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Abstract

Electrical resistivity methods are one of the powerful methods for the detection
and evaluation of shallower geophysical properties. This method was carried out at
Hit area, western lrag, in two stages; the first stage involved the use of
1Dimensional Vertical Electrical Sounding (VES) technique in three stations using
Schlumberger array with maximum current electrodes of 50m. The second stage
included the employment of two dimension (2D) resistivity imaging technique using
dipole-dipole array with a-spacing of 4m and n-factor of 6 in two stations. The 1D
survey showed good results in delineating contaminated and clear zones that have
high resistivity contrast. Near the main contaminated spring, the 2D resistivity
imaging technique was applied in four sections length (100 m) using a dipole-dipole
array position coincided with the three points VES. We compared the results of the
interpretation of imaging the techniques 2D and VES. We found that the 2D imaging
resistivity technique was better than VES survey in determining the distribution of
pollution under the surface in the area surveyed. It was also found that the polluted
water is located about 5 m below the surface. The largest amount of leakage was
found towards the northeast and coincided with the direction of the groundwater
movement. Spring water has leaked from outside the region through the Kubaisah
area. Most of this water is contained in quaternary deposits and karst gypsum
fractures.

Keywords: Resistivity method, Contaminated spring, Fatha Formation, Hit-western
Iraq.
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Introduction

Electrical resistivity method was applied to characterize the area contaminated with hydrocarbons,
due to its importance economically and environmentally. Economically, this method is used for
avoiding the contaminated water area and using the clean water area to dig wells, as well as setting
appropriate requirements to prevent the spread of contamination. Environmentally, it is used to
determine the area of sulfur dioxide pollution, its geographical extent, and its health impact on
humans, animals and plants. Hussien et al. [1] pointed out that there is an important relationship
between the continuous emission of sulfur dioxide and its sources from sulfur fountains and sewage in
the city of Hit. The spatial distribution maps of hydrogen sulfide (H,S) showed that 38% of Hit's area
is exposed to the concentration of this compound with the influence of bad smell. Hydrocarbon
pollutants are likely to exhibit low-resistivity anomalies. The entry of hydrocarbons through the soil
leads to a salty halo around these compounds [2- 11]. Anomalies of intense resistivity due to the
presence of an insulating hydrocarbon layer on the water surface results in the effect of noise on
electrical measurements ([12, 13].
Imaging techniques have been proven to be powerful in groundwater pollution studies [14]. New
inversion algorithms were used to produce electrical images, which can represent a realistic 2D or 3D
system. Electrical imaging includes the measurement of a series of constant separation traverses (CST)
or vertical electrical sounding (VES) with increased electrode spacing depending on the type of
electrode arrays to achieve data from large depths. Several authors have used the electrical resistivity
techniques to evaluate and delineate the groundwater leakages. Shevnin et al. [6] used the sounding
resistivity technique that acts as an electrical resistivity tomography (ERT) technique. This has been
applied to demonstrate that oil pollution in the ground alters the resistivity of groundwater and the
surrounding rocks. In addition, it appears as a low-resistivity region so that the resistivity sounding can
be estimated horizontally and vertically, along with its location, lithology, pollution sources, potential
migration paths, and the degree of pollution. Shevnin et al. [7] used VES method on 2D resistivity
imaging technology and 2D interpretation at an oiled site in Tabasco, Mexico. The polluted areas were
characterized by low-resistivity abnormalities, which allowed the estimation of the value of the
boundary resistivity separating the clean and polluted areas. This made the method useful for a more
accurate and detailed determination of the polluted areas. Allen et al. [10] provided a detailed spatial
analysis of the microbial community structure in an ancient underground oil column at the site of a
former refinery in Carson City, Michigan. Initial microbiological measurements showed that high
levels of hydrocarbon-soluble microbial groups can coincide with peak hydrocarbon contamination
and high electrical conductivity levels. Uchegbulam and Ayolabi [11] used the 2D electrical resistivity
tomography in investigating groundwater pollution in Sapele area, Nigeria. The results showed that
the subsurface is characterized with soil material with resistivity ranging from 42 - 15,000 Q'm,
reflecting varying degrees of conductivity associated with changing lithology and fluid type. This low
conductivity formations can be attributed to hydrocarbons, which is an indication that the shallow
aquifer in the study area has been polluted.
Thabit and Khalid [15] suggested that the 2D imaging technique is a successful and powerful tool in
separating contaminated zones from clear ones and in detecting underground seepage depth and the
moving direction in southeast of Karbala city, Iraq. As for engineering studies of karst phenomena in
the Hit region, field electric surveys were applied using Bristow method and 2D resistivity imagining
technology [16- 19]. These studies showed subsurface caves and fractures in different shapes and sizes
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in the layers of gypsum rocks. They represented weak packages that may lead to risks in government
and residential buildings. Karst subzone was reported to facilitate the transmission of sulfur water in
large areas of the city of Hit.

The objectives of the study include evaluating the usability of the vertical electrical sounding and 2D
resistivity imagining techniques to determine the contamination with hydrocarbon materials in
groundwater. We also aimed at the evaluation and delineation of the clean and contaminated areas
according to the limits of the insulating resistivity values.

Materials and Method

Site description

The study area lies within Hit area, western of Al-Anbar governorate. There is a seepage problem in
the site of water contaminated with hydrocarbons. This problem is distributed in different areas of the
city of Hit (Figure-1), the largest of which is an area of exudation that represents a spring for
contaminated water, which is considered as a touristic area while its waters are used as a treatment for
some skin diseases. This area is located in the southern part of Al-Jezira district along the right bank of
Euphrates River.

N OR Y /0
R, ' - A I

Figure 1-Satellite image showing the location of the study area

Fatha Formation (Middle Miocene) represents the main geological outcrop in the area. Fatha
Formation is exposed in the most parts of the Western desert regions. It is divided into four members
described as follows [20]; First, a Lower Member that was developed east of Euphrates and in the
narrow strip along the south bank of the river, and consists of green marl, limestone and gypsum.
Second, an Upper Member that was developed east of Euphrates, especially along Lake Tharthar. The
thickness of this member ranges from 20-30 m. It consists of marl, limestone, gypsum, clay stone, and
sandstone. Third, the Nfayil Member which is exposed only south of Euphrates River and covers large
parts of the region. The beds consist of green marl and limestone. The second course contains oysters,
which is a diagnostic feature of the Nfayil family. Its thickness ranges between 5-18 m. Forth, the
Clastic Member that was developed in the southeastern part only. It consists of marl, clay stone and
fine sandstone with secondary gypsum in a rhythmic nature. The thickness of this member ranges from
10-15 m. A thin layer of limestone may occur at the bottom. Al-Ghurery [21] divided the stratigraphic
sequence of Fatha Formation in the Hit region into interbedded clay and siltstone, marl, and thick
gypsum rocks (Figure-2).
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Hydrogeological conditions

The hydrogeological conditions in the study area are part of the regional hydrogeological settings,
which are controlled structurally by the regional basin depositions of the Upper Oligocene—Quaternary
sediments [22].

The hydrogeological situation was described in a separate hydrogeological system [23,24]
classified into three hydrogeological units, where these units are characterized by conditions not
limited to the feeding area as well as a semi-confined state in a limited state in the discharge area
(Figure-3a). The first unit consists of the prospects for carrying water from the Quaternary sediments,
involving mainly silt, sand, gravel, gravel, and sandstone. It is described by local non-limited
extension of the state of the banking storage located along the banks of Euphrates River, with a range
of permeability coefficient between 5 and 15 m / day. The second unit consists of the prospects for
carrying water which is made up of porous limestone and gypsum fractures characterized by the status
of semi-confined in a narrow case of a small stretch. The permeability coefficient for these horizons
ranged between 1 and 5 m / day. The third unit of water-bearing horizons consists of Euphrates, Ana
and Baba formations, which consist of limestone, crushed porous and broken dolomite. The
permeability of the unit ranged between 4 and 50 m / day. The flow behavior and motion of
groundwater in the study area (Figure-3b) illustrates a common pattern of groundwater in the direction
of ENE, slightly deviated to the directions of NE and SE, which is caused by local geomorphological
and structural phenomena, reflected as a division of groundwater.
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Figure 3-Hydrogeologic map and section within Hit—Kubaiysa region [23]
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Data acquisition
The study included a description of the situation of the natural source bed in the studied area. The
pollutants can migrate to reach the surface through weak areas. The surface source of pollution in the
studied area (at the present time) is the most important and dangerous because of a large amount of
pollutants constantly flow from the contaminated springs that penetrate the top soil to reach the
groundwater and then pollute the shallow groundwater layers.
The field work was carried out using Terrameter SAS 4000 resistivity meter and included two stages.
A- The first stage: The application of the VES technique using Schlumberger array in three
stations (VESAL, VESA3 and VESBL1). The aim of this work is to understand the distribution and the
direction of leakage movement.
B- The second stage: The application of the 2D resistivity imaging method using dipole-dipole
array with a-spacing of 4 m, in 4 stations (Al, A2, B1 and B2). At each station, 25 electrodes were
used along 100 m with electrode spacing of 4 m and n-factor of 6.
The VES survey focused on the same area covered in the first work step. VES, at three VES points,
was used to cover the area around the main contaminated spring. The software IPI2Win was used in
the interpretation of VES points.
2D Inverse modeling was carried out using the RES2DINV ver. 4.9.15 Software, with the standard
least-squares method. The reading points of dipole-dipole array with a spacing of 4 meters are 226
readings.
Results and discussion
VES points

In a qualitative interpretation, there are three techniques used to interpret the three sounding curves
distributed along a profile (A-A ). The first technique is to study the types of VES curves. The vertical
differences curve can reflect the distribution of resistivity values below the surface in the study region.
Therefore, this interpretation technique provides preliminary information about the number of
electrical horizons for each curve, where the preparatory point in the field curve, which reflects
changes in electricity, can notice the increase and decrease in the resistivity values [25]. The values for
each horizon are compared to each other. The field curves in the studied area were categorized into the
following groups:
a— Group (QQHA): This QQHA-type appeared in two VES points, which are VESAL and VESAS3, as
shown in Figures-4 and 5, respectively. These points represent six electrical horizons. The first and
second horizons are represented by gypsum rocks with 17.8 and 17.9 Q.m, respectively. While the
second horizon represents low resistivity values of the partially saturated zone that is located above
water table. The third horizon is characterized by lower resistivity values because it is located under
water table; therefore it reflects the presence of Fatha Formation, which consists of marl, limestone,
gypsum, clay stone, sandstone and sandstone. The fourth, fifth and sixth horizons show gradually
increased apparent resistivity values that are correlated with the depth.
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Figure 4 -The results of inverse modeling method for VESAL point.
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Figure 5 The results of inverse modeling method for VESA3 point.

b — Group (QQQHAA): The QQQHAA-Type appeared in VESB1, as shown in Figure-6. It is
represented by seven electrical horizons. The thin surface of the dry soil layer (0.827 thickness) has
relatively high resistivity values compared with the second, which has 20.7 Q.m of gypsum rocks with
1.66 m thickness. The third horizon represents the third part of the gypsum rock affected by moisture.
The fourth horizon, which represents low resistivity values, may be caused by the presence of the
partial saturation zone of marly interbedded with thin beds of gypsum. The fifth electrical horizon is of
a relatively high resistivity value compared with that of the second horizon.  The fifth horizon has a
lower resistivity value while the sixth and seventh ones have high values. The stratigraphic sequence
adjacent to the Point VESBL1 is located below the area saturated with sulfur water. The stratification
sequence is composed of clay stone, sandstone and sandstone.

100

Pel| M RmSs=4.37% o] = =
P h d Alt
29.1 0.827 0.827 -0.827
20.7 0.837 1.66 -1.664
143 3.58 524 -5.244
7.89 3.28 852 -8.524
10,5 0.315 8.84
189 1.1 9.94
29.2

- M LW M=

I . ] B .| I . P R
1 0 100

Figure 6-The results of inverse modeling method for VESB1 point.

A section of apparent resistivity or a pseudo cross-section gives introductory information about
changes in the values of apparent resistance with the increase in the disconnection of the half-current
(AB / 2). However, three apparent resistivity sections were drawn in this technique using IP12win
along the A —A " profile. The apparent resistivity section (A —A ") passes along the three VES points, as
shown in Figure-6a.

The geo-electrical section (A —A ") passes through the vertical electrical sounding points (VESA1,
VESAZ3, VESB1), as shown in Figure-6b. It is supported by a stratum column of the detector located at
the VESBL1 point (Figure-7). This is represented by the bottom sequence from the bottom to up, where
the lower part is represented by clay stone (reddish brown, hardtop firm) to brownish yellow and hard
limestone bed. It is followed by yellowish marl interceded with beds of gypsum. The last and highest
part is made of a massive bed of gypsum interceded with oil seeps.
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Figure 7-The stratigraphic column of an outcrop in the area [26].

The First Geo-Electrical Horizon is represented by a thin soil layer and characterized by lateral
variations of resistivity ranging between 17.7Q.m in the VESA1 point to 57.7 Q.m at VESB1. This
variation in the resistivity values may be caused by the lithological changes in composition and
farness or nearness of the oil-contaminated water from the surface of the Earth. The second horizon
represents the white plaster layer that is dissolved in some areas due to the leakage of groundwater or
rainwater from the surface of the earth. This is evident at the point VESAL1 which shows the
accumulation of water contaminated with hydrocarbons characterized by low values of resistivity
(4.05 Q.m) at this horizon, while the value is 2.27 Q.m at the third horizon. As for the same two
horizons at the VESAS3 point, the resistivity values increase to 14.7 Q.m and 14.6 Q.m for the first and
second horizons, respectively. This is due to the influence of moisture. The second horizon at point
VESBI is marked with a value as low as 11.1 um, as it is affected by moisture. It is clear that the
leakage of groundwater contaminated with oil materials is concentrated at the VESAL point region.
The flow of contaminated water from a spring which is about 40 m away from this point confirms
these results (Figure-8).

The deeper horizons are represented by silty claystone rocks, according to the stratified column
near the point VESAL, which is characterized by very high resistivity values that indicate its high
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drought. It is believed that the source of this polluted water is located far from the study area.
Whereas, VESAS3 and VESBL are characterized by lower values due to the change of the rocky area in
this direction as well as the influence of water and moisture leakage from the accumulation of polluted
water at VESAL.
2D Inverse of Dipole-dipole Data

Field data were processed with the RES2DINV 4.9.15 software package to create a 2D electrode
[27]. RES2DINV is a computer program that automatically creates 2D designs. The distribution
profile of the subsurface resistivity values was characterized using data obtained from a two-
dimensional electrical survey [28], after cleaning and removing bad data in two stages; the first stage
was building a profile for data points and choosing bad data in a manual mode (Figure-9a). The second
stage is using the RMS error option to cut-off the bad data and the improvement of the total of the
RMS errors using an automatic statically method through removing the data-points with a large
percentage difference (Figure-9b). One of the advantages of this program is that the damping factor, if
the data set is very noisy, a relatively larger damping factor is used. If the data set is less noisy, a
smaller initial damping factor is used. Flatness filters can be custom-made to fit the types of field data
[27].

essirat ant calculated apparent resistivg corralation plat
100/

Eles. spac. ipile length eloome to Edit bata Vindou p8fter completing yeur job, please cLickgErit to return to the Haia ene.

L1
8820 — . :;:: '
[REA] il 7

(YY)

W
L850 - g | £

1 o
. Ealulated £
[Ty adl ;
apparent
nhd W - Pty resistisity
.8
1y
b —— - oF total
[T . .y
——— e, e data puints,
BALS - iy Bad
Bad
.65 d - 5t + h data
—— . - A
8055 I ata i .
v LA
XL . e
—— e e, v
AR R .8 F
<,
RN - X
12080 . n rrer 20 a0 68 88 1B 19 1w 1% e EIE e o 1eee
o — L2 20 B T B} Heasured apparent resistivity {olm.a)
is 8 . : i .
150 . L1-aorm data misift = 27060, L2-norm data isit = 38.300
—— e is 11 + e puint resoued
2453 a b
—_—

LXEN) - Use the Teft and right arrovs heys to mee the green date selection Line.

Figure 9-Bad data points of Dipole-dipole array traverse A2; a- Picking the bad data manually. B-
Automatic statical way of removing data-points with large percentage differences.

The inverse results of the 2D imaging and the 2D resistivity imaging of then dipole-dipole data
along traverses Al, A2, B1, and B2 are shown in Figures- 10 and 11, respectively. The results clearly
indicate the contrast variance between the anomalous part of the weak zone and the background
resistivity values. Inverse 2D models indicate that sulfur water is located near the surface of the earth
as well as within the Quaternary Era deposits and the fractures and caverns of gypsum rocks of Fatha
Formation (Miocene). When a hydrocarbon mixes with water, it shows a low resistance zone, but
when it dries up it shows a high resistance area. The inverse models (Figures- 10 and 11) show the
direction of the profile (EW, NW-SE) for each side.
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Figure 11-The inverse model of Dipole-dipole resistivity section at B1 and B2 stations with
Standard Least-Squares Inversion Method

As Figure-10, the cross-section (A-A ") produced by the vertical electrical sounding interpretation
of points VESA1, VESA3 and VESBL1 is shown. The two resistivity techniques for determining the
presence of sulfur water showed almost identical results. These results indicate that the source of this
polluted water is located outside the study area. These conclusions support the results of a previous
work [22], as they confirmed that the sulfur water, in the form of springs in the Hit area, was caused
by the leakage from outside the region through Kubaiysa area (Figure-2). They also confirmed that
most of this water is present in the Quaternary Era sediments, which exist in parts of the study area
along with fractures of karst gypsum. The 2D inverse models also show the presence of a clearing area
including fractures and caves with gypsum rocks. These caves and fractures are formed as a result of
dissolving gypsum rocks with water infiltrated through them, in addition to the rainwater leaking from
the surface. Also, it was found that the polluted water is located about five meters below the surface.
The largest amount of leakage was found towards the northeast, which coincided with the direction of
groundwater movement.
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Conclusions

Two electrical resistivity techniques were applied to understand, evaluate and delineate the
groundwater seepage within Hit area. The results of the VES technique showed the distribution of the
subsurface resistivity values between the contaminated area and the surrounding area. The
investigation found that the results of the VES survey (Schlumberger array) provided a clear
identification of the contaminated areas. On the other hand, the 2D inverse models (Dipole-dipole)
indicated that the contaminated zone within the hydrocarbon mixes with water zone has low-resistivity
values at 5.2 m depth. Spring water has leaked from outside the region through Kubaisah area. This
explains the contaminated groundwater seepage within Hit area that was sited within the quaternary
deposits and karst gypsum fractures of the study area.
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