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ABSTRACT

This study concerns 10 communities of Côte d'Ivoire sampled in six regions. The study
aims to provide better knowledge of hydrodynamic properties of fissured aquifers from
Precambrian basement of Côte d'Ivoire. Geostatistical and statistical methods are used to
analyze transmissivities and specific capacities. Transmissivity and specific capacity were
determined after drawdowns corrections from pumping data and using traditional and
numeric methods. Indeed, the pumping test carried out in isolate drilling and drawdowns
are measured in the same drilling. The results showed that these two parameters are
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distributed at least on 3 orders of magnitude which revealed evidence the heterogeneity
of studied areas. Specific capacity mainly is low and seldom exceeds 10 m2/h in water
supply project of rural regions. The lowest values recorded in Bondoukou area with
specific capacities values lower than 0.5m2/h. There is a large dispersion of data in many
areas (Oume, San Pedro, Agnibilekro, Abengourou, etc.). Indeed, transmissivity and
specific capacity data are scattered (Cv> 100%). These two parameters are distributed
following lognormal law. In each area, an empirical relationship was established. This
relationship can be used to assess the transmissivity in the areas where this parameter is
difficult to determinate. Variograms of transmissivity in these areas are structured with
significantly nugget effect. Variogram of San Pedro area is the most structured with a
range equals to 60 km. The weakest one is obtained at Oume (with a range equal to 7
km). Assessment of the transmissivity by krigeage of 4 studied areas (Man-Danane,
Bondoukou, San Pedro and Oume) is good and significant. However, estimated values of
the transmissivity present a short order of magnitude compared to experimental values.
The results achieved through this study contribute to better knowledge of fissured aquifers
from Precambrian basement of Côte d'Ivoire.

Keywords: Fractured aquifer; transmissivity; specific capacity; relationship; assessment;
Côte d’Ivoire.

1. INTRODUCTION

Using the hammer drilling technology in crystalline metamorphic hard rocks favored
development of groundwater’s prospection on the basement. In this medium, groundwater
flows use fracture networks. Connectivity of fracture networks is realized at the same time by
longer and smaller fractures. The small fractures are generally numerous and play significant
role in regional flow. A good knowledge of fractures geometry is an advantage for getting
better comprehension of groundwater flows. In Côte d'Ivoire, previous hydrogeological
prospections were focused on geomorphologic knowledge. Geophysical methods are used
in hydrogeological prospecting when failure rate is high. Indeed, the implementation is heavy
and expensive [1]. Actually, hydrogeological prospecting uses various mixed methods such
as remote sensing (photo-interpretation, satellite images optical and radars) and geophysics.
This approach gave good results with significant reduction of the failure rate [1].

The basement occupies 97.5% of the whole territory and the essentials of drillings for the
supply of water to rural and urban populations are located on this basement. The water
needs are increasing with growth of population. The coverage rate of these water needs
varies from one area to another [2] and generally not satisfied. In these localities, many
drillings must be carried out to satisfy these water needs. The government of Cote d’Ivoire
and their national and international partners try to undertake drillings on a large scale to
supply groundwater for urban and rural populations.

Currently, there are more than 19 500 drillings for exploration throughout the whole country
[2,3]. Many of drillings are not useable because of mechanical failures and lack of
maintenance.

The mapping of areas with high potential productivity is a guarantee to perpetuate the
drillings. In Bondoukou area, [4] suggested some potential sites wherever best successful
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drillings can be obtained. Knowledge about hydraulic parameters allows the study of
hydrodynamic behaviour of aquifers.

Transmissivity is a major hydraulic parameter which can be evaluated from pumping tests
[5,6,7,8,9,10]. However, available pumping tests are often few, which do not allow analysis
and assessment of the distribution of this important parameter on large areas by using
classical methods [11]. Transmissivity is a highly variable parameter which often varies
dramatically and exhibits large fluctuations. It is rarely feasible to obtain enough
measurements to fully characterize an aquifer [12,13]. This variability in space can be
explained by the fact that aquifers are often heterogeneous. The use of geostatistical
techniques allows a reliable estimation of the transmissivity on the whole study domain
[6,14,15].

In many regions of Côte d’Ivoire, transmissivity and specific capacity have been studied by
several authors [6,14,15,2,11] and they have obtained good results. This study aims to
analyze and understand the functioning of aquifers systems which will lead to cleverly
manage of water resources.

This study was conducted in 6 regions of the Precambrian basement, where tectonic events
led to the installation of highly developed and dense fracturing pattern in these formations
[16,6,17,18]. Subsequently, this study will give opportunity to make simulation and modeling
of groundwater flows.

2. STUDY AREA AND GEOLOGICAL CONTEXT

The study was conducted in 10 areas of 6 regions of Côte d’Ivoire: Man-Danane at West;
San Pedro at south-west, Korhogo and Ferke at North, Agnibilekro and Abengourou at East,
Bondoukou at North-east and Oume, Yamoussoukro and Katiola at Central district (Fig. 1).
These regions are located on the basement part of Côte d’Ivoire and they spread on archean
and paleoproterozoic areas. The study areas represent 31% of total land mass of the
national territory and 32% of country basement. On geological view, this basement is
dominated by crystalline and metamorphic rocks. Many tectonic events such as Leonian and
Eburnean orogenies occurred on this base [19,20]. These two orogenies are the most
important tectonic events occurred on archean domain. Eburnean orogeny only occured on
paleoproterozoic domain. These orogenies led to develop important fracture networks
[1,21,16,22,23,17]. During these last two decades, many studies have reported were
realized about characterization of fracture networks on basement [16,23,17,18,24]. On
hydrogeological view, we met three aquifer types in the basement. These are weathered
material, fissured layers and deep faults [25,26,2,27]. The first two aquifers generally
constitute a composite system [1,21,28].
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Fig. 1. Location of the study area

3. MATERIALS AND METHODS

The data came from a database of drillings technical sheet established through hydraulic
programs. These drillings are unequally distributed in the whole country. This uneven
distribution is explained by inaccessibility some areas. Indeed, localities with many persons
and development structures are eligible for getting more water points. Drillings tap
groundwater at fissured reservoirs. Pumpings generally last from 6 to 12 hours and more 24
hours respectively for short and long duration. The recovery generally lasts more than 4
hours.
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In Côte d'Ivoire, except coastal sedimentary basin, there are no piezometers in basement
because of economic reasons [21,29]. Available drawdowns come from pumping tests.
Transmissivity has been determined from drawdown and recovery data. When drawdowns
data used (measurement during pumping), drawdowns are corrected before transmissivity
determination [6,30,31,32]. When discharge of pumping is very low, measures of
uncertainties can be negligible and correction of drawdown data are not necessary [33,34].

Practical interest from use of drawdown data consists in the number of measurement points
[31]. Indeed, numerous are measurement points exist, the precision is a better of determined
parameter. Groundwater flow modeling requires the use of reliable data for getting better
management and exploitation of their resources. On the whole domain (10 areas), 1 272
drillings have been studied (see Tables 1 and 2).

[30,31] used numerical model (Macro developed by Department of Hydrogeology of
University Félix Houphouët-Boigny, Côte d’Ivoire by using Microsoft Excel with solver) to
determine transmissivity of fissured aquifers from Agnibilekro, Korhogo and Ferke. This
method consists of superimposition of experimental and theoretical drawdown curves. In the
other areas, transmissivity was determined by using traditional methods such as the Theis
and Cooper-Jacob approaches. Theory of these methods isnot presented here. The readers
may consult available literature about this subject (see [35,36]).

The specific capacity has been evaluated at the end of the third step after 12 hours of
pumping. Drawdowns were corrected for turbulent head losses before evaluation of the
specific capacity [6]. Turbulent head losses were calculated by interpreting the step
drawdown tests [37,35,38,6].

In Korhogo area, two studies have been performed [22,31], they were named respectively
Korhogo 1 and Korhogo 2. These two authors respectively used recovery and numerical
methods to determine the transmissivity.

The empirical relationship between transmissivity (T) and specific capacity (Q/s) was studied
in some areas. This relationship allows to estimate the transmissivity in areas where this
parameter is unknown or difficult to determine. Generally, specific capacity (Q/s) values are
more numerous than those of transmissivity in environmental data bases because they are
easily determined [6]. Transmissivity was estimated through empirical and geostatistical
approaches. Empirical approach consists to determine a regression line between
transmissivity and specific capacity in a bi-logarithmic diagram [39,40,31]. Indeed, these two
parameters are distributed according lognormal law. This relation is defined by following
empirical equation:

D
2T A Q / s (1)

A2 and D correspond to coefficients of regression of power-law. This relation is significant
when values of T and Q/s spread on many orders of magnitude.

Geostatistical approach is based on variogram analysis and kriging estimation. Details of
these methods are developed in previous studies [41,42].
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Various types of software, available on the Internet, can be used to perform geostatistics:
Variowin [43], Gslib [44], Geo-Eas [45], Gstat [46]. Variowin [43] and Geo-Eas [45] have
been used to perform geostatistics analysis in this study.

Transmissivity was regarded as regionalized variable, i.e. each value depends on its
geographical position, and it is treated by using geostatistical methods. Variogram is defined
by the following equations 2 and 3 for a given regionalised variable Z:

     1
2

γ h = Var Z x+h Z x   (2)

      21
2

γ h = E Z x+h Z x 
 

(3)

Where Var [Z(x)] is the variance at point x; h is the vector of module (x-x'); E is the
mathematical expectation.

The experimental variogram obtained here is modelled by using the exponential function
given by following expression (Eq. 4):

  01
3exp1 C
a
hCh 













  (4)

Where C0 is the nugget effect, C = C0 + C1 is the sill, ais the practical range (distance at
which 95% of the sill has been reached), h is the distance between sampling points. The
nugget effect represents any small-scale data variability or possible sampling errors. The sill
indicates the total variance. The range is the distance between sampling points at which the
sill is reached. Beyond the range, the variance measured between the data points is
independent from the respective data points and there is no longer a correlation between the
points.

The estimator Z* of the variable Z at a point x0 is given by equation 5:

 i
N

=i
i xZλ=Z 

1

*
0 (5)

where Z0* is a linear estimator; N is the number of values involved in the estimation; i are
weights.

Two major conditions such as unbiasedness and optimality condition must be checked (see
[6]). The estimated errors (differences between the true values and the estimated values)
should have a mean equal to zero and a minimum variance (see [6]).

They are written,

  00
* =ZZE  (6)
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 0* ZZVar  Minimum (7)

Developing Eq. (7) to satisfy these two conditions leads to a system of kriging equations
written in terms of the variogram. Solving this system yields the N weights  to be used in
Eq. (5) and the kriged estimate Z*0 can be calculated [6]. The variance of the error of
estimate (kriging variance) is given by following expressions:

   0*
0

2 ZZVarx 

  00
1

 


xxii

N

i
(8)

Where 0 is the Lagrange multiplier [42].

The interested readers can see more detailed presentations and calculations in [41,42,47].
Data processing was performed by using software GEO-EAS software [45].

3.1 Cross Validation Procedure

The cross validation procedure aims to validate the structural models used to perform an
estimate by kriging. Its purpose is to analyse the estimation errors. In fact, the procedure
eliminates a single value (Zi) from the data set and perform a kriged estimation (Zi*) at this
location. This is repeated for all the data set. Cross validation procedure compares actual
values with estimated values. If the variogram model is valid, then the following results
should be verified: the average of the actual errors (AAE) should be equal zero and their
variance (e

2) should be a minimum; the ratio of variance of actual errors to average kriging
variance (e

2/K
2) should be one. This procedure is described in details in [48,49,6].

In this study, transmissivity from 4 areas only were submitted to geostatistical analysis.
Transmissivity was transformed before performing geostatistical analysis. These areas are
located at Western (Man-Danane), North-Eastern (Bondoukou), South-western (San Pedro)
and Central region (Oume). In the north-eastern area, 2 geostatistical studies were
performed on the same area. They are the studies carried out by [14,11]. In accordance with
good comparison requirements, these studies respectively will be called Bondoukou 1 and
Bondoukou 2. At Bondoukou 1, assessment was led with 62 values of transmissivity (only on
granitic rocks) and, these values were supplemented to 78 (on granitic and schist rocks) at
Bondoukou 2.

4. RESULTS

4.1 Transmissivity and Specific Capacity

Transmissivity values of areas are summarized in Table 1. They vary from one area to
another. About the whole studied areas, they oscillate from 1.06E-06 to 4.12E-03 m²/s, and
they spread on 4 orders of magnitude. The smallest amplitude registered in North-eastern
region (Bondoukou) and the highest ones registered at north (Korhogo), West (Man-
Danane), East (Abengourou) and Central (Oume).The great order of magnitude
demonstrates heterogeneity of areas. The average of transmissivity values oscillates from
1.18E-05 (Bondoukou 2, North-east) to 3.06E-04 m²/s (Man-Danane, west). Except the



Lasm et al.; JSRR, Article no. JSRR.2014.17.005

2310

western region where transmissivity data are continuous (Cv = 40%), this parameter
(transmissivity) is very scattered in the other regions, Indeed, coefficient of variation
oscillates from 92 to 312%. Greatest scattering have been registered at Korhogo 1, Oume
and Abengourou where coefficients of variation were high (Cv> 230%).

Specific capacity (Q/s) oscillates from 7.20E-03 (Bondoukou 2) to 13.2 m²/h (San Pedro)
inside studied areas (Table 2). It also varies from one area to another and spreads on 3 and
4 magnitude orders. In the majority areas, specific capacity values are low. Indeed, more
than 80% values of each area are lower than 1 m²/h. Lowest specific capacity values are
determined at Bondoukou where all values of specific capacity are lower than 0.5 m²/h.
According to average values of specific capacity, San Pedro and Agnibilekro areas present
the highest rate.

On statistical view, distribution of transmissivity and specific capacity values are following
lognormal-law.

4.2 Relationship between Transmissivity and Specific Capacity

Transmissivity and specific capacity were determined in same drillings and the relationship is
an empirical type. Graphs of this relationship obtained in some areas of Côte d’Ivoire are
illustrated on the Figs. 2 to 5 (Korhogo, Ferke, Katiola and San-Pedro). In all cases, data
points (point cloud) are organized in straight line. Relationships remain significant when data
points are numerous and drawdowns are corrected before determination of T and Q/s.

Relationships established in every study area are summarized in Table 3. In every area,
coefficient of determination is superior than 0.70 (0.73 ≤ R2 ≤ 0.99). This shows that
statistical test is satisfactory and relationship obtained is significant. The slope value of these
relationships (D) varies from 0.83 (Ferke) to 1.33 (Oume). Outside of Ferke and Katiola
areas, slope values obtained are superior than 1. Database (T, Q/s) from Katiola, Agnibilékro
and Bondoukou areas are very few. Indeed these values are less than 100. Use of these
data can raise the problem of sample representativeness (Table 3).

Fig. 2. Relation between T (m2/h) and Q/s (m2/h) on Korhogo area
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Fig. 3. Relation between T (m2/h) and Q/s (m2/h) on Ferke area

Fig. 4. Relation between T (m2/h) and Q/s (m2/h) on Katiola area

Fig. 5. Relation between T (m2/h) and Q/s (m2/h) on San Pedro area
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Table 1. Transmissivities (m2/h) of studied areas

Region Area Studied drillings Minimum Maximum Average Std dev. Cv (%)
North Korhogo 1 170 1.10E-06 2.42E-03 9.05E-05 2.11E-04 233.15

Korhogo 2 121 6.09E-06 9.91E-04 1.39E-04 1.82E-04 130.94
Ferke 130 4.62E-06 2.75E-04 9.18E-05 1.09E-04 118.74

North-East Bondoukou 1 62 1.08E-06 5.37E-05 1.38E-05 1.84E-05 133.33
Bondoukou 2 78 1.08E-06 5.37E-05 1.18E-05 1.09E-05 92.37

Center Katiola 22 1.35E-06 1.10E-04 3.30E-05 3.20E-05 96.94
Yamoussoukro 105 1.15E-06 4.48E-04 4.95E-05 8.58E-05 173.33
Oume 142 1.08E-06 2.55E-03 1.05E-04 2.70E-04 257.14

West Man-Danane 178 1.09E-06 2.32E-03 3.06E-04 1.23E-04 40.20
South-West San Pedro 110 1.27E-06 8.59E-04 1.01E-04 1.62E-04 160.40
East Abengourou 104 1.06E-06 4.12E-03 1.40E-04 4.37E-04 312.14

Agnibilekro 50 1.91E-06 5.69E-04 8.61E-05 1.37E-04 159.12
Cv = Coefficient of variation

Std dev. = Standard deviation

Table 2. Specifics capacities (m2/h) of studied areas

Region Area Studied
drillingsboreholes

Minimum Maximum Average Std dev. Cv (%)
North Korhogo 2 121 2.85E-02 1.98E+00 0.33 0.36 110.96

Ferke 130 1.00E-02 2.56E+00 0.27 0.39 120.00
North-East Bondoukou 78 7.20E-03 4.96E-01 0.13 0.11 82.03
Center Katiola 22 1.00E-02 1.36E+00 0.28 0.31 111.64

Yamoussoukro 105 8.28E-03 2.03E+00 0.19 0.26 98.42
Oume 142 1.00E-02 2.11E+00 0.22 0.32 146.82

West Man-Danane 178 1.00E-02 2.00E+00 0.29 0.35 123.16
South-west San Pedro 110 1.90E-02 1.32E+01 0.47 1.32 281.85
East Abengourou 104 1.50E-02 4.80E+00 0.34 0.66 193.29

Agnibilekro 50 4.08E-02 2.68E+00 0.48 0.5 104.82
Cv = Coefficient of variation

Std dev. = Standard deviation
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Table 3. Empirical relationship between T and Q/s (m2/h)

Region Area Method Q/s R2 A2 D Data pairs
North Korhogo Théis Corrected 0.99 1.59 1.14 121

Ferke Théis Corrected 0.95 0.99 0.83 130
North-East Bondoukou Cooper Jacob Uncorrected 0.86 0.38 1.06 78
Center Katiola Cooper Jacob Uncorrected 0.89 0.43 0.97 22

Yamoussoukro Jacob Uncorrected 0.82 0.94 1.19 105
Oume Cooper Jacob Uncorrected 0.73 1.61 1.34 142

West Man-Danane Theis Corrected 0.88 0.89 1.30 178
South-West San Pedro Cooper Jacob Uncorrected 0.86 0.85 1.16 110
East Abengourou Cooper Jacob Uncorrected 0.73 1.17 1.20 104

Agnibilekro Cooper Jacob Uncorrected 0.98 2.44 1.10 50
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4.3 Geostatistical Analysis

All variograms are structured with more or less significant nugget effect. Variogram of
transmissivity from San Pedro area is characterized with two sills which indicate two
elementary structures. Modeling equations from these variograms are given by expressions
(9 to 13) below:

Boudoukou1 (ℎ) = 0.156 + 0.063 × 1 − (9)

Boudoukou 2 (ℎ) = 0.12 + 0.072 × 1 − (10)

Man-Danane (ℎ) = 0.024 + 0.039 × 1 − . (11)

San Pedro (ℎ) = 0.399 + 0.239 × 1 − + 0,082 × 1 − (12)

Oume (ℎ) = 0.318 + 0.234 × 1 − (13)

Range varies from 7 to 60 km in studied areas and nugget effect value corresponds 38 to
71% of total dispersion. Variograms of transmissivity are not the same according to
geological contexts.

Results of cross validation procedure are reported in Table 4. These results show that cross
validation procedure is satisfied. Indeed, average errors and ratio of variance (error
variance/average estimation variance) are respectively close to 0 and 1. Estimated values of
transmissivity obtained after back-transform operation spread on 2 and 3 magnitude orders
(Table 4). One can note a first feature common to the four assessments: the amplitude of the
estimated values of T is reduced compared to that of the actual values of T. The observed T
values span 4 orders of magnitude while the estimated values span only 3 or 2 orders of
magnitude. This might be due to the fact that T values are not continues (extreme values are
much less numerous than values close to the arithmetic mean) and to the smoothing effect
of kriging (or cokriging).

Bondoukou 2 estimate is better than Bondoukou 1 according to cross validation results
(Table 4). Indeed, kriging reconstitute high and low values of T. These estimated values are
comparable with observed values. Highest kriging standard deviation values correspond to
bad assessment of transmissivity. About studied areas, more than 95% of estimated kriging
standard deviation values are low. This result testifies good assessment of transmissivity
and can be considered as satisfactory.

Table 4. Estimated transmissivities by using kriging approach on areas

Region Area Minimum Maximum Average AAE e
2/k

2

North-East Bondoukou 1 4.01E-06 1.72E-05 9.18E-06 -0.03 0.92
North-East Bondoukou 2 3.86E-06 1.84E-05 8.42E-06 0.005 1.10
Center Oume 1.26E-05 2.41E-04 5.10E-05 0.060 1.00
West Man-Danane 7.81E-06 1.30E-04 4.22E-05 0.006 1.10
South-West San Pedro 1.29E-05 1.06E-04 3.89E-05 0.062 0.98
AAE = average of the actual errors, e

2 = variance of the actual errors, k
2 = average kriging variance
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5. DISCUSSION

5.1 Statistical Analysis

Specific capacity is an intrinsic parameter of aquifer that gives more information about
drillings productivity [50,51,39,52,53]. Thus, it is necessary to know specific capacity before
starting advanced studies such as groundwater flow in fracture networks [21]. Majority
specific capacity of aquifers from studied areas are low as others basement regions of the
country [1,21,29]. This similarity of results can explain by many reasons [1,39,40,52]: i) lack
of complete studies before carrying out of drillings; ii) drillings procedure, iii) project goals, iv)
regime variation, v) filling of fractures, boundary impermeable effect, etc. The most important
reason is the quality of study during prospecting stage. Indeed, in rural areas drillings carried
out following geomorphologic knowledge [1,21]. Remote sensing and geophysics studies are
made when failure rate is high [1,21,32]. According [1,54], specific capacity values give
information about drilling operations somewhere. In rural areas, Q/s values seldom exceed 1
m2/h and never reach 3 m2/h [1]. Contrarily, water supply operations in urban areas showed
that more than 50% drillings delivered Q/s superior than 1 m2/h and sometimes reached 10
m2/h.

Transmissivity values obtained in this study are comparable to those determined generally at
other basement areas of Africa and particularly in West Africa [21,14,32,15,2]. Transmissivity
depends on many factors such as geomorphology, hydrogeology and structural
characteristics of studied aquifer, also lithology, density and fractures geometry [34,55].
Inside Precambrian basement of Côte d’Ivoire, transmissivity depends on geometry more
than density of fractures. Transmissivity and specific capacity are not clustered in
preferential areas and that the high values of T or Q/s are not grouped together. We can
meet low and high values everywhere. These high values are distributed over the whole
studies areas. It can also be noted that the high values of T correspond to those of Q/s.
These two parameters are lognormally distributed in each of the studied areas.

High values of transmissivity are met at Man-Danane, San Pedro, Korhogo and Abengourou
areas. These values of transmissivity represent reliable characteristics of aquifers from Cote
d’Ivoire basement [21,6].

Transmissivity and specific capacity distributions following log-normal law are well
recognized in the literature [56,57,58,59,21,38,22,6,14,15,2]. However, [60] pointed out that
transmissivity can be distributed by power-law.

5.2 Empirical Estimation of Transmissivity

Empirical relationship between transmissivity and specific capacity from aquifers varies
through basement. In Cote d’Ivoire, this relationship in many studies is variable. Coefficient
of determination A2 and slope values D varies respectively from 0.4 (Katiola) to 2.44
(Agnibilekro) and from 0.83 (Ferke) to 1.33 (Oume). This approach generally is used when
available transmissivity data are not enough to make estimation with geostatistical methods
[6,34,2]. Indeed, specific capacity (Q/s) is easy to measure and these values are numerous
than transmissivity ones [6].
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Equations written for each region of the country are significant when data spread at least on
2 magnitude orders [6,2]. Coefficient of determination (R2) is superior than 0.70 which
indicates that statistical test is significant [61,2].

In this relationship, high values of transmissivity and specific capacity are associated. This
implication shows the pertinence of empirical relationship determined at least on two
logarithmic cycles. [6] used this approach to complete database at Man-Danane area. These
authors used available database to make two geostatistical estimation of transmissivity and
compared them. Some of these relations appear more significant than others because of
drawdowns corrections and number of data pair (T, Q/s) considered. It concerned Man-
Danane, Ferke and Korhogo areas. Indeed, many studies [30,31,32] carried out in Côte
d’Ivoire respectively at Agnibilékrou (Eastern part), Korhogo and Ferke (Northern part)
respectively showed that empirical relationship can include uncertainties due to well losses
when drawdowns are not corrected. Don’t forget that pumpings are carried out in isolated
drilling and drawdowns measurements have been realized in the same drillings. Inside of the
drilling, water level is disturbed at filters and creates turbulent head losses
[62,63,21,38,6,3,30,31,32,2]. [33,34] indicate that drawdowns correction will not be
necessary if water discharge is very low. When drawdowns are corrected, transmissivity and
permeability values estimated are significant than those that came from raw drawdowns
[57,38,30,31,32]. When sample are very few, relationship is not-significant. This relationship
can be improved after supplementing data. [6,11] supplemented data respectively at Man-
Danane and Bondoukou areas for geostatistical assessment and they obtained significant
results. Many authors [64,65,66,67] studied the representativeness of sampling. For
statistical analysis, [64,65] suggest to use at least 30 samples while [66, 67] suggest 100.
Relationship between transmissivity and specific capacity has been studied at many parts of
the world by different authors [57,68,39,40,38,69,34,55]. Two last authors realized a
compilation and critical synthesis of some empirical relations. Similar studies were made in
Côte d’Ivoire about aquifers from basement areas [21,6,2,30,31,32,27]. Empirical relation
varies here following geology context such as archean or paleoproterozoic domains.
According to some authors [39,69,6,34,55], relationship also depends on many parameters
such as drillings depth, pumping time, imperfect well and method of hydrodynamic
parameters determination (T and Q/s). This relationship characterizes an area and it is not
possible to interchange empirical relationship from one area to another if hydrogeology
contexts is not similar [32,2]. These relationships can be used to determine transmissivity
values in areas where this parameter is absent or not easily determined by using classical
methods [21,6,2].

5.3 Geostatistical Assessment of Transmissivity

All variograms show nugget effect which represents any small-scale data variability or
possible sampling (measurement and/or location) errors [70,6]. According with these
authors, it is not possible to distinguish on a variogram the part of small-scale data variability
and sampling errors.

With regard to all studied areas, transmissivity range oscillates from 7 km at Oume to 60 km
at San Pedro. Variogram of tranmissivity of San Pedro is complex with two successive sills
(a1 = km 15 and a2 = 60 km) those represent 2 elementary variograms. These ranges are
superior than the average range about national scale which is equal to 10 km. This absence
of similarity about variogram structuring is due to intensity of tectonic event, fracture
networks organization and their connectivity [17,11,2]. This interpretation is in accordance
with statistical studies carried out on fractures networks in Côte d’Ivoire by several authors
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[21,22,17,26,27,71,72]. These authors showed that fractures networks reached different
developing stages, according to their geological history. Transmissivity assessment by
kriging method is significant and satisfactory. Indeed, cross-validation procedure is satisfied.
Lowest and highest values of transmissivity were reconstituted on different areas. That is
indicating robustness of kriging method. Kriging standard deviation permitted to appreciate
quality of estimation. Sometimes, in geostatistical assessment smoothing effect can reduces
data amplitude [73,6,14,2]. This effect explains the reduction orders of magnitude from 3 to 2
about estimated values. [6,2] explain this reduction by predominance of values close to the
arithmetic mean in data. Indeed, in the database used, extreme values are less numerous
than values close to the arithmetic mean. Sectors where data are few, assessment is not
better than the area where data are numerous. The estimates values obtained in these
areas are significant and coherent. These estimates can be used for modeling and
simulation of groundwater flows.

6. CONCLUSION

Hydrodynamic parameters are determined in many areas of Côte d’Ivoire. These parameters
spread on more than two orders of magnitude that are putting in evidence heterogeneity of
studied areas. Empirical relationships determined with transmissivity and specific capacities
are significant. These relationships are very reliable when drawdowns are corrected. They
are not transposable from one area to another because their typical characteristics.
Variogram of transmissivity is structured with nugget effect on the study areas. This nugget
effect represents 38 to 71% of total dispersion. However, the spatial spread of this variable is
not same according to regions. The greatest structuring of variogram is observed at San
Pedro area with maximal range reached (a = 60 km) and the smallest one at Oume area
where range reached (a = 7 km). Estimated transmissivity values are significant and agreed
with observed values. The geostatistical approach proved useful to provide a reliable
estimation of the transmissivity of fractured aquifer of these areas.

Transmissivity and specific capacity are well known in Precambrian basement of Côte
d’Ivoire through studies carried out. Available results allow to undertake groundwater
modeling and groundwater flow in these areas.
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