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ABSTRACT 
Various graphic methods are i n  vogue for  study and interpretat ion 

of water qual i ty  data. However, it is  a paradox tha t  none of the 

methods gives a specif ic  c lass i f ica t ion  of waters. The prevalent 
t r i l i n e a r  diagram of Hill-Piper can be effect ively used for  geo- 

chemical study of water but it has l imitat ions i n  classifying 

d i f fe ren t  types of waters. I n  the paper, a modified diagram has been 
proposed which can be u t i l i zed  for  (1) class i f ica t ion  of natural  

w a t e r s  ( 2 )  geochemical study of waters l i k e  base exchange, sulphate 

reduction, mixing etc.  and ( 3 )  t o  find su i t ab i l i t y  of water for 
i r r iga t ion  purpose. The proposed diagram i s  a modification of 

Hill-Piper diagram, with a v i e w  t o  extending i t s  appl icabi l i ty  i n  
representing water analyses data  eff ic ient ly .  TO i l l u s t r a t e  the 

appl icabi l i ty  of the diagram two case h is tor ies  are  discussed. 

INTRODUCTION 
A number of graphical methods a re  i n  vogue for  representing the 

chemical qual i ty  data  of natural  waters. Amongst these the t r i l i n e a r  

p lo t t ing  sys t em has won popularity. Hill-Piper diagram has been widely 
used t o  study the s imi l i a r i t i e s  and differences i n  the composition of 

waters and t o  c lassi fy  them in to  cer ta in  chemical types. However, the 

c lass i f ica t ion  of w a t e r  by t h i s  diagram i s  not specific.  The nine 

types of waters given by Piper ( ref .  1) show the essent ia l  chemical 

character of water rather than grouping them in to  d i f fe ren t  classes. 

Further, there are  effect ively only 5 classes.  The classes from 1 to  4 

are but repet i t ions of other classes though i n  broader groups. 
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Also i n  Piper 's  diagram only  t h e  r e l a t i v e  concent ra t ion  of t h e  

d i f f e r e n t  c o n s t i t u e n t s  i n  percentage  r e a c t i n g  va lues ,  expressed i n  

mil l igram equ iva len t ,  i s  represented.  As abso lu te  concen t r a t ions  

are c o m n l y  d e c i s i v e  i n  many problems of i n t e r p r e t a t i o n ,  P ipe r  

suggested t h e  method o f  e n c i r c l i n g  t h e  p l o t t i n g  i n  c e n t r a l  diamond 

field,  wi th  i t s  area p ropor t iona l  to  t h e  abso lu te  concentrat ion.  

This method i s  not  very  convenient when p l o t t i n g  of a l a r g e  volume 

of d a t a  i s  involved. The above mentioned shortcomings do no t  l e s s e n  

t h e  use fu lness  o f  P i p e r ' s  diagram, s p e c i a l l y  i n  t h e  s tudy  of  mixing 

of w a t e r s ,  modi f ica t ions  i n  chemical c h a r a c t e r  of waters and r e l a t e d  

geochemical problems. Necessi ty  i s  however, f e l t  t o  combine t h e  

q u a l i t i e s  o f  t h i s  diagram wi th  an improvement i n  t h e  method o f  

c l a s s i f i c a t i o n  o f  w a t e r s .  A n  attempt h a s  been made i n  t h i s  d i r e c t i o n  

by p resen t ing  a diagram which can be e f f e c t i v e l y  used f o r  a s u i t a b l e  

c l a s s i f i c a t i o n  o f  n a t u r a l  w a t e r s  as a l s o  t o  s tudy t h e i r  geochemical 

behaviour and s u i t a b i l i t y  for i r r i g a t i o n  purposes  . 
PROPOSED DIAGRAM 

The proposed diagram (Fig. 1) is  a mod i f i ca t ion  o f  t h e  Hi l l -P iper  

diagram. The d i f f e r e n c e  being i n  t h e  shape of t h e  t h r e e  f i e l d s  o f  

study. Ins tead  o f  e q u i l a t e r a l  t r i a n g l e s ,  r i g h t  angled i s o s c e l e s  

t r i a n g l e s  have been used f o r  p l o t t i n g  c a t i o n s  and anions. The 

advantage i s  t h a t  t h e  r e s u l t i n g  c e n t r a l  f i e l d  i s  square,  i n s t e a d  o f  

diamond shaped. One s i d e  o f  t h e  square r ep resen t s  pe rcen t  sodium 

and hence t h e  diagram can e a s i l y  be supplemented wi th  t h e  Wilcox 's  

pe rcen t  sodium diagram, t h u s  expanding t h e  scope of  study. A l s o  

t h e  p l o t t i n g  i n  r i g h t  angled t r i a n g l e s  i s  comparatively easier. 

The two r i g h t  angled t r i a n g l e s ,  one f o r  c a t i o n s  and o t h e r  f o r  
anions,  are e s s e n t i a l l y  used f o r  c l a s s i f i c a t i o n  o f  waters. The 

t h r e e  s i d e s  of  each t r i a n g l e ,  d iv ided  i n t o  100 equal  parts, r ep resen t  

t h e  percentage r e a c t i n g  va lues  o f  c a t i o n  and anion groups. 

c a t i o n  and anion t r i a n g l e s  are subdivided i n t o  7 f i e l d s  each, g iv ing  

t h e  fol lowing types  of waters : 

The 
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Fig. 1. Proposed Diagram for geochemical studies of waters. 

Cation Triangle. 

C1 - Calcium type 

C2 - Magnesium type 

C3 - Sodium type 

C4 - Sodium-Calcium type 

C5 - Calcium-Magnesium type 

Cg - Sodium-Magnesium type 

C7 - Calcium-Magnesium-Sodium type 

Anion triangle. 

A1 - Bicarbonate type 

A2 - Sulphate type 

A3 - Chloride type 

Aq - Chloride-Bicarbonate type 
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A5 - Bicarbonate-Sulphate type 

A6 - Chloride-Sulphate type 

A7 - Bicarbonate-Sulphate-Chloride type 

The proportion of the pr incipal  cation and anion, i n  terms of 

percentage reacting values, are  plot ted i n  each t r iangle  and the 

type of water found out,  on the basis  of the posit ion of p lo t t ing  

i n  respective f ie ld .  For example a water f a l l i ng  i n  C 1  and A2 

f ie lds  of cation and anion t r iangles  can be classed as  Calcium- 

Sulphate type of water. 

The Central square f i e ld  gives the overal l  character of water. 

It has a l l  the advantages of the diamond shaped f i e ld  of Piper 's  

diagram and can be used t o  study the mixing character of waters, 

the changes i n  the chemical characters and other related geochemical 

problems. For representing the primary character of water, the 

square f ie ld  has been sub-divided in to  two. The waters f a l l i ng  i n  

Group I w i l l  have alkaline ear ths  (Ca, Mg) exceeding the bicarbonates. 

Such water w i l l  show permanent hardness and w i l l  not have bicarbonate 

hazard for  i r r igat ion.  On the other hand, the water of Group I1 w i l l  

have temporary hardness and have residual sodium carbonate. 

The p lo t t ing  i n  the square f i e ld  can be extended in to  Wilcox's 

diagram. Thus, i n  addition t o  finding the  su i t ab i l i t y  of water for  

i r r iga t ion  purposes, the sa l in i ty  of water can also be known, 

f ac i l i t a t i ng  a more comprehensive understanding. 

CASE HISTORIES ILLUSTRATING THE APPLICABILITY O F  THE PROPOSED DIAGRAM 

Case History 1 : 

Chemical qual i ty  of groundwater i n  Dharangadhra sandstones of Upper 

Jurassic t o  Lower Cretaceous age, exposed i n  par t s  of Surendranagar 

d i s t r i c t  of Gujarat, India, presented a problem of wide variation i n  

the quali ty of groundwater both areally and with depth, The mechanism 

of t h i s  variation could be be t te r  understood by p lo t t ing  i n  the 

recommended diagram, the chemical analyses data  of waters collected 
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from d i f f e ren t  depths, during exploratory d r i l l i ng ,  Dr i l l ing  a t  

16 sites down t o  depth range of 145 t o  300 metres b e l o w  surface, 

revealed two major groups of sandstone aquifers,  separated by 4 t o  10 m 

thick carbonaceous arenaceous shales,  occurring pers i s ten t ly  a t  depths 

ranging from 50 t o  180 m b.g.1. 

also encountered below the carbonaceous shale i n  northern parts, with 

limited areal extent. Groundwater i n  the  aquifers below the 

carbonaceous shale&ill w a s  found t o  be under ar tes ian head. 

A thick basic s i l l  (30 t o  50 m) w a s  

During exploration, samples of w a t e r  w e r e  collected from aquifers 

overlying and underlying the  basic sill and from di f fe ren t  depths 

from other parts of the area where the  s i l l  w a s  not encountered. 

w a s  observed tha t  i n  the  area w h e r e  the  basic s i l l  occurs, Sodium- 

Bicarbonate type of w a t e r  extends down t o  the  basic sill. An abrupt 

deter iorat ion i n  qua l i ty  ( N a C 1  type) w a s  noticed i n  water samples 

collected from aquifers underlying the basic  sill. However, i n  other 

areas w h e r e  basic  s i l l  does not occur, t he  qual i ty  of groundwater 

shows a gradual deterioration. The p l o t s  i n  the recommended diagram 

(Fig. 1) fo r  w a t e r s  from phreat ic  aquifer and aquifers overlying and 

underlying the  carbonaceous shale,  col lected from a borehole, f a l l  on 

a s t r a igh t  l i n e  i n  al? the three f i e l d s  of study, indicat ing the 

mixing character of w a t e r .  

It 

It w a s  concluded that the sa l ine  w a t e r  of N a C l  type i n  the aquifers 

below the carbonaceous shale,  mves  upward due t o  the posi t ive head 

and the  semi-pervious nature of the aquiclude and mixes with the 

generally Calcium-Bicarbonate type of w a t e r  i n  the shallow aquifers, 

t o  give rise t o  a &xed water zone of d i lu ted  N a C l  t o  Na-Ca-HC03 type. 

Hawever, i n  the northern parts of the area,  where the  impervious 

basic sill occurs, the  qua l i ty  of groundwater i s  good down t o  the sill 

because it ac ts  as an impermeable ba r r i e r  and prevents upward movement 

of sa l ine  w a t e r .  

C a s e  History 2 : 
~n area of about 11,500 sq.km. i n  U p p e r  Yamuna Basin, (Haryana and 

U t t a r  Pradesh States  of India) forming a part of the Indo-Gangetic 
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a l luv ia  of Quaternary age, w a s  studied. The a n a l y t i c a l  d a t a  of 

w a t e r s  from d i f f e ren t -dep ths  a t  l oca t ions  widely spread over t h e  

basin w e r e  p l o t t e d  i n  t h e  recommended diagram. It w a s  observed t h a t  

Calcium-Bicarbonate type of w a t e r  occurs i n  t h e  p h r e a t i c  aquifers.  

This w a t e r  gradually d e t e r i o r a t e s  t o  Sodium-Bicarbonate type with 

depth, rendering t h e  'good t o  e x c e l l e n t '  category of w a t e r  i n t o  

'permissible t o  doubtful '  f o r  i r r i g a t i o n  uses .  The p l o t s  i n  t h e  

square f i e l d  of study (Fig. 1) show an increase of t h e  percentage of 

N a  + K a t  t h e  c o s t  of C a  + h Q  i nd ica t ing  a base exchange between the  

cat ions of Calcium-Bicarbonate type of w a t e r  and t h e  sub-surface clays. 

The thickness of alluvium i n  t h i s  area exceeds 500 m e t r e s  and only a 

mall f r ac t ion  of t h i s  i s  under a c t i v e  c i r c u l a t i o n  due t o  groundwater 

development. The under u t i l i z a t i o n  of groundwater from deeper 

aquifers  r e s u l t s  i n  a near s tagnant  condition a t  depths and provide 

the  necessary t i m e  f ac to r  f o r  base exchange, There is  thus a s t rong 

case f o r  t h e  development of deeper aquifers .  

CONCLUSIONS 

From the  foregoing discussions it i s  apparent t h a t  t h e  recommended 

diagram helps i n  a better understanding of w a t e r  q u a l i t y  data.  It 

s a t i s f i e s  t h e  basic requirement f o r  a s u i t a b l e  c l a s s i f i c a t i o n  of 

na tu ra l  w a t e r s  and can be e f f e c t i v e l y  used i n  t h e  geochemical s tud ie s ,  

i n  addi t ion t o  giving an idea on the  s u i t a b i l i t y  of w a t e r  f o r  

i r r i g a t i o n  purpose . 
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