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ABSTRACT  
The increase in flooding events in major cities has driven the search for new strategies that 

incorporate Low Impact Development (LID) units into urban drainage. This research analyzes 

the performance of infiltration trenches to determine flow and infiltration physical parameters 

in different soil types in the Federal District of Brazil (FDB), comparing urban area and 

preserved Cerrado biome. The results show that most soils in the Federal District of Brazil have 

good infiltration conditions, particularly the Red Latosol and Red-Yellow Latosol. Infiltration 

trenches were effective in storing significant volumes of water, especially during initial runoff 

events where favorable soil moisture conditions exist. The Regolithic Neosol exhibited low 

infiltrability, making its use for infiltration trenches not recommended. 

Keywords: cerrado, infiltration trench, red latosol. 

Desempenho de trincheiras de infiltração em diferentes tipologias de 

solo em área urbana e de vegetação nativa no Distrito Federal (DF) 

RESUMO 
O aumento de eventos de inundações em grandes cidades tem impulsionado a busca por 

novas estratégias que incorporem unidades de Desenvolvimento de Baixo Impacto (DBI) na 

drenagem urbana. Esta pesquisa tem como objetivo analisar o desempenho de trincheiras de 

infiltração para determinar parâmetros físicos de vazão e infiltração em diferentes tipos de solo 

no Distrito Federal (DF), comparando área urbana e bioma Cerrado preservado. Os resultados 

mostram que a maioria dos solos do Distrito Federal apresenta boas condições de infiltração, 

particularmente o Latossolo Vermelho e o Latossolo Vermelho-Amarelo. As trincheiras de 

infiltração foram eficazes no armazenamento de volumes significativos de água, especialmente 

durante eventos de escoamento inicial onde existem condições favoráveis de umidade do solo. 

O Neossolo Regolítico apresentou baixa infiltrabilidade, tornando seu uso para trincheiras de 

infiltração não recomendado. 

Palavras-chave: cerrado, latossolo vermelho, trincheiras de infiltração. 
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1. INTRODUCTION 

Lack of urban planning has resulted in frequent failures of urban drainage infrastructure 

due to the increase of peak flow associated with floods and economic damage (McClymont et 

al., 2020; Fava et al., 2022; Macedo et al., 2022). Given these scenarios, an increasing interest 

in compensation techniques has been noted in different terminologies, such as Blue and Green 

Infrastructure, Low Impact Development (LID) solutions, Best Management Practices (BMP), 

Sponge cities techniques, Sustainable Drainage Systems (SuDSs) and Water Sensitive Urban 

Design (Lima et al., 2022; Navarro et al., 2022; Hoepers et al., 2022), or a combination of some 

of these alternatives (Janbehsarayi et al., 2023; Wang et al., 2022) in the search for smart 

management of urban water in either parcel and watershed scales. These alternative solutions 

should consider the natural conditions of the basins and integrate the drainage system to the 

urban public spaces enhancing the environmental sustainability of urban areas. However, there 

are questions to explore related to the quantitative assessment of these solutions and associated 

development of public policies (Xu et al., 2022). 

These new approaches use drainage structures such as permeable boxes or infiltration 

trenches (Nunes, 2017; Zaidi et al., 2015), not only to reduce floods, but also to enhance 

infiltration and contribute to aquifer recharge in areas with intense occupation and extensive 

impermeable surfaces (Santos and Koide, 2016; Shubo et al., 2020; Ren et al., 2020; Dillon et 

al., 2020; Ulibarri et al., 2021), given the guarantee of risk reduction of groundwater 

contamination (Allen et al., 2017; Alamdari et al., 2017; Charlesworth et al., 2017; Nunes, 

2017; Hägg et al., 2020; Correa et al., 2022). 

The aquifer recharge process must be evaluated in the context of the watershed (river basin) 

considering the physical characteristics of the basin and urban geomorphology dynamics 

(Souza et al., 2022) to understand the human impacts related to land use and occupation 

(Veneziani, 2014). Edwards et al. (2016)  state that there are many gaps in studies that seek to 

understand how to quantify the volume of surface runoff that actually infiltrates and might be 

used in artificial groundwater recharge. Other authors also mention the need for research in 

verifying improvements in construction of recharge devices of groundwater recharge tools or 

techniques (Macedo et al., 2017; Lucas et al., 2015); assessment of nonpoint source pollution 

from infiltrated water volume (Silva et al., 2010); and cost-efficiency analysis of the proposed 

measures.  

The soils characterized as Red Latosols cover 38.65% of the DF territory, concentrated 

mainly on the top of plateaus in the Paranoa River plain lands and in the Preto River Basin 

(Campos et al., 2009). It is important to develop new studies to evaluate specific attributes of 

soils in the field (natural conditions) which condition the factors for the formation and 

differentiation of its characteristics (Campos, 2009). In 2013, about 65% of the DF watersheds 

had problems related to water availability; among them six watersheds were in critical condition 

and the other twenty in alert situation (Alves et al., 2013). The public water supply restrictions 

issued in 2017 and 2018 made the FDB government consider sustainable measures as actual 

alternatives to urban water management. 

In 2017, the government in the FDB decreed Complementary Law nº 929 that requires the 

use of rainwater harvesting systems or reservoirs in new urban developments in order to retain, 

reuse and recharge artificial aquifers, aiming to recover aquifer recharge by at least 40%. 

According to Pereira and Alves (2019), there are few studies involving field tests characterizing 

infiltration trenches or other techniques in the FDB.  

This work evaluates the performance of infiltration trenches using water-flow field tests in 

the following FDB soils: Latossolos Vermelhos (Red Latosols), Latossolos Vermelho-

Amarelos (Red-Yellow Latosols), Plintossolos (Plinthosols) and Neossolos Regolíticos 

(Regolithic Neosols) following the Brazilian soil taxonomy system (Santos et al., 2018). Based 
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on the results, a field database will be created to guide water resource managers and urban 

planning managers on actions that facilitate the infiltration process in urban and rural areas. 

2. MATERIAL AND METHODS 

Assessment of infiltration trenches in the DF was based on field tests developed in two 

study areas. The first area is in the Biology Experimental Station (BES) located in the center of 

the Brasilia urban area. The other site was characterized by preserved soil characteristics in the 

Cerrado biome, located in the Água Limpa Experimental Farm (CWF). The University of 

Brasilia owns both areas and uses them specially for research purposes.    

Figure 1 presents the two sites of study: BES and CWF. The BES site is in an urban area 

(UTM coordinates E= 191,111.04 m; N=8,258,200.84 m; zone 23S) at the Paranoa Lake bank 

where the water table depth is 3.70 m approximately (Almeida, 1994). The soil in the area is 

predominantly Red Latosol (RL), with an infiltration rate varying from 10-4 m/s to 10-7 m/s 

(ADASA, 2015). There are a few buildings close to the BES, and there are impermeable roads   

around the area. The CWF (UTM coordinates L = 185,792,0 m; E=8,234,529.0 m) is the site 

for the six infiltration trenches and associated soils, namely Red Latosols (RL), Red-Yellow 

Latosols (RYL), Plinthosols (PL) and Regolithic Neosols (NR). Most of the farm has the intact 

Cerrado biome, but there are also places dedicated to research on land use and agriculture. 

 
Figure 1. Study Area Locations. 

Knowing the infiltration conditions in an area depends on information related to infiltration 

rate, soil texture, soil compaction, humidity, porosity, hydraulic conductivity (Infiltrability), 

vegetation, vertical flow of water, permeability, size and geometry of grains, types of sediment 

fraction, retention curve (Justino et al., 2021; Oliveira et al., 2021) and other parameters that 

are important for the understanding of LID´s solutions (Khurelbaatar et al., 2021). 

The soils were characterized based on the following information: dry soil density (NBR 

7181/2016), minerals (X-Ray diffraction), granulometry (NBR 7181/2016), permeability 
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(Koide, 1990), infiltration rate (Double-ring infiltrometer) and soil-water retention curves 

(Pressure plate apparatus with data adjusted by Van Genuchten’s equation). 

The materials used for the construction of the infiltration trenches, in order of installation 

in field, were: geotextile layer Bidim Mexichem, sand layer (with an average thickness of 

approximately 0.05 m), gravel nº 1 layer  (with an average thickness of approximately 0.35 m) 

and PVC pipes with holes along the surface, positioned in one of the corners inside the trench 

for measuring water levels. The water-level monitoring inside the tube consists of using a 

measuring tape to measure variation in level during flow tests. 

Table 1 presents the dimensions of the trenches and Figure 2 shows one of the infiltration 

trenches in the field. To carry the flow tests, a feeding system was used exclusively for the 

infiltration trenches until they overflowed during the test. The equipment used includes ball 

valves, fittings, connecting pipes, and reservoirs of 350 L and 1000 L, positioned next to the 

trenches, as illustrated in Figure 2. 

The flow test uses an exclusive intake to the infiltration trenches up to its full capacity. The 

equipment for the flow tests were two reservoirs (350 L and 1,000 L), pipes and a flow-control 

ball valve. 

Table 1. Infiltration trenches dimensions and sites. 

Trench Site Type of Soil Width (m) Length (m) Depth (m) V (m³) 

TR 1 BES RL 0.65 0.70 0.70 0.32 

TR 2 BES RL 0.50 0.70 0.70 0.25 

TR 3 CWS RL 0.82 2.18 0.90 1.61 

TR 4 CWS RL 0.82 2.22 0.90 1.64 

TR 5 CWS RYL 0.80 2.50 0.84 1.68 

TR 6 CWS RYL 0.98 2.37 0.86 1.99 

TR 7 CWS PL 0.82 2.70 0.90 1.99 

TR 8 CWS NR 1.12 2.31 1.07 2.77 

Figure 2. Infiltration Trench in (a) Red Latosol (TR4) and in (b) Red-Yellow Latosol (TR5). 
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3. RESULTS AND DISCUSSION 

The bottom permeability of the trenches at the CWF presents a lower order of magnitude 

than those of the trenches at BES, indicating that water infiltrates faster in the CWF. This might 

also result from the characteristic high porosity in undisturbed Cerrado where the CWF/UnB is 

located. According to Oliveira et al. (2021), saturated hydraulic conductivity is extremely 

variable even in local areas. It is a challenge to define its value in basin scales, given the 

influence of soil granulometry and porosity (Godoy et al., 2019).  

The values for soil porosity range from 0.60 cm³/cm³ to 0.70 cm³/cm³ (Table 2), classifying 

them as highly porous soils (Resck et al., 1991).  

The presence of minerals such as gibbsite reflects the predominance of granular structure, 

resulting in soils that are more porous, more permeable, with greater aggregate stability in 

water, and lower soil density values (Ferreira et al., 1999) 

Comparing results of the permeability in TR 1 and 2 to TR 3 and 4, it follows the expected 

trend that regions under high anthropogenic influence generate lower permeability, given the 

increase of compression and constructions nearby (this is the case of BES). As Wang et al. 

(2022) mention, the efficiency of LID techniques is limited by soil characteristics such as 

permeability. Therefore, they should be designed to operate in areas where infiltration 

predominates.  

Papa et al. (2011) determined saturated hydraulic conductivity in Red Latosol soil at CWF 

using the constant head permeameter method, finding the value of 8.28 x 10-4 m/s and 

classifying the infiltration as “very fast”, being greater than 250 mm/h (Pizarro, 1978).  

 Gurjão (2010) obtained an infiltration rate of approximately 1.8 x 10⁻⁴ m/s to 6.5 x 10⁻⁴ 

m/s for similar conditions, while Silva (2012) recorded an infiltration rate of about 3 x 10⁻⁵ m/s, 

all for the Red Latosol at the University of Brasília, near the Experimental Biology Station. 

In the areas of Red Latosols at the CWF, there are bushes and trees, representing greater 

interference of roots in the soil aggregation. Thus, the connectivity of the porous and the 

macropore volumes may be greater (Campos et al., 2008). Table 2 shows the laboratory and 

field parameters. 

It was not possible to determine the great majority of the NR physical parameters due to 

difficulties related to the rocky nature of these soils and not having adequate equipment to 

measure the parameters. 

3.1. Inflow field tests 

The infiltration trenches in the CWF are greater than those in the BES, accepting higher 

inflow volumes (at least four times higher) while maintaining similar infiltration time, agreeing 

with the order of magnitude presented in Table 2. One can see that the permeability rate at the 

bottom of the infiltration trenches at the CWF/UnB was two orders of magnitude lower than 

the ones at the BES, which means that the infiltration might be treated in areas of undisturbed 

Cerrado (natural).   

The infiltration in the trench at the NR took approximately 24 hours to completely empty 

the total volume of water added to the trench. The rocky structure (lithic contact) helps to 

explain the difficulties of draining the water. 

Figure 3 shows the results of the inflow tests. 
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Table 2. Physical parameters of the soil. 

Trench 
Particle Density 

(g/cm³) 
Minerals 

Soils Texture (%) 
Porosity 

(cm3/cm3) 

Permeability (m/s) Infiltrability (m/s) 

Medium Sand Silt Clay 10 cm Bottom of trench 8 cm 

TR 1 2.80 

Gibbsite and 

Hematite 

13.49 8.43 73.73 0.62 

2.75x10-05 7.55 x10-06 1.96 x10-04 

TR 2 2.77 15.20 8.73 70.68 0.58 

TR 3 

2.50* 

6.21* 23.30* 70.50* 0.69 6.42 x10-05 1.81 x10-04 8.28 x10-04 

TR 4 7.30* 4.80* 87.90* 0.62 9.57 x10-05 4.58 x10-05 3.64 x10-05 

TR 5 - 
Gibbsite and 

Kaolinite* 

29.69 25.84 44.47 0.62 1.18 x10-04 2.44 x10-04 2.19 x10-04 

TR 6 - 50.19 39.95 9.86 0.64 5.27 x10-05 4.04 x10-05 9.57 x10-07 

TR 7 - - 52.11 47.11 0.16 0.67 7.79 x10-05 1.49 x10-05 9.57 x10-07 

* Source: Papa et al. (2011). 

According to Bekele et al. (2013), the hydraulic performance and low-rate cost-efficiency are two important features for the success of 

artificial recharge technologies, so the specific conditions of soils and their physical parameters are essential for the performance of infiltration 

trenches, justifying the studies that measure these properties on a local scale (Khurelbaatar et al., 2021; Wang et al., 2022). It is also important to 

consider analysis of the outflow water quality in order to avoid aquifer contamination due to first flushes. 

The lack of field data related to physical parameters of water infiltration in FDB soils has an impact on the application of stormwater drainage 

and management legislation such as FDB Complementary Law nº 929/2017 (District Federal of Brazil, 2017). According to Jacob et al. (2021), 

43.81% of the DF is Cerrado lato sensu, 44.38% are agriculture areas and 10.14% are urban areas; but there are few studies that evaluate the 

impact of urban occupation in natural landscape in terms of physical properties of soils. 

The present work contributes information related to infiltration properties at the local level, and may inform new projects aimed at establishing 

sustainable strategies and solutions for stormwater drainage and management (Wang et al., 2022; Xu et al., 2022; Janbehsarayi et al., 2023). 
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Figure 3. Infiltration inflow (Q) during the inflow tests. 

4. CONCLUSIONS 

Infiltration trenches might significantly reduce urban floods, being easy to build and 

presenting good performance to retain the volume of first flushes at the beginning of a high-

intensity precipitation event, especially when the soil is not saturated yet (favorable soil 

moisture condition). Among the soils in the  FDB, and after successive flow tests, only the 

Regolithic Neosol did not have good infiltration properties (given its natural lithological 

structure), presenting an infiltration time of around one day for the flow test volumes. On the 

other hand, the Red Latosol and the Red-Yellow Latosols presented good infiltration properties, 

which showed an infiltration time varying between 20 and 30 minutes.  

Although the initial wet conditions of the soils may interfere with the infiltration rate, the 

use of infiltration trenches integrated to other infrastructures might benefit the reduction of 

flood events and their usual damages. 

This research establishes an initial database that can assist infrastructure and water resource 

managers in selecting suitable locations for the implementation of infiltration trenches, 

promoting regulations to manage land use and occupancy. 

5. ACKNOWLEDGMENTS 

Authors thank the Graduate Program of Environmental Technology and Water Resources 

(PTARH/UnB), the CAPES for the research scholarship and the Graduate School of the 

University of Brasilia (DPG/UnB). 

6. REFERENCES 

ABNT. NBR 7181/2016: Solo - Análise Granulométrica (Densidade do Solo Seco). Rio de 

Janeiro, 2016. 

ADASA. Diretrizes para o desenvolvimento de recarga artificial de aquíferos no Distrito 

Federal. Brasília, 2015. 70p. 

ALAMDARI, N. et al. Assessing the Effects of Climate Change on Water Quantity and Quality 

in an Urban Watershed Using a Hydrologic Model and Assisted Calibration. Water, v. 

9, 2017. https://doi.org/10.3390/w9070464  

https://doi.org/10.3390/w9070464


 

 

Rev. Ambient. Água vol. 19, e3009 - Taubaté 2024 

 

Greison Santos Pereira et al. 8 

ALLEN, D.; HAYNES, H.; ARTHUR, S. Contamination of Detained Sediment in Sustainable 

Urban Drainage Systems. Water, v. 9, n. 355, 2017. https://doi.org/10.3390/w9050355  

ALMEIDA, R. Análise do transporte de solutos em aquíferos freático raso próximo ao 

Lago Paranoá, Brasília-DF. 1994. 86f. Dissertação (Mestrado em Geotecnia) - 

Universidade de Brasília. Brasília – DF, 1994. 

ALVES, W. F.; CAMPOS, A. C.; XAVIER, F. F. Monitoramento quantitativo como 

instrumento de gestão dos recursos hídricos superficiais no distrito federal, tendo o 

geoprocessamento como ferramenta de suporte. In: SIMPÓSIO BRASILEIRO DE 

RECURSOS HÍDRICOS, 20., 2013, Bento Gonçalves – RS. Anais[...] Porto Alegre: 

ABRH, 2013. 

BEKELE, E. et al. Evaluating Two Infiltration Gallery Designs for Managed Aquifer Recharge 

Using Secondary Treated Wastewater. Journal of Environmental Management, v. 1, 

n. 17, p. 115–120, 2013. https://doi.org/10.1016/j.jenvman.2012.12.018  

CAMPOS, P. M. et al. Drenagem interna como fator de diferenciação de Latossolos do Distrito 

Federal. Pesquisa Agropecuária Brasileira, v. 45, n. 3, 2010. 

https://doi.org/10.1590/S0100-204X2010000300011  

CAMPOS, P. M. et al. Condutividade Hidráulica Saturada de Latossolos no Distrito Federal. 

In: PRADO, R. B.; TURETTA, A. P. D.; ANDRADE, A. G. de (ed.). Manejo e 

Conservação do Solo e da Água em Contextos Ambientais. Rio de Janeiro: 

EMBRAPA, 2008. 

CHARLESWORTH, S. M.; BEDDOW, J.; NNADI, E. O. The Fate of Pollutants in Porous 

Asphalts Pavements, Laboratory Experiments Investigate the Potential to Impact 

Environment Health. International Journal of Environmental Research and Public 

Health, v. 14, n. 666, 2017. https://doi.org/10.3390/ijerph14060666  

CORREA, A. C. S. S. et al. Boas Práticas de Manejo de Águas Pluviais Urbanas no Brasil. In: 

ENCONTRO NACIONAL DE ÁGUAS URBANAS, 14., 19 a 23 de set. 2022, Brasília 

– DF, 2022. Anais[...] Araguari: ABHA, 2022. 

DILLON, P. et al. Managed Aquifer Recharge for Water Resilience. Water, v. 12, p. 1846, 

2020. https://doi.org/10.3390/w12071846  

DISTRITO FEDERAL (Brasil). Lei Complementar no 928 – Dispõe sobre Dispositivos de 

Captação de Águas Pluviais para Fins de Retenção, Aproveitamento e Recarga Artificial 

de Aquíferos em Unidades Imobiliárias e Empreendimentos no Distrito Federal. Diário 

Oficial [do] Distrito Federal, no 146, 2017. 

EDWARDS, E. C. et al. Assessing the Effectiveness of Drywells as Tools For Stormwater 

Management And Aquifer Recharge And Their Groundwater Contamination Potential. 

Journal Of Hydrology, v. 539, p. 539–553, 2016. 

https://doi.org/10.1016/j.jhydrol.2016.05.059  

FAVA, M. C. et al. Linking Urban Floods to Citizen Science and Low Impact Development in 

Poorly Gauged Basins under Climate Changes for Dynamic Resilience Evaluation. 

Water, v. 14, n. 9, p. 1467, 2022. https://doi.org/10.3390/w14091467  

 

 

https://doi.org/10.3390/w9050355
https://doi.org/10.1016/j.jenvman.2012.12.018
https://doi.org/10.1590/S0100-204X2010000300011
https://doi.org/10.3390/ijerph14060666
https://doi.org/10.3390/w12071846
https://doi.org/10.1016/j.jhydrol.2016.05.059
https://doi.org/10.3390/w14091467


 

 

9 Performance of infiltration trenches in different soils ... 

Rev. Ambient. Água vol. 19, e3009 - Taubaté 2024 

 

FERREIRA, M. M.; FERNANDES, B.; CURI, N. Influência da Mineralogia da Fração Argila 

nas Propriedades Físicas de Latossolos da Região Sudeste do Brasil. Revista Brasileira 

de Ciência do Solo, v. 23, n. 3, p. 515-524, 1999. https://doi.org/10.1590/S0100-

06831999000300004  

GODOY, V. A.; ZUQUETE, L. V.; GÓMEZ-HERNÁNDEZ, J. J. Spatial Variability Of 

Hydraulic Conductivity And Solute Transport Parameters And Their Spatial Correlations 

To Soil Properties. Geoderma, v. 339, p. 59–69, 2019. 

http://dx.doi.org/10.1016/j.geoderma.2018.12.015  

GURJÃO, C. M. C. et al. Estruturas de Infiltração de Água para Prevenção de Erosões e 

Inundações em Áreas Urbanas. In: CONGRESSO INTERNACIONAL DE 

TECNOLOGIAS PARA O MEIO AMBIENTE, 2., 2010, Bento Gonçalves, RS. 

Trabalhos Técnicos[...] Caxias do Sul: UCS, 2010. 

HÄGG, K. et al. Ultrafiltration Membranes in Managed Aquifer Recharge Systems. Water 

Supply, v. 20, n. 2, p. 1534-1545, 2020. https://doi.org/10.2166/ws.2020.082  

HOEPERS, T. R.; SANTOS, D. C.; FERNANDES, C. V. S. Planejamento Estratégico da 

Infraestrutura Sanitária Urbana sob Os Princípios da Gestão Integrada das Águas 

Urbanas. In: ENCONTRO NACIONAL DE ÁGUAS URBANAS, 14., 19 a 23 de set. 

2022, Brasília – DF, 2022. Anais[...] Araguari: ABHA, 2022. 

JACOB, P. P.; DRUMMOND, J. A.; BARRETO, C. G. A Contribuição Do Espraiamento 

Urbano De Brasília Para A Fragmentação Da Paisagem De Cerrado Ao Redor Da Cidade. 

urbe. Revista Brasileira de Gestão Urbana, v. 13, n. e20200420, 2021. 

https://doi.org/10.1590/2175-3369.013.e20200420  

JANBEHSARAYI, S. F. M. et al. Multi-Objective Decision-Making Based on Theories Of 

Cooperative Game And Social Choice To Incentivize Implementation Of Low-Impact 

Development Practices. Journal of Environmental Management, v. 330, 2023. 

https://doi.org/10.1016/j.jenvman.2023.117243  

JUSTINO, E. A.; FAILACHE, M. F.; BARBASSA, A. P. Estimation of Potential Groundwater 

Recharge By A Drywell in Sandy Clay Soil. Revista Brasileira de Recursos Hídricos, 

v. 26, 2021. https://doi.org/10.1590/2318-0331.262120200117 

KHURELBAATAR, G. et al. Management of Urban Stormwater at Block-Level (MUST-B): 

A New Approach for Potential Analysis of Decentralized Stormwater Management 

Systems. Water, v. 13, 2021. https://doi.org/10.3390/w13030378  

KOIDE, S. Hillslope Subsurface Flow Study by Finite Element Method. 1990. 304f. 

Doctoral dissertation - University of London, London, 1990. 

LIMA, J. E. F. W. et al. Subsídios para a Institucionalização da Prestação e da Regulação dos 

Serviços Públicos de Drenagem Urbana no Distrito Federal: A Experiência da ADASA. 

In: ENCONTRO NACIONAL DE ÁGUAS URBANAS, 14., 19 a 23 de set. 2022, 

Brasília – DF, 2022. Anais[...] Araguari: ABHA, 2022. 

LUCAS, A. H. et al. Avaliação da construção e operação de técnicas compensatórias de 

drenagem urbana: o transporte de finos, a capacidade de infiltração, a taxa de infiltração 

real do solo e a permeabilidade da manta geotextil. Engenharia Sanitária e Ambiental, 

v. 20, n. 1, p. 17–28, 2015. https://doi.org/10.1590/S1413-41522015020000079923  

https://doi.org/10.1590/S0100-06831999000300004
https://doi.org/10.1590/S0100-06831999000300004
http://dx.doi.org/10.1016/j.geoderma.2018.12.015
https://doi.org/10.2166/ws.2020.082
https://doi.org/10.1590/2175-3369.013.e20200420
https://doi.org/10.1016/j.jenvman.2023.117243
https://doi.org/10.1590/2318-0331.262120200117
https://doi.org/10.3390/w13030378
https://doi.org/10.1590/S1413-41522015020000079923


 

 

Rev. Ambient. Água vol. 19, e3009 - Taubaté 2024 

 

Greison Santos Pereira et al. 10 

MACEDO, B. M. et al. Organização Legal do Setor de Manejo de Águas Pluviais no Brasil: 

Investimentos de Planejamento, Desastres e Indicadores Socioeconômicos. In: 

ENCONTRO NACIONAL DE ÁGUAS URBANAS, 14., 19 a 23 de set. 2022, Brasília 

– DF, 2022. Anais[...] Araguari: ABHA, 2022. 

MACEDO, M. B. et al. Learning From The Operation, Pathology And Maintenance Of A 

Bioretention System To Optimize Urban Drainage Practices. Journal of Environmental 

Management, v. 204, p. 454–466, 2017. https://doi.org/10.1016/j.jenvman.2017.08.023  

MCCLYMONT, K. et al. Towards Urban Resilience Through Sustainable Drainage Systems: 

A multi-Objective Optimisation Problem. Journal of Environmental Management, v. 

275, 2020. https://doi.org/10.1016/j.jenvman.2020.111173  

NAVARRO, A. R. et al. Drenagem Urbana Sob Narrativas Socioeconômicas para A 

Construção de Cenários de Longo Prazo. In: ENCONTRO NACIONAL DE ÁGUAS 

URBANAS, 14., 19 a 23 de set. 2022, Brasília – DF, 2022. Anais[...] Araguari: ABHA, 

2022. 

NUNES M. D. X. Estudo da Capacidade de Infiltração em sistemas de recarga artificial de 

aquifieros contaminados no Distrito Federal. Dissertation (Masters in Geoscinces), 84 p. 

U.niversidade Federal de Brasília, Brasília, DF, 2017.  

OLIVEIRA, M. E. D. et al. Determining A Composite Value For The Saturated Hydraulic 

Conductivity In A Recharge Area Of The Guarani Aquifer System, Using Pedotransfer 

Functions. Revista Brasileira de Recursos Hídricos, v. 26, n. 35, 2021. 

https://doi.org/10.1590/2318-0331.262120210045. 

PAPA, R. A. et al. Qualidade de Latossolos Vermelho e Vermelho-Amarelo Sob Vegetação 

Nativa de Cerrado. Pesquisa Agropecuária Tropical, v. 41, n. 4, p. 564-571, 2011. 

https://doi.org/10.5216/pat.v41i4.13234  

PEREIRA, G. S.; ALVES, C. M. A. Recarga Artificial de Aquíferos no Distrito Federal (DF). 

In: SIMPÓSIO BRASILEIRO DE ENGENHARIA AMBIENTAL E SANITÁRIA, 10., 

2019, Recife, PE. Anais[...] Recife: AEAMBS-PE, 2019. 

PIZARRO, F. Drenaje Agrícola Y Recuperacion de Suelos Salinos. Madrid: Agrícola 

Española, 1978. 525p. 

REN, X. et al. Effect of infiltration rate changes in urban soils on stormwater runoff process. 

Geoderma, v. 363, 2020. https://doi.org/10.1016/j.geoderma.2019.114158  

RESCK, D. V. S.; PEREIRA, J.; SILVA, J. E. Dinâmica da matéria orgânica na região dos 

Cerrados. Planaltina: EMBRAPA-CPAC, 1991. 22p.  

SANTOS, R. M.; KOIDE, S. Avaliação da recarga de águas subterrâneas em ambiente de 

cerrado com base em modelagem numérica do fluxo em meio poroso saturado. Revista 

Brasileira de Recursos Hídricos, v. 21, n. 2, p. 451–465, 2016. 

https://doi.org/10.21168/rbrh.v21n2.p451-465  

SANTOS, H. G. et al. Brazilian Soil Classification System. 5. ed. Embrapa, 2018. 303p. 

SHUBO, T.; FERNANDES, L.; MONTENEGRO, S. G. An Overview of Managed Aquifer 

Recharge in Brazil. Water, v. 12, 2020. https://doi.org/10.3390/w12041072 

  

https://doi.org/10.1016/j.jenvman.2017.08.023
https://doi.org/10.1016/j.jenvman.2020.111173
https://doi.org/10.1590/2318-0331.262120210045
https://doi.org/10.5216/pat.v41i4.13234
https://doi.org/10.1016/j.geoderma.2019.114158
https://doi.org/10.21168/rbrh.v21n2.p451-465
https://doi.org/10.3390/w12041072


 

 

11 Performance of infiltration trenches in different soils ... 

Rev. Ambient. Água vol. 19, e3009 - Taubaté 2024 

 

SILVA, A. et al.  SWITCH in Belo Horizonte, Brazil: Infiltration And Detention Systems For 

More Sustainable Stormwater Control in Belo Horizonte. Environment Science 

Biotechnology, v. 9, p. 7–13, 2010. https://doi.org/10.1007/s11157-010-9196-5  

SILVA, J. P. Estruturas de infiltração com utilização de materiais alternativos no controle 

de alagamentos, inundações e prevenção de processos erosivos. 2012. 235f. 

Dissertação (Mestrado em Geotecnia) - Universidade de Brasília, Brasília – DF, 2012.  

SOUZA, L. H. F; GONÇALVES, L. S; RODRIGUES, S. C. Revisitando os pressupostos da 

modelagem hidrológica sob a ótica da geomorfologia urbana. In: ENCONTRO 

NACIONAL DE ÁGUAS URBANAS, 14., 19 a 23 de set. 2022, Brasília – DF, 2022. 

Anais[...] Araguari: ABHA, 2022. 

ULIBARRI, N. et al. Assessing the Feasibility of Managed Aquifer Recharge in California. 

Water Resources Research, v. 57, 2021. https://doi.org/10.1029/2020WR029292  

VENEZIANI, Y. A abordagem da geomorfologia antropogênica e de modelagens 

hidrológica e hidráulica na bacia do córrego Três Pontes (SP) para determinação de 

picos de vazão e da vulnerabilidade a inundações. 2014. Dissertação (Mestrado) – 

Universidade de São Paulo, São Paulo, 2014. https://doi.org/10.11606/D.8.2014.tde-

30112015-133046  

WANG, Y. et al. The Structure Design of Integrated Urban Drainage Systems: A View Of 

Robust Optimization. Journal of Environmental Management, v. 322, 2022. 

https://doi.org/10.1016/j.jenvman.2022.116050  

XU, C. et al. China Sponge City Database Development and Urban Runoff Source Control 

Facility Configuration Comparison Between China and The US. Journal of 

Environmental Management, v. 304, 2022. 

https://doi.org/10.1016/j.jenvman.2021.114241  

ZAIDI, F. K. et al. Identification of Potential Artificial Groundwater Recharge Zones in 

Northwestern Saudi Arabia Using GIS and Boolean Logic. Journal of African Earth 

Sciences, v. 111, p. 156–169, 2015. https://doi.org/10.1016/j.jafrearsci.2015.07.008  

 

 

 

 

 

 

https://doi.org/10.1007/s11157-010-9196-5
https://doi.org/10.1029/2020WR029292
https://doi.org/10.11606/D.8.2014.tde-30112015-133046
https://doi.org/10.11606/D.8.2014.tde-30112015-133046
https://doi.org/10.1016/j.jenvman.2022.116050
https://doi.org/10.1016/j.jenvman.2021.114241
https://doi.org/10.1016/j.jafrearsci.2015.07.008



