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In order to ensure access to drinking water for Benin populations by 2021,
the Emergency Measure program for the reinforcement of the drinking water

graphy and Boring Technique in the Reali-  supply system of Savalou city was initiated in 2018. This program focuses on

zation of Ten (10) Large Boreholes in 2 densification and extension of hydraulic infrastructures. Therefore, it is
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prominent to use rigorous approach for implementation and execution of
drilling activities. The present work has the advantage of combining the use
of electrical resistivity tomography and borehole technique to locate ten high

flow drilling in Savalou city. The electrical resistivity tomography (ERT) pa-
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inter-electrode spacing. The drilling was carried out over ten selected points
and in two stages: confirmation test using piezometer and borehole diameter
enlargement. Moreover, only piezometers with flow rate greater than 10 m’/h
were enlarged. The tomography processing has identified 10 fractured zones
that are defined by 250 - 1000 ohm-m resistivity values and a width between
15 - 55 m. The confirmation test carried out over ten piezometers exhibits
high flow rates ranging from 9 to 35 m’/h with depths of 30 to 68 m. Nine
over the ten boreholes with a flow rate equal or greater than 10 m’/h, have
improved their flow rates by 50% to 100% after the boring technique. Thus,
the cumulative flow rate has reached 252. 7 m*/h for Savalou city and his sur-
rounding areas.
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1. Introduction

The southwestern region of the hills department is famous in Benin for its water
supply problems because it is located on a portion made up only of crystalline
rocks with slight alteration. Satisfying the water needs of local populations has
been the concern of leaders either at the local or central level. The production of
water for human consumption in the municipality of Savalou is ensured by the
exploitation of surface water with machine installed since colonial times. On the
basis of current annual population growth rate of 2.92% with 2.52% in 1970
(INSAE, 2016), the water demand has increased by a factor of three in a context
of declining resource under effect of climate variability. To remedy this, the use
of groundwater remains the main option to increase the existing flow rate of 150
m’/h (Maliki & Tamadaho, 2012).

This alternative requires more serious methodology in the study of imple-
mentation and execution of drilling work in a context where 70% of geophysical
prospecting work proved unsuccessful after drilling. Geophysics especially elec-
trical resistivity tomography (ERT) is a highly recommended tool for ground-
water prospecting in basement areas (Alle et al., 2018). This method determines
with a better precision, the exact position of the geological discontinuities and
locates the areas of high hydrogeological interest (Vouillamoz et al., 2015; Soro
et al., 2017; Alle et al., 2018). The purpose of this work is in one hand the use of
electrical resistivity tomography (ERT) to determine potential fractured aquifers
and the borehole technique on the other hand to achieve ten (10) large boreholes
in the municipality of Savalou.

In contrary to previous work, the present one does not stop only at position-
ing drilling points but also achieve borehole realization for confirmation of posi-

tion selected.

2. Geographical, Geological and Hydrogeological Contexts

Located in the south-west of the department of hills, the study area is located
between latitude 7°35 and 8713 North and longitude 1°30 and 2°6 East. It shares
its borders with the municipalities of Dassa-Zoumé and Glazoué in the East;
Djidja in the South, Banteé in the North and Republic of Togo in the West for
about 65 km north-south boundary (Figure 1). It long of about 58 km from west
to east and covers an area of 2674 km? which represents 2.37% of the national
territory with a total population of 144,814 inhabitants (INSAE, 2016).
Geomorphologically, there is a very rugged peneplain with isolated domes of
inselbergs and small chains, the longest stretches for about 20 km and pictures-

que hills. The relief culminates between 120 and 500 m with slopes varying
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Figure 1. Location of the study area (source: Fonds topographique IGN 2002).

between 3% and 10% in the agglomerated sites. It largely determines the ability
of runoff, infiltration and evaporation. It is an eroded plain developed on gneiss
and leaving in relief the granite elements or ferruginous carapaces the most re-
sistant.

Geologically, the area lies on a subsoil composed of crystalline rocks with low
alteration (10 m on average) and based on Precambrian material from the old
granitic-gneiss basement. Affaton (1987), Boukari (1982), and Adissin-Glodji
(2012) showed the geological complexity of this area. It is indeed a lithological
and structural ensemble that has undergone several phases of deformation, me-
tamorphism and magmatism. Bietite and/or porphyry granites are found in
Chetti, biotite and/or amphibole gneisses of Dagadoho, biotite and hyperthermic
granulite gneisses of Monkpa and blastomylonites and mylonites related to the
Kandi accident. These various geological phenomena are materialized by nu-
merous fractures generally structured N-S and E-W and giving rise to the prin-
cipal rivers in the area (Figure 1). The most representative of these fractures is
the Kandi fault, 25 km wide and crossing the entire study area from north to
south.

At the hydrogeological level, this area is characterized by the coexistence of
two superimposed reservoirs. It is the case everywhere in the crystalline base-
ment zone in Benin. These are reservoirs of saprolite and fracture, also called
discontinuous aquifers. Though the tanks of saprolite have a primary porosity
and a capacitive role because of their sandy-clay nature, the fracture reservoirs
are underlying with secondary porosity fractures playing a transmissive role. The
study zone therefore has a double porosity/double permeability due to the pres-

ence of a matrix of high porosity with low permeability, and a fractured zone of
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high permeability with low porosity Kamagaté (2006). The results of numerous
drilling carried out by the Village Hydraulic projects in the area show that the
alterite reservoir has a very small thickness that is between 5 and 10 m with
drilling depths ranging from 38 to 80 m, for flows between 0.7 at 10 m*’/h. The
success rate for boreholes is 30% to 70% for village water supply and 20% to 30%
for urban water (high flow) supply.

3. Materials and Methods
3.1. Data and Equipment Used

The data used in this work consist of ten ERT panels made on previously se-
lected sites following the extraction of lineaments by remote sensing, the results
of which are not presented in this paper. The tomography work was done in the
months of June and July 2018. The survey equipment of the ERT for field data
collection, is composed of a Syscal R2 with Swicth 48 from the company Iris In-
struments, with its accessories (connection coils or flutes, electrodes, a hectome-
ter, weights, a compass, a GPS, crocodile clips, a DC/DC voltage converter, a 12
V battery etc.). The geophysical data processing was performed by the software
provided with the equipment such as Prosys II, X2IPI and DC2DInv Res.

On behalf of the drilling work, the data used are summarized in cuttings,
depth drilled, water inflows and flows. The drilling equipment is TH5 (for
FORATEC Society) drilling machine that can work rotary and Hammer Bottom
Hole (MFT) with accessories (tricome, trilame, MFT, rods...) brand Canadian

perfectly adapted to the context of the study area.

3.2. Methods

3.2.1. Geophysical Prospection Technique

The sites prospected by the electrical resistivity tomography (ERT) were retained
after a preparatory work. First of all, examination of the data related to the work
of extractions of lineaments by remote sensing. In addition, analysis of 1D elec-
trical survey the results were carried out. Both analyses were conducted in order
to detect the anomalies previously noted by the drag which results are not pre-
sented in this paper. These data, grouped and analyzed, made it possible to de-
fine the potential sites of hydrogeological interest. The ERT has complemented
this work in order to implement future drilling with certainty and increase the
probability of success of new hydraulic structures. Indeed, the ERT makes it
possible to image properties of a medium from a series of measurements carried
out around and inside it (Descloitres et al., 2008; Soro et al., 2017; Alle et al.,
2018). Applied geophysical methodology consists of measuring the physical pa-
rameters of the subsoil from the surface. That of the tomography of electrical re-
sistivities corresponds to a succession of electrical soundings and electric tracks
made next to each other. It therefore requires a large number of electrodes con-
nected to a multicore cable.

The Syscal R2 (resistivity meter) is able to select the electrodes used for the
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current injection and the measurement of the potential difference in a prede-
fined sequence. For the investigation of the field work of this study, the mode of
data acquisition is programmed according to the dipole-dipole configuration.
Indeed, the work of several authors (Baltassat et al., 2017; Roques, 2013; Alle et
al., 2018) have shown that the dipole-dipole (DD) configuration offers good res-
olution of subsurface terrains and vertical and horizontal discontinuities.

The data acquisition sequences are programmed under the Prosys II software.
Field investigations are made with 240 m profiles for an inter-electrode distance
of 5 m, i.e. 48 electrodes in total. The 10 electrical panels are implemented on 10
sites selected according to their hydrogeological potential. The measurement
parameters (number of repetitions (stacks), injection time, acceptable error,
measurement mode) are previously defined and stored in the syscal. The mea-
surements of the profiles are filtered and processed under the X2ipi software,
then inverted with the Res2dInv software while integrating the topography along
the profiles. For a good comparison of the different electrical panels, it was cho-
sen and applied a color scale for the different ranges of resistivity (between 5 and
4000 Ohm-'m) to the whole of the high definition imaging of the subsoil in the

study area.

3.2.2. Aquifer Capture Technique
The execution of the drilling was done in two phases: a confirmation survey and
a boring technique. In the study area, the drilling takes place on each site in the
soft terrains of the alteration regions and in the hard ground of the crystalline
basement rocks. The method of drilling execution was thus in two stages and
presented as follows.

a) Rotational drilling in alterations

The first geological formations crossed are the saprolite with a small thickness
(2 to 10 m). For this reason, the drilling in these saprolites is made with the rotary

tricone of 9""®

which is 267 mm with compressed air to the roof of the unwea-
thered rock. The tricone is rotated from the soil surface by a string of stems. The
equipment sinks into the ground by abrasion, rotation and thrust. Extraction of
cuttings from the hole is made continuously by circulation of the compressed air
which brings them up to the surface. Cuttings removal is necessary to know the
nature of the rocks crossed. At the end, the tricone is removed and temporary
tubes are inserted along the entire alteration to maintain the walls intact.

b) Hammer drilling in the hard ground of the unweathered rock

After installation of the temporary tubes, drilling is continued with another
hammer drill tool of 6"% (176 mm) until the favorable aquifer zone recom-
mended by hydro geophysical studies is reached. The tool is set in rotation and
percussion to break and grind the rock of the drilled ground. During drilling, the
air flow allows blow-evacuation up the cuttings of the terrain crossed by the an-
nular space on the surface. These cuttings are taken at each change of rod by a
shovel just after they are removed from the borehole. The cuttings are sampled

per meter in boxes for visualization to define the geological section. During the
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drilling, the inflows of water indicating wet fractures are visible (rising water +
cuttings) and quantifiable. Generally, water inflow is progressive. In fact, cross-
ing a major fracture well fed causes a significant increase in flow. The estimation
of discharge at each water flow and its depth is very essential. It helps to decide
on the continuation or the stop of the drilling. Discharge computed is a volumic
discharge based on Equation (1):
0=" 0
t

where V' is water volume in time # Confirmation survey is positive ready for
boring, when its cumulative flow at the end of drilling is equal to or greater than
10 m*/h. In this case, the temporary tubes are left in place and well protected for
the second phase, which is the boring of the initial drilling diameter.

¢) Drilling bore execution

The boring technique is almost the same as the borehole technique. Once the
survey is positive, you have to go back and bore the borehole. It consists of re-
moving the initial temporary tubes and taking over the drilling with tools
(hammer and tricone) for much more diameters. The rotary bore in soft ground
is made with a 15" tricone. Thus, the diameter passes from 9"”® to 15". Once the
roof of the unweathered rock is reached, a temporary tube is always laid and the
drilling in the hard ground follows with hammer drill with 10" diameter. The
drilling engineer must ensure that the pushed/rotated torque is properly ad-
justed to have a steady and constant progression of the cutter. Every 40 cm, the
hole is cleaned by blowing and or sweeping along the stem to evacuate the cut-
tings and to avoid any jamming of the initial hole. At this stage, the influx of
water, its depths, and flows are followed and well noted. It should be noted that
the flow rate here can double or triple or more at each corresponding waterfall
depending on the nature of the rock and the fracture. Discharge computation is
the same as previously. In the case, most productive fractures are on the surface,
there is no need of continuing the boring at the risk of losing the flow in the dry
underlying fractures that absorb water from above.

d) Drilling equipment

The most delicate step in the process of performing water drilling is the
equipment. Caption plan especially the position of the strainered tube influence
the flow. The plan is proposed by mutual agreement between the driller and the
hydrogeologist in charge. As soon as, the drilling plan is set up (tube type, length
and position according to geological structures) they are aligned on the ground
for verification. The caption column diameter is of 178/195 mm. Strainered
tubes are placed in front of water inflow along 3 to 8 meters depending on the
depth of the different fractures crossed. The base of the column is obstructed by
an unstrainered tube that serves as a decanter. The tubes must get down freely
under its own weight into the hole if the drill is well straightened. Otherwise, the
driller must remove the tube and bore back (Drouart & Vouillamoz, 1999). An
above ground of at least 0.5 m must be provided based on the topographic. After
all, filtration layer (calibrated gravel of about 1 to 3 mm diameter) is set up.
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e) Gravelling
Before placing the filtration layer (gravel), the volume of gravel VG to be used
is calculated. This computation is made according to the empirical Equation (2)

of the filtering mass used by Drouart & Vouillamoz (1999).
VG =hx08x(D*-d”) )

With VG the volume of filtering massive in (Liter),

A the height (dimension) of the filter bed in (m),

D the diameter of the hole bored in (inches),

dthe diameter of the tubes in (inches).

Once V,is computed, the graves are inserted into the peri-annular space that
is between the tube and the walls of the ground. Gravel insertion has to be pro-
gressive and soft in order to avoid trapping which forms obstacles (bridge or
bloc) in the annular space. However, in such conditions, tapping the tube col-
umn or inflow of under pressured water is necessary to break the bridge. At the
end of the graveling process, measurements are made to ensure that the expected
gravel dimension is reached. The remaining annular space is filled over two (2)
meters with coarse sand, and the rest by the cuttings up to five (5) meters from
the topographic surface. Then, the five meters remaining after the development
(cleaning) of the borehole is cemented in order not only to maintain the tube
column but also to protect the bore against possible pollution from the surface.

f) Drilling development

The development of drilling is pneumatic i.e. air lift, it is an operation that
consists of sending compressed air into the borehole by galvanized pipes of di-
ameter 1'% up to 1 meter from the bottom of the borehole through which the
water flows to the surface. The pressure of the air sent is progressive in order to
allow a correct rearrangement of the filtering mass. The development is contin-
ued until clean water without sand particles or rock debris or cuttings is ob-
tained. It is confirmed by a control of the sand content by the sand spot method
observed in a 10-liter bucket. At the end of the development, the pipe head is
closed by a lockable metal before pumping test. The overall methodology used is

summarized on Figure 2.

4. Results
4.1. Electrical Resistivity Tomography

The length of the profiles is 240 m, and each profile is positioned in a direction
that allows crossing major lineament more or less perpendicularly. Center of

measurement on profile has to coincide with the deflection zone.

4.1.1. P1 Profile of Monkpa

The P1 profile of Monkpa was made in the direction E-W and secant at the ma-
jor lineation (L1IMP) of the zone. High definition imagery results of inversion
shows good mathematical convergence. The analysis of the imagery shows three

layers:
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Figure 2. Methodological approach used in the study.

- A surface layer (dark blue to light blue in Figure 3) conductive with resistiv-
ity ranging from 10 to 100 Q-m. The thickness of this layer is very variable,
averaging about 6 m along the profile, it is deep and reaches 30 m between
the abscissa X = 75 and X = 125 m of the profile. This layer dipped under a
thin, more resistant layer (lateritic shell) in the west in profile. This first layer
corresponds to the more or less clayey saprolite.

- Alayer (from green to yellow in Figure 3) resistivity ranging from 100 to 850
Q.m in general with a thickness of about 35 m. This layer is very thin ap-
proximately 3 m between the abscissa X = 75 and X = 125 m of the profile.
This second layer represents the cracked zone of the rock.

- In deep region of about 40 m between abscissa X = 80 and X = 160 m profile,
appears a layer with very high resistivity values greater than 4000 Q-m that
corresponds to the healthy crystalline base. This third layer which is the un-
weathered rock is more superficial (8 m from the surface) to the east of the
profile. The discontinuity between the abscissa X = 75 and X = 125 m could
be interpreted as a probable deflection related to a fracture of tectonic origin
which favored the development of an alteration and a thicker fissured zone at
this place thus creating a favorable situation for the implantation I1 of a fu-

ture water point (drilling) at the abscissa X = 115 of the profile.

4.1.2. Profiles P7, P4 and P10

The high definition imagery of the P7, P4 and P10 profiles made perpendicularly
to the major lineaments (L13Bal, L17Ba2 and L3Sj) respectively at Base-Colas 1
(Figure 4), Base-Colas 2 (Figure 5) and Sohédji (Figure 6) inversions results
show good mathematical convergence. The distribution of the electrical resistiv-
ity on each panel has almost the same characteristics as result of the Monkpa P1

profile. Thus, the same interpretation is proposed.
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Figure 3. High resolution imagery of profile P1 at Monkpa.
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Figure 4. High resolution imagery of profile P7 at Base colas 1 (Savalou).
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Figure 5. High resolution imagery of profile P4 at base colas 2 (Savalou).
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Figure 6. High resolution imagery of profile P10 at Sohédji.

A superficial horizontal layer along P7, P4 and P10 is of variable thickness
with average value of about 8 m. In addition, the electrical resistivity ranges

from 10 to 50 Q-m for the profile 7, from 10 to 40 Q-m for the profile 4 and
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from 10 to 60 Q-m for the profile 10. These resistivity values correspond
most likely to saprolites that are clayey and saturated with water (from dark
blue to light blue).

- Below is a relatively resistant layer of 50 to 800 Q-m for the profiles P7 and
P4 whereas it is of 60 to 1000 Q-m for the profile P10. These resistivity values
are relative to the fractured rocky zones. The thickness of this second layer is
about 5 m except for the right deflections where they deepen. These high
depths are noted between abscissas X = 75 and X = 125 for profile P7 and
between abscissa X = 125 and X = 162 of profile P4 and between abscissa X =
110 and X = 135 of Profile P10.

- Finally the third very resistant layer, resistivity greater than 1500 Q.m, ap-
pears at 12 m depth and has discontinuity locally within it. These discontinu-
ities result in a deepening of the conductive zone (fractured zone) up to 35 m
with a width of 55 m for profile P7 and a width of 35 m for profile P4, Nev-
ertheless, for the profile P10, the lower limit of the discontinuity is not per-
ceived by the electrical panel. However, its width is 20 m.

As with the high definition imaging of the Monkpa P1 profile, each disconti-
nuity observed here could also be interpreted as a probable deflection related to
a fracture of tectonic origin that favored the development of an alteration and a
thicker fissured zone. This gives a favorable situation for the implantation of fu-
ture water points (drilling) I2; I3; I4 at abscissa X = 115, X = 140 and X = 130
respectively on the P7 profile at Base-Colasl, the P4 profile at Base-Colas2 and
the P10 profile at Sohedji (Figures 4-6).

Since we cannot present the high-definition imagery of the ten (10) profiles
produced for this paper, we only hold four (4). However, the characteristics of

the ten panels made are showed forward.

5. Hydrogeological Interpretation of Geophysical Models

The hydro-geophysical approach consists of transformation of geophysical mod-
els into hydrogeological ones. Thus, a hydrogeological interpretation of the
high-definition imagery of the different electrical panels of the ERT is done. One
aspect of this study was to correlate the geophysical parameters (resistivity) with
the different components of soil. The high definition imagery of each of the ten
profiles provides the following information: 1) the presence of an alteration
thickness that varies from 7 m (profile 13) to 20 m (profile 9), 2) a fracture zone
that results in a well-developed weathered cracked zone and 3) the unweathered
rock where is located probable faults which allowed the deepening of the altered
cracked zone. The results show that the geophysical model in area study is: 10 to
150 Ohm-m for saprolite, 250 to 1000 Ohm-m for fractured zone and 1000 to
4000 Ohm-m for hard rock (unweatherd rock). Following the hydrogeological
interpretation, points with high potentialities were identified and their characte-
ristics are summarized in Table 1.

Firstly, the analysis consisted in comparing the average values of the thick-

nesses of saprolite, the thickness of cracked zone and the extension of the
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Table 1. Summary of the results and interpretation of the ten panels: Comparison of the
favorable points. In green the best values; in yellow the intermediate values in red the
worst values of each parameter.

Saprolite Faults Fracture

Prospective Distance on  Fracture zone , . j Fractures
K o thickness thickness extension .
water point  profil (m)  resistivity (Q2-m) direction
(m) (m) (m)
MpP1I1 115 350 to 850 10 40 40 N10
BalP712 120 300 to 700 08 30 55 N40
Ba2P4I3 140 300 to 800 35 -
SjP1014 130 400 to 1000 20 N44
Sg2P315 125 250 to 600 45
Dh1Pé6l6 110 300 to 850
Dh2P1317 115 350 to 700
KsP9I8 135 400 to 1000 20 30 20 N40
AjP2019 105 250 to 800 10 12 35 N45
HnP15110 125 300 to 850 08 15 50 -

fracture of the ten profiles. The electrical resistivity ranges of the different frac-

ture zones on each profile are good for carrying out positive drilling and corres-
pond to the results of Alle et al. (2018). A local comparison of the different fu-

ture water points, which are all considered favorable, shows that:

Implantations I1, I5, 16, I8 and I9 have in average the thicknesses of the most
acceptable saprolite (15 m) which ensure the storage function, and relatively
acceptable lateral extensions (30 m in average) except 16 which only have 15
m extension. Apart from I1, the thickness of the crack zone is very small for
the four other implantations. For these five locations, the dimensions of the
tanks are generally the most convincing for obtaining large boreholes.
Implantations 12, 14 and I10 have a thickness of average saprolite (8 m) with
the best lateral extension of fracture of (55 m) for 12, (50 m) for 110 and av-
erage (20 m) for I4. As for the altered fissured zone, it is acceptable (30 m)
for 12, average (15 m) for I10 and poor (3 m) for I4.

Implantations I3 and 17 have the thicknesses of the weakest saprolite (6 m)
with good lateral extensions. These two sites have very low altered fissured
areas (4 m) on average.

Implantations 12, 14, 16 and I8 are on fracture directions, which is according
to the instructions to Achidi et al. (2012), are the most productive. As for the
implantations I1, I3, I5, I7 and I10 they are on compression directions. Thus,
they are not so much favorable to the realization of drilling.

Therefore, these future water points may be classified in priority order as I1,

12,18, 19, 15, 14, 16, 17, I3 and 110

6. Analysis of the Signatures of High-Flow Drilling

After ERT work, interpretation of the results and prioritization of future water
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point locations, the work of completing the ten (10) holes followed.
* Drilling F6

Monkpa drilling (F6Mp): 47 m deep, it was carried out on biotite gneiss over
5.02 m at the tricone corresponding to the thickness of the alteration (TA) and
41.98 m at the bottom of the hole (MFT) corresponding to the thickness of the
drilled plinth of which 37.98 m in the altered fissured zone (AFZ). Two (2) water
inlets were crossed respectively at 35 and 40 m depth for a cumulative flow of 10
m’/h during prospection and 10.5 m*/h after drilling and equipment with a wa-
ter column of 27 m. The technical and lithological structure of the Monkpa drill
is shown in Figure 7. A single strainer of 6 m was used to capture the two water
inflow (WI).
* Drilling F1

The drilling of Base Colas 1 (F1Bal): from a depth of 55m, it is carried out on
hyperstene gneiss with 5.25 m tricone corresponding to the thickness of the al-
teration (TA). The thickness of the base drilled with MFT is 49.75 m, of which
46.75 m is for the altered fissured zone (AFZ). Two (2) entrances of water are
crossed respectively at 23 and 45 m of depth for an accumulated flow of 10 m*/h
during the confirmation survey and of 25 m*/h after boring and equipment with
a water column of 48 m. Figure 8 illustrate the lithological section and the col-
umn capturing the drilling carried out at Base Colasl. Two strainers of 6m are
used and placed in front of water inflow (WT).

The summary of the work carried out on the ten (10) confirmation surveys

considered in this paper is presented in Table 2.
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Figure 7. Lithological section and column of catch-
ments of the drilling (F6Mp) of Monkpa.
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Figure 8. Lithological section and column of catch-
ments of the drilling (F1Bal) of Base Colasl.

Table 2. Location and characteristics of the ten (10) confirmation surveys.

Forage Coordinates Depth TA ?:j Depth (m) Q (w¥h)
X Y (m)  (m) WL, W,
F1 Bal 1.94973 7.92037 55 5.25 46.75 23 45 10
F2 Ba2 1.9661 7.9140 48.8 5.03 374 30 42 12.3
F3Aj 1.87464 7.95643 55 3.76 47.77 33 45 15.3
F4Sg2 1.9272 7.8311 30 4.51 22.68 26 - 22.6
F5Sj 1.93468 7.85005 36 4.8 28 21 - 24
F6Mp 2.04166 7.90053 47 5.02 37.98 35 40 10
F7Dh1 1.93086 7.85800 35 5.35 24.65 20 26 35
F8Dh2 1.92760 7.90588 68.4 53 48 36 46 13
F9Ks 2.0151 7.8850 30.4 6.2 20 18 - 11
F10Hn 1.9001 7.8441 63 4.8 46.5 32 - 9

The ten drill holes (confirmation surveys) are described in detail in Table 2.
We emphasis on the variations of the depths, the inflow of water and the flow

rates obtained during the final drilling. The analysis of the table reveals that in
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the study area, the rock (Gneiss) is altered up to 5 m deep, followed by fissured
and fractured gneiss over thickness varying from 20 to 47 m depth. The healthy
gneiss appears at some points, showing local fractures of few centimeters thick-
ness until the end of drilling. Drilling depths vary between 30 and 63 m with
generally two water inflows between 21 and 45 m depth in the altered cracked
zone. After drilling, except the Hangbanou F10, the other nine drilling have flow
rates higher than 10 m*/h which made allowed drilling.

The results from the boring work in terms of flow rates are presented in Table

At the end of the boring work, the main objective is to increase drilling flows
by widening the diameter of confirmed drilling. The analysis of this table shows
that excepting the Sogo F4 borehole, where the flow of the confirmation survey
(22 m*/h) dropped to the bore (12.3 m’/h), the remaining eight showed flow in-
crease. Moreover, the F7 drillings of Dagahoho, Sohédji F5 and F1 of the Cola
Base 1 exhibited an increase of 100% on average of their flow after boring. For
F2 drilling of Cola2 Base, F3 of Aglamidjodji, F8 of Dagahoho 2 and F9 of
Kpapkassa failed to double the flow of the borehole survey. Nevertheless, there
was an increase of 50% in average. Only the flow rate of the Monkpa F6 borehole
remained more or less constant from the borehole survey (10 m’/ h) to 10.5 m*/h.

Statistical analysis is made and presented in Figure 9. In the diagram, it is
noted that the drilling technique in the crystalline basement area allowed 100%
or more increasing flow rate over 34% in drilling. In addition, 50% of flow rate
increase is observed over 44% in drilling. However, the boring technique had no
effect on 11% of the boreholes. Furthermore, 11% of the boreholes experienced a
drop in flow as a result of drilling.

With these results, we can conclude on the following:

- The ERT allows drilling to be implemented with a success rate of 100% in the
basement rocks with good flow rates;

- The drilling technique in crystalline basement rocks, it is possible to increase
from 50 to 100% the flow of bore.

However, the distribution of the groundwater resource is spatially non linear
in the context of crystalline basement rocks otherwise, similar flows should be

obtained in the various drillings.

7. Discussion

The geophysical prospecting method adopted in this work has identified the dif-
ferent interesting structures for the positioning of future water points in the
study area. Indeed, the high definition imagery of the ERT of the subsoil 2D of

Table 3. Comparison of drilling flow after confirmation survey and boring.

Forage FlBal F2Ba2 ©F3Aj F4Sg2 F55j F6Mp F7Dhl F8Dh2 F9Ks
Qs (m3/h) 10 123 153 226 24 10 35 13 11

Q poring (M) 25 155 204 123 51 10.5 85 17 16
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| 45|

Figure 9. Diagram summarizing flow statistics after boring technique.

each of the ten (10) sites showed the presence of the conductive zones in the re-
sistant base. These zones probably correspond to fractures that are excellent
flux-conductive. The observation and interpretation of the panels of the various
profiles made, allows good location of the discontinuities zones and if necessary
stakes is repositioned in order to maximize the success rate of drillings. A similar
approach conducted by Vouillamoz (2003) in Moznmbique and Alle et al. (2018)
in Benin in the basement area strongly recommended the use of ERT for im-
proving the success rate in drilling implementation. With the ERT, we clearly see
in 2D conductive zones in the resistant basement rocks, which show the lateral
extension of these discontinuities, and the thickness of the crack-alteration zone
as well as the fractured zones which are the groundwater circulation corridors.
The knowledge of these elements contributes to precise implantation of bore-
holes. However, the actual hydrogeological characteristics of each site can only
be obtained through the execution of mechanical survey. With the mechanical or
confirmation survey, one obtains punctual and local information from the im-
planted point. This makes it easier judgment of the reliability of the implantation
studies.

Thus, the results of the drilling of the ten drill holes implemented allowed the
calibration of the results of the geophysical prospecting campaign by the ERT. It
appears from mechanical survey that the average thickness of alteration in the
study area is 5 m against 11 m at the prospection. As for the limit of the fis-
sured-altered zone and the fractured base, it is not well perceived during the
geophysical prospection. However, there are well visible during drilling and al-
low clear geological structure of the divers soils. The thickness of both seems to
coincide with that obtained during the survey (25 m on average). At the end of
the drilling, the success rate is 100%, rate obtained for the first time in basement
area with very good flow rates (10 to 35 m’/h) never obtained in the past. In ad-
dition, with the bore technique used for the very first time in the study area, the
flow doubled (from 35 to 85 m?/h, i.e. an increase of more than 100% in the flow

rate) in Dagadoho for instance. It should be noted that these flow rates come
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solely from cracked-fractured zones, that is to say without the contribution of
the alteration which constitutes the storage zone and which would contribute to
the flow according to Descloitres et al. (2008), Soro et al. (2017) and Alle et al.
(2018). It is retained that in Savalou and surrounding area, the water coming
from the alteration in insignificant because of low thickness (5 m on average).
The small thickness of the alteration facilitates the observation of the fissured

fractured zone in 2D with the ERT, thus the implantation point of the drillings.

8. Conclusion

At the end of the present study, it appears that the geophysical investigations by
the ERT allow identifying and defining the characteristics (thicknesses of altera-
tion, depth of the fissured horizon) of the aquifers for drilling implementations
with 100% of successful rate during drilling survey. In addition, the borehole
technique also significantly improved and achieved unprecedented flows in the
study area. In fact, the borehole has increased the flow obtained at confirmation
surveys from 50% to 100% and has mobilized a cumulative flow of 252.7 m*/h
for the nine new boreholes for water supply of the city of Savalou and sur-
rounding. Thus, the geophysical prospection by the ERT and the drilling works
by the boring technique remain complementary methods that help reducing wa-
ter chore for the populations in the crystalline basement zone.

We intend to continue the investigations by carrying out long-term pumping
on each of the nine boreholes in order to determine the hydrodynamic parame-

ters of these fractured aquifers captured.
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