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ABSTRACT 

During the course of the groundwater survey and exploration 

in parts of Upper Catchment of Betwa River Basin in Central 

India, 68 water samples have been collected from the dug-wells 
and also from the exploratory boreholes to assess the quality 

of groundwater. Most of the area i s  underlain by Deccan Traps 

whereas the rest of the area is covered by Vindhyan Sandstone. 

The shallow groundwater is neutral to slightly alkaline in 

nature with a maximum EC of 2082/uS/Cm. With depth, water 

changes from alkaline earth bicarbonate to sodium chloride type 

with low NO3 and K. 

reaching a maximum value of 10 .25  mg/l. Deep groundwaters show 

low values of tritium ranging from 2.8 2 2 TU to 3.2 2 2 TU 
indicating insignificant turnover during the last 35 years 
whereas the shallow groundwater records tritium value of 44.3 2 
2 TU and represents recent recharge. 

Fluoride concentration increases with depth 

INTRODUCTION 
2 Betwa, with 2 0 , 6 0 0  km catchment area, is one of the most 

important perennial rivers in Central India which flows from 

south to north and eventually joins Yamuna. Nion, an important 

right bank perennial tributary of Betwa river, covers an area 

of about 1100 km2 and flows from southeast to the northwest. 
The lowland plain covering 90% of the Nion-basin is developed 

on the weathering products of several basalt flows comprising 
black cctton soils and yellow clay with varying thickness 
ranging from a few tq 2 6  m and rests on the weathered basalt. 

The drainage ?attern of the basin is dendritic in nature. 



66 2 

The southern and e a s t e r n  margins of t h e  bas$n are surrounded by 
Vindhyan Sandstone -(Cambrian age) and Deccan maps (Upper 
cretaceous)  h i l l ocks  with elevat ion ranging from 400-600 m amsl. 
The cent ra l  and western p a r t s  are gene ra l ly  f l a t  w i t h  saoradic  
occurrence of h i l l s  covered with deep vegetation of deciduous 
trees and 85% of the  a rea  comes under r a in fed  c u l t i v a t i o n .  
During the  course of t h e  groundwater survey and explorat ion,  
68 water samples have been co l l ec t ed  from dug w e l l s  of depth 
range 3 m to 2 2  m bgl and a l s o  from t h e  exploratory boreholes 
upto a maximum depth of 210 m bgl. 

C l i m a t e  
The area is humid t o  subhumia with three d i s t i n c t  type of 

climates: Smer,  Monsoon and Winter. The average r a i n f a l l  and 
p o t e n t i a l  evapotranspiration values are around 1230 mm and 
1624 mn respect ively.  

Geology 
The basin is underlain by two d i s t i n c t  hard rocks: Vindhyan 

Sandstone and Deccan Traps ( b a s a l t s ) .  Sandstone i n  t h e  form of 
low f l a t  top,& h i l l ocks ,  occupies very small area.  I t  is mostly 
q u a r t z i t i c  i n  nature,  hard, compact and massive w i t h  w e l l  
developed j o i n t s .  On t h e  o the r  hand, the Deccan Traps occupy 
the extensive f l a t  sloping land and rest d i r e c t l y  on t h e  
Vindhyans. Petrological  s t u d i e s  of Trap r evea l  the presence of 
plagioclase,  aug i t e  and volcanic  g l a s s  which weathers t o  black 
cot ton s o i l s  rich i n  montmorillonite (Smectite) w i t h  t r a c e s  of 
fe ldspar ,  quartz  and c a l c i t e .  The red s o i l s ,  found i n  the  upland, 
comprises of k a o l i n i t e  and i l l i t e  with geo th i t e ,  quartz  and 
secondary minerals. 

EXPERIMENTAL 

The f i l t e r e d  w a t e r  sarnI3les (0.45 my, Millipore, U S A )  co l l ec t ed  
during f i e l d  t r ave r se  i n  March, 1980 were subjected t o  chemical 
analysis  a s  per standard procedures. 
Ca w e r e  determined in-situ.  

Values of pH, EC, X03  and 

DISCUSSION OF THE RESULTS 

The group i o n i c  composition of t h e  groundwater sampl.--s is 
shown i n  the  table-I .  This i s  arranged i n  5 groups according 
t o  t h e i r  E l e c t r i c a l  Conductivity values such a s  0-500, 501-1000, 
1001-1500, 1501-2000 and >20001S/Cm. The average value 3f CC 
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1s 600/1 S/Cm w i t h  h ighes t  va lue  of 2082) S/Cm. 

few w a t e r  samples have EC va lues  g r e a t e r  than lOOO,US/Cm. 
is predominant among t h e  an ions  forming b icarbonate  type of water. 
The C 1  concent ra t ion  is v e r y  low w i t h  an average va lue  around 18 
m g / l .  R e l a t i v e l y  h igh  va lues  occur sporad ica l ly  and may be due 
to  l o c a l  contamination. I n  most of t h e  w e l l  w a t e r s ,  t h e  
concen t r a t ion  of SO4 is very  l o w  wi th  average va lue  of 10 rng/l. 

more than  20 mq/l .  As such, possibilities of  developing 
methemoglobinaemia can n o t  be r u l e d  out .  However, high NO3 occurs 
s p o r a d i c a l l y  and is associated w i t h  high va lues  of C1, SO4 and EC. 
The a n a l y t i c a l  r e s u l t s  i n d i c a t e  tha t  t he  h ighly  populated v i l l a g e s  
have g r e a t e r  contamination w i t h  respect t o  t h i s  ion,  p a r t i c u l a r l y  
whenever t h e  dug-wells are located i n  the  near  proximity of the  
v i l l a g e s .  It  may, therefore be i n f e r r e d  t h a t  human and animal 
e x c r e t a  may be considered as the  main sources  of n i t r a t e  i n  
groundwater. 

concen t r a t ion  of M g  is g r e a t e r  than Ca  and/or Na, a r i s i n g  f r o m  
weathering of the ferromagnesian s i l i c a t e s .  All w a t e r s  a r e  of 
a lka l ine -ea r th  b icarbonate  type as revea led  from P ipe r  p l o t t i n g .  
The h ighes t  concent ra t ion  of Ca  and Mg i o n s  are 173 mg/l and 
90 mg/l r e spec t ive ly .  
d i sequ i l l i b r iu rn  ind ices  i n d i c a t e s  some base exchange dur ing  the  
movement of groundwater. I t  is also seen t h a t  the va lues  of C a  
and M g  i n c r e a s e  w i t h  the  inc rease  of s a l i n i t y ,  bu t  Mg/Ca 
equ iva len t  ra t io  decreases  w i t h  s a l i n i t y .  
is also normally below 5 m g / l .  All shal low groundwater samples 
record  f l u o r i d e  b e l o w  1 mg/l i nd ica t ing  f r e e  from occurrence of 
d e n t a l  carries. 

However ,  ve ry  
HC03 

About 30% of  t h e  w a t e r  samples analysed so f a r  con ta in  n i t r a t e  

Ca  and M g  are remarkably h igh  and i n  some ins t ances  t h e  

The c a l c u l a t i o n  of ch lo r ine -a lka l i  

Potassium concent ra t ion  

TABLE 1 
Group i o n i c  composition of groundwater samples 

Concentrat ion i n  m e d l  No- EC i n  
samp. 
Of Ps/Cm pH HC03 C 1  SO4 NO3 Ca Mg N a  K 

2 (500 6.81 3.70 0.70 0.08 0.09 2.75 0.98 0.43 0.10 
7.20 6.72 0.73 0.14 0.16 3.60 0.49 1.56 0.07 1000 

'Oo0- 7.10 6.42 2.56 0.72 1.43 5.35 3.29 1.73 0.08 1500 

1500- 7.30 8.70 3.89 2.37 1.41 4.20 6.08 3.78 0.17 2 000 
1 >2000 7.05 7.29 8.99 1.93 3.22 8.65 7.39 5.00 0.10 

60 
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The percentage of s a t u r a t i o n  of t h e  sha l low groundwater wi-th 
r e s p e c t  t o  c a l c i t e ,  dolomite ,  gypsun and f l u o r i t e  have been 
computed us ing  Fortan-IV computer programme. I t  appears  t h a t  
almost a l l  w a t e r s  a r e  e i t h e r  s a t u r a t e d  or supc r sa tu ra t ed  wi th  
respect t o  calcite and dolomite .  However, i n  few water  samples,  
ca ses  of unde r sa tu ra t ion  i s  observed. The sha l low groundwater 
i s  a l s o  undersa tura ted  wLth respect t o  gypsum and f l u o r i t - .  

There is a tendency of deep groundwatcr t o  inc rease  i t s  
s a l i n i t y  wi th  deFth having low NO3 and I<. I n  tinconfin2d aquifers 

t h e  Mg/Ca equ iva len t  r a t io  is  normally less t han  u n i t y  which wi th  
depth,  i n c r e a s e s  wi th  t h e  ava i lab i1 i t ; r  of Mg from x a t h e r j n q  of 
basalt. A t  a g r c a t n r  depth  t h e  r a t i o  of Mg/Ca dec reascs  v i t h  an 
inc rease  of Na/Ca+Mg forming MaCl t y y  of water .  Dee? groundwatcr 
a l s o  records  h igh  f l u o r i d e  and a va lue  as h igh  as 10.75 mg/ l  has  
been obta ined  a t  a depth of 155.5 m bgl. Computation of 
s a t u r a t i o n  i n d i c a t e s  t h a t  t h e  water  from d i f f e r e n t  aqu i fn r  zones 
a r e  either b e l o w  s a t u r a t i o n  or near  t o  s a t u r a t i o n  whoreas t h e  
same from t h e  w e l l  waters a t  J e t p w a ,  Begiunganj and !Xhgaon, 
are s a t u r a t e d  wi th  respect t o  f l u o r l t e .  The source of f l u o r i d e  
i n  deep groundwater i s  a t t r i b u t e d  t o  t h e  presence of f l u o r i t e  
mineral  (CaF2) as ev iden t  from the 9 e t r o l o g i c a l  s t u d t e s  of the  

a q u i f e r  materials. Few water sarnplcs a??ear to be s a t u r a t e d  
wi th  r e s p e c t  t o  b t h  c a l c i t e  and f l u o r i t e  minerals .  T r i t i u m  
a n a l y s i s  of t h e  deep a q u i f e r  waters  i n d i c a t e s  t h e  presence  of  
low va lues  i n  t h e  range of 2.9 2 2 t o  3.2 2 2 TU i n d i c a t i n g  t h e  
w a t e r  is l i k e l y  t o  be o r i g i n a t e d  ( >  90%) from pre-bomb s t o r a g e  
wi th  a possible t r a c e  of modern contaminat ion,  p o s s i b l y  due t o  
well cons t ruc t ion .  Shallow groundwater shows tritium va lue  
around 44.3 2 2 Tu r ep resen t ing  r e c e n t  recharge  du r ing  t h e  las t  
few years .  
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