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ABSTRACT

This study investigates the geotechnical propedfes migmatite - derived soil from
southwestern Nigeria for its potential use as bain sanitary landfill. The required
parameters for soils to be considered as barrieh as grain size distribution,
Atterberg consistency limits, maximum dry densityOD) and the coefficient of
permeability were determined. Results obtained sti@at the hydraulic conductivity
is lower than the suggested limit (1 x “&@n/s) of the various waste regulatory
agencies. In addition, it has adequate basic geoieal properties, strength and the
shrinkage potential upon drying. These propertiggsst the potential suitability of
the soil as a barrier in containment facility fasbsal of waste material.

KEYWORDS: Barrier, Hydraulic conductivity, Residuabil, Unconfined shear
strength

INTRODUCTION

Waste material in waste containment facilities arade isolated from the surrounding environment by
providing liners barriers. The barrier is to cohworestrict the migration of pollutant into thevéronment.
Commonly use barriers are composed of natural amiegclays or clay soils. The low hydraulic
conductivity of the compacted clayey soils combinéth their availability and relatively low cost tka
them potential materials to use as barriers intagniandfills for environmental protection. Sinites
desirable for containment system to achieve itp@sg at minimum cost; careful consideration should
therefore be given to the choice of materials fo tonstruction of the barrier. The environmental a
health hazards associated with “unengineered” ibsdfre well known (lge, 2003; Asiwaju-Bello and
Akande, 2004; Onipede and Bolaji, 2004, and Freati &ame, 2005). In the U.S.A, Fred and Anne (2005)
asserted that 75% of unengineered landfills polhdg@cent water body with leachate. This is because
deposited waste undergoes degradation through chemgaction thereby contaminating usable surface
and subsurface water supplies. In addition, theyred leachate forms complexes with the sesquisxifle
lateritic soil (Orlon and Yeroschicheva, 1967) t@i®r weakening their in-situ geotechnical properties
(Ogunsanwo and Mands, 1999).

Migmatite-derived residual soils, like other saifsbasement complex origin, are widely distributer

the country. Its traditional geotechnical propertieve been studied (Alao, 1983; Ogunsanwo, 1988,1
Adeyemi, 2002). The potential use of the soil wétuce cost of construction of sanitary landfilleda
encourage friendly environment. However, for sa@kfulness as barrier, certain recommendations have
been proposed by several previous investigatogs@®&ORM S 2074, 1990; Daniel, 1993; Bagchi; 1994,
Bensonet al, 1994,Benson and Trust, 1995 and Ogunsanwo, 19@@).Table 1 for the list of some of the
required geotechnical parameters with the recomaté@mnts. Also minimum unconfined pressure of
200kPa (Daniel, 1993) and volumetric shrinkage ugoring of less than 4% was proposed (Daniel and
Wu, 1993; Tat al, 2001).

This study aims at assessing the geotechnical giepef a migmatite-derived residual soil for putal
usage as barriers in landfills. The typical tektt ire generally used to investigate soil propasdolarriers

in landfill such as the grain size distribution,teberg limits compaction, unconfined compressive
strength; volumetric shrinkage and hydraulic conigity were conducted on sample of the compacted
migmatite residual soil. If on the basis of thesstg, the soil proves to have properties desifabla
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barrier material, then it should be considered a®tantially suitable material for the isolation whste
material in sanitary landfill.

BARRIER IN SANITARY LANDFILLS

Barriers are natural clayey soils or artificial ¢ggeembrane) impermeable materials used in sanitary
landfills to prevent migration of waste leachat®igroundwater body. The barrier is placed witla top
sealing system to prevent percolation of run-offl @mecipitation into the waste column and withie th
bottom sealing system to prevent migration of gatesl leachate into the groundwater bodies (Fig. 1).
Different types of seals such as clayey soils, Isstit membranes (artificially manufactured mixtures
bentonite, asphalt, cement) have been extensivelgiesl by Bagchi (1994). The choice of residual
migmatite-derived soils is emphasized in this repercause of its natural occurrence and abundartbe a
studied locality.

MATERIALS AND METHODS

The material used for this study was migmatitendti residual soil. The soil was obtained from the
bottom of a waste disposal landfill, 2.4km along-Atmo/Peke road in llorin, Nigeria. The already
excavated surface for the purpose of waste disgwsaknts the interaction of humus soil, plant sosith
the sampling depth and provides good access fbsawipling. The sample was collected into a plastig
and transported to the soil laboratory of the Yeabllege of Technology, Yaba, Lagos. The basictash

as specific gravity, particle size distribution aftlerberg limits of the soil were performed acdogito
British Standard (BS 1377:1990). The data of thiedex properties were used to classify the solbieing

the Unified Soil Classification System (USCS) cifisation.

SAMPLE PREPARATION

The soil was air dried and crushed into small @edde crushed sample was then sieved through #n75m
opening. The sieved soil was wetted with tap w@dl= 7.4) then the moistened soil was sealed in a
plastic bag and stored for 3 days to allow moistgailibration and hydration (BS 1377, 1990). Thé s
was later used for other geotechnical tests. This t@ere conducted in duplicate for each particsialr
condition to ensure the reliability of the testulesThe average result of the two tests is preskmt this
report.

The soil was compacted with two different Proctoergies (modified and standard) which represent the
commonly used energy of compaction on the fieldem®mmended by Daniel and Benson (1990) and
Daniel and Wu (1993). The hydraulic conductivitysnaeasured using the rigid-wall permeameter under
falling head condition as recommended by Head (199dmpaction was carried out on the soils at two
different energies under different water contenithiw the permeameter moulds. The permeant liquad w
tap water and hydraulic gradient was 15. Permeatias conducted on the sample until steady condition
was achieved. The volumetric shrinkage upon dryirag measured by extruding compacted cylindrical
specimens from the compaction mould and allowirggaylindrical specimen to dry on the laboratoryléab
on an air-condition room (Daniel and Wu, 1993). fiyday the diameter and the height of samples were
recorded with a digital caliper (accuracy 0.01). éstch reading a minimum of three heights and three
diameter measurements for each height at intereaé wecorded. The average diameter and height were
used to compute volume, and the measurements watimeed until the volume seized to change further.
The unconfined compression test was performed @ordance with the BS 1377: 1990 procedures. The
tests were performed on cylindrical specimens fgvandiameter and length of 50mm and 100mm
respectively, which were trimmed from the largempacted cylinders.

RESULTS AND DISCUSSION
Several limits have been proposed by various rekees with respect to the geotechnical propertieoib
to be useful as barrier. Such limits are presehezd along with the results obtained from this gtud

Grain Size Distribution

The specific gravity of the granite residual seilabout 2.73. The particle size analysis showstteasoil
contains 53% clay (<0.002mm), 70% fines (<0.075n88Y% sand. Moreover, the results of Atterberg
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limits reveal the liquid limit (LL) is 68%, the mtc limit (PL) is 35% and the plasticity index €PLL-
PL) is 33%. On the basic of these data, the migmadisidual soil is classified as CH (Inorganicyaldth
high plasticity) according to the USCS. Inorganlaycwith high plasticity (CH) is recommended for
landfill liner (Oweis and Khera, 1998).

The soil has similar properties to cohesive saitg] therefore is likely to have desirable charisties to
minimize hydraulic conductivity. The hydraulic cardivity value of the liner material is used as the
principal indicator of its containment potentialyddaulic conductivity behaviour of soil barrier gseatly
influenced by the particle size distribution be@atlse relative proportions of large and small p&tsizes
affect the size of voids conducting flow (Kabir afdha, 2006). Barrier soils should have at lea8b 30
fines (Daniel 1993b; Bensost al; 1994) and 15% clay (Bensost al, 1994) to achieve hydraulic
conductivity< 1x10’ cm/s. Thus, the migmatite-derived residual soil ba used as barrier to achieve a
hydraulic conductivityc 1x10° cm/s, as it possesses suitable amount of clafinadractions. Moreover,
the soil contains adequate amount of sand, which affar notable protection from volumetric shrinkag
and impart adequate strength as well.

Liquid limit is an important index property sindeis correlated with various engineering propertiesils
with high liquid limit generally have low hydrauliconductivity. Bensoret al (1994) recommended that
the liquid limit of the liner material be at legd1%. However, soils with very high liquid limit haypoor
volume stability and high shrink-swell potentigigapir and Taha, 2006). Most of the specificationrssoil
liners proposed by various researchers or wastglatgy agencies do not generally prescribe anyt lim
(maximum value) for their liquid limit. As long dsdoes not create any working problem, soils vitgph
liquid limit are generally preferred because ofitHew hydraulic conductivity. Thus, the migmatite
residual soil with liquid limit of about 68% appedo be promising for use as barrier.

The plasticity index is one of the most importaritetia for the selection of soils as barrier imisary
landfill construction. It is the key property intaeving low hydraulic conductivity. Literatures gest that
the plasticity index must be more than 7% (Dani93; Bensoret al; 1994; Roweet al, 1995). However,
extremely high plasticity soil becomes sticky wheat and then becomes difficult to work with in the
field. Also high plasticity soil forms hard lumpshen they are dry and are difficult to break dowmirty
compaction. The hard lumps, if not properly compdctform zones of higher hydraulic conductivity.
Moreover, a high plasticity soil tends to be mousceptible to desiccation cracking. For plastidaitgex
value greater than 65, excessive shrinkage carxjppected (Daniel, 1991). Thus, the migmatite redidua
soil has suitable plasticity property (Pl is ab8826) to minimize hydraulic conductivity and shriglea
susceptibility as well.

The activity (P1/% clay fraction) of migmatite rdsial soil is about 0.62. Thus, according to Skemigto
classification it is inactive clay. Inactive claysygils are the most desirable materials for conguhebil
barrier (Roweet al, 1995). In order to achieve a hydraulic condudfivit1x10’ cm/s for the soil barrier,
soil with an activity of > 0.3 has been specifi@kiisonet al, 1994, Roweet al, 1995). An activity is an
index of the surface activity of the clay fractid®oils with higher activity are likely to consist smaller
particles having larger specific surface area dmcker electrical double layers (Kabir and TahaQ&0
Therefore, hydraulic conductivity should decreasth\increasing activity. However, soils with higher
activity are more readily affected by chemical ptaht if they are used in containment structuresdi®
and Khera, 1998).

Thus, the comparison between the index propertfemigmatite-derived residual soil and the index
properties as recommended by various researchees dood barrier material shows that the investigat
migmatite residual soil has suitable propertiesge as barrier material.

COMPACTION PROPERTIES.

In the construction of barriers, compaction is ddoeachieve a soil layer of improved engineering
properties. Compaction of soil results in homogenmass that is free of large, continuous inter<lod
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voids; increase their density and strength, andaedheir hydraulic conductivity. Hydraulic condivity

is the key design parameter when evaluating theepdability of a barrier material. Low hydraulic
conductivity is achieved when the soil is compaatkxde to its maximum dry density and corresponding
optimum water content for a soil under a specifimpactive effort.

The compaction curves for the migmatite-deriveddies soil are shown in Fig 2. The compaction csrve
clearly illustrate that the dry density is the ftioo of compaction water content and compactivereff-or
each compactive effort, at the dry side of optimwaiter content, the dry density increases with the
increasing water content. This is due to the degmaknt of large water film around the particles, athi
tends to lubricate the particles and makes thernere&s be moved about and reoriented into a denser
configuration (Holtz and Kovacs, 1981). Whereaghatwet side of optimum water content, water stit
replace soil particles in the compaction mould simte the unit weight of water is much less thanuthit
weight of soil, the dry density decreases withitleeeasing water content.

The curves (Figure 2) are single peaked and pacaiboshape, which is typical of most clayey sdisbir

and Taha, 2006). This is expected since the lidjuiit of the soil is between 30% and 70% (Lee and
Suedkamp, 1972). The peaks represent the maximyndelsity and corresponding optimum water
content for a given compactive effort. The maximdiry density and the optimum water content obtained
from these tests are given in Table 2. An incréassmmpactive effort increases the maximum dry dgns
but decreases the optimum water content (Dani€41Because higher compactive effort yields a more
parallel orientation to the clay particles, whidtieg a more dispersed structure, the particlesrheadoser
and a higher unit weight of compaction results (0298). Hence, a high compaction energy is pretfer

Hydraulic Conductivity

The relationship between hydraulic conductivitytevacontent and compactive effort is shown in Bg.
The hydraulic conductivity decreases with the iasieg compactive effort because increasing comacti
effort decreases the frequency of large pores amdetiminate the large pore mode (Acar and Oliveri,
1989). These changes in pore size yield lower hyiraonductivity. The hydraulic conductivity also
changes with the change of compaction water con&wits compacted at dry of optimum water content
tend to have relatively high hydraulic conductivithereas soils compacted at wet of optimum water
content tend to have lower hydraulic conductivitgcreasing water content generally results in an
increased ability to breakdown clay aggregate anelitninate inter aggregate pores (Mitchetlal, 1965;
Benson and Daniel, 1990; Garcia-Bengocbeal, 1979). Moreover, increasing water content resialts
reorientation of clay particles and reduction i tize of inter particle pores (Lambe, 1954; Acad a
Oliveri, 1989 and Benson and Trust, 1995). The aytic conductivity is the key parameter affectihg t
performance of most landfill barriers and coversu@l 1987, 1990 and Elsbuey al, 1990), thus great
attention is generally focused on ensuring that fopraulic conductivity is achieved. Therefore,isit
usually preferred to compact the soil wet of optimu

Barriers should have a hydraulic conductivity ofestst 1x1d cm/s. Figure 3hows that the two different
compaction efforts caused hydraulic conductivitgslethan 1x10 cm/s. The minimum hydraulic
conductivity and corresponding water content atover compactive efforts is represented in Table 3ne
case of each compactive effort the minimum hydcacdinductivity is obtained at water content of tslig
(0.5 to 1.7%) wet of optimum water content. Gergridde lowest hydraulic conductivity of clayey sl
achieved when the soil is compacted at water corgightly higher than the optimum water content
(Mitchell et al, 1965; USEPA, 1989; Daniel and Benson 1990). ¢haacteristic makes the soil suitableas
barrier in sanitary landfill.

Volumetric shrinkage

Compacted soil barriers are subject to frequenicdaion due to evaporative water losses. Desioaati
leads to the development of shrinkage. Cracks geopiathways for moisture migration into the laridfil
which increases the generation of waste leachate, utimately increases the potential for soil and
groundwater contamination. Thus, the soil barrignificantly losses its effectiveness as an impeziohe
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barrier. Literature suggested that cracking islikety to occur in clay barrier when compacted ngléers of
the same soil undergo less than about 4% volumetinkage strain upon drying (Daniel and Wu 1993;
Tayet al, 2001)

In this study compacted cylindrical specimens wexed to determine shrinkage potential of the foithe
field, the soil shrinks under the overburden press&oil shrinks simply due to water loss, which is
independent of the pressure if water and soil glagiare considered incompressible. Much informaiso
not available on the relationship between overbulessure and volumetric shrinkage of compactéd so
However, in this study, shrinkage tests were peréat by allowing the specimen to dry at approxinyatel
27°C (the mean temperature in Nigeria) temperatistimulate the slow rate of drying that occurshia
field (Briad et al, 2003). The cylindrical specimens began to shrimk ismaller cylinders with volume
changes occurring as the water surrounding thevichatl soil particles of the specimens is removed a
the soil particles move closely together. Duringimly, the sides of the specimens were open to the
atmosphere, which does not replicate the field itmmd Nevertheless, the relative effects of sgpd on
volumetric shrinkage are supposed to be preseMeel.result of volumetric shrinkage test is preserine
Figure 4. Test results indicate that shrinkageirstrare influenced by compaction conditions. Shage
increases with increasing compaction water conteut,the relationship between compactive effort and
shrinkage strain is less clear. At low compactioater contents, shrinkage decreases with increasing
compactive effort. No clear trend is apparent ghlr water contents. Similar results have beenrtegpdy
other researchers (Klepe and Olson, 1985; DaniglVen, 1993). In this study, each of the two diffare
compactive efforts shows little volume change b&raef less than 4%, which is typical maximum
permissible limit for compacted clay soil barrigtus, if drying takes place, the compacted soil wil
undergo minimal shrinkage and desiccation cracking.

Unconfined Compressive Strength.

The result of unconfined compression test againstpaction water content is shown in Figure 5. The
strength of compacted soil decreases with increas®mpaction water content. As the amount of water
increases the electrolyte concentration is redudeakling to an increase in diffused double layer.
Expansion takes place at a distance between the padicles as well as the distance between the
aluminiosilicate unit layers increases, resultingai reduction of both the internal friction and esion.
Other researchers (Seed and Chan, 1959; Danielanti993; Taha and Kabir, 2003) observed the same
effect. Compactive effort has also a great infleena soil strength. At low compaction water content
unconfined compressive stress increases with isgrgaompactive effort. But at higher water conteot
clear trend is noticed: e.g at 24% compaction watertent, modified Proctor effort results the lowes
unconfined compressive stress among the two coimpaafforts.

An isolation barrier used in waste containmenteysis supposed to sustain certain amount of dtzit
exerted by the overlying waste materials. In tleigard, the barrier material must have adequategttre

for stability. The bearing stress act on the basgiestem depends on the height of landfill and umight

of waste. Thus, the minimum required strength df gsed for compacted soil barrier is not specified
Daniel and Wu (1993) arbitrarily selected themstpport the maximum bearing stress in a landftieyl
mentioned that soil used as barrier material shéade minimum unconfined compression strength of
200KPa. Test result shows (Fig.5) that the soikpsses higher strength than the recommended minimum
strength of 200KPa for all the three compactivertst

CONCLUSIONS

The following conclusions can be drawn form thesstigation of migmatite-derived residual soil:

(1) The residual soil is inorganic clay with higtagticity. Generally, this type of soil possessesiidble
characteristics to minimize hydraulic conductiviand is frequently used for the construction of paoted
soil barriers.

(2) The index properties (liquid limit, plastic litn% clay content, % fines, activity etc) of thailssatisfy
the basic requirements as a liner material.
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(3) It is inactive clayey soil. Thus, the soil wile less affected by waste leachate and less gildeep
shrinkage.

(4) The soil has hydraulic conductivity of equalioless than 1xI0cm/s, when it is compacted with both
modified and standard Proctor compaction efforts.

(5) Moreso, the soil has average strength in éimge of 200KPa and volumetric shrinkage strailess$
than 4%.

Thus, it is concluded that the migmatite-derivesideal soil can be used as a suitable barrier maafer
isolating waste in sanitary landfills. Its potehtige as isolation barrier will enhance the wasé@agement
programs in Nigeria since migmatite derived saitslacally readily available

Although the soil meets all the basic requiremastsa good barrier material, it would be hard tokweith
due to its high plasticity. Therefore, during linewnstruction great attention should be focusedaih
preparation. The soil should be properly blendedi lemmogenized to achieve a mixture of relativelyabm
clods with reasonably uniform moisture distribution
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TABLE 1: REQUIRED GEOTECHNICAL CRITERIA AND RECOMBMNDATIONS FOR SOILS AS
BARRIER

PARAMETERS AUTHOR(S) RECOMMENDATIONS
Oeltzschner (1992) Clay fraction <20%

GRAIN SIZE | Bagchi (1994) Largest Grain Size63mm

ANALYSES ONORMS 2074 (1990) | Silt/clay fraction>15%

ONORMS 2074 (1990) | Largest grain size <25mm,
Daniel (1993b), Rowe et %Gravel <30, % fine30

al 1995
Daniel (1993b); Rowe etLL >30%, IR15%
al(1995) LL >30%, IRP10%
Seymour & PeacockLL >30%, IP15%
ATTERBERG (1994) LL >25%, IR15%
CONSISTENCY Oeltzschner (1992) LL >30%, IRP15%
LIMITS Inorganic Clay of low -
medium plasticity(CL-Cl) and
Ac of <1.25

MOISTURE CONTENT-| ONORMS 2074 (1990) | MDD > 1.71t/n%
DENSITY Kabir and Taha (2006) | MDD > 1.74t/n?
RELATIONSHIPS

Murphy and Garwell <1x10°m/s

(1998) <1x10°m/s
COEFFICIENT OF| Mark (2002) <1x10°m/s
PERMEABILITY (K) Joyce (2003) <1x10%m/s

Fred and Anne (2005) | <1x10°m/s

KEY: SP= Standard Proctor LL= Liquid Limit, MRModified Proctor IP= Index of Plasticity
Ac= Activity of clay

Table 2. Maximum dry denstyd corresponding optimum water content.
Compactive efforts optimum water contemip%0) max.dry densityy(KN/m®)

Modified Proctor 20.7 16.33

Standard Proctor 26.2 14.51

Table 3: Minimum hydraulic conductivand corresponding water content at various
compactive efforts.

Minimum hydraulic| Water content(%)al Optimum water

conductivity (cm/s) | minimum hydraulic| content (%)

Compactive Efforts conductivity
Modified Proctor 2.2x10° 22.2 20.7
Standard Proctor 1.4x107 27.9 26.2
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Fig.1: Section through a waste disposal sanitargflh (Ogunsanwo, 1996).
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Figure 2. Compaction curves
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Figure 3: Hydraulic conductivity versus compaction water content
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Figure 4: VVolumetric shrinkage strain versus compaction water content
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Figure 5: Unconfined compression strength versus compaction water content
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