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Abstract— Coastal area is a complex ecosystem and fragile
one and the coastal aquifers in particular is impacted by
multiple sources and multiple criteria which warrants an
evaluation of multicriteria analysis for the assessment of the
aquifer systems and its vulnerability to degradation. In the
present study the versatile methodology of GIS based GALDIT-
AHP model has been applied to characterize the coastal
hydrogeological setting and aquifer vulnerability of the coastal
watershed of Lower Vellar and Colleroon covering shrimp farm
areain Tamilnadu. The main objective of the study isto ascertain
whether shrimp farming influences the aquifer vulnerability.
GALDIT isthe acronym of six thematic layersi.e. Groundwater
occurrence; Aquifer hydraulic conductivity; Depth to
groundwater Level; Distance from the shore; Impact of existing
status of sea water intrusion in the area; and Thickness of the
aquifer. Pair wise comparison of all these parameters were done
in GIS environment as per AHP and groundwater vulnerability
map has been prepared. The result visibly points out shrimp
farms is not the main reason for salinization and it is due to
natural phenomenon.
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l. INTRODUCTION

Shrimp culture is considered as ‘Aqua gold’ due to
harvesting in a short gestation period and earning of significant
foreign exchange through exports. The growth rate of
aquaculture between 1970 and 2006 was 6.9 per cent per
annum [1], athough it appears to be slowing in average 5.8%
between 2004 and 2008. In India, shrimp is being
predominantly cultured in about 1.4 lakh ha with a production
of 1.43 lakh tones (2005-06) which is roughly 15% of the total
brackishwater potential. Brackishwater aguaculture contributes
immensely to food and nutritional security, substantial income
and employment generation, productive utilization of coastal
waste lands and significant seafood export earnings. However,
brackishwater aguaculture has a number of environmental
impacts;, including salinization of drinking water and
groundwater quality; but, no scientific studies has been carried
out to understand the vulnerability of the aquifer in shrimp
farming area.
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Generally, the term of vulnerability refers to the potential
degree of damage that can be expected depending on the
characteristics of an element at risk with respect to a certain
hazard. Seashore is an area that has direct boundary to sea; that
would increase possibility for seawater intrusion in coastal
areas. For this study, GALDIT model can provide an effective
means of mapping the extent of seawater intrusion
vulnerability of coastal aquifers [2]. [3] Developed this
GALDIT index model from the DRASTIC method which was
originally developed by [4]. DRASTIC model was used to
assess the vulnerability to groundwater contamination, which
includes seven distinct influencing hydrogeological parameters
[5]. But GALDIT method, with six similar hydrogeological
parameters, has been mostly used to perform the seawater
intrusion in coastal aquifer [6]. GALDIT-based investigations
have been performed in several coastal belts of India [7], [8].
Geographical information system (GIS) to represent and
understand the spatial variation of groundwater quality has
been proved by severa researchers [9]. The overlay/index
weightage approaches gained popularity particularly with the
ease of usage of GIS technology. The spatial groundwater
quality index for ranking or weights, which reflected the
influence of different parameters [10]. The weights (or relative
importance) of main-criteria and its corresponding sub-criteria
under consideration were defined by pairwise comparison
method [11]. The application of Analytical Hierarchica
Process (AHP) method in GIS has been used by many
researchers in recent years which includes the work of [12],
[13] for groundwater investigations and [14] for selection of
aquaculture sites. In this study, GALDIT based AHP weighted
index overlay analysis is used to determine, so as to draw a
conclusion on the sdinization whether it is natural or
anthropogenic. Finaly, the groundwater vulnerability map is
drawn to understand the vulnerability area in shrimp farming
region.

II.  MATERIALS AND METHODS

A. Study area

The study area Chidambaram taluk falls in the Cuddalore
district it comprises of sedimentary formation located in
eastern part of Tamilnadu and bounded by Bay of Bengal. This
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study area occurs within the survey of Indiatoposheet No.58
M/10, 58 M/11, 58 M/12, 58 M/13, 58 M/14, 58 M/15 in the
scale: 1:50,000 and is located between 11°30°N to 11°20°N
latitude and 79°38’E to 79°48’E longitude. The watershed
boundary has been delineated using toposheet and satellite data
aswell as with the help of Mini and Micro-watershed boundary
in the sub basin collected from Agricultural Engineering
Department, Tamil Nadu. The total extent of the study area is
about 213.44 sq km in which the water spread area of shrimp
farmsis approximately 4 sg.km.

B. Dataused

The groundwater sample for HCO;, CO; and Cl were
collected from the identified 46 groundwater wells and was
collected once in two months starting from October 2011 to
October 2013. The concentration ions were estimated in the
laboratory using the standard methods as suggested by the
American Public Health Association [15]. Groundwater levels
were measured using water level indicator (Solinst 101), once
in two months in the monitoring wells from April 2012 to
February 2013. Pumping tests was carried out in order to
determine the aquifer characteristics and it was conducted
during the end of November 2012 in 5 locations. The study
area and sampling location point is shown in the Fig.1.
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where, W and R are the relative weights and rating assigned
to the six factors. The ratings of al the factors were assigned
by reclassifying the influencing factors with different ranges
through AHP method. AHP technique analyzes the multiple
datasets in a pair-wise comparison matrix, which is used to
calculate the geometric mean and normalized weight of
parameters [16]. For different features of each parameter, they
were assigned weights on a scale of 1 to 9 according to their
relative influence on groundwater vulnerability. A comparison
matrix M isa (Lx L) matrix in which L is the number of either
main-criteria or its corresponding sub-criteria being compared.
To fill the matrix M, He [17] proposed the use of a one to nine
scale to express the expert’s preference and intensity of that
preference for one element over the other (Table: 1 Scale for
pairwise comparison). The consistency ratio (CR) was obtained
by dividing the consistency index by the random index. The
consistency ratio is designed in such away that if CR< 0.1, the
ratio indicates a reasonable level of consistency in the pairwise
comparisons; if, however, CR > 0.1, the values of the ratio are
indicative of inconsistent judgments [18]. Inverse Distance
Weighing (IDW) spatial analysis was applied to generate the
raster graphical output for each parameter. However, AHP
weightage system is applied to assess seawater intrusion in
hydrogeologica settings and has been devised using GALDIT
factorsin study area. The methodology flow chart was given in
Fig.2.
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Fig: 1. Sampling location map.

C. GALDIT based AHP method

The vulnerability of the aquifer for seawater intrusion has
been done using GALDIT based AHP multicriteria method.
The most important factors controlling seawater intrusion were
found to be the following: Groundwater occurrence (aguifer
type; unconfined, confined and leaky confined); Aquifer
hydraulic conductivity; Depth to groundwater Level; Distance
from the shore (distance inland perpendicular from shoreline);
Impact of existing status of sea water intrusion in the area; and
Thickness of the aguifer, which are being mapped. These
factors, in combination, are determined to include the basic
requirements needed to assess the general seawater intrusion
potential of each hydrogeological setting. GALDIT factors
represent measurable parameters for which data are generally
available from a variety of sources without detailed
examination. From these, the GALDIT (Combining the first
letters of the above significant factors) Index is calculated as:
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Fig: 2. Methodology flow chart of GALDIT based AHP model.

Table: |. Scale for pair wise comparison

Intensity of relative

importance Definition

1 Equal importance

Equal to moderate importance
Moderate importance

Moderate to strong importance
Strong importance

Strong to very strong importance
Very strong importance

Very to extremely strong importance
Extreme importance

If the activity i has one of the above
non-zero numbers assigned to it when
compared with activity j, then j hasthe
reciprocal value when compared toii.

©oo~NOOUIh~ WN

Reciprocals of above
non-zero numbers

Source: Saaty (2000).
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1. RESULT AND DISCUSSION.

The parameter G (equifer type) affects the degree of
advancement of the marine water into the groundwater. For
example, an unconfined aquifer, in natural conditions, is more
affected by marine water intrusion than a confined one. The
Groundwater occurrence in the study areais unconfined type of
aquifer (Table: Il aand Fig: 3a).

Table: Ila. Pairwise comparisons matrix for groundwater

occurrence (G)
Groundwater occurrence (G)
Type Ratings (D) Sub - Index (D*Dw)
Unconfined aquifer 5.39 1.98
Weight (D) 0.367
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Fig: 3a. Groundwater occurrence

Aquifer hydraulic conductivity (A) or the permeability is
the gptitude of a soil or rock to let itself cross by water under
the effect of a hydraulic gradient. The value of hydraulic
conductivity is controlled by the properties of the aquifer and
determines the rate of groundwater movement in the saturated
zone. As hydraulic conductivity increases, groundwater
velocity as well as the speed at which pollutants are transported
also increases, raising aquifer vulnerability. In study area the
hydraulic conductivity is categorized into five divisions such as
< 0.23 (m/h), 0.23 — 0.33 (m/h), 0.34 — 0.43 (m/h), 0.44-0.53
(m/h), >0.54 (m/h) (Table: Il b and Fig: 3b).

Table: 1b. Pairwise comparisons matrix for aquifer
hydraulic conductivity (A)

International Journal of Engineering Research & Technology (1JERT)
ISSN: 2278-0181

Vol. 4 Issue 02, February-2015

19°4115°E 70 450°E 79°4845°E 9°52%0°E

. ’ N Legend N .

Shrimp farms

Mangrove forest
Water bodies
Aquifer hydraulic
conductivity (m/h)

oN

<023

| 0.23-033

0.34-0.43
z 0.44-0.53 |-
g Y < >0.54 g

q o

z Scale 4
0 2 4 8 Kilometers [

794115 79450 79°4645°E T9°570°E

Fig: 3b. Aquifer hydraulic conductivity

The depth of groundwater level (L) compared to the
average dtitude of the sea is a very significant factor in the
evaluation of the sea water intrusion in any area. By this it
determines the possibility of the water pressure to move back
the sea front. In general the minimal values of groundwater
level below the sea level remain most significant, because they
provide the strongest possible vulnerability to this marine water
intrusion. Depth to groundwater level (Table: 11 c and Fig: 3c)
ranged from 1.8 to 2.7m and its categories into five divisions
such as 1.25-1.74m, 1.75-1.99m, 2.00-2.21m, 2.22-2.42m and
2.43-2.75m.

Table: Ilc. Pairwise comparisons matrix for depth of
groundwater level (L)

Depth to groundwater level (L)

Ranges (in meter) Ratings (T:) Sub - Index (T* Tw)
1.25-1.74 3.81 0.40
1.75-1.99 2.56 0.27
2.00-221 2.03 021
222-242 121 0.13
2.34-275 0.38 0.04

Consistency Ratio 0.078
Weight (Tw) 0.105
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Fig: 3c. Depth of groundwater level.
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Distance from the shore (D), the impact of the intrusion of
sea water generally decreases when moving perpendicularly to
the shore towards the interior. This parameter was estimated
according to four distances (below 2 km, 2-5 km, 5-10 km and
abovel0 m) perpendicular to the line of coast. The maximum
weightage is adopted for the distance lower than below 2 km
from the coast line, whereas the minimal one is allotted for all
those higher than 10 km (Table: |1 d and Fig: 3d).

Table: 11d. Pairwise comparisons matrix for distance from

the shore (D),
Distance from the shore
Ranges (km) Ratings (S) Sub - Index (S*S.)

>10km 5.04 0.85
05-10 km 1.76 0.30
02-05 km 2.05 0.35
<2km 1.16 0.20

Consistency Ratio 0.013

Weight (S.) 0.170
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Fig: 3d. Distance from the shore.

Impact of existing status of seawater intrusion is calculated
by aratio Cl / [HCO3 + COg] and it’s a criteria to identify the
extent of seawater intrusion into the coastal aquifers and can be
used if the chemical analysis datais available. In this study, the
Cl /| (COs+HCOy) ratio is used to delineate the interface.
Chloride is the most dominant ion in sea water and normally
occurs in small amounts in ground water, while HCO; is
usually the most abundant negative ion in ground water but it
occurs in minor amounts in the seawater. The Cl/ (COs+HCO3)
ratio is calculated for al the wells and it is divided into three
categoriessuch as< 1.5, >2, <2 (Table: Il eand Fig: 3e).

Table: lle. Pairwise comparisons matrix for Impact of
existing status (1)

I mpact of existing status
Ranges (meq) Ratings (C) Sub - Index (C*Cy)

Cl/ (HCOs+CO;3) < 1.5 6.06 0.72

Cl/ (HCO3+CQ3) > 2 3.14 0.37

Cl/ (HCO;+CO3) <2 0.79 0.09
Consistency Ratio 0.093
Weight (Cw) 0.118
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Fig: 3e. Impact of existing status.

Generadly in study area the thickness of aquifer (T) is
higher than 10 m and equal vaue is given in watershed (Table:
Il eand Fig: 3e).

Table: I1f. Pairwise comparisons matrix for thickness of

aquifer (T)
Thickness of the aquifer
Ranges (m) Ratings (1) Sub - Index (I:*1y)
>10 381 0.21
Weight (Iw) 0.056
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Fig: 3f. Impact of thickness of aquifer

The final vulnerability map (Fig.4) was obtained by
running the model in the GIS environment by using the six
hydro-geological data layers. Consistency Ratio for overal
parameter in GALDIT method is 0.005. These values were
reclassified into four classes i.e, less vulnerable, medium
vulnerable, vulnerable and high vulnerable. The results of this
study show that the less vulnerability is observed in the entire
western side of the study area were shrimp farm activity is
0.216 sq.km. Medium vulnerability are noted in northern, north
western, north eastern, central and south eastern side of the
study area were shrimp farm activity is 2.394 sg.km.
Vulnerable area are covered by central, central eastern, south
eastern and few part in north eastern of the study area were
shrimp activity in that area is 1.293 sg.km. High vulnerability
is observed in north eastern side, few parts in central and south
eastern side were shrimp farm activity is 0.093 sg.km.
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Fig: 4. GALDIT vulnerability map.
(9]
IV. CONCLUSION
The vulnerability map of shrimp farm region has been (6l
derived to show the impact of seawater intrusion along the
coastal zone. The new GALDIT method has been successfully
used to assess the extent of agquifer contamination due to sea
water intrusion. GALDIT method parameters in the study area [7]
which were used to assess groundwater occurrence were of
unconfined aquifer. Hydraulic conductivity index was 0.23 to
0.54 m/h were higher conductivity are observed in southern 8]
part of the study area. Groundwater level elevation was 1.25 to
2.75 meters and higher water levels are noted in northern
eastern side. Distance from shore was categorized into four
divisions were more weightage is given for less than 2 km. (9]
Impact of existing status shows higher concentration are
observed in entire eastern side, few parts in central part and
southern part. Thickness of aquifer is higher than 10 metersin [101
the study area. Weightage and ranking value was assigned to
each parameter by pairwise comparison method to calculatethe 1y
GALDIT index. The vulnerability rate for GALDIT index was
classified into low vulnerable, medium vulnerable, vulnerable
and high vulnerable. Highest numbers of shrimp farms were  [12]
noted in medium vulnerable area and it is 2.394 sq.km. Next to
that vulnerable area is noted and it is having 1.293 sg.km.
Followed by low vulnerability were shrimp farm activity is  [13
0.216 sq.km. Only less area of shrimp farms is observed in
high vulnerable and it is about 0.093 sqg.km. The above results
clearly suggest that the impact of salinization, due to shrimp |14
farming aong the region were independent and it is a natural
phenomenon.
[15]
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