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ABSTRACT

An integrated geoscience investigation was carried out on 3 selected sites in Minna, North-Central Nigeria in order to
determine their suitability for use as sanitary landfill. Geological and hydrogealogical mapping of the area was executed 10
determine the rock type and aquifer propertics of the area. Subsurface peophysical mvéstigations of the area emplaying the
1-D and 2-D subsurface resigtivity imaging techniques were undertaken. Four lithological layers: lateritic top soil, mottled
zone, clayey soil and the weathered to fresh basement rock were delineated from the geo-electric sections. The clay layer
thickness varies between 2,8m to ®.0m with resistivity range of 18 Qm 10 86 Qm and the depth of about 3,8m to 9.3m. The
2-D resistivity images using Wenner-Schlumberger and Wenner-Alpha arrays revealed the presence of an overwhelmingly
dominant elay interval in the subsurface. The grain size distribution curve showed that the soil is dominated by fines (clay
and silt. The soils liquid limit, plastic limit and plastcity index values ranged between 20 % to 90 %, 13.2 % to 26.8 % and
11.3 % lo 24.7 % respectivel y. This implies that the sl 1s of low hydraulic conductivity. Permeability coefficient of the
soils ranged from 3.4 x 10° covs to 5.68 x 107 cm/s, which is witlin the 10® 0 10 range required for attenuavon of
[eachate by natural geological materials with no potential of lateral migration of leachate. The analysis of results from
geological, hydrogeological, geophysical. geotechnical znd stuctural investigations revealed that nvo out of the three sites

are suitable for siting a sanitary landfill.
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i. INTRODUCTION

The managenjent of waste in Nigeria is yet to take a
definite shape and this can be aitibuted to non-
enforcement of existing enviranmentsl laws. Most
developed natiens of the world have properly managed
their wastes within heir domain as a result of proper
planming and effective waste management policies
(Oyediran and Adeyemi, 201 I Amudi eral., 2012a),

Properly sited municipal solid wasie sanitary Tandfill has
been recognized as one of the cnvironmentally friendly
ways of waste disposal (Ranke, 2001; Jge, 2013) The
concept of a well-enginesred municipal sanitary Jandfill
technology 15 aimed at mimimizing soil and growndwater
contamination and other associated envirenmemal hazards.
The sanitary landfill system is designed and constructed to
mclude lined leachate containmem with minimal nsk of
vertical and horizontal leakuze wmto surface  and
groundwater systems. The merit of the sanitary land[ill
over other types of waste disposn] methods is that handhng
and management of waste is kept to a mmimum level (lge,
2013; Amadi er al, 2012Zb). The local geclogy,
hydrogeology and geotechnical characieristics of a site are
key determinants of the suiehility of & ate for use as
sanitary landfill, hence the need for this siudy.

Danzel (1993, Kabir and Taha (2008), Rowe e al, (1995),
Edelman (1999), 1ge and Ogunsawo (2009), Oyediran and
Adeyemi (2011) jn their various investigauons have
proposed certain recommendations that must be aain for a
<oil to be considered for use as barrier soil for sanitary
landfill. Four major open dump-sites apart from some
minor anes scattered all over the metropolis are currently
in use in Minna. They constitiites. public nwsance by the
smell and smoke generated in the course of their
decomnposition and burning respectively.

Ciroundwater is an essential matural resource that needs 1o
be protected ar all cast, because once it is contminated it
iz difficult and expensive w clean up (Amadi er al., 2014).
A study tarpeted m agsessing the suitability of a site for use
as a landfill in order 10 enswre protection to the soil and
water system and avord the occurrence of water-bormne
diseases should be encouraged by all. The choice of site
for sanntary landfill construction.-is critical as the
consequences of a wrong cheice leads to soil and
proundwater pollution, environmental degradation and
various health impact (Rowe, 2011). No effort should be
spared in making accuraie decisions that would lead to the

.
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choice of suitable sites for Tocating a solid waste sanitary
landfill system.

1.1. Study Area

The mvestigated sites (A, B and C) are located wathin
Minna metrcpolis and lie between longitudes 6°24E 1o
7°00'E of the Greenwich Mendian and latitudes 930N 10
10P00'N of the Equator and are accessible through major
roads (Figure 1), The River Chanchuga catchment basi
forms the drainage system for th area and the iributaries
are ephemeral. The area has two seasons: the rainy and dry
seasons. The average anmual rainfall of about 1700mm
while the temperature is about 29°C. The vegewation of the
study area belengs to the savannah rype. The major rock
type in the area is granite, granite-gneiss and schist with
relics of quantz-veins and pegmatites as minor intrusions.

2. MATERIALS AND METHODOLOGY
Geological mapping was carried out in the area 1o know
the rock types in the area. Fresh rock samples were
collected and subjected to bath micro-photographic and
mineralogical analyses to understand the mineralogical
compositon and mode of cecurrence, The petrographic
thin section analysis was camied ot at the Geologieal
Laboratery, Federal University of Technology, Minna
while the mineralogical amalyes was caniced owr the
MNigeran Geslogical Survey Agency, Kadura, Geophysical
mvestigition  eraploying the 1= and 2-D resisuvity
subsurface imaging wore undertaking m the study area to
ohtain  lawral and  wverdcal subguriaee  informetion.
Hydrogeologicul mapping was undertaking to establish the
aquifer types and growndwater Dow dircction Swirie water
tevel values were collecied from 435 hand-dug wells within
the vicinity of the investigated sites. Soil sanples were
collected from izl pits across the sires. A total of five wrial
pis were excavated at €ach site. The samples were
wansported o the Civil Enginearing Laboratory a1 Federal
University of Technology, Mimna, and  Federal
Polytechnic, Bida in polythene bags, for relevant
geotechinical analysis. The analyses were cayied oul in
accordance with BS 1377 standard,

3. RESULTS AND DISCUSSIONS

3.1. Geological Mapping

Information ebtained fram the geological mupping shows
that the area is undelain by three rock tvpes narmely
granites, granyte-gneiss and schist. The sclnst s dipping
toward the east, with dip ranging from 1210 647 cast. The
predontnantly joint direction 1s NE-SW. The petrographie
thin section identified biotite, micrecline, guartz and
plagioclase as the major consinuents of the rock from the
study area (Plares Ia and 1h).
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3.2. Geophysical Investigation
The 1-D model sounding curves show three layers
indicaring four lithological wmits in the subsurface
formations acyoss the study area. Latentic soil, motled
zone, clayey soil and weathered/fresh basement rocks were
the different layers delineated from the VES curves and
geoelectric sections. The motiled zone is a wensironal
layer that exists between the lateritic soil and clay soil. The
dominant curve type in the area is HA (Figure 2).

Table 1: Geeelectrie parameters indicating Curve Types
for profile B
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Figure 2: Sounding Curve Type for HA

The geoelectric section as consirucied from the geoclectric
parameters obtained from VES contained i Table 1
indicates different layers. The resistivity of the mottled
zone ranged between 74 Qm 1o 96 OQm o the depth of
about 1.0m to 1.4m while that of laterite sunged bétween
100 Qm 1o 174 Qum 10 the depth of abowr 0.9m w0 1.3m
The top layer is underlain by clayey sal charactérized with
low resistance which ranged between 13 Qm 1o 86 Qm
with a thickness range of 2.8m o §.0m to the depth of
3.8m w 9.3m. The last layer is the erysialline basement
iock nnit with varying dearee of weathering which has
resistivity values range between 231 Qm 1o 366 Qm Lo a
fairty infinite depth. From the geoelectric sections (Figures
3a and 3b) the clay soil, show low resistivity values due 1o
their charged surfaces and associzted boundary layers of
attracted jons.
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j i, 3b. Geoelectrie Section 1C for site C

The 2-D subsurface images identified different lithologic
layers which are distinguishable based on the response to
electrical current. The resistivity increases away from the
blue colour to the ted and pink colours as indicated on the
inverses model resistivity séctions (Figares 4a and 4b).
The inverse model shows a highly conductive clay layer as
the top laver with resistivity values less than 100 Qmi and
depth extend of about 12m. Underlying the clay layer is
the weathered basement rock unit with resistivity value
ranpe of 110 Qm to 500 Qm, The last Jayer is the highly
resistive bed rock with resistivity values range of 338 Om
1o greater than 1433 Qm extending to a fairly infinite
depth.

3.3. Hydrogeological Mapping
The study area is made up of two aquifer unmits which are;
the regolith aquifer and the fractured aquifer.
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Vi W w G M B B R M e s E mHE E Y Table 2: Representative Hydrogeological Well Data.
j S/N Co-ordinates Altitade  SWL ﬁ?\n{g] H}hm;ghc
! NOYOEO) @ m
a © ) e 6578 286 69 72 2790
¥ st rians 2 963328 657150 278 46 63 273.4
KRR R RN R I R NN N 3 962103 6.57386 299 7.6 83 291.4
s i 4 963008 657583 288 3.5 5.2 284.5
o : 5 962992 6.57553 273 6.0 6.2 267.0
= 6 9.62950 6.57583 276 5.0 5.4 271.0
7 9.62936 6.57578 269 3.7 38 265.3
g o 8 9.62900 6.57611 295 3.6 3.9 291.4
M A M MG m A B oa s s n o b 9 9.62925 6.57606 289 3.7 5.0 2853
i 5 10 9.62919 6.57542 296 3.3 46 292.5
: 11 9.62853 6.37619 284 438 5.0 279.2
g 12 9.62869 6.57603 284 3.4 4.3 280.6
\ 13 962817 6.57619 298 39 40 294.1
S 4 14 9.62761 657772 280 3.6 46 276.4
15 9.62761 6.57789 234 6.9 46 233.1
Bt st 16 9.62742 657811 203 1.2 537 2018
. Fig.4a. Inverse Model resistivity section for profile B3 17 9.62794  6.57825 284 1.0 3:8 283.0 .
B m wm N b e e e b 18 9.62828 657861 285 2.0 40 283.0
— — 19 9.62842 6.57958 293 3.0 54 290.0
. ' 20 062844 658017 294 67 7.1 287.3
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Fig.4b: Inverse Model resistivity section tor profile C3
From the data (Table 2), the average depth to static water Figure 3: Groundwater flow direction of the study ares
level in the study area is about 4m. The depth of the wells
ranged from 2.6m 1o 10m depending on the thickness of
the overburden marerial. The groundwarer flow direction
map generated from the water level data (Fgwe 3)
indicates a NE-SW flow dircetion 1s mainly toward tie
southern portion of the mapped area. This finding isin line
with the resull of the prineiple joint direction. This implies
that the groundwater in the area is structurally controlled,

3.4 Grain size distributions
The result of the grain size distribution and a
representative grading curve are presented in Table 3.
Particle size distribution is one of the key factars: that
mmfluence the hydravlic characteristic of sail. Daniel,
(1993), Rowe et of, (1993), lge, (20013), Oyediran and
Adeyemi, (2011) suggested the minimum of 30% fines and
less than 30% gravel size particles for soil ta be used as
mineral seals in sanitary landfifl. Declan and Paul, (2003)

.
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snggested 10% clay content as requirement for soil o
qualify for use in sanitary landfill as mineral seal.

From the grain size analysis the soil reiained on the BS
sieve No4 ranged from 0.0% to 10%. The sand size
fraction ranges from 8.2% to 42.1% while the amount of
fine particles passing the BS sieve No.200 ranged from
50% to 91.8%. The results of the grain size disiribution are
within the limits suggested by previous authiors. The high
percentage of the fine particles predominantly clay
fractions will influence the low permeability of the seils.
Ogunsawa, (1996) observed that soils containing adequate
amount of sand particle could prevent the sail from
valumetric shrinkage when used as mineral seal.

Table 3: Summary of particle size distribution of soils in
percentage

www. futminna.edu.ng

conductivity, display minimal expansion rate when in
contact with fluid and have low porential for developing
secondary leachate pathways (Benson et af 1994). This
finding is in agreement with the recommendanon of
Benson et ol (1994) for soil 1o be used as mineral seal in
sanitary landfill.

Table 4: Surnmary of Atterbery linits results in percentage

Sites  Label Liquid Plastic Plasticity
Limit (%)  Limit (%) Index
A 33.5 17.1 16.4
B 39.9 2135 184
A C 34.9 18.5 16.4
D 35.0 18.5 16.4
E 42.0 24.1 17.9
F 40,0 20.0 200
G 36.0 18.1 17.9
B H 34.0 19.1 14.9
1 51.5 26.8 24.7
I 47.5 23.6 236
K 44.0 222 21.8
C I 24.3 13.2 11.3
Minimum  24.5 13.2 11.3
Maximum  51.3 26 80 24.70
Mean 38.6 20.23 18.2]

Site Samples Gravel % Sand% Fines%
A A 0.9 36.5 62.6
B 1.8 42.1 56.1
C 0.2 28.2 69.6
D 1.5 289 69.6
B E 0.0 25.5 74.5
F 1.1 24.4 74.5
G 1.0 21.9 77.1
H 0.2 25.8 74.0
C 1 0.0 22 91.8
i 0.2 258 740
K 10.0 40.0 S0.0
L 0.1 24.0 75.9
Minimum 0.0 8.2 50.0
Maximum 10 42.] 91.8
Mean 1.4 30.0 71.6

3.5. Atterberg Caonsistency Limits

The result of the Atterberg consisiency limits are presenied
on Tuble 4. The consistency [hnit tests indicate that the
Iiquid limit of the soils ranged from 24.5% 1o 51.5% while
the plastic limit veried from 12.2% to 26.8%. The
plasueity index ranged from 11.3% 10 24.7% (Table 4).
The plasticity index indicates the fines portion so) and
their ability to c¢hange shape without a change in volume.
Declan and Paul (2003) and Benson et al. (1994) sugeested
a minimum liguid limit of 90% and 20% respectively for
soil 1o be used as mineral sesl in sanitary landfill. This
implies that the soils have ihe potentjal to exhibil low
hydraulic conductivity.

Daniel (1993), Rowe et al. (1995) and lge, (2007).
suggested that plasticity index for soil to be used as
mineral seal must be greater than 7%, The analysed soils
possess quid limits greater tian 20% but less than 90%
and plasticity index preater than 7%, This indicates thut the
have the potental exhibit low Tydraulic

« sails j{e]

4.6. Cempaction Test

This test method was used to determine the velafonship
between Maximum Dry Density (MDD) and the Optimum
Moisture Content (OMC) of the soil samples. The amount
of mechanical energy applied to soil mass s known as the
compaction energy. The standard and modified Proctor
compaction energies were employed in this work. The
results of the MDD and the OMC and 4 représentative plot
of dry density versus moisture content are contained in
Table S. The peak of the curves indicates the MDD and the
corresponding OMC (Fig. 9). The result of the MDD and
OMC of the standard Proctor energy ranged from 1.58
KN/m3 1o 1.82KN/m3 and 16.5% 10 25.9% respectively
while for the modified proctor energy, the scils MDD and
OMC ranged from 1.74KN/m3 to 2.10KN/m3 and 11.0%
to 18.9% respectively. Kabir and Taha (2004) stated that
for a soil to use as mineral seal it should possess MDD nat
Jess than 1.43g/em’ for standard Proctor and 1.64¢/em’ for
nodified Proctor. The analyzed suils have wvalues that
compeie favourably with the recommendations of Kabir
and Taha (2004). Tge and Ogunsawo (2009) stated (hat
MDD increases and OMC decreases with an increase in
compactrve efforts. Tlus may be due to the fact that more
parailel orienration of the phyllosilicate mineral particles
occurs at higher compacuon energy. A higher unit weight
of compaction occurs as the clay particles become closer
on  higher compactive effort. Hence, the moditied
compacuon effort is preferable as it does significantly
reduce the hydraulic conductivity of the soil.

B
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Table 5: Summary of the MDD and OMC of the two
Compaction Energies

Sample Standard Proctor ~ Modified Proctor
Label MDD OMC MDD OoMC
(KN/m®) % (KN/m) %

A 1.70 19.0 1.94 14.0
B 1.76 17.6 2.00 12.0
C 1.7 20.1 1.89 14.0
D 1.74 18.1

E 1.59 24.0 1.88 13.3
F 1.64 1R.5

G 1.49 19.] 1.74 13.9
H 1.58 25.9 1.80 16.5
] 1.68 19.9 £
il 1.70 19.7

K 1.82 17.9 2.10 11.0
L 1.68 16.5 1.87 15.5
Mininium  1.49 17.9 1.74 11.0
Maximum .82 259 2.10 18.9
Mean 1.67 19.96 1.88 15.08

3.7. Coefficient of Permeability
The resuls of the pevmeahility coefficien: are presented &
Table 6. Coefficient of permeability is oae of the critica
factors in the choiee of seil or site for sanftary landfiil. Tt
he function of the stucture and grain size of the soil. Th
coelficient of parmcability of all the anatysed soils wnog
from 3.4 x 107° emis to 3,68 x 10° convs. USEPA (1973

suggest 1 pormeability of IxI07wnls a5 the beundsy

between permedble and mopenmeable inears. Allen (2060
suggested that narwal geological matsriais considered for
attenvation of leachate in landfill should possess an
optimum coefficient permeability range of 10cm/s to 107
Semls. For a soil 1o be used as mineral sesl for the
attenuation of leachate it should have a maximwn
permieability coefficient of 1x107cm/s (Rowe er al, 1995,
Ige and Qgunsawo, 2011, Oyediran and lreeghbuchu,
2013). All the analysed soil samples are m line wits the
findings of Allen (200); Rowe el al (1995) and lge and
Qpunsawo (2011). The soils have the porential 1o exhibit
low to practically impermeable permeability charactenstics
which will enhance grater attenuation of leachaie
contaminant in sanitdry landfill system.

Table 6: Ceefficient of Permesbility of the Sail Samples

Soil A B C
K(em/s) 5.53x10° 4.58x 10" 4.73x10°
Soil D E F
k(cm/s) 3.56%10° 4.81x107 3.85x107
Sl G H I
k(em/s) 1.88x107 473x 10" 4.65x10*
Sail I K L
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k(cm/s) 5.68x10° 3.40x10° 6.42x107

3.8. Clay Mineralogy
Chemical weathering of rock results in the formation of
clay at or near the earth’s surface. The formation of clay as
a result of weathering activities is dependent on four pajor
factors  which inclode; mineralogical and  textural
composition of the parent rock, parosity and permeability
of the parent rock, composition of the agueous solution
and the morphelogy (position aof the weathered parent
rock) (Thair and Oll5, 2008).

Tahle 7: Facial mineralogical composition of same cay
samples
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Trom the minevalogical compositfon of the representative
clay soil, kaolinite is the most dofunant cluy miners! in all
the soil analysed (Table 7). From the oxide composition of
the rock and clay samples ag determined by XRF (Table
%), the major oxides found are SiOa Al;O5 and K50.
These oxides form the composition of potassiom feldspar
and kaolin, and it is ihe transformution of potassium
feldspar into kaolin that forms day as jusiified from the
equation: 2 KAISI;05 + 3 H:0 Al:S1,0: (CH). + 4 Si0;
+ 2 K (OH) (Thair and O, 2008). This therefore implics
that the clays are non-expendable with low cations
exchange eapacity (CEC). The clays will exhibit less
effective surface area of about 10-30m%/g (Thair and OIli,
2008). With the effective surface ares been small, the clays
will exhubit low to moderate expansion o wetring and low
to moderate expansion on drying The high ocerrrence of
quartz as indicated in e diffractograms (Fignre 6) may be
résp<.mS|bIc for the sigmiicant percentage of sand size
pariicles in the grain size distribution,

3.9, Suil Classification
Suils for engineering purposes are classified in accordance

o the Unified Soil Classificanion (USCS) and American
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Association  of State Highway Transport Officials
(AASHTO) Classification systems.

Cwiirs
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X-Ray Diffractogram for a sample

Figure 6: 3

Table 8: Major Oxide Composition of Rock and Soil
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plasticity. Soil sample 1 1is classified as inorganic clay of

high plasticity (CH) because it has hqud limit greater than
50% and occur above the A line. Soil samples J, K and L
fall within the A-6 section of the plasticity chart, which
indicate that they are inorganic clays (CL) of low
plasticity. Soil which fall under groups A-7-6 and A=6
conitain appreciable amounis of fine which makes the sojls

suitable for use as sanitary landfill lmers.
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Samples ] Figure 7: Plasticity chart of the clay soils
Oxide  Rock Samples Clay soi] Samples
., MK] MA1I DBL B F. I J
S10; 74.3 75.10  66.80 356.2 30.80  44.10 4620 4. CONCLUSION
10, 0'3? - Bdl 0'8{ 0-94 1.20 1'_21 ](4 An interated geoseience upproach was used 1o mvesligate
AlLO; 1470 1490 1650 23300 27:20  27.50 2680 three sites in Minna, for the purpose of generaring a data
Fe,O5 416 375 623 458 4.44 8.84 570 that will aid the siting (design and consuuction) of a
MO 0.10 041 029  0.03 0.04 0.05  0.04 snnil'ary ]:lfld deThT - atre?l_hwas ‘l\mdm}klxjn }?yl grani(ljc,
o . granite-gneiss and schist. The soil profile of the study
o 0.2¢ v 2.5 2 ; . .
; MgO 00 0.811.03 ]'%_ 0.96 2.0 43 areas are in the order of top humus soily laterite/motile
-——CuO 243 207 326 045 0.48 0.29  0.60  zone, clay soil and weathered to fresh basement rock.
Ja;0  1.62 1107 2.04 2.01 2.24 2.41 2.09 Inverse model resistivity sections shows a thin to thick
.0 1.03 0.78 1.78 0.82 (.84 0.8% 1.17 hiﬁhly conductive Lla\ey 1:1)’%..]' underlain by weathered
- o ' basement rock which overlays the fresh basernent rock.
PyOs  0.13 Ol% 019 B.01 0.006  0.02 0.008 pp. cape depth of excavation is between 7m to 9m, due to
BaO 001  0.05 024 0006 011 004 0.00] the inhomogencaus nature of the sites. The study area is
LOT 074 052 083 9.64 1.68 1216 1242 made up of the regoliths and fractured aquifer units, The
Toal 100 100 100 99.946 99.996 100  99.399 sroundwater flow direction is NE-SW in accordanice with

In accordance 1o the USCS all the soil simples indicate Pl
greater than 7 and LL less than 50% except for sample 1
which have LL greater than 50%. Based on the soil
classification, all the soil are ¢lassified as inorganic clay
miaterials of low to medivm plasticity with ihie exception of
sample I which is classified as inorganic clay with high
plasticity.  According to the AASHTO classification
systemn, the soil samples analysed have more than 35% soil

particles passing the No.200 sieve, the PI of the soils is
greater than 10% and the LL less than 40%. Hence, the sail
samples are clayey sol with the &\'mbol A-T-6.

On the plasticity chart (Figure 7), samples A, B. C. D, E,
F, G and H fall within the A-7-6 section which indicate
that they are inorganic clay (CL) of low to intamediaie
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the prineiple joint direction in the area. Hence care should
be taking ro protect the groundwater vulnerable area by
minimizing leachate infiltration into groundwater system,
singe the direction of groundwater flow can also serve as
conduit for leachate movement.

The soils are generally well graded possessing the required
amount of fines, clay minerzls and sand size fraction
required for @ soil 10 be used as mineral seal. The clays
possess low, imermediate 1o high plasticity. with low
shrinkage abilities. The coefficients of permeability of the
soils indicare very low permesbility with the soils falling
within the favourable range (1x10°cm/s w 1x10%cm/s) of
optimum hydraulic eonduetivity for attenuation. Although
the sites indicated favourable geotechnical properties, site
A s geological and hydrogeological unsuitable for a
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sanitary landfill as a result of the high weathering and
fracture of the underlying rocks. The fractures can serve as
conduits for possible migration of leachates. Site B and C
have competent rocks that have not experience significant
weathering and fracturing and hence suitable for siting
sanitary landfill system. The integrared approach employed
in evaluaung the sites for sanitary landfill are more
rewarding to using any single meliod to investigate the
sites.
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