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Abstract— Groundwater is indispensable to humankind. With 

increasing overuse of the groundwater resources, it has 

become necessary to study in detail vulnerability of ground 

water considering rapid industrialization and sea water 

intrusion. Vulnerability assessment of the ground water 

resources is conducted to highlight the areas which are 

susceptible to contamination. In the present study, attempt 

has been made to evaluate the groundwater vulnerability 

method in the coastal area of Porbandar using GALDIT and 

GIS. The parameters of GALDIT index are: Ground water 

Occurrence (aquifer type), Aquifer hydraulic conductivity, 

High ground water Level above the sea level, Distance from 

the shore, Impact of existing status of sea water intrusion in 

the area, and Thickness of the aquifer. Ground water 

vulnerability map generated in GIS environment can be used 

for the proper management and sustainable use of the coastal 

aquifer. 
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I. INTRODUCTION 

Groundwater begins with precipitation that seeps into the 

ground.  The amount of water that seeps into the ground will 

vary widely from place to place, depending on the slope of 

the land, amount and intensity of rainfall, and type of land 

surface. Underground water occurs and flows along pore-

spaces, cracks, fissures, shears, faults, cavities and other 

openings within the country-rocks and its availability for the 

water supply depends mainly on the porosity and 

permeability of the rocks in which they occur. The 

distribution of ground water in a region depends on the nature 

and structure of rocks and soils forming the country. 

Recharge of ground water depends on the drainage basin area, 

precipitation and infiltration rate. Infiltration rate depends on 

the lithology, slope and drainage characteristics. 

There are several problems related to groundwater 

which affect the quality and quantity of ground water such as 

saltwater intrusion, chemical contamination from agriculture 

and industries, lowering of groundwater table. Seawater 

intrusion is the movement of seawater into fresh water 

aquifers due to natural processes or human activities.  

The chloride is the dominant cation in sea water and 

normally occurs in small amounts in fresh ground water. On 

the other hand, bicarbonate is usually the most abundant 

negative ion in ground water and occurs only in minor 

amount in sea water. The higher ratio, therefore, indicates 

larger proportion of sea water. Ratio of chloride to carbonate 

plus bicarbonate [Cl/ (CO3+HCO3)] in the ground water in 

the coastal belt area is about 50 indicating sea water intrusion 

(Das and Prakash 2008). 

Porbandar district of Gujarat located on the Arabian 

coast has been selected for the present study to assess ground 

water vulnerability. 

II. STUDY AREA 

Porbandar District, situated in the south-western part of the 

Saurashtra Peninsula is one of the most important districts of 

the Saurashtra in Gujarat State. Porbandar district has a 

geographical area of about 2316 sq. km (Census 2011). 

It lies between Latitude 20°45‟ & 22°05‟ North and 

Longitude 69°20‟ & 70°10‟ East (Fig. 1). 

The area falls in semi-arid climate with the average 

annual rainfall of 70 cm. The surface water temperature 

measured in the field ranges from 22°-24°C and pH ranges 

from 7- 7.5. 

Topography of the area is flat near coastal area and 

undulatory inland. The drainage pattern in the area is ‘radial’ 

to subdendretic. 

 
Fig. 1: Location map of study area 

A. General groundwater condition in the Porbandar area 

The groundwater level varies from 2m to 68m below ground 

level (bgl). The groundwater temperature varies from 22°C to 

29° C while pH ranges from 7 to 7.5. The groundwater shows 

wide variation in their quality in the Porbandar Area.  

Broadly, two types of water quality regime have 

been identified viz. freshwater and saline water regime. 

Water is totally saline around Miyani, Visawada, Madhavpur, 

Kantela while it is potable in the northeastern part near 

Ranavav and Aditiyana. In general, the quality of 

groundwater deteriorates progressively from east to west that 

is close to coast. The various Coastal and Mining geo 

environmental hazards were identified in the area. The coastal 

hazard includes tidal flooding, salt-water incursion, sea-cliff 

retreat, migration of sand dunes and subsidence along coastal 

fault line.  

III. METHODOLOGY 

The step wise methodology, which is used to generate 

vulnerability map. 

 Collection and analysis of geospatial and non- geospatial 

data 

 Preparation of various thematic maps like land use map, 

soil map, slope, geology map etc. using ARC GIS 

software. 
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 Calculation & classification of GALDIT Vulnerability 

Index  of Seawater Intrusion 

 Preparation of various vulnerability maps in ARC GIS. 

 Preparation of groundwater vulnerability map of the 

study area. 

IV. VULNERABILITY ASSESSMENT OF COASTAL AREA AND 

DISCUSSION 

A. GALDIT Method 

It is an Indicator based model which is described to assess and 

quantify the significance of vulnerability to seawater 

intrusion due to excessive ground water withdrawals or 

change of hydrology in the area due to construction of dams 

and also due to meteorological changes. Contamination of 

coastal aquifers also affected by anthropogenic activities for 

the development of the area such as industrialisation. The 

system contains three significant parts: weights, ranges and 

ratings. Each factor has been evaluated with respect to the 

other factors to determine the relative importance of each 

factor by assigning a relative weight. 

GALDIT (Combining the first letters of the 

significant factors) Index is calculated as: 

GALDIT Index = (W1 x G) + (W2 x A) + (W3 x L) + (W4 

x D) + (W5 x I) + (W6 x T) 

The minimum and maximum GALDIT-Index varies 

between 2.5 to 10. 

Sr. 

No. 
Factors Weights 

1. 
Groundwater Occurrence 

(Aquifer Type) 
1 

2. Aquifer Hydraulic Conductivity 3 

3. 
Height of Groundwater Level 

above Sea Level 
4 

4. Distance from the Shore 4 

5. 
Impact of existing status of 

Seawater Intrusion 
1 

6. 
Thickness of Aquifer being 

Mapped 
2 

Table 1: GALDIT Index Groundwater Occurrence (Aquifer 

Type) 

Indicator Weight 
Indicator 

Variables 
Rating 

Ground 

Water 

occurrence/ 

Aquifer 

type 

1 

Confined 

Aquifer 
10 

Unconfined 7.5 

Leaky 

confined 

Aquifer 

5 

Bounded 

Aquifer 
2.5 

Table 2: Ground Water Occurrence 

The extent of seawater intrusion is dependent on 

type and characteristics of aquifers. In the study area, 

unconfined aquifer under natural conditions would be more 

affected by seawater intrusion compared to confined aquifer 

as the confined aquifer is under more than atmospheric 

pressure (Fig no 2) 

B. Aquifer Hydraulic Conductivity 

The parameter aquifer hydraulic conductivity is used to 

measure the rate of flow of water in the aquifer and hence to 

the sea. Higher the conductivity, higher the inland movement 

of the seawater fronts. The high conductivity also results in 

wider cone of depression during pumping. 

Indicator Weight class Range Rating 

Aquifer 

Hydraulic 

Conductivity 

(m/day) 

3 

High >40 10 

Medium 10-40 7.5 

Low 5-10 5 

Very low <5 2.5 

Table 3: Hydraulic Conductivity 

 
Fig. 2: Aquifer Type 

 
Fig. 3: Hydraulic Conductivity 

C. Height of Groundwater Level above Sea Level 

The level of groundwater with respect to mean sea elevation 

is a very important factor in the evaluation of the seawater 

intrusion in an area primarily because it determines the 

hydraulic pressure availability to push back the seawater 

front. The values pertaining to minimum groundwater levels 

above sea may be considered, as this would provide the 

highest possible vulnerability risk. 

Indicator Weight Class Range Rating 

Height of 

Groundwater 

Level above 

Sea Level 

4 

High < 1 10 

Medium 1 - 1.5 7.5 

Low 1.5 - 2 5 

Very low > 2 2.5 

Table 4: Height of Ground Water above Sea Level 

In the study area, post monsoon height of ground 

water level is obtained higher in comparison to pre monsoon 

ground water level (Fig. 4 and 5). 
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Fig. 4: Height Relative to Sea Level (Pre Monsoon) 

 
Fig. 5: Height relative to Sea Level (Post monsoon) 

D. Distance from the Shore 

The impact of seawater intrusion generally decreases as one 

move inland at right angles to the shore and the creek. The 

maximum impact is witnessed close to the coast line and 

creek. Lower the distance higher the effect of sea water 

intrusion, as minimum distance from shore is given higher 

rank and for maximum it is lower. 

Indicator Weight Class Range Rating 

Distance 

From 

shore / 

High 

Tide (m) 

4 

Very Small < 500 10 

Small 500 - 750 7.5 

MMedium 
750 – 

1000 
5 

Far > 1000 2.5 

Table 5: Distance from Shore 

 
Fig. 6: Distance from Shore Line 

E. Impact of existing status of Seawater Intrusion 

If the area under mapping is invariably under stress and this 

stress has already modified the natural hydraulic balance 

between seawater and fresh groundwater. This fact should be 

considered while mapping the aquifer vulnerability to 

seawater intrusion. 

Indicator Weight Class Range Rating 

Impact status 

of existing 

seawater 

intrusion 

1 

High <2 10 

Medium 1.5-2 7.5 

Low 1-1.5 5 

Very low <1 2.5 

Table 6: Sea Water Intrusion 

 
Fig. 7: Sea Water Intrusion (Premonsoon) 

 
Fig. 8: Sea Water Intrusion (Post Monsoon) 

In the study area, as seen in fig 8, after monsoon the 

impact of sea water is decreased because of ground water 

recharge during rains. 

F. Thickness of Aquifer  

Aquifer thickness or saturated thickness of an unconfined 

aquifer plays an important role in determining the extent and 

magnitude of seawater intrusion in the coastal areas. 

If thickness of saturated aquifer is high (that is water 

level close to surface) more contaminants will affect the 

ground water, because it can infiltrate easily through vadose 

zone in saturated aquifer medium. 
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Fig. 9: Thickness of Aquifer 

Indicator Weight Class Range Rating 

Thickness 

of aquifer 

(m) 

2 

Large > 10 10 

Medium 7.5 – 10 7.5 

Small 5 – 7.5 5 

Very Small < 5 2.5 

Table 7: Thickness of Aquifer 

V. RESULTS AND CONCLUSIONS 

Ground water vulnerability map has been developed using 

GALDIT method for the coastal area of Porbandar using GIS 

technique. There is a problem of fresh ground water turning 

saline in the study area. The reasons contributing to this 

problem are manifold namely excessive withdrawal of 

ground water, less natural recharge, sea water ingress in 

aquifers, tidal water ingress and poor land management. 

The most vulnerable areas to pollution is located in 

the southern and western part (7.5-10 GALDIT index) (fig 10 

and 11). Vulnerability map of the Coastal area will help in 

proper planning and management of coastal aquifers. 

 
Fig. 10: Pre Monsoon GALDIT Vulnerability Map 

 
Fig. 11: Post Monsoon GALDIT Vulnerability Map 
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