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An Application of True Resistivity Contour Sections in
Groundwater Exploration (A Case History)

HAMDY S. SADEK, HASSAN M. ABDELHADI and SALAHELDIN A. SOLIMAN
Nuclear Materials Authority, Egypt

ABSTRACT. A resistivity survey was conducted in the vicinity of El Sadat
City in the Western Desert of Egypt as a part of an exploration program for
groundwater resources in this district. The survey consisted of 12 vertical
cleetrical soundings (VES) distributed along three profiles. The Schlum-
berger probe configuration was used with a maximum electrode spacing of
about 2 km and density of measurements of 7 per decade. The resistivity
measurements of each sounding were subjected to automatic reduction and
analysis using modern software of two methods which allow the calculation
of a layering model as well as an n-layers model. Three subsurface true re-
sistivity contour sections were constructed along the profiles using the n-
layers models of the soundings located on each profile. Meanwhile, subsur-
face resistivity bar sections were also constructed along the same profiles
using the layering models of the respective soundings.

The subsurface true resistivity contour sections were successfully
cmployed to obtain more precise interpretation of the corresponding sub-
surface geological layers and the water-bearing formation compared with
that provided by the traditional bar sections. In addition, the contour sec-
tions provided valuable information about the lithological variations within
the subsurface geological and hydrological units. In this respect, it was pos-
sible to map a number of clay lenses as well as gravel rich zones in the disco-
vered water bearing formations. The conclusions reached from this in-
terpretation, were confirmed by the subsequent drilling, based on the pre-
sent study. A heavy duty water well field was constructed in the investigated
arca to supply El Sadat City with most of the present water needs for domes-
tic uses (about 40,000 m/day). )

Introduction

In the last two decades, an extensive effort has been paid to improve the precision of
interpretation of resistivity data using the automatic inversion methods. In this re-
spect, many styles of data analysis and geoelectrical modeling techniques have been
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tested, accepted or discarded. The algorithm, and sometimes the computer software
of most of these methods are discussed in several publications (e.g. Koefoed 1979).
Most of these methods provide an equivalent geoelectrical model for each sounding
curve and a subsurface true resistivity bar section along a profile which includes a
number of soundings. In the present time, this style of resistivity analysis is the most
simple and widespread specially when dealing with the interpretation of an indi-
vidual sounding. However, it still lacks the mode of continuity necessary for the pre-
cise interpretation of a muiti sounding profile. Such mode of continuity can be only
reached through a subsurface resistivity contour section or map built from continu-
ous or semicontinuous true resistivity data located at appropriate depths beneath
each sounding. In the past, many investigators used the subsurface pseudo-resistivity
contour sections and maps constructed from the apparent resistivity measurements
of soundings located at appropriate spacing. However, their interpretation is rather
complex since the depths and resistivity values are not true and do not allow reliable
quantitative interpretation.

One of the most interesting automatic methods of sounding analysis is the Zohdy
method (Koefoed 1979) which is based on the modified Dar Zarrouk function
(Zohdy 1975). The geoelectric layering model (n-layers model) offered by this
method for a sounding curve presents a semicontinuous sequence of true resistivities
in depth. Therefore, the models of a number of soundings, located at appropriate
spacing on a profile, can be successfully employed to produce a subsurface true resis-
tivity contour section beneath the profile. Moreover, this method offers a reliable
base for constructing subsurface true resistivity maps at selected depths for a group of
soundings distributed along several profiles when the sounding spacing is conve-
nient. Another advantage of this method is that it does not require a suggested input
model to start the automatic iteration for calculating the final model as the other
methods do. Instead the number of current electrode spacings in a sounding is consi-
dered as the number of layers while the apparent resistivity values are considered as
the equivalent input resistances for each layer. The only reason that this method is
not of wide use is that the preparation of true resistivity contour sections from the
sounding models requires a certain experience, while the interpretation of these sec-
tions requires a considerable skill.

This paper presents an example on the application of this method during a ground-
water exploration program executed in the district of El Sadat City in the Western
Desert of Egypt (Fig. 1). The project was contracted by the Nuclear Materials Au-
thority (NMA) from the Egyptian Authority of New Urban Communities. The first
phase of exploration included the conduction of 12 vertical electrical soundings
(VES) using Schlumberger array. The sounding sites were distributed at suitable
spacing along three parallel profiles in the northeastern part of the district. The
sounding data were analysed using a computer software which provides the equiva-
lent n-layers model as well as the conventional layering model for each sounding,
based on the methods suggested by Zohdy (1975) and Parasnis (1979) respectively.
The two sets of models were used to produce the corresponding subsurface true resis-
tivity sections and the resistivity bar sections for each surveyed profile. The interpre-
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tation of both sets of sections lead to the discovery of a considerable groundwater
aquifer in a thick Pleistocene section of sand and gravel facies. In addition the con-
tour sections were successfully employed to reveal more information about the sub-
surface lateral variations such as gravel channels and clay lenses. They better re-
vealed the aquifer configuration in terms of precise depth to water table, thickness of
the water bearing formation and outlines of the base formation. The subsequent dril-
ling, based on the present study, confirmed most of the previous conclusions and re-
sulted in the implementation of groundwater field of heavy duty wells with total
capacity of about 40,000 m¥/day which covers most of the water needs in El Sadat
City.

Geology

The West Delta Region is covered by a succession of sedimentary rocks (Fig. 1)
ranging from Quaternary to Tertiary (Said 1962) and can be divided into three main
lithological units.
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FIG. 1. Index map showing location, geology and hydrology of the West Delta Region as well as the sur-
veyed part.

The Tabhrir lithological unit, in the north, is covered by thick Pliestocene deposits
which are essentially developed into sand and gravel facies frequently intercalated
with clay lenses and gravel terraces. The whole section is based by a thick plastic
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Pliocene clay layer (Cairo University 1985). The-thickness of the Pleistocene section
ranges between 300 m, near the Delta, to about 80 m, near Wadi El Natrun. Wadi El
Natrun lithological unit, in the middle of the region, is covered by the Miocene de-
posits which are essentially sandstones of the Moghra formation intercalated with
clays, sands and gravel. Wadi El Fareigh lithological unit, in the south, is covered by
Oligo-Miocene deposits which ranges from the Miocene Moghra formation to the
Oligocene coloured clays, sands, silt and sandstones with basalt sheets and fossillifer-
ous wood. The main structural features are two sets of northwest and northeast
trending faults in the south of the area.

Hydrology

The climate of the West Delta Region is almost arid however, limited rainfalls
rarely occur in the winter. The topography of the district of El Sadat City is not rug-
ged but relatively elevated over the plains in the Nile Delta by few tens of meters,
The groundwater in the district is originated from two main sources; the fresh aquif-
ers in the Nile Delta and the limited rainfalls which frequently occur. The groundwa-
ter reservoires in the Nile Delta are continuously charged with fresh water which
sinks from the irrigation and drainage systems in the Delta are expected to circulate
a considerable amount of this water through the porous Pleistocene section since the
two units are believed to be in a hydraulic connection (Cairo University 1985). It is
believed that a groundwater circulation from the Nile Valley along the fault planes ,,
f,, f5, fy, f5, f, allows the water charged of the porous formations in Wadi El Natrun
and Wadi El Fareigh units (Fig. 1). It is also believed that the limited rainfalls (esti-
mated as few millimeter/year) have insignificant contributions to the groundwater
potentiality in the West Delta Region.

Geophysical Survey

Twelve sites were selected along three profiles to conduct Schlumberger vertical
electrical sounding (VES) survey in the northeastern part of the district of El Sadat
City (Fig. 1). The VES specifications were selected as 7 measurements/decade and
half the current clectrode spacing (AB/2) ranges from 1 m to 1 km in order to obtain
rcasonable data continuity and considerable depth penetration. The instrument used
in the survey is a 750 watts modern resistivity meter model Syscal-R2 (a B.R.G.M,
made) with a microprocessor and RS-232C interface to link the survey equipment
with a field computer model HP-85 where the ficld data are analysed.

Sounding Analysis

The automatic analysis of the sounding curves was achieved using the software of
two methods operated by the field computer. The first method is the Zohdy method
(Koefoed 1979) which is based on the modified Dar Zarrouk function, suggested by
Zohdy (1975) to analyse the sounding curve in an equivalent n-layers model. This
- model consists of a number of horizontal geoelectric layers comparable with the
number of measurements which describe the sounding curve. The method does not
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require a suggested input model since the sample values on the apparent resistivity
curve are taken as the first approximation of the layering model and the final model
is reached after applying successive modifications on the resistivities and thicknesscs
of the model layers through a number of iterations. A Basic computer software was
modified from a previous program, written by Zohdy (1974), to allow the user to
carry out the sounding analysis using a tield computer with a limited core memory,
The program uses the coefficients of the linear filter suggested by O'Neill (1975) to
calculate the resistivity curve. An example of the sounding analysis, using the mod-
ified computer software operated on a field computer model HP-85, is illustrated in
Fig. 2. The resulted model for cach sounding was plotted beneath the sounding site
where each geoelectric layer is represented by a resistivity value located at a point at
the mid-depth between the upper and lower surfaces of this layer. Finally, the sub-
surface resistivity values were contoured in the vertical plane beneath three profiles
along which a number of soundings are arranged at reasonable spacings (Fig. 3). In
addition, horizontal subsurface resistivity contour sections, at depths of 20, 40, ...
120 m below the surface were prepared from the resistivity models of all the sound-
ings (Fig. 4).
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FiG. 2. Example on the sounding analysis of VES-7 using: (a) layering model, (b) n-layers model.

The second method is based on the solution suggested by Parasnis (1975) for the
following equation which describes the apparcnt resistivity curve.

p,=r [T (M ada

where AB is the current electrode spacing, r = AB/2, J, (A) is the first order Bessel
function and 7(A) is the resistivity transform. The solution was programmed in Basic
by the ABEM (a Swedish Corp.} using the linear filter suggested by Ghosh (1971).
The computer program, which can be operated on a field computer, requires a
suggested input layering model. This initial model is modified in, resistivities and
thicknesscs through a number of iterations until the best fit between the calculated
resistivity of the model vnd the sounding curve is obtained. An example, applicd toa
field sounding curve, is i:lustrated in Fig. 2. The final layring models of the soundings
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were used to prepare the resistivity bar sections along the subsurface of the same pro-
files (Fig. 3).

Interpretation

The interpretation of the VES data was achieved using the subsurface resistivity
contour sections which reveal the vertical and lateral variations in the resistivity of
the investigated area. Such interpretation can better distinguish the subsurface con-
figuration of the different formations and the groundwater occurrences that may
exist in the surveyed part.

Subsurface Resistivity Contour Sections

The interpretation of the vertical subsurface resistivity contour section (Fig. 3) was
carried out after the careful examination of the resistivity contour behaviour. The
contour gradient was used to locate the boundary between two geoelectric layers,
while the closed contour was used to described the thickness of any interpreted layer.
Using this criteria, it was posible to obtain an equivalent subsurface geoelectric con-
figuration which can be expressed by the lithologic model superimposed on the con-
tour sections (Fig. 3). It is clear from the model that the groundwater occurs in two
separate aquifers separated by an impervious layer. The shallow aquifer lies in the
porous Pleistocene formations at a depth ranging from 20 to 30 meters having an av-
erage thickness of about 70 meters. The resistivity values within this aquifer ranges
from 35 to 60 ohm m which may suggest that the groundwater in this formation is al-
most fresh. The deep aquifer occurs at depths of about 200 m where it exists within
the plastic Pliocene clay layers and the formations beneath it. The relatively low re-
sistivity values in this zone suggest that the groundwater in this aquifer aquired high
salinity which confirms with the previous investigations which pointed out that a
huge saline old marine fossil water occurs at depths greater than 200 m in many parts
of the Western Desert of Egypt. The sections also demonstrated the lateral lithologic
" variations, such as gravel rich channels and clay lenses, within the Pleistocene forma-
tions.

Horizontal subsurface contour sections which cover the investigated area were
constructed at different levels to recognize the gravel rich portions in the saturated
part at different depths. The sections (Fig. 4) reveal that the northwestern part of the
area (beneath the soundings 2, 3, 4 and 5) may represent the gravel rich section in the
investigated area. Drill hole sites were recommended in this part to investigate the
best groundwater potentiality within the water saturated formations.

Subsurface Resistivity Bar Sections

The subsurface layering of the different sections was obtained by the lateral inter-
polation between the sounding layers which have comparable resistivity. The sec-
tions reveal the occurrence of the two aquifers, however, the resolution of the config-
uration of the shallower one is poor compared with that inferred from the contour
section, Besides, the lateral variations within the saturated formation, can not be dis-
tinguished from these sections (Fig. 5).
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The subsequent exploration drilling based on this study in the sounding sites 1, 3
and 5 resulted in the discovery of a fresh groundwater aquifer with a thickness rang-
ing between 60-90 m of Pleistocene formations. The discovered groundwater is be-
lieved to represent a part of a huge aquifer in the Pleistocene section which originates
from the Nile Delta. Water wells of heavy duty production are currently constructed
in the surveyed area to supply El Sadat City with about 40,000 m*/day.

The geological and geophysical logs of water well A3 (Fig. 6) were correlated with
the previous geophysical interpretation of the sounding data in this location. The
depth to water table {(about 20 m) and the thickness of the saturated section (about
100 m) show excellent correlations with the corresponding values obtained from the
previous interpretation. The most conspicuous feature is the presence of gravel rich
part (sandy gravel in Fig. 6) in the saturated section with about 35 m thickness at
depth of about 100 m which was also expected from the interpretation of the sound-
ing data. It should be pointed out that most of the water discharge in water well A3 s
supplied by the gravel rich part of the saturated section where the well can produce
about 250 m*hour. The drilling data of the rest of the water wells constructed in the
study area provided geological and hydrological information which confirm well with
the previous interpretation of the sounding data.

Conclusion

The previous discussion demonstrated that the subsurface resistivity contour sec-
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FiGi. 6. Geological and geophysical logs of the water well A3, in the site of VES-3, in Field A, El Sadat
City.

tions have several advantages over the other equivalent sections constructed from
the traditional layering methods of sounding analysis. Among other advantages,
they better reveal the aquifer configuration, the lateral variations within the different
subsurface tayers and the local subsurface structures.
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