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Abstract:

The resistivity survey was carried out by using vertical electrical sounding (VES)
and 2D imaging techniques in the northern Badra area, Eastern Iraq. Eleven VES
points distributed on two parallel profiles and six 2D imaging stations were applied
using long survey lines.

In general, two types of aquifers are recognized in the study area. The first is the
Quaternary aquifer, which appears in all geological sections and inverse model of
2D imaging stations (2DS).This aquifer can be divided into upper and lower aquifers
as shown in (2DS1), (2DS3), and (2DS4). Generally, the thickness of this aquifer
ranges between (30-200 m) which occurs at a depth of (10-30m) according to
geological sections, while its thickness ranges between (35-180m) and occurs at
depth (10-45m) according to the inverse model of 2D imaging stations. The second
is the AL-Mukdadiya aquifer, which appears only in 2DS1 at a depth of (140m), and
it thickness is more than (80m).

The comparison between VES and 2D imaging techniques revealed that the VES
technique is the best in delineating the boundaries between layers. However, the 2D
imaging technique is better at delineating the aquifers, and at determining the
vertical and horizontal changes in resistivity within layers and aquifers, and it also
succeeded in recognizing the upper and lower aquifers of quaternary aquifer as
shown in (2DS1), (2DS3), and (2DS4). Therefore, 2D imaging is better at
recognizing more layers or aquifers than that of VES technique, especially with the
gradual decrease (or increase) in resistivity values or layers with small thickness.
Also, the VES technique showed a high depth of investigation (DOI) in comparison
with 2D imaging technique.

Keyword: Vertical Electrical Sounding (VES), 2D imaging technique, Aquifer
delineation.
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Introduction

In recent decades, the electrical resistivity method has been developed rapidly. The one dimensional
(1D) resistivity technique was used in the pioneer works of Conrand Schlumberger [1, 2], where
Vertical Electrical Sounding (VES) was the most used in this technique using Schlumberger array.
The major development of electrical resistivity method in the last 20 year is the two dimensional (2D)
and three dimensional (3D) imaging techniques using common electrode arrays such as Pole-Pole,
Pole-Dipole, Dipole-Dipole, Wenner Schlumberger, Wenner, and Gradient arrays [3-11]

A lot of literature used the VES and/or 2D techniques to delineate groundwater aquifers such as [12-
21]. Other literatures such as [22, 23] used VES and 2D techniques together to delineate aquifers and
make comparisons between them. They concluded that the 2D imaging technique can give better
lateral view of subsurface layers than VES technique .Also, [23] found that the 2D imaging is the best
in delineating shallow aquifers.

The study area is located within the Wasit province in the northern Badra area, Eastern Iraq. It is
bounded between latitude (33° 17— 33° 07') north, and longitude (45° 53'-46° 04') east. The major part
of the study area is flat, reflecting the Mesopotamian zone. The area slopes gradually southwest, where
the highest point reaches (140m) and the lowest point is (50m) above sea level.

Geologically, the Quaternary deposits cover most of the study area. They are basically alluvial fans.
These fans consist of poorly sorted clastics deposits. The Quaternary deposits are gravel, sand, silt,
clay and secondary gypsum within sand deposits near the surface, figure 1-. According to wells drilled
in the Quaternary deposits, the thickness of these deposits exceeds (100m), and it increases toward the
west and southwest [24].

The Quaternary deposits are unconsolidated and usually finer grained than the under laying pebbly
sandstone of AL-Mukdadiya Formation [25].

AL-Mukdadiya Formation (Late Miocene) is comprised of fining upward cycles of pebbly
sandstone, sandstone, and red mudstone [25]. In the study area, this Formation is exposed in the east
Badra area [26].

Two types of aquifers are present within the study area: confined aquifer represented by AL-
Mukdadiya Formation and unconfined aquifer represented by Quaternary deposits [27, 28].

The TDS of groundwater is between (2500-4000 ppm). It reaches 9600 ppm in well (BH5). However,
the lithology of six wells (BH) is used as a reference to compare with the 1D and 2D results.

The aim of this study is to delineate groundwater aquifers in complex sedimentary deposits using VES
and 2D imaging techniques, and to compare them to show the best in determining the aquifers
especially at depths of more than 100 m. So, it will take the use of the long survey lines for VES and
2D techniques to delineate the deep aquifers in complex sedimentary areas.
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Figure 1- Geologic map of the study area [29].

Data acquisition

Eleven VES points distributed on two profiles were collected using Schlumberger array in the study
area, figure 2-. The maximum current (AB) and potential (MN) electrodes spacing was (1400m) and
(80m) respectively. The profile A-A" has (6) VES points with total length equal to (7.5km), while the
total length of profile B-B' is (8.2km), and it has (5) VES points.

The 2D imaging survey was carried out using Wenner-Schlumberger array, because it is moderately
sensitive to both horizontal (for low n-values) and vertical (for high n-values) geological structures.
Also the median depth of investigation and horizontal coverage of this array are slightly better than the
Wenner array [11].

Six (6) 2D stations were carried out in the study area as shown in Figure 2. The total length survey
for each station was (1190m), 120 electrodes, and the electrode spacing was (10m), except for 2D
station two (2DS2), which had a total length of (590m), 60 electrodes, and electrode spacing equal to
(10m). The n-factor was setup as a maximum (6), because the larger n-factor and a-spacing give
relatively deeper information of subsurface [12]. All VES points and 2D stations were applied on flat
area in direction (NW-SE) parallel to the strike of layers using SYSCAL Pro+ resistivity meter.

Finally, it must be mentioned here that 2DS4 and 2DS6 are applied within profile A-A', where the
2DS4 is near well (BH2). 2DS3 and 2DS5 are applied within profile B-B' where 2DS3 is near (BH4).
The 2DS1 and 2DS2 are conducted out of profiles near (BH5) and (BH6) respectively.
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Figure 2- Location of 2D imaging stations and VES points

Results and discussion
a. Results and discussion of VES data

The VES points are plotted on a double-logarithm transparent graph sheet. The curves are
interpreted manually using Ebert method [30. 31, 32], and also interpreted by using the inverse
modeling method of IPI2Win software [33]. The results of inverse modeling are closest to manual
interpretation. Therefore, the results of inverse modeling are used to construct two geoelectrical
sections along profiles A-A™ and B-B", and then, with the help of the lithology of the wells, they are
transformed to geological sections. They show the presence of six zones reflecting the presence of
sand, gravel, silt, and clay layers of Quaternary deposits. The deposits indicate a decrease in their size
in the middle of geological sections, as shown in the geological section of profile A-A", and with
depth. Figure 3 and 4, respectively.

The two geological sections show the presence of the Quaternary aquifer, which consists of sand (or
gravel) and silt deposits with a resistivity range of (3-28Q2m). The decreasing resistivity values are
related to the presence of salt groundwater and/or increasing clay content. The thickness of this aquifer
increases toward SE and ranges between (30-200m). It occurs at a depth of (10-30). There is a sign of
the geological section along profile B-B™ indicating the presence of AL-Mukdadiya Formation.
However, evidence of this, for example the presence of a deep well, is non-existent.
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Figure 4- The geological section along (B-B") profile.

b. Results and discussion of 2D imaging data
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The RES2DINV software [34] is used to interpret and create inverse models of measured data of the

2D stations. The results of interpretation are given in the following:

-The inverse model of 2DS1, figure 5- shows five major horizons reflecting five lithological layers as
shown in BH5. However, this inverse model shows two aquifer types. The first is unconfined aquifer
reflecting gravel, sand, silt, and clay of the Quaternary deposits and occurs at depth (10m). This
aquifer has resistivity ranges between (1-55 Qm) and thickness reaching (130m).
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Figure 5- The inverse model of 2DS1.

The first aquifer can be separated into upper and lower Quaternary aquifers. The second aquifer is
confined aquifer, which represents the pebbly sandstone of the AL-Mukdadiya Formation according to
BHS5. It has resistivity ranges between (57-292 Qm). This aquifer occurs at a depth equal to (140m),

while its thickness is more than (80m).

-The inverse model of 2DS2 shows the presence of five horizons. According to BH6, they are
reflecting five lithological layers, figure 6-. The aquifer in this inverse model appears at depth between
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(45-50m) and has a thickness between (35-55m). This aquifer reflects the presence of gravel layer of
Quaternary deposits. Its resistivity values are ranging between (9.55-19.8 Qm).
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The inverse model of 2DS3 shows four horizons reflecting four lithological layers belonging tothe

Quaternary deposits, figure 7- according to BH4. The quaternary aquifer in this model is separated
into upper and lower aquifers. The upper aquifer has resistivity ranging between (3Q2m) to more than
(12 Qm), and thicknesses between (60-100m). The lower aquifer occurs at a depth of about (190m)
with unknown thickness. Its resistivity values range between (5Qm) to more than (12Qm). However,
the lower aquifer dose not seen in the geological section along profile B-B’, figure 4-.
The interpretation of VES-11, which is located near electrode number (41) of 2DS3, indicates
approximately coinciding with the resistivity values of 2D inverse model especially to depth of (90m).
Beyond this depth, the VES-11 shows a very thick horizon with resistivity of (3.272 Q.m) and
thickness of (356.5), while the 2D inverse model shows a horizon with approximately the same
resistivity, but with a thickness of (100m), which may reflect the presence of clay layer. This
difference is accepted because, in 1D technique, the resistivity values of the horizons are calculated
from an average of resistivity values. However, VES-11 may give a sign of the presence of AL-
Mukdadiya deposits, which are not shown in 2DS3, because it has more depth investigation than that
of the 2D technique.
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Figure 7- The inverse model of 2DS3.

The inverse model of 2DS4 shows the presence four horizons, figure 8-. However, the third horizon
represents silt deposits as shown in BH2, and it extends along the inverse model. The depth of this
horizon reaches to (40), and its thickness ranges between (50m) to more than (180m). Its resistivity
ranges between (6Q2.m) to more than (26Q2.m). This horizon is not shown in the geological section
along profile (A-A’). This means that the 2D imaging technique is better than that of the 1D resistivity
technique in delineating the aquifers and in determining the aquifers. This horizon can be considered
as Quaternary aquifer. One note must be mentioned here, that the thickness of this aquifer increases

179



Thabit & AL-Hameedawie Iragi Journal of Science, 2014, Vol 55, No.1, pp:174-183

rapidly between electrodes number (55-61). as shown in the (2DS3), but the aquifer was separated into
upper and lower Quaternary aquifer, (Figure 7). In 2DS4 inverse model, the aquifer remains without
separation, although its extent decreases by the fourth horizon intrusion. However, this is not evident
in the inverse model of (2DS5) and (2DS6).

The interpretation of VES-6 indicates agreement with inverse model of (2DS4), although the first

and second horizons of VES-6 do not appear in the model section. However, the VES-6 gives more
depth of investigation (DOI) than that of the 2D imaging.
-The inverse model of 2DS5 (Figure 9) shows five horizons reflecting five lithological layers. The
aquifer in this inverse model appears at depth (35-50m). It has variable thickness, which ranges
between (50-90m), reflecting the presence of silt and/or sand layers belonging to the Quaternary
deposits. It resistivity ranges between (6Q2m) to more than (11Qm).
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Figure 9- The inverse model of 2DS5.

The interpretation of VES-10, which occurs near electrode (64) of (2DS5), shows coincidence with
the 2DS5 inverse model, figure 9-. However, the third horizon (clay lenses) in the inverse model does
not appear in the interpretation of VES-10.
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Figure 8- The inverse model of 2DS4.

This indicates that the 2D imaging technique is more accurate, and it is better at recognizing more
layers or aquifers than that of the VES. It gives a more detailed picture of the subsurface than that of
the VES resistivity technique.

The inverse model of 2DS6 shows three major horizons, figure 10-. They reflect the presence of
three major lithological layers belonging to the Quaternary deposits. The aquifer appears at a depth of
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(40-65m), and its thickness ranges between (70-90m). This aquifer consists of silt and/or sand
deposits. Its resistivity values are ranging between (7 Qm) to more than (10 Qm).

The interpretation of VES-5, which occurs near electrode number (64) of 2DS6, does not indicate
accurate results. It shows thick horizon, about (200m) with resistivity equal to (7 Qm), occurs at a
depth of about (76m). While, the 2DS6 inverse model shows that there are two thick horizons. One
occurs at a depth (50-65m) with thicknesses between (70-90m) and another with a thickness of more
than (90m), and occurs at depth of about (140m). The cause of such a case in VES resistivity is the
gradual decrease in resistivity with depth. However, in 2D imaging technique a huge amount of data is
obtained, so it gives an accurate picture of subsurface and it is better in delineating the changes in
resistivity with these layers.
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Figure 10- The inverse model of 2DS6.

Comparison between VES and 2D imaging techniques

1. The geological sections of VES technique succeeded in delineating the boundaries between
layers. But, the invers models of 2D imaging technique are better in delineating the aquifers and in
determining the vertical and horizontal changes in resistivity within layers and aquifers. Also, it
succeeded in recognizing the upper and lower aquifers as shown in (2DS1), (2DS3), and (2DS4).
Therefore, it is better at distinguishing more layers or aquifers than that of the VES.

2. The VES technique failed in detecting layers which have gradual decreases (or increases) in
resistivity values or layers with small thicknesses. While, the 2D imaging technique succeeded in
delineating these layers. This is shown in 2DS4, and 2DS3 in comparison with the geological section
along profiles (A-A"), and (B-B").

3. The VES survey gave a general view of the geological setting of subsurface horizons, while
2D imaging technique gave a detailed view of the subsurface geology. The 2D imaging required a
huge amount of measurements, therefore it showed an accurate picture of lateral and vertical variation
in lithology.

4, 1D resistivity technique indicated high DOI in comparison with 2D imaging technique. But, in
1D resistivity technique, this depth becomes uncontrolled, and it is difficult to determine whether the
distance between electrodes is increasing, while in 2D imaging technique the DOI is controlled by
huge data measurements.

Conclusion

The results of geological sections and invers models of 2D imaging stations showed the presence of
two aquifers:

The first is the Quaternary aquifer, which appeared in all the geological sections and 2D imaging
stations. This aquifer can be divided into upper and lower aquifers as shown in (2DS1), (2DS3), and
(2DS4). In general, the thickness of this aquifer ranges between (30-200 m) which occurs at a depth of
(10-30m), according to geological sections of VES survey, while it thickness varies between (35-
180m) and occurs at a depth of (10-45m) according to invers models of 2D imaging survey.
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The second is the AL-Mukdadiya aquifer, which appeared in 2DS1 only at a depth of (140m), and
thickness exceeded (80m).
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