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VES survey can be used to determine aquifer parameters and fresh groundwater formation below
ground surface for pumping to minimize secondary salinization problems. Two VES surveys (VES
land VES 2) were conducted at farmer’s field, in District Toba Tek Singh, Punjab, Pakistan. Resistivity
meter Tarrameter (SAS 4000, Sweden) was used to collect resistivity data. Drilling operation was
performed at VES site. 100 soil and water samples were collected to analyze groundwater quality and
prepare well log profile. Well log profile was compared with VES interpretation of subsurface
lithology. Based on the VES surveys results, well parameters were designed and installed at study area.
Pumping test was performed to verify VES survey results. 1X1D (Interpex, USA) computer model was
used to analyze resistivity data. Model output showed 4-layers model (KQ type) at VES 1 position and
3-layers model (K type) at VES 2 position, which matched well with well log of borehole data. The
results indicated that fresh groundwater was available from 8 to 15 m depth below ground surface
having resistivity values of more than 41 Q-m. Marginal quality groundwater with resistivity values of
41 to 21 Q-m was found from 15 to 20 m depth. The groundwater quality deteriorated further
downwards. Values of k ranged from 92 to 96 m day™ and of T from 1163 to 1256 m” day' computed
from VES data were in close agreement with those determined from pumping test data showing
potential of VES technique to assess groundwater quality configuration, aquifer parameters and finally
to design well parameters.

Copyright © 2014 Hafiz Umar Farid and Allah Bakhsh. This is an open access article distributed under the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Groundwater is contributing significantly in the development
of agricultural economy of Pakistan. As the canal water
supplies are decreasing, the pressure on groundwater resources
is increasing. Thus, groundwater usage has become
increasingly important for irrigated agriculture in Pakistan
because tube wells are providing a reliable source of water to
the farmers particularly in case of canal water scarcity as well
as during drought conditions. Total water availability in
Pakistan during 2010-11 was of 168 billion cubic meter
(BCM) out of which 59 BCM was available from tube wells
and this contribution of groundwater have been increasing
over the years (ASP, 2011). According to PES, (2012) the
number of tube wells in the country has increased to 1 million,
which shows contribution of groundwater to meet the crop
water requirements due to increasing shortage of canal water
supplies. Over 80 percent of groundwater pumpage takes using
small tube well of capacity less than 1 cusec. Also, there is no
regulatory body to monitor installation of the tube wells or
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register their growth, which has resulted in sever problems of
falling water table along with secondary salinization (Qureshi
et al., 2003; Qureshi ef al., 2010). The major reason for these
repercussions of groundwater usage is management of the
groundwater resources, which could not keep balance between
recharge and discharge quantum (Bakhsh and Kanwar, 2008).
Pumping more than the replenishment has resulted in
deterioration of groundwater quality as well as lowering of
groundwater levels. The lessons regarding management of
groundwater resources, however, could not be implemented in
Pakistan, which needs immediate attention for mitigation of
groundwater issues. The difficult part of groundwater
management in Pakistan is mushroom growth of small-scale
tube wells. A major barrier that prevents transition from
groundwater development to management mode is the lack of
information of groundwater quality and quantity. Therefore,
knowledge of the aquifer characteristics and groundwater
quality is important in determining potential of the aquifer and
its response to water extraction. The methods commonly used
for determining the aquifer characteristics are borehole and
pumping test methods, which are laborious and time
consuming. Now the resistivity survey has shown potential to
determine the aquifer characteristics (Lashkaripour et al.,
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2005). Therefore, resistivity survey was used in this study to
estimate the aquifer parameters and to install the appropriate
well screen for efficient use of groundwater. The vertical
electrical sounding (VES) survey has been used extensively
for location of the aquifer and determining their hydraulic
parameters because the instrument is simple and analysis of
the data is easy and less tedious than other methods
(Lashkaripour et al., 2005; Batayaneh, 2007; Sikandar et al.,
2009). Various investigators have established relationships
between aquifer parameters derived from VES data and
pumping test technique (Khan et al., 2008; Mbonu ef al.,
1991; Yadav et al., 1993). Kelly, (1977) developed a
relationship between aquifer hydraulic conductivity and
aquifer resistivity. Similarly, Niwas and Singhal, (1985)
developed an analytical relationship between aquifer
transmissivity and transverse unit resistance. The above
referred studies show use of VES survey for assessing
aquifer potential and hydrogeological parameters. Few
studies, however, have verified the VES outcome with the
actual aquifer parameters determined from the borehole or
pumping test data. Therefore, this study was designed to
verify the VES survey outcome and asses the aquifer
potential for sustainable exploitation of groundwater with
the following specific objectives:

e Investigate the relationship between aquifer
characteristics and vertical electrical sounding (VES)
data and to design irrigation well.

e Verify the aquifer parameters determined from VES
technique with those from borehole and pumping test
data.

MATERIAL AND METHODS

Study area

The study was conducted at Chak No. 405/JB Tehsil and
District Toba Tek Singh, Punjab, Pakistan with latitude, 30°
96'67" N and longitude, 72° 48'33" E. The area is located in
Rachna Doab, land between river Ravi and river Chenab. The
area is at the tail on Jhang branch canal of Lower Chenab
canal originating from river Chenab at Khanki headworks
(Figure 1). Canal water supplies are meager in the area and
irrigation requirements are met using canal and groundwater
supplies. Groundwater is mostly of poor quality except the top
fresh groundwater layer, which needs to be identified using
VES survey and skimmed carefully to avoid secondary
salinization problems.
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Fig. 1. Study area in Rachna Doab (land between river Ravi and
Chenab)

VES Survey

Tow resistivity surveys were conducted at the site. These
surveys were performed to get information regarding potential
of groundwater resources in the area, thickness of fresh
groundwater layers and soil layering below the ground surface.
Resistivity, the inverse of electrical conductivity, is the
resistance of the geologic medium offered to current flow
when a potential difference is applied, R=V/I in which R is
resistance in ohms (Q), V is voltage in Volt, I is current in
Ampere. For resistivity surveys, a direct current was applied
through ground surface between two metal electrodes A and B
(Figure 2). The voltage loss that occurs as the current moves
through the ground was measured at the potential electrodes
M and N placed in between the current electrodes. Resistivity
values were measured using electrical sounding for vertical
exploration. In this procedure, a series of stations were
established and careful depth soundings were taken.
Resistivity survey was conducted at the site using resistivity
meter (Terrameter ABEM SAS 4000, Sweden) in
collaboration with the Agricultural Engineering Department,
Field Wing, Government of Punjab, as survey meter is owned
by this Department. The survey cost was at the rate of Pak Rs.
3,150/- per survey. The Schlumberger electrode configuration
with current electrode spacing (AB/2) of 2, 4, 6, 8, 10, 10¥, 15,
20, 25, 25%, 30, 35, 40, 45, 50, 50%, 60, 70, 80, 90, 100, 100",
120, 140, 160 and 180 m was followed.

—1
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Fig. 2. Layout of Schlumberger array

Similarly the potential electrode separation (MN/2) was kept at
0.5, and was extended to 2, 5, 10 and 20 m in relation to above
mentioned AB/2 spacing (Farid, 2009). The ratio between
voltage and current was calculated automatically and was
displayed in digital form in kilo-Q, ohms (L), and milli-Q.
The overall range thus extended from 0.05 milli-Q to 1999
kilo-Q. By using resistance of the earth, which was measured
in the fields with the help of resistivity meter, the apparent
resistivity for Schlumberger electrode configuration was
calculated using the following relationship (Raghunath,
2007):

¥ spacing (AB/2) at which MN/2 spacing was extended
p =K x resistance @9)]
Where

p =Apparent resistivity (Q-m)
K. =Geometric constant
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K. =7 (AB/2)*- (MN/2)* 2)
MN
AB = Spacing between current electrodes (m)

MN = Spacing between potential electrodes (m)

The analyses of the VES survey data were made using the
computer software IXID (Interpex, USA). The success of any
geoelectrical resistivity survey depends on the subsurface
truthing, where VES survey is performed. After collecting the
VES resistivity survey data, drilling operation of the
production well (PW) was performed up to 36 m depth. Three
observation wells (OW) in the west and three in the south-east
directions were drilled up to 15, 23 and 29 m depth to monitor
and record water table data. The bottom 3 m length of all
observation well was screened to allow water movements into
the observation well. Soil samples were collected starting from
ground surface to the drilling depth with an interval of 1.5 to 3
m and also depending on variability of the subsurface strata.
Groundwater samples were collected during drilling operation,
starting from water table to depth of the observation well with
an interval of 1.5 m. These about 100 soil and groundwater
samples were analyzed in laboratory, to carry out the soil
textural and water quality analysis. These data were used to
prepare well log for the observation well to compare with the
vertical profile of the VES interpreted results in terms of
subsurface lithological layers and the corresponding resistivity
values and groundwater quality status.

Subsurface layer models

The subsurface layering was derived as computer model
output based on the distinct resistivity values of the upper
layer (p;), second layer (p;), third layer (p3) and so on. These
layer types can be defined in terms of the number of
geoelectrical layers and their corresponding resistivity
relationship (Batayneh, 2007). Orellana and Mooney (1966)
presented four types of interpreted curves based on three
layered earth configuration. Accordingly, the three layered
subsurface profile were classified into H, K, A, and Q type
curves, based on their shapes (Oseji ef al., 2005). The detail of
these curves and their corresponding resistivities data is
described below:

H-type p1> P2 <ps
K-type p1<p2>p3
A-type p1<p2<ps
Q-type p1> P2 > p3

Similarly in this way we can extend these types for four layers
KQ-type (p; < p2 > ps> ps. On basis of the above motioned
criteria, the apparent resistivity field curves of the study area
were classified.

Aquifer characteristics and VES data

Vouillamoz et al. (2007) reported that in aquifers having low
resistive clayey layers, electrical conductivity (EC) of
groundwater can be investigated using a linear relationship
between resistivity values of the aquifer and resistivity data of
groundwater from VES interpreted data. Therefore, according
to eq. 3, resistivity of the saturated sand (pys) is directly
proportional to resistivity of the water (p,=1/EC) filling the
pores (Archie, 1942; Yadav, (1995).

F= Pws/Pw (3)

Where F is known as the formation factor, which is constant
for pure sand. Thus layer-wise knowing resistivity values of
the groundwater and resistivity of the aquifer, F was
calculated. The formation factor (F), computed from resistivity
survey data was used to determine the layer-wise hydraulic
conductivity (k) values using relationship (k =21.18 F — 4.48)
given by Yadav, (1995). The product of thickness of different
subsurface geoelectric layer and their respective electrical
conductivity is known as the longitudinal conductance of that
layer, which is defined for a specific layer as (Yadav, 1995):

LC =oxH, )

Where LC; is the longitudinal conductance of ith layer, o; is
electrical conductivity (6=1/p) of that layer from VES data and
H; is thickness of ith subsurface layer. Whereas product of
subsurface geoelectric layer and its respective resistivity is
known as transverse resistance of that layer. Transverse
resistance (7R;) is also known as the Dar-Zarrouk variable
(Maillet, 1947), which can be calculated for a specific layer as
below:

TR, = p;x H, ®)

Where TR; is the transverse resistance of ith layer, o, is

resistivity of that layer from VES data and H; is thickness of
ith subsurface layer. Various researchers have reported
significant correlation between LC; and TR; (Niwas and
Singhal, 1981; Saleem, 1999) with good results in
homogenous geological conditions, where aquifer resistivity is
not sensitive to variations in groundwater electrical
conductivity. The following relationship is an analytical
relationship between aquifer transverse resistance (TR;) or
longitudinal conductance (LC;) and transmissivity (T;)
determined by Niwas and Singhal (1981) as given below:

T,=k;xTR; x 6;=k; x LC; x p; (6)
Where

k = Hydraulic conductivity of the aquifer (m day™)
o = Electrical conductivity (S m™)

p = Resistivity of the subsurface layer (€ -m)

i= number of layers 1, 2, 3,............

The aquifer hydraulic conductivity (k) and transmissivity (T)
values were estimated as the weighted average taking into
account the corresponding thickness of the layers.

Irrigation Well Design and Evaluation

Required well discharge was selected following the cropping
pattern of the study area. The rate of pumping depends on the
area under different crops, crop water requirement, rotation
period and operating duration of pump. It was computed by
the following relationship as described by Michael, (1986);

Q=27.78 Ay/RT (7)
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A= Area to be irrigated (ha)

y= Depth of irrigation (cm)

R= Rotation period (days)

T= duration of pumping (hours/day)

The depth of the well was determined based on VES survey
results and the well log profile of the site. Well casing was
decided on the basis of the required discharge capacity of the
well from the data recommended by Rahman, 1983.The
optimum length of the well screen was determined using the
relationship described by (Raghunath, 2007)

Screen length =3/4*aquifer thickness (8)

Mechanical analysis of the soil samples were carried out. A
typical grain size distribution curve was prepared to
determine uniformity coefficient (Cu = dgy/d;o) and slot size
(Figure 3) Because, the gravel packing was provided to avoid
the segregation of the fine particles near the strainer openings
when the uniformity coefficient Cu is less than 3 (Raghunath,
2007). The selection of the screen material was made on the
basis of groundwater quality, strength, availability in the
market and corrosion resistance of the material. The entrance
velocity was calculated by dividing the expected yield of the
well by the total opening area in the length of the screen which
is 15 to 20%. Because the entrance velocities near the well
should not exceed 3 to 6 cm/sec to prevent the incrustation,
corrosion and to minimize the friction losses (Raghunath,
2007). The relationship was used as:

Ve= Q/A ©

Ve = entrance velocity (cm/sec)
Q = expected discharge (cm®/min)
A = opening area of the screen ( 20% of screen length) (cm?)

Then well assembly was lowered into the drilled hole
according to the designed parameters.

Sieve diameter vs cumulative % passing
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Fig. 3. Mechanical analysis data curve for well design
parameters

Pumping test

The pumping test was performed to verify the aquifer
parameters estimated from the VES data. The test continued
till drawdown in the observation wells reached steady state
condition. This situation arrived after 12 hours of continuous
pumping. Drawdown data were recorded at each observation
well using water level indicator during pumping test.

Drawdown data were plotted against time on the log-log scale
to determine the aquifer type whether confined or unconfined.
On basis of the inferences drawn from analysis of the time-
drawdown data of pumping, the aquifer was identified having
characteristics of the confined aquifer. Similarly from well log
data of the aquifer and plot of the time versus drawdown data
showed behavior of the confined aquifer. A graphical
procedure, developed by Theis (1935) and Lohman (1972), for
determining hydraulic parameters of the confined aquifer such
as transmissivity and hydraulic conductivity was used. Data
curve of drawdown (s) vs 1/t was superimposed on the type
curve W(u) vs u, where r is distance of OW from PW and t is
the time since pumping. A match point was arbitrarily
selected, and values of s, r’/t; u and W(u) were determined for
all dataset (graphs not shown here). Transmissivity (T) and
hydraulic conductivity (k) of the aquifer were calculated.

RESULTS AND DISCUSSION

Apparent resistivity data from the field survey showed an
increasing trend along with increase in electrode spacing at
both the survey sites of VES 1 and VES 2 (Figures 4, 5). The
apparent resistivity values started from 27 Q-m at current
electrode spacing of 2 m and increased to 60 Q-m at spacing
of 17 m. This showed peak of resistivity value, which
decreased to 1.5 Q-m when spacing was extended to 180 m.
Similar trend was observed at the second site of VES 2 with
slight difference in the peak value of the apparent resistivity as
40 Q-m at spacing of 10 m. Higher values of apparent
resistivity indicate improvement in groundwater quality for
saturated strata and variations in the lithological layers in the
unsaturated media as to be discussed in the subsequent
sections. The apparent resistivity data were used as input to the
model and output was a subsurface four layered model for
VES 1 data and three layered model for VES 2 data (Figures 4
& 5). Less number of layers at VES 2 was due to shorter
current electrode spacing of 100 m compared with 180 m at
VES 1. The apparent resistivity curves at position VES 1 (Figure
4) indicated four geoelectrical layers and these were classified as
KQ type. This curve type indicated four layers with their layer
resistivity relationship as p; < p, > p3> p4. The second apparent
resistivity curve at the position VES 2 (Figure 5) was
classified as K type curve because the layer resistivity
relationship was as p; < p, > p;. The watertable depth, 8 m
from the ground surface, was predicted accurately from
interpretation of the smooth model. Maximum apparent
resistivity values in the smooth model showed start of the
saturated geological formation affected by groundwater
quality. The depths of the maximum apparent resistivity data
at both the sites, however, were similar showing same water
table depths as determined from the borehole data (Figure 4
and 5).

The results of VES 1, VES 2 surveys and soil samples collected
from the drilled borehole were compared (Figure 4 and 5). The
average resistivities of the four subsurface layers model for VES
1 position were: 22.9, 95.9, 6.4, and 2.3 Q -m for depths of 1.7,
1.7 to 15.4, 154 to 42.3 m and beyond 42.3 m, respectively.
Similarly the average resistivities for three layers for VES 2
position for depths from ground surface to 1.2, 1.2 to 14.3 and
below 14.3 m were: 24.5, 55.6, and 6.25 Q -m, respectively.
The resistivity values of the 2™ layer (1.7 to 15 m) showed that
good quality groundwater was available in this layer at a depth
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of 8 m below the ground surface due to its high resistivity data
in the smooth model (Figures 4 and 5). Similarly, resistivities of

Table 1. Aquifer resistivity and groundwater quality data

the 3™ layer (15 to 42 m depth) also compared well with the Aquifer resistivity ~ Ground  Ground
ST : Sr Depth (m) (Ohm-m) water water
borehole data, which indicated coarse sand with alternate layer No, of Groundwater (Smooth EC SAR
of clay containing poor quality groundwgter up to depth of .42 ) Samples model Fig. 4) (S m™)
m. The fourt}} layer (>42 m depth) .C().nFalned very poor quality 1 3 30 Lol 7
groundwater in fine sand due to resistivity values lower than 22 2 11 45 1.20 8
Q-m. The decreasing trend in resistivity values showed 3 14 40 1.40 9
deteriorating ground water quality downwards. Bernard (2003) ‘5‘ ig ?g 5'(5)(1) g
has reported sirpilar criteria for interpreting YES data il’.ltO 6 19 17 320 15
subsurface layering. The EC and SAR values increased with 7 23 13 4.50 18
increase in the depth below ground surface. These results 8 26 10 5.20 20
compare well with the resistivity values obtained from the 2 2 ] 2.0 22
smooth model in Figure 4 for VES 1 position.
Layers | Depth (m) Resistivity (Q-m) | Interpretation VES Model
Sand and clay with 0.1 T '
1 contain with moisture e
0-1.61 229 content 1
Layer of course sand t LLI_‘ N
2 1.61-15.37 95.9 mixed with clay contain = 4 _LL
(VES 1) good quality ground = e
water 3 ] IJ]
Alternate layers of clay 3
3 15.37-42.35 6.4 and sand containing 1w — ‘_l_l =
poor quality ground |
water ] J—'j
Very fine sand with . [
4 42.90-100 2.3 alternate layers of clay 3
containing very poot/ 100 3
brackish groundwater
1 10 100 1000
R esistivity (ohm-m)
Fig. 4. Computer software 1X1D output at VES 1
Site (VES) | Layers | Depth (m) Resistivity (Q-m) | Interpretation VES Model
1 Loam with contain :
0-1.14 24.5 with conserved .
moisture content ]
P —
(VES 2) 2 1.14-14.24 55.6 Layer of course sand E T |L|—L
mixed with clay 3 ]
contain good quality = .
ground water vo _E ’_'_‘_[ |
Alternate layers of ]
3 14.37-100 6.25 clay and sand |
containing poor .
quality ground water .
100 — T T T T LELILE | T T T T T 1TrT
1 10 100
Resistivity (ohm-m)

Fig. 5. Computer software 1X1D output at VES 2

These resistivity values shows decreasing trend as moving
downwards below ground surface, however, EC and SAR
values increased downwards showing deteriorating
groundwater quality Table-1. At 15.6 m depth from ground
surface, EC, SAR and resistivity values were within
permissible limits, which indicated that good quality
groundwater was available up to depth of 15 m from
watertable. Beyond this depth, groundwater quality
deteriorated as moving down with lower resistivity values of
6.4 Q-m (Table 1; Figure 4 and 5) (Farid, 2009).

Well Design Parameters and Evaluation

The required discharge was calculated using the eq. 7 which
was found to be 1.50 m’/min (0.89 cfs). Screen length was
determined by means of eq.8, which was of 12 m for the
aquifer thickness of 29 m. The slot size of the screen was
determined at dgy of the aquifer material 50 x 3.5 mm.
Hence, screen diameter of (8") 200 mm with opening area of
20% was selected as recommendation by Rahman, 1983. The
entrance velocity was of 2.98 cm/sec for required well yield of
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Table 2. Summary of well design parameters at study area

the aquifer is naturally packed and there is no need to specify
gravel pack (Driscol, 1986). After determining the well design

Well Design Parameters Specification parameters, well assembly was lowered into the drilling hole.
Required Discharge (m*/min) 1.50 A filter of diameter 20 cm (8 inch) was lowered up to 12 m
Actual discharge (m*/min) 1.52 (39 ft) depth (3 pipe lengths, each length of 4 m (13 ft)).
Depth (m) 16 Above the filter, 5 pipe lengths of 20 m (65 ft) of blind pipe of

diameter 15 cm (6 inch) were connected to the filter (Table 2).
Casing Pipe length (m) 29 The estimated entrance velocity is about 2.98 cm/sec for
Casing Pipe Diameter (cm) 30 required well yield of 1.50 m*/min and 20% opening area of
Screen Length (m) 12 the screen. The calculated entrance velocity is less than
S . recommended entrance velocity of 3 cm/sec by Raghunath,
creen Diameter (mm) 20 . R M ..
| ) (2007) which is under permissible limit. The measured well
Slot Opening (mm) 2 yield was of 1.52 m3/min (0.89 ft'/sec) which was very close
Screen Open Area (%) 20 to the required well yield of 1.50 m3/min. The groundwater
Gravel Pack Naturally Gravel Pack quality was also determined, which was of 4 dS/m. The clay
Method of Drilling Cable Tool Method lalllyer vyasF 'found6 at depth 24 m below the ground surface
shown in Figure 6.
Q
oot !
Surficial soilloam { - Drelivery pipe
Clav mixad with |
Clav +Gravel Excavated well
L -
Coarse sand Pump
Fine sand mixad .
with gravel
10 g
!
Clay lawer :
Elind pipa with
1% / 13 cm diammat:
Course sand mixad .
with graval |
0 [
!
i Bivchiet
Hard clay or confinsd HHHE
25 lavar N
2 N
I [ B |
HHNE Well sereen with
::::::: 20 cm diamster
Fine sand mixad with HEH and slot size of
30 i g | S0x3Smm
| 1 : 1 : 1 : 1
N
1 : 1 : 1 : 1
[ i |
Very fine sand nhn!
35 MM

* Endecap

Fig. 6. Relationship between subsurface lithology and tubewell assembly

1.50 m*/min and 20% screen opening area, which is under
permissible limit (Raghunath, 2007). Using the typical grain
size distribution curve from Figure 6, the following values
were obtained as d;y= 0.08 mm, dgp= 1.5 mm and Uniformity
Coefficient (Cu) = dg 'dyo=1.5/0.08 = 18.75. The uniformity
coefficient is greater than 3 (Cu > 3) hence, it was decided that

Below this layer the groundwater is saline. The same well will
be used to recharge the groundwater using Aquifer Storage
and Recovery (ASR) technology. The ASR technology is
better suited for the saline aquifer (Goyal et al., 2008).
Therefore, the strainer was lowered below the clay layer
(Figure 6).
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Aquifer parameters

The greater value of the formation factor shows presence of
more resistive particles in the soil having bigger diameter,
which are most likely sand and gravel particles. The minimum
value of the formation factor was 1.27, (Table 3) indicating
presence of finer particles composition and low hydraulic

conductivity values (Soupios et al, 2007), whereas maximum
value of the formation factor was of 9.68, showing presence
particles composition of bigger diameter and higher hydraulic
conductivity of the aquifer. The hydraulic conductivity values
determined from formation factor ‘F’ were averaged as 96 m
day for VES 1 and 92 m day ™' for VES 2, which were in close
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Fig. 7. Logarithmic plot between r*/t vs s for observation wells
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Table 3. Formation factor

VES Site Depths (m)  VES Resistivity (Q-m) Remarks Groundwater Resistivity (Q-m) Formation Factor F
1.61 229 Unsaturated
13.75 95.9 Saturated 9.59 10
27.61 6.4 Saturated 1.92 3.33
VES1 23 Saturated 1.81 127
1.14 24.5 Unsaturated
13.10 55.6 Saturated 9.80 5.61
VES2 6.25 Saturated 1.81 3.45
Table 4. Longitudinal conductance and transverse resistance
VES Sites  Depths (m)  VES Resistivity (Q-m) Remarks Transverse resistance (Q-m?) Longitudinal Conductance (Siemens)
1.61 22.9 Unsaturated 36.86 0.07
13.75 95.9 Saturated 1318.62 0.14
VES 1 27.61 6.4 Saturated 176.70 0.431
2.3 Saturated undefined undefined
1.14 24.5 Unsaturated 27.93 0.04
VES 2 13.10 55.6 Saturated 728.36 0.23
6.25 Saturated undefined undefined

agreement with the range of 39.6 to 118 m day™' determined by
WAPDA (WASID, 1964) for Rechna Doab. Similarly the
average transmissivity was found to be 1256 m” day™' for VES
1 and 1163 m® day' for VES 2 position. The average values of
hydraulic conductivity and transmissivity, determined from
pumping test data were 96 m day' and 1156 m’ day'l,
respectively, closer to the above referred values (Figure 7).
The higher values of transverse resistance are associated with
higher resistivity values and higher thickness of the aquifer
layering showing good quality groundwater (Table 4). The
higher values of longitudinal conductance are associated with
the low resistivity values indicating poor quality groundwater.

Conclusions

Based on VES survey, borehole well log and pumping test
data, and computer model output, the following conclusions
were derived:

o The use of geoelectrical soundings survey proved to be a
useful technique for characterizing the groundwater
conditions of the study area. The output of computer
software, 1X1D, showed four layers model and presence of
alluvial aquifer that mainly consisted of sand and clay. The
second subsurface layer extended from 1.7 to 15 m depth
below ground surface having resistivity value of 95 Q-m
indicating the saturated strata had good quality groundwater.
Beyond 15 m depth, the resistivity value started decreasing
showing groundwater quality deteriorating downwards.

e The average transmissivity values computed using
longitudinal conductance and transverse resistance were
1256 m* day' for VES 1 and 1163 m%day for VES 2,
which were in close agreement with the average value of
1160 m*day determined from the pumping test data
showing potential of the VES technique for estimating
aquifer characteristics. The average hydraulic conductivity
of 94 m day” determined from VES data was also very
close to that of 96 m day’ estimated from pumping test
data.

e A well was designed and installed at study area upto depth
of 36 m below the ground surface with screen length of 21
m, opening area of 20% and screen diameter 20 cm, which
was efficient design for the required discharge 1.50
m’/min.

These results indicate that VES survey technique has the
potential to  characterize the groundwater quality
configuration, estimate transmissivity and hydraulic
conductivity parameters.
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