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 Abstract  

Nickel mining activities at PT. Cipta Djaya Surya in Molore Village, 

North Konawe Regency, face a serious problem in the form of stagnant 

runoff in the mine front area due to the lack of an adequate drainage 

system and sedimentation pond. This condition not only disrupts smooth 

mining operations but also has environmental impacts, such as reddish 

discoloration of coastal waters and potential siltation. This study aims 

to analyze surface runoff discharge, design open channel dimensions, 

and design settling ponds appropriate to the hydrological and 

topographical conditions of the study site. The methods used include 

collecting rainfall data for the past 10 years from the Meteorology, 

Climatology, and Geophysics Agency (BMKG), hydrological analysis 

using the rational method, hydraulic calculations using the Manning 

equation, and planning channel and settling pond dimensions based on 

runoff discharge. The results indicate that the maximum runoff 

discharge in the study area can be managed by designing a trapezoidal 

open channel with dimensions appropriate to the flow capacity, while 

the designed settling pond can accommodate the runoff volume without 

overflowing. The implementation of a planned drainage system is 

expected to maintain smooth mining operations, minimize the risk of 

landslides, and mitigate the impact of coastal environmental pollution. 

Therefore, this research supports the implementation of Good Mining 

Practice (GMP) principles and can be used as a reference in sustainable 

mine drainage planning. 

Introduction 

The increasing utilization of nickel ore is evident in the numerous factories established 

domestically. This increase in nickel ore production has encouraged mining companies to 

explore and exploit it (Haryadi et al., 2024; Whitmore & London Mining Network, 2024; 

Laila & Simangunsong, 2023). This is one of the reasons driving entrepreneurs to actively 

seek out prospective nickel ore areas for development into nickel ore mines that can benefit 

the company, have a positive impact on the local area, and help create job opportunities for 

the surrounding community (Mudd & Jowit, 2022; Zainuddin Rela et al., 2020; Iskandar et 

al., 2019; Mudd & Jowitt, 2014). The mining sector in Southeast Sulawesi Province has 

considerable potential and is attracting the attention of both local and international investors 

focused on the mining sector. North Konawe is estimated to have highly potential mining 

properties, and so far, many companies are already exploiting them. This proves that North 
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Konawe does indeed possess superior mining resources, but they are not yet optimally utilized 

(FS PT. CDS, 2022). 

PT. Cipta Djaya Surya is a national private company that mines nickel ore in Molore village, 

Langgikima District, North Konawe Regency, Southeast Sulawesi Province (FS PT. CDS, 

2022). The system used is a mine drainage system. The mine drainage system is a method 

used to prevent water from seeping into the mine opening or the water from escaping from 

the mining front (the place or area where mining activities are carried out) where the mine 

drainage system at the PT. CDS mining front is not yet organized so that runoff water hits the 

PT. CDS mining front so that researchers feel the need to study the mine drainage system at 

the PT. CDS mining front so that mining activities can run smoothly. The mining method 

employed is an open-pit mining system, using a "strip mining" system. Ripping/dozing is 

performed using automated equipment such as bulldozers and excavators for overburden 

removal (FS PT. CDS, 2022). Several tiers (benches) are created to remove the overburden. 

The size of each tier, with a width of approximately 13-30 meters, is considered sufficient for 

the maneuverability of the mechanical equipment used, while the height of the tier’s ranges 

from approximately 6-9 meters (FS PT. CDS, 2022). 

Mining activities carried out by PT. Cipta Djaya Surya at the PT. CDS site begin with clearing 

the land to be mined, stripping the overburden using mechanical equipment (bulldozers), 

creating the topsoil layer using hauling equipment, and transporting the overburden material 

to the disposal area (RKAB PT. CDS, 2023). Mining area of PT. Cipta Djaya Surya does not 

yet have a good mining drainage system and does not yet have a sediment pond; runoff water 

hits the mining front and water from the mining area goes directly into the sea or coastal area 

so that mud or sediment material causes the coastal area to become red or shallow. In order 

to meet production quantity targets, work efficiency optimization needs to be developed by 

reducing various factors that could potentially hinder the mining process (Jalalian et al., 2023; 

Salieiev et al., 2024; Kulkov et al., 2024; Litvinenko et al., 2022). A major problem that 

frequently arises during nickel mining activities is increased runoff during the annual rainy 

season. This situation results in the cessation of some mining activities, disruption of 

mechanical equipment operations, and an increased risk of landslides in the mining area. 

Therefore, technical and managerial interventions are needed as mitigation measures to 

minimize these impacts (Abbass et al., 2022; Onita & Ochulor, 2024; Rohwer et al., 2022; 

Papakonstantinou et al., 2024). 

The company's drainage system is considered unsystematic, resulting in the channels not 

functioning optimally. Furthermore, there is no sediment pond to treat runoff before 

discharging it into public waters. Therefore, the author will discuss the design of a mine 

drainage pattern directed toward the sediment pond to ensure that runoff does not disrupt 

mining activities, both in terms of quality and quantity. The design takes into account both 

rainfall and runoff discharge factors, achieving a balance between capacity and flow rate into 

the sediment pond. Thus, runoff can be optimally accommodated without overflow, which 

could potentially flow directly into the environment without prior treatment (RKAB PT. CDS, 

2023). Similar research was conducted in 2025 by Erick Syarifuddin, entitled "Sediment Pond 

Design Concept for Environmental Management in Nickel Ore Mining Areas (Case Study of 

the North Block of PT. IFISHDECO, Tbk)."  

This research was based on a Geographic Information System (GIS) system, utilizing rainfall 

data using rain gauges, weather radar, and satellite imagery (Kocsis et al., 2022; Silva et al., 

2022; Amatebelle et al., 2025; Cho, 2023; Trigunasih & Saifulloh, 2022). This technical study 

of the mine drainage system is expected to address runoff issues, allowing mining operations 

to proceed more smoothly, minimizing the risk of landslides around the mine area, and 

achieving production targets. The reddish discoloration of the Molore Beach coastline due to 

the activities of several mining companies that failed to implement adequate drainage systems 
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to manage surface water from the former mine area served as a key background for this 

research. Based on this, the author as a mining actor designed a distribution system at PT. 

Cipta Djaya Surya with the aim of reducing the impact of environmental pollution in the 

coastal area of Molore Beach (FS PT. CDS, 2023). 

Methods  

Research Data 

This study employs both primary and secondary data. Primary data were obtained directly 

from field surveys in the research area. These include information on the rainfall catchment 

area, geographic coordinates for the design of the sediment pond, elevation data to identify 

surface water flow direction, the distance between the catchment area and the sediment pond, 

as well as the excavator cycle time. All primary data were collected through direct 

observation, field measurements, and the use of GPS instruments. Secondary data were 

collected from institutional and company records. These include 10 years of rainfall data from 

the Meteorology and Geophysics Agency (BMG), topographic maps, the mining plan of PT. 

Cipta Djaya Surya, and runoff water quality data. Both primary and secondary data serve as 

the foundation for hydrological calculations, site selection, and the design of drainage 

channels and sediment ponds. 

Research Location and Period 

The research was conducted over a three month period, from April 2025 to July 2025, a 

timeframe selected to capture representative hydrological and operational conditions in the 

study area, particularly in relation to rainfall response and surface runoff behavior in a tropical 

mining environment. This period corresponds to a transitional seasonal phase in Southeast 

Sulawesi, making it suitable for observing variations in surface water flow and evaluating 

drainage performance under different rainfall intensities. Conducting the study within this 

window allowed for a more reliable assessment of site specific hydrological characteristics 

that are critical for designing an effective runoff management system. 

The study area is located within the Mining Operation Permit area of PT Cipta Djaya Surya 

under Permit Number 192 of 2010, situated in Molore Village, Langgikima Subdistrict, North 

Konawe Regency, Southeast Sulawesi Province. The location was selected based on both 

technical and operational considerations, as it represents an active mining area that forms part 

of the company’s 2025 mining development plan and is characterized by complex topography 

and increasing vulnerability to surface water accumulation during high rainfall events. This 

condition highlights the urgent need for a well planned runoff management system to prevent 

operational disruptions, control erosion and sedimentation, and support environmentally 

responsible mining activities. 

 

Figure 1. Regional Accessibility Map (Researcher, 2025) 
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Figure 2. Map of PT. CDS's IUP OP (Researcher, 2025) 

 

Figure 3. Topographic Map of PT. Cipta Djaya Surya (PT. CDS, 2022) 

Study Area Conditions 

Sulawesi Island covers approximately 172,000 km² and is dominated by mountainous terrain. 

From a tectonic perspective, the island lies at the convergence of three major plates: the 

Eurasian Plate to the northwest, the Indo-Australian Plate to the south and southeast, and the 

Pacific Plate to the north. The Indo-Australian Plate is actively moving northward, while the 

Pacific Plate moves westward, creating continuous tectonic activity in the region. 

Geologically, Sulawesi is divided into four main zones: the West Sulawesi Volcanic Zone, 

the Central Sulawesi Metamorphic Zone, the East Sulawesi Ophiolite Zone, and the 

Continental Fragment Zone. The study area, located in Southeast Sulawesi, belongs to the 

East Sulawesi Ophiolite Zone, dominated by ultramafic rocks. Topographically, the terrain 

varies from lowlands to steep mountainous slopes. Within the IUP PT. Cipta Djaya Surya, the 

morphology is classified into five slope categories: flat (0–5%), gentle (5–15%), moderate 

(15–25%), steep (25–40%), and very steep (>40%). This variation influences the direction of 

surface runoff and plays a crucial role in the design of drainage channels and sediment ponds. 

Globally, from a tectonic perspective, Sulawesi Island is located at the confluence of three 

major plates: the Eurasian Plate to the northwest, the Pacific Plate to the north, and the Indo-

Australian Plate to the south and southeast. Of these, the Indo-Australian Plate is actively 

moving northward, the Pacific Plate is moving westward, and the Eurasian Plate tends to be 
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passive. The interaction of these movements results in ongoing tectonic processes in 

Indonesia, particularly in these active plate convergence zones (FS PT. CDS, 2022). 

 

Figure 4. Topographic and bathymetric map of Indonesia based on (Hall, 2012) 

 

Figure 5. Regional Geological Map of Sulawesi Island (Nugraha and Hall, 2022) 

Research Materials 

The study utilized both hardware and software to support data collection and analysis. 

Hardware included a Dell Intel Core i5 laptop for data processing and map preparation, a 

Garmin GPS and geological compass for determining coordinates, a stopwatch for recording 

equipment cycle times, an Oppo A58 camera for field documentation, and vehicles for 

transportation during surveys. The software used comprised ArcGIS 10.8 for spatial data 

processing and map layout, as well as Google Earth Pro for location identification and map 

creation. 

Research Design 

This research adopts a quantitative method with an action research approach. The approach 

was chosen because the study aims not only to generate data but also to provide practical 

solutions for managing mining runoff. The methodology involves field surveys, rainfall and 

runoff measurement, and hydrological data analysis. The results are then used to determine 

the placement of drainage channels, establish their dimensions, and design a sediment pond 

(settling pond) capable of storing runoff and settling sediments before discharge into natural 

water bodies. 
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Data Analysis 

The data analysis process in this study was carried out through several stages to ensure 

accurate hydrological and hydraulic design. The first stage involved rainfall calculation, 

where rainfall data from 2015 to 2024 were analyzed to estimate design rainfall values. 

Statistical approaches, including the Normal Distribution, Gumbel Distribution, and Log 

Pearson Type III methods, were applied to calculate rainfall corresponding to various return 

periods. Once the design rainfall was determined, rainfall intensity was calculated using the 

Mononobe formula, which considers rainfall duration and the 24-hour maximum rainfall to 

yield the average rainfall intensity required for runoff estimation. The next stage was the 

determination of the catchment area, where topographic data and the 2025 mining plan were 

analyzed to identify areas contributing runoff to the settling pond, with the Rational Method 

employed for calculation. Runoff discharge was then estimated using the Rational Method by 

incorporating rainfall intensity, catchment area, and runoff coefficient, producing the peak 

discharge expected in the mining area. Based on these results, drainage channel dimensions 

were designed using Manning’s equation to ensure adequate capacity, with a trial-and-error 

approach applied to optimize the channel under varying flow conditions. Finally, the sediment 

pond design was carried out, determining appropriate dimensions and capacity to 

accommodate peak runoff and sediment load. The design was validated using literature 

guidelines and engineering standards to ensure functionality and reliability in managing water 

and sediment within the mining site. 

Research Implementation 

The research began with collecting rainfall data from the Meteorology and Climatology 

Agency, followed by statistical analysis using the Gumbel method to estimate design rainfall. 

Rainfall intensity was calculated with the Mononobe equation, while runoff discharge was 

determined using the Rational Method. Channel dimensions were then designed using 

Manning’s equation. Finally, the sediment pond was sized based on peak runoff, ensuring its 

effectiveness in controlling water and sediment before discharge into natural waterways. 

Results and Discussion 

The PT. Cipta Djaya Surya mining area currently lacks an adequate drainage system and is 

not equipped with a sediment pond. This situation results in runoff inundating the mining 

front area, and some water from the mining area flows directly into the sea or the coast. This 

flow carries mud and sediment, which then causes environmental problems, such as reddish 

discoloration of coastal waters and potential siltation. Therefore, an effective analysis of the 

mine drainage system planning is necessary. The data required for research and design of the 

mine drainage system, particularly regarding open channels and sediment ponds, includes: 

mine plan maps, mining development maps, rainfall data, rainfall intensity, catchment area 

runoff coefficient, surface runoff discharge, condition and size of open channels, and 

sedimentation pond capacity. 

Table 1. Rainfall Observation Data at PT. Cipta Djaya Surya (2014–2023) 

No Year Rainfall (mm/24 hours) 

1 2014 26 

2 2015 27 

3 2016 36 

4 2017 44 

5 2018 21 

6 2019 28 

7 2020 30 

8 2021 25 
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9 2022 28 

10 2023 25 

Table 1 provides annual rainfall observation data recorded over a ten-year period, which 

forms the statistical basis for determining design rainfall values. The data shows that rainfall 

fluctuated between a minimum of 21 mm/day in 2018 and a maximum of 44 mm/day in 2017, 

with an overall variation between 21–44 mm/day. This fluctuation highlights the natural 

variability of rainfall patterns in the mining area and underlines the importance of statistical 

distribution analysis to capture both average and extreme rainfall conditions. By applying 

distribution methods such as Normal, Gumbel, and Log Pearson Type III, the study ensures 

that the selected design rainfall represents not only the central tendency but also the 

probability of extreme events. Reliable estimation of design rainfall is crucial, as 

underestimating values could lead to drainage system failure, while overestimating could 

cause unnecessary construction costs. 

Table 2. Observation Data of PC 200/320 B Caterpillar Work Cycle 

No Digging (s) Swing Loaded (s) Dumping (s) Swing Empty (s) Moving (s) 

1 8.32 4.15 3.61 2.00 14.25 

2 5.27 4.38 3.22 2.15 10.25 

3 7.43 4.50 3.30 2.13 18.73 

… … … … … … 

30 6.29 3.40 3.81 3.11 10.81 

Table 2 presents observation data of the PC 200/320 B Caterpillar excavator work cycle, 

which is an essential factor in determining excavation productivity for drainage channel 

construction. The work cycle includes five phases: digging, swing loaded, dumping, swing 

empty, and moving. Among these, the moving phase exhibited the greatest variability, ranging 

from 10.25 seconds to 18.73 seconds, while the other phases showed smaller variations. Such 

differences directly impact overall cycle time efficiency and, consequently, excavation 

productivity. A longer moving phase indicates potential inefficiencies caused by haul 

distance, terrain conditions, or operator technique. These variations are important for 

planning, as they affect the estimated time required for channel excavation and overall 

construction scheduling. Understanding cycle time behavior allows for more accurate 

projections of labor, fuel consumption, and machinery allocation, ensuring that channel 

excavation is both time-efficient and cost-effective. 

Table 3. Maximum Daily Rainfall Data (2014–2023) 

No Year Rainfall (mm/24 hours) 

1 2014 26 

2 2015 27 

3 2016 36 

4 2017 44 

5 2018 21 

6 2019 28 

7 2020 30 

8 2021 25 

9 2022 28 

10 2023 25 

Table 3 provides maximum daily rainfall data for the ten-year observation period, which is 

critical for identifying extreme rainfall events used in hydrological design. The data confirms 

that the highest recorded rainfall was 44 mm/day in 2017, while the lowest was 21 mm/day 

in 2018. These extremes represent the range of rainfall conditions that could potentially occur 
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in the mining area. The peak value in 2017 is particularly important, as it indicates the 

likelihood of extreme runoff events that could place stress on the drainage system. Using these 

maximum daily values, statistical distribution methods were applied to estimate design 

rainfall for different return periods, which serve as the foundation for calculating rainfall 

intensity and runoff discharge. The emphasis on maximum daily rainfall ensures that the 

designed drainage infrastructure is resilient against peak conditions, reducing the risk of 

overflow, erosion, or sediment pond failure during extreme weather events. 

Table 4. Design Rainfall for Specific Return Periods (Normal Distribution) 

Return Period (Tr) Probability (%) Design Rainfall (mm) 

1.25 80 21.56 

2 50 24.63 

5 20 32.11 

10 10 40.51 

20 5 57.17 

25 4 59.11 

50 2 64.67 

100 1 69.66 

Table 4 presents the design rainfall values calculated using the Normal Distribution method 

for different return periods. The results show that rainfall increases as the return period 

becomes longer, indicating that rarer events are associated with higher rainfall intensities. For 

a 1.25-year return period, which represents frequent rainfall events, the design rainfall is 

relatively low at 21.56 mm. Meanwhile, for a 10-year return period, commonly used in 

drainage and mining hydrology design, the design rainfall is 40.51 mm, reflecting a more 

severe rainfall event that must be accounted for in system planning. At the extreme 100-year 

return period, the design rainfall reaches 69.66 mm, representing rare but potentially 

catastrophic events. These results suggest that the Normal Distribution captures the expected 

variability of rainfall events over time, providing a basis for selecting an appropriate design 

standard. For this mining drainage system, the 10-year return period (40.51 mm) is typically 

chosen as a balance between safety and cost-effectiveness, ensuring that the system can 

handle reasonably extreme rainfall without excessive overdesign. 

Table 5. Design Rainfall for Specific Return Periods (Gumbel Method) 

Return Period (Tr) Probability (%) Design Rainfall (mm) 

1.25 80 18.34 

2 50 25.85 

5 20 35.97 

10 10 42.66 

20 5 49.09 

25 4 51.12 

50 2 57.40 

100 1 63.63 

Table 5 shows the design rainfall values obtained using the Gumbel distribution method for 

various return periods. The results illustrate that rainfall depth increases with longer return 

periods, reflecting the higher magnitude of less frequent rainfall events. For a 1.25-year return 

period, which represents common rainfall, the design rainfall is 18.34 mm, slightly lower than 

the Normal distribution estimate. At a 10-year return period, the design rainfall is 42.66 mm, 

which is higher than the Normal method (40.51 mm), indicating that the Gumbel method tends 

to predict slightly more extreme rainfall values for medium to long return periods. For rare 

and extreme events, such as the 100-year return period, the design rainfall reaches 63.63 mm, 
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still below the Normal method’s estimate (69.66 mm). This pattern suggests that the Gumbel 

distribution provides a more moderate estimation for extreme rainfall compared to the Normal 

distribution, but higher values for intermediate return periods such as Tr = 10 years. For 

practical purposes in mining drainage design, the 10-year return period (42.66 mm) is most 

relevant, as it offers a slightly more conservative estimate than the Normal method, ensuring 

adequate channel and pond capacity without overdesign. 

Table 6. Design Rainfall for Specific Return Periods (Log Pearson Type III Method) 

Return Period (Tr) Probability (%) K Design Rainfall (mm) 

1.25 80 1.0843 18.49 

2 50 0.4572 22.43 

5 20 1.0268 35.43 

10 10 1.5642 41.81 

20 5 1.8437 45.57 

25 4 2.0237 48.17 

50 2 2.2947 52.56 

100 1 2.5892 57.34 

Table 6 presents the design rainfall values calculated using the Log Pearson Type III method 

across different return periods. The results indicate that rainfall depth consistently increases 

with longer return periods, reflecting the occurrence of more extreme rainfall events at lower 

probabilities. For frequent rainfall events, such as the 1.25-year return period, the design 

rainfall is relatively low at 18.49 mm, closely comparable to the Gumbel method. At the 10-

year return period, which is widely adopted in mining drainage planning, the design rainfall 

reaches 41.81 mm, slightly higher than the Normal method (40.51 mm) but lower than the 

Gumbel method (42.66 mm). For extreme cases, such as the 100-year return period, the design 

rainfall is 57.34 mm, significantly lower than the Normal distribution estimate (69.66 mm), 

suggesting a more moderate prediction of extreme values. These results show that the Log 

Pearson Type III method provides balanced estimates between the relatively higher values 

from the Gumbel method and the more extreme predictions from the Normal distribution. Its 

moderate and statistically consistent predictions, along with the lowest Chi-Square test value, 

indicate that it is the most reliable method for design rainfall determination in this study. 

Therefore, the 10-year return period design rainfall of 41.81 mm was adopted as the basis for 

subsequent rainfall intensity and runoff calculations in the mining drainage design. 

Table 7. Chi-Square Test Results 

Method Chi-Square Value 

Normal Distribution 3.70246 

Gumbel 1.1355 

Log Pearson Type III 0.9698 

Table 7 presents the Chi-Square test results used to evaluate the goodness-of-fit of three 

statistical distribution methods: Normal, Gumbel, and Log Pearson Type III. The results 

indicate that the Log Pearson Type III method produced the lowest Chi-Square value of 

0.9698, followed by Gumbel with 1.1355, and Normal Distribution with the highest at 

3.70246. A lower Chi-Square value implies a closer fit between the observed rainfall data and 

the theoretical probability distribution. Therefore, Log Pearson Type III is considered the 

most accurate and statistically valid method for determining design rainfall in this study. For 

practical application, the 10-year return period rainfall intensity was calculated as 38.35 

mm/hour, which then served as the key input for rainfall intensity and runoff estimation in the 

subsequent hydrological design process. This choice ensures that the drainage infrastructure 

is based on the most reliable and representative rainfall data. 
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Table 8. Catchment Area Division in Block XA–CB 

Catchment Area Area (m²) 

I 7,453.36 

II 8,021.23 

III 26,090.00 

IV 9,546.50 

Table 8 shows the division of catchment areas within Block XA–CB, which play a critical 

role in determining runoff contributions to the settling pond. The analysis identified four 

distinct catchment areas, with Catchment Area III covering the largest surface area at 26,090 

m², which is more than half of the total block area. This indicates that Catchment Area III will 

likely contribute the greatest volume of surface runoff under uniform rainfall conditions, 

given its larger surface exposure. Conversely, Catchment Area I (7,453.36 m²) and Catchment 

Area IV (9,546.50 m²) represent the smallest contributors. Understanding this spatial 

distribution is essential for designing appropriate drainage channels, as the size and capacity 

of channels must align with the expected runoff volume from each catchment. The 

identification of Catchment Area III as the dominant contributor also highlights the need for 

special attention in channel alignment and sediment pond capacity planning. 

Table 9. Rainfall Intensity for Each Catchment Area 

Catchment Area Intensity (mm/hour) 

I 176.37 

II 215.74 

III 204.33 

IV 258.14 

Table 9 presents the calculated rainfall intensity values for each catchment area based on the 

design rainfall and catchment-specific characteristics. The results indicate a significant 

variation in rainfall intensity across the catchments, with Catchment Area IV showing the 

highest intensity of 258.14 mm/hour, despite not being the largest in area. Meanwhile, 

Catchment Area I recorded the lowest intensity of 176.37 mm/hour. These variations reflect 

the influence of local topography, catchment shape, and rainfall distribution factors. 

Interestingly, Catchment Area III, although the largest in area, recorded an intensity of 204.33 

mm/hour, lower than both Catchment Areas II and IV. This suggests that larger areas do not 

necessarily correspond to higher rainfall intensities, but rather intensity is influenced by 

hydrological and meteorological dynamics. These differences are crucial, as they directly 

impact runoff discharge values and the dimensioning of drainage structures. 

Table 10. Runoff Discharge by Catchment Area 

Catchment Area Runoff Discharge (m³/s) 

I 0.9136 

II 1.2027 

III 0.7049 

IV 0.1713 

Table 10 summarizes the runoff discharge for each catchment area, highlighting how rainfall 

intensity and surface area interact to generate peak flows. The results reveal that Catchment 

Area II produces the highest discharge at 1.2027 m³/s, despite not being the largest in size. 

This outcome is primarily attributed to its relatively higher rainfall intensity of 215.74 

mm/hour, which amplifies the runoff response. In contrast, Catchment Area III, the largest in 

terms of area, yields a lower discharge of 0.7049 m³/s, demonstrating that rainfall intensity 

plays a more critical role than area alone. Catchment Area IV, with the highest rainfall 
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intensity, still generates the lowest discharge (0.1713 m³/s) due to its relatively small size. 

This finding emphasizes the importance of considering both catchment area and rainfall 

intensity in hydrological modeling. The discharge results serve as the foundation for designing 

channels that can safely convey peak flows to the settling pond. 

Table 11. Designed Dimensions of Channel A 

Parameter Value 

Base width (b) 0.8193 m 

Channel height (h) 0.3932 m 

Side slope angle (α) 60° 

Cotg α (Z) 0.58 h 

Channel bed slope (S) 3.51 % 

Freeboard height (w) 0.3932 m 

Total channel depth (H) 0.8117 m 

Channel top width (B) 1.4839 m 

Cross-sectional area (A) 0.2926 m² 

Hydraulic radius (R) 0.2345 m 

Table 11 presents the design parameters of Channel A, developed using Manning’s equation 

and trial-and-error optimization to ensure hydraulic efficiency. The results indicate that 

Channel A requires a base width of 0.8193 m and a total depth of 0.8117 m including 

freeboard, with side slopes set at 60° for structural stability. The cross-sectional area of 0.2926 

m² and a hydraulic radius of 0.2345 m ensure sufficient capacity to convey the calculated 

runoff discharge. The channel slope of 3.51% facilitates adequate water velocity while 

minimizing erosion risk. With a freeboard height equal to the flow depth (0.3932 m), Channel 

A has been designed with a safety margin to accommodate sudden increases in discharge. The 

optimized top width of 1.4839 m provides structural stability against channel collapse. 

Overall, the design balances efficiency, stability, and safety, ensuring reliable runoff 

conveyance under peak flow conditions. 

Table 12. Excavation Time for Drainage Channels 

Channel Length (m) Excavation Time (hours) 

A 199.62 3.28 

B 274.14 4.64 

C 185.11 2.40 

D 139.68 2.00 

Table 12 outlines the estimated excavation times for each designed drainage channel based 

on their lengths. The results show that Channel B requires the longest excavation time of 4.64 

hours, as it is also the longest channel at 274.14 m. In contrast, Channel D requires only 2.00 

hours due to its shorter length of 139.68 m, making it the fastest to construct. Channel A and 

Channel C require 3.28 hours and 2.40 hours respectively, aligning with their intermediate 

lengths. These excavation times are essential for project planning and resource allocation, 

ensuring that construction schedules are realistic and efficient. The results also highlight the 

importance of prioritizing longer channels such as Channel B in construction sequencing to 

avoid bottlenecks in the drainage network. Overall, the designed channel system ensures safe 

and efficient runoff conveyance to the sediment pond, while the excavation time estimates 

provide practical guidance for implementation in the field. 

Table 13. Catchment Area Calculation in Mining Block XA–CB 

No Catchment Area Area (m²) 

1 I 7,453.36 
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2 II 8,021.23 

3 III 26,090.00 

4 IV 9,546.50 
 Total 51,111.09 

The measurement results show that Catchment Area III is the largest, covering 26,090 m², or 

more than 50% of the total catchment area. In contrast, Catchment Area I is the smallest with 

7,453.36 m². These differences in size significantly affect the runoff contribution from each 

area to the drainage channel and settling pond. Therefore, the channel design must give special 

attention to Catchment Area III, which dominates the total runoff volume. 

Table 14. Maximum Runoff Discharge in Mining Block XA–CB 

Catchment 

Area 

Runoff 

Coefficient (C) 

Rainfall Intensity 

(mm/hr) 

Area 

(m²) 

Runoff 

Discharge (m³/s) 

I 0.9 176.37 7,453.36 0.9136 

II 0.9 215.74 8,021.23 1.2027 

III 0.9 204.33 26,090.00 0.7049 

IV 0.9 258.14 9,546.50 0.1713 

Total   51,111.09 2.6581 

The results show that Catchment Area II produces the highest runoff discharge of 1.2027 m³/s, 

despite not being the largest in size. This is because its rainfall intensity (215.74 mm/hr) is 

higher compared to other areas. Conversely, Catchment Area III, which is the largest, 

generates only 0.7049 m³/s due to its lower rainfall intensity. Catchment Area IV, although 

having the highest intensity (258.14 mm/hr), produces the lowest discharge (0.1713 m³/s) 

because of its smaller area. This indicates that runoff discharge is influenced not only by 

catchment size but also by rainfall intensity. The total runoff discharge from all catchments is 

2.6581 m³/s, which forms the basis for designing drainage channels and settling pond 

capacity. 

Table 15. Channel Gradient and Actual Length in Mining Block XA–CB 

No Channel 
∆H 

(m) 

∆X 

(m) 

Plan Length 

(m) 

Actual Length 

(m) 

Gradient 

(%) 

1 A 17 10 199.50 199.18 3.50 

2 B 9 -16 273.00 274.14 9.16 

3 C -30 -45 184.50 185.11 8.13 

4 D -36 -43 139.50 139.68 5.02 

The results show significant variations in channel gradients. Channel B has the steepest 

gradient (9.16%), allowing for faster water flow, while Channel A has the gentlest slope 

(3.50%), which may result in slower flow and a higher risk of sedimentation. In terms of 

length, Channel B is the longest at 274.14 m, whereas Channel D is the shortest at 139.68 m. 

These characteristics are critical for technical planning, as both slope and length influence 

flow velocity, erosion potential, and the need for structural reinforcement of channel walls. 

Estimated Excavation Productivity of Backhoe PC 200/320 B Caterpillar 

Based on field observations, the work cycle of the PC 200/320 B Caterpillar backhoe consists 

of several components: digging time, swing loaded time, dumping time, swing empty time, 

and moving time. Detailed data for each cycle component is provided in Appendix 8. The 

analysis of work cycle data was conducted to estimate the productivity of excavation for 

channel construction. The results indicate that the moving phase shows the greatest 

variability, significantly affecting the total cycle time. Longer moving times reduce overall 

productivity, while shorter times improve efficiency. This information is crucial for 
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estimating the excavation duration of each channel (see Table 12), as well as for planning 

construction schedules, equipment deployment, and resource allocation to ensure efficient 

implementation of the drainage system. 

Runoff, Drainage System, and Settling Pond Design in Block XA–CB 

The hydrological conditions in Block XA–CB play a crucial role in determining the 

effectiveness of mining operations, as rainfall runoff is the main source of water entering the 

site. This runoff originates both from surface flow, where rainwater does not infiltrate into the 

ground but directly enters the mining area, and from subsurface flow, where infiltrated water 

re-emerges as groundwater seepage. Both components pose risks to mining activities if not 

properly managed, ranging from sudden flooding to long-term water accumulation within the 

pit. 

To address this, a comprehensive drainage plan was designed to regulate runoff and direct it 

into a settling pond. The total mineable area in Block XA–CB is 51,111.09 m², divided into 

four catchment zones with varying sizes: Catchment I (7,453.36 m²), Catchment II (8,021.23 

m²), Catchment III (26,090.00 m²), and Catchment IV (9,546.50 m²). While Catchment III is 

the largest in area, the smaller catchments, particularly Catchment IV, demonstrate higher 

rainfall intensities, which can generate proportionally higher runoff. 

Historical rainfall data highlight the variability of hydrological conditions. The lowest annual 

rainfall, recorded in 2001, was 1,274 mm over 80 rainy days, with a maximum daily intensity 

of 21 mm/day, whereas the highest was in 2008 with 3,954 mm across 174 rainy days and a 

maximum intensity of 44 mm/day. Such variations necessitate a drainage system that is 

capable of handling both typical and extreme rainfall events. Using three analytical 

approaches Normal Distribution, Gumbel Method, and Log Pearson Type III the Log Pearson 

Type III method was selected as the most reliable for a 10-year return period. Based on this, 

rainfall intensities were calculated as 176.37 mm/hour (Catchment I), 215.74 mm/hour 

(Catchment II), 204.33 mm/hour (Catchment III), and 258.14 mm/hour (Catchment IV). 

Runoff discharge calculations yielded maximum flows of 0.9136 m³/s (Catchment I), 1.2027 

m³/s (Catchment II), 0.7049 m³/s (Catchment III), and 0.1713 m³/s (Catchment IV). These 

results emphasize that Catchment II, despite its smaller area compared to Catchment III, 

contributes the highest discharge due to its greater rainfall intensity. To safely accommodate 

these flows, drainage channels were dimensioned with specific parameters. For example, 

Channel A was designed with a base width of 0.8193 m, height of 0.3932 m, side slope of 

60°, bed slope of 3.51%, and total depth of 0.8117 m, ensuring sufficient hydraulic capacity. 

Excavation using Backhoe PC 200/320 B Caterpillar was estimated to require practical 

working times, ranging from 2.00 hours for Channel D (139.68 m) to 4.64 hours for Channel 

B (274.14 m). 

The final component of the system is the settling pond, designed to manage both water volume 

and sediment load before discharge. The pond has a capacity of 157.00 m³, with dimensions 

of 13.08 m in length, 4 m in width, and 3 m in depth, and a cross-sectional area of 52.34 m². 

With a calculated inflow of 2.6581 m³/s and an average rainfall duration of 138.92 seconds, 

the pond incorporates a zig-zag layout to slow water velocity, thereby enhancing sediment 

deposition. This ensures that suspended solids are effectively removed before water exits the 

mining site. 

Overall, the integrated system of runoff analysis, channel design, and settling pond 

construction provides a comprehensive solution for water management in Block XA–CB. By 

addressing both surface and subsurface inflows, as well as accommodating variable rainfall 

conditions, the design minimizes flooding risks, enhances sediment control, and supports 

sustainable mining operations. 
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Figure 5. Design Dimensions of Settling Pond 

The layout of the settling pond is divided into three sedimentation zones (a, b, c), which 

function sequentially to maximize the deposition of suspended particles before the water is 

discharged. Each zone is separated by a partition wall (P) that slows down the water velocity 

and allows more time for the sediment to settle. The pond is equipped with an inlet channel 

(→) that directs runoff water into the first zone, ensuring that larger and heavier particles are 

deposited at the beginning of the process. After passing through the partitions, the flow 

continues into the subsequent zones where finer particles can gradually settle. Finally, the 

clarified water is released through the outlet channel (→) located at the end of the pond 

system. This staged arrangement effectively improves sediment control, prevents excessive 

siltation within the mining area, and ensures that water leaving the site meets the required 

environmental standards (Peneliti, 2025). 

Conclusion  

Based on the results of observations, data processing, and analysis at the PT. Cipta Djaya 

Surya research site, several important conclusions can be drawn. The calculation of runoff 

water discharge shows variations across different influence areas, with Influence Area I 

producing 0.91359 m³/sec, Influence Area II 1.20271 m³/sec, Influence Area III 0.7049 

m³/sec, and Influence Area IV 0.17127 m³/sec. Altogether, the total runoff discharge passing 

through Blocks A–B reaches 2.65806 m³/sec, which becomes the basis for drainage and 

settling pond planning. The dimensions of channels A, B, C, and D that direct water to the 

settling pond have been designed according to hydraulic requirements and are proven to meet 

the standards needed to accommodate and safely transport runoff. Furthermore, the settling 

pond has been constructed in a zigzag shape with three compartments to optimize 

sedimentation efficiency. Its design includes a total pond area of 52.335 m², a length of 

13.0837 m, a depth of 3 m, and each zone width of 4.36123 m with a pond side width of 4 m. 

This arrangement ensures that water entering the pond experiences a controlled flow, allowing 
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sediment particles to settle effectively before the water is discharged, thereby supporting both 

mining operations and environmental protection. 
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