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Application of the resistivity method to study groundwater potentialities

ABSTRACT

Wadi El-Assiuti is located east of Assiut city and extends in almost northeast direction. The entrance of the wadi is
suitable site for reclamation and city planning projects. Consequently, it is very important to study the groundwater
potentialities of this part of Assiut governorate. Electrical resistivity measurements included 29 vertical electrical
sounding (VES) applying Schlumberger layout were carried out. The obtained VES-curves were quantitatively
interpreted to deduce the corresponding geological layers, its true resistivities and thicknesses using the available
computer program. The results of quantitative interpretation indicated presence of two possible water-bearing layers.
The first is expected at depth ranging between 13 and 47 m with thickness varies between 20 and 70 m. A second
possible aquifer is expected at the eastern part of the area and is characterized by depth ranging between 110 and 130 m
and thickness between 60 and 80 m. The results of drilling data obtained at VES station 5 emphasized the data obtained
from the quantitative interpretation of the VES-curves in the studied area.

INTRODUCTION

Wadi El-Assiuti is one of the most important wadies in the
Eastern Desert of Egypt. Its entrance lies to the east of Assiut
city, east of the Nile flood plain (Fig. 1). The area investigated
covers about 3 km2 from the great area of the entrance of the
wadi. The major problem of this vast area is the lack of
sufficient and safe water supply necessary for land
reclamation, construction of new communities and livestock
needs. Consequently, the authors carried out an earth
resistivity study only on this small part of the entrance of the
wadi (as example) to investigate possible solutions for the
groundwater exploration.
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Fig. 1: Location map of the studied area (a) and the drainage
system of Wadi El-Assiuti (b).

Different geological and geophysical studies were carried
out by many authors on the-area and its neighborhood such as
El-Gamili (1964), Omara et al. (1970, 1974) Youssef et al.
(1977), Bakheit (1983, 1989) and many others. It is important
to mention here that Bakheit carried out a geoelectrical study
at the entrance of the wadi on a regional scale. In the present
study 29 VES-stations were measured only on small part of
the entrance of the wadi to recognize its groundwater
possibilities in some detail.

GENERAL GEOLOGY

The entrance of Wadi El-Assiuti is mainly covered by
Plio-Pleistocene  sediments concealing Lower Eocene
limestone bed rock. It is bounded by the Eocene limestone
scraps from the north, south and east, and by the Nile flood

plain from the west. The wadi drains southwestward into the
present River Nile. Its drainage system is identified in Fig. 1.

Said (1981) traced and mapped the Quaternary sediments
at the entrance of Wadi El-Assiuti (Fig. 2) as follows:

1. Recent to subrecent alluvial cover (fanglomerates and wadi
filling).

2. Neonile sediments (made up of silts and clays).

3. Prenile sediments (Qena Formation, made up mainly of
sands).

* 4. Paleonile/Protonile sediments (composed of Armant Forma-
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tion which made up of gravels and fine grained clastics to-
gether with Issawia Formation which made up of travertines
with conglomerates and breccias.

5. Paleonile sediments (made up of red-brown clays, sands and
silts). .

The Lower Eocene limestone exposed on the escarpment
faces bounding the entrance of the wadi can be arranged from
base to top as: Thebes, Durnka, Manfault and Ibrahimi
formations (Mansour and Philobbos, 1983).
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Fig. 2: Geological map of Wadi El-Assiuti area (after Said,
1981)
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According to Bakheit (1989) the structural elements
observed in the limestone plateau surrounding the entrance of
the wadi include faults and folds. The faults have different
trends; N 140°, N 50°-70° and N-S. Folds are represented by a
very dense system of narrow and long folds having the
dominant direction N 115°.

For the purpose of the geological study a topographic map
of the surveyed area was set up (Fig. 3). It shows elevations
ranging between 77.5 and 84 m above sea level.

* YES-station

Fig. 3: Topographic map of the area.

GEOPHYSICAL INVESTIGATION

The electrical resistivity survey carried out in the studied
area was achieved in January, 1991. It comprises 29 vertical
electrical sounding (VES) stations distributed in regular grid
of electrode spacing (AB/2) varied from 1.5 m to 700 m in
NE-SW direction. The distance between every two stations
equals to 300 m (Fig. 4).

Before going on the quantitative interpretation process for
the measured field curves in this study, using computer
program prepared by Zohdy and Bisdorf in 1989, the authors
applied this program on four-layer theoretical curve (Fig. 5a)
of known results (Table 1). As shown in this table it is clear
that there is no essential difference between the known results
of the theoretical curve and those results obtained from the
application of the computer program. Consequently all the
measured VES-curves were interpreted following this program
in order to recognize its different buried geoelectrical layers,
its resistivities and depths.
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Fig. 4: Location map of the VES and the studied profiles.

Table 1
Comparison between the known results and those detected
from the application of the computer program on four layer
Schlumberger theoretical curve.

Known results Interpreted results

Layer

No. Resistivity Thickness Resistivity Thickness
(ohm.m) (m) (ohm.m) (m)

1 30 13 31 12

2 75 45 69 41

3 12 137 15 115

4 >>100 - 222 -
RESULTS AND DISCUSSION

The obtained results of the the quantitative interpretation
usually give rise to many sub-layers with different resistivity
values. Therefore, these layers must be grouped together
according te resistivity value consideration into a limited
number. An example showing field curve (Fig. 6a) and its
calculated and digitized one (Fig. 6b) which selected here is
representing the VES-curve no. 13. In this sounding curve the
detected sub-layers were grouped into 6 layers. The results of
the quantitative interpretation recognized in this study is
presented in Table 2.
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on theoretical curve (a) and its corresponding interpreted 13(a) and its corresponding interpreted one (b).
one (b). :
Table 2
Results of quantitative interpretation in the studied area.
Calculated true resistivity (p,) of Thickness (t) of layers Assumed
detected layers in ohm.m (m) aquifer
(First)

s EE Z
& § J ) P3 by Ps Pg P74 b 3 Y 5 1 g3 %
- 2 AE &

1 78 4500 2250 104 40 © - - 15 45 27.0 66.0 - - 33 66 40
2 79 110000 2750 1200 400 28 o - 15 105 6.5 8.5 700 - 27 70 28
379 100000 6660 2165 700 29 o - 20 125 9.5 10.0 600 - 34 60 29
4 78 12000 12000 2900 300 68 » - 15 50 4.0 22.5 570 - 33 57 68
5 71 72000 2200 500 100 60 620 oo 1.5 3.0 5.5 37.0 550 - 47 55 60
6 78 125000 12500 4329 260 23 o -~ 2.0 115 75 11.0 63.0 - 32 63 23
7 79 85000 56695 2520 23 o 1.0 3.0 17.0 58.0 - - 21 58 23
8 79 63000 3150 410 45 ©© - - 25 50 17.5 64.0 - - 25 64 45
9 80 123000 40959 1150 60 o - - 1.0 2.0 31.0 38.0 - - 34 38 60
16 79 100000 5000 700 45 20 o - 1.5 25 5 18.0 360 - 27 36 20
11 81 80000 2000 600 90 36 e - 20 40 35 16.5 500 - 26 S0 36
12 81 70000 1750 180 80 o - - 2.0 55 16.5 63.0 - — 24 63 80
13 80 150000 37000 1600 450 45 o - 20 20 9.0 15.0 600 - 28 60 45
14 80 135000 5600 580 70 o - - 20 55 15.5 44.0 - - 23 4 70
15 78 80000 5328 750 80 S 2.0 45 12.5 30.0 - - 19 30 80
16 78 160000 4000 400 11 R 1.0 3.0 17.0 53.0 - - 21 53 11
17 79 200000 5000 153 26 © - - 20 50 24.0 36.0 - - 31 36 26
18 82 65000 13000 375 38 ©© - - 20 40 25.0 46.0 - - 31 46 38
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Table 2 Contd.
Calculated true resistivity (p,) of Thickness (t) of layers Assumed
detected layers in ohm.m (m) aquifer
(First)
x zet
2 § Py ) P3 Pg Ps Pg P Y b Y Y 5 %5 « £
2 8 E «
19 82 90000 9000 253 15 o - - 2.0 4.0 12.0 36.0 - - 18 36 15
20 82 100000 10000 300 16 320 - - 2.0 3.0 15.0 45.0 - - 20 45 16
21 84 50000 5000 175 9 0 - - 2.0 4.0 19.0 21.0 - - 2521 9
22 83 85000 5300 2650 220 8 o - 2.0 20 6.0 24.0 230 - 34 23 8
23 81 33000 6600 200 10 o - - 2.0 3.0 18.0 18.0 - - 23 18 10
24 80 95000 19000 1300 33 o - - 1.0 1.0 15.0 45.0 - - 17 45 33
25 80 55000 5500 200 40 o - - 1.0 1.0 28.0 52.0 - - 30 52 40
26 82 42000 4800 1250 65 1000 19 oo 1.0 2.0 10.0 23.0 750 60 13 23 65
27 83 60000 6000 700 18 1120 16 1.0 3.0 14.0 29.0 800 80 18 29 18
28 83 55000 11000 650 17 o - - 2.0 3.0 16.0 40.0 - - 21 40 17
29 83 85000 8500 238 12 o - - 1.0 2.0 13.0 20.0 - - 16 20 12

These results together with the subsurface data collected
from some private wells were used to recognize the possibility
of occurrence of water-bearing layer in the studied area.
Possibly two water-bearing layers can be expected in this area.

The assumed shallow aquifer is expected at depths ranging
between 13 and 47 m (Fig. 7). Its thickness varies between 20
and 70 m (Fig. 8) showing increase southwestward (i.e.
toward the Nile flood plain). The calculated resistivity of this
detected aquifer ranges from 8 ohm.m (VES-station 21 & 22)
to 80 ohm.m (VES-stations 12 & 15) (Fig. 9). The determined
elevations at all VES-stations and the recognized depths of
assumed shallow aquifer were used to infer its probable water
table shape. This water table varies between 35 m at VES
station no. 5 (in the western part of the studied area) and 68 m
at VES station 26 (in the southeastern part). The contour
values generally increase to the northeast direction (Fig. 10).

The interpreted low resistivity values within the first
assumed water-bearing bed at some VES stations, e.g. VES-es
16, 21 and 23 can be related to presence of brackish water at
these localities.

Six subsurface sections have been constructed along the
profiles illustrated in Fig. 4. These sections (Fig. 11) show
different geoelectrical sub-layers of different shapes.

Inspection of these sections show the following:

1. The first geoelectrical layer (representing the surface
layer) has a high resistivity reaching 200.000 ohm.m

2. The second layer has an intermediate resistivity ranging
~ from 8 to 80 ohm.m. It probably represents the assumed first
water-bearing layer in the area concerned.

3. The third layer is characterized by very high resistivities
and may be represent the bed rock (possibly the limestone).

4. An assumed relatively deeper water-bearing layer can be
expected in the area and it appears to the east (Fig. 11f). Its
depth and thickness varies from 110 to 130 m and from 6 to 80
m respectively.
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Fig. 7. Depth map to the top of the first assumed
water-bearing bed.
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¥yES-station

Fig. 8: Thickness map of the assumed first water-bearing bed.

*YES-station

Fig.9: Interpreted true resistivity map of the assumed first
water-bearing layer.

*VES-station

Fig.10: Interpreted water table map at the studied area.

The recharge of the assumed first water-bearing layer is
probably related to the River Nile especially in areas at which
the water table is lower than 48 m (the value of the water level
of the River Nile at the area south of Assiut bridge) (Fig. 10).
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Fig.11: Interpreted subsurface cross-sections in the studied
area.

Results of drilling data at the VES-station 5 (considered
the best locality having lowest water table) emphasized the
results of the quantitative interpretation of the VES-curve. A
correlation between the lithologic information and the results

of the interpreted VES-curve at the VES-station 5 is identified
in Fig. 12.
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Fig.12: Correlation diagram between the drilling results (a)
and the interpreted geoelectric layers at the VES-stations
5 (b).

CONCLUSIONS

From the foregoing results and discussion, the following
conclusions can be formulated: 1) The VES-curves
characterize multilayer sections of 5-7 geoelectrical layers, 2)
The depth to the assumed first aquifer varies between 13 and
47 m, while its thickness ranges from 20 to 70 m, 3) Possible
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second aquifer is expected in the eastern part of the area and it
has a depth ranging between 110 and 130 m and its thickness
varies from 60 to 80 m, 4) The first aquifer feeding is probably
from the River Nile, and 5) The subsurface information at the
location of station 5 confirmed the geophysical conclusions
where water was explored at a depth of 39 m.
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