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The study was carried out on the alluvial plain of Karfiguela, in the far south-
west of Burkina Faso as part of the Support Program for Irrigation 
Development (PADI).  The current study made it possible to determine the 
hydrodynamic properties, the directions and directions of flow of the 
Karfiguela alluvial plain aquifer.The hydraulic shock test method known as 
the “slug test” was chosen for the determination of the hydraulic 
conductivity, supported by two analysis methods: the Hvorslev method and 
the Bouwer and Rice method. The hydraulic conductivity values obtained 
were compared, and subsequently, those obtained by the method of Bouwer 
and Rice were considered for interpretations. It can therefore be noted that 
the average conductivity values of the sites are between 6, 25.10-5 m.s-1 and 
3.81.10-6 m.s-1. The maximum value obtained is 4.31.10-4 m.s-1 and the 
minimum value is 9, 74.10-9 m.s-1. The analysis of the nature of the material 
samples extracted from the micropiezometers shows a concordance with the 
values obtained.In order to determine the directions and flow directions of 
the aquifer, monitoring of static levels were carried out from March 2013 to 
December 2016. This determination of directions and flow directions was 
made between March and April 2013 that is to say during the low water 
period (dry season). The static levels made it possible to calculate the 
piezometric levels thanks to the altitudes determined with Differential GPS 
(DGPS) surveys. The resulting piezometric surface shows a general flow that 
goes from the North to the Center and from the South to the Center.  The 
piezometric maps show that the water table supplies the river in all the sites. 
Hence, zero flow limits and potential limits appear along the plain. 
 
Key words: Alluvial plain, hydraulic conductivity, flow directions (direction of 
flow), piezometric levels, Burkina Faso(West Africa) of Karfiguela (Banfora) 

 
 
INTRODUCTION 
 
Irrigated agriculture represents an essential alternative for 
increasing agricultural production. Since the 1960s, the 
world food situation has steadily improved, a performance 
made possible by the combined effects of various factors 
including high-yielding seed varieties, irrigation, plant 
nutrition and pests control irrigated agriculture occurs 
where other techniques such as rain-fed agriculture and 
imports show their weaknesses. Climate change is making 

rain-fed agriculture increasingly vulnerable because it is 
dependent on rainfall. 

According to Zella and Smadhi (2007), productivity of an 
irrigated hectare is three times higher than that of a rain-
fed hectare. Irrigation therefore represents a key tool to 
alleviate the ever-increasing food security needs in 
developing countries. 

In   Burkina   Faso,  over the  past forty  years, rainfall  has 
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Figure 1 : Study site location map 

 
 
 
regularly decreased, with periods of increased drought, 
especially in the 1980s. In addition, rainfall is often 
unevenly distributed, from one year to another and even 
during the same rainy season. Irrigation is therefore an 
effective management tool against the climatic risks which 
weigh on agricultural production. 

In order to build the conditions for sustainable food 
security by 2030 and to contribute structurally to reducing 
social inequalities and poverty, the National Food Security 
Strategy (NFSS), in line with the Poverty Reduction Strategy 
Paper (PRSP) and the Sustainable Development Objectives 
(SDO), has set the objective of making irrigation play a 
significant role in increasing and securing agricultural 
production; increasing value added, improving employment 
and incomes in rural areas and preserving natural 
resources and productive capital. 

For this reason, the PADI-BF 101 project, in its activities, 
aims at studying the aquifer of the alluvial plain of 
Karfiguela. It could represent a potential source of 
groundwater that can be used as an alternative water 
resource for the producers located there. The alluvial plain 
can represent a significant supply capacity for irrigated 
areas, but sustainable management environment friendly 
management is essential. This must result in an extraction 
which must not be beyond the aquifer capacity and also 
keeping in mind the need of protecting the resource. Taking 
into account the needs of other sectors related to the use of 
this groundwater as well as the long-term survival of 
ecosystems is also paramount. In this case, it is necessary to 
determine the origin and the dynamics of groundwater 
flows. 

The innovative approach of this study is the use of surface 
aquifers for irrigated agriculture with annually renewable 
water resources. This approach has been tested in Brazil, 
(Burte, 2004) Niger (Yahaya et al., 2016) and more recently 
in Algeria,  Mebarek-Oudina (2017). 

Hence, the realization of hydrogeological studies that will 
make it possible to predict the quantitative and qualitative 
impact of the practice of irrigated agriculture on the 
aquifer. This study will focus more explicitly on the 
hydrodynamic characterization of the alluvial plain aquifer. 
This involves the determination of the aquifer's 
hydrodynamic parameters, piezometrics and water flow 
directions and its periodic renewal. 

To achieve these objectives, we will use the structures set 
up by the project, namely a network of forty-nine (49) 
micro piezometers. The main activities aim at determining 
the hydrodynamic parameters which will be done by in situ 
hydraulic shock tests known as “slug-test”. The 
determination of the piezometric levels using piezometric 
probes and various other types of probes will make it 
possible to determine the piezometry of the plain and to 
deduce the flow directions. 
 
Study zone 
 
The alluvial plain of Karfiguela is located in the Cascades 
region, province of Comoé, and commune of Banfora with 
an overflow in the northern part, in the commune of 
Bérégadougou (Figure 1). 

The plain is located between longitudes 4° 50 ’and 4 °42’ 
West and latitudes 10 ° 44 ’and 10 ° 28 ° North, it  covers an 
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Figure 2: Geological formations of the alluvial plain of Karfiguela 
  

Sources: VREO, 2006 

 
 
 
area of 46 km² and extends over 28 km long. 
 
Geology 

 
The alluvial plain of Karfiguéla is made of the following 
geological formations: (Figure 2). 
 A tonalitic ensemble consisting of granodiorite, 

tonalite and quartz diorite. This ensemble would have been 
in place from 2210 million years to 2100 million years in a 
quasi-continuous manner (Ouédraogo, 2006); 
  The formation of Kawara-Sindou Sandstones (GKS) 

formed by conglomerate coarse sands, with a thickness 
varying from 60 to 350 meters. It lies in discordance on the 
lower sandstones. 
 The Formation of lower sandstones with 

thicknesses varying from 50 to 300 meters. The following 
succession can be seen from top to bottom: fine red 

arkosics and stones, fine quartzite sandstone, pink 
sandstone with shale flow.  
 A formation made by shales and volcano-

sediments; globally, they are pelites, sandstone shales, 
lustrous gray-black shales, tuffaceous shales as well as rare 
quartzitic horizons. (Ouédraogo, 2006). 
 
Hydrogeology 
 
The Cascades region is defined by two hydrogeological 
entities: 
 
Sedimentary areas 
 
The sedimentary zone consists of a thick series of rocks 
containing several aquifer levels. This is essentially a 
sandstone sedimentary basin of very old age. 
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Figure 3: Distribution of micropiezometers in the plain 

 
 
 
Certain aquifer levels provide very significant flows of the 
order of several tens of cubic meters per hour. 
 
Basement areas  
 
The crystalline basement area is predominantly granitic 
with shales, green rocks and dolerites. The exploitable 
flows are modest.  The water resources are either in the 
altered zone and more or less loosened for granitic rocks 
(arenas), or in the fractured rock. 
 
 
MATERIALS AND METHODS 
 
Carrying out this study required appropriate equipment 
and a strict methodology in various fields (hydrodynamic 
parameters, piezometries). We will present in this part, the 
material as well as the methods used. 
 
Materials 
 
The study involved 49 piezometers and a set of equipment 
was used for the collection of data as well as for the 
carrying out the tests: a piezometric probe, mini-diver 

probes, baro diver probes, a bailer, a differential GPS, and 
computer equipment 
 
Data acquisition methodology 
 
The studies to be carried out are made thanks to the works 
installed on the plain. It is a network of forty-nine (49) 
micropiezometers which are distributed by independent 
groups (Figure 3). 

In order to ease representation, it was decided to 
separate the micropiezometers into five groups based on 
the locality. Hence we have: North Banfora, Karfiguela, 
Siniena, Tengrela and Diarabakoko(Table 1). 
 
Determination of hydrodynamic parameters 
 
Determining the hydrodynamic parameters was a crucial 
step in the characterization of the aquifer. There are several 
methods for determining hydrodynamic parameters such 
as pumping tests or groundwater tests, in-situ permeability 
tests, laboratory permeability tests and finally correlation 
methods based on soil texture and grain distribution. 
Figure 4 provides a summary of existing methods. 

The pumping test (groundwater test) makes it possible to 
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Table 1 : Distribution of piezometers by groups 
 

Places 
Micro 

piezometers 
X (m) Y (m) 

Altitude 
TN (m) 

Piezometer levels 
(m) 06/03/2013 

Piezometer levels (m) 
16/04/2014 

Karfiguéla 

PZRG12 302,478.10 1182149.81 278.85 277.94 277.90 
PZRG11 302,176.81 1182310.07 279.95 277.48 277.43 
PRG10 301,901.21 1182887.48 278.84 276.90 276.15 
PZRG7 301,676.70 1184033.36 279.08 277.45 277.51 
PZRG6 301,554.52 1184446.11 280.43 277.86 278.08 
PZRG2 301,003.41 1185187.91 282.33 279.75 279.45 
PZRG5 301,264.48 1184637.33 281.77 279.04 278.02 
PZRG4 301,060.89 1184833.60 280.54 279.34 279.10 

PZRG13 303,008.68 1181507.06 279.87 278.15 278.00 
PZRG9 301,599.07 1183565.52 278.50 276.56 276.58 
PZRG3 301,159.31 1184953.71 283.80 281.25 283.75 
PZRD4 300,940.83 1184869.28 281.56 279.70 280.58 
PZRD3 300,971.96 1184869.81 281.56 277.77 278.65 
PZRD2 300,561.16 1185317.57 286.80 285.60 286.50 
PZRD8 301,356.71 1183973.50 282.60 280.64 280.52 
PZRD9 301,482.98 1183255.66 281.59 279.26 279.29 

PZRD10 301,868.19 1182633.58 282.06 280.90 280.93 
PZRD11 302,562.46 1181607.03 280.50 279.48 279.44 
PZRD12 302,753.97 1181375.11 279.87 278.36 278.41 
PZRG1 300,954.94 1185488.55 283.56 280.59 280.45 
PZRD1 300,954.94 1185488.55 283.56 283.46 284.51 
PZRD6 301,193.18 1184373.64 285.58   
PZRD7 301,481.84 1184260.73 284.24 281.38 281.30 

PZRD13 302,804.64 1181048.13 280.48 278.82 279.12 

Diarabakoko 
PZRGX5 305,424.76 1159044.16 262.68 260.05 260.47 
PZRGX4 305,547.24 1158791.29 262.80 261.53 261.95 
PZRDX7 305,507.37 1158703.64 260.65 259.38 259.40 

Tengrela 

PZRGA 301,386.18 1177938.66 277.61 275.28 274.94 
PZRGB 301,402.23 1177803.78 278.08 276.61 276.27 
PZRGD 301,252.47 1177283.39 275.92 274.32 273.89 
PZRGE 301 ,149.34 1176748.02 273.15 271.05 271.10 
PZRGF 301,271.37 1175955.00 269.35 267.32 267.42 
PZRDA 301,370.38 1175767.91 268.72 266.42 266.84 
PZRDB 300,987.15 1175942.92 268.73 267.12 267.09 
PZRDC 300,755.47 1175913.06 268.25 267.07 266.88 
PZRDD 300,853.90 1176413.91 272.01 269.83 269.86 
PZRDE 300,904.47 1176803.15 270.76 268.51 268.54 
PZRDF 301,064.67 1177212.34 273.81 271.67 271.54 
PZRDG 300938.05 1177842.12 280.20 277.86 277.96 

North Banfora 
PZRDX2 311,882.72 1185604.99 282.42 285.89 286.10 
PZRDX1 310,797.25 1185119.68 286.39 281.10 281.31 

Siniena 

PZRGX3 305,260.34 1165897.50 257.76 254.43 254.35 
PZRGX2 305 ,100.85 1166283.55 255.45 252.76 252.80 
PZRDX8 305,076.23 1166195.75 256.10 254.13 259.76 
PZRDX4 305,111.61 1165738.42 256.90 255.37 255.42 
PZRDX5 304912.98 1165585.35 258.04 255.99 256.01 
PZRDX6 304632.45 1165178.60 257.68 255.82 255.61 
PZRDX3 303526.59 1167046.31 261.72 259.34 259.47 
PZRGX1 303432.71 1167569.67 261.85 260.00 259.93 

 

 
determine the hydrodynamic parameters over a large area 
and also highlights the conditions under which 
groundwater is fed. It is considered to be the most 
representative method for determining hydraulic 
conductivity (Cassan, 2005). However, this method 
requires major equipment and appropriate structures. 

For this study, the in-situ hydraulic shock tests were 
chosen because although they are suitable for on-site 
structures (micropiezometers) whose depths are limited to 
seven (7) meters, but also, these tests are less costly, simple 
to implement and are generally of short duration. 

The correlation method based on the study of soil texture 
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Figure 4 : Methods for determining hydraulic conductivity. Oosterbaan, R. J. and Nijland, H. J. (1986). 

 
 
 
is added to the slug tests to support the interpretations of 
the values obtained. 
 
In Situ hydraulic shock tests Slug tests  
 
The hydraulic slug test is a special type of groundwater test. 
The slug test developed by Bouwer and Rice (1976) (7) 
enables to measure the hydraulic conductivity (K) of an 
aquifer using a single structure. 

The field test consists in quickly collecting or adding a 
quantity of water in the micropiezometer, and measuring 
the water level at intervals during the ascent or descent 
until complete stabilization. 

 If an adjuction is made, the use of external water should 
be avoided, but the quantity of water required for the test 
can be pumped beforehand and stored while the water 
level is restored in the micropiezometer (Chapuis, 1999). In 
our case, we carried out an upward level test, with a 
sampler: the bailer (Figure 5) for the rapid water sampling. 

During a test, the water ascent rate can be very fast to the 
point where it can be difficult to get a series of readings 
over time. In this case, it is necessary to use a pressure 
sensor with a recording system (Chapuis and Wendling, 
1991). The sensor used in our case is the diver probe, 
programmed for a reading every 0.5 seconds. 

The hydraulic properties determined by slug-tests are 
representative only of materials in the immediate vicinity of 
the well (Strickland and Korleski, 2006; Yeh and Chen, 
2007). 

There are various methods of interpreting slug tests, 
most of which work in the case of captive aquifers. Two of 
the methods appear to us to be the most suitable for this 
study: the HVORSLEV method (1951) and the method of 
BOUWER and RICE (1976). These methods take into 

account a partial penetration of the aquifer and apply as 
well in unconfined aquifer as in confined ones. The 
additional data necessary for interpretations such as 
alluvial plain strength, material texture and lithology were 
provided by geophysical studies on the area. 
 
HVORSLEV Method 
 
This method provides only the local K value of an aquifer or 
aquitard: it assumes that storage has a negligible influence 
(Chapuis, 1999). 

The assumptions for applying this method are as follows: 
• The aquifer is isotropic, homogeneous and of unlimited 

extension,  
• The water flow is laminar. 
It stipulates that the flow in the soil is equal to the flow in 

the piezometer pipe according to the following balance 
equation: 

 (Chapuis, 1999)(8) 

(DARDCY Law)  

Where c is the aspect ratio of the injection zone, K is the 
hydraulic conductivity, and H is the difference in applied 
hydraulic load 

The flow rate in the pipe is calculated from the upwelling 
speed of the water:Q_pipe=S_inj (dH⁄(dt)) 

Where S_inj is the inner section of the tubing, dH⁄dt is the 
rate of water rising in the well. 

The relationship allows you to write: 

. 

By separating the variables we have: 

 
By integrating this equation : 
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Figure 5: Geometric parameters for the Hvorslev method 

 
 
 
 

 
Thus, 

 
Where  and are the hydraulic loads at time and 

 

If d=2r is the inside diameter of the pipe, then 

 
By plotting the experimental data of the test (H and t) on 

a semi-log graph of 
 Versus t, we must theoretically obtain a straight 

line whose slope is t , we can then calculate K: 

 
The form coefficient c is determined with the formula in 

the case of a Lefranc test (Lefranc 1936, 1937): 

 when ; 

 when  

Where, 
   is the length of the gravel pack and D is the diameter of 

the gravel pack (Figure 5) 
 
BOUWER and RICE method 

 

The Bouwer and Rice method is a generalization of the 
Hvorslev method for a well partially penetrating a free 
aquifer of unconfined aquifer. It allows to determine the 
same parameters as the Hvorslev method 

This method is based on the THIEM equation: 

 
Where 

 : The flow rate in the piezometer 

 : Permeability 

 : The length of the well-screen 



Int. J. Agric. Pol. Res.          86 
 
 
 

 
 
Figure 6: Geometric parameters for the Bouwer and Rice method 

 
 
 

: The instantaneous load in the piezometer, the reference 

mark being the initial load H_0 at time 
 t = t_0 
 R_e: The radius of influence of the test, 

: The radius of the well-screen+ gravel pack 

The hypotheses of application of this law are 
The aquifer is homogeneous, isotropic and of constant 

power over the surface influenced by the test, 
The ground water has unlimited lateral extension, 
The water flow towards the well is in a state of 

equilibrium, 
The lowering of the groundwater in the vicinity of the 

piezometer is insignificant, 
The capillary original flow is negligible, 
The pressure losses are negligible, 
The well has a finite diameter. 

On one hand, the rate of ascent 𝑑𝐻𝑑𝑡 in the 

tubing after an abrupt withdrawal of water is related to the 
flow 𝑄 by the equation  

 
Where:  

Where  is the inside radius of the tubing. 

 
 
 
 

NB: The term  represents the section of the tubing. 

By combining the two equations, we get: 

 
After integration :  

 
It is the same equation as Hvorslev’s but with a slope  

. 

By plotting the data on the same semi-log graph of –log 

de  versus t we must obtain a straight line whose 

slope makes it possible to calculate K: 

 
The main unknown in this equation is  the radius of 

influence of the test. The solution given by Bouwer and Rice 

makes it possible to estimate the value of  

according to two cases: 
If the piezometer partially penetrates the aquifer, it is 

incomplete: 

 
Where: 

: The strength or thickness of the aquifer, 

: The difference between the piezometric level (static 

level) of the groundwater and the bottom of the 
piezometer. The geometrical parameters are illustrated in 
the Figure 6. 

A and B are dimensionless coefficients which are function 

of  

If the piezometer fully penetrates the aquifer, it is 

complete, , i.e the equation becomes: 

 
The coefficients A, B and C are functions of the 

slenderness of the lantern or injection area, provided by the 
Figure 7 below 

With the conductivities obtained, the transmissivities can 
be calculated. The transmissivity of an aquifer is the 
product of the hydraulic conductivity (K) of the aquifer 
material by its thickness (h): 

 
 
Directions and flow direction 
 
Like the determination of hydrodynamic parameters, the 
determination of directions and flow directions are of 
crucial importance in the characterization of the aquifer. 

The directions and flow directions are part of spatial data 
interpretation. These interpretations enable to highlight the 
situation  of  flows  as  well as  more important information,  
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Figure 7 : Curves connecting the coefficients A, B, C to L / rw.  
 

Source: Bouwer and Rice, 1976 

 
 
 
such as preferential recharge zones, transition areas and 
outfalls. The data plotted on a map will represent the 
piezometric map of the plain at a given time. 

The data acquisition is essentially based on the water 
level readings of the micropiezometers installed on the 
plain.  
 
Piezometric measures 
 
Measuring the groundwater level is of fundamental 
importance in all interpretations: it constitutes a basic 
operation. 

The piezometric level was determined during 
piezometric tours manually and automatically. For the 
manual readings, a piezometric probe was used and the 
tour was carried out in the shortest possible period of time, 
given that the piezometric level is constantly fluctuating. 

Two days of touring enabled data collection from forty-
nine (49) micropiezometers: a first tour was done in March 
and a second one in April.For continuous measurements, a 
pressure sensor (diver® probe) is immersed in the 
piezometer for continuous measurement of the water level 
over an extended period. Ten micropiezometers have been 
equipped with the diver probes programmed at 30-minute 
measurement time intervals. The advantage of the diver 
sensors is that they enable the fluctuations of the water 
table to be monitored continuously. The geographic 
coordinates of the structures as well as their altitudes were 
provided by Differential GPS survey campaigns. 

Realization of the piezometric map 
 
The piezometric map was drawn using the method of 
interpolation triangles. The piezometers were plotted on a 
map with their static level values, then, the curves 
equalization curves are plotted at a given equidistance. 

The hydrographic data, in particular the altitude of the 
water bodies, were provided by the hydrological service of 
the Regional Directorate of Water and Sanitation of the 
Hauts-Bassins. 
 
Topographic surveys 

 
The determination of the geographical coordinates 
(latitudes, longitudes and altitudes) of the works are 
essential for the interpretations leading to spatial 
representations. 

The use of DGPS or differential GPS made it possible to 
obtain data with a high degree of accuracy. 
 
 

RESULTS AND DISCUSSIONS 
 
Hydrodynamic parameters 
 
The slug tests carried out on all the micropiezometers 
resulted in ascent curves as a function of time. Stability is 
reached after a few seconds (16 seconds for the PZRG12 
micropiezometer) to several hours (about 14 hours for the  
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Figure 8: Ascent curve of the micro-piezometer PZRG12 

 
 
 
PZRG1 micropiezometer). The curves obtained (Figure 8 
and 9) represent the hydraulic head in cm CE above the 
diver probe as a function of time in seconds. 

The geometric data of the micropiezometers are the same 
for some of them: the common diameter of the tubes is 
90mm, the gravel pack diameter is 100mm. The depth of 
the structures and the length of the gravel pack vary from 
one structure to another. 

All micropiezometers were considered to partially 
penetrate the unconfined aquifer. 

The interpretation methods of Hvorslev and Bouwer and 
Rice made it possible to determine the hydraulic 
conductivities of the various works. The results are given in 
the Table 2 below by micropiezometer grouping site 
(Banfora North site, Diarabakoko, Karfiguéla, Siniena and 
Tengrela). The hydraulic conductivities obtained with both 
methods are mostly in the order of 10-4 to 10-7 m.s-1. 

The highest hydraulic conductivity obtained is that of the 
PZRG2 micropiezometer of the Karfiguela piezometer 
group which is 1.84.10-3 m.s-1 with the Hvorslev method 
and 4.31.10-4 m.s-1 with the Bouwer and Rice method. The 
lowest conductivity is obtained with the PZRGA 
micropiezometer of the Tengrela piezometer group, it is 
3.96.10-8 m.s-1 with the Hvorslev method and 9.74.10-9 
m.s-1 with the Bouwer and Rice method. 

The interpretation methods of Hvorslev and Bouwer and 
Rice made it possible to determine the hydraulic 
conductivities of the various works.  

On a comparative basis, the results obtained through 
both methods are for most part of the same order of 
magnitude, however in some cases significant differences 
can be observed such as the case of the micropiezometer 
PZRG2 (1.84.10-3 ms-1 with the Hvorslev method and 
4.31.10-4 ms-1 with Bouwer and Rice method) with a 
difference of 1.41.10-3 ms-1. It can also be seen that the 
Bouwer and Rice method gives relatively lower values. 

When  choosing  the  conductivities  to  be considered, we 

opt for those obtained with the Bouwer and Rice method. 
According to studies (Campbell et al., 1990; Chapuis, 1999)  
it is recognized as the method giving the most consistent 
values. It takes into account the thickness of the aquifer and 
is specific to cases of partial penetrations of the aquifer, 
which corresponds to our case study. Based on studies 
(Freeze and Cherry, 1979) we note that the conductivities 
obtained correspond for the most part to fine sands (10-5 
to 10-4 ms-1) and silty sands (10-6 to 10-9 ms-1). (Figure 10) 

In addition, Mermoud (2006) establishes (Figure 12) that 
hydraulic conductivities at saturation ranging from 10-6 to 
10-7 ms-1 correspond to clayey soils and those between 106 
à 10-7 m.s-1 obtained for most of the structures correspond 
to medium sands to silt. 

From the stratigraphic logs of the micropiezometers 
(Figure 13), one can see in layer successions mostly fine to 
very fine sands, clay and silts with mixed layers (clay sand, 
silty clay ...). From this observation, we can underline a 
concordance between the hydraulic conductivity values 
obtained and the materials in place. It can therefore be 
stated that the values obtained with the slug-tests seem to 
be reliable. Nevetheless, the hydraulic properties 
determined by slug-tests are representative only of the 
environment in the immediate vicinity of the well 
(Strickland and Korleski  (2006) or (Yeh and Chen (2007), 
Determination of skin and aquifer parameters for a slug test 
with wellbore-skin effect. 

For the spatial distributions of hydraulic conductivity, the 
distribution averages per site (Table 3 below) indicate that 
the Karfiguéla zone has the highest hydraulic conductivity, 
namely 6, 25.10-5 m.s-1. The area with the lowest 
conductivity is the Diarabakoko zone with an average of 
3.81.10-6 m.s-1. This decrease in conductivity is due to the 
very fine deposits downstream (Diarabakoko) compared to 
Karfiguéla where the material is grained. 
The above distribution of conductivities shows a variation 
that  decreases  with  the direction of flow of the river. Thus, 
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Table 2. Hydraulic conductivities obtained 

 

Locations 
Micro_piezo

meters 
Graphical 
slope (p) 

Shape 
coefficient (c) 

coefficient 
A 

Coefficient 
 B 

K (m.s-1) 
Hvorslev 
Method 

Bouwer and Rice 
Method 

Karfiguéla 

PZRG12 0.4255 5.3565 3.40 0.60 5.05E-04 1.27E-04 
PZRG11 0.5405 3.6650 2.70 0.45 9.38E-04 2.29E-04 
PRG10 0.2410 2.8749 2.10 0.30 5.33E-04 1.33E-04 
PZRG7 0.6250 6.3919 3.80 0.70 6.22E-04 1.58E-04 
PZRG6 0.3077 5.1988 3.30 0.60 3.77E-04 9.53E-05 
PZRG2 0.8333 2.8749 2.25 0.38 1.84E-03 4.31E-04 
PZRG5 0.1031 3.8592 2.70 0.45 1.70E-04 1.37E-05 
PZRG4 0.1020 5.4126 3.50 0.60 1.20E-04 3.04E-05 

PZRG13 0.0990 5.0856 3.25 0.65 1.24E-04 3.06E-05 
PZRG9 0.1053 3.0354 2.20 0.30 2.21E-04 5.63E-05 
PZRG3 0.0106 2.8101 2.30 0.38 2.41E-05 5.51E-06 
PZRD4 0.1333 5.9888 3.70 0.65 1.42E-04 3.60E-05 
PZRD3 0.0017 5.8899 3.55 0.65 1.88E-06 4.78E-07 
PZRD2 0.0031 4.8116 3.10 0.52 4.11E-06 1.05E-06 
PZRD8 0.0119 5.9998 3.70 0.60 1.26E-05 3.21E-06 
PZRD9 0.0885 4.4174 3.00 0.50 1.27E-04 3.22E-05 

PZRD10 0.0025 5.3901 3.45 0.55 2.95E-06 7.55E-07 
PZRD11 0.0667 5.8899 3.60 0.63 7.20E-05 1.83E-05 
PZRD12 0.0556 5.3565 3.45 0.55 6.60E-05 1.68E-05 
PZRG1 0.0001 4.1107 2.80 0.40 2.04E-07 5.26E-08 

PZRD13 0.1176 5.4909 3.50 0.60 1.36E-04 3.44E-05 

Diarabakoko 
PZRGX5 0.0370 4.5690 3.10 0.50 1.29E-05 1.06E-05 
PZRGX4 0.5000 5.7741 3.60 0.63 2.45E-06 6.14E-07 
PZRDX7 0.0008 4.9261 3.30 0.60 9.75E-07 2.39E-07 

Tengrela 

PZRGA 0.0000 3.8230 2.70 0.45 3.96E-08 9.74E-09 
PZRGB 0.0667 4.7079 3.10 0.50 9.01E-05 2.27E-05 
PZRGD 0.1111 2.6530 2.10 0.30 2.66E-04 6.24E-05 
PZRGE 0.0667 5.6689 3.30 0.60 7.48E-05 1.90E-05 
PZRGF 0.0328 3.9914 2.75 0.45 5.23E-05 1.30E-05 
PZRDA 0.0741 2.4400 2.10 0.30 1.93E-04 4.31E-05 
PZRDB 0.0392 5.1536 3.40 0.60 4.84E-05 1.22E-05 
PZRDC 0.0562 6.1856 3.60 0.60 5.78E-05 1.50E-05 
PZRDD 0.0357 2.6332 2.10 0.38 8.63E-05 1.93E-05 
PZRDE 0.0035 3.0927 2.40 0.38 7.22E-06 1.74E-06 
PZRDF 0.0980 3.9674 2.90 0.90 1.57E-04 3.32E-05 
PZRDG 0.0571 4.3118 2.95 0.45 8.43E-05 2.16E-05 

Banfora Nord 
PZRDX2 0.0408 6.8005 4.10 0.65 3.82E-05 9.80E-06 
PZRDX1 0.1333 5.8348 3.40 0.60 1.45E-04 3.75E-05 

Siniena 

PZRGX3 0.0001 6.2454 3.80 0.65 1.50E-07 3.84E-08 
PZRGX2 0.0532 4.7310 3.10 0.50 7.15E-05 1.84E-05 
PZRDX8 0.0003 5.5800 3.10 0.60 3.54E-07 9.20E-08 
PZRDX4 0.0253 6.1201 3.60 0.60 2.63E-05 6.83E-06 
PZRDX5 0.0444 4.3940 2.95 0.45 6.43E-05 1.66E-05 
PZRDX6 0.0247 5.5355 3.10 0.60 2.84E-05 7.37E-06 
PZRDX3 0.0565 5.1875 4.10 0.65 6.93E-05 1.67E-05 
PZRGX1 0.0204 5.6356 4.10 0.65 2.30E-05 5.67E-06 

 
 
 
the maximum conductivities are seen in the Karfiguéla and 
North Banfora area. They decrease uniformly towards 
Tengrela and Siniena while the Diarabakoko area has the 
lowest conductivity. 

The logs of the micropiezometers show that the aquifer 
layer has a surface layer composed mostly of clay and silts 
which represents a good protective barrier of the surface 
water table. The catchment horizons are made up of mixed 

layers of fine sand, clays and silts and sometimes some very 
little gravel: it’s the intermediate horizon, captured by 
almost all micropiezometers. The proportion of clay and silt 
materials that form this horizon is directly related to the 
value of the conductivity, since clay is not very conductive. 
It can then be deduced that the rate of silt and clay present 
in the captured horizons is increasing along the flow 
direction,   or   that   the   thickness   of   the    surface    layer  
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Figure 9: Ascent curve of the micro-piezometer PZRG1 

 
 

 
 

Figure 10 : Indicative values of conductivity at saturation according to Mermoud, 2006 
 
 
 
increases. 

In other words, the conductivity values highlight the fact 
that the captured horizons, mostly formed of fine sand, clay 
and silt appear to be less conductive as they follow the 
direction of water flow in the plain. This would be due to 
their high proportion of clays and silts. 
 
Directions and flow direction 
 
Piezometric levels 
 
The piezometric tours were carried out twice during the 
study, namely on March 06th, 2013 and April 16th, 2013; the 
level surveys of all micropiezometer slasted two days. The 
measured static levels were then converted to piezometric 
levels and are presented in the Table 3 below. The 
reference level chosen is the original level of the altitudes. 

Throughout the plain, the water table depth (varying 
between 1 and 3m) remains relatively low compared to 
natural field. The static level of the PZRD6 micropiezometer 
could not be measured due to the drying up of water. A 
spatial representation of the piezometric level of the water 
table at both dates: Figure 15 and Figure 16 shows a high 
piezometry at the extreme North of the plain and which 
decreases progressively towards the South while the south 
central part behaves like a piezometric depression zone. 

We can therefore deduce the general flows direction: 
they arefrom the North (in the area of Karfiguela and North 
Banfora) towards the Center (Siniena) and from the South 
(Diarabakoko) towards the same Center (Siniena). The 
central zone represents the convergence zone of the plain 
while the zone located at the extreme North characterizes 
its recharge zone. 

It  should  be  noted that  the flow does not follow exactly 
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Figure 11: Conductivity and permeability fields (Freeze and Cherry, 1979) 

 
 
 

 
 

Figure 12 :Indicative values of conductivity at saturation according to Mermoud, 2006 

 
 
 
the direction of the river’s flow as one might think. 
 
Piezometric maps 
 
For the piezometric mapping, the sites were isolated. The 
maps obtained are for both survey dates. 

The following piezometric maps were produced by hand 
by plotting isopic curves and flow directions using the 
triangular interpolation method.  
 For the north Banfora site,  

The   number  of   micropiezometers (two) does not provide 

good information, but it can be noticed that the water flows 
are in the same direction as the river and the river is fed by 
the water table. 

The lateral limits behave like zero flow limits (no 
exchanges) the average gradient is 2.03.10-3 m / m. the 
decreasing speed of the isopic curves shows us that the 
water table is fed on its Northern side. We therefore 
haverecharge area. (Figure 16 and Figure 17) 
 For the Siniena site, 

For the date of March 06th, 2013, there is a drainage of the 
water  table by  the river  on  the  North side. Further  south, 
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Figure 13 : Stratigraphic sections of the PZRD3, PZRD13, PZRDX2 and PZRDX3 piezometers 

 
 

Table 3. Average conductivities per site 
 

Sites     Average conductivity (m.s-1) 

Karfiguéla 6,92146x10-5 

Diarabokoko 3,80815x10-6 

Tengrela 2,1931x10-5 

North Banfora  2,3642x10-5 

Siniena 8,95914x10-6 

 
 
 
there is a divergence zone of the flow towards the river 
perpendicularly, with isotopic curves almost parallel to the 
watercourse. It’s an evidence that the western limit of the 
plain is a potential limit. This represents exchanges 
(feeding) between the water table and the external 
environment 

For the date of April 16, 2013 (Figure18 and Figure 19), 
we notice the same drainage in the North but more in the 
South we notice a tightening of the isotopic curves leading 
to a strong increase of the hydraulic gradient. The isotppic 
curves become almost parallel to the river: we have a 
strong feeding of the river. 

This tightening of the isotopic curves is due to a local 
decrease in transmissivity (T=K*e), K, hydraulic 
conductivity and e, aquifer thickness. This is normal, as 

April is the lowest water period of the year and therefore a 
minimum thickness of the aquifer. It can also be a very 
draining area, but we don't have evidence of aquifer 
ownership at that location. 
 For the Tengrela site (Figure 20 and Figure 21) 
The river is fed by the water table and the flow is uniform 

in the same direction as the river with an average hydraulic 
gradient of 5.13.10-3m / m. the lateral limits behave as a 
zero flow limits 
 For the Karfiguela site (Figure 22 and Figure 23) 
The extreme northern zone clearly appears as a 

convergence zone of the flow towards the river axis with an 
mean gradient of 2.33.10-3 m / m. the Western limit as well 
as the Central-eastern limit behave as potential limits. The 
water    table    is    fed   on    the   west   side   by the external  
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Figure 14: Map showing the plain piezometry as of march 6th 2013 

 
 

 
 

Figure 15 : Map showing the plain piezometry as of April 16th 2013 

 
 
 
environment. Moreover, the decreasing isopiezoic curves 
show that the groundwater is fed in the same direction as 
the river on the North side.  

 For the Diarabakoko site (Figure 24 and Figure 25),  
The information obtained is limited, however we note 

that the river is fed by the aquifer on the right bank. 
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Figure 16: North Banfora site piezometric map as of march 6th 
2013 
 

 

 
 
Figure 18 : Siniena site piezometric map as of march 6th 2013 

 
 

 
 
Figure 20 : Tengrela piezomztric map as of march 6th 2013 

 
 
 
 

 
 
Figure 17: North Banfora site piezometric map as of april 16th   
2013 
  
 

 

 
 
Figure 19: Siniena site piezometric map as of april 16th 2013 

 
 
 

 
 
Figure 21 :Tengrela Piezometric map as of april 16th 2013 
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 Figure 22 : Karfiguela piezometric map as of april 16th 2013                 Figure 23 : Karfiguela piezometric map as of march 6th 2013 
 
                                                                                                                     
 

                                   
 
       Figure 24 : piezometric map of 06 March 2013 site of                                       Figure 25 : piezometric map of 16 April 2013 site of  
      Diarabakoko                                                                                                                Diarabakoko 
                                                                                                                                      
 
 

Generally, the flows are from the water table towards the 
river following the direction of water flow. The Karfiguela 
and Siniena areas represent areas of exchange with the 
outside environment. The significant recharge of the water 
table is done at Karfiguela and North Banfora. 

At the end of the studies, we can say that we have laid the 
groundwork for a first one because none of this kind has yet 
been conducted in the Karfiguéla alluvial plain. It goes 
without saying that further studies will be carried out, 
which   has  already been   done with   a  larger   number   of 

piezometers with a longer record of piezometric and 
hydrodynamic data. 

 

Conclusion 
 
The objectives of this study were to determine the 
hydrodynamic parameters and flow directions of the water 
table of the Karfiguéla alluvial plain. 

Several    methods   were  listed  and the slug test method 



Int. J. Agric. Pol. Res.          96 
 
 
 
was chosen for the determination of the hydrodynamic 
parameters. The interpretations of these tests allowed us to 
determine the hydraulic conductivities for all the 
micropiezometers tested. The conductivities obtained 
represent the horizons captured by the micropiezometers. 
Considering the power of the plain, the micropiezometers 
should be deeper to highlight the properties of the plain 
throughout its thickness. 

The values obtained by the slug test represent only the 
material in the immediate vicinity of the well, they are 
therefore local values and cannot accurately reflect the 
properties of the aquifer which extends over a large 
dimension. In addition, the interpretations do not give the 
storage which is a fundamental property of the aquifer. 

To complete this study, pumping tests are necessary to 
enrich the information on the properties of the water 
table.In order to determine the directions and flow 
directions of the plain, the static level surveys were carried 
out over two periods: March 06, 2013 and April 16, 2013. 
The static levels allowed thanks to the altitudes determined 
with the surveys at DGPS to calculate the piezometric 
levels. The resulting piezometric surface shows a general 
flow from North to Center and from South to Center. The 
central zone represents a water table drainage zone. 
Additional studies are necessary to determine the 
conditions of the draining layer and especially the 
destination of the runoff. Locally, the water table supplies 
the river at all sites, which is consistent with the aquifer-
river exchanges during this period of the year. The 
objectives of this study have been achieved but it is 
recommended that more comprehensive methods and 
more robust works in order to determine information 
about the productivity of the aquifer over its entire 
thickness. 

However, the data obtained, however, open up other 
perspectives for studying the alluvial plain: They can be 
used as basis for aquifer modeling and studies of the 
vulnerability of the aquifer or the transfer of pollutants. 
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