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Abstract— The increasing water demand has led to heavy
exploitation of groundwater resources in many parts of the
country, particularly in the hilly regions. The water resources
available in the hilly regions and are restricted to groundwater
sources due to higher slopes. The major source surface water
bodies such as rivers, lakes, springs etc is rainfall and minor is
glaciers. The study shows that isotopic composition of
precipitation shows depleted nature during monsoon period due
to moisture source from the oceanic region and enriched isotopic
composition during non-monsoon period due to moisture source
from westerlies and local evaporation. The study also represents
that the temperature shows expected positive and negative
relationship with individual locations. Studies conducted
worldwide during last few decades have established that stable
oxygen and hydrogen isotope ratios provide useful tools for
hydrological. In case of groundwater, stable isotopes have been
used to estimate recharge rates and to identify the recharge
zones, to determine the affect of evaporation on groundwater
system, to estimate diffusion rates in unsaturated zones, to study
the groundwater surface water interaction and to identify source
of salinity (Bhattacharya et al., 1985, Navada et al., 1986;
Deshpande et al., 2003).The stable isotopic characteristics of
Himalayan River namely, Ganga, Yamuna and Indus.
Keywords : Isotopes, Absorption Spectrophotometry, Mass
Spectrometer, global meteoric water line (GMWL), Salinization.

remote sensing technique. Where isotope play major role to
explore the hydrological fact of river catchment, lakes, springs
and reservoir located in mountainous area. Thus isotopic
technique is the best alternative method is to know the
hydrological processes of hilly region.
II. STUDY AREA
The district is bordered by the Himalayas in the north,
the Shivalik Hills to the south, the river Ganges to the east, and
the river Yamuna to the west. It lies on 30ᵒ387’N latitude and
78ᵒ132’E longitude. The main area of study is Shahastradhara
and its surroundings for its isotopic and chemical
characterization.
Sahastradhara meaning “thousand fold spring” is one of the most
popular tourist destinations in the Uttarakhand state and is
located in Dehradun place. It is a sulfur water spring of very
low temperature and remarkable medicinal value. The aesthetic
beauty of the site is exaggerated by the Baldi River and the
caves. The place has an ecstatic beauty of nature where water
drips from limestone stalactites, making the water sulphur
abundant and thus the place is also called as sulphur springs. It
is sulphur water spring of relatively lower temperature than its
surroundings.

I. INTRODUCTION
The ground water in mountainous region emerges out in the form
of springs, locally called as Dhara. These springs are the major
source of drinking and other domestic requirements in the hilly
terrain. Mountainous region hydrology become more complex
due to high variability of climatic conditions, physiographical
conditions and variable geological set-up which leads to
significant differences and variations in hydrological behavior
of mountain catchments. Further complexities are also added
due to presence of snow, glaciers at high altitude region and
distribution forest cover in different part of the catchment.
Therefore, an advance technology such as isotopic techniques,
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III. METHODOLOGY
A. Sampling and Analysis
To identify the isotopic signatures of ground water Forty (40)
samples comprising groundwater (8 springs, 5 rivers, 19 tube
wells and 8 hand pumps) have been collected (Table 1), of the
study area during 2015 and have been analysed for δ18O and
δD. The altitude of sampling locations were measured with an
altimeter and cross-verified with GPS. For stable isotopes
measurements, samples were collected in pre-cleaned 60 ml
and 1500 ml Polypropylene bottles (Tarsons make). These
were rinsed profusely at site with sample water and filled with
water samples, tightly capped (to prevent evaporation and
exchange with the atmospheric moisture) as shown in fig 1 and
brought to the laboratory for chemical and isotope analysis.
Field parameters such as, pH and electrical conductivity (EC)
are measured using Hanna portable pH/EC meters. Accuracy
are ± 0.1 for pH and ± 1% for EC. Anion composition of
groundwater is determined by volumetric analysis for and Cl(± 0.5 mg/L), and by molecular absorption spectrophotometry
for NO3- , SO42- (1 to 2% accuracy) in the Laboratory of water
chemistry, National institute of Hydrology, Roorkee.

Fig: 1 Sampling of River and Spring water.
Stable isotopes ratios (δ18O and δD) were carried out with a
laser-based Automated LGR’s Isotopic Water Analyzer (model
IWA - 35EP) in the Nuclear Hydrology Laboratory of National
Institute of Hydrology, Roorkee, India. Isotopes ratio values
are reported in delta per mil notation (δ‰) relative to Vienna
Standard Mean Ocean Water (VSMOW). The δ18O and δD
measurements were done by using Dual Inlet Isotope Ratio
Mass Spectrometer (DI-IRMS). For oxygen and hydrogen
isotopes, 400L water samples were taken and hokobeads were
used as catalyst. With which each batch of samples, secondary
standards developed with reference to primary standards (i.e.,
V-SMOW) were also measured and the final δ-values were
calculated using a triple point calibration equation. The overall
precision, based on 10 points repeated measurements of each
sample was with the 0.1‰for δ18O and 1‰ for δD.

RSample and RVSMOW are the ratio of the less abundant heavier
isotope of interest to the most abundant isotope either 18O/16O
or D/H of the sample and standard respectively. Analytical
precisions are 0.20 ‰ for δD and 0.03 ‰ δ18O. The d-excess
defined as (δD – 8*δ18O), is used to get more valuable
information related to the hydrological cycle and the
interaction of water in its different state, with different
environmental system.
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B. Isotope composition of water samples
Isotope's ratio displays great amplitude in rainfall data.
Deuterium, Oxygen -18 and d-excess values range respectively
from -53.2 to -36.8‰; -8.17 to -5.41‰ and 6.12 to 17.0‰. The
minimum value of d-excess of 8.17 ‰ for the ground water
sources is the single negative value and represent the first
sample collected at Dehradun in the month of April-May.
Whereas for Shahstradhara springs minimum value of d-excess
is 10.99 ‰. Ground water sources have the same range of
isotope composition rainfall amount of 2865 mm in the month
of June. Ground water sources have the same range of isotope
composition. In comparison to rainfall, they have amplitude
which are two times lower for δ18O and almost 12 times lower
for δD. Isotope composition of ground water sources are very
similar with average values of – 46.87 ‰ for δ D and -7.23 ‰
for δ18O. These values are lower than average composition of
rain water that is δ D = –1.17‰ and δ18O = – 1.34 ‰. It is also
seen from Table 1 that isotope ratios and d-excess in rain water
are very heterogeneous with high C.V (coefficient of variation)
in opposition of ratios and d-excess in groundwater where
values of C.V are lower than 25%. However, the mean values
of d-excess in rain water and Shahstradhara springs are
very similar around 12.54 ‰. The average value of d-excess in
Shahstradhara springs is only lower with one unit.

Table 1

IV. 4SOURCES OF RAINFALL
Using precipitation worldwide, Craig (1961) defined the relation
between δD and δ18O called Global Meteoric Water Line
(GMWL) with slope equal to 8 and an intercept of 10. The best
fit regression line obtained for rain water is δD =7.2*δ18O + 7.8
(R2 = 0.92) (fig 2). This Local Meteoric Water Line LMWL
obtained has a lower slope and lower intercept due to the effect
of local climate conditions and moisture trajectory on original
isotopic composition of oceanic vapor. The slope of the
regression lines yields an altitude effect of -0.24‰ per 100 m
in δ18O. The altitude effect in δ18O in groundwater is close to
the altitude effect observed in precipitation. However, the
slight depleted δ18O in groundwater at particular altitude
corresponding to the δ18O value of precipitation indicates that
there is a horizontal mixing of groundwater generated at higher
altitude. But they are lower than average values obtained in the
Himalayan Region of India between latitude 30°20’ and
30°35’N and longitude 78° 0’E and 78° 9’E. As climatic
conditions in these area are comparable with those in our study
area, this regional trends is conform to the NE direction of
India monsoon moisture and could be attributed to continental
effect.
Although, samples collection was limited to summer season
period, amount effect on isotope composition of rain events
were observed among isotope data at some extent (fig 2). This
graph shows that the source of shahastradhara spring is
precipitation, whereas the samples of Hand pumps located at
Ashima Vihar and Shakti Enclave and Tube well at FRI have
been evaporated. The value of d-excess represents the actual
source of Reservior which for precipitation ranges between 812‰ (±1‰).

The values below 8‰ i.e on left side of dotted line as shown in
fig. 3 represents mixing of ground water with snow/glacier's
water or they got evaporated. Two rivers i.e. River Tansa and
River Dulhani source is glacier because their origin is at higher
altitude. Whereas the hand pumps at Keri gaun, Ashima vihar,
Shakti Enclave and RTO Asharori are got evaporated.
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A. Groundwater mineralisation
The fact that electrical conductivity in groundwater is relatively
higher than common values of EC in rainwater in Dehradun
lets keeping that the recharge processes command mainly the
dilution of native groundwater. Actually, in the area where
infiltration takes place rapidly, native ground water is highly
diluted and gets depleted in heavy isotope. In figure 4,
particular trends such as increasing EC with increasing isotope
composition could not be underline. Consequently,
mineralisation process by evaporation is accessory before
water/soil and water/rock interaction. All the samples having
EC values above permissible limit (200 mg/l). To underline
salinization processes, binaries plots, δ18O vs Cl- and δ18O vs
SO42- are used (Fig 5 and 6). When salinization come from
leaching of salts, concentration of these ions increase without
significant variation of isotope ratios. When mixing of
infiltrating water is source of salinization, Cl- and SO42- ions
concentrations are almost uniform with significant variation in
stable isotope composition. Fig 5 and 6 show that most of
points range in the mixing domain. Some points underline
leaching processes

Dissolution and re-precipitation of mineral, silicate weathering and
direct exchange between water and mineral crystal lattice allow
isotopic enrichment of δ18O in groundwater. As the graph (Fig 5)
represents the locations ranging beyond 50 mg/l are Shahpur
Santore (TW), Forest Research Centre (TW) and Asharori (HP)
shows the salinization of the reservoirs.
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The graph (Fig 6) shows the Sulphate values, the values
exceeding 200 mg/l shows the salinization of those reservoirs
i.e. Robber's cave spring, M.P. Sport college's tube well and
Shakti Enclave's hand pump.
pH describes the acidty nd alkalinity of water. Prescribed
limit for natural water sources ranges from 6.5 to 8.5. In the
above graph (Fig 7) represents that all the locations have pH
value in desirable range.

The δ18O -δD relationship for groundwater samples yields a
slope of 8.21 that is similar to Local Meteoric Water Line of
Dehradun's reservoir basin. It reveals that isotopic composition
of precipitation is well preserved in groundwater of the study
area and evaporation during infiltration, if any, is minor. The
distinct δ18O in groundwater at each sites reveals that
groundwater in the area originates through only precipitation.
The close similarity in altitude effect of groundwater and
precipitation confirms that the source of recharge is
precipitation. This study reveals that isotopic composition of
precipitation and groundwater will be useful in identifying the
source of recharge of groundwater/springs in a Himalayan
catchment.
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