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ABSTRACT  
Given the challenges posed by water erosion and sediment transport associated with 

mining activities, it is essential to give due importance to sediment containment, as sediments 

are potential generators of environmental impacts in river basins and associated socio-

environmental conflicts. This study evaluated the use of excavated structures for sediment 

containment and the effective implementation of the 2024 Rainfall Plan at the Sapo Mine, 

owned by Anglo American, located in the Santo Antônio River basin, in the municipality of 

Conceição do Mato Dentro, Minas Gerais. The main objective was to evaluate the plan's 

effectiveness in containing sediments, protecting the basin's water bodies, and ensuring the 

continuity of mining operations. Data acquisition was carried out through bibliographic 

surveys, analysis of meteorological and hydrological data, local assessments, topographic, 

bathymetric, and water quality monitoring, using drones and specific software for spatial and 

volumetric analysis of sediments. The results showed that the implemented structures 

contributed significantly to the reduction of turbidity and sediment retention during intense 

rainfall events. The measured sedimentation rate exceeded recommendations during critical 

periods, reinforcing the need for frequent maintenance. It is concluded that the excavated 

structures implemented in the mine contributed decisively to the success of the 2024 Rain Plan, 

demonstrating effectiveness in containing and mitigating the environmental and operational 

impacts of the mine, ensuring the sustainability of water management and compliance with 

environmental standards. 

Keywords: mine drainage, sediment containment, surface water. 

Avaliação da eficiência das estruturas escavadas para a contenção de 

sedimentos na Mina do Sapo em Conceição do Mato Dentro na bacia 

do Rio Santo Antônio-Minas Gerais 

RESUMO 
Diante dos desafios impostos pela erosão hídrica e transporte de sedimentos associados às 

atividades de mineração, é imprescindível dar a devida importância da contenção dos 
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sedimentos, potenciais geradores de impactos ambientais em bacias hidrográficas e de conflitos 

socioambientais associados. Este estudo avaliou o uso de estruturas escavadas para contenção 

de sedimentos e a efetiva realização do Plano de Chuva 2024 na Mina do Sapo, da empresa 

Anglo Américan, localizada na bacia do Rio Santo Antônio-MG, no município de Conceição 

do Mato Dentro, em Minas Gerais. O objetivo principal foi avaliar a eficácia do plano em conter 

sedimentos, protegendo os corpos d’água da bacia e garantindo a continuidade das operações 

minerárias. A aquisição de dados se deu com levantamentos bibliográficos, análise de dados 

meteorológicos, hidrológicos, avaliações locais, monitoramentos topográficos, batimétricos e 

de qualidade da água, com utilização de drones e softwares específicos para a análise espacial 

e volumétrica dos sedimentos. Os resultados mostraram que as estruturas implantadas 

contribuíram significativamente para a redução da turbidez e retenção de sedimentos nos 

eventos de chuvas intensas. A taxa de sedimentação medida excedeu as recomendações em 

períodos críticos, reforçando a necessidade de manutenções frequentes. Conclui-se que as 

estruturas escavadas implantadas na mina contribuíram decisivamente para sucesso do Plano 

de Chuva de 2024, demonstrando eficácia em conter e mitigar os impactos ambientais e 

operacionais da mina, assegurando a sustentabilidade da gestão hídrica e a conformidade com 

normas ambientais. 

Palavras-chave: águas superficiais, contenção de sedimentos, drenagem de mina. 

1. INTRODUCTION 

Water erosion and sediment transport are major environmental issues in river basins, 

impacting both water quality and local infrastructure and ecosystems.  

The transport of total sediment to lentic water bodies, such as reservoirs and dams, can 

occur due to climatic factors or human actions that alter the biological and geological dynamics 

of these environments (CETESB, 1979). These factors result in increased sedimentation rates 

and turbidity, which reduces sunlight penetration and negatively impacts plankton 

photosynthesis rates in water bodies, altering aquatic communities (Wilson et al., 2009; Guo, 

2017; Yang et al., 2022; Howard et al., 2012; Ganora et al., 2023; Gaur et al., 2020). 

Sediments are the main carriers of pollutants and pathogens, and their discharge into water 

bodies can cause contamination. Catchment reservoirs are essential structures in surface water 

collection networks, used to retain suspended matter, retain large debris, and reduce sediment 

accumulation (Lager et al., 1977; Hvitved-Jacobsen et al., 2010; Oneda and Barros, 2021). 

Furthermore, catchment ponds can be used in series to achieve better control of suspended 

solids, improving their sediment removal capacity. This should also increase their particle 

retention efficiency while minimizing their impact on drainage capacity and maintenance costs 

(Pitt and Field, 2004; Aronson et al., 1983; Brar et al., 2016). 

Sumps (also called sedimentation ponds) are structures used by the mining sector to aid in 

environmental control, promoting sediment retention and, consequently, improving important 

water quality parameters before disposal or reuse. These structures are increasingly used in 

mining projects, either operationally in areas where soil movement is significant, or 

permanently, replacing or complementing the implementation of dams and/or dikes for 

sediment containment. The lack of references and studies on the subject, especially at the 

national level, is the main motivator for this work. These structures, used to retain sediments 

from areas impacted by mining, are temporary and aim to retain surface runoff and some of the 

sediments before they reach natural watercourses (Zapico et al., 2021). SUMPs are small 

reservoirs that are implemented as an auxiliary structure for surface drainage systems of waste 

rock piles, pits, and access roads, with the main purpose of retaining coarser sediments carried 

by short-duration rainfall events, Pinheiro (2011). They are c that can be sized to retain 

suspended solids and/or ensure water quality for the watercourse, and can be constructed with 
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landfill or by excavation, Kathuria et al. (1976). They are essential for water management in 

mines, especially in areas where water can accumulate due to rainfall. Several studies on sumps 

have revealed that configuration and size, inflow rate, and particle sedimentation velocity are 

important factors in determining the efficiency of sediment removal from reservoirs (Wilson et 

al., 2009; Pathapati and Sansalone 2009; Howard et al., 2012; Kaushal et al., 2012; McIntire et 

al., 2012).  

The objective of this work was to verify the efficiency and effectiveness of the SUMPs 

during the 2024 rainy season, measuring the volumes of sediment retained and the storage 

capacity of the installed containment systems, thus ensuring the conditions and values 

established by environmental agencies. 

2. MATERIAL AND METHODS  

The Sapo Mine, located in the Santo Antônio River basin in Minas Gerais, covers an area 

of 10,774 km², representing 15.12% of the Doce River basin, Figure 1. 

 
Figure 1. Geographic location of the study area, state of Minas Gerais, Brazil. 

This basin encompasses 29 municipalities and faces significant challenges associated with 

increased erosion and sedimentation. These problems are exacerbated by the region's 

geomorphological characteristics and inappropriate land use. 

SUMPs (also called sedimentation ponds), Figure 2, are structures used by the mining industry 

to aid environmental control by promoting sediment retention and, consequently, improving 

important water quality parameters before discharge or reuse. SUMPs are temporary structures 

designed to store water and sediment. They are essential for water management in mines, especially 

in areas where water can accumulate due to rainfall. 

 

Figure 2. Construction elements of SUMPs  
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Several studies on SUMPs have revealed that their configuration and size, inflow rate, and 

particle settling velocity are important factors in determining the sediment removal efficiency 

of reservoirs (Wilson et al., 2009; Pathapati and Sansalone, 2009; Howard et al., 2012; Kaushal 

et al., 2012; McIntire et al., 2012). 

The relationships between removal efficiency and system parameters have been identified 

using a comprehensive approach in previous studies, but there is still a lack of quantified 

information and in-depth analyses of the hydraulic characteristics of the reservoir flow field, 

which are crucial for optimization and new designs (Naghettini and Pinto, 2007). 

Several reservoir structures have been evaluated to improve sediment management from 

intense flow in rainy weather (Pitt and Field, 2004; Andoh et al., 2007; Brar et al., 2016). 

Several reservoirs can be considered useful for the containment of natural solids (Lau et al., 

2001; Walch et al., 2009; Alam et al., 2018; Basham et al., 2019). 

This study analyzed rainfall data obtained by the PSS-01 Rain Gauge installed at the Sapo 

Mine, with records dating back to 2018. According to Back and Cadorin (2020), characterizing 

the variability of intense rainfall over its duration is essential for estimating runoff. In this 

perspective, the intensity-duration-frequency (IDF) relationship of rainfall or curves is used to 

obtain reliable design flow values, which are generated from rainfall monitoring commonly 

performed using rain gauges (Silva Júnior et al., 2020; Morbidelli et al., 2021). The statistical 

method of "Quantiles" was used to classify rainfall intensity. These quantiles divide a set of 

rainfall data into percentage intervals, allowing the classification of rainfall into categories, with 

mean and standard deviation, as it does not depend on the assumption of a normal distribution 

of the data (Morbidelli et al., 2020; Hosking and Wallis, 1997). The quantiles were defined 

based on previous studies, using historical rainfall data recorded at the ANA rain gauge station 

(PLU 1943002) in Conceição do Mato Dentro, covering the period from 1941 to 2018. ArcGIS 

software was used to create thematic maps, which enabled the integration and analysis of spatial 

data. The orthophotos were obtained from drone flights, ensuring high precision and resolution 

in the images. Microsoft Excel was used to create the graphs. 

3. RESULTS AND DISCUSSION 

The construction of Table 1 enabled the necessary analyses for projecting future scenarios 

regarding regional precipitation and its direct relationship with erosion processes in the study 

area. The statistical method adopted was based on 5 annual accumulation intervals, divided 

into: very dry (precipitation accumulation below 15% of the expected value), dry (precipitation 

accumulation between 15% and 35% of the expected value), normal (precipitation 

accumulation between 35% and 65% of the expected value), rainy (precipitation accumulation 

between 65% and 85% of the expected value.) and very rainy (precipitation accumulation above 

85% of the expected value). 

Maximum precipitation intensity was efficiently adjusted using a probabilistic model. 

Based on the Gumbel distribution model, the precipitation intensity-duration-frequency model 

had its parameters adjusted to estimate precipitation intensity for different durations and return 

periods (Santos et al., 2020; Shabankareh and Abedini, 2023). The maximum 30-minute 

precipitation intensity for a two-year return period demonstrated a significant erosion-causing 

capacity, based on the maximum erosivity energy. Erodibility risk was classified as moderate 

for Ferralsols (known for their reddish or brownish color, typical of humid tropical regions, 

with high concentrations of minerals such as kaolinite and iron oxides) and Leptosols (shallow, 

poorly developed soils, often found in areas with rugged terrain), and low for Arenosols (soils 

with a high proportion of sand and a low amount of clay, making them light and well-drained, 

but with lower water and nutrient retention) (Cassol et al., 2018). 
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Table 1. Values of maximum annual precipitation intensity (mm/h), lasting from 5 minutes to 90 days, for return periods of 2, 5, 10, 25, 

50, 100, 200, 500, 1000, 5000 and 10000 years. 

Duration 
Return Period T (Years) 

T = 2 T = 5 T = 10 T = 25 T = 50 T = 100 T = 200 T = 500 T = 1.000 T = 5.000 T = 10.000 

5 min 12.6 14.7 15.9 17.1 17.9 18.6 19.2 19.9 20.3 21.0 21.2 

10 min 18.9 22.2 24.1 26.2 27.6 28.8 29.8 31.1 31.8 33.3 33.8 

15 min 23.2 27.5 30.0 32.8 34.7 36.3 37.9 39.7 40.9 43.2 44.1 

20 min 26.5 31.6 34.6 38.0 40.3 42.4 44.3 46.7 48.3 51.5 52.6 

25 min 29.2 35.0 38.4 42.4 45.1 47.7 50.0 52.9 54.9 59.1 60.7 

30 min 31.5 37.9 41.8 46.3 49.5 52.5 55.3 58.8 61.2 66.4 68.5 

45 min 36.7 44.5 49.4 55.2 59.4 63.4 67.2 72.0 75.5 83.1 86.2 

60 min 40.7 49.7 55.5 62.6 67.7 72.7 77.5 83.8 88.4 98.7 103.0 

90 min 46.2 56.7 63.5 72.0 78.2 84.2 90.1 97.9 103.6 116.6 122.1 

2 hours 50.3 62.0 69.7 79.4 86.5 93.5 100.4 109.5 116.4 132.1 138.8 

3 hours 56.2 69.6 78.4 89.6 97.9 106.1 114.3 125.1 133.3 152.2 160.4 

4 hours 60.6 75.3 85.1 97.6 106.9 116.2 125.5 137.9 147.3 169.4 179.0 

6 hours 67.0 83.2 94.1 108.0 118.5 128.9 139.3 153.2 163.7 188.5 199.4 

8 hours 71.7 89.3 101.0 116.1 127.3 138.6 149.9 165.0 176.5 203.6 215.4 

10 hours 75.6 94.0 106.3 122.1 133.9 145.7 157.5 173.2 185.2 213.4 225.7 

12 hours 78.9 98.1 110.9 127.2 139.4 151.6 163.9 180.2 192.6 221.6 234.3 

14 hours 81.8 101.6 114.9 131.7 144.3 156.9 169.5 186.2 198.9 228.7 241.6 

24 hours 93.3 115.5 130.2 148.7 162.5 176.1 189.7 207.7 221.3 252.7 266.3 

2 days 115.5 139.9 156.2 176.6 191.8 206.9 221.9 241.7 256.7 291.5 306.5 

3 days 142.1 171.5 190.9 215.5 233.7 251.8 269.8 293.5 311.5 353.2 3711 

5 days 179.3 219.8 246.6 280.5 305.7 330.6 355.5 388.3 413.1 470.6 495.4 

7 days 215.2 271.6 308.9 356.1 391.0 425.8 460.4 506.0 540.5 620.6 655.0 

10 days 263.6 329.9 373.8 429.2 470.3 511.1 551.8 605.5 646.0 740.1 780.6 

15 days 319.9 406.0 463.0 534.9 588.3 641.3 694.1 763.8 816.5 938.7 991.3 

20 days 372.9 470.3 534.8 616.3 676.7 736.7 796.5 875.3 934.9 1.073,30 1.132,80 

25 days 428.4 539.4 612.9 705.8 774.7 843.1 911.2 1.001,10 1.069,00 1.226,70 1.294,60 

30 days 473.4 593.5 673.0 773.5 848.0 922.0 995.8 1.093,00 1.166,50 1.337,10 1.410,60 

45 days 606.3 756.6 856.1 981.9 1.075,10 1.167,70 1266,00 1.381,70 1.473,70 1.687,20 1.779,10 

60 days 729.3 911.9 1.032,70 1.185,50 1.298,80 1.411,30 1.523,30 1.671,20 1.782,90 2.042,30 2.153,90 

90 days 935.5 1.162,10 1.312,20 1.501,70 1.642,40 1.782,00 1.921,10 2.104,60 2.243,30 2.565,10 2.703,70 
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In mining, calculating the sedimentation rate is crucial for understanding the input and volume 

of sediment deposited in containment structures and dikes, and is essential for planning cleanup 

efforts for these structures, whether temporary or permanent (Depiné et al., 2011; Farias, 2008; 

Alves, 2021; Ganora et al., 2023; Gnecco et al., 2023; Wadhwa et al., 2023). 

For the year under review, 2024, the sedimentation rate was calculated by measuring the 

contribution basin and the volume of sediment input to a containment structure located in the mining 

area, with a capacity of 7,000 m3, during the first three months of the year-the rainy season, when 

sediment deposition significantly increases, enabling a more representative analysis. 

Calculation Summary: 

Pit Area: 21 hectares 

Sediment Removal: 8,000 m3 

Rate = 380 m3/ha 

Annual Rate = (380 x 2) = ~800 m3/ha 

Considering that siltation occurs over three months, half of the rainy season, the calculated rate 

was higher than the 600 m3/ha recommended by Pinheiro (2011). 

According to Pinheiro (2011), in areas occupied by mining activities in the United States, the 

EPA (Environmental Protection Agency) presented specific sediment contribution values ranging 

from 300 m3/ha.year to 600 m3/ha.year. 

Hydraulic structures are components designed to store water and sediment, in addition to 

directing surface drainage to SUMPs. This system includes pumps and discharge piping to safe 

areas, as previously recommended to prevent erosion. During the rainy season, sediment 

accumulation can compromise the containment capacity of structures. For SUMPs that were 

implemented with adequate area, cleaning is scheduled to occur after the rainy season, in April 

2025. For structures with smaller footprints than necessary, intermediate cleaning was performed 

to ensure their operation. 

The 2024 Rainfall Plan included the sizing of drainage structures to manage surface water and 

ensure the continuity of mining activities during the rainy season. This approach aims to reduce the 

amount of sediment reaching the dikes, which act as the final barriers, helping to reduce turbidity 

before effluent is released into the drains surrounding the mine. For the Sapo Mine, 14 existing 

structures were planned to be cleaned and 26 new structures were built to contain stormwater and 

sediment (Figure 3). 

 

Figure 3. Location of the Sapo Mine SUMPs. 
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The existing SUMPs are the structures that remained in the same area in 2023, without 

interaction with the 2024 Mining Plan. During this period, dredging and adjustment of the 

surrounding drainage systems were carried out to ensure the structures' operability. The 

cleaning of the 14 SUMPs was carried out in accordance with the structure's design, ensuring 

adherence to the drainage system (Table 2 and Figure 4). 

Table 2. Storage capacity of existing SUMPs at the mine. 

SUMPs  Existing 
Volumes measured by 

Topographic Survey 

Structures 
Required 

Capacity (m3) 

Pumping 

System 

Flow 

(m3/h) 
Date Volume (m3) 

SUMP 02 100% Yes 594 06.05.2024 35.055 

SUMP 

Transição 
100% No ... 15.05.2024 4.086 

SUMP 

Transição 
100% No ... 15.05.2024 2.727 

SUMP Blend 

04 
100% Yes 117 22.08.2024 17.792 

SUMP 834 100% Yes 176 22.05.2024 20.000 

SUMP 911 100% No ... 28.08.2024 6.830 

SUMP IB_A 100% Yes 144 08.01.2024 23.030 

SUMP 1B_B 100% No ... 25.07.2024 15.562 

SUMP 

Bananeira 
100% No ... 22.05.2024 700 

SUMP Bueiro 

Triplo 
100% Yes 65 10.02.2024 13.831 

SUMP 5B 100% Yes 531 17.09.2024 20.400 

SUMP 895 100% Yes 531 17.09.2024 20.400 

SUMP Paiol 100% Yes 620 09.11.2024 54.520 

SUMP PDE01 100% Yes 315 17.07.2024 23.041 

Total Geral 312.583 

 
Figure 4. Sediment Volumes Contained in Existing SUMPs in 2024. 
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After analyzing the 2024 Mining Plan and preparing hydrological and hydraulic studies, 

26 new SUMPs were designed and distributed based on technical criteria throughout the mine, 

as shown in Table 3 and Figure 5. The objective was to direct the majority of the surface water 

and sediment volume to the new structures. 

Table 3. Storage Capacity of the new SUMPs. 

News SUMPs 
Volumes measured by Topographic 

Survey 

Structures 
Required Capacity 

(m3) 

Pumping 

System 

Flow 

(m3/h) 
Date Volume (m3) 

SUMP Dique 2 100% No ... 09.11.2024 5.500 

SUMP 01 100% Yes 312 10.11.2024 38.000 

SUMP Britador 100% Yes 36 10.02.2024 1.600 

SUMP 834 A 100% No ... 11.02.2024 1.540 

SUMP Blend 

01 
100% Yes 44 10.09.2024 6.000 

SUMP Fase 04 100% Yes 80 10.09.2024 3.200 

SUMP 04 100% Yes 171 28.11.2024 10.000 

SUMP 4B 100% Yes 53 09.11.2024 6.640 

SUMP Blend 

03 
100% No ... 10.11.2024 23.400 

SUMP 

Transição 
100% No ... 10.02.204 3.400 

SUMP 790 100% Yes 472 17.09.2024 47.000 

SUMP Radar 100% No ... 11.06.2024 2.700 

SUMP 760 100% No ... 23.10.2024 5.000 

SUMP 18 C 100% Yes 101 28.08.2024 10.100 

SUMP PDE 

Borel 
100% Yes 16 08.07.2024 5.000 

SUMP 950 100% Yes 96 23.10.2024 17.000 

SUMP 875 100% Yes 194 21.11.2024 6.625 

SUMP 860 100% Yes 484 28.11.2024 62.000 

SUMP SC 02 100% Yes 67 23.10.2024 3.600 

SUMP Blend 

11 
100% Yes 55 11.06.2024 11.274 

SUMP 950 100% Yes 484 23.10.2024 7.479 

SUMP 936 100% Yes 196 28.08.2024 12.600 

SUMP 905 100% Yes 185 08.07.2024 25.000 

SUMP SC 01 100% Yes 186 28.11.2024 26.556 

SUMP PDE 02 100% No ... 09.11.2024 16.000 

SUMP Dique 

04 
100% No ... 10.02.2024 10.000 
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Figure 5. Sediment Volumes Contained in News SUMPs in 2024. 

Construction was scheduled to take place between April and October; however, the 

schedule was delayed until November, during the rainy season. Throughout the project, 

topographic surveys and new volume measurements were conducted to verify the alignment 

between the planned and actual works. 

The topographic survey conducted on the planned structures of the 2024 Rainfall Plan 

revealed that the volume retained in the SUMPs was 679,797 m³, a value slightly below the 

initial forecast of 683,020 m³. This difference of approximately 1% is considered minor and 

does not have a significant impact on the overall project outcome. 

To ensure the proper execution of the 2024 Rainfall Plan, constant monitoring was 

implemented, with weekly field inspections, along with topographic surveys that recorded 

excavation progress. Reports and alignment meetings were conducted with the 

multidisciplinary team of geotechnics, planning, topography, and mine services. 

The efficiency and effectiveness of the structures was verified for both the existing SUMPs 

and the new SUMPs. The objective of this verification was to identify potential flaws in the 

execution process. In the case of existing SUMPs, dredging of the structures was carried out, 

with the removal of sediments accumulated during the year 2023, an activity distinct from the 

execution of a new SUMP, where the excavation is carried out in in situ material.  

3.1. New Areas Susceptible to Sediment Input 

New active mining areas generate a significant volume of sediment, which is transported 

primarily during the rainy season. In these regions, SUMPs are sized based on a modeled 

sedimentation rate of 800 m³/ha, resulting in robust structures with larger volumes to avoid 

intermediate cleaning. This occurs because, during the rainy season, sediments become 

saturated, forming a sludge that makes it difficult to desilt the structures. 

During the study, it was observed that certain conditions can impact the adopted 

sedimentation rate. During continuous rainy events, sediments settle, and the input follows the 

modeled rate. However, during rainy periods followed by two days of drought, when new 

precipitation occurs, the sediment input is higher than expected, repeating itself in rainy and 

dry cycles. This phenomenon results in premature silting in some SUMPs. The removed 
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material undergoes geological evaluation, with drilling to verify the feasibility of reusing the 

sediments. Depending on its composition, the sediment can be used as access lining or, if 

appropriate, returned to the production process. The discarded material is sent to the Waste 

Rock Pile (PDE). 

The reuse of materials from dredging demonstrates a commitment to sustainability, and 

discarded materials are sent to the PDE and disposed of within the technical standards 

recommended for waste piles. 

Functional aspects observed in SUMPs: 

1. Water Control - preventing excessive water accumulation in mining areas, which can 

cause safety and operational performance problems. 

2. Sediment particle size separation - allowing solid particles to settle, facilitating the 

removal of clean water for effluent management. 

3. Environmental Protection - reducing environmental impact by ensuring that sediments 

are retained in the structure, contributing to improving the quality of water discharged into 

drainage systems. 

4. Water Reuse - existing water is used to supply the trucks that spray the mine, 

contributing to the mine's environmental sustainability. 

4. CONCLUSIONS  

The structural and hydraulic characteristics, performance, and efficiency of the SUMPs 

installed at Minas do Sapo, in Conceição do Mato Dentro, Minas Gerais, owned by Anglo 

American, are presented. They contain sediment during the Annual Rainy Season. The 

following conclusions can be drawn: 

1. The model's adopted procedure, which incorporates methodologies such as lengthening 

the water flow path, attenuating flow velocity, and facilitating particle adhesion, produces a 

substantial increase in the particle removal efficiency of the SUMPs. The efficiency 

improvement observed with the improved model is approximately 15 to 25%. 

2. Executing the works during the dry season, with the entire fleet of vehicles and personnel 

dedicated to constant monitoring, was essential to ensuring the expected performance of the 

structures without impacting the mine's production and maintenance activities. 

3. Continuous monitoring of the 40 SUMPs, along with analysis of the dike water, allowed 

for obtaining information and verifying the effectiveness of the adopted solutions.  

4. The results prove that the sediment containment plan was effective, contributing to the 

reduction of turbidity in the dikes and residual flows within the parameters established by 

environmental agencies.  

5. Thus, the Containment Plan has established itself as an essential strategy for minimizing 

the impacts of rainfall on production and ensuring operational safety, while also contributing to 

environmental control in the Santo Antônio River basin.  
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