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ABSTRACT

 In the present study, to demonstrate use of combined isotopic and salinity mapping in 
understanding local scale groundwater-surface water conditions the water samples were collected 
from 4 nos. of defined lakes (Kadaba, Belavatta, Pura and Nittur); groundwater samples were collected 
from shallow hand pumps/tube wells along the periphery of the lakes.  The rain samples were also 
collected. The lake water appears to get enriched in its isotopic composition mainly due to evaporation 
in this region. Lake water salinities are lower compared to nearby groundwater salinity. The flow of 
groundwater, recharged at Nittur lake, continues to its downstream at least till Pura. Increase in 
salinity of groundwater is seen between the points Pura-groundwater & surface water (may be due 
to dissolution of sub-surface soil). The groundwater sampled at Belavatta is found to be recharged 
from local precipitation and not from surface body. The water body (Kadaba) is getting filled mainly 
due to precipitation and to some extent due to runoff from the upper reach of water body. There is a 
strong link between lake water–groundwater (e.g. site Pura) and groundwater–lake water (e.g. Site 
Kadaba). Therefore, this procedure is expected to radically increase the accountability of usage and 
help in planning of suitable ground water supply and would provide a holistic approach to promote 
maximum agricultural output and industrial growth. 
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InTRoDuCTIon

 It is apparent that development of either of 
land and water resources affects the quantity and 
quality of the other as surface water and groundwater 
interactions take many forms and can cause changes 
in quality of each other. Thus, effective land and 
water management requires a clear understanding 
of the linkages between groundwater and surface 
water and isotopes can be potential tool for this. The 
composition of hydrogen and oxygen isotopes in 
water bodies vary in time and space due to various 
hydrological processes. Hence, the origin and the 
circulation of water can be traced by the hydrogen 
and oxygen isotope abundance1. Various studies 
have been carried out by the researchers by using 

isotopes and hydro-chemistry in surface water-
groundwater interactions2-10. 

 The isotopic ratios of lake water are, 
generally similar to those of river water flowing 
into the lake. In particular case, such as no outlet 
river, the isotopic ratios of lake water are modified 
through evaporation as well as isotopic exchange 
with atmospheric moisture. In lakes, water supply 
by inflows as well as precipitation on the lake is 
balanced with sum of outflow (including leakage from 
the bottom) and evaporation. If the rate of evaporation 
is considerable, roughly more than a few percent of 
the outflow, the modification becomes significant, 
and the isotopic ratios of lake water are generally 
heightened. In such case, rate of changes in d18O is 
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controlled by relative extent of the evaporation and 
the isotopic exchange.   Craig and Gordan (1965)11 
discussed theoretically that the evaporation and the 
isotopic exchange take place at the same time and 
the model given by them has been applied to many 
lake studies (e.g. Sakai and Matsubaya, 1977)12.

 There is a series of lakes on the left bank 
of the Hemavathi canal within a stretch of 20 km 
from the Tumkur city and the lakes are both defined 
& undefined13. The temporal and spatial variation of 
rainfall is uneven in the area and there are instances 
when the area has not received rainfall for many 
years in succession. These lakes lie in semi-arid 
region with high evaporation rate so ground water 
recharge seems to be the best means of water 
storage. The rocks are weathered and fractured 
having multiple dykes.  The lakes lie in the hard 
rock region and the underlying rock is fractured13. 
It, therefore, becomes necessary to determine 
the direction and quantity of groundwater flow. In 
hardrock region, analysis is not as simple as in 
alluvial region and required specialized technique 
like isotope method as the conventional methods 
of analysis may not be useful. For this purpose, the 
environmental isotope technique was used to trace 
the ground water flow path between the series of 
lakes. 

METhoDoLoGY

 The water samples were collected from 4 
nos. of defined lakes (Kadaba, Belavatta, Pura and 
Nittur) and groundwater samples were collected from 
shallow hand pumps/tube wells along the periphery 
of the lakes as per the details shown in table 1.  
The rain samples were also collected. The latitude, 
longitude, elevation and Electrical Conductivity of all 
the samples were recorded during the sampling.

 Sample collection was followed by stable 
isotope analysis in the laboratory of National Institute 
of Hydrology (NIH), Roorkee. 

 Dual Inlet Isotope Mass Spectrometer 
is used for calculating d18O values of all collected 
samples and hence interpreting the source of 
ground water along with canal and ground water 
interpretation.

RESuLTS AnD DISCuSSIon

 The isotopic composition (d18O) was found 
in the groundwater in the range of -2.97 to +4.85‰ 
and surface water in the range of -0.8 to 4.63‰ 
(Table 2). 

 Groundwater in the lower half of the region 
i.e. L2G2: -2.97‰, L1G2: -2.86‰, and L1G1: -2.9‰. 
The initial isotopic composition of water has to be 
lighter than -2.97‰ say, -3.0‰ (or equal to -2.97‰, 
only if, evaporation takes place during recharge 
ultrafast recharge process). It is probably due to 
evaporation that lake water appears to get enriched 
in its isotopic composition as observed at sites: 
L2S1, L3S1, L1S1 and L4S1 values;-0.8‰, +3.13‰, 
+4.47‰ and +4.63‰, respectively. 

 In general, lake water salinity is lower 
compared to the nearby groundwater. Lake water 
salinity varies from 390 mS/cm to 610 mS/cm 
whereas, groundwater salinity varies from 430 mS/
cm to 1350 mS/cm. Sample collected from lake site 
L4S1 although indicates a good extent of evaporation 
(d18O= 4.63 ‰) still its salinity (EC) is 390 mS/cm. 
This means, in absence of evaporation the expected 
salinity would be much lower than 390 mS/cm. 

 Thus, initial composition of fresh water (not 
subjected to evaporation, mixing and contamination) 
can be considered to be EC <390 mS/cm and d18O 
data ~-3.0‰. Using this initial value, formation of 
surface water and groundwater can be evaluated. 

 L3G1 falls on down-side of L4 with its d18O 
(4.85‰) and EC (430mS/cm) marginally higher 
than L4S1 (d18O =4.63‰ and EC =390mS/cm). This 
enrichment (by ~5% above L4 that has d18O=4.65 
‰) might have resulted into 10% enrichment in its 
salinity. Both these waters are highly evaporated 
with respect to original water. d18O of L3S1 is 3.13‰ 
which is lighter than L3G1 water (d18O =4.85‰) 
but enriched compared to initial composition-3.0‰. 
Such water can be formed by mixing of 22% of fresh 
water of -3‰ and 78% of 4.85‰ isotopic composition 
groundwater. Thus, flow of groundwater recharged 
at L4 continues to its downstream at least till L3. 
Dissolution of sub-surface salts probably have 
caused increase in salinity of groundwater between 
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Table 2: Variation in isotopic 
composition (δ18o‰) and salinity in 

the study area

Sample  δ18o (‰) EC (µS/cm)

L1S1 4.47 430
L1G1 -2.9 1350
L1G2 -2.86 810
L2S1 -0.8 610
L2G1 -2.97 520
L2G2 -0.67 1020
L3S1 3.13 430
L3G1 4.85 430
L4S1  4.63 390

Table 1: Sample collection detail

the points L3G1 and L3S1 above 430mS/cm but, 
due to (22%) dilution from fresh water this increase 
in salinity is not seen at L3S1. 

 Groundwater sampled at L2G1 has d18O 
~ -3.0‰ which is much depleted than L3G1. If it 
is formed through surface water body (similar to 
L3G1 but with surface source of d18O ~ -3.0‰) 
then its salinity would have been much lower than 
430mS/cm. Therefore, it can only be interpreted 
as the groundwater formed due to recharge from 
local precipitation. Thus, EC =430mS/cm and d18O= 
-2.97‰ can be taken in the study area as fresh 
recharged groundwater due to precipitation. 
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 d18O of L2S1 (= -0.8‰) is substantially 
enriched with respect to d18O of L2G1 (= -2.97‰). 
Such an enrichment is expected to increase salinity 
of L2S1 close to 1000 mS/cm as similar to L2G2 
which has similar d18O (= -0.7‰). But EC of L2S1 is 
much lower (610 mS/cm). The decrease in salinity 
can only be explained by fresh water addition through 
precipitation or due to link with L4 or L3. 

 Surface water at L1S1 (d18O = 4.47‰) if 
linked directly to L2S1 (d18O = -0.80‰, EC= 610mS/
cm) then its EC is expected to be >610 mS/cm. 
But, EC of L1S1 is 430mS/cm. This explains that 
water body L1S 1 is getting filled directly through 
precipitation and may be to minor extent the surface 
run-off from upper reach water bodies. Moreover 
it is not linked to nearby groundwater. Otherwise, 
L1G1 would also have similar d18O and EC as that 
of L1S1. 

 L1 G2 has d18O very similar to L1G1 but, its 
EC (=810 mS/cm) is much lower than EC at L1G1. 
This suggest washout of groundwater salinity of 
L1G2.  Thus, groundwater at L1G2 is expected to 
get recharged in its northwest region that is flushing 
the local salinity and discharging as base flow into 
the lake L1. 

ConCLuSIon

 The lake water appears to get enriched in 
its isotopic composition mainly due to evaporation 
in this region. Lake water salinities are lower 
compared to nearby groundwater salinity. The flow 
of groundwater, recharged at Nittur lake, continues 
to its downstream at least till Pura. Increase in 
salinity of groundwater is seen between the points 
Pura-groundwater & surface water (may be due to 
dissolution of sub-surface soil). The groundwater 
sampled at Belavatta is found to be recharged from 
local precipitation and not from surface body. The 
water body (Kadaba) is getting filled mainly due to 
precipitation and to some extent due to runoff from 
the upper reach of water body. There is a strong link 
between lake water–groundwater (e.g., site Pura) 
and groundwater–lake water (e.g. Site Kadaba).

 Therefore, this procedure is expected to 
radically increase the accountability of usage and 
help in planning of suitable ground water supply 
and would provide a holistic approach to promote 
maximum agricultural output and industrial growth. 
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