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Abstract

Tremendously increasing population rate, industrial and agricultural activities have led to the higher demands of groundwater
to meet the requirements since last decades. Excessive pumping of groundwater has dramatically changed the flow dynamics
of groundwater to an alarming situation. DRASTIC method, developed by the US Environmental Protection Agency (EPA), has
been used for the assessment of groundwater contamination risk. The application of the DRASTIC model involves the seven
parameters such as depth to water table D, net recharge R, aquifer media A ,s0il media S, topography T, impact of vadose zone
I and hydraulic conductivity C. Each parameter was assigned weightage and GIS tool was used to interpolate the field data. The
modeled groundwater vulnerability generated reflects DRASTIC scores ranging from 65 to 190. Model also provides a basis for
protecting the aquifer from pollutants. Additionally, land use and development activities can be informed by mapping the variables.
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1. Introduction

Groundwater is a significant freshwater resource on the planet
Earth which is used for various beneficial purposes by mankind
[1]. However, human activities have posed negative impacts
on groundwater quality which may result in the temporary or
permanent loss of this resource [2]. In economic terms, it is very
costly to remediate the aquifer or to remove the harmful materials
from the water prior to use. The aquifers’ vulnerability represents
a serious problem for developing countries where industry or
agriculture grows fast at the same time with the urbanization

process [3]. Groundwater is considered as an important source of
portable water supply, due to its relatively low susceptibility to
pollution, in comparison to surface water [4,5]. Groundwater, in
Pakistan, is potable in its natural form accounting approximately
97 percent of total rural water supply, and 53 percent of the national
potable water supplies [6,7]. Groundwater in Pakistan is under
severe stress due to increasing water demands as a consequence of
overpopulation coupled with climatic changes [8].

The National Water Well Association (NWWA, Aller et al., 1985)

J Water Res, 2026

Volume 4 | Issue 2 | 1



developed the DRASTIC model to assess the aquifer susceptibility
by combining data sets that describe the depth-to-GW, recharge
rates, aquifer material, soil composition, topography, impacts of
vadose zone, and hydraulic conductivity. DRASTIC modeling has
been the most commonly used aquifer vulnerability assessment
method; however, it is not intended to predict the occurrence of
GW contamination [4]. With the growing understanding of the
importance of underground water resources, efforts are being
increased to prevent, reduce, and eliminate GW pollution. The
DRASTIC model can be a useful tool for identifying GW supplies
that are vulnerable to contamination using basic hydro-geologic
variables that may influence transport of contaminants from surface
sources to GW [9]. Today the DRASTIC method is being regarded
as a standardized system for evaluating groundwater pollution
potential and has been widely used in many countries because
the inputs required for its application are generally available
from public agencies [10]. This system allows the user, for any
hydrogeological setting, to determine a numerical index value by
using an additive model. DRASTIC model have been widely used

to evaluate the vulnerability of groundwater [11-13].

2. Material and Methods

2.1. Hydrogeological Settings of Study Area

Research area lies in the central Indus basin and is bounded by the
irrigated network of river Ravi, Pakpattan-Islam link canal, SMB
canal and Pakpattan upper and lower canals (Figure .1). Area is
widely drained by the Sutlej River that is characterized by extreme
water flow variations over the year. Hydraulic conductivity varies
between 2-16m/d and found maximum at the head works installed.
The study area is investigated for artificial recharge as it reflects
surplus water recharge, appropriate lithology, recharge patterns
and agricultural land use. Different studies revealed that 36000AF
will be available for groundwater recharge during the flood season.
Continuous layers of clay are absent from the aquifer that reflect
the existence of an unconfined aquifer. The identified clay layers
are generally have thickness variation of 2.5-5.8feet. Silt, clay,
sand and gravels are deposited in various soil types defining the
recharge capacity of the area [14].
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Figure 1: Map of the Study Area

2.2. The Drastic Model

DRASTIC model consisting of seven hydrogeological parameters
was initially developed and used to assess the potential of
contamination of groundwater in the entire USA [4]. This model
is based on the following assumptions/conditions: i) there are
potential contamination sources on the surface of the soil; ii) the
potential contamination sources reach the aquifer through the
infiltration mechanism; iii) the pollutant has the mobility similar

to the groundwater; and iv) the hydrogeological unit considered
has a surface of greater than 40 ha [13,15]. The seven parameters
of DRASTIC model have been detailed in table 1 (Table 1). These
parameters cover a wide range of factors and properties of media
through which the water and other contaminants move, aquifer
properties, physiography of area under evaluation, geological
formation, i. e., subsurface strata, and hydrologic phenomenon
like rainfall which are covered in the net recharge to the aquifer.
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Inclusion of such a large number of parameters for mapping the
vulnerability of groundwater makes the DRASTIC model more
comprehensive reliable and accurate. Its results can be further
corroborated by carrying out sensitivity analysis of different
weights assigned in the model [13].

To investigate the aquifer vulnerability, the DRASTIC method
was adopted in the present study. The three variables land surface,
unsaturated zones and saturated zones are considered in the
development of DRASTIC model [16]. The application of the
DRASTIC model involves the seven parameters such as depth
to water table D, net recharge R, aquifer media A, soil media S,
topography Tr, impact of vadose zone I and hydraulic conductivity
C. Firstly, ratings and weights were assigned as per (Table 1) [15].
Then, the layers wise data with common coordinates system was
imported into the Geographical Information System (GIS) for the
preparation of thematic maps as well as vulnerability map. The
topography of study area was based on 30 m resolution DEM from
SRTM. ArcGIS was used to prepare the database and to process

the field data for interpolation regarding various parameters. Based
on a weighted addition of seven features forming the DRASTIC
acronym, the model calculated an intrinsic vulnerability index
(Figure 2).

DRASTIC Index (DI) = DrDw + RrRw + ArAw + SrSw + TrTw +
Irlw + CrCw )]

Where r = rating & w = weightage
The equation for determining the DRASTIC Index is eq. (ii)

=1 PP, (i)

Where “P” refers to the parameter and “w” is weight. The number

of features (n) is seven, i.e., P, =D, P,=R,P,=A,P,=S,P =T, P,

=], P7 C. Weights are assignedasw, =5, w, =4, w, =3, w, =2,
=1,w, =35, and w, = 3 respectively.
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Figure 2: Flow Diagram of the DRASTIC Model
DRASTIC parameters | Source Range Rating (r) Weight (w)
Water table depth (m) Borehole/Well and hand | 0.0-1.5 10
pumps inventory 1.5-4.6 9
4.6-9.1 7
9.1-15.2 5 5
15.2-22.9 3
22.9-30.5 2
>30.5 1
Net recharge ESRI LULC and 11-13 10
Rainfall data 9-11 8
7-9 5 4
5-7 3
3-5 1
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Table 1: DRASTIC Weights

3. Results And Discussions

3.1. Depth to Water Level (D)

Water table data is a significant source for input in the model
to assess groundwater vulnerability as it indicates the level
of protection and pollutants movement [17]. This acts as an
inverse relation to the groundwater contamination trends. Over-
exploitation of groundwater associated with urbanization and
the unconfined nature of the aquifer contributes not only to the
depletion of groundwater but also to the high vulnerability of the
aquifer. The groundwater level data was interpolated by Kriging
and its output is analyzed for groundwater zonation (Figure 3). The
northern parts of the study area situated in the vicinity of Pakpattan
canal demonstrate deep water table (>40m). The southern zones of
the study area have shallow water table (20-25m). There are some
small patches of medium water depth in the central parts of the
study area.

3.2. Net Recharge (R)

Net recharge is an indicator of trends of infiltration rates. A
proportional relation exists between the recharge values and
contamination potential. Net recharge of the area displays an
extent of 31-45mm/y in the majority of the area. There are higher
levels of net recharge are observed in the southern parts near the
banks of river Ravi. District Vehari receives significant amount
of net recharge in the vicinity of Pakpattan canal (Figure 4). The
moderate recharge zone prevails in the northwestern and the
northeastern districts.

3.3. Aquifer Media

The aquifer is defined as a rock formation consolidated or
unconsolidated which can store and yield sufficient quantities of
water for use. In general the textural characteristics (i.e. the grain-
size, shape sorting and packing) and the fractures or openings
within the aquifers control the attenuation capacity of an aquifer.
The larger the grain size and openings the higher would be the
permeability of the aquifer media. The high permeability would
result in the high flow rate of water through the ground and
consequently the higher pollution potential [18]. Clay and sand
dominates around the banks of the Sukh Bias Drain. Clay and sand
deposits are also common in the vicinity of Khadir branch canal.
The settlements of Vehari and Ludden are rich in the combination
of sand and gravel deposits. The southern parts of the study area
have mixed soil typology of silt, sand and clayey texture in repeated
intervals. The southern banks of the lower Pakpattan canal pose
higher permeable subsurface media (Figure 5).

3.4. Impact of Vadose Zone

The vadose zone, also termed as the unsaturated zone, is the part
of Earth that extends from ground surface to the water table.
The surface water infiltrates through this zone and reaches to
water table. A thick vadose zone offers better shield to surface
water infiltrating to the water table and thus reduces the pollution
potential. Therefore, there is an inverse relation between vadose
zone thickness and aquifer vulnerability. Meanwhile it imposes
negative impact on declining water table due to reduced infiltration
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rate. The nature of the vadose zone also influences the infiltration
of water to the aquifer. If the material constituting the vadose zone
is impermeable or less impermeable then it will impede the flow of
water. Model results implicate the top northwestern parts and the
area in the vicinity of Islam Headworks as higher values of Impact
of vadose zone (Ir). The zones with sand-gravel, sand and clayey
silt are common in the rest of area (Figure 6).

3.5. Soil Media

Soil media refers to the upper most weathered portion of the earth
surface. Its thickness varies from six to less than six feet from the
ground surface that is considered as the first defense shield against
groundwater contamination as it first comes in contact with the
water percolating through the ground surface. Due to its intimate
contact with human settlement, it collects various types of pollutants
[19]. Porosity and permeability controls the infiltration process
[20]. It has been observed that soil thickness and permeability
define the contaminant transport mechanism. The northeastern and
southwestern parts of the study area are dominated by clay, silty
clay, clay silt and the silt deposits. Sandy silt, silty sand and are
abundant in the central parts of the study area administrated by
the Vehari and Ludden districts. Sand-gravel deposits are observed
at the banks of River Ravi near Islam Headworks and also at the
confluence of Pakpattan canal and SMB-canal (Figure 7)

3.6. Topography

Topography refers to the slope of an area and helps to evaluate
flow directions and infiltration rates. From slope percent we can
analyze whether a pollutant will run off or remain long enough on
ground surface to infiltrate to the water table. Gentle slopes tend
to stay water for long periods with little run off, and hence result
in greater potential for pollutants to infiltrate to groundwater and
vice versa. The regions with consistently low topography are more
vulnerable as water finds much time to stay and infiltrate into the
sub-surface. Most of the slopes in this study area were in the range
of 0-2%. The western parts of the study area are demarcated as
a comparably high slope zone having 7-12% percent slope. The
vicinity of Pakpattan-Islam link canal is documented as the lowest
slope in the area.

3.7. Hydraulic Conductivity

Hydraulic conductivity can be defined as the flow rate of water
horizontally through an aquifer. As the hydraulic conductivity
increases the groundwater velocity also increases that turns
accelerated speed at which pollutants are transported to the aquifer
raising the aquifer vulnerability. This defines a direct relation
between conductivity and vulnerability. The accurate estimation
of hydraulic conductivity is very difficult and also considered as a
limitation of the DRASTIC method as it was agreed by Fritch et
al. and Martinez et al. [21,22]. There is heterogeneity of hydraulic
conductivity in the central parts of the study area defined by the
multiple water channels. There are few zones in the upstream
of Ravi that demarcates the southern boundary of the study area
where hydraulic conductivity exceeds 16m/d. the southwestern
canals demonstrate hydraulic conductivity of 7-16m/d but there
are very low rates observed in the Burewala district in the northeast
(Figure 8).

3.8. DRASTIC Index

The DRASTIC Index has been computed by summing up the
weighted parameters. Generally, higher values of DI indicate
greater susceptibility of the groundwater to pollution. The model
output (vulnerability map) displays the degree of vulnerability
of study area. The settlements in the central parts of the study
area reflect medium to high values of the DRASTIC index while
southern zone near Islam Headworks have the highest DI. A low
to the moderate DI prevails in the majority of the area in the
commands of northeastern and northwestern irrigation network.
There are some pockets of low susceptibility to groundwater
pollution in the northern part of study area around Pakpattan upper
canal command (Figure 9).

4. Conclusions

Study outcome indicates that assessment of the aquifer vulnerability
for contamination potential, the combined use of DRASTIC
and geographical information system (GIS), is highly reliable
method. In the study area DRASTIC index value are recorded as
65-190. Model outcome suggest a low to very high vulnerability
of groundwater contamination in the studied aquifer. Majority of
the area may have a low chance of groundwater contamination.
DRASTIC Index suggests different water management policy for
the vulnerable zones identified [23].
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