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Abstract— Spring water chemical behaviors in various 

locations are one of the most energetic fields of research in 

the present world. In this study, water sampling was 

carrying out with an aim to estimate the water chemistry and 

to evaluate the water types using piper and Chadha´s   plots. 

Water chemistry was assessed and natural process is 

identified as the controlling factor of hydrochemistry. Piper 

and Chadha´s diagram was created for compare the results 

of water types. Greater part of the samples was behaved in 

more or less same way except for few samples. The 

important type was Ca-Mg-Cl type of water in both 

methods. However, a slight difference was observed in the 

Na-Cl type of water. 
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I. INTRODUCTION 

The chemistry of water is very energetic, mostly 

controlled and customized by its medium of contact. Since 

the chemistry of water frankly hints the quality of water for 

various purposes, its monitoring and assessment increase 

substantial significance in the current century. A 

tremendous increase in the population enlarged the stress 

on both surface and the groundwater, particularly in Hilly 

area. It is believed at the start of the human civilization 

itself, spring water and river water was the most trusted form 

of drinking water in hilly regions. However, surface water 

availability is seasonal and the majority streams and river 

dried off in the dry season leaving irrigation and domestic 

water supply to become closely needy on the ground water 

system. In most  situation, spring water especially serve as 

alternate source of water for domestic function especially 

during the dry seasons when the majority shallow hand dug 

well must have dried off. Springs are under ground water 

that has create their way to the surface from within crust 

through the loose sand or distorted rocket to flow as streams. 

Such resettlement is influenced either by gravity water 

chemistry or temperature gradient (Davis and De Wiest, 

1996). The value of spring have gone beyond just being 

source of domestic and municipal water supply, but also 

source of foreign exchange earnings as they serve as place 

for tourist attractions(Aniah,et al.,2009)and industrial 

establishment where safe drinking water could be bottled.   

Hyderochemical facies evaluations are very useful 

in provided that a preliminary idea about the difficult 

hydrochemical processes in the subsurface. This method is 

able to give enough information on the chemical quality 

of water, mostly the origin. However over the years the 

methods were undergone substantial modification, without 

changing much on the essential   theory behind it. The first 

effort in this direction was made by Hill (1940) and which 

is modified by Piper (1944).  Durov (1948) further 

improved the piper plot.  However these plots could be 

drawn only by the particular software packages. 

Piper diagram were made in such a way that the 

milliequivalents percentages of the major cations and 

anions are plotted in separate triangle. These plotted points 

in the triangular fields are projected further into the central 

diamond field, which provides the overall character of the 

water.  

In contrast, in Chadha´s diagram, the difference in 

milliequivalent percentage between alkaline earth (calcium 

plus magnesium) and alkali metals (sodium plus potassium),  

expressed as percentage reacting values, is plotted on the 

X axis, and the difference in milliequivalent  percentage 

between weak acidic anions (carbonate  plus bicarbonate) 

and strong acidic anions (chloride plus  sulphate) is plot 

on the Y axis. The resultant field of study is a square or 

rectangle, depending upon the size of the scales chosen for 

X and Y co-ordinates. The milliequivalent percentage 

difference between alkaline earths and alkali metals, and 

between weak acidic anions and strong acidic anions, 

would plot in one of the four possible sub-fields. The 

major advantage of  this  diagram  is  that  it  can  be  

drawn  in  any  spreadsheet software packages (Chadha 

1999).Groundwater types were used by many researchers  

in their studies   to  understand   the     controlling   factors   

of   the   water chemistry  (Aris et al.2009;  Martos  et al. 

2002; Mondal  2010; Rajesh  et al. 2011; Ramesh and 

Elango 2011). In the present study along with s p r i n g  

water chemistry,   water types were assessed using Piper 

and Chadha´s diagrams. 

II. STUDY AREA 

District Dehradun is located in NW corner of Uttarakhand 

state and extend from N Latitude 29
0
 58’to 31

0
 02’30"and E 

Longitude77
0
 34’45”to 78

0
 

18’ 30”. It falls in Survey of 

India Toposheets Nos. 53E, F, G, J and K. The district is 

surrounded by Uttarkashi district on the north, Tehri 

Garhwal and Pauri Garhwal districts on the east and 

Saharnpur district (UP) on the south. Its western border 

adjoins Sirmour district of Himachal Pradesh separated by 

Rivers Tons and Yamuna.  The total area of Dehradun 

district is 3088 km
2

 

with an average altitude of 640 m above 

MSL. There are seventeen towns and 764 villages in this 

district. 

District Dehradun is drained by Ganga, Yamuna 

and their tributary. The two basins are divided by a ridge 

starting from Mussoorie and passing through Dehradun. The 

easterly flowing rivers join River Ganga and the westerly 

flowing rivers join River Yamuna. Ganga River enters the 

district near Rishikesh where Chandrabhaga River joins it. 

Song and Suswa are two main tributaries of the Ganges. 
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Suswa flows SE, draining the eastern Doon along with its 

passing tributaries like Bindal Rao, Rispana Rao etc. and 

joins River Song SE of Doiwala. Song River has its origin 

from the adjoining Tehri district. Initially it runs equivalent 

to the Mussoorie Mountain chain in NW direction for few 

kilometers and then takes a sudden turn in SE direction and 

joins Suswa River south of Doiwala.  

Yamuna River emerges from Yamnotri, which falls 

in district Uttarkashi. It enter Dehradun district at the point 

called Khat Bhondar which is about 20km east of Deoban. 

Tons is the main tributary of Yamuna which has its 

emerging point in the north of Yamnotri and receives water 

from Supin and Rupin (tributaries of Tons). River Tons 

separates Uttarakhand from Himachal Pradesh. The western 

division of Doon Valley is drained by Asan and its 

tributaries; it joins Yamuna near Rampur Mandi. Yamuna 

River roughly divides the district in two halves, the hilly 

region in the north and Doon valley in the south. 

 
Fig. 1: Map showing locations spring water sampling sites 

in Dehradun city 

III. METHOD 

To achieve the objective of the study, 13 samples was 

collected from the study area by dip (or grab) sampling 

method during April 2015 to May 2015.The locations were 

the samples was collected, are being extensively used for 

drinking and other domestic purposes. The sample collected 

should be small in volume, enough to accurate represent the 

whole water body. Use only specified equipment, including 

sample containers and other sampling equipment and is 

better to use laboratory supplied containers. Ensure that 

sampling equipment is clean and is maintained in good 

working order before use and at the end of sampling. 

Proper labeling including the sample number, 

location were done. The bottles were labeled and air-tight. 

The geographical location of each sample was determined 

with a handheld GPS (Gramin 76CSX). Physical and 

chemical parameters were analyzed using the standard 

method suggested by BIS. EC and pH were analyzed as 

insitu using field kit. TDS was calculated from EC by an 

empirical formula TDS= 0.64*EC. Chloride, hardness, 

calcium,     magnesium,     carbonate and bicarbonate were 

determined by titration. Flame photometer was used to 

calculate the sodium and potassium. Sulphate was 

determined by spectrophotometer. Analytical precision 

was maintained throughout the  experiments. Aquachem 

2011  software package was used to plot the piper 

diagram and the Chadha´s diagram was created using MS 

Excel spreadsheet. 

IV. RESULT AND DISCUSSION 

A. Water Quality 

Water quality parameters of the different spring location 

are presented in Table 1.   All the samples were alkaline in 

nature, with a range of 7.57- 8.37. The permissible l i m i t  

of TDS in the water is 2000 mg/L. However in this study, 

the TDS values were varied between 263.4-641.9 mg/L, 

with an average of 475.24 mg/L. Calcium and magnesium 

in the study area ranged between 31.2-190.4 mg/L and 

1.17-65.96 mg/L respectively. In the normal spring water 

systems, the principal origin of these ions is carbonate 

minerals and their dissolution and depositional processes.  

Weathering of silicate minerals are also contributing 

towards the enrichment of these minerals. Relatively less 

abundance of the carbonate minerals in the study area 

indicate that the major origin of Ca and Mg is silicate 

weathering.  Na and K concentrations were varied 

between 4.9-19.6 mg/L  and 0.9-3.3 mg/L. Sodium in the 

water  is largely controlled by the saline intrusions, 

evaporates  and silicate  minerals. A relative lower 

concentration of Ca than Na shows the effect of cation 

exchange between these minerals. Bicarbonate was the 

dominant anion in the study area, with an average 

concentration of 185.19 mg/L. Bicarbonate was absent in 

most of the samples. Chloride ion   is   generally   used   in 

delineating the saline intrusions. The peculiar 

characteristics is that this ion has high mobility and hardly 

undergone for sorption. Sulphate in the study area varied 

between 21.5-207.4 mg/L. The major origin of sulphate is 

the dissolution of Gypsum ad anthropogenic activities. 

B. Water Types 

The hydro chemical regime of a study area can be easily 

known by plotting the analytical values obtained from the 

groundwater on Piper (1944) trilinear diagrams. These plots 

include two triangles, one on left hand side for plotting 

cations and the other on right hand side for plotting anions. 

The cation and anion fields are then combined to show a 

single point in a central diamond shaped field from which 

inference is drawn on the basis of the hydro geochemical 

facies concept. This diagram reveals similarities and 

differences among spring water samples because those with 

similar qualities will tend to plot together as groups (Todd 

2001). This diagram is very useful in bringing out chemical 

relationships among groundwater in more definite terms 

(Walton 1970; Todd 2001). This diagram is divided into six 

sub categories viz. 1. (Ca-HCO3 type),  2. (Na-Cl type),  3. 

(Mixed Ca-Na-HCO3 type), 4. (Mixed Ca-Mg-Cl type), 5. 

(Ca-Cl type) and  6. (Na-HCO3 type). 

From the studied samples, 81.13%, 8.47% and 

3.38% samples fall in the field 1, 3 and 6 of the Piper 

trilinear diagram (Fig. 4), respectively. . From the plot it is 
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observed that majority of samples are of Ca-HCO3 type 

followed by Mixed Ca-Na-HCO3 type and a little percentage 

falls under Na-HCO3 type suggesting that throughout most 

of the study area alkaline earths (Ca
+
 and Mg

+
) dominate 

over alkalies (Na
+
 and K

+
) and weak acids (HCO

-
3) 

dominate over strong acids (Cl
-
 and SO4

2-
) in the spring 

water. 

The better understanding the hydrochemistry and 

comparing the water types Chadha´s diagram was plotted 

(Fig. 3). 

 

 

Sample 

Id 
TDS pH EC TH Ca Mg Na K HCO3 Cl SO4 

  mg/l  μcs/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

1 D1 641.9 7.69 958 203.43 190.4 13.03 8.3 1.9 240.4 6.4 192 

2 D2 622.5 7.85 929 140.8 102.4 38.4 8.4 1.7 260 5.6 120.8 

3 D3 622.5 7.81 929 152.83 101.6 51.23 5.3 1.6 216 8.4 206.2 

4 D4 628.5 7.77 938 184.99 165.2 19.79 7.8 1.9 210.8 9.6 207.4 

5 D5 561.5 7.85 838 136.83 106.4 30.43 4.9 1.3 253.2 10.6 65.7 

6 D6 276.1 7.57 412 80.14 33.92 46.22 9.9 1.6 92.4 9 135.61 

7 D7 263.4 7.98 393 61.34 31.2 30.14 10.4 1.7 113 7.8 78.5 

8 D8 351.8 7.74 525 121.16 55.2 65.96 19.6 0.9 173.8 11.6 188.4 

9 D9 519.3 8.37 775 109.61 54.4 55.21 15.3 3.3 155.2 16.4 157.9 

10 D10 348.4 7.95 520 113.17 112 1.17 11.7 1.1 171.8 11.8 66 

11 D11 505.9 8.09 755 120.87 66 54.87 12.5 1.6 307.2 13.2 21.5 

12 D12 394.7 8.06 589 82.29 43.6 38.69 12 2.1 112 9.4 138 

13 D13 441.6 7.89 659 81.67 45.6 36.07 6.9 1.5 101.6 11 148 

 Average 475.24 7.9 709.24 122.25 85.22 37.01 10.24 1.71 185.19 10.07 132.77 

 Max 641.9 8.37 775 203.43 190.4 65.96 19.6 3.3 307.2 16.4 207.4 

 Min 263.4 7.57 393 64.34 31.2 1.17 4.9 0.9 92.4 5.6 21.5 

Table:1 Result of Hydero chemical parameter 

 
Fig. 2:Trilinear Diagram showing spring water quality of 

Dehradun city. 

The six fields are mentioned by Chadha (1999) is given in 

below.  

1) Alkaline earths exceed alkali metals.  

2) Alkali metals exceed alkaline earths. 

3) Weak acidic anions exceed strong acidic anions 

4) Strong acidic anions exceed weak acidic anions. 

5) Alkaline earths and weak acidic anions exceed both 

alkali metals and strong acidic anions, respectively. 

6) Alkaline earths exceed alkali metals and strong 

acidic anions exceed weak acidic anions.  

7) Alkali metals exceed alkaline earths and strong 

acidic anions exceed weak acidic anions.  

8) Alkali metals exceed alkaline earths and weak 

acidic anions exceed strong acidic anions  

In the present study all the samples are confined to 

5 and 6 fields respectively. A majority of the samples (53%) 

are plotted in the 6
th

 field, representing Ca–Mg–Cl type, Ca–

Mg dominant Cl type, or Cl-dominant Ca–Mg type waters. 

This is exactly similar to the results obtained from the piper 

plot. Field 5 represent that water is temporary hard. Rest of 

the samples was behaved exactly similar to the piper plot. 

 
Fig. 3: chadha’s diagram. 

V. CONCLUSIONS 

Results of the hydrochemistry suggest that all the water 

samples are alkaline in nature.  Major process controlling 

the water quality is the silicate weathering, mineral 

dissolution, Cation exchange and inverse cation exchange 

processes. Topographical undulations and the 

groundwater flow were identified as the other supporting 

factors for the hydrochemical processes. Spring water 

types were assessed and compared with Piper and 

Chadha´s diagrams. The 53% of the water samples were 

Ca-Mg-Cl types, in both methods.  However, a slight 

variation was observed in the second highest water type 

which was Na-Cl in the piper plot. This discrepancy may 

be due to the small data set used in this study. Since 

Chadha´s plot can be plotted in simple spreadsheets, this 
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method will be more suitable for small budget studies 

and for academic purposes. 
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