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Abstract: The generation of solid waste combined with the proper disposal of these wastes are determining factors in landfills both for
the environmental issue and for public health. In this context, the physical variables of the soil in relation to the permeability of the soil
are essential for the safe operation of landfills. Therefore, this study aims to determine the optimal soil moisture for maximum
compaction. The study was carried out in the area of a sanitary landfill, located in northwestern Rio Grande do Sul. The local soil is a
RED LATOSOL (Oxisol), in which the compaction test was carried out by the Proctor method and subsequent determination of the
saturated hydraulic conductivity, by means of a constant load permeameter. The results indicated a clay percentage of 65 %, which
resulted in an optimum moisture content of 34 %, maximum density of 1,395 kg.m3, saturated hydraulic conductivity of 2.1 x 106 cm.s’
1. Thus, it can be concluded that the clayey soil presented the minimum values proposed by the current legislation for the operation of
urban waste landfills, in addition to serving as an aid in the decision-making process by management bodies.

Keywords: Landfill; Proctor assay; Permeability.

Resumo: A geracéo de residuos sdlidos aliado a disposi¢do desses residuos de maneira adequada sdo fatores determinantes em aterros
sanitarios tanto para a questdo ambiental quanto para a saide publica. Nesse contexto, as varidveis fisicas do solo com relagéo a
permeabilidade do solo so essenciais para a seguranca da operacdo dos aterros. Diante disso, esse estudo tem por objetivo determinar
a umidade 6tima do solo para a sua maxima compactagdo. O estudo foi desenvolvido na area de um aterro sanitério, localizado no
noroeste gaucho. O solo local é um LATOSSOLO VERMELHO, no qual foi realizado o ensaio de compactag&o pelo método do Proctor
e posterior determinacdo da condutividade hidraulica saturada, por meio do permeametro de carga constante. Os resultados indicaram
uma porcentagem de argila de 65 %, o que resultou em um teor de umidade 6tima de 34 %, densidade maxima de 1.395 kg.m3,
condutividade hidraulica saturada de 2,1 x 10-6 cm.s*. Com isso, conclui-se que o0 solo argiloso, apresentou os valores minimos
propostos pela legislagdo vigente para operagdo de aterros sanitarios de residuos urbanos, além de servir como auxilio no processo de
tomada de decisdo por 6rgdos gestores.
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1. Introduction

The Solid Urban Waste Management process (USW) involves a series of regulations and legislation on the subject. In
this sense, landfills play a key role as a form of environmentally appropriate final disposal of tailings. However, when
operated improperly, it becomes a potential source of contamination of the physical environment (soil and groundwater).

In this context, the physical environment, especially the soil, plays a key role in protecting the environment, because it
ends up working as a filter (REBOUCAS; BRAGA JUNIOR; TUDISI, 2002). Otherwise, this contaminant load can
infiltrate the aerated zone to the vadose zone, reaching the groundwater, where the impacts are aggravated, polluting the
environment and affecting its quality.

Therefore, research that aims to analyze the support of the environment for the operation of landfills are extremely
important. In this sense, determining the optimal moisture for maximum compaction in the laboratory becomes essential
information for the operation of landfills, as it aims at a lower rate of infiltration at the base of the structure or even for the
final coverage.

One of the most common methods of determining the optimum soil moisture is the Proctor test. This compaction test
takes into account the compaction of the soil and its moisture content. Klein (2014) states that as the moisture content
increases, the particles rearrange themselves into a more compact state, and after a certain water content, compaction can
no longer expel air from the pores, thus generating the optimum humidity.

Given the relevance of the topic, several studies refer to the optimal humidity in landfill areas, either in base or final
coverage layers (NIK DAUD; MUHAMED; KUNDRIRI, 2017; BECK-BROICHSITTER; GERKE, HORN, 2018;
COSTA et al., 2018; SobrelRA et al., 2008; ARIFIN, 2019; BECK-BROICHSITTER, GERKE. HORN, 2019;
EMMANUEL et al., 2020; DALA SANTA et al., 2020). Based on the above, this study aims to determine the optimal soil
moisture for MSW disposal in an area located in the northwest of the State of Rio Grande do Sul. permeability of samples.

2. Metodology

To determine this study, soil samples were collected in the area of the Intermunicipal Solid Waste Management
Consortium (CIGRES), located on the margins of BR 386/158, located in the municipality of Seberi - RS (Figure 1).
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Figure 1 — Location of the study area.

Source: Borba (2019).
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CIGRES is located in the hydrographic region of the Uruguay River (U), Varzea River Basin - U100 (SEMA,
2004), with a humid subtropical climate (MORENO, 1961) and contemplates a total annual rainfall close to 1900
mm, diffused in the 12 months of the year (SOTERIO; PEDROLLO; ANDRIOTTI, 2005).

Currently, CIGRES receives about 1,700 tons of MSW per month, coming from 31 municipalities that send waste from
a population of approximately 160,000 inhabitants. In addition, it carries out the process of screening, destination and
environmentally adequate disposal. The sorting process manages to recover about 16 % of the amount received (BORBA,
2019) and 84 % is disposed of in the landfill. In addition to the information of interest, studies carried out by Borba (2016;
2019) were used as a database, when necessary.

2.1. Soil collection, particle size analysis and particle density

The local soil is a dystrophic RED LATOSOL (EMBRAPA, 2017), Oxisol in Soil Taxonomy, originating from the
Serra Geral Geological Formation (CPRM, 2006) and its weathering products. Soil collection to determine the parameters
of interest was carried out in a place where the tailings disposal cell will be implemented.

Thus, a trench was built (Figure 2), where the deformed samples were collected at a depth between 2 and 2.5 m. This
is due to the fact that for the implementation of the cell, the cell base will be close to these values, due to excavation and
levelling. To determine the soil granulometry was used the pipette method (EMBRAPA, 2017).

/
Figure 2 — Location of the analyzed soil collection point.
Source: Author (2019).

The particuly density was determined by ballon volumetric method, following what was proposed by Viana, Teixeira
and Donagemma (2017), according to equation 1.

Dp = ma/((Vt-Va)) Equation 1.
Where:
- Dp: Particle density, in g.cm™;
- ma: Mass of the sample dried at 105 °C, in g;
- Vt: total volume measured of the balloon, in mL; and
- Va: Volume used to complete the flask with the sample, in mL.
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2.2. Soil compaction test (PROCTOR)

For the Proctor test, 3 kg of soil was separated, sieved in a 4.75 mm sieve and stored in closed plastic bags, as proposed
by NBR 7.182/2016 (ABNT, 2016). As a compaction base, the material was reused and a small cylinder was used, and a
base socket for the same cylinder. Where there is a 1,000 cm3 cylinder and a socket weighing 2.5 kg, with a drop height of
30.5 cm, using three layers of soil compacted by 26 blows per layer (ABNT, 2016).

In order to determine the compaction curve, the sample was initially moistened to get close to a known value of moisture,
that is, to start the test, 20 % of water was added in relation to the sample's dry soil. Afterwards, water was added
increasingly, where, between repetitions, 2 % was added until reaching a time when the maximum density found resulted
in a lower value than the previous one, to thus end the tests, always making a homogeneous mixture for a better application
of the methodology.

As shown in Figure 3, each moisture produced was placed in the cylinder in layers, in a total of 3 layers for a better
homogenization of compaction, with 26 strokes applied to each.

"

Figure 3 — Soil compaction using Proctor.
Source: Author (2019).

Each time a new sample was generated, with a new moisture, two models were collected in smaller cylinders (Figure
4), to be placed in an oven and to check the known actual moisture, to prove the moisture content used in each compaction
model. Afterwards, an electronic spreadsheet was carried out to calculate the specific maximum apparent dryness and
optimum moisture content.
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Figure 4 — Cylinder with compacted soil to collect density data.
Source: Author (2019).

2.3. Saturated hydraulic conductivity

The determination of samples to calculate the Saturated Hydraulic Conductivity (ksat) was based on the knowledge of
the optimum moisture content and the maximum apparent density of dry soil. For this, the material was placed in a cylinder
of 100 cms, through manual compaction. At this stage, samples were collected in triplicate.

Afterwards, the samples were saturated for a period of 24 hours. The ksat was performed using a constant charge
permeameter, as described by Margues et al. (2008). A constant hydraulic load of 8 cm cylinder area of 19.63 cm2 was
used. The saturated hydraulic conductivity was obtained from equation 2.

Ksat = ((Q.L)/(A.H.t)) Equation 2

Where:
- ksat: saturated hydraulic conductivity (cm.s™);
- Q: Pearl volume (mL);
- L: Height of the soil block (cm);
- H: Height of water column and block (cm);
- A: Cylinder area (cm?); and
- t: Percolation time (s).

Time and volume were collected at two-hour intervals, in order to have homogeneity of results, the measurement of
time was measured by a stopwatch and the percolated volume was measured with a pipette.

3. Results and discution

The soil granulometry showed average values of 66% clay, 25 % silt and 9 % total sand. According to Chernicharo et
al. (2008), the areas of sanitary landfills must contain a percentage of clay above 30 % to meet the permeability needs and
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the presence of clay minerals that act as a filtering element for contaminants from the waste stored in these places. Studies
carried out in landfill areas by Silva et al. (2001), Beutler et al. (2005) and Fonseca et al. (2007), reiterate that average clay
values must be between 43 and 62 %. In the study area, the predominance of clay is a very essential point, due to its low
permeability characteristics.

Soil compaction is the reduction of the porous volume of the soil by mechanical effort on the soil surface. For the soil
to be compacted, the soil moisture content is essential, water facilitates the movement and rearrangement of solid particles
(SILVA; REINERT; REICHERT, 2000). The optimum moisture content obtained in the proctor test for this soil was 34%
(Figure 5) to achieve maximum compaction. This represents that the soil needed 34% of its dry weight to obtain the highest
specific dry mass, thus, a lower void index in the soil, and consequently the lower permeability of the sample.

To obtain an optimal moisture content of 34 %, the maximum density was approximately 1,395 kg.m or 1,395 kg.dm-
3, Pinto (2006) states that clayey soils, such as the Latosol present in the study area, have optimum moisture content
between 25 and 30 % and maximum dry densities of 1.4 to 1.51 kg.dm, values that are close to those found in the analyzed
area.

For Maciel (2003), in a soil with 27 % clay and 24 % silt, the maximum dry density of the soil was 1,610 kg.m-3, for
a moisture content of 23 %. Thus, we can analyze that the higher the percentage of clay, the higher the moisture value
needed for compaction, as for a clayey-silty soil (Soils < 40 % clay), Carvalho and Paschoalin Filho (2004) obtained a
moisture value optimal at 28 %. Ozcoban et al. (2006) describe that the percolation of leachate through the soil can change
its permeability, increasing its values. Thus, the importance of protecting the underground environment in these areas is
highlighted.

In the study developed by Franceschet (2006) on soils from three landfills, the values found by the author for optimal
moisture ranged from 23.60 to 36 %, for maximum density from 1.29 to 1.35 kg.dm e for permeability, from 107 to 10°
cm.s™. For the optimum moisture content of 32 %, the maximum density values were 1.35 kg.dm= and permeability of 10-
5 cm.st, values similar to those found in this study. Aradjo et al. (2016) found, in a soil with optimum moisture content of
13.40 %, maximum density values of 1.99 kg.dm and permeability in the range of 10 cm.s™.
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Figure 5 — Soil compaction curve in relation to soil moisture content.
Source: Author (2019).

The ksat conductivities of the soil were 2.1 x 10-® cm.s™, values below those verified by Borba (2016; 2019) under
natural soil conditions in that same location. The author found mean values of 1.20 x 10 cm.s™ and 5.09 x 10 cm.s?,
respectively. Thus, it is clear that the ex situ localized test presented lower values of saturated hydraulic conductivity, being



Roessler, G. A et al., Rev. Geociénc. Nordeste, Caicd, v.8, n.1, (Jan-Jun) p.118-127, 2022. 124

within the limits allowed by landfills, NBR 13.896/1997 (ABNT, 1997) and NBR 15.849/2010 (ABNT, 2010), they
indicate that the values should be less than 5 x 10 cm.s™.

Thus, the importance of knowing the optimum soil moisture is highlighted, in order to carry out soil compaction
operations to achieve maximum site compaction, increasing safety for operation and consequent protection of the
underground environment from percolation of water and contaminants . At the beginning of the water flow, the soil is not
saturated and the movement of water and contaminants occurs in unsaturated conditions, involving characteristics of the
soil, the solute and is affected by hysteresis (REICHARDT; TIMM, 2004). With the increase in the flow of water and
contaminants, the water movement is defined as a flow in saturated soil, where the permeability conditions of the medium
and the pressure potential difference at the considered point interfere in the movement.

In other studies involving soil permeability tests, Celligoi et al. (2006) in Londrina - PR, the soil from volcanic rocks
presented values of 1.9 x 102cm.s™. Pinheiro, Nummer and Rauber (2017) in Santa Maria - RS, obtained 3.3 x 10°cm™,
for a soil with 65 % clay, a value similar to that found by Borba (2019). Furthermore, the local soil has liquidity limits of
68.39 %, plasticity of 41.73 %, contraction of 28.94 % and plasticity index of 27.10 % (Borba, 2016). According to Borba
(2016), these values are in agreement with values described in similar soils, mainly due to the clay content of the same, in
addition to the activity of this fraction.

Even so, information about the mineralogy of the sites is essential information, as it allows identifying which clay
minerals are present. The mineralogy of the clay fraction in the area is predominantly kaolinite (Borba, 2016), a 1:1 silicate
clay mineral, which has low Cation Exchange Capacity (CTC), being a common feature in weathered soils.

According to Drever (1997), these patterns can be related to the retention of heavy metals and provide a low
permeability of the medium, as seen in the results obtained, through the ksat. The study developed by Piarangeli et al.
(2007) and an Oxisol with low CTC, there was greater adsorption of the elements Copper and Lead, when compared to
Cadmium. This indicates a possible retention of contaminants, even with the presence of a 1:1 clay mineral.

4. Final considerations

It is concluded with this study, that the sampled soil had an average clay content of 65 %, conditioned the soil with an
optimal moisture content for maximum compaction of 34 % and maximum density of 1,395 kg.m3, which resulted at a
saturated hydraulic conductivity of 2.1 x 106 cm.s%. Allied to this, the presence of kaolinite at the site contributes to low
soil permeability values, and consequently, greater protection of groundwater.

The results allowed us to identify that the laboratory tests provided extremely important information, as compared to
other studies carried out at the site, the optimal humidity resulted in a permeability value that is in accordance with current
standards.

In landfill areas, studies of this thematic nature are extremely important, as they allow, in addition to providing
maximum soil compaction, to assist in planning and reduce operating costs, for example, aiding in the decision-making
process.

Acknowledgments

The authors would like to thank the team at the Intermunicipal Solid Waste Management Consortium for supporting
the development of this research.

References
13896: Aterro de Residuos néo perigosos - Critério para projetos, implantacéo e operacdo. ABNT: Rio de Janeiro, 1997.

ABNT. Associacdo Brasileira de Normas Técnicas. NBR 15849: Residuos S6lidos urbanos - Aterros sanitarios de pequeno
porte - diretrizes de localizagdo, projeto, implantacéo, operagdo e encerramento. ABNT: Rio de Janeiro, 2010.

ABNT. Associacdo Brasileira de Normas Técnicas. NBR 7182: Solo - Ensaio de Compactacdo. 22 edicdo. ABNT:
Rio de Janeiro, 2016.



Roessler, G. A et al., Rev. Geociénc. Nordeste, Caicd, v.8, n.1, (Jan-Jun) p.118-127, 2022. 125

ARAUJO, P. da S.; SANTOS, J. J. das N.; ARAUJO NETO, C. L. de.; SOUSA, R. B. A. de.; PAIVA, W. de. Anlise da
viabilidade do uso de solo como material impermeabilizante em aterros sanitérios. In: | Congresso Nacional de
Pesquisa e Ensino em Ciéncias. Anais... Campina Grande: ICNPEC, 2016.

ARIFIN, Y. F. Bentonite Enhanced Soil as an Alternative Landfill Liner in Rikut Jawu, South Barito. IOP Conference
Series: Earth and Environmental Science, v. 239, 2019. https://doi.org/10.1088/1755-1315/239/1/012003

BECK-BROICHSITTER, S.; GERKE, H. H.; HORN, R. Effect of Compaction on Soil Physical Properties of Differently
Textured Landfill Liner Materials. Geosciences, v. 9, n. 1, 2019. https://doi.org/10.3390/geosciences9010001

BECK-BROICHSITTER, S.; GERKE, H.H.; HORN R. Suitability of Boulder Marl and Marsh Clay as Sealing Substrates
for Landfill Capping Systems - A Practical Comparison. Geosciences, v. 8, n. 10, p. 356., 2018.
https://doi.org/10.3390/geosciences8100356

BEUTLER, A. N.; CENTURION, J. F.; ROQUE, C. G.; FERRAZ, M. V. Densidade relativa 6tima de latossolos vermelhos
para a produtividade de soja. Revista Brasileira de Ciéncia do Solo, v. 29, n. 6, 2005. https://doi.org/10.1590/S0100-
06832005000600002

BORBA, W. F. de. Vulnerabilidade natural a contaminagédo da agua subterréanea em area ocupada por aterro sanitario
em Seberi - RS. 2016. 174f. Dissertagdo (Mestrado em Engenharia Ambiental) - Programa de Pds-Graduacdo em
Engenharia Ambiental, Universidade Federal de Santa Maria, Santa Maria - RS, 2016.

BORBA. W. F. Avaliagdo da contaminagdo ambiental em um aterro sanitario de pequeno porte, sem utilizacdo de
geomembrana, na regido noroeste do Estado do Rio Grande do Sul. 2019. 168f. Tese (Doutor em Engenharia Civil)
- Programa de Pds-Graduac@o em Engenharia Civil, da Universidade Federal de Santa Maria, Santa Maria - RS, 2019.

CARVALHO, D.; PASCHOALIN FILHO, J. A. Estudo da estabilidade de pequenas barragens de terra compactadas em
trés teores de umidade. Exacta, n. 2, p. 55 - 68, 2004.

CELLIGOI, A.; LAMONICA, D.; MACHADO, A. de. C.; SOUSA, R. V. B. de; MEDEIROS, H. R. Determinagéo das
condutividades hidraulicas das zonas saturada e ndo saturada do aquifero freatico nas adjacéncias do aterro controlado
de Londrina. In: XIV CONGRESSO BRASILEIRO DE AGUAS SUBTERRANEAS, 2010, Curitiba, PR. Anais...
ABAS: Curitiba, 2006.

CHERNICHARDO, C. A.; RUTKOWSKI, E. W.; VOLSCHAN JUNIOR, I.; CASSINI, S. T. A. Residuos s6lidos: projeto,
operacdo e monitoramento de aterros sanitarios: guia do profissional em treinamento - nivel 2. Belo Horizonte:
ReCESA, 2008. 120p.

COSTA, M. D.; MARIANO, M. O. H.; ARAUJO, L. B.; JUCA, J. F. T. Estudos laboratoriais para avaliagio do
desempenho de camadas de cobertura de aterros sanitarios em relacéo a reducao de emissGes de gases e infiltracoes.
Engenharia Sanitaria e Ambiental, v. 23, p. 75 - 88, 2018. https://doi.org/10.1590/S1413-41522018160393

CPRM. Companhia de Pesquisa de Recursos Minerais. Mapa geolédgico do Estado do Rio Grande do Sul. Porto Alegre:
CPRM, 2006.

DALLA SANTA, G.; COLA, S., TATEO, F.; GALGARO, A. Hydraulic conductivity changes in compacted clayey
barriers due to temperature variations in landfill top covers. Bulletin of Engineering Geology Environment v. 79, p.
2893 - 2905, 2020. https://doi.org/10.1007/s10064-020-01726-w

DREVER, J. I. The geochemistry of natural waters: surface and groundwater environments. Prentice Hall: Upper Saddle
River, 1997. 436p

EMBRAPA. Empresa Brasileira de Pesquisas Agropecuarias. Manual de métodos de analise de solo. Argila dispersa em
agua e grau de floculagdo. Brasilia: EMBRAPA, 2017. p. 117-124.



Roessler, G. A et al., Rev. Geociénc. Nordeste, Caicd, v.8, n.1, (Jan-Jun) p.118-127, 2022. 126

EMMANUEL, E.; ANGGRAINI, V.; ASADI, A.; RAGHUNANDAN, M. E. Interaction of landfill leachate with olivine-
treated marine clay: Suitability for bottom liner application. Environmental Technology & Innovation, v. 17, p. 100574.
2020. https://doi.org/10.1016/j.eti.2019.100574

FRANCESCHET, M. Estudo da permeabilidade de solos de aterros sanitarios do Estado de Santa Catarina: Estudo de
caso aplicado a Timbo, Chapec6 e Curitibanos. 2006. 157f. Dissertacdo (Mestrado em Engenharia Ambiental) -
Universidade Federal de Santa Catarina, Florianopolis - SC, 2006.

FONSECA, G. C.; CARNEIRO, M. A. C.; COSTA, A. R.; OLIVEIRA, G. C.; BALBINO, L. C. Atributos fisicos,
quimicos e bioldgicos de latossolo vermelho distrofico de cerrado sob duas rotacfes de cultura. Pesquisa Agropecudria
Tropical, v. 37, n. 1, p. 22 - 30, 2007.

KLEIN, V. A. Fisica do Solo. 3 ed. Passo Fundo: Editora da UPF, 2014. 263p.

MACIEL. F. J. Estudo da geracao, percolacdo e emissédo de gases no aterro de residuos sélidos da Muricabeca/PE. 2003.
173f. Dissertacdo (Mestrado em Engenharia Civil) - Programa de P6s-Graduacdo em Engenharia Civil, Universidade
Federal de Pernambuco, Recife - PE, 2003.

MARQUES, J. D.; TEIXEIRA, W. G.; REIS, A. M.; CRUZ JUNIOR, O.; MARTINS, G. C. Avaliago da condutividade
hidraulica saturada utilizando dois métodos de laboratério numa topossequéncia de solos amazénicos em diferentes
coberturas vegetais. Acta Amazbnica, v. 38., n. 2., p. 193 - 206, 2008. https://doi.org/10.1590/S0044-
59672008000200002

MORENO, J. A. Clima do Rio Grande do Sul. Seccdo de Geografia. Secretaria da Agricultura. Porto Alegre, 1961. 42p.

NIK DAUD, N. N.; MUHAMMED, A. S.; KUNDIRI, A. M. Hydraulic Conductivity of Compacted Granite Residual Soil
Mixed with Palm Oil Fuel Ash in Landfill Application. Geotechnical and Geological Engineering, v. 35, p. 1967 -
1976, 2017. https://doi.org/10.1007/s10706-017-0220-1

OZCOBAN, M. S.; TUFEKCI, N.; SAHIN, U.; CELIK, S. O. Leachate removal rate and the effect of lechate on the
hydraulic conductivity of natural (undisturbed) clay. Journal of Scientific & Industrial Researchat, v. 65, p. 264 - 269,
2006.

PIERANGELI, M. A. P.; GUILHERME, L. R. G.; CURI, N.; COSTA, E. T. de S.; LIMA, J. M. de.; MARQUES, J. J. G.
de S. e M.; FIGUEIREDO, L. F. P. Comportamento sortivo, individual e competitivo, de metais pesados em latossolos
com mineralogia contrastante. Revista Brasileira de Ciéncia do Solo, v. 31., p. 819 - 826, 2007.

PINTO, C. de S. Curso bésico de mecénica dos solos. 32 edi¢do. Sdo Paulo: Oficina de Textos, 2006.

PINHEIRO, R. J. B.; NUMMER, A. V.; RAUBER, A. C. Determina¢do da condutividade hidrdulica das principais
unidades geolégico-geotécnicas de Santa Maria - RS. Geociéncias, v. 36., n. 2., p. 347 - 363, 2017.

REBOUCAS, A. C.; BRAGA JUNIOR, B. P. F.; TUNDISI, J. G. Aguas Doces do Brasil: Capital Ecoldgico, Uso e
Conservacdo. Sdo Paulo: FTD, 2002. 703p.

REICHARDT, K.; TIMM, L. C. Solo, planta e atmosfera: Conceitos, processos e aplica¢@es. Barueri: Manole, 2004.

SEMA. Secretaria do Meio Ambiente do Estado do Rio Grande do Sul. Mapa das bacias hidrograficas e municipios do
Rio Grande do Sul. Porto Alegre: SEMA, 2004.

SILVA, G. M.; BUSO, W. H. D.; OLIVEIRA, L. F. C. de; NASCIMENTO, J. L. do. Caracterizacdo fisico-hidrica
perférrico submetido a dois sistemas de manejo do solo. Pesquisa Agropecudria Tropical, v. 31, n. 2, p. 127-131,
2001.



Roessler, G. A et al., Rev. Geociénc. Nordeste, Caicd, v.8, n.1, (Jan-Jun) p.118-127, 2022. 127

SILVA, V. R. da.; REINERT, D. J.; REICHERT, J. M. Suscetibilidade a compactacdo de um latossolo vermelho-escuro e
de um podzdlico vermelho-amarelo. Revista Brasileira de Ciéncia do Solo, v. 24, n. 2, p. 239 - 249, 2000.
https://doi.org/10.1590/S0100-06832000000200001

SOBREIRA, D.S.V.; LUCENA,A.E.F.L.; LUCENA, L. C. F. L.; SOUSA, T. M. Estudo Comparativo entre os Métodos
de Compactacéo de Solos por Impacto e Amassamento. Geociéncias, v. 37, p. 683 - 693, 2018.

SOTERIO, P. W.; PEDROLLO, M. C. R.; ANDRIOTTI, J. L. Mapa de isoietas do Rio Grande do Sul. In: XVI SIMPOSIO
BRASILEIRO DE RECURSOS HIDRICOS, 2005, Jodo Pessoa/PB. Anais... Jodo Pessoa/PB: ABRH, 2005.

VIANA, J. H. M.; TEIXEIRA, W. G.; DONAGEMMA, G. K. Densidade de particulas. IN: Teixeira, P. C.; Donagemma,
G. K.; Fontana, A.; Teixeira, W. G. Manual de métodos e andlise de solo. 3? edi¢do. Brasilia: Embrapa, 2017. 573
p. Cap. 8, p. 76 - 81.



