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ABSTRACT 

Karanjavagu basin is a part of Manjieera river watershed, spread mainly in medakdistrict. 

Geologically the study area is covered by basaltic flows of Deccan traps, the major litho units are 

Laterites and Basalts. Agricultural is the major activity of the people, being near to Hyderabad 

city, many industries have also come up in Zaheerabad area of medak district. The study is aimed 

to assess the water quality of the area covering nearly twenty three villages. All the water 

samples are analyzed for different chemical parameters using standard procedures. Different 

Hydro-geochemical relationships are discussed using methods like Piper Trilinear, USSL, SAR, 

Stiff diagram, Schaller diagram, etc., Basedon these parameters the water quality is classified, 

compared and suitable reasoning is drawn.  

Keywords: Laterites-Basalts, Hydro geochemistry, Chemical Classification. 

 

INTRODUCTION 

Land and water have been the basic elements of life support system on our planet since 

the dawn of civilization. All great civilizations, flourished where these resources were available 

in plenty and they declined or perished with the depletion of these resources.  Water supports all 

forms of life on this mother earth. It plays a vital role in agricultural and industrial development 

and sustaining human life. Rainfall is the only source of water. The water is confined as i) soil 

moisture, ii) stored water in surface storage like reservoirs, tanks, ponds, temple tanks and in 

open wells etc., iii) groundwater in sub surface, iv) sea water and v) waste water like sewage and 

effluent.Depending upon the rainfall, its intensities and frequencies, an area becomes drought or 

flood affected. Land or the soil acts as storage for all the water. Land being the major non-

renewable natural resource is inelastic in nature.  

There is lot of pressure on the land due to the increasing pollution from the agricultural, 

industrial and housing sectors. In most states in India discharge of groundwater both for 

agricultural and industry needs has been more than what can be recharged. And almost 

everywhere callously handled waste management has ended in polluting not just rivers but 

aquifers as well. The powerful cash crop lobby too has played its part in guzzling resources. The 

assessment of quality of groundwater is essential for the optimal utilization. 

In the study area, sufficient amount of groundwater is available for drinking, irrigation 

and industrial purpose [1]. Research has shown that chemical composition of groundwater [2] 

has marked impact on well being of human beings. It is not necessary that a person falls ill soon 
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after drinking contaminated water; rather it needs years before adverse affects appear. Similarly 

to achieve optimum yield from agriculture, water with specific chemical composition is 

recommended. Use of water with adverse chemical composition and quality (high sodium 

adsorption ratio) causes salination of agriculture soil, and over period rendered it unusable for 

further use. In Industry purest of waters are required for the manufacture of pharmaceuticals and 

paper; however the other industries the flexibility with regards to quality is manageable.  

Groundwater is a solvent that is in contact with various earth materials. As a result, groundwater 

naturally contains dissolved cations and anions. The major ion constituent of natural water 

includes calcium, magnesium, sodium, potassium, chloride, sulphate, carbonates, bi-carbonates 

and nitrates. 

 

The present work envisages to assess the chemical quality of groundwater from the 

following villages, Krishnapur, Machnur, Bardipur, Potpalli, Algol, Didgi, Kottur, Yalgud, 

Nyalkal, Malkalapahad, Ganjoti, Hasalli, Rejantal, Mirzapur, Gangwar, Metalkunta, 

Naimatabad, Hadnur, Rukmapur and Mungi, covering approximately 167 sq.km or 16,700 Ha.  

 

STUDY AREA  

Situated at a distance of 100kms from Hyderabad,Medak district, Andhra Pradesh. It lies 

between 17° 45'  and 17° 50' north latitude and 77
0
30' and 77

0
40'  east longitude falling in  

survey of India Toposheet number 56 G/9 and 56 G/10 (FIG 1). 

 

GEOLOGY OF STUDY AREA 

The geology of the study area has been mapped using the satellite imagery (IRS- LISS-

III).  In this the Basalts are showing greenish tone while the Laterites are yellowing tone.  This 

has been confirmed with limited ground truth.  The geology map prepared is shown in Fig. 2 

 

METHODOLOGY 

 Fifty ground water samples were collected in non-recycled polyethylene bottles (2 liters) 

and numbered sequentially. Bottles are rinsed with the same water which has to be taken as 

samples to avoid cross contamination. pH and EC were measured with respective meters, Total 

hardness as CaCO3 and (Ca
+2

) were analyzed titrimetrically using standard EDTA. (Mg
+2

) was 

computed taking the reference between TH and (Ca
+2

) values.  Carbonate (CaCO3
-2

) and 

Bicarbonate (HCO3
-
) were estimated by titrating with standard H2SO4.  Chloride (Cl

-
) was 

estimated by standard AgNO3. Sodium (Na
+
) and Potassium (K

+
) were measured by Flame 

Photometer. Sulphates (SO4
-2

) were measured by nephelometry. Nitrate (NO3
-
) using 

spectrophotometryand Fluoride (F
-
) was analyzed using an Ion-Selective Electrodes. Total 

Dissolved Solids (TDS) calculated from Electrical Conductivity (EC) using an empirical 

equation. All the parameters are expressed in mg/lit except for pH and EC. EC is expressed in 

micro Siemens /cm. 

RESULTS AND DISCUSSION 

With regard to groundwater quality, it is strongly dependent on bedrock, geology and 

climate but may also be impacted in parts by pollution, particularly from agricultural and 

industrial sources.  The most important agricultural pollutants are excess use of fertilizers and 

pesticides, though it is recognized that fertilizer and pesticide applications are not as intensive as 
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in many western nations [3].  Phosphate and potassium fertilizers are also used though the 

mobility of these beyond the soil zone is much less than that of nitrate.  Another impact of 

pollution is likely to be increased values of total dissolved solids (TDS).  By far the most serious 

natural groundwater quality problem known in India derives from high fluoride concentration, 

which is dissolved from the bedrocks by geochemical processes and has resulted in severe 

fluorosis in large populations. High iron concentrations have also been reported in some aquifers 

[4], particularly in confined aquifers which are typically anaerobic, high iron concentrations are 

not detrimental to health but may deter use of the groundwater due to aesthetic problems and 

lead to use of alternative less safe sources of water. 

In the study area sufficient amount of groundwater is available for drinking, irrigation and 

industrial purposes.  The minimum-maximum and the average compared with the standards are 

given in Table-1pH of groundwater is varying between 6.67-8.9 with an average of 7.48.  The 

minimum is observed at Didigi village, lying in the central part.  The highest value of 8.29 is 

observed at Rejantal Village, lying in the north-west portion of the study area.  The electrical 

conductivity is ranging from 86.91 to 900.16 microsiemens/cm at 25
o
 C with an average of 

255.05 microsiemens/cm, and are within the permissible limits; the minimum value is at 

Malkalaphad village with a value of 86.91 microsiemens/cm and a maximum of 900.16 

microsiemens/cm at Mungi village near Nyalkalmandal.[5], [6] and [7].The TDS concentration 

has been found to be varying from 55.62 mg/l to 576.1mg/l with an average of 163.23 mg/l.  The 

lowest value is observed at Malkalapahad village and the highest concentration is observed at 

Mungi village.  However high TDS waters may limit the suitability as a drinking source and 

irrigation supply, also the high values will interfere with the clarity, colour and taste of the 

manufactured product.  For drinking water the TDS value of 500 mg/l is allowed.   Total 

hardness ranges between minimum 20mg/l to a maximum of 265mg/l with average of 126mg/l.  

The minimum value of 20mg/l is observed at Naimithabad village and the maximum of 265mg/l 

is found at Nyalkal village near petrol bank.  The calcium concentration is varying between 6 

mg/l at Rejantal village  to 59 mg/l at Mungi village south east of Nyalkalmandal with an 

average concentration of about 27 mg/l which is much below the permissible limit of 100 mg/l. 

Higher concentrations are found in the central portion of the study area mostly the Nyalkal  

town.  The minimum and maximum value of magnesium is ranging between 1 mg/l to 45 mg/l, 

with an average concentration of 14.75 mg/l.  The natural groundwater mainly consists of 

sodium and other cations and chlorides as anions. The concentration of sodium in groundwater 

has been found to be ranging from 0.13 to 2.63 mg/l with an average concentration of 0.91 mg/l, 

which is well below the permissible limit of 250 mg/l.  The minimum and maximum values of 

potassium are varying between 4 to 64 mg/l with an average concentration of 8 mg/l, 98% of the 

samples are within the permissible limits and 2% of the samples exceed the permissible limits.  

The minimum value CO3 is 9 mg/l and the maximum is 108 mg/l with an average concentration 

of 22 mg/l, which is less than the permissible limit of 10 mg/l.   With regard to the HCO3 

minimum concentration is 109 mg/l and a maximum concentration of 732 mg/l with an average 

of 278 mg/l, few samples cross the permissible limits.  The average concentration of Cl in the 

groundwater of the study area is 136 mg/l with a minimum of 46 mg/l and maximum of 461mg/l 

found in the bore well in and around Nyalkal and Zaheerabad town. Sixteen percent of the 

samples are exceeding the permissible limits of 200 mg/l prescribed by WHO.  With regard to 

sulphate the groundwater samples in the study area are varying between 1 to 132 mg/l with an 

average value of 16 mg/l, which is much below the permissible limit of 200 mg/l., and for nitrate 
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the minimum value is 5 mg/l and the maximum is 32 mg/l and the average is around 14 mg/l 

well below the permissible limit of 50 mg/l. [8]. 

CORRELATION BETWEEN ELEMENTS 

 

The most simplistic procedure for correlating multi-element data is to generate the 

matrix, which contains the correlations between all possible pairs of the elements being 

considered.  In calculating these correlations, it is usual to transform the data first by taking the 

logarithms of the contents.  This has the effect of removing much of the skewers of the original 

distribution of each element and greatly reduces the erratic fluctuations in the correlations 

calculated between different elements.  Table 4.4 is a correlation matrix of the set of thirteen 

elements for the fifty water samples analyzed in the study area.  The main advantage in 

presenting the correlations in a form of this type is that the pattern within the data is more readily 

apparent.  Thus, for the fifty water samples used in the study area, the significant correlation of 

elements in water is summarized in table- . Among the best-correlated (r > 0.8) there are eight 

pairs.  With regard to good correlation elements (r = 0.8 to 0.6) there are Sixteen pairs as shown 

in table 4.6. The moderately correlated pairs (r = 0.6 to 0.5) are six pairs and with regard to the 

negatively correlated elements   (r = >0 to –0.5) they are one pairs as shown in (Table). 

 

HYDROGEOCHEMICAL PROCESSES 

 

The quality of groundwater at any point below the surface reflects the combined effects 

of many processes along the groundwater flow path[9]. Chemical reactions such as weathering, 

dissolution, precipitation, ion exchange and various biological processes commonly take place 

below the surface. Hydro-geochemical study is a useful tool to identify these processes that are 

responsible for groundwater chemistry[10]. 

 

In the literature, many different methodologies have been applied to study and 

characterize the sources of variation in surface and groundwater chemistry [11]. Various 

investigators [12] have studied the relationship between groundwater geochemistry and 

weathering of host rock minerals.Weathering is the breakdown and alteration of rocks and 

minerals at or near the earth’s surface into products that tend towards equilibrium with the 

conditions found in this environment. Weathering reactions supply solutes to surface and 

groundwater and promote or inhibit development of pathways for groundwater flow.[13]. As 

such, water resources in hard-rocks commonly involve different hydro geological compartments, 

such as overlying sediments, weathered rock, the weathered-fissured zone and fractured bedrock. 

 

The chemical composition of surface and groundwater is controlled by many factors that 

include composition of precipitation, mineralogy of the watershed and aquifers, climate, and 

topography. These factors combine to create diverse water types that change spatially and 

temporally. In groundwater quality management, it is important to relate the spatial distribution 

of different chemical parameters to different possible sources. [14],Different sources have 

characteristically different chemical signatures, for example, a sewage works is liable to be 

associated with high levels of nitrate and phosphate. However, such theoretically probable 

signatures do not always occur, nor are they necessarily statistically valid. The overall resultant 

water quality of the aquifer is influenced by all the land-use activities in the ground surface and 

the interaction of groundwater with deeper zones. Apart from this assessed the potential for 
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contamination by phosphates fertilizers and concluded that Cd and F would accumulate at faster 

rates than As, Pb, or Hg. Thus, a mixture of processes could change the physical and chemical 

variables of the groundwater. 

 

CHEMICAL RELATIONSHIPS 

 

The Trilinear diagrams of Piper are very useful in bringing out chemical relationship 

between groundwater in more definite terms [15]. Chemical data of the area are subjected to 

graphical treatment by plotting them in a [16]Trilinear diagram (Fig 4.15). Distribution of the 

groundwater samples in different subdivisions of the diamond-shaped field of the Piper diagram 

reveals that the water samples fall in the different areas. 

 

PIPER TRILINEAR DIAGRAM 

 

The Trilinear Piper diagram is commonly used in water-chemistry studies, which can show the 

percentage composition of different ions. By grouping Na
+
 and K

+
 together, the major cations 

were displayed on the trilinear diagram. Likewise, CO3
-2

 and HCO3
- 

are grouped resulting in 

three groups of the major anions. The cations and anions were plotted in left and right triangles 

as a single point. These points are then projected into the central diamond-shaped area parallel to 

the upper edges of the central area. All these points in the diamond-shaped area represent the 

total ionic distribution. For each water sample, a single point was obtained in the diamond-

shaped area, which represents the total ionic distribution. 

 

The Piper Trilinear plot [17] is one of the most useful graphical representations in 

groundwater quality studies and helps in understanding the geochemistry of shallow 

groundwater. These Trilinear plots are very constructive in bringing out chemical relationships 

between groundwater in more definite terms than with the other possible plotting methods. 

Chemical composition of analyzed groundwater of the study area is represented in the Piper 

diagram fig 4.15. Distribution of the groundwater samples in different subdivisions of the 

diamond shaped field of the piper diagram reveals the analogies and dissimilarities.  

Based on Piper Trilinear diagram, groundwater of study area is classified into different types 

according to the percentage of chemical constituents present in it (Table 4.7). In the present 

study area 96 % of the groundwater samples are falling in the area 1 of subdivision of diamond 

shaped field, which is characterized as alkaline earths (Ca
2+

 + Mg
2+

) that exceeds alkalis (Na
+
 + 

K
+
) and 4% of the groundwater samples fall in Alkalis exceeds alkaline earths. In the 100% of 

the groundwater samples of the study area the strong acids exceed weak acids. In the study area 

9% of the groundwater samples non carbonate hardness (secondary salinity) exceeds 50% and in 

4% of the samples non carbonate alkalis (primary salinity) exceeds 50%.  And 7% of the ground 

water samples in the study area falls in the no one cation - anion exceeds 50% field of piper 

trilinear diagram (Table 4. & Fig. 3). 

DUROV DIAGRAM 

 

Durov Diagram proposed by [18]. The basis, once again, is percentage plotting of cations 

and anions in separate triangles (Fig.4). The intersection of lines extended from the points to the 

central rectangular field gives a point representing a type of water. From these points, lines 

drawn to adjacent rectangles give points showing total concentration (scale in mg/l or g/l) and 
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any other optional characteristic constituent of the problems studied are usually located at the 

vertices of triangles farther from the central field. 

Durov further improved his diagram to permit analysis of chemical composition and total 

dissolved solids. His double tetrahedral diagram utilizes a system of rectangular projections of 

spatial dimensions in the plan. The spatial expression removes the restriction of a geometrical 

expression. Although not convenient for common use in reports of investigation, it can be used 

in special generic studies of the origin of chemical composition of water. 

According to this diagram the following Hydrochemical type prevail in the groundwater of the 

study area:  Ca-HCO3, Mg- HCO3, Na- HCO3, Na-Cl, Mg-Cl and Ca-Cl. In the first and second 

groups belong the most samples from wells and boreholes located in the central and western part 

of the study area. They are considered as fresh waters of natural replenishment through basalts 

and laterites. 

 

Ion Balance Diagram: 

 

The bar graph given by [19] is divided into two vertical columns whose heights are 

proportional to the total concentration of cations in the left column and of anions in the right 

column; both in meq/l, the samples of the study area are shown in (fig.5).  The concentrations of 

ions are emphasized by distinctive colors.  Thus collin’s diagram is an effective visual tool in 

oral presentation of water composition 

Pie Chart 

The simplest of pattern diagrams are circular diagrams which are primarily used as 

symbols on maps.  The most common is the pie diagram in which subdivisions of the area 

represent proportions of different ions in percentage of meq/l.  The cations are in the upper half 

and anions are in the lower half of the circle, each usually taken as 100%.  The samples of the 

study area are plotted in the pie chart (Fig. 4.19) 

Radial Plot 

In the diagram proposed by [20], ion concentrations are plotted in percentage of meq/l on 

a symmetrical system of six radiation axes formed by joining the vertices of a regular hexagon.  

The points on individual axes are connected and the result is an irregular pattern with shading.  

The samples of the study area are plotted on the Radial plot (Fig. 4.20). 

Schoeller Diagram 

Another method of correlation utilizes linear graphs. The best known graphs using 

arithmetic or logarithmic scales for expression of water quality data are those of French water 

chemists R. Frey and H. Schoeller. The nomograph proposed by [21 –23] depicts a group of 

analyses on equidistant verticals, the number of which depends on the number of constituents 

being expressed. Besides ion concentrations plotted on a logarithmic scale, we can plot other 

properties of the water such as pH, total dissolved solids, alkalinity, acidity and temperature. 

Scales for these additional constituents or properties are optional and usually arithmetical. By 

joining points on all vertical lines an analysis is shown as a characteristic broken line which 

represents chemical composition of the water. Lines of different types (dashed, dotted, solid, etc) 
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are chosen for distinguishing individual analysies. Waters of similar composition plot as near-

parallel lines. This graph is especially useful for comparing waters of low concentration and 

waters which do not differ greatly in concentration.  

Fifty groundwater samples from the study area are plotted in the Schoeller diagram (Fig.4.21). 

Stiff Diagaram 

A more sophisticated method for demonstrating change in the chemical composition of 

water is that of [24]. The concentrations of ions are plotted on parallel horizontal axes extending 

on each side. 

Mg   ______________SO4 

    Ca ________________CO3 + HCO3 

Na+K_______________Cl 

Each different pattern represents a different type of water. The width of the pattern could be used 

as an approximate indication of total ionic content as shown in Fig4.22 for the fifty samples of 

the study area. 

Impact of Agriculture Activity 

Agriculture contributes its share of water pollution – From several decades the use of 

agricultural chemicals (pesticides and fertilizers) has become widespread in the study area, and 

with massive concentrations of livestock, poultry, and also the resultant waste products. 

These kinds of activities raise serious concerns to water quality. Agricultural wastes are many 

times important potential sources of infections, residues and litter from crops, and plantation 

operations are often sources of plant diseases and breeding places for disease spreading insects. 

Nutrient transport from cultivated land and feedlots is among the most frequent problems 

associated with agricultural activity. Agricultural sources of phosphorus and nitrate include 

fertilizer, runoff from animal feedlots and domestic sewage. The effects of irrigation and 

fertilization in this area are salinization of the soil and groundwater and increase of nitrate 

concentrations in groundwater. 

 Sodium Absorption Ratio (SAR) 

Sodium concentrationis important in classifying irrigation water because sodium reacts 

with soil to reduce its permeability. Soils containing a large proportion of sodium with carbonate 

as the predominant anion are termed as alkali soils; those with chloride or sulphate as the 

predominant anion are saline soils. Sodium content is usually expressed in terms of percent 

sodium 

% Na = (Na + K) 100/Ca +Mg + Na + K 

 

Ca and Mg in the proper proportion in relation to sodium maintain soil in good state. In irrigation 

water this is often represented by a parameter called “Sodium Absorption Ratio" (SAR) which 
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can be calculated by formula taking individual values of Na
+
, K

+
, Ca

2+
 and Mg

2+
 in milli 

equivalents per litre.  

  

   SAR    =Na / 2/)( MgCa 
 

 

In the study area sodium adsorption ratio varied from 0.18 meq/l to 0.70 meq/l.  All samples fall 

in the excellent class (Table 4.8). 

 

 Classification of Groundwater by U.S. Salinity Laboratory Method 

 

The U.S. salinity laboratory [25 -26], proposed a diagram for studying the suitability of 

groundwater for irrigation purposes based on SAR. The chemical parameters of the groundwater 

of the area are represented in the USSL diagram (Fig 4.23).  It is observed that among the 

groundwater samples of the study area 72% fall under C1S1 class indicating low salinity – low 

sodium waters, 26% fall under C2S1 class indicating medium salinity and low sodium waters  

and 2% of the groundwater fall under C3S1 class indicating high salinity and low sodium water. 

Electric conductivity affects the total salt concentration and soil salinity and thereby affecting the 

yield of the crop and its tolerance accordingly.  Since most of the waters in the study area are 

falling in low sodium group in the study area, these waters require adequate drainage, special 

management for salinity control, and plants having good salt tolerance may be selected for 

cultivation.  

CONCLUSION 

 

The ground in the study area is alkaline in nature.Calcium among the cations and 

Bicarbonates among anion were dominant.Based on Total Dissolved Solids classification 100% 

of ground water samples were fresh water class so they are congineal for drinking. 64% of 

ground water samples were moderately hard, 8% were soft water type and finally 14% were hard 

water type.  The aquifer material and mineralogy together with semiarid climate, poor drainage 

system and low precipitation factors played major role in controlling ground water quality of the 

area. Piper plot shows the most of the ground water samples falls in the field of alkaline earth 

metals dominating over the alkalies and strong acids exceeds weak acids and finally has primary 

salinity indicated as non-carbonate alkai. Durov diagram hydrochemical type prevail in the 

ground water of the study Ca
+2

-HCO3
-
, Mg

+2
-HCO3

-
, Na

+
-HCO3

-
, Na

+
-Cl

-
, Mg

+2
-Cl

-
, and Ca

+2
-

Cl
-
 were consider as fresh water of natural replenishment through basalts and laterites. Acording 

to stiff diagram the ionic concentration of calcium and bicarbonate are higher and the polygon 

size indicate the concentation of dissolved solids. Ionic balance, pie chart and radial plots  shows 

visual ionic concentration of major cation and anions Corelation matrix shows following eight 

best corelated pairs, sixteen good corelated pairs and six negatively corelated elements. Twenty 

eight percent of the samples having F
-
 excess to the permissible limit is because of the use of 

phosphate fertilizers [27]. 
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S.NO 

Water 

Parameters 

 

Min Max Average 

WHO(2004) 

Standards 

Exceeding 

Permissible 

limits 

Within 

Permissible 

limits 

  

 (mg/l) (mg/l) (mg/l) (mg/l)   

1 pH  6.67 8.9 7.48 6.6 - 8.5 2 %  98% 

2 EC  86.91 900.16 255.05 - -  

3 TDS  55.62 576.1 163.23  500 2 %  98% 

4 TH  20 265 126.60  <200 8 %  92% 

5 Na
2+

  0.13 2.63 0.91  250 -  100 % 

6 K
+
  4 64 8.04  10 2 %  98% 

7 Ca
2+

  6 59 27.36  100 -  100 % 

8 Mg
2+

  1 45 14.74  50 -  100 % 

9 CO3
2-

  9 108 22.19  10 76 %  24 % 

10 HCO3
-
  109.8 732 278.44  500 2 %  98% 

11 Cl
-
  46 461 136.57  200 16 %  84 % 

12 SO4
2-

  1 132 16.43  200 -  100 % 

13 NO3
-
  5 32 14.15  50 -  100 % 

14  F
-
  0.13 2.63 0.87  - - - 

 

TABLE: 1 COMPARISION OF CHEMICAL ANALYSIS DATA OF GROUNDWATER 

IN THE STUDY AREA WITH WHO (2004) STANDARDS 

 

 
 

 

pH EC TDS CO HCO Cl TH Ca Mg F NO SO Na K

BEST r>0.8 pH 1

GOOD r = 0.8 to 0.6 EC -0.45 1

MODERATE r = 0.6 to 0.5 TDS -0.449 1 1

NEGATIVE r< 0.5 CO 0.009 0.022 0.022 1

HCO -0.290 0.836 0.836 0.106 1

Cl -0.328 0.876 0.876 -0.058 0.612 1

TH -0.557 0.746 0.746 -0.040 0.593 0.624 1

Ca -0.372 0.619 0.619 -0.011 0.483 0.485 0.589 1

Mg -0.450 0.507 0.507 -0.046 0.400 0.453 0.844 0.066 1

F 0.229 0.341 0.341 0.008 0.360 0.321 0.043 -0.043 0.078 1

NO 0.041 0.220 0.220 -0.048 0.337 0.034 0.466 0.312 0.359 -0.106 1

SO -0.404 0.831 0.831 -0.009 0.582 0.787 0.490 0.447 0.306 0.320 -0.143 1

Na -0.279 0.687 0.687 -0.019 0.561 0.729 0.436 0.085 0.486 0.571 -0.081 0.688 1

K -0.175 0.694 0.694 0.068 0.611 0.585 0.205 0.437 -0.043 0.335 -0.110 0.633 0.276 1
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TABLE 2 PEARSON CORRELATION MATRIX OF MAJOR ELEMENTS IN 

GROUNDWATER (r value) 

Best Correlated 

pairs 

r > 0.8 

Good 

Correlated pairs 

r = 0.8 to 0.6 

Moderately 

correlated pairs 

r = 0.6 to 0.5 

Negative correlated 

pairs 

r > 0.5 

EC-HCO3 = 

0.845 

EC-TH = 0.717 HCO3-TH = 0.580 pH-TH = -0.588 

EC-Cl = 0.869 EC-Ca = 0.650 HCO3-Na = 0.559  

EC-SO4 = 0.865 EC-Na = 0.647 Cl-TH = 0.568  

TDS-HCO3 = 

0.845 

EC-K = 0.753 Cl-Ca = 0.537  

TDS-Cl = 0.870 TDS-TH = 0.717 Ca-SO4 = 0.503  

TDS-SO4= 0.864 TDS- Ca = 0.650 F-Na = 0.583  

Cl-SO40.816 TDS-Na = 0.647   

TH-Mg = 0.819 TDS-K = 0.753   

 HCO3-Cl = 0.626   

 HCO3-SO4 = 

0.634 

  

 HCO3-K = 0.653   

 Cl-Na = 0.696   

 Cl-K = 0.650   

 TH-Ca = 0.642   

 SO4-Na = 0.639   

 SO4-K = 0.740   
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TABLE 3 CORRELATED PAIRS OF MAJOR ELEMENTS IN GROUNDWATER IN 

THE STUDY AREA 

 

TABLE 4. CLASSIFICATION OF GROUNDWATER OF STUDY AREA BASED ON OF 

PIPER TRILINEAR DIAGRAM 

   Range Water class Sample No 

   10 Excellent All 50 samples 

18 
  Good Nil 

   19-25 Doubtful Nil 

   26 Unsuitable Nil 

Sub division 

number of the 

diamond shaped 

field 

 

Characteristics of corresponding sub division of 

diamond shaped field 

% of samples 

1 Alkaline Earths (Ca
2+

 + Mg
2+

) exceeds  

alkalis (Na
+
 + K

+
) 

96 

2 Alkalis exceeds alkaline earths 4 

3 Weak acids (CO3
2-

 + HCO3
-
) exceeds  

strong acids (SO4
2-

 + Cl
-
 + F

-
) 

Nil 

4 Strong acids exceed weak acids 100 

5 Carbonate hardness (secondary alkalinity) exceeds 

50% i.e. chemical properties of the groundwater 

are dominated by alkaline earths and weak acids 

Nil 

6 Non carbonate hardness (secondary salinity) 

exceeds 50%, i.e. chemical properties of the 

groundwater are dominated by alkalis and strong 

acids 

9 

7 Non carbonate alkali (primary salinity) exceeds 

50%, i.e. chemical properties of the groundwater 

are dominated by alkalis and weak acids 

4 

8 Carbonate alkali (primary alkalinity) exceeds 

50%, i.e. chemical properties are dominated by 

alkalis and weak acids 

Nil 

9 No one cation - anion exceeds 50% 7 
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TABLE 4.8 CLASSIFICATION OF GROUNDWATER ON THE BASIS OF SAR 

(RICHARDS 1954) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Location map ofthe study area 

 

 

 

 

 

 

 

 

FIG:2 GEOLOGLOCAL MAP OF STUDY AREA 
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FIG. 3Trilinear diagram (after Piper, 1953) 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 4. Durov Diagram 
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FIG. 5. ION BALANCE DIAGRAM 

 

 

 

 

 

 

FIG. PIE CHART DIAGRAM 

 

 

 

 

 

 

FIG.  RADIAL PLOT DIAGRAM 
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Fig  Schoeller diagram 

 

 

 

 

 

 

 

 

 

FIG. 4.22 STIFF DIAGRAM 
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FIG 4.23 USSL CLASSIFICATION OF GROUNDWATER 
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