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Abstract
The evaluation of aquifer characteristics is an important task in groundwater resources
assessment and development. Forty vertical electric sounding (VES) were recorded with
Schlumberger electrode configuration in the study area and 28 of these were selected.
The data obtained have been interpreted by computer iterative modeling with curve
matching for calibration purposes. In order to ascertain the subsurface geological
framework the general distribution of resistivity response of the geological formations
has obtained and geoelectrical sections along number of lines have been prepared.
Probable aquifer horizons from these sections have been identified. In the present study,
an attempt has been made to estimate aquifer transmissivity from resistivity data for
alluvial aquifers in Kangavar Basin. The transmissivity of the unconfined aquifers have
been computed by solving the Dar-Zarrouk Parameter and was compared with the
actual field transmissivity. The results showed a direct relation between aquifer
transmissivity and the modified transverse resistance with the root mean square error

(RMS) of 180 m2° / day .
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Introduction

Several methods are available in Groundwater Hydrology for evaluation and Estimation of aquifer’s
hydraulic characteristic like Transmissivity, Hydraulic Conductivity and Storativity of aquifers
(Schwartz and Zhang 2003). The most commonly used methods involve conducting pumping test on
existing or newly drilled wells followed by analysis and interpretation of pumping test data. However,
it should be appreciated from the beginning that such test are both capital and labour intensive,
requiring several boreholes, many operatives, and a considerable amount of equipment (Hamill,1986).
The various formula available for calculation of the aquifer characteristics from pumping test data
analysis are valid only if various assumptions about aquifer continuity, thickness, homogeneity,
isotropy and well storage and nature of fluid flow are valid under field conditions (Tizro and
Singhal,1993). Further, many of wells in Kangavar pose Critical problem in the analysis of field
pumping test. In presence of diverse field conditions, the various assumptions are seldom valid during
pumping test and thus the estimation of aquifers parameters may lead to calculation of erroneous values
from relevant parameter. At the same time, these procedures are time consuming and cost prohibitive, if
practiced indiscriminately.

Geoelectrical method is an effective tool for ascertaining subsurface geologic framework of an
area (Keller and Friscknecht, 1966; Griffith and King, 1965; Zohdy, 1974, 1989). Application of
geoelectrical method has lead the workers to develop surface resistivity techniques for making
quantitative estimates of water transmitting properties of aquifers (Tizro and Singhal,1993).

In the recent years, attempts have been made by various workers to suggest approaches for
estimation of aquifer transmissivity and hydraulic conductivity from geophysical resistivity data. Many
of these approaches were found to be area specific and need was felt to make them more general in
nature so that they can be more widely applied in different geological conditions.

In the present study, an attempt has been made to evaluate aquifer transmissivity and hydraulic
conductivity for the unconfined alluvial aquifer of Kangavar basin, from the data of resistivity
sounding. The relation between aquifers transmissivity and transverse resistance was obtained.

Background



Since the late 1960s resistivities determined from surface measurements have been used to estimate
aquifer properties such as yield, hydraulic conductivity and transmissivity. Three types of activities
were used to derive a relation between the geoelectric and hydraulic properties:

(a) Relation between formation factor (F) and hydraulic properties

(b) Relation between formation resistivity ( /2) and hydraulic conductivity

(c) Relation between transverse resistance (R) and transmissivity

Ungemach(1969), found a relationship between transverse resistance and transmissivity. He correlated
transmissivities determined from six pumping test in the Rhine aquifers of France with transverse
resistance. Croft (1971) developed a relation between the aquifer intrinsic permeability and formation
factor to estimate transmissivity from borehole resistivity measurements. However Worthington (1968)
obtain inverse relation between formation factor and intergranular permeability, whereas Allessandrello
and Lomonie (1983) reported that field data from several basins in France and showed a log-log
relation between hydraulic conductivity and formation factor.

Scerascia (1976) use electrical sounding to estimate transmissivity in Italy. Kelly (1977)
establishes an empirical relation between aquifer electrical resistivity and aquifer hydraulic
conductivity and a semi-empirical relation between the aquifer formation factor and hydraulic
conductivity.

Sri Niwas and Singhal (1981) reported the relation between transmissivity and transverse
resistance is more meaningful. Sri Niwas and Singhal (1985) noted that it’s better to use a “modified
transverse resistivity” instead of transverse resistance. This modification is used to consider variation in
the groundwater quality.

Mazac et al. (1985) analyzed the correlation between aquifer and geoelectrical parameters in both
the saturated and unsaturated zones of the aquifers.

Sir Niwas and Lima (2000) found that, the electrical resistivity and the induced polarization
parameters carry direct information about the volume conductivity of the sandstone matrix.

Yehia et al. (2004) use geoelectric resistivities sounding for ground water evaluation in two
different areas namely, New Qena city and El-Khatatba area in the Egypt.

Casmir (2004) used a geoelectric investigation involving twenty-six vertical electrical soundings,
carried out at Jos, Plateau State, North Central Nigeria. The survey was aimed at determining the
structure of the underlying bedrock, as well as computing the transmissivity for the aquifer in the area.

Ekwe, et. el. (2006) used the concept of Dar-Zarrouk parameters (transverse unit resistance (R) and
longitudinal conductance (C)) in porous media to determine aquifer hydraulic characteristics within the
middle Imo river basin Nigeria. They classified their study area from K O value to the four parts and
for each of the area assumed a mean of KO and then estimated the transmissivity and hydraulic
conductivity.

Material and methods
If prism is isotropic and homogeneous aquifer material having unit cross sectional area and thickness
“h” is considered, Darcy’s law and Ohm’s law can be combined to give the following relationships:
T = KoOR (1)
T= Aquifer Transmissivity
K = Hydraulic Conductivity

0 = Electrical Conductivity ( %7 , Resistivity of the medium)

R = Transverse Resistance
Equation (1) assumes that the change in aquifer resistivity is due to the changes in aquifer material
(excluding rock matrix), and tortuosity of interconnected pores. However, it is presumed that the gross
chemical quality of the groundwater remains relatively uniform. Equation (1) was modified by taking
into consideration a modified aquifer resistivity. However, the modification factor is always the ratio of

the average aquifer resistivity ( £2,) and the aquifer resistance (3, ) at a particular location.
Thus the equation (1) can be written as:

7T =(Ko)R' 2)
— 5P o P
Where O' = O p= and R'=R % are respectively “modified conductivity” and “modified

Transverse resistance” of the aquifer.



The product K @' assumed to be constant of the aquifer at a reference point is known. A
corollary of equation (2) can thus be written as:
K =aR' 3)
Where, O is equal to the product K O' and 2 is the modified aquifer resistivity that is
defined:

p=pL- 4)

Equation (2) and (3) are useful for computing transmissivity and hydraulic conductivity of the
aquifers in porous, homogenous and isotropic media in cases when is variation in quality of
groundwater thus influencing the bulk resistivity of the aquifer.

Area of Study

Kangavar basin is located in NE Kermanshah province, West Iran. It extends between latitude 34° 17
and 34° 40" North and longitude 47° 37" and 48° 03" East with the 175 km?* Kangawar is the main city
in the study area and having popupaltion of about 90000 peoples.

The average yearly minimum temperature is 4.3°C; January is the coldest month and the average
yearly maximum temperature is 21.3°C and July is the hottest month. Average annual rainfall in this
region is about 350 to 400 mm. The entire catchments come under the influence of Mediterranean
front, and major part of precipitation is received between February and March. According to
Thornthwaite type of classification (1948), the climate of the basin is of semi-arid conditions. The
study area is shown in Fig. 1.

The main rivers of the study area are QarehChay, Khorramrood, Sarab Kangavar and Gamasiab.
The highest point of the area is in the Amroolah mountain with 3178m height above mean sea level
(MSL) and the lowest is in the south with 1400m height (Anonymous ,2003).
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Figure 1 The Geological map and location VES in the study area

Hydrogeological setting

Stocklin (1986) has classified the area in between tectonic zone of Zagros formation and Sanandaj-
Sirjan zones and considered to be a tectonically active area. The area has been mapped at the 1:250,000
scale by the Geological Survey of Iran (GSI) and the geology is described by Braud (1970), Fotovat






