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Abstract 
The present study was carried out in Douala megacity of Cameroon to high-
light suitable aquifer that could be exploited by population or municipality au-
thorities, to promote access to safe potable water and avoid or reduce water 
borne deseases. Specifically, this study aimed to assess structure of Quaternary-
Mio-Pliocene aquifer and its potentiality and vulnerability distribution, within 
Tongo-Bassa watershed through piezometry and geoelectrical survey. Then, 29 
wells were assessed by piezometric study both in wet and rainy season, while 
thirty-two (32) vertical electrical sounding were performed through geohy-
draulic parameters (Permeability, Porosity, Transmissivity, Longitudinal Con-
ductance and Hydraulic resistance). Piezometric survey in shallow aquifer 
globally show a convergent flow (from South East to North West direction) to 
defined outlet and this masks heterogeneities of flowing from wet to dry sea-
son. Vertical electrical soundings inversion revealed 10 (HK, KH, HA, HKH, 
H, K, AK, QH, KQ, HKQ) curves types which confirm lithological heterogene-
ities. Borehole lithologs correlated to geoelectric section allow distinguishes 
unconfined and semi-confined/confined aquifers exploited by population. Un-
confined aquifer with depth less than 28 m, fairly adapted for local level with 
limited consumption for private water supply (0.02 < Tr < 14.67 m2/day) show 
that 87.87% of the area are more vulnerable (−0.58 < Log C < 0.96). Semi-con-
fined/confined aquifers with depth less than 70 m, with good groundwater po-
tential (0.50 < Tr < 42.05 m2/day) adapted for groundwater supply that munic-
ipality authorities can exploit to manage groundwater development in Douala 
Sedimentary Basin, show that only 39.39% of the area are vulnerable (0.29 < 
Log C < 0.95).  
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1. Introduction 

Socio-economic development of any society inevitably requires an access to safe 
and good water resource. Water is a vital resource by excellence, fuelling economic 
growth and contributing to the health of ecosystems (Akakuru et al., 2023; Ibuot 
et al., 2022; Njueya et al., 2012; Obiora & Ibuot, 2020). Around 2 billion people in 
the world do not have access to safe drinking water, while 3.6 billion are deprived 
of sanitation services. These deficiencies are exacerbated by population growth, 
greater rainfall fluctuations and pollution, making the water issue a major threat 
to economic progress, poverty eradication and sustainable development. Due to 
fast population growth, this access to safe and potable water becomes difficult in 
more developing country as in Cameroon, where water demands remain high and 
surface water are polluted by anthropogenic activities (Ngo Billong et al., 2023; 
Njueya et al., 2012; Nlend et al., 2021). In Douala Sedimentary Basin, despite the 
abundance of surface water and intense rainfall (about 4000 mm/year), ground-
waters are the main resources use by population to satisfy their waters need (Ket-
chemen Tandia et al., 2017; Ngo Billong et al., 2023; Njueya et al., 2012; Nlend et 
al., 2021). However, this resource is subject to various forms of pollution depend-
ing on the type of sanitary installations and anthropogenic activities like industrial 
and domestic discharges, as suggested by many authors (Bentekhici et al., 2018; 
Emvoutou et al., 2018; Fantong et al., 2016; Ketchemen Tandia et al., 2017; Ngo 
Billong et al., 2023; Ngo Boum et al., 2015). The main factors of pollution are the 
lack of environmental sanitation and the precarious hygiene conditions of popu-
lations (Hounsounou et al., 2016). Douala V municipality, traversed by the 
Tongo-Bassa watershed, embodies various urban and peri-urban aspects, resem-
bling a miniature Douala with most of the city’s vulnerable neighborhoods prone 
to flooding risks. According to Nsegbe (2021), Makepe-Missoke for example, 
serves as a living and working space but primarily as a dumping ground for vari-
ous waste from not only the neighborhood but also the rest of the city. In the study 
area during rainy season, there is recurrence of flooding due to the saturation of 
shallow aquifer; and many functional wells and boreholes are abandoned, due to 
contamination of water, while others wells and boreholes show good water qual-
ity. A study made by Nsegbe (2021) shows that the poor physicochemical quality 
of Makepe-Missoke waters is due to the high abundance of faecal pollution bio-
indicator bacteria, causing not only waterborne bacterial diseases but also para-
sitic gastrointestinal diseases and cutaneous mycoses. The issue of water resource 
quality is closely linked to the choice of good aquifer to be exploited and the pro-
tection of groundwater. Given the accessibility and cost challenges of decontami-
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nation techniques, preventive measures become crucial. According to El Kayssi et 
al. (2020), Igboama et al. (2021) and Oluchi et al. (2024), the fact that the quality 
and quantity of groundwater are at high risk, particularly threatened directly by 
human activities such as overexploitation, agriculture, population growth, urban-
ization, wastewater leakage, and indirectly, through climate change, seawater in-
trusion, and global warming it is important to making smarter use of the ground-
water potential resources by mapping where the potential are high and less vul-
nerable. This, preventive mapping of aquifers potential and vulnerability could 
help develop right policy to well manage groundwater in a given area. Several 
methods (directs and indirects) for assessing groundwater potential have been de-
veloped around the world. The fact that direct methods as pumping tests for ex-
ample for assessing groundwater potential are expensive, time-consuming and 
sometimes difficult to interpret, indirect methods as geoelectrical surveys have 
been developed to save time and money, when evaluate this groundwater potential 
through determination of geohydraulic parameters (Akakuru et al., 2023; Ibuot et 
al., 2024, 2022, 2019; Sinaga et al., 2023), and aquifer vulnerability (Ibuot et al., 
2022, 2017; Obiora et al., 2015; Oli et al., 2020; Obiora & Ibuot, 2020) in sedimen-
tary area as well as basement area. Geoelectrical survey through analysis of appar-
ent resistivity field data have proved to be useful as indirect methods in ground-
water study to analyse aquifer geometry, aquifer geohydraulic properties, ground-
water quality and vulnerable areas. In fact, according to many authors (Ibuot et 
al., 2024; Oli et al., 2020; Oluchi et al., 2024), groundwater flow, availability, qual-
ity and potential are controlled by aquifer properties such as porosity, permeabil-
ity, resistivity, layer thickness and aquifer yield. The applications of this indirect 
and non-invasive techniques have the potential to predict spatially and more effi-
ciency the distributions of the aquifer geohydraulic parameters. Despite the fact 
that many studies have demonstrated the effectiveness of geo-electrical survey for 
prediction and efficient management of aquifers by determining the potential and 
vulnerability of exploitable zones for water supply, no such study has yet been 
carried out in the Douala sedimentary basin. In fact, such a study could be useful 
for the population and municipal authorities in charge of the city, both from a 
technical and financial point of view, as an alternative to conventional hydrogeo-
logical studies, which are very costly due to the drilling boreholes and pumping 
tests involved. Then, this study carried out during year 2021 to 2022, aimed to 
assess and mapping for the first time, the potential and vulnerability distribution 
of the Tongo-Bassa aquifer using combination of piezometric survey and electrical 
resistivity data.  

2. Overview of the Study Area 
2.1. Location, Climatology and Hydrography 

This study focuses on the Tongo-Bassa watershed, one of the sub-basin of the 
Douala Sedimentary Basin (DSB), located on the left bank of the Wouri River. 
Located between coordinates 4˚01'38" to 4˚05'55" North and 9˚43'03" to 9˚47'50" 
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East, the Tongo-Bassa watershed belongs to the district of Douala V (Figure 1). 
The Douala V sub-division, is a very active cosmopolitan city covering an area of 
210 km2, with a population of around 1,000,000 and a population density of 4095 
inhabitants per km2. The density of its population stems from the fact that the 
majority of the city of Douala’s infrastructure is found in this sub-division despite 
the fact that it is not very industrialised (2.5% of Douala’s industrial establish-
ments; Amaneudjeu, 2019).  
 

 
Figure 1. Location of the study area (A): the Littoral Region of Cameroon; (B) the Tongo-
Bassa catchment area in the Littoral Region; (C) map of the Tongo-Bassa catchment area 
and topographical background of Douala V. 

 
The dynamics of land use show progressive urbanisation invading the small 

villages, which have gradually been integrated into the modern city. Many au-
thors (Ketchemen Tandia et al., 2017; Nlend et al., 2021; Ngo Boum et al., 2015; 
Takem et al., 2015) reveals the equatorial nature of the climate which would be 
influenced by the proximity of the area to the Mount Cameroon and downward 
trend in rainfall with an average of 4000 mm/year, and average annual tempera-
ture of 27˚C, considering data from 1951 to 2016 recorded by Douala meteoro-
logical station (Nlend et al., 2021). The area has two mains seasons, a long rainy 
season from March to November and short dry season from December to Feb-
ruary. The maximum daily amount of rainfall are recorded in July and August 
(742.4 mm), while the minimum daily amount are recorded in December and 
January (34 mm). The DSB has hydrographic network including numerous 
creeks, mangrove swamps and marshy areas. The urban area is drained by the 
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Tongo-Bassa, Mbopi, Bobongo, Mbanya, Bounadouma and Mgoua rivers, which 
join the Wouri and Dibamba. The Tongo-Bassa (Figure 1(c)) is the largest catch-
ment in the economic city, with a drainage area of almost 40 km2. These 10 km-
long catchments have many tributaries, including the Ngongue, Kondi, petit 
Tongo-Bassa and Moussadi. It flows through several districts, such as Makepe-
Missoke, where it becomes a tributary known as the Ngongue, the main water-
course in the sub-catchment bearing that name. The hydrographic network in this 
dense basin, which is supercharged by numerous drains, is of the subdendritic to 
subparallel type. 

2.2. Geology and Hydrogeology 

Many authors (Feumba, 2015; Ketchemen Tandia, 2011; Mbog et al., 2019) high-
lights in DSB, the predominance of ferralitic soils, divided into two types: yellow 
ferralitic soils derived from sandy and sandy-clay sedimentary rocks, and the lit-
tle-represented red ferralitic soils derived from the granite-gneiss bedrock (Ndjigui 
et al., 1999). In addition to the ferralitic soils, there are hydromorphic soils that 
are generally clayey, poorly developed soils and rough mineral soils. The Tongo-
Bassa river flows through a vast plain with a very gentle slope at altitudes of no 
more than 62 m. Slope modelling in the study area identifies two types of land-
scape: flat (92.88%) with slopes between 0˚ and 4.61˚ and undulating (7.12%) 
with slopes between 4.61˚ and 8.17˚. The DSB covers an area of 19000 km2, of 
which 7000 km2 is emerged (Mbesse, 2014). It is bounded to the North by the 
Cameroon Volcanic Line, to the South by the Northern limit of the Kribi-Cam-
pos Sub-basin (KCSB), to the west by the Atlantic Ocean and to the east by the 
Metamorphic Basement rocks of Central African Fold Belt. According to Tamfu 
and Batupe (1995), the history of origin and structure of DSB are associated with 
the opening of South Atlantic Ocean during the breakup of Gondwanaland. The 
lithostratigraphy of DSB is made of sequences laying unconformable to the Pre-
cambrian basement and ranging from Cretaceous rocks to recent alluviums in 
the Wouri estuary (Nguene et al., 1992; Regnoult, 1986). This lithostratigraphy 
can be divided in three main units in function of geodynamic and sedimentary 
evolution (Mvondo, 2010; Ngueutchoua, 1996; Regnoult, 1986). From the bot-
tom to the top we have:  
• The Late Cretaceous units, with thickness ranging from 400 to 2000 m and 

consists of three formations. Then we has: 1) Moundeck formation (Aptian 
Cenomanian) made of continental and fluvio-deltaic deposits (clays, coarse-
grained sands, sandstones); 2) Logbadjeck formations (Cenomanian-Cam-
pagnian) discordant onto Mundeck formation and made of sand, sandstones, 
limestones and clays; 3) Logbaba formations (Maastrichian) mainly com-
posed of sandstone, sand, and fossils shales; 

• The intermediate units, with thickness varying from 300 to 1000 m and con-
sists of two formations. Firstly, there is Nkappa formation (Paleocene-Eo-
cene), made of calcareous sandstones, marls and clays with lenses of sand and 
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fine to coarse grained sandstone. Secondly we have Souellaba formation (Ol-
igocene), lying unconformably on Nkappa deposits and made of sandstones, 
marls deposits with some interstratified lenses, shales, clayed sand and grav-
elly sand; 

• The upper unit, consists of Matanda (Miocene) and Wouri (Pliocene-Pleisto-
cene) formations. Matanda formations are dominated by deltaic interstrati-
fied facies with volcano-clastic layers. These volcanic rocks consist of scoria 
and basalt (Njiké Ngaha, 2004). Wouri formations consists mainly of indurate 
lateritic layers, gravelly and sandy deposits with a clayey or kaolinic matrix. 

In this paper, we focus on this last unit of DSB made of Quaternary/Mio-Plio-
cene deposits which constitute a regional and multi-layered aquifer mainly ex-
ploited by wells and borehole in Douala and known as shallow aquifer (Emvoutou 
et al., 2018; Ketchemen Tandia et al., 2017; Ngo Boum et al., 2015). This multi-
layered aquifer has a maximum thickness of 70 m in the SE (East of the Wouri) 
where the study area belonging, and consists of sands, sandy clays and lenses of 
clays (Emvoutou et al., 2018; Ngo Boum et al., 2015; Njueya et al., 2012; Takem et 
al., 2015). According to Ketchemen Tandia (2011), layers with high content of 
clays has resistivity less than 500 Ω∙m, while those rich in sands where aquifers 
can be found has resistivity greater than 500 Ω∙m and the right value to identify 
good aquifer with soft and potable water should be ranged between 1000 and 2000 
Ω∙m. In this complex of shallow aquifers two mains levels are distinguishes: un-
confined aquifers, with depth less than 20 m (1 to 20 m); and semi confined or 
confined aquifers, with depth less than 200 m (20 to 200 m). This aquifer is char-
acterized by a high recharge, ranged from 600 to 700 mm/year and low ground-
water flows about 5 to 7 m/day (Ketchemen Tandia, 2011; Nlend et al., 2021). 
Location areas of recharge in Tongo-Bassa watershed correspond to most elevated 
points (66 and 50 m.a.s.l respectively) as Logbaba, Malangue, Logbessou and Ny-
alla (Akoachere et al., 2019; Ketchemen Tandia et al., 2017; Nlend et al., 2021). 
According to Ketchemen Tandia (2011), almost all the boreholes drilled in the 
DSB tap several aquifers and are not rigorously subjected to pumping tests after 
completion, which makes it difficult to assess the hydraulic potential of the vari-
ous aquifers identified. However, several authors estimate that groundwater 
productivity of these aquifers are variable and show respectively, yields ranged 
from 1 to 250 m3/h; Transmissivity from 4.6 * 10−4 m2/h to 6.8 * 10−2 m2/s; Perme-
ability from 2.6 * 10−5 to 0.195 m/s and Storage coefficient from 2.4 * 10−5 to 7.4 * 
10−5 m−1 (Emvoutou et al., 2018; Fantong et al., 2016; Ketchemen Tandia, 2011; 
Njueya et al., 2012). The shallow aquifers in the Tongo Bassa catchment are re-
charged mainly from rainfall (Ngo Boum et al. 2015), with groundwater flows 
trending predominantly NE-SW and SE-NW regardless of the season. The asso-
ciated watercourses ensure constant drainage of the aquifers throughout the year. 
According to Akoachere et al. (2019), Ketchemen Tandia et al. (2017) and Takem 
et al. (2015), the direct recharge of unconfined aquifers during rainy season makes 
them more vulnerable to pollution by waste water from anthropogenic activities 
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due to poor sanitation conditions. Monitoring of water quality in the study area 
suggested that Western and South-eastern part of the Tongo-bassa watershed is 
more polluted and vulnerable than Eastern and Northern part (Akoachere et al., 
2019; Ketchemen Tandia et al., 2017; Ngo Boum et al., 2015). 

3. Materials and Methods 
3.1. Piezometry 

Piezometric study was carried out within the quaternary aquifer which corre-
spond to shallow aquifer, in order to assess the groundwater flow pattern during 
the rainy and dry seasons. To achieve this, field surveys were carried out and the 
data obtained was processed in the laboratory. Concerning fields campaigns, dur-
ing the initial field campaigns, the aim was to identify all the access wells that 
could be subject to piezometric monitoring and to describe them in order to iden-
tify only those that exploited the shallow aquifer. At the end of this campaign, of 
the 85 wells identified, only 29 were selected for piezometric monitoring (Figure 
2), as they met this criterion and were fairly widespread and representative of the 
site.  
 

 
Figure 2. Sample map showing piezometric network and VES points. 

 
For the measurements, a 100 m long piezometric probe with dual signalling 

(light and sound) was used. After measurements at each point, a GARMIN (etrex-
20) GPS was used to record the geographical coordinates. 
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Static levels were measured over a one-year period (from January to December 
2022) with a constant 30-day interval like suggest many authors (Gilli et al., 2008). 
The data were used to calculate the piezometric level of each water point through 
the formula (Equation (1)): 

Np Z Ns= −                         (1) 

where Np = Piezometric level, Z = altitudinal elevation of the point, Ns = Static 
level.  

In order to reduce the margin of error when taking the water level and altitude 
of the points, the reference level for the altitude of a point is that of the surface of 
the ground. Thus, for a well with a curbstone, the static level and altitude data 
taken at the curbstone were corrected by subtracting the value of the curbstone 
from the values of the water level obtained from the probe and the altitude ob-
tained from the GPS. On the other hand, level of altitude was corrected through 
analysis of SRTM images by Arcgis software and raster image of topographic map 
of Douala produced by Dumord (1968). Once the calculations had been made, the 
data were used to produce two iso-piezometric maps of the Tongo-Bassa catch-
ment (one in the dry season and another in rainy season), using kriging methods 
in Surfer 16 software. 

3.2. Electrical Resistivity Survey 

For this study, 32 vertical electrical soundings (VES) were carried out at pre-se-
lected stations in the watershed (Figure 2), using the WDJD-3 resistivity meter 
with its accessories (04 coils, 04 electrodes, 02 connectors and 03 hammers). The 
Schlumberger quadrupole configuration was used for each VES, with half current 
electrodes (AB/2) separation of 1.5 to 90 m, and half potential electrodes (MN/2) 
separation of 0.5 to 5 m. According to many authors (Ibuot et al., 2024; Obiora et 
al., 2016, Obiora & Ibuot 2020) who used this configuration, its well adapted for 
the field where structure are complex vertically as horizontally like in DSB. In the 
field, the measurement procedure for a given VES consisted to send a low-inten-
sity current through injection electrodes AB, and measure the potential difference 
through potential electrodes MN located on either side of central axis point (O). 
During the various measurement, the depth of investigation was increased by 
gradually varying the positions of electrodes A and B from AB/2 = 1.5 m to AB/2 
= 90 m. Electrodes M and N were kept fixed for a series of measurements. In order 
to avoid the phenomena associated with energy losses generally known as “breeze 
blowing”, two disengagements are carried out during each sounding. When the 
clutch is disengaged, the position of M and N is changed from MN/2 = 0.5 m to 
MN/2 = 5 m. The purpose of disengagement is to increase the distance MN in 
order to increase the current intensity and obtain better measurement values while 
eliminating noise. The resistivity metre measured the potential difference gener-
ated and converted it to apparent resistivity (ρa) which are used to plot a graph 
manually or by computer software. The manual procedure consisted to plot in a 
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bi-logarithmic graph, apparent resistivity against half-electrodes spacing and 
curves obtained were smoothened to remove a noisy signature or the effects of 
lateral inhomogeneities (Eyankware et al., 2021). Practically, the values of appar-
ent resistivity were imputed into computer software program (Ipi2win) for the 
computer modelling which generate a set of 1-D curves of vertical electrical 
sounding (VES) from where the values of true resistivity, thickness and depth of 
each layer were obtained. It is noticed that, this software applies one-dimensional 
geophysical inversion using the damped least square method through which the 
observed data is compared to a synthetic model. The acceptability of the result 
model is based on the fitness criteria between the observed and calculated appar-
ent resistivity curves. Qualitative interpretation of VES curves and quantitative 
interpretation of the result (Figure 3) was based on field observations of wells and 
lithological log of boreholes available (case of F1 in the study area). This procedure 
helps to reduce the ambiguities in the interpretation stage and enhanced the reli-
ability and quality of the modelled results (Ibuot et al., 2024; Obiora et al., 2016).  
 

 
Figure 3. Sample of VES results obtained after modelling correlated with borehole lithol-
ogy. (A) Curve model; (B) table obtained from modelization showing layers structures with 
through resistivity and layer thickness; (C) correlation of geo-electrical section with bore-
hole lithology; 1: Sandy clay material; 2: Fine to Medium sand with or no little clay; 3: 
Coarse grain sand (aquifers); 4: Grey Clayey sand; 5: Medium sand with little or no clay; 6: 
Mottled clays. 

 
The root means square error (RMSE) less than 3% was used in assessing the 

extend of fit, and the interpreted curves. Based on auxillary curve matching tech-
niques (Orellana & Mooney, 1966), to deduce the approximate number of layers, 
three to five layers was assigned to the curve models obtained after a number of 
iterations made by the software. Figure 3 shows an example of curve with table 
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model obtained, geoelectrical section and correlation of the results with borehole 
lithologs. Based on litho-logs correlation to VES modelled and previous study on 
DSB area (Emvoutou et al., 2018; Ketchemen Tandia, 2011; Ngo Boum et al., 2015; 
Njueya et al., 2012), there is multi-layered aquifer, but two main aquifers are dis-
tinguish: unconfined aquifer, less than 20 m depth and semi-confined/confined 
aquifer between 20 - 35 m depth (Figure 3). In addition to this observation, it can 
be seen that in these aquifers, layers rich in sand have the highest resistivities, 
whereas when clays are abundant, resistivity values drop as well as in the sands 
aquifers.  

Iso-apparent resistivity maps help to provide information on the lateral varia-
tion of apparent resistivity values at a defined depth. These maps indicate the dis-
tribution of apparent resistivity in the area against distance of current electrodes. 
Interpretation of these maps was based on lithology and where there is low value 
of resistivity is considered as a dominant clayey or saturated material; while where 
there is high value of resistivity is considered as an aquifer made of gravel or as 
sandy dry material. For this step, sixteen maps where drawn, but only Six maps 
are presented base on change observed, respectively at AB/2 = 1.5; 13.2; 24.8; 40; 
70 and 90 m. 

3.3. Geohydraulic Parameters 

The various parameters Hydraulic conductivity (K), Transmissivity (T), Porosity 
(Ø) and Longitudinal conductance (Lc) are obtained, based on true resistivity and 
thickness of aquifer after modelling VES data. These geohydraulic parameters are 
used to estimate the potential and protective capacity of different identified aqui-
fers. Indirect calculation methods have been proposed by Oguama et al. (2020), 
Heigold et al. (1979) and Niwas and Singhal (1981) for basement area. However, 
recent studies conducted by many authors (Ibuot et al., 2022; Obiora & Ibuot, 
2020; Oluchi et al., 2024) to determine the values of these parameters for a given 
aquifer (Equations (2)-(6)), show that these equations are applicable in sedimen-
tary areas. This is done on condition that a calibration has been made between a 
borehole and a lithological section to determine the aquifer characteristics, as car-
ried out in this study (Figure 3). Assessment of the aquifer vulnerability was done 
through determination of hydraulic conductivity of the aquifer protective layers. Its 
value is expressed in metres per day (m/day) and is obtained from Equation (2). 

0.93283386.40K Rw−=                      (2) 

where Rw is the resistivity of the aquifer in Ohm∙m (Ω∙m). 
Hydraulic conductivity (K) is the ability of a porous medium to allow a fluid to 

pass through it under the effect of a pressure gradient. Aquifer vulnerability index 
(AVI) where describes as a right method to quantifies vulnerability by calculation 
of hydraulic resistance (C) to vertical flow of water through the covering layers 
(Stempvoort et al., 1993). The estimation of AVI requires to use two parameters to 
determine hydraulic resistance (C): the estimated hydraulic conductivity (Ki) and 
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the thickness (hi) of the protective layers. C was computed by using Equation (3):  

0
C

n

i

hi
Ki=

 =  
 

∑                          (3) 

After hydraulic resistance (C) obtained, values were compared to those in Table 
1 which gives the relationship between C and AVI and helps to determine the level 
of vulnerability. 

 
Table 1. Relationship between C and AVI after Stempvoort et al. (1993). 

Hydraulic resistance (C) Log C Aquifer Vulnerability Index (AVI) Level 

0 - 10 <1 Extremely high I 

10 - 100 1 - 2 High II 

100 - 1000 2 - 3 Moderate III 

1000 - 10,000 3 - 4 Low IV 

>10,000 >4 Extremely low V 

 
The transmissivity (Tr) of an aquifer represents its capacity to mobilise the wa-

ter it contains. It is a parameter that governs the rate of water flow per unit width 
of an aquifer (h), under the effect of the hydraulic gradient (K). Its value is ex-
pressed in metres square per day (m2/day) and is obtained from Equation (4).  

   Tr K x h=                           (4) 

Computed transmissity values were comparing to standards (Table 2) classifi-
cation proposed by Krasny (1993). 

 
Table 2. Classification of T magnitude of Krasny. 

Coefficient of Tr 
(m2/day) 

Tr magnitude 
Class 

Designation of 
Tr magnitude 

Groundwater supply potential 

>1000 I Very high Withdrawals of great regional importance 

1000 - 100 II High Withdrawals of lesser regional importance 

100 - 10 III Intermediate Withdrawal for local water supply 

10 - 1 IV Low Smaller withdrawal for local water supply 

1 - 0.1 V Very Low Withdrawal for local water supply with limited consumption 

<0.1 VI Imperceptible Source for local water supply is difficult 

 
Longitudinal conductance (S in mhos) is a geoelectric parameter used to assess 

the protective capacity of the aquifer. It is expressed as results obtained by the 
ratio of the thickness of the aquifer (h in m) and the resistivity through Equation 
(5).  

 S h Rw=                           (5) 

Longitudinal conductance is a crucial parameter in assessment of groundwater 
potential target. Its help to assess the protective capacity of an aquifer through 
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comparison between values obtained and those given in Table 3 (Nwachukwu et 
al., 2019). Spatialization of this parameter in a given area helps identify areas with 
good groundwater potential to those with poor groundwater potential. 

Porosity (Ø) expressed in %, is the percentage of voids per unit volume in a 
sediment or rock. It is deduced from Equation (6).   

25.5 4.5ln K∅ = +                      (6) 

where K is the conductivity of the aquifer in m/day.  
 
Table 3. Classification of protective capacity based on S rating. 

Longitudinal Conductance (mhos) Protective capacity 

>10 Excellent 

5 - 10 Very good 

0.7 - 4.99 Good 

0.2 - 0.69 Moderate 

0.1 - 0.19 Weak 

<0.1 Poor 

 
All geohydraulic parameters obtained were spatialized and discussed in agree-

ment with studies carried out in a similar context with regard to the difficulty of 
validation by pumping tests in the aquifers, given that many boreholes drilled tap 
several aquifers. However, the aquifer vulnerability index deduced from the geo-
hydraulic parameters and used to determine the vulnerable zones by spatializa-
tion, were validated on the basis of known previous study (Akoachere et al., 2019; 
Emvoutou et al., 2018; Ketchemen Tandia, 2011; Ketchemen Tandia et al., 2017; 
Tchameni, 2020) and observations on the field in August 2022. 

4. Results and Discussions 
4.1. Piezometric Monitoring and Vulnerability Period 

Based on the dynamics of the water table, the piezometric monitoring enabled 
classification into 5 periods: January to February; March to June; July to Septem-
ber; October to November and December. The variation in static levels and pie-
zometric values recorded during piezometric monitoring allow to produce two 
maps. Examination of the piezometric maps show that the onset of rainfall at the 
end of February led to an increase in the piezometric depression and the multipli-
cation of piezometric domes following the infiltration of water. The piezometric 
level rise from 23 m in January to 28 m in February, an increase of 5 m marking 
the end of the low-water period. Low water peaked in January (Figure 4(a)). Dur-
ing the period from March to June, numerous rainfall events gradually led to sat-
uration of the ground by infiltration, resulting in the stabilisation of the piezomet-
ric level at 28 m and an increase in the volume of the depression and the piezo-
metric domes. During the period from July to August, the intensity of rainfall al-
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most tripled, and the piezometric level reached 30 m, recharging the water table. 
The piezometric maps show that the volume of the piezometric domes is at its 
maximum. This period of high water in the basin reaches its peak in August (Fig-
ure 4(b)).  
 

 
Figure 4. Piezometric maps (A) in dry and (B) rainy periods. 

 
In the field, epidermal run-off and upwelling of more than 30 cm above the 

surface were observed, resulting in the widening and persistence of marshy areas. 
Rainfall became scarce between November and October, marking the end of the 
high-water period in the basin. The water table begins to empty, a process that 
continues until December, when the dry season begins. The maps illustrate the 
regression of the piezometric domes and in the field we can see a gradual regres-
sion until the marshy areas disappear. Analysis of the static levels shows that some 
wells reacted suddenly as soon as the first rains began in February, while others 
reacted late or slowly. The sudden rises reflect areas of low porosity and high per-
meability: these areas would be the most vulnerable, unlike the areas with late rises 
as suggested Ketchemen Tandia (2011), and Tchameni (2020). This rapid infiltra-
tion of rainwater contributes not only to the direct recharge of the water table but 
also to its pollution through the contribution of organic and mineral matter from 
the surface or effluents of waste waters (Akoachere et al., 2019; Emvoutou et al., 
2018; Fantong et al., 2016; Ketchemen Tandia et al., 2017; Ngo Boum et al., 2015; 
Takem et al., 2015). The beat of the Tongo-Bassa water table is punctuated by 
alternating seasons. The fluctuating height of the groundwater varies from 0 m to 
1.4 m in the wet and dry seasons respectively. The piezometric map of the Tongo-
Bassa catchment show two sides: West side with very low piezometric levels and 
East side with high values of piezometric levels. Based on previous study cited 
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above, all wells of this West side are the most vulnerable to the nitrate and bacte-
riological pollution than those located at the East side where piezometric level are 
high. Only the wells located in the centre of this catchment have an average pie-
zometric level. According to Akoachere et al. (2019) and Nlend et al. (2021), many 
factors, including the thickness of the unsaturated zone and the depth of the pie-
zometric surface, plays a key role in the time to takes for a pollutant to be trans-
ferred to the water table. As the depth of the piezometric surface in the study area 
is shallow, groundwater pollution will be very rapid. The Tongo-Bassa soils are 
mainly composed of sands, clays and silts; so pollution is highly variable. The 
communication between the groundwater recharge zones (piezometric domes) in 
the South and South-East and the piezometric depressions in the North-West with 
the groundwater, accentuates the vulnerability of the latter, as these areas are densely 
populated. In the Douala V district, 56% of households dispose of wastewater in the 
open, 54.52% of households dispose of rubbish in the open and 14% dispose of 
rubbish in fields or ravines (Djuissi Tekam et al., 2019). Recharge of the Tongo-
Bassa water table during rainfall by infiltration into accumulation zones is accom-
panied by pollution of the latter by transport and dissolution of these multiple 
mineral and organic pollutants. For the population, the various rivers in the catch-
ment area are a receptacle for various types of waste and excreta. Water pollution 
in this case is influenced by hydrogeochemical and anthropogenic processes 
(Akoachere et al., 2019; Emvoutou et al., 2018; Njueya et al., 2012). 

4.2. Spatial Variation of Apparent Resistivity 

The maps (six) resulting from the data processing (Figure 5) have apparent resis-
tivity values ranging from 19.46 to 98136.5 Ω∙m, and are divided into three do-
mains:  
• conductive domain, with low apparent resistivity (19.46 to 2862.5 Ω∙m) and 

represented by area with blue color;  
• intermediaries domains with medium apparent resistivity (203.2 to 24285.7 

Ω∙m), and represented by yellow to orange color; 
• resistive domain, with medium apparent resistivity (403.98 to 98136.5 Ω∙m), 

and represented by red color.  
Observation of the iso-resistivity maps (Figure 5) reveals that the different re-

sistivity classes show a change in the resistivity field as you go deeper. Figure 5 
show six maps that better expresses lateral variation of the apparent resistivity at 
different depths in the study area, with two mains parts (North-Eastern and 
South-Western parts) in function of resistivity from surface (AB/2 = 1.5 m) to 
depth (AB/2 = 90 m). In general, South-Western part have low apparent resistivity 
values while North-Eastern part have high apparent resistivity. The zone with 
moderate resistivity values covers the centre and most of the sector.  

Base on correlation with borehole logs (Figure 3) and previous study made by 
Ketchemen Tandia (2011), conductive areas with resistivity less than 200 Ω∙m are 
made of Clay or Clayey sand material; while on this same domain, when resistivity 
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belongs to 200 to 800 Ω∙m, material are made of Sandy clay or Sand. When resis-
tivity is over 800 Ω∙m, materials are essentially medium to coarse Sand. 
 

 
Figure 5. Apparent iso-resistivity maps at different investigation depths. 

 
This observation implies that the North-Eastern part of watershed are sandier 

than the South-Western part; so, these areas should be more adapted to find sandy 
aquifers. The validation of this results was made with litho-logs of many boreholes 
(Bependa (Dla34), polyplast (Dla 8), Tropic (Dla9), Unalor (Dla 13) and CCC 
(Dla17) studied by Ketchemen Tandia, 2011) and new borehole drilled at Makepe, 
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in this area. 

4.3. Curves Types and Aquifers Structure 

Interpretation of the 1D inversion of the VES data revealed 10 mains types of 
curves (Table 4) and grouped as: HK (39.39%); KH (15.15%); 12.12% of HA and 
HKH; H (6.06%) while 3.03% represents K, AK, QH, KQ, and HKQ. Sounding 
data show three (H and K) to five geo-electric layers (HKH and HKQ).  
 

Table 4. Synthesis of measured electrical resistivity data in the study area after inversion. 

VES Code 
Layers resistivity Layers thickness 

Curve Type 
ρ1 ρ2 ρ3 ρ4 ρ5 h1 h2 h3 h4 

VES27 57.45 114.1 410.4 6.358  1.662 10.97 29.81  AK 

VES22 166 8.08 9980   0.935 1.08   
H 

VES28 2453 87.99 172.7   0.3293 1.784   

VES4 3716 142 234 1689  0.404 0.987 6.07  

HA 
VES7 112 35 870 7200  1.05 2.1 38.2  

VES16 2570 24.98 33.95 479  0.4231 0.4128 3.777  

VES23 8458 35.9 283 477  0.295 0.652 13.6  

VES1 874 28.5 4250 158  0.579 0.557 3.97  

HK 

VES2 591.5 21.2 957.2 33.31  0.625 0.883 2.572  

VES6 8236 51.91 1258 3.26  0.28 4.456 6.66  

VES11 4830 64.5 8700 56.6  0.5 1.43 8.12  

VES14 2091 144.1 2912 50.21  0.503 7.297 7.636  

VES17 79.44 39.43 935.5 202.9  1.157 1.095 14.24  

VES20 7409 32.99 242.8 18.3  0.2682 4.976 10.08  

VES24 4312 40.51 7000 55  0.3931 0.8997 5  

VES25 861 44.99 1196 15.73  0.436 3.347 15.04  

VES26 2313 94.74 610 21.48  0.296 5.23 12.42  

VES29 365 19.6 2416 104  0.561 0.941 2.28  

VES30 564 11.6 753 16.8  0.45 1.04 25.2  

VES32 939.4 40.83 497.4 18.12  0.41 2.994 24.87  

VES3 2857 30.6 1989 30.7 5300 0.38 0.8 2.23 15.5 

HKH 
VES5 1327 39.56 1990 138.8 7900 0.502 0.854 1.994 16.57 

VES15 2089 122.6 493.1 39.73 5078 0.42 1.49 10.27 20.06 

VES31 294.9 23 1216 72.62 383 0.493 1.02 1.57 15.8 

VES9 4662 170.7 1673 418.3 104.6 0.42 0.59 1.525 18.31 HKQ 

VES21 167 592 383   1.82 12.9   K 
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Continued 

VES10 296 4810 808 7924  0.9 3.4 17.4  

KH 

VES12 75 6230 274 7984  1.67 3.24 14.1  

VES13 1143 7246 648 790  0.9 1.07 2.34  

VES18 153 3540 97.1 6647  0.81 1.04 7.28  

F1 125.4 5127 176.2 482.4  0.9 1.185 10.98  

VES19 61.31 3537 220 96.29  0.7965 1.079 0.9619  KQ 

VES8 484.5 105.6 88.69 5200  0.635 1.65 36  QH 

4.4. Aquifers Potentiality and Protectivity 

Base on the analysis of VES data and curve type with lithology, two main aquifers 
are identified: first aquifer made of unconfined aquifer, and second one made of 
semi-confined or confined aquifer. These two aquifers are used by population 
through open wells or boreholes. Then their potentiality and protective capacity 
in the study area was evaluated by geohydraulic parameters, and the results are 
analysed separately with illustration of their spatial variation.  

4.4.1. Case of Unconfined Aquifer  
Geohydraulic parameters (porosity ϕ, hydraulic conductivity K, transmissivity Tr, 
longitudinal conductance S, and hydraulic resistance C) of the unconfined aquifer 
were estimated (Table 5) using the combination of resistivity and thickness 
through Equations (2)-(6). The AVI was determined in term of Log C to assess 
the level of vulnerability. Aquifer resistivity and thickness of this unconfined aquifer 
ranged from 57.45 to 8458 Ω∙m and 0.30 to 12.9 m respectively. The low value of 
resistivity can be explained by the presence of argillaceous formation facies which 
combine to weak thickness may lower the aquifer potentials like shows many au-
thors (Obiora et al., 2016; Nwachukwu et al., 2019; Obiora & Ibuot, 2020).  

High resistivity values combine to sandy formations which combine to very 
thick layers show great aquifer potentials. Porosity range from 14.35 to 35.30%; 
hydraulic conductivity from 0.08 to 8.83 m/day; longitudinal conductance from 
3.4 * 10−5 to 0.0289 mhos; transmissivity from 0.02 to 14.67 m2/day; and hydraulic 
resistance from 0.265 to 29.29 day−1. These parameters in accordance to standards 
(Table 1, Table 2 and Table 3) show that these unconfined aquifers are extremely 
vulnerable (87.88%) and groundwater supply potential are fairly adapted for local 
level with limited consumption for private water supply due to less permeable ma-
terials or discontinuous aquifer formations (Obioma et al., 2024). In comparison 
to study made by Javed et al. (2024), average yields of this aquifer can be estimated 
as less than 6 l/s for 51.51% of data, and ranged between 6 - 30 l/s, for 36.36% of 
data. Spatialization by kriging method, shows a contour map displaying the dis-
tribution of these geohydraulic parameters (Figure 6) which divide watershed in 
two particular domains:  
• North to North-Eastern domain, which have weak geohydraulic values; and  
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• South to South-western domain with high geohydraulic values. 
 

Table 5. Estimated geohydraulic parameter for the unconfined aquifer. 

VES code Rw (Ω∙m) h (m) K (m/day) Ø (%) 
S (Ω−1) 
*10−3 

Tr 
(m2day) 

Tr 
Class 

C1 
(day−1) 

LogC1 AVI 

VES1 874 0.58 0.70 23.87 0.66 0.40 
V 

0.86 −0.06 

Extremely High 

VES2 591.5 0.63 1.00 25.51 1.06 0.63 0.66 −0.18 

VES3 2857 0.38 0.23 18.90 0.13 0.09 
VI 

1.70 0.23 

VES4 3716 0.40 0.18 17.80 0.11 0.07 2.50 0.40 

VES5 1327 0.50 0.47 22.12 0.38 0.24 V 1.13 0.05 

VES6 8236 0.28 0.09 14.46 0.03 0.02 VI 3.72 0.57 

VES7 112 1.05 4.74 32.50 9.38 4.97 IV 0.37 −0.43 

VES8 484.5 0.64 1.21 26.35 1.31 0.77 V 0.86 −0.07 

VES9 4662 0.42 0.15 16.85 0.09 0.06 VI 3.06 0.49 

VES10 4810 3.40 0.14 16.72 0.71 0.48 V 24.42 1.39 High 

VES11 4830 0.50 0.14 16.70 0.10 0.07 VI 3.72 0.57 Extremely High 

VES12 6230 3.24 0.11 15.63 0.52 0.36 

V 

29.29 1.47 
High 

VES13 7246 1.07 0.10 15.00 0.15 0.10 12.70 1.10 

VES14 2091 0.50 0.31 20.21 0.24 0.16 3.58 0.55 

Extremely High 

VES15 2089 0.42 0.31 20.22 0.20 0.13 1.70 0.23 

VES16 2570 0.42 0.25 19.35 0.17 0.11 1.68 0.23 

VES17 79.44 1.16 6.53 33.94 14.56 7.55 IV 0.26 −0.58 

VES18 3540 1.04 0.19 18.00 0.29 0.20 
V 

5.73 0.76 

VES19 3537 1.08 0.19 18.01 0.31 0.20 5.80 0.76 

VES20 7409 0.27 0.09 14.90 0.04 0.03 VI 3.16 0.50 

VES21 592 12.9 1.00 25.51 21.79 12.93 III 13.43 1.13 High 

VES22 166 0.94 3.28 30.85 5.63 3.07 IV 0.30 −0.52 

Extremely High 
VES23 8458 0.30 0.08 14.35 0.04 0.02 

VI 
3.57 0.55 

VES24 4312 0.39 0.16 17.17 0.09 0.06 2.57 0.41 

VES25 861 0.44 0.71 23.94 0.51 0.31 V 0.92 −0.04 

VES26 2313 0.30 0.28 19.79 0.13 0.08 VI 2.00 0.30 

Extremely High 

VES27 57.45 1.66 8.83 35.30 28.93 14.67 III 2.54 0.41 

VES28 2453 0.33 0.27 19.54 0.13 0.09 VI 1.54 0.19 

VES29 365 0.56 1.57 27.54 1.54 0.88 

V 

0.40 −0.40 

VES30 564 0.45 1.05 25.71 0.80 0.47 0.46 −0.34 

VES31 294.9 0.49 1.92 28.43 1.67 0.95 0.31 −0.51 

VES32 939.4 0.41 0.65 23.57 0.44 0.27 0.88 −0.06 

F1 5127 1.19 0.13 16.45 0.23 0.16 9.07 0.96 
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The different maps obtained through spatialization, show that groundwater po-
tential decreasing from this South and South-Western domain, to North and 
North-Eastern domain; while AVI increasing in the same direction.  
 

 
Figure 6. Spatial variation of geohydraulic parameters of unconfined aquifer (A) porosity; (B) conductivity, (C) transmissivity; (D) 
longitudinal conductance. 

4.4.2. Case of Semi-Confined/Confined Aquifer  
In second aquifer level identify after VES computing, many geohydraulic param-
eter has varying as presented in Table 6 while the graphical presentation depicting 
the spatial variations of some of these geohydraulic parameters with respect to 
VES points shown in Figure 7. Resistivity and thickness ranged from 172.7 (VES 
28) to 9980 Ω∙m (VES 22) and from 1 to 38.2 m respectively. Porosity and Hy-
draulic conductivity values ranged from 13.65 to 30 % and from 0.072 to 3.16 
m/day respectively. Spatial distribution of these two parameters over the study 
area (Figure 7(A) and Figure 7(B)) indicated that the western and eastern part, 
had a high value, implying ability of these section to get a high groundwater po-
tential which can move easily through the pore spaces. According to Udosen et al. 
(2024), space of a given area with high value of hydraulic conductivity can be 
linked to the space with a high groundwater potential and where there is a great 
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level of hydraulic flow and groundwater recharge. Conversely the center part of 
the study area showing low values of hydraulic conductivity, implying low 
groundwater potential and difficulties of groundwater flowing and recharge. 
Based on the study made by Javed et al. (2024), 33.34% of data could had yield less 
than 6 l/s due to K < 0.3 m/day; while 63.64% should have yield ranged between 6 
- 30 l/s. In the Tongo-Bassa watershed, transmissivity values of confined or semi-
confined aquifer ranged from 0.077 m2/day to 42.04 m2/day, with an average of 
7.606 m2/day. Wide range of transmissivity show high heterogeneities of lithology 
and groundwater potential and flowing. Classification of this transmissivity in the 
study area show that this aquifer is adapted for groundwater supply for small com-
munities at local scale for 72.73% of data and more represented in Southern sector 
(Figure 7(C)), while 27.27% of data are adapted for private water supply in North-
ern sector. Longitudinal conductance which is a key geohydraulic parameter used 
to assess the protective capacity of aquifers, ranged from 0.00011 to 0.0726 Ω−1 

with average of 0.0128 Ω−1. This longitudinal conductance confirms also poor pro-
tective capacity, in line with AVI which remain High to Extremely high (excepted 
VES 11 which show a moderate AVI), compared to results obtained in the same 
environments at the Southern side of Benue State in Nigeria (Eyankware et al., 
2021), where good protective capacity of deep and confined aquifer were ob-
served. Figure 7(D) shows that Northern part of the watershed (in blue color), 
near the west part of the outlet, are more vulnerable. 

These various maps showing a correlation between changes in porosity and per-
meability. In fact, the most porous areas are also the most permeable. However, 
the transmissivity maps are similar to those showing longitudinal conductance, 
where the areas with potential for rapid transmission are the least vulnerable. This 
contrast with previous hydrogeochemical studies in the area, where the most pol-
luted wells were found by many authors (Emvoutou et al., 2018; Ketchemen Tan-
dia, 2011; Ngo Boum et al., 2015). However, this contrast can be explained by the 
combined action of topography, slope and the nature of the material as suggested 
by Akoachere et al. (2019). In fact, if the high areas near the ridges are made up of 
sand, whereas the low areas are rich in clay, the action of the slope means that the 
water will circulate quickly upstream and slowly downstream, with water levels in 
the wells almost invariant in dry and rainy season. It goes without saying that the 
critical discrepancy between the low calculated vulnerability of the deep aquifer 
and the pollution observed in previous studies could be linked to the intertwined 
structure of the layers, which, due to lateral circulation as observed in piezometric 
studies, could bring the confined aquifer waters into contact with pollutants from 
surface waters. Similarly, this situation could be explained by the fact that on the 
field, when drilling wells, populations capture both surface and deep groundwater 
in order to obtain high flow rates; which makes the confined/semi-confined aqui-
fer more vulnerable. 

This means that if a pollutant is introduced into the environment, it will be 
rapidly transported laterally downstream, and when circulation is slow, the wells 
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analysed downstream will be more polluted than those upstream. This situation 
explains why in the study area, many polluted wells which exploited unconfined 
aquifer are identified where it’s supposed to be less vulnerable while in the same 
environment, boreholes which exploited confined or semi-confined aquifer are 
less polluted due to their relative protection by clayey material.  
 

Table 6. Estimated geohydraulic parameter for the semi-confined/confined aquifer. 

VES code Rw (Ω∙m) h (m) K (m/day) Ø (%) S (Ω−1)*10−3 Tr (m2/day) Tr Class C2 (day−1) LogC2 AVI 

VES1 4250 3.97 0.16 17.24 0.9 0.63 V 25.78 1.41 High 

VES2 957.2 2.57 0.64 23.49 2.70 1.65 IV 4.68 0.67 

Extremely High 
VES3 1989 2.23 0.32 20.42 1.10 0.72 V 8.59 0.93 

VES4 1689 6.07 0.38 21.11 3.60 2.29 IV 5.04 0.70 

VES5 1990 16.57 0.32 20.42 8.30 5.36 IV 7.30 0.86 

VES6 1258 6.66 0.50 22.35 5.30 3.30 IV 17.14 1.23 
High 

VES7 7200 38.2 0.10 15.02 5.30 3.72 IV 54.96 1.74 

VES8 5200 36 0.13 16.39 6.90 4.75 IV 6.97 0.84 
Extremely High 

VES9 1673 1.53 0.38 21.15 0.90 0.58 V 7.07 0.85 

VES10 7924 17.4 0.09 14.62 2.20 1.55 IV 47.63 1.68 High 

VES11 8700 8.12 0.08 14.23 0.90 0.66 V 103.12 2.01 Moderate 

VES12 7984 14.1 0.09 14.59 1.80 1.25 IV 36.15 1.56 

High 
VES13 790 2.34 0.77 24.30 3.00 1.79 IV 15.24 1.18 

VES14 2912 7.64 0.23 18.82 2.60 1.73 IV 37.25 1.57 

VES15 493.1 10.27 1.19 26.28 20.80 12.21 III 10.34 1.01 

VES16 479 3.78 1.22 26.40 7.90 4.61 IV 1.94 0.29 Extremely High 

VES17 935.5 14.24 0.65 23.59 15.20 9.31 IV 22.04 1.34 High 

VES18 6647 7.28 0.10 15.36 1.10 0.76 V 7.08 0.85 

Extremely High VES19 220 0.96 2.52 29.66 4.40 2.43 IV 6.18 0.79 

VES20 242.8 10.08 2.30 29.25 41.50 23.20 III 7.54 0.88 

VES21 383 12.9 1.50 27.34 33.70 19.41 III 22.01 1.34 

High 

VES22 9980 10.8 0.07 13.65 1.08 0.78 V 15.33 1.19 

VES23 477 13.6 1.23 26.42 28.50 16.67 III 10.38 1.02 

VES24 7000 5 0.10 15.14 0.70 0.50 V 52.55 1.72 

VES25 1196 15.04 0.52 22.56 12.60 7.82 IV 29.84 1.47 

VES26 610 12.42 0.97 25.38 20.40 12.10 III 14.74 1.17 

VES27 410.4 29.81 1.41 27.05 72.60 42.05 III 23.68 1.37 

VES28 172.7 1.784 3.16 30.68 10.30 5.64 IV 2.10 0.32 
Extremely High 

VES29 2416 2.28 0.27 19.61 0.90 0.62 V 8.84 0.95 

VES30 753 25.2 0.80 24.50 33.50 20.18 III 31.93 1.50 High 

VES31 1216 1.57 0.51 22.49 1.30 0.80 V 3.37 0.53 Extremely High 

VES32 497.4 24.87 1.18 26.24 5.00 29.32 III 21.97 1.34 
High 

F1 482.4 10.98 1.21 26.37 22.80 13.32 III 12.61 1.10 
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Figure 7. Spatial variation of geohydraulic parameters of confined/semi-confined aquifer (A) porosity; (B) conductivity; (C) trans-
missivity; (D) longitudinal conductance. 

5. Conclusion 

The Quaternary/Mio-Pliocene aquifer in Douala Sedimentary Basin (DSB) is so-
licited for groundwater supply. In order to help authorities manage well this im-
portant aquifer, its potential and vulnerability was evaluated through piezometric 
and geo-electrical surveys. Piezometric studies have shown an unconfined aquifer, 
with groundwater flowing towards the natural outlet in general, masking the 
structural heterogeneity of the terrain, which is apparent during the rainy season. 
Based on the flowing of groundwater in this unconfined aquifer in general, vul-
nerability increases from Southeastern to Northwestern direction. VES data after 
inversion and correlation with borehole logs allow to distinguish two aquifers: 
unconfined superficial aquifer (depth < 28 m), and deep semi-confined or con-
fined aquifer (depth < 70 m). Primary parameters (resistivity and thickness) ob-
tained after analysing VES data were used to determine geohydraulic parameters 
(porosity, hydraulic conductivity, transmissivity, longitudinal conductance and 
hydraulic resistance) in order to evaluate potential and vulnerability (AVI) of the 
two aquifers identified. Then, concerning vulnerability, unconfined and superfi-
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cial aquifer is more vulnerable (−0.58 < Log C < 0.96) with 87.87% of the area, 
compared to the semi confined/confined aquifer (0.29 < Log C < 0.95) which show 
that only 39.39% of the area are vulnerable. About groundwater potential, uncon-
fined aquifer has potential adapted for local level with limited consumption for 
private water supply (0.02 < Tr < 14.67 m2/day), while confined/semi confined 
aquifer has a potential adapted to supply a small community at local scale (0.50 < 
Tr < 42.05 m2/day). Realization of contour maps of the geohydraulic parameters 
indicate for these aquifers, where potential is high and where groundwater is more 
or less vulnerable to pollution. All parameters obtained provide information’s in 
groundwater resource management as well as acts as a guide to assess the vulner-
ability of different hydrogeological units in DSB. These results illustrate the litho-
logical and structural complexity of the DSB and its influence on groundwater 
potential, as well as on efficient management of the resource for better develop-
ment planning. Based on the results obtained, we recommend that local authori-
ties and individuals wishing to drill a well or borehole, should focus on deep 
groundwater from confined/semi-confined aquifers, which appear to be less vul-
nerable to pollution. Similarly, these populations should avoid mixing surface wa-
ter with deep groundwater in order to preserve this precious resource. 
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