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ABSTRACT
Detailed local geological and hydrogeophysical investigations were carried out for the aquifer in Yaoundé, Cameroon to
delineate the architecture of different subsurface geological horizons using lithologs and generated vertical electrical
sounding (VES) data. An attempt has also been made to estimate aquifer transmissivity from resistivity data. The
transmissivity of the unconfined aquifer was computed by determining the Dar-Zarrouk parameters (longitudinal unit
conductance and transverse unit resistance) and were compared with the actual field transmissivity. The results showed
a direct relation between aquifer transmissivity and transverse resistance. The relationship established has therefore,
been generalized in the study area in order to evaluate hydraulic conductivity and transmissivity at all the points where
geoelectrical measurements have been carried out. This generalization allows one to derive maps of the product Kσ and
transmissivity in the study area based on geoelectrical measurements. These maps are important in future modelling
processes oriented towards better exploitation of the aquifers.
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1. Introduction
In the past decade, the importance of groundwater resource in Yaounde areas has increased considerably and
interest in exploration for potential sources has grown.
Exploitation of the resources must be carried out with
extreme care in order not to deplete them, and to ensure a
long-lasting use of water. Efficient management of
groundwater resources, therefore, depends on accurate
groundwater modelling to predict aquifer behaviour during exploitation. Several methods are available in
groundwater hydrology for the evaluation and estimation
of the hydraulic characteristics of aquifers, like transmissivity, hydraulic conductivity, and storability [1]. The
most commonly used methods involve conducting
pumping tests on existing or newly drilled wells followed
by analysis and interpretation of pumping test data.
However, it should be appreciated that such tests are
capital and labour intensive, requiring several boreholes,
many operatives, and a considerable amount of equipment [2]. Furthermore, the estimation of hydraulic con*
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ductivity is crucial for the reliable simulation of the
groundwater flow of one aquifer. Geophysical methods,
particularly those involving resistivity, can contribute
considerably to increase accuracy of the groundwater
model, not only by delineating the aquifer extension and
marking structural features, but also by establishing a
relation between geoelectrical and hydrogeological parameters. [3] has characterized and derived the transmissivity and hydraulic conductivity of the Neogene aquifer
in Al-Salamyeh region in Syria through the application
of vertical electrical sounding technique (VES). [4] used
electrical soundings to estimate transmissivity in Italy. [5]
established an empirical relation between aquifer electrical resistivity and aquifer hydraulic conductivity and a
semi-empirical relation between the aquifer formation
factor and hydraulic conductivity. [6] reported that the
relation between transmissivity and transverse resistance
is more meaningful. [7] noted that it is better to use a
modified transverse resistivity instead of transverse resistance. This modification is used to consider variations
in the groundwater quality. [8] analysed the correlation
between aquifer and geoelectrical parameters in both the
saturated and unsaturated zones of aquifers. [9] used
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geoelectric resistivity soundings for groundwater evaluation in two different areas, namely the city of New Qena
and the El-Khatatba area in Egypt. The main objectives
of this paper, therefore are:
 Establishing and verifying a field scale theoretical
relationship between geoelectrical resistivity data and
hydrogeological data (hydraulic conductivity, and
transmissivity) in order to improve the characterization of aquifer parameters.
 Establishing the corresponding maps of the variations
of hydraulic and electrical properties of the aquifer
across the study area.

2. Description of the Study Area
The city of Yaounde is located on the western edge of the
plateau of Southern Cameroon between longitudes 11˚E
and 13˚E and latitudes 3˚N and 5˚N (Figure 1). Semiarid climatic conditions prevail in the area, with minimum and maximum temperature of 23˚C and 26˚C, respectively.

2.1. Geology
Yaounde city belongs to the Pan-African Chain of Central Africa [10]. The soil is made up of thin layer of top-
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soil, a clay sand horizon furniture, clay with occasional
blocks of weathered rock underlying [11] and finally
bedrock which forms the base. Its basement is made up
(Figure 1) of migmatites and gneisses [12].
In Yaoundé, the bedrock is neither porous nor soluble,
but it is discontinuities (faults, diaclases) the formation;
this last being anisotropic and heterogeneous.

2.2. Hydrogeology
The study area is characterized by continuous alterites aquifers, approximately exploitable overlying water bearing
fissures or fracture aquifers in the bedrock [13]. These
types of aquifers are superimposed or isolated. In a crystalline medium, capacitive and conductive functions both
exist within each aquifer. Generally, the weathered medium is capacitive while the basement is conductive [14].

3. Geoelectrical Measurements and
Interpretation
The geoelectrical data was obtained using the Schlumberger electrode configuration. The method is based on
measuring the potentials between a pair of electrodes,
while transmitting direct current (DC) between another

Figure 1. Geological map of Yaoundé area (modified [19]).
Copyright © 2012 SciRes.
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electrode pair. The depth of penetration is proportional to
the separation between the current electrodes. By varying
the electrical electrode separation, information about
stratification of the ground is provided. The soundings
were carried with maximum current electrode spacing
ranging to 80 m. The electrical resistivity (ρ) of the medium is determined from the measurement of potential
difference (ΔV) and injected current (I) as:

a  K

V
 ohm  m 
I

(1)

K is the geometric coefficient or array constant. The
VES curves were obtained by plotting the apparent resistivity against electrode spacing, a computer program
Genres [15], was used to reduce the geo-electrical sounding curves into values of thickness and resistivity of individual layers. A total of seventeen (17) VES stations
were sampled and the interpretation of sounding curves
is summarized in [13]. The accuracy in estimating the
thickness and electrical resistivity of the aquifer were
maintained while interpreting the VES data at RMS error
< 6%. A typical resistivity curve is shown in Figure 2.

Figure 2. Sounding curves and relevant lithological sections in the study area.
Copyright © 2012 SciRes.

JWARP

947

W. A. TEIKEU ET AL.

3.1. Pumping Tests Data Collection and
Interpretation
In carrying out a pumping test, groundwater was pumped
from the borehole and the response of the aquifer was
measured in the same or nearby observation boreholes. A
model was then used to estimate transmissivity values
from the aquifer response. The heterogeneity of the hard
rock system has been modeled as an equivalent porous
medium. Thus, the primary and secondary porosity and
the transmissivity distribution are replaced with a continuous porous medium having equivalent hydraulic
properties. The Jacob’s method has been used in conjunction with the [16] method for interpretation of the
pumping tests. Aquifer bulk resistivity at pumping sites
has been obtained from krigged estimates of aquifer resistivity data from VES stations (Figure 3). Aquifer layers have been taken as those overlying the basement
layer. The tests consisted of two phases: the productive
phase which lasted 1 h followed by a recovery phase,
which was maintained until the water level in the borehole recovered or until three readings in succession were

identical.
During the aquifer test, records of water levels before
and after pumping, well discharge rate and the duration
of the pumping test were made. The measurement of
water levels was carried out in the pumped wells using
an electric sounder, which is triggered when the tape is in
contact with water surface.

3.2. Model Parameters
A unit square cross-section area cut out of a group of n
layers of infinite lateral extent is taken into consideration
in order to derive the model parameters.
The total transverse unit resistance R is given by
R   i 1 hi i
n

(2)

where hi and ρi are respectively the layer thickness and
the resistivity of i layer in the section.
The total longitudinal conductance S is
S   i 1
n

hi

i

(3)

Figure 3. Iso-resistivity of the aquifer map.
Copyright © 2012 SciRes.
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The longitudinal layer conductance Si can also be represented by

Table 1. Aquifer parameters from field test method.
VES

K (m/day)

FT (m2/day)

1

0.90

40.61

2

0.02

0.95

3

0.02

0.76

(5)

4

0.11

3.72

where Ki is the hydraulic conductivity of the i layer of
thickness hi.
R and S in Equations (2) and (3) are called the DarZarrouk parameters, which have been shown to be a
powerful tool during the interpretation of groundwater
survey data [17]. The relationship between the transmissivity T and transverse resistance R can be explained as
follows:

5

0.13

5.10

6

0.01

0.46

7

0.04

1.21

8

0.01

0.46

9

0.21

8.64

10

0.07

2.60

11

0.03

1.04

12

0.02

0.95

13

0.01

0.30

14

0.02

0.73

15

0.05

2.33

16

0.02

0.80

17

0.02

0.48

Si   i hi

(4)

where σi the layer conductivity. Conductivity in this case
is analogous to the layer transmissivity Ti used in
groundwater hydrology, given by
Ti  Ki hi

T  K R  Kh

(6)

A similar relationship can also be derived between the
transmissivity T and aquifer longitudinal conductance S,
such as
T

KS



 Kh

(7)

In areas where the geological setting and water quality
do not vary greatly, the product Kσ remains fairly constant [6]. Thus, knowing the values of K from the existing boreholes, and σ from the sounding interpretation
around the boreholes, one can evaluate the transmissivity
and its variation from one place to another through the
determination of R or S related to the aquifer, according
to Equations (5) and (6) [3]. The calculated values of the
hydraulic parameters correspond to the mean values, as
deduced from all the aforementioned methods. The values of field transmissivity from pumping tests of the alluvial aquifer were used for comparison with the computed transmissivity. The transmissivity values from
pumping tests are shown in Table 1.

4. Results and Discussion
The application and interpretation of VES measurements
carried out in the Yaounde area allow both thickness and
resistivity of the aquifer to be obtained. Figure 3 shows
the variation of the resistivity in the study area. Here the
southern part of the study area has higher concentration
of contour lines than the northern part.
The minimum resistivity of 4 ohm·m is observed in
point VES 10, and a maximum resistivity of 196 ohm·m
is obtained in point VES 8, with an average of 59.76
ohm·m and a standard deviation of 63.69 ohm·m.
This resistivity map indicates the presence of a lowresistivity zone, reflecting the direction of groundwater
from east to west, and from southeast to northwest,
Copyright © 2012 SciRes.

where the recharge area is concentrated in the middle of
the study area.
Figure 4 shows the distribution of the thickness in the
Yaoundé zone, where a minimum thickness of 11.3 m is
observed in point VES 7, and a maximum thickness of
63.3 m is obtained in point VES 2, with an average of
37.6 m and a standard deviation of 16.7 m. However, the
resistivity of the layer depends more on the saturation of
the layers and not necessarily on the thickness of the aquifer, hence higher resistivity may not correlate with areas of thicker aquifer.
Table 2 gives a summary of the interpreted results of
the VES, resistivities, hydraulic conductivities, and the
computed transmissivity of the aquifer by means of the
geoelectrical parameters. Therefore, knowing the hydraulic conductivity from the pumping tests from the
boreholes and R or S from the geoelectrical data interpretation, it is easy to evaluate the transmissivity T and
its variation from one place to another through establishing an empirical relationship between these parameters,
as explained previously [3].
The transmissivity values determined from geoelectrical measurements according to the Equation (6), adopting an average K of 0.099 m/day, and shown in Figure 5
are generally low over the entire area due to the known
water scarcity in the study region.
Transmissivity values vary between a minimum of
0.30 m2/day in point VES 13 and a maximum of 50.96
JWARP
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Figure 4. Iso-thickness map.
Table 2. Results of the electrical resistivity surveys in the study area.
VES station

ρ (Ω·m)

AT(m)

h (m)

FT (m2/day)

σ

K (m/day)

Kσ

R (Ω·m2)

S (Ω–1)

T (m2/day)

1

21

48

56.7

40.61

0.0476

0.09

0.0428

1190.7

2.7

51.03

2

48

39

63.3

0.95

0.0208

0.02

0.0004

3038.4

1.319

1.27

3

116

42

42,.7

0.76

0.0086

0.02

0.0002

4953.2

0.368

0.85

4

8

35

19

3.72

0.1250

0.11

0.0134

152

2.375

2.09

5

60

39

50.7

5.10

0.0166

0.13

0.0022

3042

0.845

6.59

6

20

45

45.5

0.46

0.05

0.01

0.0005

910

2.275

0.46

7

174

32

11.3

1.21

0.0057

0.04

0.0002

1966.2

0.065

0.45

8

196

48

45.4

0.46

0.0051

0.01

0.0001

8898.4

0.232

0.45

9

21

41

47.2

8.64

0.0476

0.21

0.010

991.2

2.248

9.91

10

4

35

23

2.60

0.2500

0.07

0.0175

92

5.75

1.61

11

18

34

38.9

1.04

0.0556

0.03

0.0017

2334

0.648

1.17

12

9

43

16.9

0.95

0.111

0.02

0.0022

152.1

1.878

0.34

13

169

34

17.8

0.30

0.0059

0.01

0.0001

3008.2

0.105

0.18

14

38

33

39.7

0.73

0.0263

0.02

0.0005

1508.6

1.045

0.79

15

12

46

23.3

2.33

0.0833

0.05

0.0042

279.6

1.942

1.17

16

13

37

59.3

0.80

0.0769

0.02

0.0015

770.9

4.562

1.19

17

47

32

27.3

0.48

0.0213

0.02

0.0004

1283.1

0.581

0.55

ρ: Aquifer resistivity; AT: Actual aquifer thickness from pumping test; h: Electrical thickness obtained from resistivity data; FT: Field transmissivity; σ: Electrical
conductivity of aquifer layer; K: Hydraulic conductivity; R: Transverse resistance of aquifer; S: Longitudinal conductance; T: Transmissivity.

Copyright © 2012 SciRes.
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Figure 5. Iso-transmissivity map.

m2/day in point VES 1, with an average of 5.06 m2/day
and a standard deviation of 12.15 m2/day summarized in
Table 3.
Figure 6 shows the variation map of the product Kσ of
the study area, where the values of this parameter range
between 1 × 10–4 and 428 × 10–4 with an average of 57 ×
10–4 and standard deviation of 10 × 10–4.
Comparison of Figure 4 with Figure 5 shows that areas underlain by relatively thick aquifer materials have
higher transmissivity values than areas underlain by relatively thin aquifer materials. This relationship is expected,
because transmissivity is a function of aquifer thickness,
since hydraulic conductivity is assumed constant.
The transverse resistance R, has also been computed
for the interpreted seventeen VES using the following
Equation (2). The transverse resistance is one of the DarZarrouk parameters, which has been shown to be a powerful tool in the interpretation of groundwater survey data
[17]. The results of R are also shown in Table 2, and the
distribution of this parameter in the study area is shown
in Figure 7. Transverse resistance of any subsurface
geological formation is given by the product of resistivity
Copyright © 2012 SciRes.

Table 3. Geophysical and hydraulic parameters of the aquifer in the Yaounde area.
Parameter

Min

Max

Average

Standard error

h (m)

11.30

63.30

37.6

16.7

ρ (Ω·m)

4

196

59.8

63.8

T (m2/day)

0.30

50.9

5.1

12.1

K (m/day)

0.01

0.9

0.1

0.2

92

8898.4

2075

2222

2

R (Ω·m )

and thickness. A geological formation reflecting a predominantly high transverse resistance value indicates that
its resistivity is high or it has higher thickness with favorable aquifer conditions. The aquifer in the study area
reflects higher transverse resistance, so it has high transmissivity with good groundwater potential. The transmissivity values obtained from electrical resistivity measurements depend upon the accuracy of hydraulic conductivity resulting from computation using the resistivity
method.
Comparing the values of transmissivity calculated by
JWARP
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Figure 6. Iso-transverse resistance map.

Figure 7. Variation map of the product Kσ.
Copyright © 2012 SciRes.
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electrical resistivity with field measured transmissivities,
a good result is obtained (Table 2). These aforementioned relationships can be utilized to determine the
transmissivity of the aquifer at other sites in the area. It
can be concluded that equation 6 presents a viable analytical relation to estimate the aquifer transmissivity from
transverse resistance in an area if hydraulic conductivity
of the aquifer at any site is known [6]. From previous
discussion, it may be concluded that, knowing the transverse resistance R at VES locations allows the determination of the transmissivity T and hydraulic conductivity
parameter K, at points where no water resistivity samples
are available. The VES technique has been very popular
due to its simplicity. The weaknesses are the unsuitability
of VES in areas with complex geology and topography.
The VES technique has been very popular due to its
simplicity. The weaknesses are the unsuitability of VES
in areas with complex geology and topography. When an
aquifer is anisotropic, empirical correlations between
aquifer hydraulic conductivity and electrical resistivity
will include a dependence on degree of anisotropy. Ignoring the anisotropy, scatter may be introduced into the
field relationships [18]. The scale of the heterogeneity
related to the sounding curves and pumping tests complicates the interpretation. It is pointed out that the reliability of the previously mentioned methods depends on
the accuracy of the geoelectric parameters determined
from the sounding curves, as well as the accuracy of the
hydraulic parameters calculated from pumping tests. Estimated parameters in the study area show that the aquifer units indicate very poor to moderately permeability. It
is however recommended that a hydro chemical study be
carried out to determine the portability of the water for
both industrial and domestic uses.

5. Conclusion
Application of vertical electrical sounding technique
(VES) is developed and oriented towards computing of
the aquifer hydraulic conductivity and the transmissivity
of Yaoundé, Cameroon. The approach shows that evaluation of hydraulic conductivity K from surface resistivity measurements is possible, through developing relationships between the electrical Dar-Zarrouk parameters
of R or S and hydraulic conductivity from available
pumping tests. The transmissivity map derived by applying the proposed technique gives an idea about the potential distribution of the aquifer in the area, where a
maximum transmissivity of 50.96 m2/day was obtained.
The calibrated empirical relationship established between
transverse resistance and transmissivity is a good tool for
estimating hydraulic conductivity at the measured VES
points even in the case when no water resistivity samples
are available. The use of geoelectrical sounding provides
an inexpensive technique for calculating the hydraulic
Copyright © 2012 SciRes.

parameters and characterizing the aquifer system of the
area.
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