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ABSTRACT

The scarcity and unpleasant taste of tap water in the city of Daloa have led to heavy reliance on water from traditional
wells, without any clear understanding of this resource’s availability. The objective of this study was to assess the water
availability of the alterite aquifers in this neighborhood. To this end, in addition to a digital elevation model, two field
surveys were conducted to determine, respectively, the piezometric level and the permeability of the neighborhood’s
alterite aquifers. Using a multi-criteria analysis methodology, the groundwater availability of the alterite aquifers in the
Gbokora neighborhood was mapped. The results showed that groundwater availability in the Gbokora neighborhood is
generally poor, as 65.68% of the area is classified as having poor or very poor availability. Good groundwater availability
is observed in the south and southeast of the district, covering only 7.34% of the area. This study therefore suggests the
use of tap water (surface water) to supplement the altierite aquifer.

Keywords: Water Availability, Altierite Aquifers, Gbokora Neighborhood, Daloa, Céte d’Ivoire

1 INTRODUCTION

Given the pollution problems affecting surface water, the issue of groundwater availability to address the shortage of
drinking water for populations is becoming increasingly relevant (UNESCO, 2022; Eblin et al., 2022; Zrébré et al., 2025).
Indeed, access to drinking water has become a major issue in most sub-Saharan African countries, where access to
drinking water services remains significantly lower than global averages (UNICEF, 2025).
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In Cote d’'Ivoire, nearly half of the population currently faces difficulties accessing safe drinking water (Kouadio et al.,
2025). This situation is all the more concerning given the rise of illegal gold mining, which is degrading the quality of
water in rivers across the country (Ahoussi & Yapo, 2021) .

In the city of Daloa, specifically in the Gbokora neighborhood, due to the poor organoleptic quality of tap water, residents
are turning to water from boreholes and, above all, traditional wells (Kablan et al. 2023). This is why, in recent decades,
studies have focused more on the potential of aquifers with the aim of identifying suitable areas for drilling. This
resource is one of the most affordable sources of water supply due to its proximity to the point of consumption, its
quality generally meets international standards and its low treatment cost.

These new water sources particularly water from traditional wells are needed to meet the needs of a rapidly growing
population, raising concerns about the availability of groundwater in the alterite aquifer of the aforementioned
neighborhood (Kouassi, 2021). For this reason, the present study, titled “Assessment of Water Availability in the Alterite
Aquifers of the Gbokora Neighborhood in the City of Daloa,” was initiated. The primary objective of this study is to assess
the water availability of the alterite aquifers in the Gbokora neighborhood in order to evaluate their potential as
groundwater resources for supplying the population. Specifically, the study aimed to: (i) develop thematic maps of
availability parameters and (ii) map the water availability of the district’s alterite aquifers.

This study is structured as follows: following the introduction, which presents the context, the research question, and

the study’s objectives, Section 2 presents the data and methodology; Section 3 outlines the main results; and the key
lessons learned are summarized in the conclusion.

2 METHODOLOGY

2.1  Overview of the Study Area
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Figure 1: Map showing the location of the Gbokora neighborhood
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The Gbokora neighborhood is located in the northwest of the city of Daloa, a city situated in central-western Cote
d’Ivoire between longitudes 6°24' and 6°29' West and latitudes 6°50' and 6°55' North (Figure 1). Incorporated into the
city of Daloa around the year 2000, Gbokora lies between 6°51' north latitude and 6°25' west longitude, with an
estimated population of 1,087 inhabitants (2014 National Population Census).

2.2 Data
The data used in this study include the Digital Elevation Model (DEM), groundwater depths, and the permeability of the
altuerite layer.

2.3 Data Collection

A survey campaign identified 31 traditional wells throughout the Gbokora neighborhood of the city of Daloa (Figure 2).
The water levels in these wells were measured using a piezometric probe. At 10 sites evenly distributed throughout the
district, a double-ring infiltrometer was used to determine the volumes required to saturate the soil at these sites, as
well as the infiltration times, which were then used to calculate the permeability of the altierite layer.
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Figure 2: Map showing the locations of sampling points

2.4 Map Preparation

The methodology of this study pertains to determining the groundwater availability indicator for the altérites aquifers
in the Gbokora neighborhood of the city of Daloa. The availability indicator is one of the three parameters used to assess
an aquifer’s potential. According to Mangoua (2013), it is the most essential parameter in assessing the potential of
bedrock aquifers. The availability indicator reflects the existence of an aquifer in a given area (Yao et al., 2014). It does
not provide information on the accessibility or exploitability of the aquifer.

Its determination follows these steps:

o Development of availability parameters;
e (lassification and standardization of the parameters;
e Aggregation of the parameters.

In this study, the selected availability parameters include slope, drainage density, weathered layer depth, and
permeability.

2.5 Development of Availability Parameters

The slope map was developed using the Digital Elevation Model (DEM) in the ArcGIS environment.
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For the drainage density map, the hydrographic network was first generated. Next, it was interpolated using the “Kernel
Density” tool in ArcGIS to produce the drainage density map.

The water depths of the 31 wells were interpolated to obtain the map of altérites aquifer depths.

Before being spatialized, permeability was calculated as a point function at the 10 sites using the formula proposed by
Porchet in 1904:

= mh'
"~ t(2h+7)

k : permeability; h : height of the water column; h’ : height of the percolated water layer; t : elapsed time; r : radius of
the inner ring

2.6 Classification and Standardization of Maps

After each availability parameter is developed, it is classified, and weights are assigned to each interval of the parameter
based on its importance in the water supply to the altérites aquifer. This classification follows that adopted by Mangoua
et al. (2019), and the assigned weights range from 1 to 10. A weight of 10 indicates that the parameter promotes
groundwater availability, while a weight of 1 applies to parameter classes that do so to a lesser extent (Table I).

Table 1: Classification and standardization of parameters

Parameters Class Assessment | Classes | Weight
Slope (%) Very low <1 9
Low 1-2 7
Medium 2-3 5
High 3-4 3
Very strong >4 1
Drainage density (km/km?) Very low <5 9
Low 5-10 7
Medium 10-15 5
High 15-20 |3
Very strong >20 1
Induced permeability (X10™°m/s) | Very low <35 1
Low 3.5-5 3
Medium 5-6.5 5
High 6.5-8 7
Very strong >8 9
Depth (m) Very low 1-5 10
Low 5-15 8
Medium 15-25 | 6
High 25-40 |3
Very strong 40-45 |1

2.7 Aggregation of Parameters

There are various methods for evaluating multi-criteria analysis or aggregating factors. In this study, the choice was
made to use the complete weighted aggregation method employed by Joerin (1995), Saley (2003), and Jourda (2005).
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This method involves multiplying each factor or indicator by its respective weighting coefficient and then summing
these results to produce a suitability index according to the following equation :

S =Yiwix;
S : final result; wi : weight of criterion i; xi: standardized value of criterion i.

Table 2: Eigenvalues and Weighting Coefficients of the Parameters

Parameters Eigenvectors | Weighting Coefficients
Slope 1.8 0.44

Drainage density | 0.66 0.16

Permeability 1.2 0.30

Depth 0.4 0.1

Availability 4.06 1

3 RESULTS

3.1 Slope Map

Figure 3 shows the slope map of the Gbokora neighborhood in the city of Daloa. Based on the classification used, five
classes were identified: very gentle, gentle, moderate, steep, and very steep. Gentle slopes are the most common (60%)
and run primarily in a north-south direction through the center. Gentle and moderate slopes account for only 17% of
the neighborhood’s area and are unevenly distributed throughout the neighborhood. Steep and very steep slopes (23%)
are more pronounced in the eastern part and less common in the rest of the neighborhood. The lake is located
downstream from the gentle slopes.
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Figure 3: Slope map
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3.2 Depth Map

Figure 4 shows the water depth map of the Gbokora neighborhood in the city of Daloa. Depths vary along a southwest-
to-east gradient. The shallow depth class accounts for 28.05% of the area of our study zone. It extends from Lake
Gbokora to the Pacific Hotel, covering the entire southern strip of the neighborhood. Intermediate depths are
distributed in a curvilinear pattern, extending across the entire northern part, passing through the center, and emerging
at the southeast. They account for 65% of the study area. The deepest areas are located in the far east, in the Boga Seri
sector, with a coverage rate of 7.42%.
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Figure 4: Depth Map

3.3 Drainage Density Map

Figure 5 presents the drainage density map of the Gbokora neighborhood in the city of Daloa. This parameter shows
heterogeneity, with a drainage density gradient running from west to east, from low to high drainage densities.
Statistically, low drainage densities cover 44% of the area and are more prevalent in the western and southern parts.
Intermediate densities classified as poor and mediocre account for 24% and encompass the area stretching from the
Tabernacle in the north to the southeast of the neighborhood. High drainage densities (32%) are more prominent in the
east and southeast but less prevalent in the rest of the neighborhood.
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Figure 5: Drainage Density Map
3.4 Permeability Map
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Figure 6: Permeability Map

Figure 6 below shows the permeability map of the Gbokora neighborhood in the city of Daloa. The results reveal that
high, medium, and low permeability account for 24%, 18%, and 58% of the study area, respectively. The northern part
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is less permeable than the southern part. The most permeable area is the center, which includes the CFP Technical High
School, the Vocational High School, and Khalil High School.

3.5 Groundwater Availability Map

Figure 7 below shows the groundwater availability map for the Gbokora neighborhood of the city of Daloa. This map
reveals five availability classes, including very poor, poor, fair, good, and excellent. The poor availability class is
predominant and is distributed across the central and southeastern parts of the neighborhood, with a few isolated areas
identified in the north. The “very poor” class is located primarily in the north and west, surrounding the district’s lake.
The “poor” class is more pronounced in the east and south of the study area. The “fair,” “good,” and “excellent”
availability classes overlap in the eastern and southeastern parts of the neighborhood. The “excellent” availability class
is less prevalent than the other classes and appears only sporadically in the central-eastern part of the neighborhood.
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Figure 7: Groundwater availability map of the Gbokora neighborhood
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Figure 8: Proportion of availability classes

The above diagram presents the various proportions of the availability classes observed in the Gbokora neighborhood
of Daloa. This diagram clearly shows that the groundwater availability indicator in this neighborhood is dominated by
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the “poor” class, with a rate of 36.50%, followed by the “very poor” and “mediocre” classes, which account for 29.18%
and 26.16%, respectively. The “good” availability class accounts for 7.84%, while the “excellent” class is virtually
nonexistent, with a rate of 0.31%.

4  DISCUSSION

The study of the groundwater availability indicator for the alterite aquifers in the Gbokora neighborhood of the city of
Daloa provided a better understanding of the spatial distribution of areas likely to contain water in this neighborhood.
Five availability classes were mapped, namely: very poor, poor, fair, good, and excellent. Overall, the neighborhood is
characterized by poor groundwater availability, as the “very poor” and “poor” classes account for a combined 65.68%
of the area. Furthermore, these classes are located in low-lying areas and on slopes. This situation can be explained, on
the one hand, by the fact that slopes (steep inclines) do not facilitate the infiltration of runoff into aquifers and, on the
other hand, by the fact that permeability in these areas was low compared to that of the neighborhood’s plateau. Unlike
the other classes, the “good availability” class is located on the plateau in the southeast and south of the neighborhood.
The presence of this class in this area is due to the fact that the slopes here are relatively gentle, which facilitates the
infiltration and accumulation of water resources in the aquifer. The average permeability recorded in this area implies
moderate groundwater recharge without, however, promoting the formation of significant underground reservoirs
(Mangoua et al. 2019).

In terms of proportions, the results of this study differ from those of Mangoua et al. (2019) and Yao et al. (2014). Indeed,
in this study, the “poor” availability class dominates, accounting for 36.50% of the study area, whereas in the studies by
Mangoua et al. (2019) and Yao et al. (2014), the dominant classes were, respectively, the “moderate” class (26%) and
the “good” class (68%). This difference could be explained by the nature of the study areas. Those two authors worked
on watersheds, whereas this study was conducted not only at the neighborhood level (the Gbokora neighborhood of the
city of Daloa) but also in a neighborhood located on the ridgeline between the Lobo and Goré watersheds. It is important
to note that mapping groundwater availability in an area is a subjective methodology, and the assessment of its
parameters may differ from one author to another. The order of the interpolated hydrographic network used to
determine drainage density can vary significantly from one author to another and is often the cause of the differences
observed in the final maps.

5 CONCLUSION

The assessment of groundwater availability in the alterite aquifers of the Gbokora neighborhood in the city of Daloa
(Central-West Cote d’Ivoire) is made possible through the mapping and aggregation of parameters related to the
availability indicator. The results show that the groundwater availability indicator for alterite aquifers is heterogeneous,
with five availability classes: very poor (36.50%), poor (29.18%), fair (26.16%), good (7.84%), and excellent (0.31%).
The southeastern part of the district is more favorable for groundwater storage in alterite aquifers compared to the
north and west. To ensure better water supply in general and drinking water in particular, it is necessary to tap into
fractured aquifers, whose water tables are not necessarily recharged by infiltrating water.
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