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Foreword

This report is the published product of a study by the British Geological Survey (BGS) in
partnership with Cardiff University, Aberdeen University, the University of Lagos and the
University of Ibadan to develop a Groundwater Demonstrator for Lagos. The report aims to
present the current conceptual understanding of groundwater systems underlying the state by
compiling all pre-existing and openly accessible groundwater data and research, which was then
supplemented by groundwater level data and key water quality parameters collected by the
University of Ibadan and the University of Lagos at 44 sites across Lagos State since 2021.
Results from this study can be used to inform future hydrogeological investigations across the
state, allowing for stakeholders to better understand, monitor and manage the state’s
groundwater resources.
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Summary

With a population of 15 million in 2020 and an annual population growth rate of 3.5%, Lagos
mega-city is predicted to be the world’s most populous city by 2100 (Desjardins, 2018). The city
is grappling with a critical water-supply challenge (Lagos Water Corporation, 2010; UN News,
2016), exacerbated by inadequate infrastructure and a growing population (Jideonwo, 2014;
Balogun et al., 2017; Olabode and Comte, 2024). Lagos’ piped water supply system originally
dates to 1910, with the first official commissioning in 1915 (World Bank, 1988). This was followed
by numerous expansion and modernization projects up to 1991. In 2004 within the framework of
the National Urban Water Sector Reform Programme (NUWSRP), Lagos State Water Supply
Project was initiated to increase access to public water supplies as part of a 15-year expansion
program (FMWR-NUWSRP, 2004). Despite those interventions it is estimated that less than one
tenth of the population of Lagos City have access to a municipal water supply.

In the absence of piped water, the majority of residents are reported to rely upon groundwater as
their primary source of drinking water, largely through privately installed wells and boreholes.
Groundwater also supports abstraction for industry across the State. Despite the reliance of Lagos
on groundwater, information on the characteristics of the underlying groundwater resource is
sparse and fragmented. In 2024, the Resilient Water Accelerator (RWA) — a global initiative
bringing together decision makers, technical experts, and investors to address water insecurity
and risk — launched the Lagos Water Partnership (LWP). This initiative aims to address the issue
of water security in Lagos by driving investment in climate-resilient water projects, striving to
maximise the potential of groundwater in playing an increasingly strategic role in the provision of
climate-resilient water supply through this partnership (Healy, 2024).

Whilst groundwater has the potential to offer climate-resilient water supplies, the current lack of
in-depth understanding of the groundwater resources across Lagos State hinders its effective
development and management. Previous efforts to understand and model the State’s underlying
aquifers are inadequate and built upon limited data.

This report synthesizes available groundwater data and information to assess the groundwater
system underlying Lagos State, providing an updated understanding of the region’s aquifers,
identifying key knowledge gaps and uncertainties, and offering recommendations to address
these concerns to ensure the future sustainability of Lagos’ groundwater resources.

Across Lagos, the key regional aquifer systems, all of which contain multiple water-bearing
horizons, are summarized below.

1. The shallow aquifer system comprises the hydraulically connected and generally
unconfined Alluvium and Upper Coastal Plain Sands (UCPS). Lithology consists of
highly heterogeneous, unconsolidated and poorly to moderately sorted sands, gravels,
clays, silts and muds, which are intercalated, with facies rapidly changing. The aquifer
thickens southward, from up to ~ 30 mbgl in the north, to ~ 160 mbgl in the south; with
thickness of individual water-bearing sand and gravel horizons typically ranging from 5 to
30 m. Information on aquifer properties are limited, but transmissivity locally heterogenous
and varies significantly over large scales, with estimates ranging from 13 to 2333 m?/day.
Yields of up to 100 m3hour have been recorded in Shomolu. This aquifer is highly
vulnerable to degradation and depletion, although issues appear to be localised, confined
to specific areas of anthropogenic contamination and over-abstraction. Within the central
coastal belt, from Apapa to Lekki, saline intrusion is evident, and significant abstraction
from limited freshwater lenses is likely to cause upconing or further saline intrusion.
Outside of this belt, where contamination risks can be managed, the aquifer can support
small-scale domestic supply but is unsuitable for large-scale public supply.

Vi



2. The Lower Coastal Plain Sands (LCPS) appears to be a moderately to highly productive

aquifer system, comprising of intercalated and unconsolidated sands, gravels, clays and
lignites, and sand content is typically higher within the LCPS than the UCPS. A near-
continuous clay layer (semi-)confines the LCPS, minimising hydraulic connectivity with the
shallow UCPS aquifer or surface water and largely protecting the LCPS from
anthropogenic contamination and saline intrusion. The LCPS generally ranges from 30 to
50 m thickness in the north but can be over 80 m thick in the south, reaching depths of at
least 290 mbgl in some locations. Thickness of individual aquifer horizons typically range
from 2.5 to 45 m. Aquifer properties are highly variable due to rapidly changing facies and
spatial heterogeneity. Transmissivity ranges from 95 to 3700 m?day, with higher
transmissivity generally reported in the south of the state. Productivity is not widely
reported, although transmissivity values suggest the aquifer has the potential to support
larger-scale public and industrial water supply if adequately planned and managed.
Further investigation is required for full characterisation and to fully understand
contamination risks. Despite concerns of over-abstraction and declining water levels,
recent monitoring data suggests that water levels might be slowly rebounding in some
parts of Lagos City. Continuing long-term monitoring is essential.

The Abeokuta Formation is the deepest and potentially the most productive aquifer
system underlying Lagos State. The aquifer comprises of sandstones, gritstones and
basal conglomerates, intercalated with claystone, siltstone and shale aquicludes, and is
believed to be hydraulically separated from the UCPS and LCPS aquifers by the llaro and
Ewekoro Formations. The aquifer is encountered at depths below 450 mbgl in the north,
and due to the southerly dipping nature of the sediments underlying Lagos State, will be
even deeper in the south (depth unknown). Total aquifer thickness is expected to range
from 250 to 300 m. Limited information on aquifer properties is available, with reported
transmissivity ranging from 2189 to 3200 m?/day. The aquifer is expected to be high
yielding (reported yields of up to 200 m3/hour in Ogun and Osun states) and of general
good quality, but further investigation is needed to characterise this system within Lagos
State. The Abeokuta Formation may present an economically viable resource for larger-
scale abstraction, including public or industrial supply, more likely where the system is
shallower in the north of the state. Presence of some ferruginous sandstone horizons
suggests a potential risk of elevated iron concentrations, although this can be treated and
poses minimal risk to human health.

Whilst a simplified overview of these aquifer systems can be made across the state, due to
geological complexity, the UCPS and LCPS aquifers are heterogeneous and display a high level
of hydrogeological variability, even at a local scale. Therefore, within this more regional overview,
six initial typologies have been identified, reflecting variations between the three main aquifer
systems, with each typology presenting differing opportunities and risks. These typologies can be
broadly summarized as:

Typology A: Inland Northwest describes the aquifer systems in the north-west of Lagos
State, from Agege to lkorodu. It comprises of heavily urbanised and industrialised zones.
Groundwater in this region is used for both domestic and industrial water supplies, sourced
from shallow wells and a mixture of low-volume motorised boreholes operated by
households and high-volume motorised boreholes operated commercially. Both the CPS
aquifers and the Abeokuta Formation are utilised in this area, although only industrial
boreholes tend to tap from the Abeokuta Formation due to its depth (> 460 mbgl). The
alluvium is generally absent, other than in river floodplains. The UCPS here comprises of
up to 30 m of sand with intercalated clays and is occasionally semi-confined. Whilst saline
intrusion is not evident, localised anthropogenic contamination is apparent within the
shallow aquifer. The confined and more sand-dominated LCPS, bearing fresh
groundwater, is separated from the UCPS by an up to 60 m thick clay aquitard, and is
encountered typically at depths from ~ 70 to ~ 120 mbgl. The Abeokuta Formation is
encountered at depths below ~ 450 mbgl, with 10 to 30 m thick sand horizons providing
deeper groundwater resources, expected to be fresh and of good quality.
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Typology B: Lagos Mainland Urban Centre describes the aquifer systems around
Lagos mainland’s urban centre, from Gbagada to Aguda. It comprises of high population
density, heavy urbanisation and industrialization. Groundwater in this region is used for
both domestic and industrial water supplies, sourced from shallow wells and a mixture of
low-volume motorised boreholes operated by households and high-volume motorised
boreholes operated commercially. Interbedded sands, gravels and clays of the UCPS
are found up to depths of 70 mbgl, thinning southward, with evidence of anthropogenic
contamination within much of the shallow aquifer across this typology and evidence of
saline intrusion towards the lagoon. Here, the LCPS is much better suited for potable
water supply systems and is separated from the UCPS by a 10 to 45 m thick clay
aquitard, with groundwater generally being fresh and expected to be largely protected
from anthropogenic contamination. Found at depths typically below 90 mbgl, water-
bearing sand and gravel horizons are typically 6 to 34 m thick and appear to have good
potential for abstraction, although localised over-abstraction is evident. The thickness,
sand content and productivity of aquifer horizons increases southwards. Information
surrounding the Abeokuta Aquifer in this area is unavailable

Typology C: Urbanised Coastal Centre covers the aquifer systems along the central
coastal belt from Apapa to Lekki, characterized by high population density, urbanization,
and industrialization. Groundwater in this region is used for both domestic and industrial
water supplies, sourced from shallow wells and a mixture of low-volume motorised
boreholes operated by households and high-volume motorised boreholes operated
commercially. Overlain by alluvium, the UCPS reaches depths of up to 190 mbgl and
consists of 10 to 60 m thick beds of medium to coarse grained sands and gravels,
intercalated with clayey sand and clay layers of up to 75 m thickness. Here, the UCPS
faces localized anthropogenic contamination and saline intrusion, resulting in borehole
abandonment. Small-scale domestic supply relies on a shallow freshwater lens within
the UCPS, which risks upconing of saline water if over-exploited, although there is also
risk of degraded water quality from anthropogenic sources within this shallow lens.
Generally found at depths of below 160 mbgl, the medium to coarse grained sand and
gravel aquifer horizons of the LCPS are hydraulically disconnected by the UCPS by a 5
to 15 m thick clay aquitard. Better protected from saline intrusion and anthropogenic
contamination, the LCPS is reported to produce fresh water, hence is more suitable for
potable water supply and large-scale abstraction. Data from the Abeokuta Formation is
lacking, but it is likely too deep for abstraction to be economically viable.

Typology D — Coastal Southwest at Badagry describes the aquifer systems across
Badagry LGA, a coastal area situated between Lagos City and the Benin border. It
comprises an urban centre and surrounding rural communities. Groundwater in this
region is predominantly used for domestic supply, sourced from hand-dug wells and
motorized boreholes, mainly drawing from the shallow aquifer system (sandy clay
alluvium and UCPS), which extends to ~ 100 mbsl. Localised anthropogenic
contamination, attributed to the shallow water table is evident, although there appears to
be limited evidence of saline intrusion. Found at depths from 300 to 400 mbsl and
separated from the UCPS by a ~ 200 m aquitard, the sand-dominated LCPS aquifer
system appears more suitable for water supply due to the presence of more extensive
sands and is expected to be highly productive with good water quality. The Abeokuta
Formation aquifer is found beyond 958 mbgl, making it unsuitable as an economically
viable aquifer system in the area, therefore is disregarded within this typology.

Typology E: Lithological Anomaly at Lakowe describes the lithological anomaly
observed within the aquifer systems between Awoyaya and Lakowe in Ibeju-Lekki,
situated between Lagos Lagoon and the coastline, east of Lagos. The area, less
developed than the Lagos mainland, Victoria Island, and Lekki, has experienced rapid
urbanization in recent years, transitioning into a growing commercial and residential zone.
Within this typology, aquifer systems do not appear to be suitable for any significant water
supply, due to the UCPS and LCPS being clay dominated. Shallow UCPS sand horizons
suffer anthropogenic contamination, whilst deeper sand horizons bear brackish water.
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e Typology F: Inland Northeast at Epe is located in northeastern Lagos, extending from
Epe town and ltoikin northward to the border. This area includes both urban and rural
zones, with urbanization concentrated around Epe town and near the lagoons. Protected
wetlands are increasingly threatened by development, sand-mining and uncontrolled land
reclamation. Water usage is for domestic, industrial and agricultural purposes, including
irrigation (cassava, pineapple, rice). Here, the undifferentiated CPS aquifer is clay-
dominated, with only thin (~ 5 m) and non-laterally extensive sand horizons, hence only
appears suitable for small-scale domestic supply. Found at relatively shallower depths
(from 211 mbgl) than the rest of the state, the sandstone horizons of the Abeokuta
Formation may be more appropriate for larger-scale abstraction or public water supply
and is expected to be highly productive and of good quality. However, further
hydrogeological investigation is required, as current data for the area is limited.

Further refinement of these typologies, and their transition zones, are still required for more robust
conceptualization of the groundwater system at the state-scale.

Based on the limited data available, within the UCPS and LCPS the overarching trends across
Lagos State appear to reflect:

¢ Increased thickness of aquifer from north to south;
¢ Increased sand content from north to south;
¢ Increased productivity (yields and transmissivities) from north to south.

Until recently, a lack of observational data on groundwater quality and quantity has resulted in a
speculative narrative of state-wide groundwater depletion and contamination based on limited
evidence. However, monitoring data collected by the University of Lagos (UNILAG) and the
University of Ibadan (UNI-IBADAN), analysed as part of this report, suggest that depletion and
contamination is localised, rather than widespread.

Significant uncertainty remains in our conceptualisation of Lagos State’s groundwater resources,
as the updated conceptual understanding proposed within this report has been developed from
pre-existing literature of varying quality, quantity and reliability and a relatively short period of
monitoring. These uncertainties include development of a geological framework from minimal
direct borehole logs, with increased reliance on pre-interpreted geophysical data; uncertainties in
pre-existing data interpretation; and limited spatial coverage. Additionally, the Lagos Groundwater
Demonstrator monitoring networks are not yet strategically widespread, and it is possible that
observed localised depletion and quality concerns may be less localised than currently
understood, and that further zones of concern are not yet identified. Furthermore, a lack of
supplementary information, such as abstraction regime and borehole information, limit the
potential for monitoring data analysis.

Given the dependence of Lagos on its groundwater systems, we recommend the implementation
of a comprehensive programme of activities designed to safeguard this essential resource into
the future:

1. Stakeholder Engagement and Data Collation: We recommend that Lagos State initiate
a ‘Big Conversation on Groundwater’, engaging professionals, practitioners, policy
officials and the public. We propose that Lagos State develop a groundwater database
that collates available data on groundwater and provides a means to display this data in
the future to inform groundwater governance and decision-making.

2. Development of a Robust Groundwater Monitoring Network: \We recommend that a
robust, strategic and co-ordinated monitoring network is established and maintained
across all aquifer systems, ensuring good spatial coverage. We propose that this should
incorporate the exiting UNI-IBADAN and UNILAG network; engage a cadre of committed
and knowledgeable borehole owners and extend future data collection at sites with historic
monitoring records. These efforts should include addressing existing data gaps, ensuring



proper management and maintenance of monitoring points, and collecting long-term water
level and quality data to support evidence-based decision-making.

3. Further Hydrogeological Investigation: We recommend that further hydrogeological
investigation be undertaken to more fully understand the groundwater typologies occurring
in Lagos State and the connectivity of the aquifers. We propose that the data collated and
collected through the first two phases described above should be used to verify, further
refine and expand the conceptual model of the Lagos groundwater system, supporting the
planning of further investigation. This will involve refining the geological framework (e.g.
geophysical surveys); groundwater level, flow and depletion mapping; water quality
assessments; pumping tests to define hydraulic properties and evaluate sustainable
yields; closing the water balance (understanding recharge and discharge); and
socioeconomic surveys to understand groundwater use across different sectors. This
information could be fed into a numerical groundwater model which, following capacity
building and training, could be handed over to relevant authorities and decision-makers
supporting water supply efforts across the state. This model would be crucial for enabling
evidence-informed decision-making to ensure long-term sustainability and resilience of
groundwater resources for water supply in Lagos State.

4. Improvement of Groundwater Practice, Policy and Management: We recommend that
the critical role played by small-scale abstractors (households, institutions and small
businesses) in maintaining functional water supply infrastructure is formally acknowledged
and planned for. We propose that Lagos State adopt a policy of conjunctive water
supplies, maintaining the long-term inclusion of groundwater-fed supply in areas where
quality and quantity is sufficient. In areas where groundwater supplies are suitable for
larger scale abstraction, support should be provided to small-scale private users of
groundwater in the medium term, with the long-term aim to transition from small-scale
private supplies to strategic (centralized or decentralized) public water supplies, which
may also be dependent upon groundwater. Key activities could include the establishment
of a dedicated monitoring division; groundwater productivity and vulnerability mapping;
abstraction regulation (e.g. licenses, permits); the development of source protection
strategies to ensure long-term water security; explore household engagement toward
groundwater management; launch a public awareness campaign on the theme of “Love
Lagos, Love Groundwater”.

By addressing these steps, Lagos can begin to develop a sustainable groundwater management
framework, which will improve access to clean drinking water, protect the aquifers from over-
exploitation, and ensure resilience in the face of future population growth and climate change.



1 Introduction

With a population of 15 million in 2020 and an annual population growth rate of 3.5%, Lagos
mega-city is predicted to be the world’s most populous city by 2100 (Desjardins, 2018). Over a
decade ago, Lagos was reported to be struggling with a growing water-supply gap (Lagos Water
Corporation, 2010), and in 2016, the UN’s Special Rapporteur identified Lagos City to be suffering
from a water crisis (UN News, 2016). In 2024, the Resilient Water Accelerator (RWA) — a global
initiative bringing together decision makers, technical experts, and investors to address water
insecurity and risk — launched the Lagos Water Partnership (LWP). This initiative aims to address
the issue of water security in Lagos by driving investment in climate-resilient water projects.

Groundwater, which is inherently more resilient to climate shocks than surface water, currently
plays a significant role in the provision of water in Lagos. It is estimated that less than one tenth
of the population of Lagos City have access to a municipal water supply (ARUP, n.d), an issue
that continues to be exacerbated by the growing population and inadequate management and
regulation of water resources (Jideonwo, 2014; Balogun et al., 2017; Olabode and Comte, 2024).

Therefore, in the absence of piped water, many residents are reported to rely upon groundwater
as their primary source of drinking water, largely through privately installed wells and boreholes
(Healy et al., 2020). This proliferation of groundwater use has resulted in localised instances of
groundwater depletion, anthropogenic contamination and saltwater intrusion, which could
potentially reduce the quality and quantity of resource availability into the future (Adiat, 2019;
Ajani et al., 2021; Akoteyon et al., 2018; Balogun et al., 2017; Oloruntola et al., 2017; Ola et al.,
2019; Oladapo et al., 2014; Tijani et al., 2018; Olabode, 2025).

There is significant potential for groundwater to continue to play a strategic role in the provision
of climate-resilient water supply through the LWP (Akanmu et al, 2024). However, this requires
an in-depth understanding of the groundwater resource across Lagos State to inform sustainable
development and management. Previous efforts to regionally understand and model the state’s
underlying aquifers rely on limited data and do not adequately capture the complexity of the
groundwater system. Furthermore, until recently, a lack of observational data on groundwater
quality and quantity has resulted in a narrative of state-wide groundwater depletion and
contamination, based on limited evidence and historic studies.

This report provides a summary of the groundwater system of Lagos State, based on evaluation
and analysis of available groundwater data (including recently acquired groundwater level
monitoring data) and literature. It also highlights the major knowledge gaps and uncertainties in
our understanding. Finally, we make recommendations to address these knowledge gaps to
support the future development of groundwater resources, and the necessary associated policy
frameworks, as part of a wider strategy for resilient water supply in Lagos.

2 Regional Overview

Lagos State is located along the eastern margin of the fault-bound Dahomey (Benin) Basin, which
extends from Accra, Ghana through Togo, Benin and into Nigeria. The transboundary basin
formed during Late Jurassic to Early Cretaceous rifting, linked to the opening of the Gulf of Guinea
(Burke et al., 1971; Whiteman, 1982). It is bound to the west by the Okitipup Ridge at the Benin
Hinge line, separating it from the Niger Delta Basin, and to the east by the Ghana Ridge (Jones
& Hockey, 1964; Coode-Blizard, 1996).

Geology within this portion of the basin consists of a sedimentary sequence (Figure 1;Table 1),
overlying the Pre-Cambrian Crystalline Basement Complex. This sequence, which resulted from
basin subsidence during the Middle to Upper Cretaceous and Tertiary periods, and influenced by
sea transgression and regressions, includes fluvial, lacustrine and marine deposits associated
with the African Plate’s drift phase (Storey, 1995; Mpanda, 1997). The gently (~ 1°) southerly-
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dipping sedimentary sequence exceeds 1400 m thickness along Nigeria’s coastline (Hockey &
Jones, 1964; Billman, 1976; Omatsola & Adegoke, 1981). Lateral extent and thickness of
sediments across the basin varies significantly, though there is a general thickening across Lagos
from north to south and east to west (Jones and Hockey, 1964; Longe et al., 1987; Coode-Blizard,
1996). Both the Alluvium and Coastal Plain Sands (CPS) formations are exposed at the surface
in Lagos State (Figure 1).

Stratigraphic nomenclature for the basin’s key formations varies across studies (Jones & Hockey,
1964; Ogbe, 1972; Omatsola & Adegoke, 1981; Agagu, 1985; Billman, 1992). For consistency,
the original nomenclature of Jones and Hockey (1964) is adopted in this framework, outlined in
Table 1.

Although the basin is structurally bound, there is no direct evidence of smaller-scale geological
structure within Lagos State. Coode-Blizard (1996) proposed potential faulting in the eastern part
of the state, based on the identification of a thick clay layer deemed to reflect absence of part of
the Coastal Plain Sands in one borehole at Lakowe. However, this may reflect inconsistency
within borehole logging interpretations and/or large and rapid lateral variations in clay content
within the Coastal Plain Sands, rather than large-scale faulting; further investigation is required
to ascertain this.

Table 1: Stratigraphic sequence of the geology underlying Lagos State, as delineated by Jones & Hockey
(1964). Aka = also known as; Fmtn = Formation.

Age Formation Description

Quaternary  Recent Alluvium Coastal sands, clays, silts and muds,
and alluvial deposits of coarse sands
with clay lenses and pebble (gravel)
beds, deposited along coastal belt
and surrounding major rivers (Coode-
Blizard, 1996).

Tertiary Oligocene — Coastal Plains Sands, Non-marine onshore sequence of
Pleistocene CPS (aka Benin Fm/ unconsolidated, poorly sorted
Continental Terminal)  variations of clays, sands, gravels &
rare  thin lignite.  Depositional
environments across the Dahomey
basin include fluvial (meandering and
braided) and debris flow (Olabode &
Mohammed, 2016).

Tertiary Eocene llaro Formation Marked colour change from CPS due
to period of oxidising conditions.
Predominantly clay, silt and pyritic
shale. Occasionally fine-grained
argillaceous sand or bearing bands of
phosphatic minerals. Depositional
environment transitioning south to
north from marine to continental,
reflecting changes between sandy
estuarine and deltaic continual beds
(Olabode & Mohammed, 2016).

Tertiary Palaeocene Ewekoro  Formation Lens-shaped fossiliferous limestone
(subdivided into with  marl and minor sand
Ewekoro, Oshosun & (arenaceous towards base),
Akinbo Fm) deposited in a shallow marine

environment (Jan de Chine, 1980).



Abeokuta Formation
(subdivided into
Araromi, Afowo & Ise
Fm)

Upper Late Senonian

Cretaceous

Dominated by sandstone.
Conglomerate in a sandstone matrix
at base, overlain by coarse-grained,
clayey and poorly sorted sandstones

(Omosanya et al., 2012), with
interbeds of marine shales, siltstones
and limestones in some areas.
Depositional environment changing
from fluvial/continental to marine.

Unconformity

Pre-Cambrian Crystalline Basement  Metamorphic crystalline basement

(granites and migmatites).
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Figure 1: (a) generalised schematic geological cross-section for Lagos State. Vertical exaggeration
applied, accentuating the apparent dip of the formations. (b) surface geology of Lagos State (geological
shapefile modified after Olabode & Comte, 2024). LGA = Local Government Areas. Basemap: Esri,
CGIAR, USGS, TomTom, Garmin, FAO, NOAA, USGS © OpenStreetMap contributors and the GIS
User Community. BGS © UKRI 2025.

In Lagos State, four primary aquifer units are identified for potential water supply (shallow to
deep): Recent Alluvium (RA), Upper Coastal Plain Sands (UCPS), Lower Coastal Plain Sands
(LCPS), and the Abeokuta Formation (AF).

The llaro and Ewekoro Formations are not considered viable aquifers in Lagos due to their poor
groundwater potential (Offodile, 2002). The llaro Formation is predominantly impermeable shale
or clay, and whilst the Ewekoro Formation may theoretically possess aquifer capacity (Longe et
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al., 1987), difficulties in distinguishing these limestone layers have been reported, and in Eredo,
fissured limestone caused issues with loss of circulation during drilling (Coode-Blizard, 1996).

Aquifers within the Dahomey Basin exhibit significant lateral and vertical variability (Kampsax-
Kruger, 1977; Longe et al., 1987; Onwuka, 1990; Coode-Blizard, 1996), and this is reflected within
Lagos. Six general variations in aquifer typology have been identified across Lagos State from
pre-existing information; these are outlined in detail in Section 4.

The RA aquifer is a shallow, unconfined, unconsolidated system (Longe, 2011), extending in a
15-20 km belt along the coastline and river drainage networks (Oyegoke, 1986; Oteri & Ayeni,
2016). The aquifer typically has a thickness of 8 to 12 m, reaching up to 30 m near the coast,
and is hydraulically connected to the surface water system and UCPS below. The aquifer is
heavily exploited for private domestic and agricultural use via hand-dug wells or shallow boreholes
(Longe et al., 1987; Balogun et al., 2017). Information on the hydrogeological properties of the
RA are unavailable.

Groundwater recharge in the RA is predominantly precipitation-driven, with rapid infiltration and
short residence times, consistent with the region's high annual rainfall (> 2000 mm) (Aladejana et
al., 2020a; Longe, 2011). Due to its shallow water level, unconfined nature and proximity to the
coast, the RA aquifer is susceptible to anthropogenic contamination and saline intrusion (Longe
et al., 1987; Adiat, 2019; Oke et al., 2016; Oladeji, 2020), as discussed in Section 3.3.1.

Together, the Upper and Lower Coastal Plain Sands serve as the state’s primary water source
for domestic, public, and industrial use (Oteri & Ayeni, 2016), with over 95% of boreholes
abstracting from these horizons (Coode-Blizard, 1996; Longe, 2011). The CPS consists
predominantly of intercalated clays, sands and gravels, forming a multi-layer aquifer system with
groundwater flow and storage concentrated in the higher permeability sand and gravel layers.
Due to significant geological heterogeneity, the thickness and extent of aquifer layers is highly
variable, both within and between the main upper and lower horizons. A semi-continuous clay
aquitard separating the upper and lower systems has been identified across the state (Coode-
Blizard, 1996), although the extent of this is not well defined, and locally can be absent. Often,
the upper and lower systems are not well-delineated in the literature.

From north to south, sand content and overall aquifer thickness increase, as do transmissivity
and yield (Longe et al., 1987; Coode-Blizard, 1996). However, hydraulic properties and yields are
highly variable due to geological heterogeneity, and local clay lenses can significantly affect the
lateral continuity and productivity of aquifer layers (Longe, 2011), as discussed in Sections 2.2.2.1
and 2.2.2.2 below.

Groundwater recharge is primarily precipitation-dominated with rapid infiltration and short
residence times, especially in the shallow, unconfined UCPS sediments (Yusuf et al., 2018).
Spatially distributed modelling by Olabode & Comte (2022) suggests an average of 30% of
precipitation recharges the shallow unconfined aquifer units within Lagos (average annual rainfall
expected to be 2000 to 2500 mm/year (Tijani et al., 2018)). Recharge is expected to be lower
within the heavily urbanised centre of the state, where there are more impermeable surfaces and
drainage infrastructure, than toward the well-vegetated rural parts of east and west Lagos.
Recharge is further influenced by flood-flow and surface water interactions, particularly during the
wet season, in proximity to lagoons and, near the coast, by seawater intrusion (Longe et al., 1987;
Ayolabi et al., 2013; Akinbinu, 2015; Aladejana et al., 2020a). The LCPS receives less direct
recharge due to its semi-confined nature and depth, although in northern areas where the LCPS
is unconfined it receives direct recharge from precipitation. Modelling indicates that infiltration and
recharge into the aquifer system have decreased between 2000 and 2020, which has been
attributed to a change in land use and urbanisation (Olabode & Comte, 2022).

Groundwater facies across the CPS are predominantly Na-SO, and Ca-HCO;, with minor
variations including mixed facies (Na-HCO;, Ca-(Na)-HCO;, Ca-S0O,), Na-Cl, Ca-Cl, and K-CI
(Olatunji et al., 2005; Tijani et al., 2005; Aladejana et al., 2020a). Typically, the lower horizons
and northern parts of the state are more Na-HCOs; dominated, whilst the upper horizons,
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particularly towards the coast and in proximity to lagoons are more Na-Cl dominated. These facies
reflect endmembers influenced by both rock-weathering processes (Ca/Mg-HCOs3) and saline
influences such as seawater and lagoons (Na-Cl). Cation exchange between these new members
results in the Na-HCOs facies observed in the lower horizons and to the north of the state.

An up-to-date and comprehensive understanding of groundwater levels and flow across the entire
state is limited due to the absence of a spatially targeted groundwater monitoring network.
However, historic studies suggest a significant decline in groundwater levels over time, primarily
attributed to over-abstraction driven by industrial activity and high water demand from a growing
population. Comparisons between groundwater level data from Kampsax Kruger (1977) and
Coode-Blizard (1996) reveal a decline in groundwater levels within the CPS between 1977 and
1996 (Olabode, 2025). The aquifer's upper and lower systems were not clearly differentiated in
these studies. At abstraction centres such as Apapa (south) and lkeja (north), large regional
cones of depression developed, with the inferred 0 metre above sea level (masl) piezometric
contour shifting 15 km northward between 1977 and 1996 (Coode-Blizard, 1996). Groundwater
flow reversals leading to saline intrusion were also reported. Groundwater modelling by Coode-
Blizard (1996) and Asiwaju-Bello & Oladeji (2001) supported these findings, modelling significant
drawdown in western Lagos, attributed to unregulated abstraction, with less drawdown in the
more rural eastern parts of the state. More recent monitoring data suggest that despite remaining
issues of localised depletion; the water table is rebounding across many parts of the state (see
Section 3.2).

The prevailing groundwater flow direction is generally from north to south across the state
(Kampsax-Kruger, 1977; Coode-Blizard, 1996; Asiwaju-Bello, 2001; Olabode, 2025). However,
localised flow patterns, particularly near cones of depression, have been identified in areas of
intense abstraction. Yusuf & Abiye (2019) suggest a more complex, multi-directional flow at a
local scale, influenced by borehole extraction, clay layer distribution, and groundwater-surface
water interactions.

Where current available literature and information allows, the behaviour of the Upper and Lower
Coastal Plain Sands has been differentiated in Section 2.2.2.1 and 2.2.2.2

Water-bearing horizons in the LCPS typically consist of poorly to well sorted, fine to coarse
grained sands and gravels, and are intercalated with clay lenses. They typically have a higher
sand content than the overlying UCPS system.

2.2.2.1 UPPER COASTAL PLAIN SANDS

The UCPS is mostly unconfined, with water-bearing horizons, typically intercalated with clay,
consisting of poorly to moderately sorted, fine to medium grained sands and medium to coarse
grained sand and gravel. This aquifer is typically hydraulically connected to the RA where
overlain. The Upper CPS is rarely differentiated from the overlying alluvium, creating difficulty
when delineating total aquifer thickness. However, thickness of individual aquifer horizons
typically ranges from 5 to 30 m, with significant local variations (Longe et al., 1987; Coode-Blizard,
1996; Oladepo et al., 2014; Aladejana et al., 2020).

Due to the shallow unconfined nature, transmissivity varies significantly across the state (Adelana
et al., 2004). Electrical resistivity investigations provide transmissivity estimations of between 13
and 310 m?/day (Fatoba et al., 2014), while values reported from pumping tests range from 100
to 2333 m#*day (Coode-Blizard, 1996; Longe, 2011). Significant variations are observed even at
local scales, as seen at Shomolu, where transmissivity ranges from 224 to 2333 m?/day and yield
from 62 to 100 m*/h (Longe, 2011). Specific capacity ranges from 1 to 32.2 m®h/m (Oyegoke,
1986; Longe, 2011) and storage coefficients range from 2 x 10~ to 5 x 10~* (Oyegoke, 1986).

The shallow water table and unconfined nature of the UCPS, coupled with its proximity to the
coast and heavily urbanised and industrialised zones, render it vulnerable to anthropogenic
contamination and saline intrusion, as discussed in Section 3.3.1.

2.2.2.2 LOWER COASTAL PLAIN SANDS

The LCPS is typically confined by a thin, near-continuous clay aquitard, which limits hydraulic
connection with the UCPS (Coode-Blizard, 1996) and leads to artesian or sub-artesian conditions
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(Akinbinu, 2015). There is not a wide-enough spread of publicly available geological logs across
the state to confirm a state-wide extent of the confining layer, although it appears to be mostly
absent or significantly thinned in some localities, particularly north of the lagoons (Olabode and
Comte, 2024). It is likely that the identified confining clays reflect multiple semi- continuous clay
layers, rather than one singular continuous aquitard.

The thickness of individual LCPS aquifer horizons ranges from 2.5 to 45 m (Longe et al., 1987;
Coode-Blizard, 1996; Oladepo et al., 2014; Aladejana et al., 2020). Water-bearing horizons in the
LCPS typically consist of poorly to well sorted, fine to coarse grained sands and gravels, and are
intercalated with clay lenses. They typically have a higher sand context than the overlying UCPS
system.

Hydraulic properties within the LCPS are highly variable, due to rapidly changing facies and
spatial heterogeneity (Coode-Blizard, 1996; Longe, 2011), with reported transmissivity ranging
from 95 to 3700 m?/day (Coode-Blizard, 1996), and with higher transmissivity generally observed
in southern Lagos (Table 2; Longe et al., 1987). The LCPS has potential to yield volumes of
significant regional importance, if boreholes are properly sited, designed and managed.

Although data is limited, due to its deeper, semi- or variably confined nature, the LCPS is less
susceptible to anthropogenic contamination and saline intrusion compared to the shallow aquifer
systems of Lagos State, as further discussed in Section 3.3.2.

Table 2: Average values of aquifer characteristics reported for aquifer horizon 3 (assumed to be LCPS)
by Longe et al. (1987) from a) step-drawdown tests and b) long-term constant rate tests using Theis
(highlighted in bold).

Location Yield Specific Transmissivity Permeability Storage
(m3/hour)  Capacity (m?/day) (m/s x10°)  Coefficient
(m3/h/m) (x10™)

Agege 54.4 2.96 129.6 7.5

Shasha 70.8 3.71 241.9 337.0 10 2.5
Shomolu 80.1 14.9 2315.51900.8 37 4.9

Aguda 97.2 28.6 5123.52574.7 2458 3.8

Apapa 99.3 17 3024 1952.6 121.9 1.9

The Abeokuta Formation (AF) is confined and geothermal in places (43 to 80°C), acting as a
multi-layered aquifer system, with water-bearing horizons composed of ferruginous or friable
sandstones, gritstones, and basal conglomerates, separated by intercalated claystone, siltstone
and shale aquicludes (Jones & Hockey, 1964; Coode-Blizard, 1996; Bankole et al.,2022). It is the
deepest and most productive aquifer in Lagos State (Coode-Blizard, 1996; Oladapo et al., 2014;
Oteri & Ayeni, 2016; Yusuf et al., 2018; Aladejana et al., 2020a), with total aquifer thickness
ranging from 250 to 300 metres (Wali et al., 2021). The aquifer is believed to be hydraulically
separated from the CPS by the shale dominated llaro Formation and Ewekoro Formation
(Oyegoke, 1986).

The AF is highly productive (Kampsax-Kruger, 1977), with transmissivity values ranging from
2189 to 3200 m?/day (Coode-Blizard, 1996) and specific capacity from 8 to 17.55 m3/h/m (Adelana
et al., 2004; Carter, undated report, in Offodile, 2002). Reported yields range from 29 to 200
m3/hour in Ogun and Osun States (Idowu et al., 1999; Offodile, 2002; Oyegoke et al., 2012), and
it is considered more productive than the CPS in northern Lagos (Coode-Blizard, 1996). While
this aquifer is extensively developed in Ogun State, where it is encountered at depths of 300 to
550 m (Oteri & Ayeni, 2016), in Lagos, its depth (over 450 m below sea level in the northwest)
limits its use to commercial and industrial purposes due to high drilling costs (Longe et al., 1987;



Coode-Blizard, 1996; Oteri & Ayeni, 2016). Industrial boreholes in Igbonia and |keja have
successfully tapped water from depths exceeding 600 m (Adelana et al., 2004).

3 Groundwater Quality and Quantity

Three datasets across Lagos State, monitoring groundwater of varying depths, have been
compared as part of this study (Table 3; Figure 2). The UNI-IBADAN and UNILAG monitoring
networks, funded by UKRI Future Leaders Fellowship, reflect a collaborative effort between
Cardiff University, the University of Lagos, the University of Ibadan and the British Geological
survey to improve the understanding of groundwater systems within Lagos. These networks were
installed to address a critical data gap, as part of “The Lagos Groundwater Demonstrator’. The
RIGSS dataset, funded by the UK Global Challenges Research Fund, reflects a collaboration
between the British Geological Survey, Cardiff University, the University of Ibadan and the
University of Maiduguri.

Table 3: Description of analysed datasets. EC = electrical conductivity; TDS = Total Dissolved Solids; WL
= water level.

Dataset Collection Time Interval Aquifer System
Method Period

RIGSS, Manual April and Singular EC, Borehole depths for 28/42
42 points May 2017  measurement TDS, sites (range: 2.07 to 60 m
Temp, depth; median: 3.5 m; mean:
pH, 15.7 m) and are inferred to be
major monitoring the water level of
and the shallower Alluvium/UCPS
minor aquifer system. Collected as
cations, part of Healy et al. (2020)

E. Coli research efforts.
UNI- Manual April 2022  Monthly to WL, EC, Whilst borehole depths are
IBADAN, to April June 2023, TDS, pH not available, partners
24 points 2024 then bi- involved in network
monthly installation believe these to

be ‘shallow’ and therefore an
assumption has been made
that this dataset is monitoring
water level within the shallow,
unconfined  Alluvium and
UCPS aquifer systems which
are believed to be
hydraulically connected.

UNILAG, Automated 35 months 10 minutesto WL, EC Borehole depths for 13/16

16 points and from May 10 hours by sites (range: 91.95 to 240 m
manual 2021 to data logger depth; median: 120 m; mean:
March (with 146.6 m) and are inferred to
2024 significant be monitoring the water level
gaps). of the deeper LCPS aquifer
Monthly system.
manual.
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Figure 2: Location of RIGSS, UNI-IBADAN and UNILAG datasets (geological shapefile modified after
Olabode & Comte, 2024). Basemap: Esri, CGIAR, USGS, TomTom, Garmin, FAO, NOAA, USGS ©
OpenStreetMap contributors and the GIS User Community. BGS © UKRI 2025.

Analysis of the UNI-IBADAN and UNILAG datasets allow a preliminary understanding of
groundwater level and flow to be developed for Lagos State. Assuming that UNI-IBADAN data
represents the Alluvium/UCPS and UNILAG data represents the LCPS, these findings highlight
variations in behaviour of the aquifer systems, as outlined in Sections 3.2.1 and 3.2.2.

Both datasets indicate a general north-to-south groundwater flow direction across Lagos State
(Figure 4; Figure 7). Localised deviations from this flow pattern are observed, particularly near
areas of intense abstraction or near surface water bodies such as the Lagos Lagoon. These
findings align with previous studies (Kampsax-Kruger, 1977; Coode-Blizard, 1996; Asiwaju-Bello
& Oladeji, 2001; Olabode, 2025) and suggest that while the general flow remains consistent,
localised variations are primarily driven by human activity, geological heterogeneity and surface
water interactions.

Whilst these monitoring networks represent a good first step towards monitoring the UCPS and
LCPS aquifers, both spatial and temporal coverage is currently too limited to identify any long-
term trends in groundwater level or quality. To understand if any currently identified trends are
seasonal (from rainfall), related to groundwater abstraction, or a combination, long-term analysis
of rainfall and water level data would be required.



UCPS Groundwater Level Time-Series from 2022 to 2024
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Figure 3: Hydrograph of UNI-IBADAN monitoring data for the UCPS, providing a time-series comparison
of water level with monthly precipitation. Solid line indicates monthly data; dashed line indicates bi-
monthly data. BGS © UKRI 2025.



Average groundwater level within the UCPS is generally close to sea level, with some localised
instances of the water table being below sea level (Figure 4). Seasonal water level fluctuations
are more pronounced within the shallow, unconfined UCPS aquifer system (Figure 3) than the
deeper LCPS aquifer (Figure 6). Typically, the water table is shallower during wetter months,
associated with increased recharge from rainfall, and deeper during the drier months due to
reduced recharge and increased evapotranspiration. However, at Ibowon, Gberigbe and Igbokuta
Model College, north of Lagos Lagoon, groundwater levels continue to rise following the end of
the wet season, even during months of no rainfall. Whilst there is insufficient data to ascertain the
cause, it likely reflects delayed recharge or downflow from further north where recharge volumes
are greater.

Over a 2-year comparison period from April 2022 to April 2024 (end of dry season), the UNI-
IBADAN dataset for the UCPS shows significant variability in water table fluctuation (Figure 3).
Of the 24 monitoring sites, 16 sites reported a rise in water table elevation (range: 0.1 m to 23.1
m), while 8 sites experienced an overall decline in water table elevation (range: 0.02 m to -7.9 m).
A decline greater than 1 m was only recorded at three sites: Aga Community, Abesan and Ibowon.
With Aga and Abesan located in highly urbanised areas, it is likely that this reflects localised over-
abstraction and drawdown. A rise greater than 1 m was recorded at seven sites, with the greatest
rises at Gberigbe, Igbokuta, ljede, Sekungba, Ejirin and ljegun. Whilst information surrounding
recharge and abstraction is lacking, this general water level rebound across most sites indicates
that active recharge within the UCPS is compensating overall groundwater withdrawal. Whilst
aquifer depletion appears localised, the mixed pattern of groundwater level decline and rebound
in the shallow aquifer highlights the importance of robust long-term monitoring and adequate
management of Lagos groundwater to ensure future sustainability and resilience.
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Figure 4: Groundwater level (mMAOD) across the shallow aquifer (Alluvium and UCPS) within Lagos State. Data
from UNI-IBADAN dataset. Basemap: Esri, NASA, NGA, USGS, TomTom, Garmin, FAO, NOAA, USGS ©
OpenStreetMap contributors and the GIS User Community. BGS © UKRI 2025.
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UNILAG Monitoring Network - LCPS Groundwater Level Time Series from 2021 to 2024
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Figure 5: Hydrograph of UNILAG monitoring data, providing a time-series comparison of LCPS water
level with monthly precipitation. BGS © UKRI 2025.

The UNILAG dataset for the deeper, semi-confined aquifer system (LCPS) indicates that
groundwater levels are typically less sensitive to seasonal variation than the UCPS. This reduced
seasonal response is likely associated with the confined nature of the aquifer and greater
storativity. Locations that display more seasonal variation (e.g. Unilag 002 and Bariga) are
generally located near to Lagos lagoon, and therefore may be hydraulically connected, further
recharged by rising lagoon levels during the rainy season.

Boreholes within the LCPS show a more consistent trend in terms of overall water level change
over the 2-year comparison period from October 2021 to October 2023 (end of wet season), with
all sites recording a uniform rise in water levels. The increase ranged from 0.3 m to 4.4 m,
indicating that current abstraction rates from the LCPS are broadly sustainable. This could be
attributed to the aquifer’s extensive recharge area further north where the LCPS outcrops at
surface, despite a large proportion of urban land cover which maybe also be associated with
some urban return flow (i.e. re-infiltration of water abstracted elsewhere).

The more consistent behaviour within the deeper LCPS, compared to the UCPS, can likely be
attributed to either a) the (semi-) confined nature of the LCPS or b) fewer pumping effects within
the LCPS. The presence of the clay aquitard separating the LCPS from the UCPS and confining
the LCPS, means hydraulic connectivity with the surface is, potentially, more limited. This reduces
the influence of climatic or anthropogenic pressures when compared to the UCPS, which is more
vulnerable due to its shallow, unconfined nature. Alternatively, as the UCPS is more accessible,
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it is widely used for small-scale supplies across the state. This could result in abstraction sites
being densely located, and therefore increased interference and pumping effects being observed
within the shallower aquifer.

Whilst a direct comparison with Kampsax-Kruger (1977) and Coode-Blizard (1996) water level
datasets for the LCPS cannot be made due to data collection from different sites, with no
overlapping borehole records, a broader comparison of spatially interpolated groundwater levels
by Olabode (2025) suggested that water levels may be rebounding across parts of the state
(although are still lower than in 1977), and in localised areas where they may be continuing to
decline, it does not appear to be at the rate of decline observed between 1977 and 1996. Lack of
data, such as long-term continuous groundwater level records, abstraction regimes and recharge
volumes, means that it is not possible to determine if this is linked to increased recharge (e.g.
higher rainfall and/or urban return flow), decreased discharge (e.g. lower abstraction), or a
combination of these factors. Despite a rebound of the water table being observed, it remains
close to (within 5 m) or below sea level at all UNILAG sites from Isolo and Shomolu southward
(Figure 7).

UNILAG Monitoring Network - LCPS Groundwater Level Time Series from 2021 to 2024
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Figure 6: Hydrograph of UNILAG monitoring data, providing a time-series comparison of LCPS water
level with monthly precipitation. BGS © UKRI 2025.
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Figure 7: Groundwater level (mMAOD) across the LCPS aquifer within Lagos State. Data from UNILAG dataset.
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No datasets monitored the Abeokuta Formation.

Water level information of the Abeokuta Formation within the state was not available as part of
this study. Regionally, within the Ogun Basin, the depth to water level within the formation is
reported to vary between 19.8 and 52.8 mbgl (Wali et al., 2021). The aquifer also has artesian
conditions, yielding head pressures of +15 m at Eredo and ltoikin (Coode-Bizard, 1996). Reports
of artesian boreholes along with the confined nature of the Abeokuta Formation suggests that
water level is likely relatively shallow but may be highly variable dependent upon site-specific
conditions. Water level is expected to be shallower at lower elevations.

The RA and UCPS aquifers are hydraulically connected and share similar lithological properties,
with groundwater in these shallow unconfined systems particularly vulnerable to anthropogenic
contamination (Abekoteyon et al., 2018). There is no evidence of a state-wide groundwater
salinity issue, although saline intrusion is evident along the central coastal belt between Lekki and
Ajah.

Water quality studies indicate that whilst many wells and boreholes across the state produce good
quality drinking water, others yield groundwater quality parameters that exceed WHO (2022)
permissible limits or Nigerian Standards for Drinking Water Quality (NSDWQ), including electrical
conductivity (EC), total dissolved solids (TDS) calcium, total hardness, pH, chloride, nitrate,
sulphate, chromium, cadmium, lead, copper, zinc, nickel, arsenic, manganese, iron, faecal
coliforms and E. Coli (Longe et al., 1987; Coode-Blizard, 1996; Adelana et al., 2004; Bale et al.,
2004; Babatunde, 2012; Soladoye & Yinusa, 2012; Akoteyun, 2015; Oyeyemi et al., 2015;
Ameloko & Ayelabi, 2018; Healy et al., 2018; Aladejana et al., 2020b; Popoola et al., 2020;
Sogbanmu, 2020; Ajani et al., 2021; Olaruntoba et al., 2021; Majolagbe et al., 2023; Tunde et al.,
2023). However, it is important to note that contamination is localised, and that contamination is
not reported at all sample sites. For example, within the RIGGS dataset, generally nitrate
concentrations remain below the WHO (2022) permissible limit of 50 mg/l (Figure 8).
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Sources of contamination are varied, including municipal waste, industrial effluents (particularly
chemical and pharmaceutical), landfill leachate, ports, agriculture, lack of wastewater
management and septic tank or pit latrine seepage (Adelane et al., 2004; Bale et al., 2004;
Babatunde, 2012; Soladoye & Yinusa, 2012; Oyeyemi et al., 2015; Popoola et al., 2020; Shiru et
al., 2020; Ajani, et al., 2021; Tunde et al., 2023).
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Figure 8: Distribution of RIGGS dataset nitrate concentration (mg/l) across the shallow aquifer (Alluvium/UCPS)
of Lagos State. Basemap: Esri, NASA, NGA, USGS, TomTom, Garmin, FAO, NOAA, USGS © OpenStreetMap
contributors and the GIS User Community. BGS © UKRI 2025.

Contamination is generally more prevalent in shallow hand-dug wells than boreholes, highlighting
the vulnerability of the shallow aquifer system. This is evident in the RIGGS dataset, where E. coli
concentrations exceed the WHO (2022) permissible limit of 0 MPN (Most Probably Number)/100
ml at 19 out of 40 sites, with 12 of these sites exceeding 100 MPN/100 ml. Where temporal
groundwater quality data is available, this indicates that in some locations, contamination is more
pronounced in the dry season, when reduced rainfall limits the dilution of contaminants. However,
there is localised evidence of certain parameters (e.g. Cl, SO4, PO4, NO3, Fe, Mn, Cu, Pb) being
elevated within some wells and boreholes during the wet season (Ameloko & Ayolabi, 2018),
likely due to increased mobilisation of contaminants.

A zone of saline intrusion is evident from Apapa to Lekki, where excessive groundwater
abstraction exacerbates the problem (Oteri, 1985; Kampsax & Kruger, 1980; Onwuka & Amadi,
1986; Kennard & Lapworth, 1987; Ola et al., 2008). Here, a thin freshwater lens (20 to 40 m thick)
can often be found overlying the brackish groundwater. When this freshwater lens is pumped,
saline upconing occurs, drawing saline water into the overlying aquifer layers (Oteri & Atolagbe,
2003). The base of the brackish groundwater lens is highly variable, even locally, and influenced
by the complex geological structure and heterogeneity of the aquifer system (Coode-Blizard,
1996; Oydele & Meshida, 2004; Ola et al., 2008; Akinlalu & Afolabi, 2018; Jimoh et al., 2018).
Away from the main zone of salinity, geophysical surveys around the University of Lagos have
identified saline water influx from Lagos Lagoon and nearby creeks (Ayolabi et al., 2013).
Research indicates a mixing of Ca-HCO3z and Na-Cl groundwater facies, with the shallower
reaches of the UCPS hosting higher ratios of CI/HCOs ratios, further corroborating with the
RA/UCPS being influenced by saltwater intrusion (Oyedele et al., 2009; Akoteyon, 2015 ;
Akoteyon et al., 2018; Nlend et al., 2018; Aladejana et al. 2020; Popoola et al., 2020; Tijani et al.,
2020; Asiwaju-Bello et al., 2021).
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Whilst saline intrusion is evident around the coastal urban centre, based on UNI-IBADAN and
RIGSS datasets, the shallow aquifer (Alluvium and UCPS) appears fairly fresh across the
remainder of the state (Figure 9). The UNI-IBADAN dataset predominantly reports fresh
groundwater with EC values ranging from 11 to 920 yS/cm during the wet season (April to
October) and from 20 to 930 uS/cm during the dry season (November to March). The mean EC
is 224 uS/cm and 238 uS/cm, respectively. Whilst EC ranges and averages during both wet and
dry season are similar; there is a pattern of higher EC during drier months. This is attributed to
dilution effects from increased recharge during the wet season. 37 out of 40 RIGGS monitoring
sites in Epe, Badagry, Lekki, and Orile Agege Local Government Areas (LGAs), produce fresh
groundwater, with EC values ranging from 83 to 717 uS/cm. The remaining three sites in Badagry
and Ogile Agege are classified as "slightly saline" according to FAO (1992), with EC values
ranging from 1002 to 1257 uS/cm and TDS between 631 and 835 mg/L. EC values are strongly
correlated with nitrate concentrations (correlation coefficient 0.88) suggesting that elevated EC is
more likely to result from local contamination (e.g. from municipal, domestic waste, or agricultural
inputs) than from saline intrusion, even near to the coastline. At Epe and Agege, EC is typically
higher in shallow hand-dug wells compared to boreholes, likely due to contamination from surface
runoff or wastewater. In contrast, at Lekki, EC tends to be higher in boreholes than in hand-dug
wells, which aligns with the hypothesis of a shallow freshwater lens overlying a brackish water
body within the RA and UCPS here.
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Figure 9: Distribution of average electrical conductivity (uS/cm) across the shallow aquifer (Alluvium and
UCPS) within Lagos State. Data from RIGGS and UNI-IBADAN datasets. Basemap: Esri, NASA, NGA,
USGS, TomTom, Garmin, FAO, NOAA, USGS © OpenStreetMap contributors and the GIS User Community.
BGS © UKRI 2025.

Whilst groundwater quality within the shallow aquifer can be of good quality, it remains at high
risk to water quality degradation where in proximity to contamination sources. Whilst there is no
significant evidence of saline intrusion across most of the monitoring sites, localized anomalies,
and presence of other contaminants (e.g. nitrate) alongside salinity suggest that both saline
intrusion and anthropogenic contamination may contribute to variations in groundwater quality.
Further investigation is required to better understand the specific sources of contamination and
to assess the long-term sustainability of groundwater resources in these regions.

The LCPS is generally considered less vulnerable to both saline intrusion and anthropogenic
contamination compared to the shallower systems (Balogun et al., 2019). Akoteyon (2013)
compared water quality between the UCPS and LCPS at similar locations, finding that while the
UCPS had common water quality issues, these were not observed in the LCPS, with all
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parameters meeting WHO (2022) acceptable limits. This is largely attributed to the presence of a
semi-continuous clay aquitard separating the Upper and Lower CPS (Coode-Blizard, 1996;
Adelana et al., 2004), typically found at the base of the UCPS brackish water lens, separating it
from the LCPS freshwater zone (Akinlalu & Afolabi, 2018).

Although the LCPS appears to be well-protected from anthropogenic contamination, Adelana et
al. (2004) found that TDS, sulphate, chloride, fluoride, and ammonia exceeded WHO limits in
‘deep’ boreholes, though concerns were less common and more spatially variable than in shallow
boreholes. It is unclear if these deep boreholes are in the UCPS or LCPS, but if in the LCPS, this
suggests potential water quality risks in this system. Further investigation is required.

Additionally, elevated concentrations of geogenic iron have been exhibited. Coode-Blizard (1996)
found that 23 out of 27 tested sites had Total Fe concentrations exceeding the NSDWQ limit of
0.3 mg/l. While iron contamination does not pose a health risk (WHO, 2022), it can affect the
aesthetic qualities of water, including taste and colour. Iron concentrations can generally be
mitigated through standard treatments such as oxidation and filtration.

Where salinity data is available from literature, groundwater in the LCPS is reported to be of good
quality and predominantly fresh (< 241 uS/cm) up to depths of 300 m, even near the coast where
the shallow aquifers are more prone to higher salinity (Coode-Blizard, 1996; Akoteyon, 2013;
Oladepo et al., 2014). EC data collected by UNILAG from 15 of the 16 monitoring sites in the
LCPS indicate the aquifer is predominantly fresh, with EC values below 443 uS/cm (Figure 10).
This supports the assertion that the LCPS is generally at low risk of saline intrusion or
contamination. Seasonal variations in EC are observed at almost half of the monitoring locations,
with EC slightly lower during the wet season, whilst no clear seasonal trends are observed within
the other monitoring locations.
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Figure 10: Distribution of average electrical conductivity (uS/cm) across the LCPS aquifer within Lagos State. Data
from UNILAG dataset. Basemap: Esri, NASA, NGA, USGS, TomTom, Garmin, FAO, NOAA, USGS ©
OpenStreetMap contributors and the GIS User Community. BGS © UKRI 2025.

Anomalous to other UNILAG monitoring locations, limited data at the Bariga site records EC
values ranging from 1246 to 2446 uS/cm. Located on the shoreline of the brackish Lagos Lagoon,
and with water levels consistently below sea level, the elevated EC at Bariga is likely due to
reversed pressure gradients, allowing brackish lagoon water to intrude into the aquifer. This raises
queries regarding the confining clay layer, which is thought to protect the LCPS from saline
intrusion (Coode-Blizard, 1996), as lithological logging (Oladepo et al., 2014) suggest there is an
approximately 45 m thick layer of clay and sandy clay confining the LCPS at Bariga. Alternatively,
the observed salinity could result from contamination between the UCPS and LCPS due to poor
borehole construction. Notably, UNILAG were unable to provide records of borehole depth for the
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site at Bariga, raising the possibility that it may monitor the UCPS rather than the LCPS. Further
investigation is required.

No datasets were available for the Abeokuta Formation; therefore, the conceptualisation of this
aquifer system is solely developed from a review of pre-existing literature.

Dominant hydro-chemical facies are identified as Na-Cl and Ca-HCO3, with intermediates of Ca-
Cl and Na-HCO3, which suggests mixing of fresh groundwater with saline influences, possibly
due to marine intrusion or long residence times (Aladejana et al., 2020a). However, the aquifer is
reported to typically yield fresh groundwater with Electrical Conductivity (EC) values ranging from
102.63 to 580.8 pS/cm across Lagos State (Coode-Blizard, 1996) and from 23 to 151 uS/cm in
Ogun State (Kareem et al., 2016; Odjegba et al., 2021; Bankole et al., 2022). However, at Eredo
(in Lagos State) brackish groundwater has been reported from below 342 m (Coode-Blizard,
1996). pH across Lagos State is acidic to neutral, ranging from 5.45 to 7 (Coode-Blizard, 1996).

High residence times could result in geogenic water quality degradation, particularly in areas with
longer groundwater flow paths, or where bituminous minerals (Offodile, 2022) are reported,
although the water-bearing aquifer may be at a shallower depth than tar sands and bituminous
minerals (Adeyemi et al., 2013). As the formation is ferruginous (Okosun, 1990), there is also risk
of iron concentrations exceeding WHO drinking water standards, which may impact taste and
colour and require treatment. In Lagos State, concentrations of up to 4.4 mg/I have been reported
(Coode-Blizard, 1996).

Water quality data for the Abeokuta Formation in Lagos State are limited, but available reports
indicate no significant quality concerns (Coode-Blizard, 1996). Given the thick overlying aquitards
and confined nature of the system, it is unlikely to be impacted by saline intrusion or
anthropogenic contamination. However, where the AF is near or at the surface further north in
Ogun State, whilst studies typically indicate water quality falls within drinking water standards
(Aladejana & Talabi, 2013; Kareem et al., 2016; Odjegba et al., 2021), localised exceedance of
WHO drinking water standards have been reported, attributed to anthropogenic contamination.
These exceedances include elevated concentrations of alkalinity, calcium, aluminium, chloride,
bicarbonate, magnesium, iron, zinc, cadmium, lead, nickel and faecal coliforms (Aladejana &
Talabi, 2013; Bankole et al., 2022; Odjegba et al., 2021). There is a low risk of these contaminants
affecting groundwater within the Abeokuta Formation at Lagos State, due to the depth the aquifer
is encountered providing increased protection, and the distance from where the formation
outcrops allowing for increased attenuation, it is expected the water will be of better quality.

4 Hydrogeological Typologies

There is currently a limited volume of openly available data regarding the aquifer system
underlying Lagos State, with accessible data providing poor spatial and temporal coverage. From
the data available, it is evident that lithological composition, aquifer properties and groundwater
quality of the aquifer systems varies significantly across Lagos. Particularly, each of the aquifers
form multi-horizon systems, with the number, thickness and extent of horizons within the CPS
appearing to change significantly both laterally and vertically.

Based on the limited available data, six generalised groundwater typologies have been developed
to describe the hydrogeological complexity and variation across the state (Figure 11): (A) the
north-west zone spanning from Agege to lkorodu, north of Lagos lagoon; (B) the heavily
urbanised, central Lagos mainland; (C) the central coastal belt from Apapa to Ajah; (D) the rural
southwestern coastal belt of Badagry; (E) the lithological anomaly at Lakowe; and (F) the
northeastern inland area at Epe. These typologies should be used in tandem with the four
aquifers, to improve the understanding of how aquifer behaviour varies across the state and any
local considerations that may need to be considered.
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It is important to note that given the lack of available data, along with the highly heterogenous
nature of the basin’s sediments, there may be significant local deviations within groundwater
typologies, and there remains a significant level of uncertainty both within typologies and when
defining their boundaries. Typology A, B and C have been developed from more available data
and literature than Typology D, E and F. Therefore, there is greater confidence in the definitions
of typology A, B and C; whereas, typology D, E and F are, allocated as ‘minor’ typologies, capture
unique features of groundwater systems in these areas, but could also reflect very localised
variations in hydrogeology. Due to lack of available data, any additional typologies outside of the
areas identified, or the transition between typologies, have not been identified.
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Figure 11: Location of major (black) and minor (red) groundwater typologies within Lagos State (geological shapefile
modified after Olabode & Comte, 2024). Basemap: Esri, CGIAR, USGS, TomTom, Garmin, FAO, NOAA, USGS ©
OpenStreetMap contributors and the GIS User Community. BGS © UKRI 2025.

This typology describes the aquifer systems in the north-west of Lagos State, from Agege to
Ikorodu. It comprises of heavily urbanised and industrialised zones. Groundwater in this region is
used for both domestic and industrial water supplies, sourced from shallow wells and a mixture
of low-volume motorised boreholes operated by households and high-volume motorised
boreholes operated commercially. Both the CPS aquifers and the Abeokuta Formation are utilised
in this area, although only industrial boreholes tend to tap from the Abeokuta Formation due to its
depth (> 460 mbgl). The alluvium is generally absent, other than in river floodplains. The UCPS
here comprises of up to 30 m of sand with intercalated clays and is occasionally semi-confined.
Groundwater is generally fresh, although where locally brackish appears associated with further
anthropogenic contamination. The confined and more sand-dominated LCPS, bearing fresh
groundwater, is separated from the UCPS by an up to 60 m thick clay aquitard, and is encountered
typically at depths from ~ 70 to ~ 120 mbgl. The Abeokuta Formation is encountered at depths
below ~ 450 mbgl, with 10 to 30 m thick sand horizons providing deeper groundwater resources,
expected to be fresh and of good quality.

The unconfined UCPS aquifer, primarily fine to medium grained, poorly sorted sands, intercalated
with clay lenses, is generally found between 0 to 30 mbgl, and can be overlain by semi-permeable
clay and sands, including at Agege and Shasha. Reported aquifer thickness ranges from 5 to 22
m (Longe et al., 1987; Coode-Blizard, 1996; Oladepo et al., 2014). There is no information
regarding yield or hydraulic properties of the shallow aquifer within this typology. Spatial variations
in the average monthly elevation of the water table have been recorded by the UNI-IBADAN
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monitoring network between 2022 and 2024 (Figure 13), ranging from 2.8 to 27.7 masl (0. to 27.5
mbgl). North of Lagos Lagoon, toward lkorodu and eastward, significant spatial variations in
groundwater level are observed at sites of similar elevation and proximity to the lagoon (e.g. Aga
Community and Igbogbo-Bayeko). Further information is therefore needed to explain the
dominant controls on groundwater level variation across the UCPS, e.g. the horizon being
monitored, localised abstraction regimes, other surface water controls. Although some seasonal
trends are evident in Error! Reference source not found., most temporal groundwater level f
luctuations are fairly subdued. This is likely indicative of a relatively high-storage aquifer, but
longer-term groundwater level data, along with rainfall and abstraction data is needed to fully
understand the controls on groundwater level changes. There is no widespread evidence of
groundwater depletion in the UCPS — the groundwater level decline seen in early 2022 at Abesan
appears to be localised.

Saline intrusion within the shallow aquifer does not appear to be a concern for this typology.
RIGGS and UNI-IBADAN data (Figure 12) indicate groundwater to generally be fresh (EC <717
pNS/cm), confirming the results of previous studies (Adelana, 2004; Adelana et al., 2005; Soladoye
& Yinusa, 2012; Soladoye, 2014). Localised brackish (EC 1002 to 1092 uS/cm) groundwater
coincides with elevated nitrate levels (44.3 to 53.2 mg/l), suggesting anthropogenic contamination
sources. Other localised instances of anthropogenic contamination are evident (Adelana et al.,
2005; Soladoye & Yinusa, 2012; Soladoye, 2014; Balogun, 2019), with EC, heavy metals, nitrate,
potassium, chloride and E. Coli locally reported to exceed WHO and NSDWQ limits. Spatial
variation in quality will be influenced by proximity to domestic and industrial contamination
sources. Reports of ferruginous sands (Olaruntola et al., 2019) pose a potential geogenic source
of iron contamination, although this would only have taste and colour impacts, rather than health
related.
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Figure 12: Spatial variations in EC across typology A from the RIGGS dataset (red) and the UNI-IBADAN
dataset (yellow), Oct 2023 value (geological shapefile modified after Olabode & Comte, 2024). Inset
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Groundwater Level Time-Series from 2022 to 2024
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Figure 13: Groundwater level time series for UNI-IBADAN monitoring network within the UCPS at

Typology A 2022 to 2024. Solid line indicates monthly data; dashed line indicates bi-monthly data. BGS ©
UKRI 2025.

According to borehole logs reported by Longe et al. (1987) for the areas of Agege and Shasha,
the system appears clay dominated below 30 mbgl. This thick clay-dominated horizon (up to 60
m thick) acts as an aquitard, separating the UCPS and LCPS. Occasionally, thin (typically < 5 m,
but sometimes up to 10 m) lenticular sand bodies are intercalated within this clay zone (Longe et
al., 1987; Coode-Blizard, 1996; Oladepo et al., 2014).

UNILAG Monitoring Network - UCPS Groundwater Level Time Series from 2021 to 2024
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Figure 14: Groundwater level time series for UNILAG monitoring network within the LCPS at Typology A
from 2021 to 2024. BGS © UKRI 2025.

The confined LCPS aquifer, which is more sand-dominated, begins around 70 mbgl and consists
of poorly to fairly-well sorted, fine to coarse grained sands, intercalated with lenticular clay and
clayey-sand lenses (< 10 m thick). The sands are typically horizontally and vertically connected
between the sequences of clay, and extend to depths of 100 to 120 mbgl, deepening southwards
(Longe et al., 1987; Coode-Blizard, 1996; Oladepo et al., 2014). Water quality data is not widely
available, although UNILAG dataset indicates the system to be fresh (EC < 216 pS/cm). Due to
being overlain by thick, confining clays it is expected to be largely protected from anthropogenic
contamination. The aquifer is reported to be moderately productive, producing yields of 54.4 to
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70.8 m¥/hour. Transmissivity ranges from 129.6 to 337.0 m?/day; specific capacity from 3.0 to 3.7
m3/h/m; permeability from 7.5x10°° to 1.0x10* m/s; and storage coefficient of 2.5 (Longe et al.,
1987). Data from the UNILAG monitoring network (Figure 14) indicates groundwater levels vary
from 10.9 mbsl to 31.8 masl. Groundwater levels generally increased across all sites between
October 2021 and October 2023, with overall increase ranging from 1.0 to 3.3, although localised
sensitivity to abstraction is observed. Comparison between water level (< 40.9 mbgl) and start
depth of LCPS aquifer (>70 mbgl) indicates the aquifer to be confined at this typology in the
Agege-Shasha region. Although local recharge is likely limited due to the overlying clay aquitard,
it is expected the LCPS will be recharged by high volumes of rainfall (~ 2000 mm/year) further
north where the LCPS is at near-surface. Groundwater appears to follow the topographic gradient,
flowing towards Lagos lagoon, with some localised variations attributed to abstraction induced
cones of depression.

The CPS is underlain by the llaro and Ewekoro formations, consisting of thick shale and
argillaceous sediments, extending to depths of 455 to 518 mbgl (Oladepo et al., 2014; Coode-
Blizard, 1996). Beneath this, evidence from Ikorodu, shows the Abeokuta Formation containing
sandy horizons (10 to 30 m thick) interbedded with clay and occasional limestone, with continuous
sand horizons found below 520 mbgl. However, not all sand horizons are laterally continuous,
particularly in the shallower depths (Longe et al., 1987; Coode-Blizard, 1996; Oladepo et al.,
2014). Hydraulic properties, water quality and water level data are unavailable, although the
aquifer is expected to be moderately to highly productive and of good water quality. Recharge is
expected to occur in the north, where the aquifer outcrops at the surface.
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Figure 15: Schematic of the shallow (alluvium/UCPS), LCPS aquifer and deeper Abeokuta Formation
typology in the north-west of Lagos State (Typology A). CPS aquifer structure based on borehole logs
from Agege and Shasha areas as described in Longe et al. 1987. BGS © UKRI 2025.
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This typology describes the aquifer systems around Lagos mainland’s urban centre, from
Gbagada to Aguda. It comprises of high population density, heavy urbanisation and
industrialization. Groundwater in this region is used for both domestic and industrial water
supplies, sourced from shallow wells and a mixture of low-volume motorised boreholes operated
by households and high-volume motorised boreholes operated commercially. Interbedded sands,
gravels and clays of the UCPS are found up to depths of 70 mbgl, thinning southward, with
evidence of anthropogenic contamination within much of the shallow aquifer across this typology
and evidence of saline intrusion towards the lagoon. Here, the LCPS is much better suited for
potable water supply systems and is separated from the UCPS by a 10 to 45 m thick clay aquitard,
with groundwater generally being fresh and expected to be largely protected from anthropogenic
contamination. Found at depths typically below 90 mbgl, water-bearing sand and gravel horizons
are typically 6 to 34 m thick and appear to have good potential for abstraction, although localised
over-abstraction is evident. The thickness, sand content and productivity of aquifer horizons
increases southwards. Information surrounding the Abeokuta Aquifer in this area is unavailable.

The shallow UCPS aquifer is semi-confined, typically overlain by 10 to 30 m of clay or clayey sand
(occasionally sand) in the east and south (Longe et al., 1987; Longe, 2011; Oladepo et al., 2014).
The aquifer extends to depths of 60 to 70 mbgl, with total thickness varying from 20 to 60 m,
thinning southwards. The UCPS functions as a multi-aquifer system, consisting of interbedded
sands and gravels, and clays. The system has more sand content than Typology A in the north,
though clay layers vary in extent, from thin minor lenses to more extensive beds. Aquifer horizons
are generally comprised of poorly sorted sands and gravels, and fine to coarse sands in the
shallowest reaches at Shomolu (Longe et al., 1987; Oladepo et al., 2014). At Shomolu, Longe
(2011) reported transmissivity to range from 224 to 2333 m?/day and specific capacity from 5.5 to
32 m3/h/m, recording yield from 62 to 100 m®h across six boreholes. This suggests that despite
the clay-rich nature of the system, the aquifer is still very productive, although significant spatial
variation is observed, even on localised scales. No up-to-date water level data is available for the
UCPS in this region, but it is assumed to be shallow, as is typical across the state. Whilst large
volumes of rainfall (~ 2000 mm/year) are available to recharge the aquifer, presence of
impermeable urbanised land cover may limit this compared to more rural parts of the state
(Olabode and Comte, 2022), reducing recharge volumes and increasing the ratio of recharge
received from polluted and brackish surface water bodies (Lagos lagoon, creeks and canals),
which may affect water quality.

Groundwater salinity is highly variable across the typology, ranging from 93 uS/cm (very fresh) to
2480 puS/cm (brackish) (Adelana et al., 2004; Adelana et al., 2005; Oladepo et al., 2014; Balogun
et al., 2019). Where groundwater is brackish it is often associated with elevated concentrations
of heavy metals and nitrates (Adelana et al., 2004; Balogun et al., 2019), indicating salinity to be
anthropogenically sourced. However, saline intrusion in proximity to the Lagos Lagoon and
brackish creeks has also been reported (Ayolabi et al., 2013), suggesting reversed pressure
gradients and potentially significant drawdown at abstraction points. Despite the concerns
regarding salinity, there are studies which identify all sampled sites to yield fresh water (Ferreira
et al., 2008; Soladoye & Ajibade, 2014). The UCPS suffers from serious localised anthropogenic
contamination, attributed to landfill leachate infiltration, sewage and wastewater (Afolabi et al.,
2012; Balogun et al., 2019; Ferreira et al., 2023). A variety of contaminants have been reported
to exceed WHO and NSDWQ limits across the zone, including EC, TDS, E. Coli, fluoride,
ammonia, nitrate, arsenic, copper, zinc, nickel, lead, iron, manganese, aluminium, potassium,
chromium, hydrogen sulphide and cadmium (Adelana et al., 2004; Adelana et al., 2005; Afolabi
et al., 2012; Soladoye & Ajibade, 2014; Balogun et al., 2019; Ferreira et al., 2023), although these
contaminants were not observed at all sites. Geogenic iron contamination has also been reported
(Longe et al., 1987). Whilst there are localised zones of good water quality, even in proximity to
potential contamination sources (Ferreira et al., 2023), the system here can generally be deemed
a high-risk source of water supply with regards to adverse effects on human health. It is possible
that towards Aguda, where thick clays overly the UCPS, there may be some level of protection
from surface pollution. However, further investigation is required to identify ‘safe’ zones.

A clay aquitard of variable thickness (~ 10 to 85 m), thinning southward, appears to separate the
UCPS from the LCPS, terminating between ~ 85 to 140 mbgl. Minor, non-laterally extensive sand
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horizons (generally < 5 m, up to ~ 10 m) are found within this clay layer. (Longe et al., 1987;
Longe et al. 2011). Aside from north-west Shomolu, where the clay aquitard appears thickest, the
confined LCPS aquifer typically extends from depths of 90 mbgl. It comprises of interbedded sand,
clay, and peat, forming a multi-horizon system with a higher sand content than the UCPS. Bed
thickness ranges from 6 to 34 m and grain size is coarse. Total aquifer thickness increases
southward, while clay and peat layers are thinner (<10 m) and less frequent than in the UCPS.
Investigation by Longe et al. (1987) indicates a productive aquifer system with good potential for
abstraction. Although limited, results suggest southerly-increasing transmissivity and yield, which
corroborates with the idea of the LCPS system thickening southwards, along with increasing sand
content (Table 4).

Table 4: Average value of aquifer characteristics reported by Longe et al (1987) from a) step-drawdown
tests and b) long-term constant rate tests using Theis (in bold).

Location Yield Specific Transmissivity Permeability Storage
(m3/hour)  Capacity (m?/day) (m/s x10°)  Coefficient
(m3/h/m) (x10%)
Shomolu 80.1 14.9 2315.52 37 4.9
1900.8
Aguda 97.2 28.6 5115.52 245.8 3.8
2571.72

Since 2021, the UNILAG monitoring network indicates average monthly water table is near or
below sea level, ranging from 4.9 masl to 13.7 mbsl (Figure 16; equivalent of 0.13 to 36.74 mbgl).
Despite concerns of over-abstraction and observed cones of depression in areas like Itire Ikate
and lIsolo, groundwater levels generally increased during 2021 to 2024, indicating recharge
exceeded abstraction and the resource did not appear to be suffering from depletion. Although
local recharge is likely limited due to the overlying clay aquitard, it is expected the LCPS will be
recharged by high volumes of rainfall (> 2000 mm/year) further north where the system is at near-
surface.

UNILAG Monitoring Network - UCPS Groundwater Level Time Series from 2021 to 2024
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Figure 16: Groundwater level time-series for the UNILAG monitoring network, targeting the LCPS aquifer from
2021 to 2024. BGS © UKRI 2025.
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As with the majority of the state, the LCPS is expected to be protected from anthropogenic
contamination and poor water quality by the overlying thick clay aquitard, although limited
information is available to ascertain its lateral continuity. The LCPS appears to be fresh water
bearing (EC < 450 uS/cm) (UNILAG dataset), even at sites where the UCPS sands are producing
saline water (Oladepo et al., 2014). However, brackish salinity (EC 1246 to 2446 uS/cm) has been
recorded at Bariga (UNILAG dataset), although lack of borehole construction information creates
uncertainty regarding which aquifer is being screened. Further investigation is required.

The LCPS's full extent is uncertain across this typology, as logs appear to terminate (at 220 mbgl)
before the final sand horizon is encountered (Oladepo et al., 2014), necessitating further
investigation. There is no data on the Abeokuta, llaro, or Ewekoro Formations in this region.
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Figure 17: Schematic of the shallow (alluvium/UCPS) and deeper LCPS aquifer typology surrounding the
urban centre of Lagos Mainland (Typology B). BGS © UKRI 2025.

This typology covers the aquifer systems along the central coastal belt from Apapa to Lekki,
characterized by high population density, urbanization, and industrialization. Groundwater in this
region is used for both domestic and industrial water supplies, sourced from shallow wells and a
mixture of low-volume motorised boreholes operated by households and high-volume motorised
boreholes operated commercially. Overlain by alluvium, the UCPS reaches depths of up to 190
mbgl and consists of 10 to 60 m thick beds of medium to coarse grained sands and gravels,
intercalated with clayey sand and clay layers of up to 75 m thickness. Here, the UCPS faces
localized anthropogenic contamination and saline intrusion, resulting in borehole abandonment.
Small-scale domestic supply relies on a shallow freshwater lens within the UCPS, which risks
upconing of saline water if over-exploited, although there is also risk of degraded water quality
from anthropogenic sources within this shallow lens. Generally found at depths of below 160
mbgl, the medium to coarse grained sand and gravel aquifer horizons of the LCPS are
hydraulically disconnected by the UCPS by a 5 to 15 m thick clay aquitard. Better protected from
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saline intrusion and anthropogenic contamination, the LCPS is reported to produce fresh water,
hence is more suitable for potable water supply and large-scale abstraction. Data from the
Abeokuta Formation is lacking, but it is likely too deep for abstraction to be economically viable.

Geological mapping indicates alluvium covers the UCPS, but it is not differentiated in geological
logs and is thus grouped with the UCPS as part of the shallow aquifer. The base of the UCPS
increases southward and eastward, from 124 to 190 mbgl, generally reaching depths of 140 to
160 mbgl (Longe et al., 1987; Coode-Blizard, 1996; Oladepo et al., 2014). The aquifer consists
of poorly to moderately sorted medium to coarse-grained sand and gravel (fining upwards), with
thicknesses ranging from roughly 10 to 60 m. These are intercalated with clayey sand and clay
layers of variable thickness (~5 to 75 m) and continuity. A belt of brackish to saline groundwater
exists within the UCPS at this typology, with the base of this belt deepening southwards and
eastwards as the thickness of the UCPS increases. This represents saline intrusion induced by
reversed pressure gradients from over-abstraction of the coastal aquifer, (DEPA, 1998; Oteri and
Atolagbe, 2003; Ola et al., 2008; Olufemi et al., 2010; Babatunde, 2012; Oyeyemi et al., 2015;
Akinlalu & Afolabi, 2018; Jimoh et al., 2018; Adiat, 2019; Popoola et al., 2020). The upper fresh-
saline interface is typically shallower than 70 mbgl (ranging 20 to 100 mbgl), while the lower
interface is generally below 150 to 160 mbgl (ranging from 110 to 190 mbgl) (Akinlalu & Afolabi,
2018; Adiat, 2019), although these depths vary across the typology (Ola et al., 2008; Oladepo et
al., 2014; Akinlalu & Afolabi, 2018; Jimoh et al., 2018). Concentrations of faecal coliforms, E. Coli,
nitrate, iron, lead, zinc, arsenic, nickel, copper, manganese, cadmium, chromium, magnesium are
also reported to exceed WHO or NSDWQ limits (Soladoye, 2014; Sogbanmu, 2020; Ajani et al.,
2021; Akerele et al.,, 2023; Ezechinyere and Stanislaus, 2023), pointing to anthropogenic
contamination from industry and domestic waste. Therefore, even freshwater lenses are at risk of
poor water quality, with sources of contamination linked to polluted surface water, seepage from
storage tanks, oil wells, septic tanks, landfills, and agricultural runoff (Adewuyi et al., 2010).

A ~5 to 15 m thick clay aquitard separates the UCPS and LCPS, acting as a sharp boundary
between the brackish and freshwater-producing sands.

The LCPS generally has a higher sand-to-clay ratio than the UCPS, comprising of medium to
coarse sand and gravel, though sand content, grain size and sorting varies across the typology.
Sand horizons range from ~5 to 45 m in thickness, while clays and clayey sands range from ~2
to 25 m (typically <10 m). The LCPS base varies from 237 mbgl at Badore to 290 mbgl at Lekki
Phase [, but many logs terminate within sand horizons at 280 mbgl, suggesting the LCPS may
extend deeper. Water quality data is lacking for the LCPS, although is reported to water with low
levels of salinity (Kampsax-Kruger, 1977; Oyadele & Meshida, 2004; Oladepo et al., 2014;
Akinlalu & Afolabi, 2018; Adiat, 2019). This is attributed to a continuous clay aquitard beneath the
brackish zone of the UCPS, protecting the LCPS from saline intrusion. Successful drilling typically
targets beyond 200 mbgl (Oyadele & Meshida, 2004). No further water quality information is
available for the LCPS system.

There is no typology specific information regarding groundwater level, flow or hydraulic properties.
However, it is expected that the UCPS has a shallow water table, and that the LCPS displays
artesian or semi-artesian conditions, due to the presence of confining clay. It is highly likely that
water level is below sea level, causing reversed pressure gradients, and hence the saline intrusion
across this belt. Both systems are assumed to be highly productive (compared to Typologies A
and B), due to greater aquifer thickness and sand content in the south of the state.
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Figure 18: Schematic of the shallow (alluvium/UCPS) and deeper LCPS aquifer typology along the heavily
urbanised central coastal belt (Typology C). BGS © UKRI 2025.

This typology describes the aquifer systems across Badagry LGA, a coastal area situated
between Lagos City and the Benin border. It comprises an urban centre and surrounding rural
communities. Groundwater in this region is predominantly used for domestic supply, sourced from
hand-dug wells and motorized boreholes, mainly drawing from the shallow aquifer system (sandy
clay alluvium and UCPS), which extends to ~ 100 mbsl. Localised anthropogenic contamination,
attributed to the shallow water table is evident, although there appears to be limited evidence of
saline intrusion. Found at depths from 300 to 400 mbsl and separated from the UCPS by a ~ 200
m aquitard, the sand-dominated LCPS aquifer system appears more suitable for water supply
due to the presence of more extensive sands and is expected to be highly productive with good
water quality. The Abeokuta Formation aquifer is found beyond 958 mbgl, making it unsuitable as
an economically viable aquifer system in the area, therefore it is not included within this typology.

The shallow aquifer is composed of sandy clay alluvium at the surface, overlying the UCPS. The
UCPS is clay-dominated and extends to about 100 mbsl, with two primary water-bearing fine to
medium sand horizons identified between 35 to 55 mbsl and 75 to 100 mbsl (Aladejana et al.,
2020). The first sand horizon appears more laterally extensive, while the second is likely a discrete
lenticular sand body within the clay. Recharge to the system occurs mainly via rainfall (~2000
mm/year), surface water bodies (e.g. Badagry Creek and associated wetlands), and flood flow.
The shallow aquifer is likely well-recharged due to the high volumes of precipitation.

The water table in the UCPS is typically shallow (<12 mbgl), with low elevations making this close
to sea level (< 6.5 masl). Water level within UNI-IBADAN monitoring boreholes (Figure 19) at
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Badagry rose by 0.2 to 0.6 m between April 2022 and April 2024. A shallow water table makes
the shallow aquifer vulnerable to anthropogenic contamination, with lead, cadmium, chromium,
copper and E. Coli all found to exceed WHO (2022) drinking water standards at various localities
across the LGA (RIGSS dataset; Olaruntola, 2021; Tunde et al., 2023). This contamination is
likely caused by poor management of a variety of domestic and industrial waste, and poorly sited
or protected wells and boreholes.

Groundwater Level Time-Series from 2022 to 2024
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Figure 19: Groundwater level time-series for UNI-IBADAN monitoring boreholes in Badagry region. Solid
line indicates monthly data; dashed line indicates bi-monthly data. BGS © UKRI 2025.

Despite models suggesting presence of a thin brackish lens within the UCPS here (Adelana et al.
2008), groundwater data consistently indicates fresh water, with no evidence of saline intrusion
in this zone. RIGSS and UNI-IBADAN datasets indicate EC ranging from 30 to 290 pS/cm from
boreholes, whilst Olaruntola et al. (2019) found all 91 shallow wells sampled produced fresh water
(TDS < 520 mgl/l), with 84% of samples having TDS < 250 mg/I. RIGSS data indicates hand dug
wells have slightly elevated EC in comparison (typically 412 to 571 pS/cm), although remains
predominantly fresh. At the one brackish site (EC = 1257 uS/cm), presence of elevated nitrate
levels (44.75 mgl/l), suggests local anthropogenic contamination rather than saline intrusion.
However, due to low elevations, coastal proximity and a water table close to sea level, there is a
possibility that coastal saline intrusion may affect shallow groundwater in this area if abstraction
is not suitably managed.

The LCPS aquifer is located at depths of approximately 300 to 400 mbsl and is hydraulically
separated from the UCPS by a 200 m thick layer of clay, peat, and shale, which acts as an
aquitard (Aladejana et al., 2020). The upper boundary of the LCPS aquifer may become shallower
eastward. The LCPS is mainly sand dominated, with peat lenses at the base and is underlain by
limestone or sandy shale (Aladejana et al., 2020; Onuoha & Ofoegbu, 1988). Limited hydraulic
property data has been reported for the LCPS in Badagry, but its greater sand content and
thickness suggest that it is likely more productive than the UCPS at this locality, suggesting high
yields may be supported here. At ljanikin, transmissivities ranging from 656 to 2286 m?/day have
been estimated from pumping tests (GTS Ltd, no date). Currently, there is no water quality or
level data available for the LCPS at this site. Due to its confined nature, the LCPS is expected to
be near-artesian, with good water quality. The thick overlying aquitard provides protection from
potential surface contamination, making it a more reliable potable source of groundwater than the
UCPS. This clay aquitard will likely prevent local recharge, and it is expected the LCPS will be
recharged by high volumes of rainfall (> 2000 mm/year) further north where the system is at near-
surface
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Figure 20: Schematic of the shallow (alluvium/UCPS) and deeper LCPS aquifer typology at Badagry LGA
(Typology D). BGS © UKRI 2025.

This typology describes the lithological anomaly observed within the aquifer systems between
Awoyaya and Lakowe in Ibeju-Lekki, situated between Lagos Lagoon and the coastline, east of
Lagos. This lithological anomaly is the defining feature of the typology. The area, less developed
than the Lagos mainland, Victoria Island, and Lekki, has experienced rapid urbanization in recent
years, transitioning into a growing commercial and residential zone. Within this typology, aquifer
systems do not appear to be suitable for any significant water supply, due to the UCPS and LCPS
being clay dominated. Shallow UCPS sand horizons suffer anthropogenic contamination, whilst
deeper sand horizons bear brackish water.

Coode-Blizard (1996) and Oladepo et al. (2014) identify a geological anomaly in the Awoyaya
and Lakowe region. Coode-Blizard (1996) suggest the Lower Coastal Plain Sands (LCPS) are
absent, and the llaro Formation dominates from depths as shallow as 45 mbgl, with this attributed
to large-scale faulting. Such large-scale faulting is unlikely due to no evidence of significant
structure elsewhere across the state, and it is possible that the anomaly identified around Lakowe
could reflect a clay-dominated lithological variation within the LCPS or perhaps may reflect a
borehole logging anomaly. This results in a high level of uncertainty as to the nature of this

typology.

Groundwater supply here appears to be limited to freshwater-bearing sands which extend to
depths of up to 100 mbgl, thickening and deepening westward. These sands are intercalated with
clay and clayey sand layers, with the shallowest clays being relatively uniform and laterally
continuous, and deeper layers thickening westward. Groundwater in the shallow aquifer is
predominantly fresh (Oladepo et al., 2014). However, the UNI-IBADAN record from Lakowe
shows seasonal fluctuations between fresh and brackish groundwater (EC 361 to 1448 uS/cm)
and brackish water is encountered between 70 and 100 mbgl at Awoyaya. No specific studies are
available on the water quality of the shallow aquifer (Alluvium/UCPS), but it is assumed to be
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vulnerable to anthropogenic contamination, particularly near domestic and commercial waste
sources, as observed in similar regions like Badagry. Groundwater level data from a shallow UNI-
IBADAN borehole at Lakowe shows seasonal fluctuations between 3.3 mbgl (6.7 masl) in the dry
season and 0.9 mbgl (9.1 masl) in the wet season, with a recorded 0.9 m decline over a two-year
period (April 2022 to April 2024). No hydraulic data is currently available for the area. Recharge
to the CPS system occurs mainly via rainfall (~2000 mm/year), although influences from the small
lagoon to the north of Lakowe may be possible. Below these shallow sands, the clay-dominated
LCPS extend to depths exceeding 360 mbgl.

Within the deeper LCPS, brackish sand and clayey sand horizons are present between 260 and
315 mbgl at Lakowe, and between 230 and 350 mbgl at Awoyaya. The thick overlying clay-
dominated aquitard will seriously limit recharge to these horizons. EC reach up to 6000 uS/cm,
which is likely geogenic, rather than saline intrusion or anthropogenic contamination. The lateral
extent of sand horizons is uncertain but likely limited.
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Figure 21: Schematic of the hydrogeological anomaly at Lakowe (Typology E). BGS © UKRI 2025.

Typology F is located in northeastern Lagos, extending from Epe town and Itoikin northward to
the border. This area includes both urban and rural zones, with urbanization concentrated around
Epe town and near the lagoons. Protected wetlands are increasingly threatened by development,
sand-mining and uncontrolled land reclamation. Water usage is for domestic, industrial and
agricultural purposes, including irrigation (cassava, pineapple, rice). Here, the undifferentiated
CPS aquifer is clay-dominated, with only thin (~ 5 m) and non-laterally extensive sand horizons,
hence only appears suitable for small-scale domestic supply. Found at relatively shallower depths
(from 211 mbgl) than the rest of the state, the sandstone horizons of the Abeokuta Formation may
be more appropriate for larger-scale abstraction or public water supply and is expected to be
highly productive and of good quality. However, further hydrogeological investigation is required,
as current data for the area is limited.
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The shallow aquifer in the Coastal Plain Sands (CPS) is predominantly composed of clay and
clayey sand up to 70 mbgl, with thin, non-laterally extensive sand horizons (~5 m) (Coode-Blizard,
1996). Recharge to the system is mainly from rainfall (~2000 mm/year), surface water bodies
(e.g., Lagos, Epe, and Lekki lagoons, wetlands), and flood flow. Although the IBADAN dataset
(Figure 22) indicates there is a general trend of rising water levels from 2022 to 2024, at Ibowon
in the north, an overall decline of 6.23 m was observed, with a notable 13.2 m drop during the
2022 wet season, followed by a 7 m rise from late 2022 to 2024. Similarly, water level at Ejirin,
near Lagos Lagoon is below sea level, increasing risk of intrusion from the brackish lagoon into
the aquifer system due to reversed head gradients, as well as further indicating vulnerability to
over-abstraction despite receiving substantial recharge.

Groundwater Level Time-Series from 2022 to 2024
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Figure 22: Hydrograph for UNI-IBADAN monitoring boreholes in Epe region, from 2022 to 2024. Solid line
indicates monthly data; dashed line indicates bi-monthly data. BGS © UKRI 2025.

Large volumes of recharge into the system are possible, due to high amounts of rainfall (~2000
mm/year) and through wetlands, swamps and other surface water bodies, including Epe Lagoon.
However, as the system is clay-dominated, this may limit recharge to the deeper parts of the CPS
system. The shallow aquifer is predominantly fresh, with no evidence of saline intrusion, though
slightly elevated EC and nitrate levels (within WHO and NSDWQ limits) have been recorded in
shallow wells (RIGSS, IBADAN datasets). E. coli, iron, and zinc concentrations can exceed WHO
limits (Soladdoye & Ajibade 2014), indicating vulnerability to anthropogenic contamination, as is
typical across the state. Given the low permeability of the clay-dominated CPS, deeper sand
horizons within the CPS are expected to be less susceptible to contamination. No hydraulic data
is available. However, transmissivity and yield are expected to be low due to the clay-rich
composition of the system and the limited presence of significant sand horizons.

The shallow CPS is underlain by a 140 to 230 m thick aquitard, composed of clay, limestone, and
shale (llaro and Ewekoro Formations). Below this, the sandy aquifer of the Abeokuta Formation
is encountered at relatively shallow depths (> 211 mbgl) compared to other state localities. Due
to the thick overlying aquitard, hydraulic connectivity between the shallow and deeper aquifers is
expected to be limited, and recharge to the Abeokuta Formation is expected to occur further north
near its outcrop in Ogun State. This aquifer is protected from local anthropogenic contamination
in Epe. While no specific data on water levels, quality, or hydraulic properties are available for the
Abeokuta Formation in this area, geophysical logging suggests fresh groundwater to at least 326
mbgl (Coode-Blizard, 1996). These sands are anticipated to have high transmissivity and yield
potential.
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Figure 23: Schematic of the coastal plain sands aquifer and Abeokuta aquifer typology at Epe Zone F. BGS
© UKRI 2025.

5 Conclusions and Recommendations

Groundwater is currently the primary source of domestic, commercial and industrial water supply
across Lagos State. In the absence of reliable public piped water supplies, groundwater is
accessed through a distributed network of shallow wells and motorised boreholes drilled to
varying depths and of differing productive capacities.

Existing knowledge of the aquifers of Lagos is fragmented, leading to a partial and inconsistent
record of groundwater conditions, characteristics and trends over time. In the absence of robust
and up-to-date datasets, the prevailing anecdotal concern is one of widespread contamination,
salinity and falling groundwater levels due to over-abstraction. However, this concern of
widespread degradation and depletion appears to be stemming from insufficient or outdated data
and evidence; based on research, data and evidence that suggests aquifer degradation and
depletion to be more localised.

This report combines existing literature about the groundwater system of Lagos with new insights
derived from the Lagos Groundwater Demonstrator, a network of groundwater monitoring sites
across Lagos State. It provides a summary of the groundwater system of Lagos and uses this to
advance a preliminary conceptual model of the key aquifer systems and a summary of some of
the associated major typologies.

A preliminary conceptual model, providing a simplified overview of hydrogeological typologies
underlying Lagos State is presented in Figure 24. However, the UCPS and LCPS aquifers are
both highly heterogeneous, due to rapidly changing geological facies, giving a high level of
variability within the aquifer systems even at a local scale. Within this more regional overview, six
initial typologies have been identified, and are presented in Section 4. Further investigation is
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required to refine these typologies and better define the transitions between them allowing for
more robust conceptualisation of the groundwater system at the state-scale.

Regionally, aquifers can be summarised into three key systems of varying potential and
vulnerability in terms of water supply:

1.

The shallow aquifer system, consisting of alluvium and UCPS, contains multiple water
bearing horizons of variable productivity. The system is highly vulnerable to anthropogenic
contamination and over-abstraction, although only shows localised depletion and quality
issues. Within the central coastal belt, from Apapa to Lekki, saline intrusion is evident, and
whilst some freshwater lenses can be targeted, any significant abstraction will likely induce
further intrusion. Outside of this area, the system can support small-scale domestic supply
with low access costs if contamination risks can be managed.

The LCPS appears to be a moderately to highly productive aquifer system, comprising of
multiple aquifer horizons. The LCPS is largely protected from anthropogenic contamination
and saline intrusion due to the presence of a near-continuous clay-dominated horizon of
variable thickness across the region, limiting hydraulic connectivity between the LCPS and
the shallow aquifer and surface water system. Productivity is not widely reported, although
transmissivity values suggest the aquifer has the potential to support larger-scale public
and industrial water supply if adequately planned and managed. Further investigation is
required for full characterisation and to fully understand contamination risks. Whilst
historically there has been a dialogue of over-abstraction and declining water levels, recent
monitoring data suggests that water levels in some parts of the aquifer beneath Lagos city
might be slowly rebounding. However, despite more recent, consistent rises in groundwater
level, the LCPS aquifer is still vulnerable to over-exploitation and changing abstraction
patterns, demonstrating the need for robust monitoring and adequate management to
ensure long-term sustainability. Strategic long-term monitoring is essential.

The deep Abeokuta Formation contains multiple aquifer horizons and is expected to be
high yielding and of general good quality, but further investigation is needed to fully
characterise this system within Lagos State. Depending on depth, it may present an
economically viable resource for larger-scale abstraction, more likely so in the north of the
state where the system is shallower. Due to the ferruginous nature of some sandstone
horizons within the formation, there is a risk of elevated iron concentrations, although this
can be treated and poses minimal risk to human health.

Whilst a simplified overview of these aquifer systems can be made across the state, due to
geological complexity, the UCPS and LCPS aquifers are heterogeneous and display a high level
of hydrogeological variability, even at a local scale. Therefore, within this more regional overview,
six initial typologies have been identified, reflecting variations between the three main aquifer
systems, with each typology presenting differing opportunities and risks. These typologies can be
broadly summarized as:

Typology A: Inland Northwest describes the aquifer systems in the north-west of Lagos
State, from Agege to Ikorodu. It comprises of heavily urbanised and industrialised zones.
Groundwater in this region is used for both domestic and industrial water supplies, sourced
from shallow wells and a mixture of low-volume motorised boreholes operated by
households and high-volume motorised boreholes operated commercially. Both the CPS
aquifers and the Abeokuta Formation are utilised in this area, although only industrial
boreholes tend to tap from the Abeokuta Formation due to its depth (> 460 mbgl). The
alluvium is generally absent, other than in river floodplains. The UCPS here comprises of
up to 30 m of sand with intercalated clays and is occasionally semi-confined. Whilst saline
intrusion is not evident, localised anthropogenic contamination is apparent within the
shallow aquifer. The confined and more sand-dominated LCPS, bearing fresh
groundwater, is separated from the UCPS by an up to 60 m thick clay aquitard, and is
encountered typically at depths from ~ 70 to ~ 120 mbgl. The Abeokuta Formation is
encountered at depths below ~ 450 mbgl, with 10 to 30 m thick sand horizons providing
deeper groundwater resources, expected to be fresh and of good quality.

Typology B: Lagos Mainland Urban Centre describes the aquifer systems around
Lagos mainland’s urban centre, from Gbagada to Aguda. It comprises of high population
density, heavy urbanisation and industrialization. Groundwater in this region is used for
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both domestic and industrial water supplies, sourced from shallow wells and a mixture of
low-volume motorised boreholes operated by households and high-volume motorised
boreholes operated commercially. Interbedded sands, gravels and clays of the UCPS
are found up to depths of 70 mbgl, thinning southward, with evidence of anthropogenic
contamination within much of the shallow aquifer across this typology and evidence of
saline intrusion towards the lagoon. Here, the LCPS is much better suited for potable
water supply systems and is separated from the UCPS by a 10 to 45 m thick clay
aquitard, with groundwater generally being fresh and expected to be largely protected
from anthropogenic contamination. Found at depths typically below 90 mbgl, water-
bearing sand and gravel horizons are typically 6 to 34 m thick and appear to have good
potential for abstraction, although localised over-abstraction is evident. The thickness,
sand content and productivity of aquifer horizons increases southwards. Information
surrounding the Abeokuta Aquifer in this area is unavailable

Typology C: Urbanised Coastal Centre covers the aquifer systems along the central
coastal belt from Apapa to Lekki, characterized by high population density, urbanization,
and industrialization. Groundwater in this region is used for both domestic and industrial
water supplies, sourced from shallow wells and a mixture of low-volume motorised
boreholes operated by households and high-volume motorised boreholes operated
commercially. Overlain by alluvium, the UCPS reaches depths of up to 190 mbgl and
consists of 10 to 60 m thick beds of medium to coarse grained sands and gravels,
intercalated with clayey sand and clay layers of up to 75 m thickness. Here, the UCPS
faces localized anthropogenic contamination and saline intrusion, resulting in borehole
abandonment. Small-scale domestic supply relies on a shallow freshwater lens within
the UCPS, which risks upconing of saline water if over-exploited, although there is also
risk of degraded water quality from anthropogenic sources within this shallow lens.
Generally found at depths of below 160 mbgl, the medium to coarse grained sand and
gravel aquifer horizons of the LCPS are hydraulically disconnected by the UCPS by a 5
to 15 m thick clay aquitard. Better protected from saline intrusion and anthropogenic
contamination, the LCPS is reported to produce fresh water, hence is more suitable for
potable water supply and large-scale abstraction. Data from the Abeokuta Formation is
lacking, but it is likely too deep for abstraction to be economically viable.

Typology D — Coastal Southwest at Badagry describes the aquifer systems across
Badagry LGA, a coastal area situated between Lagos City and the Benin border. It
comprises an urban centre and surrounding rural communities. Groundwater in this
region is predominantly used for domestic supply, sourced from hand-dug wells and
motorized boreholes, mainly drawing from the shallow aquifer system (sandy clay
alluvium and UCPS), which extends to ~ 100 mbsl. Localised anthropogenic
contamination, attributed to the shallow water table is evident, although there appears to
be limited evidence of saline intrusion. Found at depths from 300 to 400 mbsl and
separated from the UCPS by a ~ 200 m aquitard, the sand-dominated LCPS aquifer
system appears more suitable for water supply due to the presence of more extensive
sands and is expected to be highly productive with good water quality. The Abeokuta
Formation aquifer is found beyond 958 mbgl, making it unsuitable as an economically
viable aquifer system in the area, therefore is disregarded within this typology.

Typology E: Lithological Anomaly at Lakowe describes the lithological anomaly
observed within the aquifer systems between Awoyaya and Lakowe in Ibeju-Lekki,
situated between Lagos Lagoon and the coastline, east of Lagos. The area, less
developed than the Lagos mainland, Victoria Island, and Lekki, has experienced rapid
urbanization in recent years, transitioning into a growing commercial and residential zone.
Within this typology, aquifer systems do not appear to be suitable for any significant water
supply, due to the UCPS and LCPS being clay dominated. Shallow UCPS sand horizons
suffer anthropogenic contamination, whilst deeper sand horizons bear brackish water.

Typology F: Inland Northeast at Epe is located in northeastern Lagos, extending from
Epe town and Itoikin northward to the border. This area includes both urban and rural
zones, with urbanization concentrated around Epe town and near the lagoons. Protected
wetlands are increasingly threatened by development, sand-mining and uncontrolled land
reclamation. Water usage is for domestic, industrial and agricultural purposes, including
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irrigation (cassava, pineapple, rice). Here, the undifferentiated CPS aquifer is clay-
dominated, with only thin (~ 5 m) and non-laterally extensive sand horizons, hence only
appears suitable for small-scale domestic supply. Found at relatively shallower depths
(from 211 mbgl) than the rest of the state, the sandstone horizons of the Abeokuta
Formation may be more appropriate for larger-scale abstraction or public water supply
and is expected to be highly productive and of good quality. However, further
hydrogeological investigation is required, as current data for the area is limited.

Further refinement of these typologies, and their transition zones, are still required for more robust
conceptualization of the groundwater system at the state-scale.

Based on the limited available data, within the UCPS and LCPS the overarching trends across
Lagos State appears to reflect:

¢ Increased aquifer thickness from north to south;

¢ Increased sand content from north to south;

e Increased productivity (yields and transmissivities) from north to south.
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Figure 24: Regional conceptual model for groundwater systems across Lagos State. Please note that this
regional conceptual model is an over-simplification of each aquifer-forming formation. Given the highly
heterogeneous nature of the system and rapidly changing facies, that localised variations in presence of sand
and clay horizons are expected to vary significantly. Basemap: Esri, CGIAR, USGS, TomTom, Garmin, FAO,
NOAA, USGS © OpenStreetMap contributors and the GIS User Community. BGS © UKRI 2025.
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The current understanding is developed from pre-existing literature of varying quality, quantity
and reliability, therefore significant uncertainties remain in our conceptualisation of the
groundwater systems underlying Lagos State, including:

o Geological Framework

o Given the limited availability of direct lithological logs from drilling records,
conceptualisation has relied upon geological logs that have been pre-interpreted from
geophysical data. At this stage, the raw geophysical data has not been reinterpreted;
therefore, any potential ambiguity of interpretation has not been identified. This creates
uncertainty when developing the framework, particularly with regards to a) the true
depth and geological composition of key (hydro)geological formations, and b) the
extent of the clay layer that separates the UCPS and LCPS.

o There is a limited spatial coverage of available lithological information, including
borehole records or geophysical data, limiting the certainty of inferred typologies.
Furthermore, it is not currently possible to fully understand the lateral variations within
aquifer systems, the extent of water-bearing horizons, and how the various typologies
interact with each other.

o Around Lakowe, limited pre-existing literature suggests a geological anomaly, either
inferred as presence of the llaro Formation at much shallower depths due to large
scale faulting, or a zone where the LCPS is clay-dominated. Further geological and
geophysical data is required to fully define and understand this inferred anomaly.

o “Lagos Groundwater Demonstrator” Monitoring Networks

o As groundwater level and quality monitoring efforts are not strategic and widespread,
it is possible that zones of concern have not yet been identified, and that observed
groundwater level decline or water quality concerns are less localised than currently
understood. Monitoring and sampling efforts therefore need to be expanded.

o Where water level data is available, there is little knowledge of local abstraction
regimes, so a complete understanding of how abstraction affects groundwater decline
is not currently possible. This is needed to define sustainable limits to future
groundwater abstraction.

o There are uncertainties in the borehole information (particularly elevation available for
monitoring sites within the IBADAN monitoring network. Comparisons between
surveyed and remote sensed site elevations show deviations of up to 27 m. Future re-
surveying of site elevations is planned, using suitably calibrated GPS equipment, to
confirm actual elevation for each site, allowing for more reliable validation of water
table elevations.

o For both monitoring networks, borehole records are incomplete (including total depth,
screened intervals, geological logs). Therefore, there is a level of uncertainty as to
which aquifer horizons are being monitored, particularly for the IBADAN network,
where there are no associated total depths, and therefore may be monitoring different
aquifer systems.

Recommendations outlined in Section 5.4 aim to tackle these data gaps and uncertainties,
improving the existing knowledge base.

Groundwater dominates existing domestic and industrial water supply in Lagos, and has the
potential to support increased, strategic abstraction if adequate regulation and management can
be implemented. Existing narratives of a forthcoming crisis in groundwater quality and quantity
have localised validity. However, based on available evidence, these concerns do not appear
accurate at the State level, particularly for the immediate future. It is possible that groundwater
studies focused on sites of known contamination risk have provided a platform for a more general
negative narrative.

Recharge appears to be maintaining groundwater levels in the face of extensive abstraction
across Lagos State, with some evidence of a potential groundwater ‘rebound’ in key aquifers,
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although areas of localised over-abstraction remain. Recharge of the various aquifers will be
affected by future urbanisation patterns, land use changes and climate change, but the effects of
these remain uncertain. The shallow unconfined aquifers (RA and UCPS) are recharged directly
through precipitation and secondary recharge across the state. The more confined LCPS is
believed to receive recharge from high volumes of rainfall in the north, where the system is at or
near the surface. Groundwater then generally flows north to south, demonstrating the reliance of
aquifers in the south of Lagos State on maintained recharge in the north. The Abeokuta Formation
remains outside of the scope of this report, but recharge of this potentially important aquifer may
be focused in areas that lie outside of Lagos State, notably in Ogun State.

Lack of abstraction data limits the certainty with which groundwater futures can be determined.
Similarly, in the absence of a more comprehensive monitoring network, the risk of more
widespread contamination and abstraction issues cannot be entirely ruled out. The significance
of groundwater abstractions for the ongoing economic and social resilience of Lagos State
emphasises the imperative of maintaining a comprehensive groundwater monitoring network over
time.

This report compiles current openly available data and literature to update and refine a
hydrogeological framework for Lagos State and provide a benchmark of previous efforts
undertaken to understand the system. As a result, an initial pathway of future investigation has
been identified to allow for current data gaps to be addressed and a more comprehensive
understanding of the groundwater systems underlying Lagos State to be developed, including
their significant spatial variations.

Given the dependence of Lagos on its groundwater systems we recommend the
implementation of a comprehensive programme of activities designed to safeguard this
essential resource into the future. The proposed programme is designed to establish the
resilience of the aquifer systems and identify a sustainable future for groundwater supply across
the region. In turn, this will support efforts to site, design and develop boreholes, improve access
to drinking water across the state, and support the development of groundwater resource
regulation and management strategies.

The four key stages of this programme comprise of:

1) Stakeholder engagement and collation/management of pre-existing data.

2) Development of a robust and targeted groundwater monitoring network.

3) Hydrogeological investigation and refinement of the conceptual model.

4) Improvement of groundwater practice, policy and management to secure future water
supplies.

Significant additional value could be obtained from existing data to further refine and expand the
hydrogeological conceptualisation provided in this report. The collation and analysis of data held
by, for example, Lagos Water Corporation and private consultants should be prioritised to prevent
duplication of efforts and further refine data gaps, before commencement of any further field
investigations.

We recommend that Lagos State initiate a ‘Big Conversation on Groundwater’, engaging
professionals, practitioners, policy officials and the public.

We propose that Lagos State develop a groundwater database that collates available data
on groundwater conditions and provides a means to use and display this data in the future
to inform groundwater governance and decision-making.

This stage of works would include:

e Stakeholder engagement (from policy makers to groundwater users and the wider public)
to build awareness of groundwater resources and encourage its stewardship and
sustainable usage. This would form part of a “Love Lagos, Love Groundwater” campaign.
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e Quality assessment and compilation of pre-existing data into a well-designed groundwater
database.

e Encourage the sharing of borehole records to strengthen knowledge and understanding
of the groundwater resource. This could be managed by an independent third-party if such
information was deemed sensitive.

o Where possible, open access sharing of groundwater data between stakeholders,
including policy makers and groundwater users.

Recent groundwater monitoring data collected as part of the Lagos Groundwater Demonstrator
contests the prevalent narrative of significant groundwater depletion, poor water quality and
widespread saline intrusion that is often described in literature. Rather, it appears that
groundwater depletion, poor water quality and elevated salinity are often localised, rather than
statewide.

Collection of both water level and quality data is essential for developing a baseline understanding
to inform proactive regulation and management of future groundwater abstraction. Whilst the UNI-
IBADAN and UNILAG monitoring networks provide a good first attempt at developing a consistent
spatiotemporal understanding of water resource quality and quantity, more strategic and robust
monitoring across all aquifer systems is required statewide. This will allow evidence-informed
decisions to be made thus reducing the risk of future groundwater degradation and depletion.

We recommend that a robust, strategic and co-ordinated monitoring network is
established and maintained across all aquifer systems, ensuring good spatial coverage.

We propose that this should incorporate adoption of the existing UNI-IBADAN and UNILAG
network; engage a cadre of committed and knowledgeable borehole owners and extend
future data collection at sites with historic monitoring records.

This stage of works would include:

e Improving the pre-existing UNI-IBADAN and UNILAG networks, to fill data gaps and
ensure longevity of the monitoring records, as data of longer time-series are invaluable.
This may include topographic surveying of monitoring points; down-hole geophysical
surveying; borehole camera (CCTV) surveys to understand borehole construction (depths,
screened intervals); and hydro-surveys of local boreholes and wells, particularly those
abstracting significant volumes.

e Expansion of existing networks to ensure strategic and good spatial coverage state-wide,
incorporating both urban/rural zones, inland/coastal areas and transitionary intermediates.
Initial expansion efforts could include but not be limited to a) the Alluvium/UCPS within
and around Lagos Megacity (Lagos Mainland Urban Centre typology; b) the
Alluvium/UCPS and LCPS along the central coastal belt from Apapa to Lekki (Urbanised
coastal centre typology; and c) commence monitoring of water level and quality within
the Abeokuta Formation. The eventual aim should be to ensure strategic monitoring of all
systems across all typologies.

¢ Consideration should be made to ensure multiple monitoring points are installed around
high-risk zones such as those near to abstraction centres (e.g. heavily urbanised and
industrialised zones) and towards the coast where saline intrusion is a risk.

¢ Monitoring of water level at the sites previously targeted by Kampsax-Kruger (1977) and
Coode-Blizard (1996) would allow for a better understanding of how groundwater quantity
and quality has changed over the last ~ 30 years, identifying long term water level decline
or rebound across the state.

e Assignment of resources and responsibility to ensure ongoing maintenance and use of
the monitoring network, ensuring collected data is adequality processed and analysed to
help inform decision-making regarding groundwater-fed supply.

¢ Urgent consideration should be given to initiating an innovative network of groundwater
monitoring utilising existing boreholes operated by households and local businesses.
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This study has identified a number of uncertainties surrounding the characteristics of the aquifers
on which Lagos and its population depends.

We recommend that further hydrogeological investigation be undertaken to more fully
understand the groundwater typologies occurring in Lagos State and the connectivity of
the aquifers.

We propose that the data collated and collected through the first two phases described
above should be used to verify, further refine and expand the conceptual model of the
Lagos groundwater system, supporting the planning of further investigation.

This stage of works may include:

o Refinement of the geological framework via geophysical surveying and exploratory
boreholes.

¢ Mapping of groundwater levels, flow, and depletion through strategic groundwater level
monitoring.

o Development of a water quality baseline and identification of significant contamination
hotspots through strategic water quality sampling.

o Determine hydraulic properties, productivity and sustainable yields of aquifer systems,
essential for appropriate design and management of groundwater supply networks,
through pumping tests.

o Close the water balance by better understanding groundwater recharge and discharge
(including installation of rainfall stations and river flow gauges; monitoring abstraction).

e Conduct socioeconomic surveys to gain a better understanding of how groundwater is
utilised across aquifer systems by different sectors, particularly the increasing demands
on the resource made by private developers.

o Development of a numerical groundwater model, crucial for enabling informed decision-
making to ensure the long-term sustainability and resilience of groundwater resources for
water supply, with a handover of the model to relevant authorities and decision-makers
supporting water-supply efforts across the state. This handover should include capacity
building and training of the model recipient to ensure the model can be utilized to its full
capability.

The development of a more robust understanding of the groundwater characteristics of Lagos
provides an essential foundation for developing monitoring and management approaches that
can secure this resource as a climate-resilient water supply into the future.

We recommend that the critical role played by small-scale abstractors (households,
institutions and small businesses) in maintaining functional water supply infrastructure is
formally acknowledged and planned for.

We propose that Lagos State adopt a policy of conjunctive water supply, maintaining the
long-term inclusion of groundwater-fed supply in areas where quality and quantity is
sufficient. A long-term transition towards strategic medium- to large-scale public water
supply schemes could be supported in areas where groundwater is suitable for larger
scale abstraction. However, support should be provided to small-scale private users of
groundwater, at least in the medium term, recognising the critical contribution they make
to water security in the State.

This stage of works may include:

e Acknowledge and act upon the need for evidence-informed policy and well-defined
governance structures to enable effective management and regulation of groundwater.

e Establish a unit with the capacity to manage and use a groundwater information system,
including the adoption of the monitoring network. This unit would take responsibility for the
ongoing management and maintenance of monitoring networks, including subsequent
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data processing, calibration and analysis, and raise awareness of groundwater conditions
within government and across wider publics.
Following refinement of groundwater typologies identified in this study, and subsequent
reduction of associated uncertainties, utilise these typologies to develop areal
groundwater management strategies that reflect local contexts. These strategies would
consider:
o Groundwater productivity and vulnerability mapping to highlight zones at risk to
contamination, groundwater depletion and over-abstraction.
o Source protection strategies for small domestic to large public water supplies.
o Abstraction regulation (licenses, permits) to prevent over-exploitation and adverse
spillover effects on other groundwater users.
Consider opportunities to augment groundwater supplies through the development of
managed aquifer recharge schemes.
Explore models for the engagement of households in the active management of the
collective groundwater resource, including as contributors to monitoring networks,
groundwater protection zones and aquifer recharge schemes.
Launch a public awareness campaign on the theme of: “Love Lagos, Love Groundwater”.
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Appendix 1 — Aquifer Typologies

The alluvium is absent in the north-west. Borehole logs from Longe et al. (1987), Coode-
Blizard (1996), and Oladepo et al. (2014) indicate that the interbedded sands and clays of the
CPS systems extend to depths of 100 to 120 mbgl, deepening southwards (Figure 25; Figure
26; Figure 27; Figure 28;Table 6). The sands exhibit spatial variability, with some profiles
showing lateral continuity while others exhibit pinching of sands or clay dominance (Olaruntola
et al., 2019).

The UCPS sands, primarily fine to medium grain-sized, poorly sorted, and intercalated with
clay lenses, are generally found between 0 to 30 mbgl, with aquifer thickness ranging from 5
to 22 m. Below 30 mbgl, the system is clay-dominated with only occasional thin sand horizons,
typically < 5 m thick, but can reach 10 m. This thick clay-dominated zone (up to 60 m thick)
acts as an aquitard, separating the UCPS and LCPS. The LCPS, more sand-dominated,
begins around 70 mbgl and consists of poorly to fairly-well sorted, fine to coarse grained
sands, intercalated with lenticular clay and clayey-sand lenses (<10 m thick). The sands are
typically horizontally and vertically connected between the intercalations of clay. Typically, the
base of the LCPS reaches depths of 100 to 120 mbgl.

The CPS is underlain by the llaro and Ewekoro formations, consisting of thick shale and
argillaceous sediments, extending to depths of 455 to 518 mbgl (Oladepo et al., 2014; Coode-
Blizard, 1996). In Ikorodu, the Abeokuta Formation contains sandy horizons (10 to 30 m thick)
interbedded with clay and occasional limestone, with continuous sand horizons found below
520 mbgl. However, not all sand horizons are laterally continuous, particularly in the shallower
depths.

Here the UCPS is unconfined, whilst the LCPS and Abeokuta Formations are confined.
Hydraulic properties within both CPS systems are highly variable due to facies changes and
spatial heterogeneity. Longe et al. (1987) report moderate productivity for the LCPS in the
north-west (Table 5), though less so compared to the southern coastal areas. While no specific
data is available, the UCPS in the north-west, is expected to be less productive than the LCPS
in this zone.

Table 5: hydraulic properties reported for the LCPS in the north-west of Lagos state (Longe et al., 1987)
from a) step-drawdown tests and b) long-term constant rate tests using Theis.

Location Yield Specific Transmissivity Permeability Storage
(m3/hour) Capacity (m?/s x10%3) (m/s x10°)  Coefficient
(m3/h/m) (x10)
Agege 54.4 2.96 1.5 7.5
Shasha 70.8 3.71 2839 10 25
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Both the IBADAN (UCPS) and UNILAG (LCPS) datasets indicate significant variability in
groundwater levels across the typology. In the UCPS (IBADAN), monthly average
groundwater levels over the past two years ranged from 2.8 to 27.66mASL (0.34 to 27.52
mbgl). Some sites have shown a slight rise in water table levels, while others have
experienced decline including during the wet season. These fluctuations suggest the shallow
aquifer system is vulnerable to both anthropogenic and climatic influences. For example, whilst
the water table is typically stable in boreholes near Agege, a 7.5 m decline in average monthly
groundwater levels occurred at Abesan between April and June 2022, the cause of which
remains unclear. In contrast, near Ikorodu and ljede in the east, water table elevation varies
significantly, despite similar topographic elevations and proximity to the lagoon, indicating
abstraction-related impacts.

In the LCPS (UNILAG) groundwater levels have fluctuated between 10.89 mbsl and 31.82
mASL (18.11 to0 40.90 mbgl). At Isheri Mahodo, water table has averaged 9.4 mbsl since 2021,
with observed drawdown effects from nearby boreholes, suggesting sensitivity to abstraction
here. However, across all sites with 2-year comparisons (October 2022-2024), groundwater
levels have generally increased by 1.04 to 3.29 m, suggesting over-abstraction is not a
widespread issue, and in fact the LCPS appears to be recharging. While groundwater flow
generally follows the topographic gradient toward the lagoon, localised variations in water
levels are likely influenced by abstraction-induced cones of depression. Comparison between
water level (< 40.9 mbgl) and start depth of LCPS aquifer (> 70 mbgl) indicates the aquifer to
be confined at this typology.

Reports of heavy metal, nitrate, potassium, chloride, and E. coli contamination in the UCPS
aquifer around Agege and Ikorodu (Adelana et al., 2005; Soladoye, 2014; Soladoye & Yinusa,
2012; Balogun, 2019) suggest that the shallow aquifer is at risk of anthropogenic
contamination, similar to other areas across the state. However, these studies also indicate
that the aquifer remains unpolluted at many locations, with spatial variability in quality likely
influenced by proximity to domestic and industrial contamination sources.

Olaruntola et al. (2019) reported the presence of ferruginous sands in some localities, but the
absence of water quality sampling means that the iron content in groundwater remains
unconfirmed. Nevertheless, there is a potential risk of geogenic iron contamination, which
could impact the taste and color of drinking water in these areas.

IBADAN and UNILAG datasets indicate that groundwater in both the LCPS and UCPS is
predominantly fresh, with EC typically < 200 uS/cm (maximum 666 uS/cm). RIGSS data for
the UCPS shows most sites with EC < 717 uS/cm, although three sites exhibit brackish
conditions (EC 1002-1092 pS/cm) alongside elevated nitrate levels (44.34-53.24 mgl/l),
suggesting anthropogenic contamination of shallow resources.

Other water quality studies confirm that groundwater in the region is generally fresh (Adelana,
2004; Adelana et al., 2005; Soladoye & Yinusa, 2012; Soladoye, 2014), with only localized
areas showing elevated contaminant levels. For example, Soladoye (2014) reported brackish
water (EC 1447 uS/cm) at one site within the CPS, where concentrations of nitrate, iron, zinc,
and E. coli also exceeded WHO limits.

Water quality information is limited for the Abeokuta Sands, although is expected to be fresh
and of good quality. Investigation is required.
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Table 6: Summary of fresh and saline water bearing zones across the north-west of Lagos State
(Oladepo et al., 2014).

Location Elevation Depth of Freshwater Zone Depth of Saline Water Zone
(mAOD) (mbgl) (mbgl)

Lagos Road 114 15-27, 78-83, 96-102, 105- none
Waterworks, 111, 455-474, 520-544, 566-
Ikorodu 571, 605-627
Egan Gram. 19 81-96, 114-129, 132-141, none
School, 146-164
Egan
Iron Market, 66 14-32, 34-39, 46-62, 70-76, none
Igando 88-93, 106-116
Ikeja 64 29-32, 40-48, 74-80, 86-88, none
W/works, 90-96, 104-108
Ikeja
Cadbury, 44 57-62, 65-72, 77-80, 82-100 none
Ogba
Guiness, 65 14-25, 30-36, 52-60, 82-108 none
Agidingbi
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Aquifer behaviour across Lagos Mainland varies due to spatial inconsistency in sand and clay
layers, as shown by geological logs (Figure 29; Figure 30; Figure 31; Figure 32; Longe et al.,
1987; Longe, 2011; Oladepo et al., 2014). Alluvium is present in the east and south, typically
associated with 10 to 30 m thick clay or clayey sands (Longe et al., 1987; Longe, 2011). In
some areas, a 5 to 10 m sand layer overlies these clayey units (Oladepo et al., 2014).

The UCPS aquifer is semi-confined, extending to depths of 60 to 70 mbgl, consisting of
interbedded sands and clays, with total thickness varying from 20 to 60 m, thinning
southwards. The system has more sand content than Typology A in the north, though clay
layers vary in extent, from thin minor lenses to more extensive beds. Two extensive clay beds
are logged at Shomolu (Figure 29; Figure 30; Longe et al., 1987; Longe, 2011) with one
appearing to continue southwards to Aguda. The UCPS functions as a multi-aquifer system,
with poorly sorted sands and gravels, and fine to coarse sands in the shallowest reaches at
Shomolu (Longe et al., 1987; Oladepo et al., 2014).

Beneath the UCPS lies a clay aquitard, separating it from the LCPS, terminating between 85-
100 mbgl. The aquitard thickness varies from 10 to 45 m, thinning southwards. Minor, non-
laterally extensive sand horizons (< 5 m) are found within this clay layer. In the north-west of
Shomolu, a second thick clay layer underlies the aquitard, extending to 140 mbgl (Longe et
al., 1987; Longe, 2011). The layer is separated from the main aquitard by a 5 to 10 m sand
horizon which thickens to the southwest and appears to demarcate the commencement of the
LCPS across the remainder of the typology.

Aside from north-west Shomolu, the confined LCPS aquifer typically extends from depths of
90 mbgl, although the upper boundary may be as deep as 106 mbgl in Bariga. It comprises of
interbedded sand, clay, and peat, forming a multi-horizon system with a higher sand content
than the UCPS. Bed thickness ranges from 6 to 34 m and grain size is coarse. Total aquifer
thickness increases southward, while clay and peat layers are thinner (<10 m) and less
frequent than in the UCPS. By Aguda most boreholes typically screen the LCPS as the UCPS
there is much less significant.

The LCPS's full extent is uncertain across this typology, as some logs terminating at 220 mbgl
show sand (Oladepo et al., 2014), while others indicate clay (Longe et al., 1987), necessitating
further investigation. There is no data on the Abeokuta, llaro, or Ewekoro Formations in this
region.

Hydraulic information is of limited availability. As with the rest of the state, the hydraulic
properties across both systems will vary spatially, due to variable thickness of water-bearing
horizons and changing lithologies. Within the UCPS at Shomolu, Longe (2011) reported
transmissivity to range from 224 to 2333 m?day and specific capacity from 5.5 to 32.2 m3/h/m,
recording yield from 62 to 100 m3/h across 6 boreholes. This suggests that despite the clay-
rich nature of the system, the aquifer is still very productive.

Longe et al. (1987) performed pumping tests targeting the LCPS at one borehole in Shomolu
and one in Aguda (Table 7), indicating a productive aquifer system with good potential for
abstraction. Although limited, results suggest southerly-increasing transmissivity and yield,
which corroborates with the idea of the LCPS system thickening southwards, along with sand
content.
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Table 7:Average value of aquifer characteristics reported by Longe et al (1987) from a) step-drawdown
tests and b) long-term constant rate tests using Theis (in bold).

Location Yield Specific Transmissivity Permeability Storage
(m3hour)  Capacity (m?/day) (m/s x10°%)  Coefficient
(m3/h/m) (x10%)
Shomolu 80.1 14.9 2315.52 37 49
1900.8
Aguda 97.2 28.6 5115.52 245.8 3.8
2571.72

No up-to-date water level data is available for the UCPS in this region, but it is assumed to be
shallow, as is typical across the state. Evidence of saline intrusion from Lagos Lagoon (see
Groundwater Quality) suggests reversed pressure gradients and potentially significant
drawdown at abstraction points. Careful management is needed to prevent further saline
intrusion.

The UNILAG dataset for the LCPS aquifer shows the average monthly water table near or
below sea level since April 2021, ranging from 4.9 masl to 13.73 mbgl. Despite concerns of
over-abstraction and observed cones of depression below 10 masl in areas like ltire Ikate and
Isolo, groundwater levels have increased over the past two years, indicating recharge still
exceeds abstraction and the resource does not appear to be suffering from depletion.

Across this zone, the UCPS is experiencing significant issues with anthropogenic
contamination compared to the rest of the state, likely due to heavy urbanisation and
industrialisation. A variety of contaminants have been reported to exceed WHO and NSDWQ
limits across the zone, including EC, TDS, E. Coli, fluoride, ammonia, nitrate, arsenic, copper,
zinc, nickel, lead, iron, manganese, aluminium, potassium, chromium, hydrogen sulphide and
cadmium (Adelana et al., 2004; Adelana et al., 2005; Afolabi et al., 2012; Soladoye & Ajibade,
2014; Balogun et al., 2019; Ferreira et al., 2023), although these studies do also indicate not
all sites pose this contamination. The high concentrations of contaminants have been
attributed to landfill leachate infiltration, sewage and wastewater (Afolabi et al., 2012; Balogun
et al., 2019; Ferreira et al., 2023).

It is possible that towards Aguda, where thick clays overly the UCPS, there may be some level
of protection from surface pollution. However, this needs further investigation. Whilst there are
localised zones of good water quality, even in proximity to potential contamination sources
(Ferreira et al., 2023), the system here can generally been deemed a high-risk source of water
supply with regards to adverse effects on human health.

Evidence of iron contamination (0.45 to 5.62 mg/l) has also been reported across Shomolu
and Aguda (Longe et al., 1987), where other contamination was not evident, which may
suggest a geogenic source and attributed to ferruginous coatings on sand grains.

Whilst the IBADAN dataset does not cover the area, literature indicates groundwater salinity
across the UCPS varies across this zone, from 93 uS/cm (fresh) to 2480 uS/cm (brackish)
(Adelana et al., 2004; Adelana et al., 2005; Balogun et al., 2019), with logs from Oladepo et
al. (2014) suggesting brackish water at some locations and fresh at others. However, the mean
EC is fresh across studies that do identify brackish groundwater (Adelana et al., 2004; Adelana
et al., 2005; Balogun et al., 2019), and some studies identify EC as fresh at all sites (Ferreira
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et al., 2008; Soladoye & Ajibade, 2014), suggesting that most localities do produce fresh
groundwater. The cause of salinity can be attributed to both anthropogenic contamination and
saline intrusion, although it is likely to be more commonly caused by the former. Many
instances of high EC do appear to be associated with studies that display elevated
concentrations of heavy metals, nitrates etc (Adelana et al., 2004; Balogun et al., 2019). At
the University of Lagos, geophysical mapping of saline intrusion up to depths of 50 m within
the UCPS, sourced from Lagos Lagon and brackish creeks has been identified (Ayolabi et al.,
2013).

As with the majority of the state, the LCPS is expected to be protected from anthropogenic
contamination and poor water quality by the overlying thick clay, aquitard, although limited
information is available. Oladepo et al. (2014) report that the LCPS is fresh water bearing,
even at sites where the UCPS sands are producing saline water. EC is fresh (< 450 uS/cm)
at all UNILAG monitoring sites across this zone, apart from Bariga, located on the shore of
Lagos Lagoon. Investigation at Bariga is limited, with only three records of EC over the entire
monitoring period, with EC values ranging from 1246 to 2446 pS/cm indicating a brackish
salinity. There is a level of uncertainty surrounding this site. Notably, Bariga is one of the three
UNILAG sites without recorded borehole depth, raising the possibility that it may monitor the
UCPS rather than the LCPS. Alternatively, the observed salinity could result from
contamination between the UCPS and LCPS due to poor borehole construction. Further
investigation is required.

Table 8: Saline and fresh-water zones of the groundwater systems from Satellite Town to Ikorodu
(Oladepo et al., 2014). Sections spanning from Mile 2 to Bariga are relevant for Zone B Typology.

Location Elevation Depth of Freshwater Zone Depth of Saline Water Zone
(mAOD) (mbgl) (mbgl)

Silcas Ind. 23 82-94, 96-104 0-80

Satellite

Town

FESTAC 31 18-32, 40-50, 56-64, 66-94, None

Estate, Mile 106-118

2

Cadoso 27 100-110, 120-132, 134-144, 0-92

Ind., Kirikiri 149-156

ljora Badia 17 62-68, 72-92 0-54

BH1, ljora

Nigerian 23 58-88, 96-128, 152-160, 166- 0-40

Breweries, 180, 188-194, 198-212

I[ganmu

Surulere 49 32-40, 54-66, 84-95, 100- None

w/works, 106, 138-198, 194-206

Surulere

Bariga 37 14-20, 40-56, 106-114, 122- None

w/works, 138, 144-160

Bariga

Lagos Road 115 15-27, 78-83, 96-102, 105- None

w/works, 111, 455-474, 520-544, 566-

Ikorodu 571, 605-627
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Figure 29: Lithological logs and correlations across Shomolu (Longe et al.,
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Focused investigations (Longe, 1987; Coode-Blizard, 1996; Aladana et al., 2008; Oladepo et
al., 2014; Adalejana et al., 2020) have produced numerous geological logs (Figure 33; Figure
34; Figure 35) and descriptions (Table 9) of the coastal stretch from Apapa to Ajah. Minor
studies are also available, for example, Ola et al (2008) identified seven horizons (10 to 45 m
thick), with the top four within 126 mbgl, and three deeper. These studies indicate the UCPS
and LCPS systems to consist of multiple sand horizons intercalated with continuous and non-
continuous clays, with varying thickness and depth. Sand content and horizon thickness are
notably greater here than in other areas of the state.

Table 9: Geological descriptions across Zone C (Coode-Blizard, 1996). Italics indicates inferred
formation.

Badore Lekki (2 x BH)

Depth Lithology Depth (mbgl) Lithology
(mbgl)
0to 54 Clay 0 to 155 Thick sand and

gravel, underlain by
clay at unreported

depth
(Alluvium/UCPS)
54 to0 124 Med-coarse sand and gravel 156 to 291 Thick sand and
(UCPS) gravel separated by
thin clays (LCPS)
124 — 148 Clay with thin sand horizons 291 to 330 Clay (llaro)

(aquitard)
148 to 196 Very fine sands (LCPS)
196 to 237 Fine silty sand (LCPS)

237 to 325 Clay and fossiliferous shale
(llaro)

Geological mapping indicates alluvium covers the UCPS, but it is not differentiated in
geological logs and is thus grouped with the UCPS as part of the shallow aquifer. The UCPS
depth increases southward and eastward, from 124 to 190 mbgl, generally reaching depths of
140 to 160 mbgl (Longe et al., 1987; Coode-Blizard, 1996; Oladepo et al., 2014). The aquifer
consists of poorly to moderately sorted medium to coarse-grained sand and gravel (fining
upwards), with thicknesses ranging from roughly 10 to 60 m. These are intercalated with
clayey sand and clay layers of variable thickness (~5 to 75 m) and continuity.

A ~5 to 15 m thick clay aquitard separates the UCPS and LCPS, acting as the boundary
between the brackish and freshwater-producing sands.

The LCPS generally has a higher sand-to-clay ratio than the UCPS, though sand quality varies
across the typology (e.g., very fine and fine-silty at Badore to medium-coarse sand and gravel
at Lekki Phase | and Apapa). Sand horizons range from ~5 to 45 m in thickness, while clays
and clayey sands range from ~2 to 25 m (typically <10 m). The LCPS base varies from 237 m
at Badore to 290 m at Lekki Phase |, but many logs terminate within sand horizons at 280
mbgl, suggesting the LCPS may extend deeper.
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There are minor contradictions to the general behaviour of the LCPS. Aladejana et al. (2020)
reported significant clay and peat horizons from 125 to 350 mbgl at Apapa, where the
freshwater aquifer of the LCPS is typically found, with only a minor (~20 m) sand horizon.
However, this is not observed in Apapa logs from Oladepo et al. (2014) or Longe et al. (1987),
suggesting it is a localized anomaly rather than a typical aquifer characteristic.

There are not specific reports of hydraulic properties for either aquifer system in the south of
the state, although they are assumed to be highly productive, due to greater aquifer thickness
and sand content in the south of the state.

Neither the RIGSS, IBADAN or UNILAG datasets cover this heavily urbanised coastal belt,
and there are no recent studies providing groundwater level or flow information. It is expected
that the water table remains shallow for the UCPS and that the LCPS is confined and semi-
artesian. Recharge to the system will typically be through precipitation (~ 2000 mm/year) and
surface water bodies (e.g. Lagos Lagoon, Apapa Lagon, rivers, creeks and the wetlands),
although due to impermeable urban cover across much of the zone, recharge may be limited.

Neither the RIGSS, IBADAN or UNILAG datasets cover this heavily urbanised coastal belt.

Numerous studies have identified a brackish-saline groundwater belt within the UCPS from
Apapa to Ajah, representing saline intrusion induced by reversed-pressure gradients from
over-abstraction of the coastal aquifer, (DEPA, 1998; Oteri and Atolagbe, 2003; Ola et al.,
2008; Olufemi et al., 2010; Babatunde, 2012; Oyeyemi et al., 2015; Akinlalu & Afolabi, 2018;
Jimoh et al., 2018; Adiat, 2019; Popoola et al., 2020). The upper fresh-saline interface is
typically shallower than 70 mbgl, while the lower interface is generally below 150 to 160 mbgl
(Akinlalu & Afolabi, 2018; Adiat, 2019). However, these depths vary regionally, with the upper
interface ranging from 20-100 mbgl and the lower from 110 to 190 mbgl, deepening
southwards and eastwards (Ola et al., 2008; Oladepo et al., 2014; Akinlalu & Afolabi, 2018;
Jimoh et al., 2018). For example, Akinlalu and Afolabi (2018) reported the brackish-freshwater
interface at Lekki to range from 160 to 162 m in the north to 164 to 166 m in the south, and at
Ikoyi and Victoria Island, the interface ranges from 90 to 111 m in the north to 134 to 156 m in
the south. Freshwater should typically be found below 126 mbgl at Lagos Island (Ola et al.,
2008), 136 mbgl at Apapa (Oladepo et al., 2014), 154 mbgl at Victoria Island (Oladepo et al.,
2014; Akinlalu & Afolabi, 2018), 148 mbgl at Ikoyi (Oladepo et la., 2014; Akinlalu & Afolabi,
2018), 160 mbgl at Lekki (Oladepo et al., 2014; Adiat, 2019) and 190 mbgl in Ajah (Oladepo
et al., 2014).

Within the main saline lens, smaller freshwater lenses have been identified (Oydele &
Meshida, 2004; Adiat, 2019). These freshwater lenses can occur at any depth between 17
and 112 m within the UCPS (Oydele and Meshida, 2004; Oladepo et al., 2014). These spatial
variations are attributed to high heterogeneity of clay and sand horizons and complex geology,
as well as variations in abstraction and therefore hydraulic gradients and degree of saline
induction; hence the location of the saltwater lens may vary across the coastline. Whilst
freshwater is typically found within the shallowest reaches of the UCPS, it is typically not
suitable for extraction due to upconing risks (Oteri & Atolagbe, 2003), though it may be the
only accessible freshwater drinking source for some communities.

Aside from the saline intrusion affecting the UCPS, there are reports of concentrations of
faecal coliforms, E. Coli, nitrate iron, lead, zinc, arsenic, nickel, copper, manganese, cadmium,
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chromium, magnesium exceeding WHO or NSDWQ limits (Soladoye, 2014; Sogbanmu, 2020;
Ajani et al., 2021; Akerele et al., 2023; Ezechinyere and Stanislaus, 2023), pointing to
anthropogenic contamination from industry and domestic waste. Therefore, even freshwater
lenses are at risk of poor water quality, with sources of contamination linked to polluted surface
water, seepage from storage tanks, oil wells, septic tanks, landfills, and agricultural runoff
(Adewuyi et al., 2010).

Despite the significant saline intrusion of the UCPS, the LCPS produces freshwater, generally
from depths below 160 mbgl (Kampsax-Kruger, 1977; Oyadele & Meshida, 2004; Oladepo et
al., 2014; Akinlalu & Afolabi, 2018; Adiat, 2019). This is attributed to a continuous clay aquitard
beneath brackish zone, with groundwater fresh below this. Successful drilling typically targets
below 200 m (Oyadele & Meshida, 2004). No further water quality information is available for
the LCPS system.

Table 10: Intercepted fresh and saline water zone depths across this typology (Oladepo et al., 2014).

Location Elevation Depth of Freshwater Zone Depth of Saline Water Zone
(mAOD) (mbgl) (mbgl)

Niger 4 148-159, 162-183, 192-238, 0-125

Biscuit, 246-258, 264-270, 274-280

Apapa

Sugar 6 149-159, 162-184, 208-226, 0-136

Indsutries 1, 232-236, 239-248

Apapa

Tarkwa Bay 10 148-155, 158-168, 171-179, 0-130

Island, 182-186, 188-193, 206-226

Apapa

lkoyi BH1 15 161-174, 179-190, 193-204, 0-138

w/works, 215-224, 228-246, 253-259,

Ikoyi 261-276

Dolphin 5 137-152, 154-162, 169-180, 0-131

w/works, 187-192, 195-214, 218-224,

Ikoyi 229-250

Parkview 8 156-165, 171-178, 189-198, 0-138

Estate, Ikoyi 201-215, 217-222, 230-235,

240-245

Osborne 5 164-172, 176-193, 202-208  0-148

Estate, Ikoyi

IBTC, 20 154-191, 203-213, 215-219, 0-144

V/lIsland 222-242

Eko Hotel 19 153-193, 194-208, 214-237  0-144

BH4,

V/lIsland

Akingbade 18 148-174, 176-198. 208-220, 0-140

Close, 224-242

V/Island

Femi 27 182-129, 206-224 0-140

Okunnu
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Estate,
Lekki

Seed
Education,
Lekki

Victoria
Garden City
Estate, Ajah

Royal
Garden
Estate, Ajah

Model
College,
Badore

Coop Villa
BH1,
BAdore

Coop \Villa
BH2,
BAdore

15

17

17

31

28

27

166-188, 192-196, 198-232

30-40, 136-141,
179-188, 193-212, 217-234

46-50, 57-88, 102-108, 114-
136, 190-218, 223-242, 245-

252

40-48, 54-64, 76-112, 118-
124, 144-154, 180-196

12-17, 20-24.8,
173-186, 188-202

13-20, 62-70, 150-164, 176-

188, 196-202

55

0-158

56-116

None

None

None

None
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Figure 33: Geo-section from Apapa - Ikoyi - Victoria Island - Lekki - Ajah (reproduced from Oladepo et al., 2014. © 2014 Academic Journals, Licensed under the CC BY 4.0
license).
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Figure 34: Geological logs across Lagos State coastal belt from Aladejana et al. (2020a).
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Three geological records are available for Badagry LGA: two from Afowo and one from
Badagry town:

1.

Afowo geological cross-section (Adelana et al., 2008) — this less detailed log reaches
450 mbsl, showing the UCPS down to ~25 mbsl, underlain by a clay aquitard that
separates it from the LCPS. The LCPS extends from 35 to 250 mbsl, before the thick
clays of the llaro Formation are met, reaching to the base of the well. This cross-section
presents shallower CPS termination depths compared to Aladejana et al. (2020) and
is considered a more generalized, less accurate representation.

Badagry borelog (Figure 34; Aladejana et al., 2020) - reaching depths of 450 mbsil, this
log indicates that clay and sandy clay dominate to 100 mbsl, with two fine-medium
sand horizons between 35-55 mbsl and 75—-100 mbsl, assumed to be water-bearing
layers of the UCPS aquifer. The shallower horizon appears laterally extensive
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eastward. However, the second sand horizon is likely a lens within a clay-dominated
environment, contrary to the inference of lateral extent by Aladejana et al. (2020). From
100 to 300 mbsl, thick alternating layers of clay, shale(?) and peat form a thick aquitard,
separating the UCPS and LCPS. Thick sand layers, assumed to be part of the LCPS,
extend from 300 to 410 mbsl, separated by a peat layer. Whilst Adelajana et al. (2020)
infer the sand to form two separate horizons, with the peat layer continuous, an
alternate interpretation, which is more likely to reflect the typical CPS system would be
that the sand horizons are interconnected, with the peats forming lenses. Limestone
at ~410 mbsl is likely part of the Ewekoro Formation.

3. Afowo borelog and record of total sedimentary thickness (Table 11; Onuoha &
Ofoegbu, 1988) — reaching depths of 2400 m, this log provides a general overview of
the sedimentary sequence in the Dahomey Basin. It confirms that CPS sands reach
~400 m in depth, with deeper sand aquifers in the Abeokuta Formation identified from
958 to 1262 m and 1698 to 2152 m, before basement is met.

Given these discrepancies, the cross-section by Adelana et al. (2008) has been excluded from
the typology development, as it contradicts the other logs. Additional data is required to clarify
variations in formation and facies thicknesses across Badagry LGA.

While hydraulic property data for Badagry is unavailable, the presence of thicker sand horizons
and a confined system suggests the LCPS aquifer likely has greater transmissivity and yield
than the UCPS.

Groundwater level data is limited. However, RIGSS and IBADAN data from the shallow aquifer
indicate a very shallow water table, typically <6 masl (maximum 11.57 mbgl) and close to sea
level (< 6.37 masl). Over two years (April 2022 — April 2024), water levels rose by 0.19 to 0.63
m at all IBADAN monitoring points, suggesting the aquifer is recharging. No data is available
for the LCPS.

Urban areas of Badagry are at higher risk of contamination from domestic and industrial waste
in the shallower aquifer, although rural areas also face contamination risks. Tunde et al. (2023)
and Olaruntola (2021) detected lead, cadmium, chromium, copper, and E. coli in groundwater
across the LGA. Tunde et al. (2023) highlighted the lack of waste management at monitored
locations, indicating a significant risk to shallow groundwater.

Data from RIGSS and IBADAN indicate that groundwater produced from boreholes in the
UCPS is generally fresh (IBADAN: 30 to 285 puS/cm; RIGSS: 83 to 290 uS/cm). RIGSS data
shows slightly elevated EC in hand-dug wells (412 to 571 pS/cm), with one shallow well (<3
m depth) producing brackish water (EC = 1257 uS/cm), likely due to local contamination rather
than saline intrusion, as elevated nitrate levels (44.75 mg/l) are present. Olaruntola et al.
(2019) found all 91 shallow wells sampled produced fresh water (TDS < 520 mg/l), with 84%
of samples having TDS < 250 mg/l. However, Electrical Resistivity Tomography (ERT) data
from the same study suggests a brackish/saline lens at 10—-50 m depth, contradicting the water
quality results. This discrepancy warrants further investigation, although the water quality data
is considered more reliable than the ERT interpretation.
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The geological profile presented by Adelana et al. (2008) suggests a thin freshwater layer
underlain by saline water in the UCPS, with fresh water again in the LCPS below the clay
aquitard. However, due to conflicting evidence and a lack of supporting data, the presence of
this saline water belt remains uncertain. Further research is needed.

Overall, aside from instances of anthropogenic contamination, groundwater in Badagry's CPS
appears predominantly fresh. Given the area's low elevation, coastal proximity, and shallow
water table, coastal saline intrusion remains a potential risk to shallow groundwater,
necessitating ongoing monitoring.

Table 11: Summary of total sedimentary thicknesses at Afowo-1 deep well (Onuoha & Ofoegbu, 1988.
Data originally compiled from Fayose, 1970).

Horizon Total Dominant
Depth (m) Sediment composition
thickness
(m)
Miocene 16 0 2152.0 Sand
20.6 24 .4 2127.8
Oligocene 23 213.4 1938.8
32 396.2 1756.0 Sandy Shale
37 655.3 1496.9
Eocene 43 676.7 1474.5
52 847.3 1304.8
Palaeocene 55 853.4 1298.8 Shale
60 932.7 1219.5
63 941.8 12104
Cretaceous 68 958.6 1193.6 Sand
90 1262.2 739.4 Sandy Shale
120 1698.0 303.6 Sand
Pre- 190-250 2152.0 0 Crystalline basement
Barremian
Basement

Coode-Blizard (1996) and Oladepo et al. (2014) describe a unique geological anomaly at
Awoyaya and Lakowe compared to the rest of the Lekki Peninsula:

1. Lakowe (Coode-Blizard, 1996) — within the top 45 m, two sand horizons (average
thickness 7.5 m) are found, assumed to be CPS. From 45 to 290.5 m are thick clays
identified as the llaro Formation, with intercalated clayey sand horizons from 290.5 to
293.2 m and 309 to 314 m.
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2. Lakowe (Oladepo et al., 2014; Figure 36; Table 12) — two borelogs show intercalated
clays and sands (sand-dominated) down to 60 mbgl (CPS), underlain by 210 m of thick
shale from 60 to 270 mbgl. Brackish sand and clayey sand horizons are encountered
between 260-315 m, beneath which further shale is observed.

3. Awoyaya (Oladepo et al., 2014, Figure 36; Table 12) — A borelog indicates freshwater-
bearing sands at 0—24 mbgl and 30-50 mbgl (Alluvium/CPS), intercalated with clay. A
brackish sand body is found from 70-100 mbgl. Beneath this, 130 m of shales are
present, followed by intercalated brackish sand horizons from 230-350 mbg|.

Whilst Coode-Blizard (1996) suggests the thinning of the CPS is due to the LCPS being
absent, and is structurally controlled, inferring faulting to the east and west of the region. Such
large-scale faulting required to create such a geological anomaly is unlikely. A more
reasonable explanation would be that the llaro Formation shale identified is in fact a clay-
dominated portion of the LCPS, and that there has been an anomaly within borehole logging
at this site.

Oladepo et al. (2014) infer “shale” at these locations, but infer various horizons to extend
laterally, pinching out both west and eastward. It is suspected that the low resistivities captured
by their geophysical profiling are more likely to represent a clay-dominated LCPS, but that the
previous identification of shale by Coode-Blizard (1996) may have influenced interpretation.

Therefore, it is assumed that this geological anomaly reflects clay-dominated LCPS, with
limited sand, and that there is no large-scale faulting within Lagos State. Further investigation
is required to identify what is happening. It is possible that the clay-dominated typology may
span further, though lack of investigation to the north and east of this zone means identifying
a typology boundary is not possible.

No hydraulic data is available for this area.

Groundwater level data is limited. An IBADAN record for a shallow borehole at Lakowe shows
the groundwater level fluctuates between 6.7 masl (dry season) and 9.1 masl (wet season).
Over a two-year period, a 0.89 m decline in the water table was recorded.

Coode-Blizard (1996) and Oladepo et al. (2014) suggest that the shallow aquifer (up to 60
mbgl) is predominantly fresh. However, the IBADAN record from Lakowe shows seasonal
fluctuations between fresh and brackish groundwater (EC 361-1448 uS/cm). This may
indicate saline intrusion, due to the area’s coastal proximity, although further investigation is
required. A brackish zone is noted in the upper aquifer at Awoyaya, between 70 and 100 mbgl.

Groundwater in deeper horizons within the clay-dominated horizons of the LCPS (below 230
mbgl) is brackish to saline (Oladepo et al., 2014), with Coode-Blizard (1996) reporting EC
values of up to 6000 uS/cm. This cause of this anomalously high salinity is unknown and
requires further investigation.
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Table 12: Reported zones of fresh and saline groundwater near Lakowe (Oladepo et al., 2014).

Location Elevation Depth of Freshwater Zone Depth of Saline Water Zone
(mAOD) (mbgl) (mbgl)

Victoria 17 30-40, 136-141, 152-155, 56-116

Garden City 179-188, 193-212, 217-134

Est., Ajah

Royal 17 26-35, 46-50, 57-88, 102- 143-190

Garden 108, 114-136, 190-218, 223-

Est., Ajah 242, 245-252

Golden 22 20-36, 44-57, 60-68, 82-100, None

Park Est., 112-124

Sangotedo

Ajayi Apata, 22 16-33, 43-56 None

Sangotedo

Eko-Akete, 20 18-24, 30-50 233-355

Awoyaya

HFP 29 15-54 265-315

Cemetry,

Lakowe

Lakowe 26 21-27 258-308

Gram.

School,

Lakowe

Ibeju-Lekki 10 12-18, 36-46, 108-132, 144- 51-108, 196-308

Secretariat, 150, 159-168

Akodo
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Figure 36: Geo-section and borehole logs across Ajah - Sangotedo - Awoyaya - Lakowe - Akodo (reproduced from Oladepo et al., 2014. © 2014
Academic Journals, Licensed under the CC BY 4.0 license). Clear lithological variations are observed at Awoyaya and Lakowe when compared to
the other locations along this axis.
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Coode-Blizzard (1996) described borehole lithology from Eredo, north of Epe, which indicates
that the Coastal Plain Sands (CPS) in this area are shallow (< 70 m depth) and lack significant
sand layers (Table 13). A second borehole log from Itoikin, 20 km northwest of Epe, shows similar
shallow CPS depths with thin (5 m) sand intervals, suggesting that discontinuous, thin sand
horizons may also be present within the Epe typology area.

Table 13: Geological logs from Coode-Blizard, 1996. Italics indicates inferred information based on
general geology of Lagos State.

Eredo Itoikin

Depth (mbgl) Lithology Depth (mbgl) Lithology

0to70 Sandy clay (CPS) 0to 63 Clay and sand (4 sand
intervals, 5m thickness
each) (CPS)

70 to 150 Clay (llaro) 63 to 200 Clay (llaro) w/
interbedded limestone
(moving into Ewekoro?)

152 to 162 Limestone 168 to 172 Thickest limestone bed
(Ewekoro) (Ewekoro)

162 to 211 ? clay and shale ? 200 to 297 clay and shale

>211 Sand (Abeokuta) >297 Sand (Abeokuta)

The Abeokuta Formation appears to form the most significant aquifer system in Epe. Located
from depths of 211 mbgl in Epe, the aquifer is much shallower here compared to its occurrence
at lkorodu in the west (from 460 mbgl). This suggests potential geological controls, such as
faulting, unconformities, erosion, or differential basin subsidence between the two areas, which
are less than 45 km apart. Further investigation is required.

No hydraulic data is available, but due to the significant clay content and the thin (5 m) sand
intervals in the Coastal Plain Sands (CPS), it is expected that transmissivity and yield will be
limited. In contrast, the Abeokuta Sands are likely to be more transmissive and capable of yielding
higher volumes of water.

The IBADAN dataset indicates irregular groundwater level trends in this area. From April 2022 to
April 2024, water levels generally rose by 2.57 to 3.17 m, but at Ibowon in the north, a decline of
6.23 m was observed, with a notable 13.2 m drop during the 2022 wet season, followed by a 7 m
rise in 2023-2024. This suggests that the shallow aquifer is vulnerable to over-abstraction. There
is no additional data on groundwater levels, flow, or abstraction in Epe LGA.

Water quality data for the CPS is limited, with no data available for the Abeokuta Sands. The
RIGSS and IBADAN datasets indicate generally fresh groundwater in the area (EC < 767 pS/cm),
(average RIGSS: 423 pS/cm, average IBADAN: 115.5 uS/cm). Elevated nitrate levels are
reported where EC exceeds 300 uS/cm, although these remain within WHO limits. Elevated EC
and nitrate concentrations are more common in hand-dug wells, suggesting possible
anthropogenic contamination due to inadequate well protection. No evidence of saline intrusion
from brackish surface water has been observed.
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Limited investigation (2 sample points) by Soladoye & Ajibade (2014) found evidence of both
good water quality and groundwater anthropogenic contamination, with EC, iron, zinc, and E. coli
concentrations at one site exceeding WHO limits, and nitrate being elevated. Despite some
evidence of contamination, groundwater quality in Epe is expected to be better than in the heavily
urbanized and industrialized areas of Lagos megacity.
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