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Abstract 

In India the groundwater was depended more for industries, agriculture and domestic uses. 
Most of the time the groundwater gets contaminated due to Industrial waste and excess 
pumping in coastal aquifer. To know about contamination or chances of contamination 
Groundwater quality parameter analysis contributes the major role in identifying the 
contamination. In this study, the Chloride (Cl) and Total dissolved solids (TDS) chemical 
parameters are considered for the groundwater quality analysis. This analysis was carried 
out as per Bureau of Indian standards (2012) and World health organisations (2004). As per 
the standards the permissible limit of Cl was between 250-1000 mg/l and the permissible 
limit of TDS are 500–2000 mg/l. Based on the groundwater quality result, the groundwater 
system was modelled using Groundwater modelling software (GMS) in which the 
FEMWATER package used for flow and transport. The FEMWATER package works in the 
principle of finite element method. The base input data of model include elevation, 
Groundwater head, First bottom and second bottom of the study area. The modelling results 
of Cl and TDS shows the spatial occurrence of contamination in the study area of Netravathi 
and Gurpur river confluence at the various time period. Further, the results of the modelling 
also show that the contamination occurs up to a distance of 519m towards the freshwater 
zone of the study area. 
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INTRODUCTION 

Dakshan Kannada district is the 

coastal district of Karnataka state which 

spreads widely along the west coast of 

India. The chief occupation of the people 

is agriculture and fishing. However, due to 

the developmental activities and 

urbanization in the recent years, mainly in 

the fields of industry, commerce and trade, 

the demand for freshwater has 

enormously increased. At present, the 

domestic and industrial water 

requirements are mainly met by the 

Netravathi river water which is being 

supplied by the Mangalore City 

Corporation and from groundwater 

resources. However, in the near future, an 

alternate source of water supply need to 

be worked out to meet the increasing 

demand for freshwater.  

 Change in groundwater levels with 

respect to mean sea level along the coast 

largely influences the extent of seawater 

intrusion in the freshwater aquifers. The 
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smaller the drop in the groundwater levels, 

the lesser was the sea water intrusion in 

the aquifers. In other words, the 

magnitude of change in sea level would 

have the identical effect on seawater 

intrusion if the ground water levels were 

held constant.  

 The groundwater extraction 

changes the dynamic balance between 

the flow of freshwater and the interface so 

that the interface will move and attain an 

equilibrium position governed by the 

quantity extracted and the balance outflow 

of freshwater to the sea. When the 

groundwater withdrawals are large from 

the locations close to the seawater 

interface, the seawater upcoming may rise 

up to the screened section of wells and 

turn the water saline. This makes water 

quality modelling important in order to 

know the temporal and spatial changes 

and also to take the necessary preventive 

measures to reduce the seawater 

intrusion.  

Bhat et al. (2000), Victor et al. 

(2000), Canales et al. (2001), Leboeuf, P. 

P. (2004), APHA (2005), Mohan et al. 

(2005), Zhou et al.(2006), Avvannavar 

(2007), Jeevanandam et al. (2007), Raju 

(2007), Rajagopal et al. (2008), Sotirios et 

al. (2008), Mondal et al. (2010), Sharma 

(2010), Andrade et al. (2011), Mishra et al. 

(2011), Rao et al. (2012), Suribabu et al. 

(2012), Sindhu et al. (2012), Lin et al. 

(2012), Werner et al. (2012), Sylus et al. 

(2012), Sylus et al. (2013), Konstantin et 

al. (2014), Sylus et al. (2015) and Boateng 

et al. (2016) done the hydro geochemistry 

analysis for the identification of 

groundwater quality in coastal aquifer of 

different regions of the world. The 

chemical parameters such as pH, EC, 

TDS, Na, K, Ca, Mg, Li, B, Pb and 

Chloride will help to find out the quality of 

water. As per the standards of BIS 10500 

(2012), APHA (2005) and WHO (1996) the 

permissible limit of TDS and Cl are 500 – 

2000 mg/l and 250 – 1000 mg/l. 

Modelling is carried out in order to 

know the past status and current status of 

the seawater intrusion in the coastal 

aquifer near to sea. The data such as 

water level, water quality and geophysical 

information are used for the purpose of 

modelling. The reactive transport 

modelling strengthens the interpretation of 

environmental tracer data. The laboratory 

experimentation for water quality will help 

to carry the numerical simulation. 

A review paper by Werner et al. 

(2012), reported that numerical modelling 

can be carried out using SUTRA, 

SEAWAT, MODFLOW, FEFLOW and 

FEMWATER. SUTRA, SEAWAT and 

MODFLOW was developed by U.S 

Department of the Interior and U.S 

Geological Survey. The SEAWAT program 

was developed to simulate three-

dimensional, variable-density, transient 

groundwater flow in porous media. The 

source code for SEAWAT was developed 

by combining MODFLOW and MT3DMS 

into a single program that solves the 

coupled flow and solute-transport 

equations. The FEMWATER was 

developed by the U.S. Environmental 

Protection Agency and the U.S. Army 

Engineer Waterways Experiment Station 

in the year 1990’s. The FEMWATER was 

a transport model in which the Saturated 

flow and unsaturated flow was modelled in 

the aquifer. 

PHYSIOGRAPHIC OF STUDY AREA 

The study area considered is the 

confluence of Gurpur and Nethravathi river 

basin of Mangaluru city, which is located 

on the west coast of India (Fig. 1). 

Groundwater depletion is one of the major 

problems during summer, which 

automatically lead to contamination of 

groundwater. This is mainly due to excess 
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pumping in summer for agriculture and 

domestic supply.  

The study area lies between the 

latitude 12°50’38” N to 12°55’46” N and 

longitude 74°50’13” E to 74°58’52” E 

which is bounded by Arabian sea in the 

west and western Ghats in the East. The 

total study area is 260 km2, which consists 

of urban and peri-urban units having 

small-scale industries and large-scale 

industries. Many small-scale industries 

situated closed to the banks of Gurpur and 

Netravathi river and the large-scale 

industries consist of fertilizers and 

petrochemicals. Twenty-five monitoring 

wells are considered for sampling as 

shown in Fig. 1. The details of the 

groundwater sampling wells are presented 

in Table 1. The sampling locations 

considered near the river basin of 

Netravathi and Gurpur river basin is an 

unsaturated aquifer at a distance of 0.1 

km to 1 km and the total depth of sampling 

wells vary from 3m to 20m below ground 

level. The sampling strategy followed in 

the study area is the random sampling, as 

the terrains is undulating surface having 

valleys and peaks.   

METHODOLOGY 

Modelling 

 The numerical modelling was 

carried out by using the water quality data 

and water level data. The modelling 

carried out using FEMWATER software 

which was developed by the U.S. 

Environmental Protection Agency and the 

U.S. Army Engineer Waterways 

Experiment Station (WES) in the year 

1990’s. It was formed by combining the 

two codes into single coupled flow and 

transport model. The FEMWATER, 3D 

finite-element model used to simulate 

density driven coupled flow and 

contaminant transport in saturated and 

unsaturated zones. FEMWATER allows 

modelling of salinity intrusion and other 

density dependent contaminants. Complex 

stratigraphy can be developed in 

Groundwater Modelling Software (GMS) 

and directly represented in the model. 

Solutions can be displayed using realistic 

3D plots and animation sequences. The 

fig. 2, 3 and 4 shows the schematic 

diagram of proposed Modelling protocol, 

FEMWATER flow and transport modelling. 

 The groundwater flow system was 

modelled using conceptual model 

approach. In the conceptual model 

approach, the governing equation of flow 

and transport was used in order to identify 

the contamination. The data used for this 

study is field measured data of 

Groundwater head and pumping rate from 

the pumping wells. The model was 

calibrated using monthly data 2013 and 

2014, further validated using monthly data 

of 2016 and 2017 field data. The aquifer 

view point and system view point were 

computed using finite element technique. 

Flow 

Governing equations for flow (Lin 

et al. 1997) 
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where 

F = storage coefficient 

h = pressure head (m) 

t = time (s) 

K = hydraulic conductivity tensor (m/s) 

z = potential head (m) 

q = source and/or sink 
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  = water density at chemical 

concentration C (kg/m3) 

0  = referenced water density at zero 

chemical concentration (kg/m3) 

  = density of either the injection fluid or 

the withdrawn water (kg/m3) 

 = moisture content  

' = modified compressibility of the 

medium 

' = modified compressibility of the water 

n = porosity of the medium 

S = saturation  

Boundary conditions for flow 

equation.  

The boundary conditions for the 

flow equation are given in the following 

equations. 

Dirichlet conditions: 

 tzyxhh bbbd ,,,   on Bd,        (3) 

where 
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b
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b
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b
) = spatial coordinate on the 

boundary 

h
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= Dirichlet functional value 

B
d = Dirichlet boundary 

Transport 

Governing equations for Transport 

(Lin et al. 1997) 
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Where, 

 = moisture concentration 

b = bulk density of the medium (M/L3) 

C = material concentration in aqueous 

phase (M/L3) 

S = material concentration in adsorbed 

phase (M/M) 

t = time (d) 

V = discharge (m3/s)   

= del operator 

D = dispersion coefficient tensor 

' = compressibility of the medium 

h = pressure head (m) 

 = decay constant 

m = q Cin = artificial mass rate  

q = source rate of water 

Cin = material concentration in the source 

Kw = first order biodegradation rate 

constant through dissolved phase 

Ks = first order biodegradation rate 

through adsorbed phase 

F = storage coefficient 

Kd = distribution coefficient 

Smax = maximum concentration of 

medium in the Langmuir nonlinear 

isotherm 

n = power index in the Freundlich 

nonlinear isotherm 

K = coefficient in the Langmuir or 

Freundlich nonlinear isotherm. 

Initial conditions for transport 

equation.   

The initial conditions for the 

transport equation are  

 zyxCC i ,,  in R  (5) 
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where R is the region of interest 

and Ci is the prescribed initial condition, 

which can be obtained by either field 

measurements. 

Boundary conditions for transport 

equation.   

The boundary conditions for the 

transport equation are given in the 

following equations. 

Dirichlet conditions: 

 bbbd zyxCC ,,  on Bd (6) 

Where 

(x
b
, y

b
, z

b
) = spatial coordinate on the 

boundary 

Cd = concentration on the Dirichlet 

boundary 

Bd = Dirichlet boundary 

RESULTS AND DISCUSSION 

 The conceptual model was done 

for groundwater system of Netravathi and 

Gurpur river basin using the FEMWATER 

modelling. The input data taken for the 

calibration and validation of conceptual 

model are Elevation, Groundwater head 

data First bottom and second bottom as 

shown in Table 2 to Table 5. Table 6 

shows the well data given to the 

conceptual model. The specific flux rate 

for calibration was assigned as 0.0105 

m/d for simulation and 0.0057 m/d for 

observed. In the validation, the specific 

flux rate was assigned as 0.0067 m/d for 

both simulation and observed. The time 

control taken for calibration and validation 

are 486 and 425 days with a constant time 

of 30 days. The total number of elements 

for calibration are 15781 and for validation 

15394. The number of nodal points are 

3993 for calibration and 3937 for 

validation. Fig. 5 to 12 represents the 

results of transport for calibration and 

validation.  

The hydraulic conductivity given for 

upper aquifer was 4 and lower aquifer 9. 

The soil in the study area was laterite. The 

geology of the study area shows that the 

top layer consists of soil and silt up to a 

depth of 0 to 2m. The laterite soil was 

found up to a depth of 2 to 60m. Below the 

laterite it was found to be gneiss. The total 

rainfall in the study area found to be 

3831.3 mm for the year 2013, 2085.84 

mm for the year 2014, 2951.9 mm for the 

year 2015 and 2461.51 for the year 2016. 

The above data is assigned for aquifer 

parameters. 

 The flow result was considered as 

input data for the FEMWATER transport 

model. The groundwater quality parameter 

TDS and Cl for the month of September 

2013 was given as input data for 

simulation of calibration up to a time of 

486 days and December 2014 taken as 

input data for observed calibration.  In the 

validation April 2016 data was used for 

simulation of 425 days and May 2017 data 

considered for observed validation of 

transport modelling. The result of transport 

modelling represents from the coastal 

boundary 490 m distance was 

contaminated for simulated calibration of 

TDS and Cl parameters for the 

concentrations 120 mg/l and 48.75 mg/l 

respectively. In the observed calibration, 

the contamination found up to a distance 

of 349 m for the TDS concentration of 122 

mg/l and Cl concentration of 15.6 mg/l 

concentration. In the simulated validation 

519 m distance from the coast 

contaminated at a TDS concentration of 

115 mg/l and Cl concentration of 21.9 

mg/l. In the observed validation 342 m 

distance of TDS parameter with 104 mg/l 

concentration and Cl 16.63 mg/l 

concentration. Fig. 5 to 12 represents the 

results of transport for calibration and 
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validation in the chemical parameters of 

TDS and Cl.   

CONCLUSION 

The study found out the 

observations of change in groundwater 

quality. The result of modelling also shows 

a contamination up to a distance of 519m. 

This result helps us to considered the 

future management steps. Based on the 

laboratory results and permissible limit of 

groundwater quality it is concluded that 

the groundwater quality in the study area 

is good and safe for drinking. However, it 

is observed by results that deterioration of 

groundwater quality is continued to 

increase during summer. Therefore, 

necessary management steps in the form 

of recharge structures, coastal reservoirs 

and injection wells controlling over 

exploration etc. could be taken. 
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Table 1 Sampling wells information 

Well No 
Wells location 

(Village) 
Latitude Longitude 

Total depth of well 

below ground level (m) 

1 Panganimuguru 12° 55' 47" 74° 50' 18" 4.25 

2 Kavur 12° 55' 28" 74° 50' 54" 10.77 

3 Kunjatbail 12° 56' 47" 74° 51' 07" 7.21 

4 Marakkada 12° 55' 54" 74° 51' 31" 5.03 

5 Moodusheddu 12° 55' 47" 74° 53' 20" 12.73 

6 Omangur 12° 55' 04" 74° 54' 02" 14.47 

7 Tiruvail 12° 55' 05" 74° 54' 53" 4.91 

8 Parari 12° 55' 36" 74° 55' 06" 8.07 

9 Ularbettu 12° 55' 35" 74° 55' 33" 11.37 

10 Permanki 12° 54' 53" 74° 56' 20" 13.76 

11 Paduvu 12° 54' 29" 74° 56' 16" 12.17 

12 Malluru 12° 54' 10" 74° 57' 34" 6.76 

13 BankeraKulur 12° 54' 45" 74° 50' 13" 4.55 

14 Thumbe 12° 52' 11" 74° 58' 53" 7.78 
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15 Maripal 12° 52' 11" 74° 58' 19" 10.1 

16 Farangipet 12° 52' 22" 74° 57' 31" 7.75 

17 Arkula 12° 52' 19" 74° 56' 45" 8.19 

18 Adyar 12° 52' 05" 74° 55' 29" 8.29 

19 Kannuru 12° 52' 14" 74° 53' 47" 3.87 

20 Bajala 12° 51' 15" 74° 52' 44" 13.02 

21 Jeppinamogaru 12° 51' 00" 74° 52' 08" 6.58 

22 Bolar 12° 50' 39" 74° 50' 33" 4.88 

23 Pokka patnam 12° 52' 50" 74° 49' 39" 5.2 

24 Bolloor 12° 53' 18" 74° 49' 21" 4.8 

25 Urwa 12° 53' 21" 74° 49' 55" 15.04 

Table 2 Input data for the calibration of simulated conceptual model 

Sample id Latitude Longitude 
Elevation 

(M.S.L, m) 

Groundwater 

head (M.S.L, m) 

First 

Bottom 

(M.S.L, m) 

Second 

bottom 

(M.S.L, m) 

1 482477 1429348 6 5.34 1.75 -15 

2 483943 1431197 7 5.05 -0.21 -14 

3 490756 1428102 11 10.55 6.09 -10 

4 491132 1429020 19 16.35 10.93 -2 

5 493378 1427690 45 35.93 31.24 24 

6 495612 1426409 45 41.76 38.24 24 

7 482325 1427465 9 7.18 4.45 -12 

8 497971 1422713 21 18.14 13.22 -2 

9 495515 1423064 15 14.27 7.25 -8 

10 494123 1422979 22 19.45 13.81 -1 

11 488771 1422815 10 8.47 6.13 -13 

12 485786 1420565 17 15.49 10.42 -6 

13 481281 1423927 15 13.2 9.8 -8 

14 481779 1424875 26 18.6 10.96 3 

Table 3 Input data for the calibration of observed conceptual model 

Sample id Latitude Longitude 
Elevation 

(M.S.L, m) 

Groundwater 

head (M.S.L, 

m) 

First 

Bottom 

(M.S.L, m) 

Second 

bottom 

(M.S.L, m) 

1 482477 1429348 6 4.91 1.75 -15 

2 483943 1431197 7 4.05 -0.21 -14 

3 490756 1428102 11 9.7 6.09 -10 

4 491132 1429020 19 14.75 10.93 -2 

5 493378 1427690 45 34.37 31.24 24 

6 495612 1426409 45 41.42 38.24 24 

7 482325 1427465 9 6.63 4.45 -12 

8 497971 1422713 21 16.29 13.22 -2 

9 495515 1423064 15 13.95 7.25 -8 
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10 494123 1422979 22 18.47 13.81 -1 

11 488771 1422815 10 7.38 6.13 -13 

12 485786 1420565 17 15.5 10.42 -6 

13 481281 1423927 15 12.26 9.8 -8 

14 481779 1424875 26 13.56 10.96 3 

 

Table 4 Input data for the validation of simulated conceptual model 

Sample 

id 
Latitude Longitude 

Elevation 

(M.S.L, m) 

Groundwater 

head (M.S.L, m) 

First Bottom 

(M.S.L, m) 

Second 

bottom 

(M.S.L, m) 

1 482477 1429348 6 4.08 1.75 -15 

2 483943 1431197 7 1.39 -0.21 -14 

3 490756 1428102 11 8.46 6.09 -10 

4 491132 1429020 19 13.29 10.93 -2 

5 493255 1426971 34 22.86 21.83 13 

6 496962 1422716 38 31.07 27.9 15 

7 491821 1422542 8 4.72 -0.29 -15 

8 488771 1422815 10 7.07 6.13 -13 

9 482917 1419898 13 10.02 8.12 -10 

10 480740 1424780 13 10.3 8.2 -10 

 

Table 5 Input data for the validation of observed conceptual model 

Sample 

id 
Latitude Longitude 

Elevation 

(M.S.L, m) 

Groundwater head 

(M.S.L, m) 

First Bottom 

(M.S.L, m) 

Second 

bottom 

(M.S.L, m) 

1 482477 1429348 6 3.9 1.75 -15 

2 483943 1431197 7 1.32 -0.21 -14 

3 490756 1428102 11 8.97 6.09 -10 

4 491132 1429020 19 13.13 10.93 -2 

5 493255 1426971 34 21.54 21.83 13 

6 496962 1422716 38 31 27.9 15 

7 491821 1422542 8 6.3 -0.29 -15 

8 488771 1422815 10 8.12 6.13 -13 

9 482917 1419898 13 10.56 8.12 -10 

10 480740 1424780 13 10.4 8.2 -10 

Table 6 Details of the pumping wells (Lathasri 2016) 

Well 

no 
Well location Place 

Dia. of the 

well (m) 

Total 

depth of 

the well 

(m) 

Depth to 

water level 

before test 

(m) 

Discharge 

(m3/s) 

PW1 
12º55’54.83” N 

Marakada 5.10 4.70 0.90 0.00571 
74º51’39.08” E 

PW2 
12º52’9.06” N 

Adyar 2.50 5.53 2.12 0.00203 
74º53’47.08” E 

PW3 
12º54’22.29”N 

Konchadi 2.3 7.3 2.98 0.00182 
74º51’05.40”E 
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Figure 1. Study area location map

 

Figure 2. Modelling Protocol 
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Figure 3. FEMWATER flow modelling 
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Figure 4. FEMWATER Transport modelling 

 

 

Figure 5. Result of TDS parameter for simulated calibration 
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Figure 6. Result of Cl parameter for simulated calibration 

 

 

Figure 7. Result of TDS parameter for observed calibration 
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Figure 8. Result of Cl parameter for observed calibration 

 

 

Figure 9. Result of TDS parameter for simulated validation 
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Figure 10. Result of Cl parameter for simulated validation 

 

 

Figure 11. Result of TDS parameter for observed validation 
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Figure 12. Result of Cl parameter for observed validation 

 


