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Potential in Behbahan Azad University Farm, Khuzestan Province, Iran
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Abstract: In total 12 vertical electrical soundings, using Schlumberger configuration, were carried out in
Behbahan Azad Umversity Farm, South Western Iran, in order to mvestigate the aquifer characteristics and
groundwater potential of the subsurface layers. The field data was interpreted using the Russian software
IPI7.63. The depth and resistivity of the subsurface layers were determined. Also, the isoapparent resistivity
maps, the geoelectrical psedosections, the geoelectric sections, the isothickness map of aquifer and the
1sotransverse resistance map of aquifer 15 drawn. The results of the mterpretation of the VES data reveal the
presence of the following geoelectric layers: (1) near-surface layers and dry alluvium with resistivity ranging
from 1 to 15000 Om and thickness ranging from 16 to 23 m. (2) The second layer, which constitutes the aquifer
of study area, has resistivity varying from 0.3 to 6.4 OQm while the thickness varies from 6.9-10.7 m. It 1s
composed of fine-grained sand. (3) The third layer, which constitutes Marly bedrock, characterized by electrical
resistivity value varying from 6.8 to 37 Om in most parts of area and with depth ranges from 23.8 to 33 m. The
resistivity value of this layer in two sounding is 120 and 131 Qm. This is probably caused by existing Marly
Limestone in these soundings. (4) The forth geoelectric layer, has resistivity values ranging from 0.4-4 Om. This
layer corresponds probably to Shaly layer or confined aquifer. Also, the relationship between transverse
resistance and aquifer transmissivity is used to determine zones with high yield potential and the best location

for drilling wells in the area.

Key words: Geoelectric, schlumberger configuration, aquifer, groundwater exploration

INTRODUCTION

Surface geophysical survey as a veritable tool
groundwater exploration, has the basic advantage of
saving cost in borehole construction by locating target
aquifer before drilling i1s embarked upon (Obiora and
Ownuka, 2005).

Vertical Electrical Sounding (VES) 1s a geoelectrical
common method to measure vertical alterations of
electrical resistivity. This method has been recognized to
be more suitable for hydrogeological survey of
sedimentary basin (Kelly and Stamslav, 1993).

There are approximately one hundred independent
geoelectric arrays (Szalai and Szarka, 2008) But,
Schlumberger array 1s found te be more suitable and
common m groundwater exploration. It 1s well known that
resistivity methods can be successfully employed for
ground water investigations, where a good electrical
resistivity contrast exists between the water-bearing
formation and the underlying rocks (Zohdy ef al., 1974).

In general, VES method with Schlumberger array
assumes considerable importance in the field of ground
water exploration because of its ease of operation, low
cost and 1its capability to distinguish between saturated

and unsaturated layers. Thus this technique has been
used in case study. This method is regularly used to solve
a wide variety of groundwater problems. Such as
determination of depth, thickness and boundary of a
aquifer (Bello and Makinde, 2007, Omosuyi et al., 2007;
Asfahani, 2006; Ismailmohamaden, 2005), determination of
zones with high yield potential in an aquifer (Akaolisa,
2006, Osejt, 2005), determination of the boundary between
saline and fresh water zones (El-Waheidi et al., 1992;
Khalil, 2006), delineation seawater intrusion in coastal
Aquifer (Sung-Ho ef al., 2007, Benkabbour et af., 2004),
delineation groundwater contammation (Park et af., 2007),
determination of groundwater quality (Arshad et al.,
2007), exploration of geothermal reservoirs (Cid-Fernandez
and Araujo, 2007; El-Qady, 2006), estimation of hydraulic
conductivity of aquifer (Khalil and Monterio, 2009,
Asfahani, 2007, Yadav, 1995), estimation of aquifer
transmissivty (Yang and Lee, 2002) and estimation of
aquifer specific yield (Onu, 2003).

The electrical resistivity technique enables the
determination of subswface resistivity by sending an
electric current into the ground and measuring the
potential field generated by the current. The depth of
penetration 1s proportional to the Schlumberger array
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which wuses closely spaced potential electrodes and
widely spaced current dectrodes.

The Jchlumberger method have a greater penetration
thar the Wernmner. In the resisivity method the Wenner
configuration discriminates betweenn resistiwities of
differert geoelectric lateral layer s while the Schlumber ger
confl gurati on iz uged for the depth sounding
(Dloarofela of al., 2005).

Separation betareen the eectrodes in homogeneous
groutnd and varying the electrodes separation provides
irform ation aboa the stratification of the groud (Dabling
20017, Howewer, in genera, the depth of infiltration is
amoall in this method and oy shall ow subaaface layers
have been swveyed (Danielsen ef o, 20007,

For Schlumberger soundings, the apparert re s stivity
values (po) were plotted agasinst half cwrent electrode
separation (ABSL) on alog-log graph and a smoooth cutve
was drawn for each of the soundings. Then, the sounding
cuves were interpreted to determine the true resistivities
atyd thi cknesses of the subsurface layers,

MATERIALS AND METHOD 5

Description of the study area: The study area lies about
5 ki East of B ehbaban City in Klmzestan Province of Iran
(Fig 13, It covers an area of gbout 50 km® From the
climatic poitit of wew, this ateaissemi desert and semidey.

Thtee wells exist in s tudy atea according to area
C30 k™, it needs deilling new wells, especially in the

douth Fast of the area This study describes a geoelectric
investigation wdertaken in the case study. The main am
is to explore the grownderater potential of the area and
specially delitiedti o of areas suitable for water wells,

Geoelectrical setting: From the gecelectric point of wew,
the atea belongs to the Zagross folded zone with
N othowrest- Southeast trends.

Stratum-rock units a ound the area from old to new,
iclude Gurpd Shaly fortation, Pabdeh Shaly for ati on,
Zogemari Litmestone formoati org Ilishen Dady foremati on,
Gachsatat Challoy formati o, Aghajati Adlosial formation
atwd B akhti ari O orgl ceveerof o ati o,

Crpd formati on and Pabdeh form ation make sinking
points between the resistant formations such as Asemar
formation, becasse the Shay Lthology has a little
resistance againg erosion. Asermari formati on with karstic
caving and abundart {oirds moake hei ghts in area.

The Gachsaran hilly formation that les on Asemary
is evaporative and non pettmeable. This formation makes
the lowest points of the area because of little resistance
against erosion factors. Furming waters come bitter and
saline hecause the Chalk and Slate caused this formation.

Geoelectrical resistivity survey: The resisti-aty survey in
the stady area was completed with 12 Schlumberger
Electrical Joundings (WES), with a mavimum current
electrode spacing (AR ranging from 600 to 1000 .

F ositions and extensions of all the YE3s are indicated
inFig 4.

3383800
3335600

A
é 335400

3385200

L of

433500 436000 436000 430900 436600 350E00 437000 457200
Lorgimde im )

Fig 1: Location map of the study atea
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Fig. 2: Distribution of all Vertical Electrical Soundings
(VES) in the study area. Locations of wells with
their water depths are also shown

Table 1: Soundings and profiles with their coordinates

Profile Sounding Longitude Latitude
1 A 436881 3385950
B 436943 3385855
C 437131 3385486
2 D 436432 3385629
E 436722 3385472
F 436953 3385287
G 437232 3385145
3 H 436057 3385487
I 436360 3385411
J 436564 3385400
4 K 436100 3385280
L 436609 3385161

These are arranged along the profiles 1 to 4, as
shown in Table 1. The ABEM Terrameter SAS 1000 was
utilized in data gathering. The field curves were
interpreted by the well-known method of curves matching
with the aid of Russian software IPI7.63. The key to
success of any geophysical survey is the calibration of
the geophysical data with hydrogeological and geological
ground truth information.

Therefore, a number of geoelectric stations (VES B, H
and K) were purposely located near dug wells so that
lithologic mformation obtained from logs could be used to
calibrate the VES field curves. Where test hole-log
information was available, the solution to the automatic
mnterpretation procedure was constrained by keeping
known layer thickness comstant during the program
computations. Finallly, the results of the electrical
soundings are in a good agreement with the geological
sections.

RESULTS AND DISCUSSION

The field results obtained within the case study are
presented m the form of qualitative interpretation
(1soapparent electrical resistivity maps and geoelectrical
pseudosections)  and quantitative  interpretation

# Road

33858004 ~ TUnuw ersity farm

33856004

Latiiude (m)

3385400

33852007
435500 436000 435200 436400 436600 436800 437000 437200
Lengitude (m)

Fig. 3: Isoapparent resistivity map for AB = 40
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Fig. 4: Isoapparent resistivity map for AB = 80

(Geoelectric psedosections). Tt is hoped that the results of
this study could also be used to determine the
groundwater potentials of the study area.

Isoapparent resistivity maps: The iscapparent resistivity
maps reflect the lateral variation of apparent resistivity
over a horizontal plane at a certain depth. In other words,
these maps indicate distribution of apparent resistivity in
the area against distance of current electrodes.

A rule-of-thumb, the maximum exploration depth (also
known as depth penetration) of the AMNB method 1s 1/3
to 1/4 of the maximum distance of AR (Frohlich et o,
1996).

Based on the depth of current penetration, the
isoapparent resistivity map for AB = 40 correlate to depth
of about 10meters and approximately reflects the surface
layer in the total area (Fig. 3) and the isoapparent
resistivity map for AB = B0 correlate to depth of about
20 m and reflects water-bearing layer m the total area
(Fig. 4).

Overall, the apparent resistivity values n Fig. 3 are
more than Fig. 4.

The cause of this difference 13 explainable as that
current is conducted electrolytically by the interstitial
fluids (in the saturated layers) and also surfacely by
effective  surface of minerals (in the dry layers)
(Zohdy et al., 1974).
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Fig. 5: Geoelecirical pzedosections of profile 3

Thus, the high wvaluex of apparent resistivity
obzerved at AB = 40 m are attributed to the prezence of
unconsolidated and dry layer at the depth of 10 m. The
apparent resistivity contour with AB = 80 m show
relatively less apparent resistivity because of the
presence of zones zaturated with water.

Furthermore, in the izoapparent resistivity map for
AB = B0, the apparent resistivity valuez increaze from
south east to the North and East of the study area.
Specially, in the center of aquifer (Sounding J) becauze of
prezence of the coarse sediments in the zones.

Geoelecirical  psedosections: The  geoelectrical
psedosections indicate diztribution of apparent resistivity
of soundings of one profile in the various depths, for
geoelectrical psedoszections of profile 3
(including zoundingz J, I and H) are shown in Fig. 5.

The following results are obtained from comparizon
of pzedosections of study area.

example,

* In first view it iz cdear, that the apparent resistivity
values decrease with increaze in the depth of
investigation. The causzez of thiz area:

Decrease of grain size with increase in the depth of
investigation

+  Existence of aquifer with low resistivity values
»  Existence of a layer with very low resistivity
values under the Marly bedrock

* In low depth of psedozections, almost all profiles
indicate the lower apparent resistivity in the north of
study area due to increazing grain size of surface
layer in thesze zonez

Interpretation of sounding curves: The interpretation of
sounding curves in the study area shows the existence of
the following geoel ectric layers:

- R=330
R T e R=;.3*Q:n L
.‘ % _g. .-h.‘...

Fig. 6: The geoelectrical model of subsurface layers

+  Near-surface layers and dry alluvium with thicknezs
ranging from 16 to 23 m and large variation in
theirel ectrical resistivity ranging from 1 to 15000 Lm

+  The zecond geoelectric layer with thickness ranging
from 6.9-10.7 m and resistivity wvalues ranging
between about 0.3 to 6.4 (Jm correspond to fine
sandy aquifer. Resistivity of aquifer iz controlled tw
the resistivity of pore fluid (water content and water
quality) and the resistivity of grain matrix (shape,
diameter and sorting of the grains, geometric packing
arrangement and degree of matrix cementation). The
effect of resistivity of pore fluid has more importance.
But at small grain sizes and particularly when clay
minerals are present, the electrical resistivity of the
grain matrix cannot be ignored. For high-water
resiztivities and =mall-grain =zizes, the electrical
current i3 not only conducted by the pore fluid but
alzo by the grain matrix (Frohlick and Parke, 1989)

»  The third geoelectric layer, with depth ranging from
23.8 to 33 m and rezistivity ranging from 6.8 to 37 Ldm
{depending upon the relative amount of fractures and
infiltration of water) in most parts of area correspond
to Marly bedrock. In soundings D and E, the
resistivity value of this layer iz 120 and 131 Qm. Thiz
iz probably caused by existing Marly Limestone

+  The forth geoelectric layer, has average depth of 63.4
and resistivity of lesz than 2 OUm in most parts
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Fig. 7: The geoelectric section of profile 3
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Fig. 8: Typical interpreted VES curve from study area (sounding J)

of the area corresponds probably to a Shaly layer or
in all probability to a confined aquifer. However,
even if thiz layer iz a confined aquifer, drilling the
bedrock iz not economical due to the prezence of
clays andfor poor ground water quality. The
geoelectrical model of subsurface lavers indicates
average of resistivity and thickness of layers is
shown in Fig. 6

For example, the geoelectric section of profile 3 iz
conztructed according to the interpretation results of
VES*zH, I and T iz shown in Fig. 7.

Alszo, for example, interpreted curve of sounding T by
software IPT7.63 iz shown in Fig. 8.

In thiz sounding, the near-surface layer with
thicknesz of 18.5 m consists of fine to coarse grain layers.
The next layer has thickness of about 9 m and resistivity
oflezz than 1 Om.

Thiz layer constitutes the aquifer. Resistivity of
bedrock layer with thickness of about 35 m 15 about 7 Qm.

3385800
E 3385600
24 24
; 156194 56 oo 39
3335400-\ 17107 5
:-:%n ll’f‘lﬂﬁ
T T T

Fig. 9: Depth, thickness and resistivity values of aquifer
in the location of zoundings

The last and deepest layer with the resistivity of about
1.6 ©m iz in depth of about 63 m.

Depth thickness and the resstivity of aquifer is
obtained from the interpretation of zounding curves. In
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Fig. 10: Tsothickness map of aquifer
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Fig. 11: Depth and resistivity values of bedrock in the
study area

Fig. 9 depth of aquifer is shown on the left side of
soundings and thickness of aquifer is shown on the night
ide of soundings and the resistivity of aquifer 1s shown
on the top of soundings.

In the study area, depth of aquifer ranges from about
15.6to 23 m. The minimum depth of aquifer 1s in the north-
west part of the study area and the maximum depth of
aquifer is in the north-east part of the study area. Fig. 10
shows the isothickness map of aquifer.

The thickness of aquifer varies from 6.9t0 10.7 m and
mncreases toward the center of aquifer (the site of VES.I).
In Fig. 11 depth of bedrock 1s shown on the right side of
soundings and the resistivity of bedrock is shown on the
left side of soundings.

Transverse resistance map and determination of zones
with high vield potential in the study area: Transmissivity
as a hydraulic characteristic of aquifer is widely used for
hydrogeologic investigation. This parameter is defined in
the hydrogeology, as the product of its hydraulic
conductivity for thickness of layer.

T=Kb )]

33858001 }ﬁ] -+ 71

3385600 793,
32 E
424 y Bes3 9¥2.4
3385400 37 1079060 0.8 2
Gl K 6777 F
— 0864 .{6
2 3385200 44 L G
3 0388 74956
E -+ Well 2 + 38
3385000 o Sounding T}uckuess-,lil‘?ﬁsuvny
—Road
33848001~ B — T T T T T -4
o R o oo
p‘%"@ u.'}g’% p,"_w@@ 5.3‘5" p"’b@@ b.".\i’b@ k’b(’% h’&"“@u&'\q‘
Longitude {m)

Fig. 12: Thickness value, resistivity value and transverse
resistance of aquifer m the study area

3335800+
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Fig. 13: Isotransverse resistance map of aquifer in the
study area

where, T 1s transmissivity, K 1s hydraulic conductivity and
b is thickness of aquifer (Todd, 1980).

According to Maillet, 1974 transverse resistance (R+)
as of the Darzarrouk parameters is defined as:

Rr=pb (2)

where, b and p are thickness and resistivity, respectively
of the layer (Maillet, 1947). The relationship between
transmissivity and transverse resistance is meaningful,
simply because hydraulic conductivity and resistivity
have a direct linear relationship (Niwas and Singhal, 1981).

Combining two Eq. 1 and 2 gives:
T=K/pR, (3)

This relationship is suitable for determination of
aquifer transmissivity, as the ratio K/p is assumed to be
constant in areas with similar geologic setting and water

quality.
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On a purely empirical basis, it can be admitted that
the transmissivity of an aquifer 1s directly proportional to
its transverse resistance (Henriet, 1975).

Therefore, transverse resistance maps is used n
determination of zones with high groundwater potential
(Toto et al., 2008, Braga et al., 2006) and suitable for
drilling wells.

In Fig. 12 the values are shown on the right side, left
side, up and down of soundings are respectively the
resistivity of aquifer, the thickness of aquifer, soundings
name and transverse resistance of acuifer. Also all the
wells drilled in the area are indicated in this Fig. 12
isotransverse resistance map of aquifer is shown in
Fig. 13.

According to Fig. 12 and 13 the transverse resistance
value of soundings of L, J and I is the lower than 10 Qm’
and so, the yield potential in this point is low. Also, the
best location for well drilling in this area, is suggested in
location of sounding E.

Because of high thickness value, high resistivity
value, high transverse resistance value and lack of well in
near its.

CONCLUSION

The geoelectric investigations showed that there are
four geoelectric layers with electrical resistivity, from top
to bottom, between 1-15000, 0.3-6.4, 6.8-37 Qm (except the
sounding 3, D and E) and 0.4-4 Om.

These layers correspond to near-surface layers and
dry alluvium, fine sandy aquifer, Marly bedrock and Shaly
layer or confined aquifer, respectively.

The depth values and the isothickness map of aquifer
reveals that aquifer thickness varies from 15.6 to 23 m.
Also, bedrock depth lies between 23.8 and 33 m.

The 1sotransverse resistance value of soundings of
1, T and T is the lower than 10 Qm® Considering the
relationship between transverse resistance and aquifer
transmissivity, the yield potential in these pomts 1s low.
Considering to lugh thickness value, high resistivity
value, high transverse resistance value and lack of well,
the best location for well drilling in this area, is suggested
to be in location of sounding E.
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