani, 2025). AMD is formed through
the oxidation of sulfide minerals (most notably
pyrite) when exposed to oxygen and water
(Saptawartono et al, 2024). The aqueous
component of this reaction may derive from
direct precipitation, subsurface seepage,
runoff, and groundwater entering the mining
area (Batubara & Saismana, 2019; Noor et al.,
2021; Siri et al, 2022; Nugraha & Isniarno,
2022). Comprehensive analyses of mine-
derived effluents have indicated elevated and
spatially variable concentrations of
contaminants, such as Total Suspended Solids
(TSS), iron (Fe), manganese (Mn), and sulfate,
underscoring the necessity for site-specific
wastewater treatment interventions within
mining operations (Wahyudin ef al, 2021;
Syam & Iryani, 2025).

One of the principal mine wastewater
management strategies is the implementation
of dewatering systems in the form of
sedimentation ponds, which are specifically
designed to enable the settling of suspended
solids, thereby optimizing effluent quality prior
to its discharge into receiving water bodies or
designated final disposal sites (Murad, 2021;
Saputra et al, 2023). In Indonesia, this practice
is reinforced by regulatory frameworks: the
Ministry of Environment and Forestry
Regulation No. 5/2022 and Government
Regulation No. 22/2021 mandate that mine
wastewater must be treated before release to
water bodies. Furthermore, the Ministerial
Decree of the Ministry of Energy and Mineral
Resources No. 1827 K/30/MEM/2018 on Good
Mining Practice requires the development of
environmental management facilities, including
settling ponds, to prevent and mitigate
pollution from mining operations. Nevertheless,
several studies have indicated that excessive
sediment accumulation can pose a significant
threat to both the effective storage capacity
and the operational lifespan of such facilities,
with reported capacity losses ranging from
63% to complete infill relative to the original
design specifications (Patro et al.,, 2022).
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This case study focuses on a sediment pond
associated with coal mining operations in East
Kalimantan, Indonesia, observed in 2017. The
mining site is segmented into two primary
operational zones: the east block, which
remains actively operated, and the west block,
where extraction activities are nearing
completion. The sediment pond evaluated in
this study is situated within the east block and
was originally engineered with a storage
capacity of 445,752 m3 and an anticipated
operational lifespan of 10 years. By 2017,
however, a performance evaluation was
considered necessary due to an expansion of
the contributing catchment area from 205 Ha
to 885 Ha. The evaluation indicated a marked
deviation between the design lifespan and the
actual operational lifespan, as evidenced by the
complete infilling of sediment across all six
compartments of the pond, regardless of initial
projections indicating that the pond would
reach maximum storage capacity only by 2022.

There are various factors that may cause
the actual operational lifespan of a sediment
pond to deviate from its design lifespan. One
such factor is the inaccuracy in capacity
estimation during the planning phase, which
can lead to overly optimistic lifespan predictions
that do not reflect field conditions. This
underscores  the need for  further
comprehensive research to evaluate the
storage capacity and performance of sediment
ponds. Previous studies have employed
theoretical approaches to estimate storage
capacity and sediment vyield; however, these
results should ideally be compiled with
empirical data obtained directly from field
measurements. The integration of these two
approaches can provide a more accurate
representation of the reliability of sediment
pond design.

Previous studies have examined sediment
pond performance in coal mining. Tresnawati
et al., (2024) evaluated TSS concentrations and
deposition volumes in a multi-compartment
settling pond, while Febriyanti et al, (2024)
analyzed treatment capacity based on rainfall-
driven inflow dynamics. Putra et a/. (2021) also
assessed the carrying capacity of a settling
pond using grab sampling and pollutant load
carrying capacity calculations, identifying
limited effectiveness across multiple sampling
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points. Although these studies underscore the
urgency of sediment management, they
primarily rely on only empirical observations
and do not integrate theoretical sediment
transport models. Accordingly, the present
study aims to evaluate the performance of a
sediment pond by employing theoretical
approaches, such as Revised Universal Soil Loss
Equation (RUSLE), and those proposed by Lane
& Kalinske, Einstein, Brook, and Chang,
alongside empirical approaches involving direct
sampling at the inlet and outlet of the sediment
pond, both after rainfall events and during dry
conditions.

2. Materials and Method

This research was conducted as a case study
on the useful life of the East Block sediment
pond at a coal mining site in East Kalimantan in
2017. Both primary and secondary data were
used to support the analysis, including
historical rainfall data in 10-year period prior to
the study. The method applied in this research
was quantitative, combining empirical field
measurements and theoretical approaches
using the Lane & Kalinske, Einstein, Brook, and
Chang equations. The sediment yield
estimation in this study focuses on suspended
load. The study involved the design and
calculation of the sediment pond’s storage
capacity in response to an increase in the
catchment area to 885 hectares. The result for
all methods will be compared with the
estimated sedimentation deposited based on
primary data submitted to the laboratory, as a
form of validation of the theoretical approach.
The detailed flowchart is illustrated in Figure 1
below.
2.1. Study Area

The research location spans three
cities/regencies: Bontang  City, Kutai
Kartanegara, and Kutai Timur Regency.

Bontang City is located in East Kalimantan and
is one of the cities that spans between 117°23’
— 117°38' East longitude and 0°0" — 0°2" North
latitude. The eastern part has a direct border
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with the Makassar Strait, while the northern
and western parts directly border East Kutai
Regency, and the southern boundary meets
Kutai Kartanegara Regency. The research area
is primarily located in Bontang Selatan
Subdistrict, with a small portion extending into
Kutai Kartanegara and Kutai Timur Regencies,
specifically in the settlement pond area.
Bontang Selatan, which is the largest area of
Bontang City, covering more than 65% of
Bontang’s total area, followed by Bontang
Utara and Bontang Barat subdistricts. Bontang
city is located near the equatorial region, with
monthly rainfall ranging between 150-300
mm/month, and an average annual rainfall of
approximately 2,500 mm/year (BPS - Statistics
of Bontang Municipality, 2022). Bontang City is
predominantly covered by forest, shrubland,
and mangrove, with settlement areas
extending over 20 km2 in the northern part.
The gently sloping Bontang River flows
downward into small islands and wetland areas
(Widyasasi et al., 2024). Meanwhile, in Kutai
Kartanegara Regency, the Marang Kayu
subdistrict covers an area of 866.20 km2 and
receives an average annual rainfall of
approximately 1,800 mm/year. This subdistrict
is primarily dominated by forest and
plantations, with 28 km2 of mining areas, and
a small portion of the total area, approximately
9.41 km?, serves as settlement and built-up
areas. In Kutai Timur Regency, Teluk Pandan
subdistrict, located on the southwestern side,
has an area of 907 km2, accounting for 2.96%
of the total area of the regency.

This research is based on a case study of a
coal mining site in East Kalimantan. At the time
of the study, mining in the west block was
nearly completed, while the east block was
undergoing large-scale expansion. Currently,
the east block remains in operation, making it
the active center of mining activities in the
area. The location of this research is illustrated
in Figure 2.
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Figure 1. Framework Analysis

Following the site description, the study
focuses on the sediment pond used to manage
runoff and sediment transport. The catchment
area of the sediment pond covers 885 hectares,
consisting of four sub-catchment areas, namely
waste dump pit 2AN, sump pit 2AN, pit 8AN,
and pit 7B, with areas of 205 Ha, 36 Ha, 87 Ha,
and 557 Ha, respectively. The existing
sediment pond schematic can be illustrated in
Figure 3.

2.2. Data Collection

The data used in this study consists of both
primary and secondary data. Water sampling
refers to SNI 6989.59:2008 on Water and
Wastewater — Part 59: Method for Wastewater
Sampling. The collection of sediment samples
was carried out in two stages: the first was
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conducted during a period without rainfall, and
the second was immediately after the rains.
During the dry season, water sampling was
limited to the inlet due to minimal or stagnant
outlet flow, which was not representative for
sediment analysis. The pond’s outlet becomes
active primarily during rainfall-induced runoff,
making inlet sampling more relevant under dry
conditions. Water sampling was performed at
the inlet of the sediment pond, where five
water samples of 500 mL each were collected.

The second stage of sampling, conducted
shortly after several hours of rainfall, was
carried out at both the inlet and the outlet of
the sediment pond, with five water samples
taken at the inlet and two water samples taken
at the outlet, each of 500 mL in volume.
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Figure 3. Existing sediment pond schematic
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Total Suspended Solids (TSS) and Jar Test
analyses were conducted. The TSS test was
performed to determine the amount of
sediment contained per liter of each sample.
The Jar Test, conducted after the TSS analysis,
was used to identify the appropriate coagulant
dosage required to reduce the TSS
concentration in the sediment pond. The TSS
and jar test analyses were conducted by the
on-site laboratory at the mining location.

https://doi.org/10.55981/limnotek.2025.13506

The secondary data in this study include
maps of Bontang City’'s administrative
boundaries, site locations, and daily rainfall
records for the period from 2007 to 2016.
Figure 4 below illustrates the maximum daily
rainfall. The highest value occurred in 2007, at
around 155 mm/day. Moreover, the maximum
daily rainfall remained relatively stable from
2008 to 2013. This maximum daily rainfall is
analyzed to estimate design rainfall at different
return periods.

Maximum Daily Rainfall
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Figure 4. Maximum Daily Rainfall over 10 years

While the numerical data were accessible
and sufficient for analysis, the schematic maps
of the sub-catchment area’s spatial
visualizations limited the ability to illustrate
catchment boundaries and pond placement.
This limitation does not affect the validity of the
calculations but should be considered when
interpreting the spatial context of the results.

2.3. Design Rainfall and Flood Discharge

In this research, frequency analysis is
conducted to identify the relationship between
the magnitude of extreme rainfall events and
their frequency of occurrence using probability
distributions, which is crucial for infrastructure
planning (Pudyastuti & Musthofa, 2020; Kalsum
et al., 2021). In the context of this research,
the value of extreme events refers to the

inverse relationship with occurrence probability.

For instance, the high flood frequency
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discharge events are significantly lower than
those of moderate or low discharge events.
Frequency analysis can estimate the flood
discharge or design rainfall for specific return
periods, ranging from 1.1 years to 1,000 years,
and it can also predict how often floods of a
certain magnitude are likely to occur within a
given time period (Ginting, 2021; Dwi et al,
2024).

The design rainfall serves as one of the
Inputs used to determine rainfall intensity. In
this study, the rainfall intensity is calculated
using the Mononobe Method. This step is
crucial, as flood discharge estimation requires
rainfall intensity in millimetres per hour.
Through the Mononobe Method, design rainfall
data with a daily temporal resolution can be
converted into short-duration values (5, 10, 15
... minutes), as presented in Equation 1
(Astarini et al., 2022; Triatmodjo, 2008).
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_Ra

_ ...Eq.1
£ 24

2403
(%)
where [;is the rainfall intensity for a duration ¢
(mm/h), R,, is the maximum 24-hour rainfall
(mm), while tis the duration of rain (hours).

In addition, two other parameters are
considered in calculating flood discharge using
the Ration Method: A (the catchment area) and
C (the runoff coefficient). The catchment area
is determined based on the watershed area
under study or the area being considered for
analysis.

After all necessary parameters for the
Rational Method are determined, the flood
discharge can be calculated using the Rational
Method equation, as presented in Equation 2
(Sari & Irawan, 2021; Triatmodjo, 2008).

Q=10.278xCxIxA ...Eq.2
where Q is the peak discharge resulting from
rainfall with a certain intensity, duration, and
frequency (m3/s), C is the runoff coefficient

12 2

P
Ri = Z 1.735 x 10 <1.5 log.o <%> . 0.08188)
i=1

where Rirepresents the rainfall erosivity factor
(MIJmm/ha/h/y), Pidenotes the monthly rainfall
(mm), and Prefers to the annual rainfall (mm).

The next parameter is the soil erodibility
factor. This factor reflects the soil’s resistance
to rainfall and surface runoff (Hanifa & Suwardi,
2022) and is determined by soil characteristics
such as structure, texture, permeability, and
organic matter content (Hanafi & Pamungkas,
2021a; Hanifa & Suwardi, 2022). Another
essential parameter to be determined is the
slope length and steepness factor (LS), which
plays a critical role in the RUSLE model. LS
directly influences the rate of erosion and the
volume of surface runoff (Hanafi & Pamungkas,
2021b; Pramasela et al, 2022; Faisol et al.,
2024).

The following parameter to be determined
is the cover management factor (C), which
reflects the influence of land cover type on the
rate of erosion (Virlayani et al/, 2024). A lower
C value indicates better land cover performance
in reducing erosion, and vice versa. The
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determined by land cover (dimensionless), I is
the hourly rainfall intensity (mm/h), and A is
the catchment area (km2).

2.4. Soil Loss by RUSLE Method
The Revised Universal Soil Loss Equation

(RUSLE) is one of the methods used to predict
the magnitude of erosion or the long-term
average annual soil loss caused by rainfall-
induced runoff on a given slope (Cantik et al,
2023). The calculation of soil loss using the
RUSLE Method is presented in Equation 3.

A=RixKXLSxCxP ....Eq.3
where A represents the average annual soil loss
(t/ha/y), Ridenotes the rainfall erosivity factor
(MIJmm/ha/h/y), Kis the soil erodibility factor
(t/ha/h/ha/MI/mm), LS refers to the slop
length and steepness factor (dimensionless), C
is the cover management factor
(dimensionless), and P represents the support
practice factor (dimensionless) (Cantik et al,
2023; Hadi et al, 2023). The calculation of
rainfall erosivity is shown in Equation 4 below.

...Eq.4

support practice factor (P) in the RUSLE
method represents the effectiveness of soil
conservation practices in reducing erosion rates
through surface runoff and infiltration
management (Sianipar et al., 2023). Compared
to the C factor, which focuses on what covers
the soil, the P factor emphasizes how the soil is
physically managed to resist erosion (Kebede et
al, 2021). P values range from 0 to 1, where
lower values indicate more effective
conservation practices in minimizing erosion
(Akbar, 2021; Hanafi & Pamungkas, 2021b;
Cantik et al, 2023).

2.5. Settling Velocity Based on Stokes-
Newton Law
In the design planning of sedimentation ponds,
one of the key parameters that must be
analyzed in advance is the particle settling
velocity. Several factors influence this velocity,
including particle size, fluid type, and viscosity
(Omland et al., 2005; Astuti, 2020; Putri et al.,
2024). The calculation of particle settling
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velocity can be performed analytically based on
the physical laws of fluid flow and particle
motion within a fluid. For small particles
(diameter < 0.1 mm) moving in laminar flow
conditions (Reynolds number Re < 1), the
settling velocity can be determined using the
Stokes—Newton equation (Isnaeni, 2021;
Wahyudin et al, 2021) as presented in
Equation 5 below.

_ 9 XDs* X (ps—p)

Bxa ...Eq.2

N

where us is the particle settling velocity (m/s),
g is the gravitational acceleration (m/s?), Ds is
the diameter of the particle (m), ps is the
particle density (kg/m?3), p is the fluid density
(kg/m3), W is the fluid viscosity (m?/s). (Lane &

https://doi.org/10.55981/limnotek.2025.13506

Kalinske 1941; Brooks 1963; Chang et a/. 1965,
as cited in Yang 1996)

2.6. Sediment Yield Methods

The sediment transport rate for the sediment
pond was calculated using several analytical
approaches as a comparative assessment to
the RUSLE method in predicting the pond’s
storage capacity under a projected catchment
area of 885 hectares. The approaches
employed in this study include those proposed
by Lane and Kalinske, Einstein, Brook, and
Chang, Simon, and Richardson. The key
differences among these methods in terms of
formulation, parameter sensitivity, and
theoretical characteristics can be seen in Table
5.

Table 5. Comparative Overview of Sediment Yield Methods

Sensitivity

No. Method Equation P. Characteristic
arameter
1. Lane and Qew = q X Cy X P, X exp (%) (12) Flow velocity, For open channels,
Kalinske . . particle size, integrates hydraulic and
U,=(gxDxS) (13) and flow depth  particle properties
2. Einstein Qsw = 11.6 X U, X C; X a X (14) Velocity and Based on velocity-
{[2.303 log 30-“”] L+ 12} particle size concentration, includes
a distribution turbulence and lift forces
4. Brook Qw = 2 % g X ¥ X Cing (15) Discharge and  Uses discharge ratio,
4Cma sediment suitable for design with
concentration limited data
5. Chang. Qew =¥ X D X C, X (V11 _ %12) (16) Flow geometry  Semi-theoretical,
Simon, & k and flow integrates depth and
Richardson velocity velocity-concentration
distribution
Description:

gsw = suspended sediment transport rate (Ib/s)

q = total flow discharge per unit width (ft3/s)/ft

Ca = sediment concentration by dry weight (Ib/ft3)
PL= flow path coefficient (dimensionless)

w = settling velocity (in/s)

a = settling height (in, Lane and Kalinske)

a = settling height (ft, Einstein)

U* = horizontal flow velocity (in/s, Lane and Kalinske)

U* = horizontal flow velocity (ft/s, Einstein and Chang)

D = flow depth (in, Lane and Kalinske)
D = flow depth (ft, Einstein and Chang)
A = sediment particle characteristic (ft)

I, and I, = integrals of sediment concentration and flow velocity distribution with respect to flow

depth (dimensionless)

gCmd = reference discharge used during sediment concentration measurement (Ib/s)/ft

y = specific weight of water (Ib/ft3)

Cmd = dissolved sediment concentration (Ib/ft3)
V = low velocity (ft/s)

k = empirical calibration constant (dimensionless)



https://doi.org/10.55981/limnotek.2025.13506

Cantik et a/ LIMNOTEK Perairan Darat Tropis di Indonesia 31 No. 2 (2025) pp. 169-184;

3. Result and Discussion
3.1. Design Rainfall and Flood Discharge
The frequency analysis conducted in this
study processes daily maximum rainfall data
recorded over ten years period, from 2007 to
2016. Probability plotting is adjusted according
to the number of rainfall data available, after
which the calculations of mean, standard
deviation, skewness coefficient, and kurtosis
coefficient are performed. The statistical
parameters calculations of the Frequency
Analysis are presented in Table 5 below.

Table 5. Statistical Parameters

Probability Rainfall
No. (m/(N+1)) Year (mm)
1 0.091 2007 154.00
2 0.182 2008 99.00
3 0.273 2009 99.00
4 0.364 2010 92.00
5 0.455 2011 89.00
6 0.545 2012 88.00
7 0.636 2013 84.00
8 0.727 2014 75.00
9 0.818 2015 72.00
10 0.909 2016 50.11
The number of data: 10
Mean: 90.21
Standard Deviation (Sp): 26.76
Coeff. Skewness (Cs): 1.35
Coeff. Kurtosis (Cy): 3.89

Following the calculation of statistical
parameters, the rainfall data were evaluated
using the Chi-Square Test and the Smirnov-
Kolmogorov Test. In the Chi-Square Test, all
distributions, including Normal, Log-Normal,
Gumbel, and Log-Pearson III, were accepted.

https://doi.org/10.55981/limnotek.2025.13506

Similar results were obtained from the Smirnov-
Kolmogorov Test, where all distributions were
also accepted. However, according to the Chi-
Square Test, the best-fitting distribution was
Log-Pearson III, while the  Smirnov-
Kolmogorov Test indicated Log-Normal as the
best fit. Between the two, the higher XT value
was selected, which corresponded to the Log-
Pearson III distribution. The results of the
design rainfall are presented in Table 6. After
the Frequency Analysis was carried out, the
next step was to calculate the rainfall intensity
using the Mononobe method. The results of this
calculation are shown in Table 7.

Based on Table 7, the rainfall intensity
applied in the Rational Method for flood
discharge calculation is taken at a 60-minute
duration and a 25-year return period, resulting
in 49.978 mm/h. In addition to rainfall intensity,
the runoff coefficient is set at 0.3 (undeveloped
area). Once all discharge parameters are
defined, the flood discharge can be calculated
for each catchment area, with detailed results
presented in Table 8.

Table 6. Design Rainfall
Probability Return Design
Period Rainfall
(year) (mm)

50% 2 86.614
20% 5 110.314
10% 10 125.463
4% 25 144.163
2% 50 157.850
1% 100 171.377
0% 1000 216.482

Table 7. Rainfall Intensity

Return Period (year)

Duration (mins)

2 5 10 25 50 100 1,000
20 62.460 79.550 90.474 103.959 113.829 123.584 156.110
45 36.376 46.329 52.691 60.545 66.293 71.974 90.917
60 30.027 38.244 43.495 49.978 54.723 59.413 75.050
120 18.916 24.092 27.400 31.484 34.474 37.428 47.279
Table 8. Flood Discharge for Each Sub-catchment Area
Sub Catchment Area A (Ha) Q (m3/s)

Waste Dump Pit 2AN 205 8.545

Sump Pit 2AN 36 1.501

Pit 8AN 87 3.626

Pit 7B 557 23.217

Total 885 36.889
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Based on Table 8, the flood discharge for the
sediment pond, calculated using the updated
catchment area of 885 Ha, is 36.889 m3/s. This
flood discharge value is then specifically used
as input data in the RUSLE equation and in
sediment transport calculations using various
analytical approaches. This value represents
the actual hydrological condition of the
sediment pond’s revised catchment area. By
incorporating flood discharge based on actual
data, the sediment pond design can be
calculated more responsively to the potential
runoff and sediment load carried during the
annual period.

3.2. RUSLE for Soil Loss
Soil loss estimation using the RUSLE method
begins with calculating the rainfall erosivity

https://doi.org/10.55981/limnotek.2025.13506

factor, Ri. The value of Ri is derived using
Equation 10, which serves as the basis for
quantifying rainfall erosivity. The calculated
value of Ri from 2008 to 2016 is illustrated in
Figure 6 below.

Based on Figure 6, the average annual
rainfall erosivity value is 298.161 MJmm/ha/h/y.
This value is subsequently used as input in the
RUSLE calculation, as RUSLE is specifically
designed to estimate annual soil loss. The use
of a sufficiently long data period ensures that
the results are representative of local climatic
conditions and helps to reduce the influence of
extreme annual outliers. Following the
determination of rainfall erosivity, the LS, C,
and P factors are identified by referring to Table
2 — Table 4. The final results of RUSLE-based
soil loss estimation are presented in Table 9.

Rainfall Erosivity

350 4
3004
> 250
E 200 4
E
£
5 150 -
2
o
100
50 4
ZDIUB 20‘09 20‘10 20‘11 20‘12 20‘13 20‘14 20‘15 20‘16
Year
—— Average Rl Value Ri Value (MJmm/ha/h/y)
Figure 6. Rainfall erosivity values, Ri
Table 9. Result of RUSLE’s Soil Loss
No. Parameter Unit Value Remarks
1. Rainfall erosivity (Ri) MImm/ha/h/y 298.161 Average rainfall erosivity
2. Soil erodibility factor (K) . 0.206 Cray regosol (young, loose soil,
commonly found in mining areas)
Slope length and slope ) 1m0
steepness factor (LS) 1.4 Slope Gradient: 10%
4.  Cover management factor (C) - 1 Cultivated bare land
5. Support practice factor (P) - 1 No conservation practices
Soil loss by RUSLE (A) t/ha/y 123.558
Soil loss by RUSLE (A) t/y 109,349 Catchmentarea of 885 Ha
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3.3. Settling Velocity by Stokes-
Newton Law

The settling velocity of sediment particles in
the sediment pond is calculated using the

Stokes—Newton Law, as outlined in Equation 11.

All parameters required for the settling velocity
calculation were obtained directly from
laboratory testing of primary data samples,
with the exception of the gravitational
acceleration value, which is a standardized
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value. The detailed values used in the
calculation are presented in Table 10 below.

Based on the calculations in Table 10, the
settling velocity derived from the Stokes—
Newton Law is 0.660 m/s or 25.979 in/s. This
relatively high settling rate indicates that
sediment particles tend to settle quickly under
calm flow conditions. Such behaviour supports
the effectiveness of the existing sediment pond
in facilitating sediment separation.

Table 10. Parameters for settling velocity using Stokes-Newton Law

No. Parameter Persamaan Unit Nilai Source

1. Gravitational acceleration (g) m/s? 9.81 Standard constant

2. Particle diameter (Ds) m 4x10°

3. Particle density (p;) kg/m3 1,939 Primary sample lab.

4, Fluid density (p) kg/m?3 1,180 results

5. Fluid viscosity (i) m?/s 1,003x10®

6. Settling velocity (v,)* m/s 0.660 Stokes-Newton Law

3.4. Suspended Load Calculation Using particles, but is considered too conservative for

Sediment Yield Method

Four analytical approaches were used to
estimate suspended sediment load: Lane &
Kalinske’s Approach, Einstein’s Approach,
Brook’s Approach, and Chang, Simons, and
Richardson’s Approach. Each method requires
a specific set of input parameters to perform
the calculation accurately. These parameters
include hydraulic characteristics, sediment
concentration, flow depth, particle properties,
and empirical coefficients. The required
parameters for each method are summarized in
Table 11.

Based on Figure 7, notable differences are
observed in the suspended sediment transport
rate (gsw) among the various analytical
approaches, indicating that each method
exhibits distinct sensitivities to hydraulic
parameters and sediment characteristics. The
calculation using Einstein’s equation yields the
lowest sediment transport rate at 0.021 Ib/s/ft,
reflecting a theoretical approach based on the
vertical distribution of velocity and sediment
concentration. This method is suitable for
controlled flow conditions and very fine
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sediment pond design in mining areas with high
sediment loads.

In contrast, the Brook and Chang, Simons,
and Richardson methods produce higher and
relatively comparable sediment transport rates
(0.433 Ib/s/ft and 0.537 Ib/s/ft, respectively).
Brook’s method relies on the ratio of gsw/qcmd
and flow velocity correction, while Chang’s
method incorporates vertical distribution
integrals, I, and I, with a more aggressive
correction graph than Einstein’s. Both results
are deemed suitable for representing dynamic
field conditions.

The results of these calculations, along with
a comparative analysis of suspended sediment
load values across the four methods, are
presented in Figure 7. The Lane & Kalinske
approach yields a moderate value of 0.245

Ib/s/ft, incorporating flow path and
sedimentation efficiency through an
exponential expression. This method is

appropriate when flow discharge and sediment
concentration data are well-defined.
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Table 11. Parameter Used

No. Parameter Unit Value
3
1. Flow discharge per unit width (q) ((Tta;:;;fr? 1;;22
I m 4
2. Flow depth (R=R’=D) in 157.48
3. Sediment concentration (Ca) Ib/ft3 6.675x10*
2 81
4.  Gravitational acceleration (g) Ir:;:z 382 22
5.  Sediment particle size (d65) in 0.0236
6.  Settling velocity (vs) ,r:;: zgggg
7.  Settling height (a) ,r: 18;3
8. Channel slope (S) R 0.067
o m2/s 1,003x10°®
9.  Viscosity (u) in%/s 1,555x1073
. ka/m3 1,180
10.  Water density (p) ﬁ;ﬁa 73.667
Lane and
Kalinske
-
2
I+ Einstein
=
5
E
S
g Brook
o
<

Chang, Simon,
and Richardsons

0.2

0.1

0.0

3.1 Sediment Pond Design Plan

The sediment pond design plan is
calculated based on the total flood discharge
and sediment transport values obtained in the
previous subsections. This design is derived
from the estimated sedimentation that may
occur in the pond using five methods: RUSLE,
Lane & Kalinske’s Approach, Einstein’s
Approach, Brook’s Approach, and Chang,
Simons, and Richardson’s Approach. The
design results for each method are presented
in Table 12.

0.3 0.4 0.5 0.6

qsw (lb/s)/ft
Figure 7. Comparison of suspended load results
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Table 12 presents the result of annual
sediment deposition calculated using several
methods. Based on the sediment vyield’s
method, annual sediment deposition ranges
from 20,184 to 507,075 m3/year. Pond
dimensions were derived by converting daily
sediment load into annual volume, then
applying a safety factor of 1.3 to ensure
adequate capacity under fluctuating sediment
loads.
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Table 12. Comparison of sediment pond volume results

Sediment deposition (m3/year)

Pond dimensions (m?)

No. Method Results P (m) L (m) d (m)
1 RUSLE 192,063.36 353.33 176.66 4
2 Lane and Kalinske 231,076.18 339.91 169.95 4
3 Einstein 20,183.93 100.46 50.23 4
4 Brook 408,842.15 452.13 226.06 4
5 Chang, Simon, Richardson 507,075.25 503.53 251.76 4
To validate the theoretical calculations, a 3.2 Sediment Pond Maintenance
comparative analysis was conducted using Strategies

primary data collected from inlet and outlet
measurements under existing conditions. The
samples were tested in the laboratory for TSS
concentration and sedimentation behavior
under still water conditions. Based on the test,
it was observed that 1.11% to 3.33% of the
total water volume settled as sludge, where the
lower percentage was observed in samples
collected during dry conditions, and the upper
bound followed rainfall events. Accordingly, the
estimated annual sediment volume ranged
from 208,000 m3/year to 416,100 m3/year.

When compared to the theoretical
calculations presented in Table 12, the
estimated annual sediment volume based on
laboratory testing (208,000 to 416,100
m3/year) indicates that the Lane and Kalinske
as well as the Brook Methods fall within a
relevant range and can be considered a
representative approach for field conditions.
The RUSLE Method yields a value that is
relatively close to the lower bound. In contrast,
the Einstein Method produces an estimate
significantly below the minimum threshold,
while the Chang, Simon, and Richardson
exceed the upper bound. Therefore, both
require further evaluation regarding the
suitability of their parameters and underlying
assumptions.

Overall, the result patterns indicate that
empirical methods can serve as a baseline,
provided that the parameters used are derived
from primary data collected and tested directly
in the field. Method selection should be further
adjusted based on site-specific characteristics,
design objectives, and the acceptable level of
long-term sedimentation risk.

The variation in estimates of sediment
volumes across methods, as shown in Table 12,
directly influences the scale and frequency of
maintenance required. For instance, methods
such as Chang and Brook suggest significantly
larger sediment accumulation, which would
demand more frequent dredging and larger
pond dimensions, while lower estimates may
risk underdesign. Therefore, maintenance
strategies should be responsive to both
theoretical projection and observed field
conditions. Several maintenance options can be
implemented for the sediment pond, including:
1. Routine Inspection and Monitoring

Protocols

Routine inspection is a cornerstone of
sediment pond maintenance in coal mining
operations. Regular inspections, especially
after heavy rainfall, are essential to assess
sediment accumulation, structural
integrity, and water quality (Kathuria et al.,
1976; Parker & Dumaresq, 2002; Drake &

Guo, 2008).

2. Preventive Measures to Minimize Sediment
Inflow
Preventive  strategies upstream  of

sediment ponds can significantly reduce
maintenance demands. These include soil
stabilization through revegetation,
mulching, and erosion control blankets, as
well as the installation of check dams and
diversion ditches. In Indonesia, best
practices for erosion protection during
mine development emphasize proactive
planning based on hydrological and soil
assessments (Sloat & Redden, 2005).

3. Revegetation and Reclamation of Mining
Areas
Revegetation and reclamation are long-
term strategies that support sediment
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control and ecological restoration. In
Indonesia, revegetation practices are
guided by forestry science and legal
frameworks, with mining companies
selecting appropriate plant species to
stabilize soil and restore biodiversity.
Reclamation efforts typically involve
returning topsoil, adding organic matter,
and planting fast-growing cover crops
(Pambudi et al., 2023).

4, Conclusion

The conclusion addressing the objective of
this study is that integrating primary and
secondary data in formulating the capacity and
design of sediment ponds is essential for a
representative performance evaluation. This is
evident from the significant differences
between the RUSLE results and those of
sediment yield calculations. Furthermore, the
comparison among analytical approaches
reveals that sensitivity to field parameters
greatly influences the estimation of pond
capacity and lifespan. By validating sediment
behavior under both dry and post-rainfall
conditions, the study demonstrates the value of
empirical data in refining theoretical estimates.
Future research should focus on dynamic
modeling, long-term sedimentation risks, and
maintenance strategies to support adaptive and
informed  decision-making. Through this
approach, this study contributes an integrated
empirical-theoretical framework applicable to
tropical mining environments
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