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Abstract

This study focuses on the problem of access to drinking water in the fractured
areas of the departments of Yamoussoukro and Toumodi. The problem has
become more acute since most of the boreholes drilled have failed. The main
objective of this study is to map the areas that are favorable for the installa-
tion of large boreholes in the departments of Yamoussoukro and Toumodi in
order to increase the population’s drinking water needs. Hydroclimatic and
cartographic data, technical surveys of boreholes and satellite images were
used to conduct this study. The AHP multi-criteria analysis method was adopted.
It consists in aggregating the criteria by weighting and allowed to combine
these different data to generate maps of groundwater availability, accessibility
and exploitability indicators. These different indicators were then considered
as criteria and combined using the full aggregation technique to produce the
water potential map. These results show that the study area has significant
groundwater reserves with nearly 63% of these areas being favorable for the
establishment of large flow boreholes. This study provides some answers to
the question of groundwater resources and could be used as a decision sup-
port tool in the execution of groundwater collection works in the depart-
ments of Yamoussoukro and Toumodi in order to avoid the high percentage
of drilling failures encountered in past projects.
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1. Introduction

Groundwater is an important natural resource for domestic, agricultural and
industrial use [1]. Indeed, having water in quantity and quality at hand is, along
with food, one of the most urgent human needs on earth [2]. In 2010, the human
right to safe drinking water and sanitation was explicitly recognized by the
United Nations General Assembly [3]. Throughout the world, the issue of access
to safe drinking water remains a concern for authorities. Indeed, 30% of the
world’s population lacks access to domestic drinking water services [4]. In de-
veloping countries, accessibility to drinking water is one of the major objectives
of development projects. In Cdte d’Ivoire, many efforts have been made since
1973 to provide urban, peri-urban and rural centers with quality water. Unfor-
tunately, difficulties remain because drinking water is not yet accessible to all
[5]. Indeed, the problem of supplying drinking water to populations is quite re-
current and clearly perceptible in several regions [6]. Thus, accessibility to safe
drinking water is one of the major goals of development projects around the
world. In developing countries, groundwater is a resource of the first choice for
drinking water supply for populations because it has a relatively good quality
and low cost [7]. On the other hand, surface water has a questionable physico-
chemical and bacteriological quality and requires often very expensive treat-
ments. For this reason, the supply of drinking water is oriented towards the
search for deep groundwater whose quality generally meets the WHO guidelines
[8]. However, access to this precious resource is becoming very difficult precisely
in the basement regions where the captured groundwater comes from fissures
[9]. In these departments, the drinking water supply of rural populations is
mainly provided by groundwater contained in the crystalline and crystallophyll
aquifers. Moreover, 65% of the boreholes drilled in this region have failed [10].
This high percentage of failure is alarming and raises a lot of interest, especially
scientifically, questioning the level of knowledge on the functioning of fractured
aquifers. Moreover, with the increasing demand for water in the political capital
(Yamoussoukro), the rate of satisfaction of the drinking water needs of this re-
gion could be significantly impacted. It is therefore necessary to have a better
knowledge of groundwater reserves in order to orient hydrogeological prospect-
ing campaigns [11]. Consequently, the mapping of favorable areas for the im-
plementation of large flow boreholes in this region appears necessary to reduce
this failure rate and contribute to the strengthening of the production capacity of
drinking water. It is in this context that the present study was initiated. Its objec-
tive is to improve the knowledge necessary for the implementation of large bo-

reholes in this central part of Cote d’Ivoire.

2. Material and Methods
2.1. Study Area

The departments of Yamoussoukro and Toumodi are located in central Cote

d’Ivoire. They are located between longitudes 4°40' and 5°33' West and between
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latitudes 6°15' and 7°6' North and cover an area of 4789.4 km* (Figure 1).

The climate of the basin is of the transitional equatorial type, characterized by
a rainy season from March to October and a dry season from November to Feb-
ruary, with little temperature variation. These regions benefit from a hydro-
graphic network essentially composed of the Marahoué and N’zj rivers. The re-
lief of the departments of Yamoussoukro and Toumodi is, on the whole, a type
of relief of plains and plateaus. Several levels of stepped plateaus can be distin-
guished, between 200 and 500 meters, separated from each other by a low slope
(10 to 30 meters) [12]. The vegetation of the departments of Yamoussoukro and
Toumodi belongs to the Guinean domain and is dominated by pre-forest savan-
nah dotted more or less densely with small trees and interspersed with groves
and forest islands. Forest galleries occupy the lowlands along the watercourses.
On drained sandy soils, stands of roast and palm trees appear in tall grass mea-
dows [12] [13]. Geologically, the study area belongs to the Precambrian base-
ment granite-gneiss peneplain. The main geological formations consist of mag-
matic rocks and metamorphic rocks [14] [15] [16] (Figure 2). Metamorphic
rocks are of sedimentary (sandstone, con-glomerates), volcanic (lava, acidic or
basic, predominant) and volcano-sedimentary (boulders, tuff, breccia) origin.
The magmatic rocks are constituted by recent granitoids, granites and migmatites.

These geological formations are covered by essentially ferralitic and brown soils
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Figure 1. Location of the study area.
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Figure 2. Geological map of the study area.

(ferrisols). Hydrogeologically, the study area has water reserves developing in
aquifers, the extent of which depends on the level of weathering and fracturing
of the bedrock [7]. Thus, there are two types of aquifers: weathering aquifers
(superficial) and fractured aquifers (deeper). These are composite aquifers oper-

ating interdependently of each other.

2.2. Materials

In the framework of this work, several types of data were used. These are tech-
nical data from 100 boreholes collected at the Regional Directorate of Hydraulics
of Yamoussoukro, geological and topographical maps of the square degrees of
Yamoussoukro and Toumodi at a scale of 1:200,000 produced by the Directorate of
Geology and by the Centre for Cartography and Remote Sensing of Cdte d’Ivoire
(CCT). Climatic data (rainfall and temperature for the period 1974-2019) were
used to estimate infiltration. The satellite images used are Landsat 8 Oli images

for the mapping of the lineament network. This is the 197-55 scene acquired on
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12/02/2019 with 30 m resolution and available from
http://glcfapp.umiacs.umd.edu:8080/esdi/index.jsp.

The SRTM terrain elevation model images with 30 m resolution were used for
mapping the slope gradient, the hydrographic network and to determine the
drainage density. They are available at https://earthexplorer.usgs.gov.

The processing of these data required the use of Envi 4.7 software for the sa-
tellite images, Linwin 2.1 for the statistical analysis of the fractures and ArcGIS
10.4.1 for the processing of the fracture network and for the realization of the-

matic maps.

2.3. Methods

Thematic mapping of groundwater potential areas requires the design and im-
plementation of a hydrogeological database of the study area. The approach fol-
lowed for the development of the groundwater potential map is inspired by [7]
[11] [17] [18] and is based on 1) Identification of criteria; 2) classification, stan-
dardization and weighting of criteria for the development of indicators; 3) ag-

gregations following the multi-criteria approach (Figure 3).

2.3.1. Identification of Criteria Approach

The hierarchical structure used in this study has three levels. Level 1 is represented
by the development of the groundwater potential map. Level 2 refers to the de-
sign of three indicators that were used to develop the groundwater potential
map. These are groundwater with reference to the work of [7] [17]-[24], a num-
ber of criteria are identified, selected, and evaluated to achieve the stated objec-
tive. The parameters or criteria used for the delineation of potential groundwater
areas are composed of aquifer characteristics, borehole characteristics, physio-
graphic and hydro-climatological data. The groundwater resource in a hydro-
geological survey must be available, accessible and exploitable. The parameters
related to groundwater potentiality are therefore grouped into three quantitative
indicators which are: availability, accessibility and exploitability [9].

Indicator of availability. The availability indicator translates the notion of
the existence of an aquifer and constitutes the first condition to know, before
any other activity. It results from the combination of parameters such as slope,
drainage density, fracture density, alterite thickness and infiltration.

Infiltration is the most important parameter for groundwater availability. In

this study infiltration (/n{) is calculated according to Equation (1) [7]:
Inf :P—(ETR+Lr) (1)

where

Infis infiltration (mm); Pis precipitation (mm);

ETR is actual evapotranspiration estimated from [25] water balance flow
chart; and Lris runoff from the basin (mm).

Indicator of accessibility. Groundwater reserves are only truly usable when
certain parameters are combined to make access possible. The most important of
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Figure 3. Synthesis of the methodology conceived in this study.

these are the total depth (Pt) of the works and the success index (Is). The success
index gives the probability of success of a well and is calculated by the following
formula (Equation (2)):

a=b/10x100 (2)

where ais the success index (%); and b is the operating rate (m>h™).

Indicator of exploitability. The water resource is exploitable only if the ex-
ploitation rate is significant (at least 1 m*h™"). The exploitation rate itself is con-
ditioned by the quantity of water in the groundwater reserve and the speed of
renewal of this reserve in case of high demand [18]. This indicator is produced

through the combination of the operating rate and piezometric level criteria.

2.3.2. Classification and Standardization of Criteria
The number of classes was reduced to 5 as defined by [17] [18] [26] [27], for

better interpolation. These are the very low, low, medium, high and very high
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classes. In addition, the different classes of each criterion are standardized ac-

cording to their influence on the theme. A rating scale ranging from 1 to 10 was

used. A rating of 10 is assigned to the class of the criterion qualified as “very

weak” or “very strong” depending on whether it contributes to the excellent

achievement of the indicator considered. Following the same logic, intermediate

values are assigned to the intermediate classes according to a linear distribution.

Table 1 and Table 2 illustrate the classification, evaluation and standardization

of decision criteria.

2.3.3. Criteria Weighting

The decision criteria are weighted using the linear combination method based

Table 1. Classification and standardization of availability criteria [7] [18].

Indicator Criteria Criteria Qualifiers Classes Notes
Groundwater Slope (%) Very low 0-1
availability Low 1-2
Medium 2-3
High 3-4
Very strong >4
Infiltration Very low <25
(mm) Low 25 - 40
Medium 40 - 70
High 70 - 100
Very strong >100
Drainage Very low <5
?;;S/zl ) Low 5-10
Medium 10 - 15
High 15 - 20
Very strong >20
Fracture density Very low <5
(ke /kenc) Low 5-10
Medium 10 - 15
High 15 - 20
Very strong >20
Alteration Very low <10
thickness (m) Low 10 - 20
Medium 20 - 30
High 30 - 40
Very strong >40
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Table 2. Classification and standardization of accessibility and exploitability criteria [7]
[18].

Indicator Criteria Criteria Qualifiers Classes Notes
Groundwater Static level (m) Very low <5 10
exploitability Low 515 8
Medium 15-25 6
High 25 - 40 3
Very strong >40 1
Operating flow Very low <1 1
rate (m’/h) Low 1.3 3
Medium 3-5 5
High 5-8 8
Very strong >8 9
Groundwater Probability of Very low <20 1
Accessibility success (%) Low 20 - 40 3
Medium 40 - 60 5
High 60 - 80 8
Very strong >80 10
Drilling depth (m) Very low <25 9
Low 25-52 8
Medium 52-70 7
High 70 - 85 5
Very strong >85 1

on the pairwise comparison technique according to the Hierarchical Analysis
Process (HAP) of [28] used by [18] [29]. It produces standardized weights that
sum to 1 (Table 3).

The weight reflects the relative importance of each criterion in the formation
of the indicator.

Based on the matrix generated by the pairwise comparison on the scale pro-
posed by [30], the eigenvector and the weighting coefficient of each criterion are

then calculated according to Equations (3) and (4):

Vo, =[], 3)

with: Vp, the eigenvector; n the number of criteria and g; the score of criterion 7
obtained in the pairwise comparison matrix.

The weighting coefficient (Cp) of each criterion is obtained by the ratio of its
eigenvector and the sum of all the eigenvectors of the other criteria involved in

the achievement of a given indicator, from the following Equation (4):
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Vp.
Cpy = )

J n
Zi:lej
with: Cp; is the weighting coefficient of criterion 4 and Vp; is the eigenvector of
criterion 1.
For this study, the pairwise comparison matrices and criteria weights for each

indicator and for the three indicators are presented in Table 4.

2.3.4. Aggregation of Factors
The classified and standardized criteria were combined by the full weighting

Table 3. Verbal and numerical expression of the relative importance of a pair of criteria [19].

Expression of one criterion in relation to another Note

Same importance 1
Moderately important 3
Highly important 5
Very important 7
Extremely important 9

Moderately less important 1/3

Less important 1/5

Strongly less important 1/7

Extremely less important 1/9

Table 4. (a) Indicator availability; (b) Accessibility indicator; (c) Exploitability indicator.
(a)
Pente Infiltration DD DF EA Vp Cp

Slope 1 1/2 5 3 5 1.72 0.26
Infiltration 2 1 7 5 5 323 049
Drainage Density (DD) 1/5 1/7 1 172 1 0.36  0.05
Fracture Density (DF) 1/3 1/5 2 1 5 092 0.14
Alterite thickness (EA) 1/5 1/5 1 1/5 1 0.38  0.06
(b)
Probability of success  Drilling depth Vp Cp
Probability of success 1 1/3 0.58 0.25
Drilling depth 3 1 1.7 0.75
(c)
Operating flow rate Static level Vp Cp
Operating flow rate 1 3 1.7 0.75
Static level 1/3 1 0.58 0.25
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aggregation method also used by [21] [26] [27] [31] [32] [33].
This method consists of multiplying each factor or indicator by its respective
weighting coefficient and then summing these results to produce a fitness index

according to the following formula (Equation (5)).
S=Y>1 WX, (5)

where

S'is the final score; W, is the weight of criterion # and X; is the standardized
value of criterion .

This approach was used individually for the three decision indicators, accessi-
bility, operability and availability. The weights for these indicators were deter-
mined (Table 5).

The realization of the thematic map “groundwater potentiality” consists in
transferring in space, the different values resulting from the summation of the
standardized and weighted values of each indicator intervening in the elabora-
tion of the aforementioned map. A reclassification of the factors will lead to
thematic maps with four classes: Bad class; mediocre class; good class and excel-
lent class. The number of classes is set at four for better readability and interpre-

tation of the resulting map [7].

2.3.5. Method of Validation of Thematic Maps: Uncertainty Analysis

The thematic maps produced were validated by calculating uncertainty [7] [9]
[29] [34]. Indeed, the method of validation of the thematic maps used in pre-
vious studies [17] [18] [21] [31] has shown shortcomings in that it is virtually
impossible to find a sensitivity class that reflects 100% of the reality in the field
because, next to a borehole with a large flow rate, it is possible to have another
borehole with a low flow rate, or even none. Thus, the calculation of the uncer-
tainties on the averages of the various parameters of the main indicators is given
by Equation (6):

AX =-Z (6)

Jm
where
AX : uncertainty about the mean of the data series;
o: standard deviation of the data series;
m: number of data.
An expansion factor (X) is then calculated to determine the confidence level.

The determination of this parameter is based on the statistical principle of

Table 5. Pairwise comparison matrix determining indicator weights.

Availability  Accessibility = Exploitability =~ Vp Cp

Availability 1 5 3 2.46 0.64
Accessibility 1/5 1 1/3 0.40 0.10
Exploitability 1/3 3 1 1 0.26
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calculating the expanded uncertainty. The factor K allows the definition of an
interval of sufficient range with the aim of having in the results high confidence.
The expression of this factor is (Equation (7)):
E-%]

K=—

(o2

)

where

K is the expansion factor; and E is the extreme value of the statistical series
which can be the maximum or minimum of the series.

The confidence levels (LC) of the different parameters were deduced from the
different values of K. Thus, K = 1 for a confidence level of 68%; K = 2 for a con-
fidence level of 95%; and K = 3 for confidence of 99%.

3. Results and Discussion
3.1. Results
3.1.1. Groundwater Availability Map

The groundwater availability map of the departments of Yamoussoukro and

Toumodi is characterized by four classes (Figure 4). The analysis and interpretation
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Figure 4. Groundwater availability map.
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of these classes indicate that:

e Areas with bad availability represent 14.7% of the study area. These areas are
found mainly in the east, south, west and northwest of the study area;

o The mediocre availability class represents 67% of the study area. This class is
the most represented and is almost present on the whole study area;

e The good and excellent availability zones occupy respectively 14.7% and 3.6%

of the study area. These areas are scattered throughout the study area.

3.1.2. Groundwater Accessibility Map

The accessibility map of groundwater resources in the departments of Yamous-

soukro and Toumodi is characterized by four classes (Figure 5):

o The class with bad accessibility occupies 6.6% of the study area. This class
appears in the form of pockets, precisely in the localities of Lolobo, Tafissou,
Tokohiri, in the southern part of Sahabo, west of Assouakro, north of Sakas-

sou and Dougba, and in part of the center of the study area;

5°20'0"W 5°4'0"W 4°48'0"W
_Z L L 1 -z
= L O
< <
= * &

]

Zatta .Ki“l“ \\
¢ Sahabo &
- Gogokre Gofabo Water Availability
z . .Yam oukro o Z
%] . Attiégouakro? - Bad S
o O eta | Mediocre 3
Subiakro . * Good
o | Excellent
Do
Kroukroubo *
.
z Z
o S
Q7 =
o o
o [¢)
® Localities

% & Lake Kossou %
S8 0 LS
= | []Study Area R
© T L] L \©

5°20'0"W 5°4'0"W 4°48'0"W

Figure 5. Map of groundwater accessibility.
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e Areas with mediocre accessibility represent 13.6% of the study area and are
located in the western, southern and eastern parts of the study area;

o The good accessibility class occupies 66% of the study area. It covers most of
the area and is almost present in the entire study area;

o The class with excellent accessibility of groundwater resources covers 13.8%
of the study area. This class is mainly located in the localities of Kossou,
Dougba, and Assouakro, to the west of Kami and in the south-eastern part of

the study area.

3.1.3. Map of Groundwater Exploitability

The groundwater resources exploitability map for the departments of Yamous-

soukro and Toumodi shows four exploitability classes (Figure 6) which are dis-

tributed as follows:

e The bad exploitability class occupies 0.5% of the study area. This class is lo-
cated in the localities of Lolobo, Gofabo, south of Sahabo, and east of Dougba;
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Figure 6. Map of groundwater exploitability.
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e The class with mediocre exploitability represents 7.8% of the study area. This
class is found mainly in the southern, eastern and western parts of the study
area;

o The good exploitability class occupies 18.7% of the study area and is found
mainly in the southern, western, eastern and northeastern sectors of the
study area;

e The excellent exploitability class is the most representative of the study area
with an estimated 73% of the area occupied. This class is almost present

throughout the study area.

3.1.4. Map of Potential Groundwater Sites

Analysis of the map of areas favorable for the installation of large-scale drilling
(Figure 7) shows that the departments of Yamoussoukro and Toumodi are rich
in groundwater reserves. Indeed, this analysis describes the zones that are fa-
vorable for the installation of large-scale drilling through four classes:

o The class of bad potentiality occupies a small portion of the study area with
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Figure 7. Map of potentiality groundwater sites.
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8.9% of occupation. It is mostly in the form of pockets in the southern, east-
ern, western and northern parts of the study area;

e The class of mediocre potentiality represents 27.6% of the study area. This
class extends from the western zone to the southwestern zone, and the nor-
theastern zone to the eastern part of the study area;

e The good potential class occupies 31.4% of the study area. This class is
present mainly in the center and extends to the northern and southern parts
of the study area;

o The class with excellent potential dominates the study area with a proportion
of 32.1%. It is found in the northwest and southeast parts of the study area.
This zone is also found in the form of pockets and scattered in the central

part of the study area.

3.1.5. Validation of Thematic Maps
Validation of the thematic maps was performed by statistical analysis of the er-
ror or uncertainty associated with each map unit (Table 6).

The groundwater availability map has a margin of error of +0.003 with a con-
fidence level of 99%. This means that the groundwater availability map reflects
the realities of the field.

The accessibility map has a margin of error of £0.004 with a 99% confidence
level. This means that the water accessibility map reflects the realities of the field.

The exploitability map has a margin of error of +0.004 with a confidence level
of 99%. These values imply the reliability of the thematic groundwater exploita-
bility map.

The map of potential groundwater sites was also validated. The error calcula-
tion yielded an uncertainty of +0.005, a significantly low value at the 95% confi-
dence level.

These low values of uncertainty obtained for the three indicators attest to the
reliability of the groundwater potential map of the departments of Yamoussou-

kro and Toumodi.

3.2. Discussion

Multi-criteria analysis (MCA) is a technique for clarifying and understanding a
decision problem and solving it [35] (Lehoux and Vallée, 2004). MCA can also
be defined as a decision support tool developed to solve complex multi-criteria

problems that include qualitative and/or quantitative aspects in a decision-making

Table 6. Statistical summary of indicator evaluation criteria.

Parameters Min Max Mean Standard deviation Uncertainty K LC (%)

Availability 4 7.9 5.1 0.7 +0.003 3 99
Accessibility 1 8 5.5 1.4 +0.004 3 99
Exploitability 1 8.7 6.7 1.5 +0.004 3 99
Potentiality 7.3 238 17.3 2.6 +0.005 2 95
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process [36] [37] (Mendoza et al, 2000; Conchita, 2011). Thus, the GIS method
associated with MCA has been successfully applied in several regions of Cote
d’Ivoire. In the departments of Yamoussoukro and Toumodi, it has led to the
creation of a potentiality map based on maps of availability, accessibility and ex-
ploitability of groundwater resources. The analysis of this groundwater potential
map shows that, despite high infiltration, nearly 80% of the department’s surface
area is characterized by areas of bad and mediocre availability. These results
could be due to very steep slopes associated with high drainage densities, which
accelerate water flow and thus slow down infiltration into the aquifer [38]. These
areas are not conducive to the formation of large underground reservoirs. Nev-
ertheless, a borehole located at the rights or intersection of open mega-fractures
can provide exceptional flow rates, even though it is in a bad or mediocre availa-
bility zone. We also note the presence of good and excellent availability classes
that represent nearly 20% of these departments. These classes are due to areas of
low slopes with a high density of fracturing that would result in good infiltration
of water in the aquifer [7] [9] [29] [34] [39]. This good infiltration results above
all from the abundance of rainfall, which is the primary source of aquifer re-
charge. Indeed, in humid tropical areas such as Cote d’Ivoire, aquifers are essen-
tially fed by rainfall via surface infiltration [40]. In the department of Oumé,
east-Central Cote la d’Ivoire, [33] showed that 50% of the area is characterized
by bad to mediocre class availability. The areas with excellent and good accessi-
bility cover 13.8% and 66% of the study area respectively. These areas would be
favored by the total depth of the boreholes, most of which are shallower with
good flow rates. The bad and mediocre accessibility classes occupy respectively
6.6% and 13.6% of the study area. These results obtained are close to those ob-
tained by [41] in the Lobo watershed (central-western Cote d’Ivoire) with 69.7%
of the excellent accessibility class; 21.5% of the good class and 8.4% of the medi-
ocre and bad accessibility classes. Exploitability is dominated by 73% of the ex-
cellent class and 18.7% of the good class. This dominance is favored by the pre-
dominantly granitoid formations that are present over almost the entire study
area. This good exploitability of the granitoid waters could also be related to the
high density of fracturing, which represents nearly 50% of the study area. In-
deed, according to [42] granites and shales are the lithological formations that
are generally very productive. Areas with bad potential represent 8.9% of the
study area. These areas are characterized by poor to excellent availability, with
bad to mediocre accessibility and exploitability. These areas are difficult to
access, with low exploitation rates. They are not suitable for drilling because they
belong to the unsuitable zone and are therefore strongly discouraged. The zones
with mediocre potentiality occupy 27.6% of the study area. They are characte-
rized by bad to excellent availability, mediocre to good accessibility and medio-
cre to excellent exploitability in places. These areas belong to a high potential
zone because of their flow. They can be recommended for the implementation of

boreholes within the framework of village hydraulics and improved village hy-
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draulics. Areas with good potential occupy 31.4% of the study area. They are
characterized by bad to excellent availability, good accessibility, and excellent
exploitability. These zones belong to the suitable class and are recommended for
the installation of boreholes in the context of improved village hydraulics and
the search for areas with large flows. Zones with excellent potential dominate the
department with a proportion of 32.1%. This class is characterized by bad to ex-
cellent availability, good to excellent accessibility and excellent exploitability.
These areas belong to the suitable class and are strongly recommended for the es-
tablishment of large flow boreholes. The departments of Yamoussoukro and
Toumodi have significant groundwater reserves, with more than 90% of the zones
favorable to the installation of boreholes in the context of village water supply and
improved village water supply. Nearly 63% of these areas are favorable for the in-
stallation of large flow boreholes. These areas are the most sought-after for the
supply of drinking water to large urban centers such as the city of Yamoussou-
kro. These results are similar to those obtained by [33] in the department of
Oumé (east-central Céte d’Ivoire) with 4.83% of the class with bad potential,
36% of the class with mediocre potential, and 58.25% of the classes with good
and excellent potential. The validation of the thematic maps produced in this
study by calculating the uncertainties is justified by the fact that the method of
evaluation by trend curves proposed by [21] has shown its limitations. Indeed, it
is practically impossible to find a sensitivity class that reflects 100% the reality of
the field, in the sense that next to a borehole with a large flow, it is possible to
have another borehole with a small flow, or even none. To overcome these
shortcomings, some authors [7] [9] [11] [29] [34] [43] recommend the use of
sensitivity tests and calculation of uncertainties to rank the various parameters
used in order of importance in the development of water potentiality maps. The
very low uncertainties calculated in this study support the reliability of the data
used. Thus, this thematic map of potential groundwater sites in the departments
of Yamoussoukro and Toumodi can be used as a guide to making the right deci-
sion when looking for areas for the establishment of large boreholes. It should be
noted that the use of GIS through the interpolation method used for the realiza-
tion of the different maps, can often present limitations in the choice of the

number of classes to interpret.

4. Conclusion

At the end of this study, it should be noted that the application of the mul-
ti-criteria analysis method leads to the conclusion that the departments of Ya-
moussoukro and Toumodi have significant groundwater reserves. The study of
groundwater potentiality indicates that about 63% of this region has good and
excellent potentiality. These areas include the northern, central and southern
parts of the study area. As far as accessibility is concerned, the study area is
dominated by good and excellent accessibility (79.8%) of its water resources. The

map of the exploitable resources reveals that 91.7% of the resources available in
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the Oumé region are potentially exploitable. These resources are located over
almost the entire study area. In fact, more than 90% of these areas are favorable
to the implementation of drilling in the context of village hydraulics and im-
proved village hydraulics and nearly 63% of these areas are favorable to the im-
plementation of large flow boreholes, necessary for the supply of large urban
centers. Consequently, the results could considerably reduce the failure rate in
the future implementation of groundwater catchment structures in these de-

partments.
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