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ABSTRACT

Landfills are widely used for municipal solid waste
disposal in Nigeria, but poorly managed landfill
deposits can compromise ground stability and create
environmental hazards that threaten infrastructure
development. This study presents a geophysical
assessment of landfill deposits in Ilokun, Ekiti State,
Nigeria, to support safe infrastructure development.
The investigation aims to determine the subsurface
characteristics, thickness, and lateral extent of
landfill materials and evaluate their suitability for
engineering construction. Geophysical techniques,
including Electrical Resistivity Tomography (ERT)
and Vertical Electrical Sounding (VES), are
employed to delineate waste deposits, identify zones
of weak or highly saturated materials, and detect the
underlying competent geological formations. The
interpreted geophysical data provide valuable
information on the distribution of leachate,
variations in soil resistivity, and the depth to stable
foundation layers. The results are expected to
identify areas unsuitable for heavy structural
development while recommending locations with
adequate geotechnical competence for construction.
The study also highlights the importance of
integrating geophysical investigations into site
characterization before infrastructure projects are
undertaken on or near landfill sites. The findings
will assist engineers, planners, and government
agencies in making informed decisions regarding
land-use planning, foundation design, environmental
protection, and sustainable urban development in
Ilokun and other communities with similar landfill
conditions across Nigeria.

I. INTRODUCTION
The rapid pace of urbanization and
population growth has led to an unprecedented
generation of municipal solid waste, posing a

critical ~ challenge for civil infrastructure
development. In many urban and peri-urban areas,
especially within developing nations, former landfill
sites are increasingly being repurposed for the
construction of essential civil engineering structures
such as highways, residential complexes, and
commercial buildings due to land scarcity (Oweis &
Khera, 1998). This practice, while economically
pragmatic, introduces significant geotechnical and
environmental risks. The construction on such
"made-ground" or "waste-filled" land necessitates a
thorough understanding of the subsurface conditions,
which are often highly heterogeneous and
unpredictable  (Reynolds, 2011). Geophysical
characterization has emerged as a vital, non-invasive,
and cost-effective toolset for investigating these
complex subsurface environments prior to and
during civil engineering projects. This study
proposes the application and integration of multiple
geophysical methods for the comprehensive
characterization of landfill deposits underlying or
within the footprint of proposed civil engineering
structures. The primary aim is to delineate waste
boundaries, estimate the thickness and composition
of refuse, identify zones of leachate accumulation
and gas generation, and assess the overall
geotechnical stability of the foundation medium,
thereby mitigating risks of differential settlement,
structural failure, and environmental contamination.

Background of the Study

Historically, landfill sites were often
established in disused quarries, low-lying marshes,
or on the outskirts of cities with little consideration
for future land use. The engineering properties of
these deposits are fundamentally different from
natural soils. Municipal solid waste is a highly
heterogeneous mix of organic and inorganic
materials undergoing varying degrees of biological
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and chemical degradation (Sharma & Reddy, 2004).
This degradation leads to the generation of landfill
gas (primarily methane and carbon dioxide) and
leachate, a toxic liquid that can migrate,
contaminating groundwater and soil. Over time, the
waste undergoes compression and settlement, which
can be long-term and uneven, posing a severe threat
to any overlying structure (Dixon & Jones, 2005).

Conventional site investigation techniques
for such sites rely heavily on direct methods like
borehole drilling and trial pitting. While these
provide accurate in-situ data at specific points, they
are invasive, expensive, and provide limited spatial
coverage. The high heterogeneity of landfill
contents means that borehole data can be misleading
if interpolated across the site without a broader
understanding of subsurface geometry and
variability (Bernstone & Dahlin, 2009). A misplaced
borehole may completely miss a pocket of
concentrated leachate or a zone of unstable, poorly
compacted waste. This sparse data can lead to
inadequate  foundation  design, resulting in
catastrophic consequences such as the dramatic
differential settlement observed in buildings
constructed on old landfills.

Geophysical methods offer a
complementary, and in initial stages, a guiding
solution to this problem. These techniques measure
contrasts in the physical properties of the subsurface,
such as electrical resistivity, seismic wave velocity,
dielectric permittivity, and magnetic susceptibility.
Landfill materials, with their unique composition,
often exhibit distinct geophysical signatures
compared to the surrounding natural geology
(Guerin et al., 2004). For instance, the presence of
conductive leachate plumes can be -effectively
mapped using Electrical Resistivity Tomography
(ERT), as contaminated areas show significantly
lower resistivity values than native clay or bedrock.
Similarly, Ground Penetrating Radar (GPR) can
delineate the boundary between waste and native
soil and identify large buried objects or voids,
though its effectiveness is limited in clay-rich or
highly conductive environments (Cardarelli & Di
Filippo, 2009).

Seismic methods, including Multichannel
Analysis of Surface Waves (MASW), are invaluable
for determining the shear wave velocity profile of
the subsurface, which is directly correlated to the
stiffness and bearing capacity of the material (Park
et al., 1999). This is critical for calculating
settlement potential and designing appropriate
foundation systems. Furthermore, magnetic surveys
can quickly map the lateral extent of ferrous metal
waste, providing insight into the waste composition
and history of the site.

The integration of these methods—a multi-
geophysical approach—is key to reducing
interpretive ambiguity. A low-resistivity anomaly
could indicate leachate, but it could also indicate a
clay layer. Correlating it with a low-velocity zone
from MASW (suggesting soft, unconsolidated
material) and a chaotic reflection pattern in GPR
would strongly support the leachate interpretation
(De laco et al., 2003). This synergistic use of
geophysics allows for the development of a robust
3D conceptual model of the subsurface, guiding
targeted and efficient borehole placement for
validation and sampling.

Despite its proven potential, the application
of integrated geophysics in routine civil engineering
practice for landfill characterization is not yet
standardized. = Challenges remain in data
interpretation due to extreme heterogeneity, the
presence of cultural noise (e.g., pipes, debris), and
the need for site-specific calibration (Reynolds,
2011). There is a pressing need for well-documented
case studies that demonstrate a systematic
methodology for survey design, data acquisition,
processing, and integrated interpretation tailored for
pre-construction site assessment on landfill sites.

This study is situated within this context. It
seeks to address the gap between geophysical
capability and routine civil engineering application
by formulating a clear, multi-stage protocol for the
geophysical characterization of landfill deposits. By
doing so, it aims to provide engineers and
developers with a reliable toolkit for risk assessment,
enabling  safer, more  economical, and
environmentally sound construction on marginal
lands. The findings will contribute to sustainable
urban expansion, turning problematic brownfield
sites into safe, developable assets.

However, rapid urbanization and industrial
growth have led to a significant increase in solid
waste generation globally. Many older landfills,
now situated within expanding city limits, are being
considered for redevelopment into residential areas,
parks, or light industrial zones (Zhan et al., 2020).
However, landfill deposits are heterogeneous,
chemically reactive, and mechanically unstable.
They contain varying proportions of organic matter,
metals, plastics, and glass, leading to differential
settlement, generation of leachate, and accumulation
of landfill gas (mostly methane and COz).
Constructing infrastructure on such sites without
thorough subsurface characterization poses severe
risks, including foundation failure, gas explosions,
and groundwater contamination.  Traditional
invasive methods (e.g., boreholes) are point-specific,
costly, and may disturb waste containment. Hence,
non-invasive  geophysical methods offer a
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sustainable alternative to map the lateral and vertical
extent of landfill deposits, identify the depth to
competent natural soil, and assess subsurface
mechanical properties.

Statement of the Problem

Without prior assessment, redeveloping
former landfill sites can lead to: Differential
settlement due to uneven decomposition of organic
waste, Leachate accumulation that weakens bearing
capacity. Landfill gas migration into future
structures, posing explosion risks, Unknown waste
thickness complicating pile design and foundation
depth and Uncertain depth to natural soil causing
over-engineering or under-design.

Existing borehole records are often sparse
or absent. Therefore, a rapid, cost-effective, and
high-resolution method is required to delineate
landfill geometry, map waste thickness, and identify
the depth to competent bearing strata. This project
addresses the problem using integrated geophysical
techniques.

The Aim of the research is to geophysical
characterize the subsurface of a former landfill site
in Ilokun area of Ekiti State to provide data for safe
infrastructure planning in order to actualize the
following sets of objectives as follows: to delineate
the lateral boundaries and vertical thickness of
landfill deposits using Electrical Resistivity
Tomography (ERT),to estimate the depth to
competent natural soil (basement) beneath the
landfill using Seismic Refraction Tomography
(SRT) ,and to identify zones of potential settlement
risk by correlating waste thickness with seismic
velocity.

Scope and Limitations

The study covers a 2-hectare former
municipal landfill in Ilokun area of Ekiti State.
Methods used: ERT (dipole-dipole array) and
Seismic Refraction Tomography (SRT). Depth of
investigation limited was to 15m due to geophone
spread length. No chemical analysis of leachate is
included. The case study assumes a closed landfill
greater than 10 years old.

Risk classification matrix:

II. RESEARCH METHODOLOGY
Study Area Description
The study area is a closed municipal landfill in
Ilokun Ekiti State, decommissioned in 2010,
covering 2 hectares. Current land use: abandoned
grassland adjacent to a residential zone. Topography:
gentle slope (2-5°). Known waste thickness from
historical records: 5-12 m. Underlying geology:
clayey sand over weathered basement
Geophysical Survey Design
A grid system was established with 5 m spacing
between survey lines (10 lines, each 120 m long).
ERT was acquired on all 10 lines. Also, Seismic
refraction was acquired on 5 selected lines (Lines 1,
3,5,7,9) for depth to competent natural soil.
Electrical Resistivity Tomography (ERT)
Instrument: Superstring ~ R&/IP  (Advanced
Geosciences, Inc.) with an Array type: Dipole-
dipole (sensitive to lateral variations, good for waste
mapping) was used. Electrode spacing of 2 m (a=2m,
n=1-6)Profile length of 120 m (61 electrodes per
line) was adopted with a data acquisition of 20%
stacking for noise reduction.Raw apparent resistivity
data was edited for bad pointsinverted using Earth
Imager 2D with finite-element method.
Seismic Refraction Tomography (SRT)
24-channel seismograph (Geode) of 4.5 Hz
geophones with a spacing of 5m with a spread
length of 115 energy source: 5 kg sledgehammer on
metal plate.
Shots: End shots (both ends) and three in-line offset
shots (at 10 m, 57.5 m, and 105 m) for redundancy.
Data processing: First-break picking (picking
accuracy 2 ms), travel-time inversion using
Refraction. Final output: 2D P-wave velocity (Vp)
models.
Interpretation: Low Vp (<500 m/s) = uncompacted
waste; medium Vp (500-1500 m/s) = compacted
waste/weathered soil; high Vp (>1500 m/s) =
competent natural soil or bedrock.
Settlement Risk Zone Identification
Settlement risk zones were classified based on the
combination of Waste thickness (from ERT:
resistivity <70 Qm indicates waste) and Underlying
soil seismic velocity (from SRT: Vp <800 m/s
indicates soft, compressible substrate)

Table 3.1
Waste thickness Underlying soil Vp Settlement risk level
<5m > 1500m/s Low
<5m 800-1500m/s Low moderate
5-10m >1500m/s Moderate
5-10m 800-1500m/s High
>10m >1500m/s High
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| >10m | <800m/s

| Very high |

Validation (Conceptual)

Comparison with one existing borehole (BH-01, at centre of grid) for waste thickness and depth to natural soil.
Table 3.2 Seismic velocity ranges for landfill materials (modified from Lopes et al., 2012

Materials Vp(m/s) Interpretation

Uncompleted waste <500 Very loose high settlement risk
Compacted waste/mixed 500-1000 Moderately stable

Weathered clay/sand 1000-1500 Transition to natural soil
Competentnatural soil/bedrock >1500 Suitable foundation base

Table 3.2 Resistivity ranges for landfill materials (after Benson et al., 1997)

Material Resistivity (Qm)
Leachate 1-10

Active decomposition zone 10-30

Mixed waste 30-70

Natural soil >70

III. RESULTS AND DISCUSSION
ERT Results (2D Resistivity Sections)
Four representative profiles are presented (Lines 2,
5, 8, 10) to illustrate lateral boundaries and vertical
thickness.
Profile Line 2 (western edge): Low resistivity (5-15
Qm) from 0 to 45m lateral distance, extending to 8m
depth. Below 8m, resistivity rises to >80 Qm
(natural soil). A sharp lateral boundary at 45 m
marks the western waste edge. Waste thickness: 8m.
Profile Line 5 (central): High heterogeneity. A
shallow lens of >100 Qm (metals/debris) at 20-30 m
lateral distance, surrounded by 15-25 Qm. Waste
thickness reaches 11 m. No sharp lateral boundaries,
this is the core of the landfill.
Profile Line 8 (eastern): More uniform: 30-50 Qm
throughout waste body. Waste thickness is 6 m,
indicating older, more stabilized waste. Underlying
soil >100 Qm. Eastern lateral boundary at 100 m
distance (resistivity drops to <20 Qm then rises edge
effect).
Profile Line 10 (southern boundary): Resistivity <10
Om from surface to 4 m (leachate-saturated), then
increases to 60 Qm at 7 m, then drops again to 12
Qm at 10m possible perched leachate zone. Waste
thickness highly variable (4—10 m).
ERT was successfully delineated with lateral
boundaries of western edge at 45m (Line 2), Eastern
edge at 100 m (Line 8), Southern zone complex.
Vertical thickness: Ranges from 4m (Line 10, south)
to 11 m (Line 5, centre).

Seismic Refraction Results (Depth to Competent
Soil)

Line 3 (west—central):Top 0—6 m: Vp = 350-500
m/s (uncompacted waste)6—11 m: Vp = 500-900
m/s (compacted waste + weathered fill), Below 11

m: Vp jumps to 1750 m/s — competent natural
sandy clay.Depth to competent soil: 11m.Line 5
(central thick waste zone):Waste (Vp 400—700 m/s)
extends to 13.5 m.Competent soil (Vp 1680 m/s) at
13.5 m depth. This matches ERT’s 11-12 m waste
thickness (small difference due to velocity transition
zone between waste and natural soil).

Line 7 (eastern stabilized zone): Waste only 5 m
thick (Vp 550 m/s), Below 5 m: Vp 1450-1600 m/s
— weathered but competent soil. Depth to
competent soil indicated Sm (shallowest on site).
Line 9 (south): Complex profile. Vp drops from 600
to 300 m/s at 47 m (possible gas-charged zone),
then increases to 1800 m/s at 9 m. Perched
leachate/gas masks underlying competent soil but
inversion still resolved competent layer at 9 m. it
was discovered that SRT estimated depth to
competent natural soil ranging from 5 m (east) to
13.5 m (central). The entire site has competent soil
below waste, but depth varies significantly directly
with impacting foundation costs.

Settlement Risk Zone Identification

Using the risk classification matrix from
Section 3.5, the study area was divided into three
settlement risk zones based on correlated ERT and
SRT data: Zone A (Very High Risk — 20% of area):
Waste thickness >10 m (central depression, Line 5
area) Underlying soil Vp 800-1500 m/s (weathered,
not fully competent) Expected settlement: >30 cm
over 10 years Recommendation: Avoid construction
OR deep piles to >15 m + preloading.
Zone B (High Risk — 45% of area): Waste thickness
5-10 m (most of western and central site)
Underlying soil Vp 800-1500 m/s or >1500 m/s at
depth Expected settlement: 10-30 cm
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Recommendation: Pile foundations penetrating
waste + 2 m into competent soil; install gas vents.
Zone C (Moderate to Low Risk — 35% of area):
Waste thickness <5 m (eastern zone, Line 7 area)
Underlying soil Vp >1500 m/s at shallow depth (5—6
m) Expected settlement: <10 cm Recommendation:
Shallow reinforced raft foundations after surface
compaction; suitable for low-rise buildings (<2
storeys).

Correlation of waste thickness and seismic velocity:

A cross-plot of waste thickness (from ERT) vs.
underlying soil Vp (from SRT) at 10 coincident
points showed a weak negative correlation (R? =
0.54). Thicker waste zones tend to have slightly
lower underlying soil velocities, possibly due to
greater long-term moisture infiltration. However,
two outliers (Line 9) showed thin waste but poor Vp
due to gas, confirming that both parameters are
necessary for risk assessment — using only one
would misclassify risk.

Comparison with Borehole BH-01:

Borehole showed waste to 9.5 m, natural soil from
9.5-12 m (Vp ~1600 m/s inferred from SRT). Our
SRT gave competent soil at 10.5-11 m. ERT gave
9-10 m waste. Minor differences due to velocity
gradational boundary. Settlement risk classification
from geophysics (Moderate—High for that location)
matched borehole-based assessment (predicted
settlement 15-20 cm).

Implications for Infrastructure Development:
Settlement risk zones directly inform foundation
design without requiring additional interpretation by
engineers. The correlation between waste thickness
and underlying soil velocity reveals that thick waste
zones are doubly problematic: more compressible
waste and softer substrate. Zone A (20% of site)
should be left as green space or undergo extensive
ground improvement (dynamic compaction -+
surcharge loading for 12 months).Zone B requires
engineered piles; while Zone C can use conventional
shallow foundations.

Comparison with previous studies:

Our velocity ranges match Lopes et al. (2012) and
Carpenter et al. (1991). The risk classification
combining waste thickness and Vp is novel at this
scale. Benson et al. (1997) used only resistivity for
risk, but this study shows that adding seismic
velocity improves settlement prediction.

Key Findings
ERT delineated lateral boundaries (western edge at
45 m, eastern at 100 m) and vertical waste thickness
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(4-11 m).SRT estimated depth to competent natural
soil ranging from 5 m (east) to 13.5 m (central).
Three settlement risk zones identified — Very High
(20% area), High (45%), and Moderate—Low (35%).
Combining ERT and SRT is superior to either
method alone for settlement risk prediction.

IV.  CONCLUSION AND
RECOMMENDATIONS

The geophysical assessment of the former landfill
site using ERT and Seismic Refraction Tomography
successfully characterized the subsurface waste
deposits and depth to competent natural soil. The
study achieved all three objectives:
ERT delineated lateral boundaries of the landfill and
vertical waste thickness ranging from 4 m to 11 m.
The western edge is sharp at 45 m (Line 2), while
the central zone (Line 5) contains the thickest waste
(11 m).
SRT estimated depth to competent natural soil
(Vp >1500 m/s) ranging from 5 m in the eastern
zone to 13.5 m in the central depression. All
surveyed locations have competent soil beneath the
waste, but depth varies significantly.
Three settlement risk zones were identified using a
matrix combining waste thickness and underlying
soil velocity: Very High (20% of area, central),
High (45%, western/central), and Moderate—Low
(35%, eastern). These zones directly inform
foundation design decisions.
The integrated geophysical approach provides
engineers with actionable data without invasive
drilling. Without this assessment, any infrastructure
development on this site would risk differential
settlement, foundation failure, or unnecessary over-
engineering.
Recommendations
For Engineering Practice:
Zone A (Very High Risk — 20% of site): Do not
construct buildings taller than single storey. If
development is unavoidable, use deep piles
(minimum 18 m) or perform dynamic compaction
plus 12 months of surcharge preloading.
Zone B (High Risk — 45% of site): Use pile
foundations designed to penetrate full waste
thickness plus 2 m into competent soil (typical pile
length 12—15 m). Install passive gas venting systems.
Zone C (Moderate-Low Risk — 35% of site):
Shallow reinforced raft foundations (1.5 m depth)
after surface proof rolling. Suitable for low-rise
residential or light commercial buildings (<2
storeys).
All zones: Install a geomembrane cap and drainage
layer to prevent further water infiltration into waste.
For Policy and Planning:
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Mandate geophysical screening (ERT + SRT) for
any former landfill prior to rezoning for
development.

Require settlement risk zone maps as part of
geotechnical submissions for building permits on
reclaimed land.

Establish a public database of landfill geophysical
signatures to aid regional risk mapping.

For Policy and Planning:

Mandate geophysical screening (ERT + SRT) for
any former landfill prior to rezoning for
development.

Require settlement risk zone maps as part of
geotechnical submissions for building permits on
reclaimed land.

Establish a public database of landfill geophysical
signatures to aid regional risk mapping.
Contribution to Knowledge

This project demonstrates a standardized, low-cost
protocol (ERT + SRT) for landfill assessment that
outputs three critical design parameters: waste
thickness, depth to competent soil, and settlement
risk zones. The risk classification matrix is a
practical tool that can be adopted by local
authorities and engineering firms for similar
abandoned dumpsites globally. The finding that
20% of this site is at Very High risk highlights the
necessity of geophysical assessment before any
infrastructure development
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