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Fig 5.9: Spatial distribution of hydraulic conductivity in the study area 

5.4.2 Groundwater vulnerability assessment 

The study area was categorized into four vulnerability zones i) Very High 

Vulnerable ii) High Vulnerable iii)Moderate Vulnerable and iv) Low vulnerable zones 

from the DRASTIC and GIS-MCDM technique (Table 5.6). The vulnerability zonation 

map derived is shown in Figure 5.10.  

Table 5.6: Areal distribution of aquifer vulnerability class 

SL No. Vulnerability Zonation Area in Km
2
 Area in % 

1 Very High 220.94 22.54 

2 High 176.48 18.01 

3 Medium 220.5 22.5 

4 Low 363.07 37.05 
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The areal statistics in Table 5.6 elucidates the fact that 40.55% (397.42 Km
2
) of the 

total study area falls under the high and very high vulnerability zone. Groundwater 

vulnarability zonation map derived by integrating GIS-MCDM is shown in Figure 

5.10.Very high vulnerable zones were identified on the coastal/inland alluvium where the 

transport of contaminants will be predominantly high, high vulnerability zones were 

surrounded to the very high vulnerability zone with fluvial, fluvial marine and aeolin 

formations. Majority of the urbanized area and industrial area sustaining in the study area 

falls under this zone making the situation critical. Low vulnerable zones were accounted 

for 37.05% (363.07 Km
2
) of the total study area. This comprises of the inland regions 

having crystalline formations of hornblende biotite gneisse, charnockite and other hardrock 

formation making the aquifer least vulnerable to contamination. The vulnerable zones 

identified through DRASTIC and GIS-MCDM technique will lend a hand for the planners 

and researchers for sustainable management of this solitary water resource of the study area. 

 

Fig 5.10: Groundwater vulnerability map for the study area 

****** 
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Summary 

An integrated approach has been taken in this study to understand the 

hydrochemistry of coastal aquifers of Tuticorin, Tamil Nadu using hydrogeochemical, 

stable isotopic and geospatial techniques. Based on the geological characteristics, the 

study area were classified in to coastal and inland areas. Physicochemical and 

bacteriological characteristics of 40 dug wells and 27 tube wells in the coastal/inland 

alluvium region, 8 dug wells and 43 bore wells in the inland crystalline regions during 

two different seasons, pre and post monsoon and their spatial distribution of ionic 

concentration were carried out. Hydrochemical processes were deciphered from ionic 

abundance, Hill piper diagram, Chadhas plot, Gibbs diagram and multi variate 

statistical analysis. Irrigation water quality assessment was also carried out.  

The salinization mechanism of the study area was evaluated from environmental 

isotopes (δ
18

O and δD). The local meteoric water line (LMWL) was established by 

using stable isotopes of precipitation. A GIS based Multi Criteria Decision Making 

(MCDM) technique was conducted to evaluate spatiotemporal variations of 

groundwater quality aspects and groundwater suitability zonation based on the BIS and 

WHO drinking water quality standards. Combination of DRASTIC and AHP methods 

was carried out for assessing ground water vulnerability to contamination.  

Conclusions 

 The alkaline nature of ground water in coastal and inland aquifers for pre and 

post monsoon season is due to the reduced precipitation in the area and 

proximity of coastal aquifers towards sea. 
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 Majority of the study area showed higher TDS value, it can be caused by the 

distribution of sparse rainfall. 

 The majority of the groundwater in the area was hard. The geologic formation 

along the source of groundwater plays an inevitable role in making it hard. 

 Higher ionic concentration are observed in north eastern coastal region during 

pre and post monsoon seasons. 

 The predominant cation were sodium in all wells in the study area for both pre 

and post monsoon seasons. Chloride was the major anion found in coastal wells 

and sulphate was the predominant in inland wells. Highest sodium and chloride 

ion concentration were observed in aquifers lying near coast which indicates the 

saline water ingression. 

 Hydrochemical facies of ground water evaluated by using Hill-Piper Trilinear 

diagrams and were 

 In coastal/inland alluvial aquifers (dug well and tube well) – 

Na-K-Cl-SO4>Na-K-HCO3and Na-K-HCO3> Na-K-Cl-SO4 

       In inland crystalline aquifers (bore and dug well) – 

Na-K-HCO3> Na-K-Cl-SO4 and Na-K-Cl-SO4> Na-K-HCO3 

 Bacteriological contamination was observed in areas near to Tuticorin port and 

north-west part of inland areas. This is due to lack of proper sanitation facilities 

in rural/urban areas. 

 Using USSL diagram irrigation water quality was assessed and coastal aquifers 

showed salinity hazards.  

 The ratio between the dissolved ionic species in groundwater were studied and 

the occurrence of leaching from aquifer material into the groundwater was 

confirmed. 

 Gibb’s analysis indicated that no precipitation dominance was found in coastal and 

inland groundwater for all the season. Multi-variate statistical analysis confirmed 

the influence of rock-water interaction in hydrochemistry of groundwater.  
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 The local meteoric water line (LMWL) was established for the entire study area 

using stable isotopic ratios (δD and δ
18

O) of rainwater and found that the local 

trend of stable isotopic signatures of the study area almost follows the global 

trend. Equation derived for LMWL in the study area is δD = 6.9 δ
18

O + 3.5. 

 δ
18

O of the  groundwater samples from the dug wells ranged between -3 to -5‰ 

and samples from tube wells ranged from -4 to -5‰ and bore well samples in 

the range -5 to -6‰. There is depletion in heavier isotopes in groundwater of 

the order of 1‰ as we go deeper in the Tuticorin area. After monsoon, 

depletion in δ
18

O values is observed in the shallow and deeper aquifers in varied 

extents. 

 The groundwater from coastal aquifers in the sedimentary formation is more 

depleted than those of the inland aquifer by ~2‰ in the premonsoon, and in the 

postmonsoon, it is reduced to ~1‰ between the coastal and inland samples. The 

tube well samples showed similar isotopic composition irrespective of the 

distance from the shore/lithology in the two seasons. 

  Seasonal variation in isotopic composition in the hard rock aquifer is random 

compared to the other aquifers. 

 The northeast monsoon rains are found to be the major recharge source to the 

groundwater of the region. Due to evaporation from the rain drops during its fall 

the resultant rain is highly enriched in heavier isotopes as the season progresses. 

Contribution from the recycled vapour to the precipitation is not significant 

enough to impart any isotopic modification of rain water. 

 The regression analysis of δ
18

O and δD of groundwater drawn from tube wells 

showed that during the non-rainy period of June to September, the groundwater 

is mixed probably with seawater. The groundwater in the alluvial aquifers in the 

study area is assumed to be recharged by the northeast monsoon rains after a 

time lag of approximately six months. The shallow groundwater from dug wells 

even though showed evaporative enrichment, is being recharged rapidly by the 

infiltrating rainwater.  
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 The shallow groundwater of Tuticorin district is affected by salinity due to 

direct ingress of seawater in the non rainy period, and also due to concentration 

of ions by evaporation. The results of the present investigation provide an 

outline of the geochemical processes controlling the groundwater chemistry of 

the fragile aquifer system of Tuticorin coast.  

 With respect to drinking water suitability, the study area has been classified into 

four zones such as very poor, poor, moderate and good using GIS based MCDM 

technique. About 24% and 34% of entire study area were categorized as very 

poor to poor and moderate groundwater suitable zone for drinking purpose. The 

main reason for the poor groundwater suitability zone in coastal area are high 

urbanization, presence of salt pan, extraction of water for industrial use and so on.  

 The groundwater vulnerability assessment by integrating GIS based DRASTIC-

AHP techniques classified the study are into very high, high, medium and low 

groundwater vulnerable zones. An area of 40% and 23% of coastal region with 

a very high to high groundwater vulnerability which are characterized by porous 

& permeable vadose media with shallow groundwater table. 

 Inland region of the study area is characterised with low vulnerability index 

value indicated that the groundwater in the zone is protected from contaminants 

leaching due to its inherent hydrogeology. This region is characterised with 

Charnockite/ Hornblende Gneiss of low porous vadose media and the presence 

of steep slope terrain favour this low vulnerability. 

Future research fields suggested are:- 

 The effect of industries on hydrological characteristics both qualitatively and 

quantitatively on shallow and deep aquifers in the study area. 

  Mitigation measures for saline water ingress to ensure sustainable development 

of groundwater in the area. 

 The residence time/recirculation of groundwater incorporating the tidal 

oscillations to be assessed for better planning measures. 

****** 
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