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Abstract: The groundwater from shallow coastal aquifers in Nigeria has been reported to be under 
intense stress resulting from both natural and anthropogenic impacts ranging from saltwater 
intrusion, effluent-related contamination and pollution to oil spillage, gas flaring, municipal, 
industries and agriculture. Here we characterised the hydrostratigraphy and hydraulic 
characteristics of the shallow coastal aquifers of the Niger Delta basin and assessed the resilience of 
groundwater to both natural and anthropogenic impacts. Fifty-two borehole logs were analysed 
from which lithological sections were used to generate cross-sections along with four profiles. The 
system was more complex than previously reported: a unit of silty sand was observed in the western 
part of the basin that thins out leaving the eastern part of the basin as an unconfined aquifer 
underlain by multiple thin beds of the sand aquifer. A layered sand aquifer occurs in the northern 
parts of the basin, which holds freshwater in this area, and is interbedded by clay layers which serve 
as aquitards. The relatively higher hydraulic conductivity of the Benin Formation units compared 
to those of the Deltaic Formation leave it with weaker climate change resilience and more vulnerable 
to pollution and contamination. While groundwater remains the dominant source of fresh water in 
the northern part of the basin, a strategic approach is needed to access potable water from the 
southern part where contaminated surface water appears to directly interact with groundwater of 
the uppermost unconfined aquifer. Management of waste and effluent related to oil spillage, 
municipal, industries and agricultural in this area should be engineered to protect the groundwater 
resources of this aquifer. 

Keywords: Coastal aquifers; Groundwater; Characterisation; Borehole logs; Niger Delta. 
 

1. Introduction  

Safe drinking water is critical to an improved standard of living and is a fundamental goal for 
sustainable water resources management under water supply sanitation and hygiene (WASH) [1]. 
Globally, water resources are facing numerous challenges ranging from quality to quantity [2]. 
Groundwater is generally regarded as a source of high-quality freshwater, used not only for drinking 
purposes but also supporting industrial and agricultural activities [3]. Groundwater accounts for one-
third of all freshwater withdrawals, supplying an estimated 36% of domestic, 42% of agricultural and 
27% of industrial water used globally. The ease of exploration to meet the required water demand 
with little substantial infrastructure promotes the widespread development of groundwater use [4].  

The Niger Delta in Nigeria is the economic hub of the country due to crude oil exploration 
around the basin. This has attracted many petroleum and petrochemical industries into the area 

CORE Metadata, citation and similar papers at core.ac.uk

Provided by University of Strathclyde Institutional Repository

https://core.ac.uk/display/237397005?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Geosciences 2019, 9, 470 2 of 16 

 

resulting in rural-urban migration and a surge in the urban population. Increased population has 
placed pressure on the available water resources in the area [5]. Data from the National Bureau of 
Statistics shows that water in the majority of Niger Delta states comes from unsafe supply facilities, 
such as rivers, lakes, unprotected hand-dug wells and boreholes. Potable water for household 
consumption used to run in public taps but fell into disrepair 20 years ago, hence people now rely on 
boreholes, protected wells, unprotected wells, rivers/lakes/ponds, vendor trucks and other water 
sources. These problems are acute and result in supplies of unsafe water in more than 50% of the 
cases [6]. These factors have led to a dependence on groundwater from shallow aquifers to meet daily 
water demands. 

Complicating factors, such as oil spillage, flooding and gas-flaring, have caused significant 
degradation of groundwater quality in this area [7], thereby costing the federal government of 
Nigeria for the remediation of the soil and surface and groundwater resources. Flooding events are 
recorded every year in all the states along the River Niger and its tributaries, specifically Delta, 
Bayelsa and Rivers states, and cause disasters, which are also attributed to climate change [8–12]. This 
has resulted in 1110 towns, accommodating over 7 million people, being at risk of inundation by 
flooding [8]. Floods also serve as a threat to groundwater quality and quantity. It has, therefore, 
become imperative to develop a hydrogeological conceptual model of the area to better understand 
the hydrostratigraphy and hydrogeology of this area. This model will allow for proactive protection 
policy and strategy, reducing further deterioration in groundwater resources. It also serves as a 
planning tool for water quantity and quality management models for sustainable water resource 
management of the vulnerable and critical shallow groundwater aquifers of the Niger Delta basin. 

The design and implementation of a conceptual groundwater model requires a thorough 
understanding of hydrogeological factors that control site-specific flow and transport in the 
subsurface [13]. Several hydrogeology methods have been employed in groundwater aquifer 
characterisation, which range from invasive geophysical methods, such as electrical resistivity and 
electromagnetic method, and direct methods, such as borehole logging and hydrochemical 
evaluation [3,14–17]. Borehole well logging is known for the precise qualitative and quantitative 
delineation of groundwater aquifers, especially in stratified sedimentary basins [18–20], the results 
of which were used here. Geohydraulic information was extracted from previous studies at different 
locations across this basin. This study therefore described the shallow coastal aquifers of the Niger 
Delta basin and assessed its implications on the resilience of groundwater for both natural and 
anthropogenic impacts. Both borehole logs and hydraulic characterisation were critically assessed to 
determine the resilience of shallow aquifer groundwater in the study area to pollution and 
contamination (attenuation) caused by oil exploration activities and waste disposal practices that 
characterise the study area. 

2. Materials and Methods 

2.1. Description of the Study Area  

The Niger Delta is an Eocene sedimentary basin that lies between latitude 4°40’ N to 5°40’ N and 
longitude 6°50’ E to 7°50’ E located in the southern part of Nigeria (Figure 1) and is situated in the 
Gulf of Guinea and extends into the central South Atlantic Ocean at the mouths of the Niger Benue 
and Cross River systems [21]. The basin is divided into three sub-regions, namely, the Western Niger 
Delta, the Central Niger Delta and the Eastern Niger Delta. The Central Niger Delta consists of the 
central section of the South-South coast of Nigeria, which includes Bayelsa and Rivers State, and the 
Eastern Niger Delta consists of Cross River State and Akwa Ibom State. The area has a humid 
subequatorial climate with a short dry season from November to February and a long wet season 
from March to October. The annual average temperature is 27 °C, with a small range of 3 °C. The 
annual rainfall ranges from 2000 mm in the north to more than 4000 mm in the coastal areas, with an 
average of 3000 mm [22]. 

The area is characterized by two main physiographic zones: the hilly region to the north and 
coastal plains to the south. These isolated hilly regions show a complicated surface relief that is 
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separated into two main parts by the Niger River. The elevation of the area ranges from −5 m masl 
towards the sea in the south to 400 m in the northern part. The coastal plain is generally flat, but local 
sand bars give it a gently undulating view [22].  

 

 
Figure 1. Digital elevation map showing the location of the study area in Nigeria. 

2.2. Geology of the Area 

The Niger Delta is one of the significant regressive deltaic sequences in the world. The delta is 
over 12 km thick and occupies an area of 75,000 km2 in the Gulf of Guinea. The Niger Delta basin is 
underlain by three formations, which include the Benin, Agbada and Akata Formations. The Benin 
Formation belongs to the Pliocene-Pleistocene age [23].  

The Deltaic Formation and Benin Formation are the most critical groundwater aquifer 
formations in the Niger Delta [24–27]. In the Deltaic Formations, late Pleistocene to Holocene age 
sediments occupy most of the area of the present delta and stretch eastwards along the coastline. The 
Deltaic Plains (upper and lower) consist of coarse-to-medium-grained unconsolidated sands. These 
sands form lenticular beds with intercalations of peaty matter and lenses of soft, silty clay and shales. 
Gravelly beds, up to 10 m thick, have been reported here [28]. The Benin Formation outcrop is located 
in the north-east of the coastal belt and dips at a low angle in the south-west. The sediments here 
consist, generally, of unconsolidated lenticular and predominantly sandy formations with massive 
gravel and pebble beds giving rise to high-yielding boreholes [29]. The thickness of the outcrop is 
estimated at 2300 m [30]. To complete the stratigraphic sequence, it is important to include the 
Agbada Formation and the Akata Formation which are geologically older formations. The Agbada 
Formation consists of interbedded sands and marine shales, reported to range in depth from about 
300 to 5000 m while the Akata Formation underlies the Agbada Formation and has a sequence of 
similar marine shales and clays with a range in depth of about 700 to 7000 m. Table 1 shows the 
summary of the stratigraphic units of the Niger Delta basin. 

Table 1. Stratigraphic Units of the Niger Delta basin [31]. 

Outcropping Units Subsurface Units Present-day Equivalents 



Geosciences 2019, 9, 470 4 of 16 

 

Benin Formation Benin Formation 
Continental (fluviatile) deposits, mainly 

sandstones 
Ogwashi–Asaba 

Formation 
Ameki Formation 

Agbada Formation 
Mixed continental brackish water and marine 

deposits, sandstones and clays 

Imo Shales Akata Formation Marine deposits, mainly clays 

2.3. Hydrogeology 

The Niger Delta is a sedimentary basin where groundwater recharge is mostly through 
infiltration and from precipitation and rivers/lagoons at the surface. The most significant aquifers in 
the Niger Delta are the Deltaic and Benin Formations. Most of the boreholes in the northern parts of 
the basin have tapped water from these unconfined aquifers. The geological sequence derived from 
the existing boreholes through logging revealed deep sandy units at a different part of the area, 
although some unconfined aquifers with artesian groundwater flow occured in some locations too 
[27]. The aquifers were therefore is classified into unconfined and confined.  

Unconfined aquifers. The deltaic aquifer is classified as unconfined, which is the first and 
topmost groundwater unit recharged directly by infiltration from precipitation and baseflow. The 
water table in the Niger Delta area is very close to the ground surface, ranging from 0 to 9 m below 
ground level. This area experiences limited water table fluctuation due to heavy rainfall which varies 
from about 2400 mm a year inland to 4800 mm near the coast although some proportion of the rainfall 
is lost through runoff and evapotranspiration. As stated in [32], the Deltaic Plains have specific 
capacities ranging from 160 to 320 m3/d/m. 

The Benin Formation is more permeable than the Deltaic Plains due to the nature of the 
sediments with a specific capacity ranging between 150 and 1400 m3/d/m [32]. The depth to the water 
table ranges between 3 and 15 m below the ground surface. A few values for seasonal fluctuations 
obtained from the area indicated seasonal differences in static water level fall between 2.1 and 3.6 m. 

Confined aquifers. This type of aquifer occurs across the Deltaic Formation and the Benin 
Formation. Moderately high-yielding artesian flows characterise these formations. In some areas, the 
aquifers are confined by a clay bed up to 36 m thick [27]. The depth of the aquifers below this bed is 
approximately 100 m. Hydrogeological information indicates a hydrological connection between the 
confined aquifers along the coastline and the unconfined aquifers of the Benin Formation to the north. 
The aquifers increase in thickness towards the continent, while the confining clays thin out. The 
specific capacity for this formation varies from 90 to 320 m3/d/m. In the area underlain by the Benin 
Formation, the confined aquifers occur in the south eastern part of the Niger Delta. Several clay beds 
confine the aquifers. The confined aquifers consist mainly of very-coarse-to-medium-grained sands. 
The specific capacity for this formation varies between 140 and 180 m3/d/m. 

3. Methodology 

Borehole logs data were collected from 52 wells (Figure 2) in strategic locations (Table 2) across 
the Niger Delta basin from the Nigeria Hydrological Services Agency (NHISA). These wells were 
reported to be drilled using the rotary drilling method commonly used in the Niger Delta. Drilling 
was followed up with down-hole geophysical logging in addition to the pre-drilling surface 
geophysical survey. Most of the logging in this study was done using the Mount Sopris Instrument, 
MGS II Logger that has the ability to run a suite of logs which provide accurate qualitative and 
quantitative information. 
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Figure 2. Geology map (Adopted and Modified from [33]) of the study area showing cross-section 
lines along which lithosections are developed. 

Table 2. Borehole locations with strata logs, their depths and static water levels. 

S/No. Borehole Location Geomorphic Zone Total Depth Drilled 
(m) 

Static Water Level 
(m) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

Ogbo 
Edocha 

Port Harcourt (Old GRA) 
Ndoni 

Idu 
Ebubu  

Azikoro 
Swali 

Finima (Life camp) 
Onne (FOT) * 
Finima (BRT) 

Bassambiri 
Atubo 
Nembe 
Ogbia 
Brass 

Twon Brass 
Brass (NAOC Tank farm) 

Otegila 
Okoroba 

Amakalakala 
Otugidi 

Otuesaga 
Owaza 

Kolo creek 
Onne (NAFCON) 

Otakeme 

CPS 
CPS 
CPS 
CPS 
CPS 
CPS 
FWS 
FWS 
CBR 
CPS 
CBR 
CBR 
SWS 
SWS 
FWS 
CBR 
CBR 
CBR 
FWS 
FWS 
FWS 
FWS 
FWS 
CPS 
FWS 
CPS 
FWS 

186 
185 
207 
182 
185 
92 

335 
335 
360 
190 
360 
250 
193 
195 
198 
192 
260 
256 
185 
225 
160 
426 
102 
152 
102 
264 
300 

7.0 
4.26 
5.5 
7.55 
6.2 
6.0 
8.6 
8.8 
1.3 
6.0 
1.0 
0.8 
1.37 
2.1 
2.5 
0.69 
1.2 
0.8  
4.0 
0.0 
9.14 
0.91 
12.19 
3.6 
5.2 
7.49 
4.2 
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28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Omoku 
Aleto Eleme 

Bukuma 
Kala Degema 

Abissa 
Bille 

Opiro 
Rumonye 
Chokocho 

Egwi 
Umuechem 

Okrika 
Ibuluya-Dikibo 

Bolo 1 
Abam Ama 
Okujiagu 

George Ama 
Kalaibiama 

Bonny 
Bonny (Water Board) 

Bonny (Oguede) 
Okoloma (Afam) 

Borokiri * 
Gbaran-Ubie 

Ogidigben/Ugorodo 

SWP 
CPS 
SWS 
SWS 
SWS 
SWS 
SWS 
CPS 
CPS 
CPS 
CPS 
SWS 
SWS 
SWS 
SWS 
SWS 
SWS 
CBR 
CBR 
CBR 
CBR 
CPS 
SWS 
FWS 
CBR 

183 
150 
183 
171 
147 
193 
138 
188 
132 
201 
132 
113 
180 
92 

128 
110 
200 
305 
198 
450 
460 
120 
190 
530 
600 

0.68 
7.75 
1.25 
2.8 
0.4 
0.6 
13 
22 
10 

8.25 
5.5 
11.4 
8.2 
5.5 

ARTESIAN 
0.7 
0.9 
2.4 
3.0 
1.2 

ARTESIAN 
6.3 
2.5 
- 
- 

CPS = coastal plain sands, FWS = freshwater swamp, SWS = saltwater swamp, CBR = coastal beaches 
and ridges, SWP = Sambreiro Warri deltaic plain, * = transitional zone. 

The wells studied range in depth from 100 to 600 m and represent the middle and deeper aquifer 
systems of the Niger Delta. Their completion diameter ranges from 150 to 340 mm. The lining of the 
wells was mild steel casings adapted, at the intake region, to a sequence of stainless-steel screens of 
various diameters and lengths depending on the aquifer thickness and the budget of the water 
project. All the wells were gravel-packed and developed for optimum yield for domestic and 
industrial purposes. This data was used to construct cross-sections and fence diagrams from which 
conceptual aquifer geometry and characterisation was developed. 

The lithological information from boreholes was converted into geologically homogeneous 
hydrogeological units, which might not be isotropic but have unique hydrodynamic properties [34]. 
The hydrogeological units definition was used to correlate those data points with the lithofacies 
description and other less precise descriptions. Elevations of the top and the bottom of the units are 
referred to as meters above sea level (masl).  

The top and bottom elevations of the aquifer units were modelled using geographical 
information systems (GIS) tools (ArcGIS and ArcScene). The information produced by GIS was then 
exported to other software to perform different hydrogeological analyses and three-dimensional 
surface mapping. As sub-surface modelling are not free of uncertainty [35–38], both the geological 
knowledge of the study area and the application of cross-sections to the model allowed for 
considerable reduction in the degree of uncertainty in this work. 

4. Results and Discussion 

4.1. Aquifer Characterisation Using Borehole Logs 

Aquifer characterisation is critical to groundwater resilience, which is essential to sustainable 
groundwater resource management. In this study, borehole logs data were collected from 52 wells in 
strategic locations (Table 2) across the Niger Delta basin. This data was used to construct cross-
sections and fence diagrams from which aquifer geometry and characterisation was derived. 
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4.2. Cross-Sections from the Selected Boreholes 

Four cross-sections (AAI, BBI, CCI and DDI) were generated from the results of the borehole 
logging. AAI and BBI are parallel in the SE-NW direction and perpendicular to CCI and DDI which 
are in the SW-SE direction though with a different number of the boreholes in each section depending 
on the nature of the terrain, land use and settlement. Cross-section AAI (Figure 3), with orientation 

SE-NW, contains boreholes from Kaiama, Gbaran-Ubie, Oloibiri, Nembe and Brass with respective 
depths of 348, 530, 280, 195 and 192 m while their respective static water levels remain at 3, 4.37, 2.4, 
2.1 and 0.69 m below the ground level.  

Cross-section BBI (Figure 4), with orientation SE-NW, comprises boreholes from Omoku, 
Buguma, Bille, Onne, Okrika, Bonny, Bodo Bonny, Opobo and Finima with respective depths of 183, 
81, 193, 264, 149, 153, 153, 147 and 450 m while their respective static water levels remain at 0.68, 1.25, 
0.6, 7.46, 11.4, 3.0, 6.1, 1.6 and 2.0 m below the ground level. Cross-section CCI (Figure 5), with 
orientation SE-NW, comprises boreholes from Gbaran-Ubie, Kaiama and Omoku with the respective 
depths of 520, 348 and 183 m while their respective static water levels remain at 4.37, 3.0 and 0.68 m 
below the ground level. 

Cross-section DDI (Figure 6), with orientation SE-NW, comprises boreholes from Brass, Oloibiri, 
Nembe, Bille, Okrika, Bonny, Bodo, Onne and Opobo with respective depths of 192, 280, 195, 193, 
149, 153, 153, 264 and 147 m while their respective static water levels remain at 4.37, 3.0 and 0.68 m 
below the ground level.  

The lithologic logs show that the sand bodies are predominant in the northern part of the study 
area. These sand bodies begin to give way to distinct clay interbeds at the middle and towards the 
southeast of the study area. Around Obigbo, through Akpajo and Buguma to Nembe, the number of 
distinct clay interbeds increases from 3 at Obigbo to 5 at Akpajo and Buguma and to 11 at Nembe. 
While the northern part (Figure 3) contains one or two thick aquifers, the increased number of clay 
layers in the central part has partitioned the aquifers into 3 to 5 thinner units (Figure 5). The more 
frequent alternation of sand and clay layers in the south and towards the coast has resulted in a 
greater number of aquifers in the southern part (Figure 6). However, the greater the number of 
aquifer lenses, the less their thicknesses tends to be.  
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Figure 3. Hydrostratigraphic section along profile line AAI at various zones within the Niger Delta basin. 
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Figure 4. Hydrostratigraphic section along profile line BBI at various zones within the Niger Delta basin. 
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Figure 5. Hydrostratigraphic section along profile line CCI at various zones within the Niger Delta basin. 
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Figure 6. Hydrostratigraphic section along profile line DDI at various zones within the Niger Delta basin. 
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In all these areas, there are unconfined aquifers with unconsolidated fine-to-medium-grain 
sands with a depth range from 1 to 45 m depending on location. A low permeable aquitard underlies 
these with clay, shale, peat and some organic materials with a little fraction of sands in some locations 
and a thickness ranging from 8 to 45 m. The thickness of the second aquifer ranges from 10 to 35 m 
while the third aquifer is about 10–35 m with a depth ranging from 150 to 240 m thick. The fourth 
aquifer starts from 200 to 250 m depending on the locations. The groundwater resources are within 
the alluvium and coastal plain sands of the deltaic formation of the Niger Delta basin. The boreholes 
around the area tap three main aquifer units. The unconfined aquifer with water levels ranging from 
0 to 25 m, and 2–3 confined units ranging from 35 to 48 m, 45 to 65 m and 55 to 102 m. The aquifers 
are of fine-to-medium-grain sands with clay and shale layers acting as separating layers between 
them due to their low permeability.  

4.3. Hydraulic Characterisation of the Aquifers 

Hydraulic conductivity data presented in this report were extracted from previous studies at 
different periods across the Niger Delta basin (Table 3). The value of hydraulic conductivity shows 
high variability in the alluvium and coastal plain sand formations, which could be a result of an active 
and complex depositional process of the region.  

Hydraulic conductivity (K) data of the study area aquifers was revealed to be 3.9 × 10−4 to 4.1 × 
10−4 m/s [39], 1.2 to 3.53 × 10−4 m/s [40], 2.8 × 10−7–6.3 × 10−4 m/s [41] and 2.8 × 10−7–6.3 × 10−4 m/s [41] 
within the Benin Formation, and 4.2 × 10−4 to 4.1 × 104 m/s [42], 7.0 × 10−5–1.0 × 10−4 m/s [32] and 2.01 × 
10−5–5.0 × 10−5 m/s [43] within the Deltaic/Alluvium Formation. A recent study [44] revealed the 
hydraulic conductivity (K) values for boreholes located in the Port-Harcourt township at Churchill 
Road (3.24 × 10−3cm/sec); Borokiri Sand fill (3.62 × 10−3 cm/sec); Marine Base (9.61 × 10−3 cm/sec); 
Aggrey Road (8.41 × 10−3 cm/sec); Reclamation Road (2.2 × 10−3 cm/sec); and Harold Wilson Drive (4.0 
× 10−3 cm/sec). Virtually all the boreholes in these areas terminate within the coastal plain sand of the 
Benin formation. These layers are depicted in the stratigraphic sections.  

Table 3. Hydraulic conductivity values from different authors across the study area. 

S/N Author Hydraulic Conductivity 
Range 

Geology 

1 Okagbue et al.[41] 7.2 × 10−5–2.4 × 10−3m/s Benin Formation 
2 Amajor et al. [39] 3.91 × 10−4–4.1 × 10−4m/s Benin Formation 
3 Uma et al. [40] 1.2 to 3.53 × 10−4m/s Benin Formation 
4 Etu-Efeotor & Odigi [42] 4.2 × 10−7–4.1 × 10−4 Deltaic Formation 
5 Etu-Efeotor & Akpokodje [32] 7.0 × 10−5–1.0 × 10−4 m/s Deltaic/Alluvium Formation 
6 Izeze et al. [43] 2.01 × 10−5–5.0 × 10−5 m/s Deltaic/Alluvium Formation 
7 Okagbue et al. [41]  2.8 × 10−7–6.3 × 10−4 m/s Benin Formation (Ajali sandstone) 
8 Onuoha & Mbazi [45]  4.4 × 10−5–1.5 × 10−4 m/s Benin Formation (Ajali sandstone) 
9 Nwankwoala et al. [46] 1.8 × 10−3–3.2 × 10−3m/s Deltaic/Alluvium Formation 

4.4. Implications for Groundwater Resilience in Shallow Aquifers of the Niger Delta Basin 

Hydraulic characterisation shows a thin to a thick layer of silty sand from the Deltaic Formation, 
which renders little or partial protection for the groundwater stored in the sandy aquifer that is semi-
confined at locations in the western part of the study area around Kiama, Gbaran-Ubie, Nembe and 
Baras (Figure 4). This layer thins out towards the middle of the area around Buguma and Bille, 
towards the eastern part of the area, leaving the sandy aquifer completely unconfined as presented 
in figure 7. Results of hydraulic conductivity show higher values in the Benin Formation compared 
to the Deltaic/Alluvium Formation (Table 3), which could be attributed to the nature and types of the 
dominant sediments. There are more shallow, confined aquifers at the southern part of the basin but 
most of which are thin, hence a low groundwater potential based on their storage capacity. 

 
 



Geosciences 2019, 9, 470 13 of 16 

 

 

Figure 7. Fence diagram showing hydrostratigraphic section within the Niger Delta basin. 

Deeper wells in these areas have been reported by [47,48] to have higher salinity due to saltwater 
intrusion. The eastern part of this area, which comprises Okrika, Bodo, Bonny, Finima, Opbo and 
Buguma, has a thick, sandy, unconfined aquifer with higher static water (figure 7) which makes it 
vulnerable to pollution and contamination from the surface water. Deeper boreholes/wells that are 
designed to tap multiple thin layers of the sandy aquifer are the source of fresh potable water. 
Generally, groundwater in the unconfined aquifers of the Niger Delta basin could be described as 
having low resilience due to the nature of the sediments (hydraulic characteristics) and the number 
of drivers from natural (climate change, flooding, saltwater intrusion) to anthropogenic (oil spillage, 
gas flaring, industrial, municipal and agricultural effluents and leachates) pollution sources. There is 
a need for strategic studies that will include the recharge process of the aquifers, especially the 
unconfined aquifers in the area, for better assessment of the sustainable management of the 
groundwater resources of the basin. 

5. Conclusions 

The study has presented a comprehensive understanding of the hydrostratigraphy and 
hydraulic behaviour of the Niger Delta basin aquifer system. The study identified 2 to 4 groundwater 
aquifer layers with some unconfined aquifers with unconsolidated fine-to-medium-grain sands and 
depth range of 1–45 m based on locations. A low permeable aquitard underlies these with clay, shale, 
peat and some organic materials with a little fraction of sands in some locations with a thickness 
ranging from 8 to 45 m. The thickness of the second aquifer ranged from 10 to 35 m while the third 
aquifer was about 10–35 m with a depth ranging from 150 to 240 m thick. The fourth aquifer started 
from 200 to 250 m depending on the location. The groundwater resources are within the alluvium 
and coastal plain sands of the Deltaic Formation of basin. Hence, examination of the borehole depth 
showed that all of the 52 boreholes terminated in the coastal plain sands with relatively higher 
hydraulic conductivity values. The higher hydraulic conductivity values coupled with higher static 
water level indicates high vulnerability to contaminants and pollution, which are a threat to the 
groundwater resilience of the Niger Delta basin. The study provided a framework on which 
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numerical model design can be undertaken to form a complete conceptual groundwater flow model 
of the basin. The study has also provided vital information for water resource managers and other 
stakeholders in the water industry to make better decisions for the sustainable management of 
groundwater resources.  
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