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Abstract

The application of isotopes to hydrology is comparatively new but the vast potential of isotope
techniques to understand the various complicated hydrological processes has increased the interest
among the scientific community. Several research institutions/ organisations in India are presently
using different isotopic techniques for obtaining useful information on the different components of
the hydrological cycle. Many hydrological studies have been carried out in parts of Andhra
Pradesh, Gujarat, Haryana, Karnataka, Kerala, Maharashtra, Pondicherry, Punjab, Rajasthan, Sik-
kim, Tamilnadu, Uttar Pradesh and West Bengal states of India using isotopes.

There are number of organisations/institutions in India which are engaged in various types of hy-
drological studies using isotopes. The detection of isotopes in different facets of hydrological cycle
is now possible in ultra low concentration with very high precision and reliability. It has encour-
aged the scientific community to increasingly use these techniques.

Although extensive work has been carried in past few decades in India using isotope techniques
but still there is a need to exploit the potential of these techniques. The useful hydrological infor-
mation like, the contribution of different recharge sources and location of recharge zones for
deeper aquifers, possibility to recharge the groundwater bodies artificially and sources and extent
of groundwater contamination etc. can be obtained using isotope techniques. This may be helpful
in finding possible solutions for a number of hydrological problems particularly in case of large
and densely populated urbanised cities where the water related problems are becoming crucial. In
addition, there are number of other potential areas like, artesian wells in Tarai and Bhabhar Belt,
water balance and sedimentation in water bodies, surface water and groundwater interaction in
case of perennial rivers, stream flow measurement in mountainous areas, seepage and leakage
from water bodies, snow and glacier studies, flow of soil moisture through unsaturated zone and
recharge to aquifers, sea water intrusion and salinization mechanism of groundwaters, soil erosion
and watershed management studies and evaluation of effectiveness of artificial recharge measures
etc. which can be taken up on priority basis for the studies using isotope techniques in our country.

This paper provides a review of the isotope hydrological studies carried out in India in past four
decades, environmental isotope measurement facilities available and the list of the organisations
which actively involved in hydrological studies using isotopes in India. An effort has also been
made to focus various important studies that can be carried out in India in order to understand the
various hydrological problems that are presently being faced and many those that will be faced in
next couple of decades.

INTRODUCTION

Although the use of isotope techniques in the field of hydrology was initiated more than
5 decades back but, the systematic and unending efforts were started by the International
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Atomic Energy Agency (IAEA) Vienna which came into existence in the year 1957. The
first discussion on the hydrological application of isotope was conducted by a panel of
experts on 6-9 November 1961 in Vienna at the IAEA Headquarters (IAEA, Vienna,
1962). Two years later in Tokyo, the IAEA sponsored an international symposium on the
application of isotope techniques in hydrology which recorded 27 important papers re-
porting progress on various research projects employing isotope techniques. Since then
the IAEA had been organising the international symposium at a regular interval.

The application of radioisotopes in the field of hydrology was initiated in India in early
1960's by Tata Institute of Fundamental Research (TIFR), Mumbai and the first study
was taken-up in Gujarat and Rajasthan to determine the age of groundwater and recharge
to groundwater bodies. An All India Symposium on "Radioactivity and Meteorology of
Radionuclides™ was organised by Bhabha Atomic Research Centre (BARC), Mumbai in
the year 1966 in which few research papers related to the application of radioisotopes in
hydrological investigations were presented. But in true sense, the first National Sympo-
sium in the field of isotope hydrology was held on the topic "Application of Isotope
Techniques in Hydrology and Hydraulics” on 26-27 November, 1974 at the Central Wa-
ter & Power Research Station (CWPRS), Pune by BARC. The second national sympo-
sium on Isotope Application in Industry was organised by BARC on 2-5 Feb. 1977 in
Mumbai (BARC, 1977) and a workshop on 'Nuclear Techniques in Hydrology' was or-
ganised by the Committee on Isotopes in Industry, Department of Atomic Energy on
March 19-21 1980 at National Geophysical Research Institute (NGRI), Hyderabad
(NGRI,1980). After that, a number of seminars/symposia/ workshops have been organ-
ised in the field of isotope hydrology by BARC, Mumbai, NGRI, Hyderabad and Na-
tional Institute of Hydrology, Roorkee and now it is a regular feature to organise such
seminars/symposia/ workshops and training courses in this field almost every year in the
country.

The first Ph.D. thesis with the title, 'Application of Radioisotope to the Civil Engineering
Problems' was submitted in 1968 at Poona University, Pune (Bahadur, J, 1958) and since
then many Ph.D. programs have been completed in the country on various topics related
to isotope application. School of Hydrology (now Department of Hydrology), University
of Roorkee, Roorkee took up the teaching program as an elective course (one unit course)
for master's degree in Hydrology, and experts from IAEA, Vienna, under UNDP project,
prepared a standard model course for master's program in the year 1974-75. The contents
of the course covered almost the entire research and development component as reported
in IAEA publication (IAEA, TRC-91, 1983). The teaching of isotope hydrology in some
form or the other, is being done at different universities/institutions ( II'T Kharagpur, Ma-
dras and Kanpur, University of Roorkee and University of Pune etc.) in India.

There are number of organisations/institutions in India which are engaged in various
types of hydrological studies using isotopes. The list of such major organisations is given
at the end of this paper. The use of environmental stable and unstable isotopes, artificial
radioisotopes and sealed radioactive sources have been mainly directed towards the stud-
ies of characterising water masses and origin of water, sea water intrusion, interconnec-
tion of water bodies, soil moisture movement and groundwater recharge, seepage/leakage
from reservoirs/canals, water balance and dynamics of lakes, groundwater salinization,
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characterisation of geothermal waters, stream flow measurements, sediment transport,
sedimentation in water bodies, dating of groundwaters and many others . These studies
have been mainly carried out in parts of Andhra Pradesh, Gujarat, Haryana, Karnataka,
Kerala, Maharashtra, Pondicherry, Punjab, Rajasthan, Sikkim, Tamil Nadu, Uttaar
Pradesh and West Bengal states of India using isotopes.

The recent advances in nuclear instrumentation have made it possible to detect the iso-
topes in ultra low level concentrations with high precision and greater reliability. This
has encouraged the scientific community to increasingly use these techniques. However,
extensive work has been carried out in India in past few decades but still, there is a need
to extend the use of isotope techniques in various fields of hydrology. The various iso-
tope hydrological studies and research carried out in India during the last four decades
are described below in brief.

PRESENT STATUS OF USE OF ISOTOPES IN INDIA

Studies Using Environmental Isotopes

The isotopes, which find their way into the atmosphere due to various natural and an-
thropological activities, are called environmental isotopes. These isotopes become the
part of hydrological cycle and play an important role in identifying various hydrological
processes and parameters. The environmental isotopes may be stable and radioactive in
nature.

The stable isotopes of hydrogen and oxygen i.e., *H, ?H, °0, 'O and *°0 do not decay
with time and various species of water molecule are formed like, *H,*°0, ?H,*0O,
'H,*0, *HD*0, and *H,™0 etc. These species of water are introduced in hydrological
cycle by natural process. The ratio of D/H and *20/*°0 are measured by using stable iso-
tope ratio mass spectrometer/s and compared with seawater as standard SMOW or
VMSOW. The SMOW and VSMOW stand for standard mean oceanic water and Vienna
standard mean oceanic water respectively.

The facility for measuring stable isotopes mass ratio for oxygen and hydrogen for hydro-
logical studies are available with five organisations in India namely, NGRI, Hyderabad,
BARC, Mumbai, Physical Research Laboratory (PRL), Ahmedabad, Defence Labora-
tory, Jodhpur and Nuclear Research Laboratory (NRL), IARI, New Delhi. Mass spec-
trometers available with Atomic Minerals Division, Hyderabad and ONGC, Dehradun
are also used for the measurement of stable isotopes mass ratio, mostly for other than
hydrological studies.

Tritium (®H), Carbon-14 (**C), Chlorine-36 (*°Cl) are radioisotopes produced naturally
by cosmic ray interaction and also introduced by thermonuclear explosions in the atmos-
phere. These are injected in the hydrological cycle by natural processes. Measurements
of these radioactive isotopes in very small quantity are tedious. The tritium (half-life
12.23 years) is used to determine the age of ground water ranging upto 40 years. The
carbon-14 (half-life 5730 years) is used to determine the age of ground water ranging
upto 25,000-40,000 years while Chlorine-36 can be used to determine the age of
groundwater in the range of 10* to 10° years. These radioisotopes can be used for the
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study of recharge to groundwater, dating of groundwaters and identification of modern or
paleowater, water rock-interaction, identification of aquifers in fractured rocks, location
of recharge sources and turn over period of water bodies.

Cs-137 and Pb-210 are other useful environmental radioisotopes. Cs-137 is reached into
the atmosphere due to the testing of atomic devices while Pb-210, basically of geogenic
origin, reaches into the atmosphere when geogenic Ra-226 decay into Rn-222 and being
a gas, it escapes into atmosphere and finally decays as pb-210.

At present, four institutes, namely BARC Mumbai, NGRI Hyderabad, NIH Roorkee and
PRL Ahmedabad have facilities to date groundwaters using ®H and **C in India. Birbal
Shahni Institute of Paleobotany, Lucknow also has the facility to measure C-14 activity
in groundwaters but it does not have environmental tritium measurement facility. Centre
for Water Resources Development and Management (CWRDM), Kozhikode, Kerala also
has tritium dating facility but it does not have C-14 dating facility. Dating of waters using
%8Cl could not be initiated in India due to non-availability of the required facility in our
country. Recently the Advance Institute of Physics, at Bhubneshwar, Orissa, has pro-
cured an acceleratory mass spectrometer . It is therefore, assumed that this technique will
also be used in India in near future for dating very old groundwaters. The facilities for
measuring Cs-137 and Pb-210 are available with many organisations in India including
BARC, Mumbai and NIH, Roorkee.

The various hydrological studies carried out by different organisations and individuals in
India using environmental isotopes have been categorised into few major studies and
summarised below.

Isotopic characteristics of waters: This is one of the isotopic studies of prime impor-
tance that lead to initiate many other isotope hydrological studies. Gupta and Sharma
(1987), have carried out studies related to measure D and 20 isotopes ratio in groundwa-
ter as well as waters of rivers, lake, hot springs etc. collected from a variety of locations.
Stable isotopic characteristics of the Ganga and Brahamputra rivers have been carried out
by Ramesh et al (1982) and Bhattacharya et al. (1985). The results indicated a large con-
tinental effect in groundwaters (isotopic variations with respect to distance from sea
cost). Studies showed the most depleted 20 values in the sub continent in the high alti-
tude lakes in Bhutan followed by upper reaches of the Ganga at Devprayag and
Rishikesh, obviously due to melt waters of Himalayan glaciers. Studies related to geo-
chemistry, oxygen and hydrogen (D) isotopes ratio of thermal springs in western conti-
nental margin of India has also been studied by Chandrasekharan et al. (1989). Krishna-
murthy and Bhattacharya (1991) have studied the role of evapotranspiration in Indian
monsoon. The temporal variation in oxygen-18 and deuterium composition of New Delhi
rainfall (1961-1983) has been analysed by Datta et.al (1991). Bartarya et al. (1995) and
Pande et al. (1999) have studied the systematics of surface water bodies in Himalayan
region using oxygen-18 and D isotopes. Geochemical and isotopic characteristics of geo-
thermal areas of Central and Northern India have been studied by Navada et al (1995).
Nachiappan (2000) has studied the altitude effect for Himalayas region, which is of
prime importance in order to initiate isotope hydrological studies in the region, for outer
Himalayas.
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It seems that efforts have not been made to carry out long term and systematic studies for
the development of a database for isotopic characteristics of waters in India, neither by
any organisation nor by any individual.

Groundwater Pollution: The salinity problem in groundwaters is increasing in coastal
areas including some parts of Haryana, Rajasthan, U.P. and Punjab states. The informa-
tion about the causes of salinity and its remedial measures is necessary to check its fur-
ther spread. Isotopes can play a major role in identifying the sources of salinity and its
mechanism. Navada et.al. (1986) have carried out studies of groundwater salinity and
recharge in Midnapore, West Bengal using environmental tritium, O-18 and deuterium
isotopes. Datta (1990) and Datta et al. (1996 and 1997) have carried out detailed isotopic
and geochemical studies in parts of Delhi City. Causes of salinity increase in groundwa-
ters and intermixing of saline and fresh groundwaters have also been studied by Tyagi et
al. (1997) and Datta et.al (1999) in parts of Delhi City using environmental isotopes.
Shivanna et al (1998) have studied the salinity in deep groundwaters of charnockite ter-
rain at Kokkilimedu in Tamil Nadu. Kulkarni et .al (1997) and Shivanna et.al (1998) us-
ing environmental isotopes have investigated the salinity problem in drinking water in
coastal Orissa. Studies related to salinity ingress in coastal area and arsenic pollution in
groundwater in West Bengal have been studied using geochemical and environmental
isotopes by Shivanna et.al (1998).

Seepage and Leakage: The seepage/leakage from water bodies poses different types of
problems like, water logging, increase of salinity and development of usar land and threat
to the structures of Dams etc. Environmental isotopes can be used to estimate the seep-
age/leakage from water bodies with less efforts and comparatively less expenditure.
BARC has carried out several studies regarding leakage from dams and reservoirs using
environmental isotopes. The leakage in Jhamarkotra phosphorite mines in Rajasthan has
also been studied by Kulkarni et al. (1998) using hydrochemistry of groundwater and
environmental isotopes. It was found that the recycled water reaches mines through the
high permeable geologic formation in the vicinity of the mines.

Lakes and Rivers studies: Lakes and rivers are the most neglected water bodies in India
and very few integrated hydrological studies have been carried out using isotopes. Envi-
ronmental isotopes can play a major role in the study of surface water and groundwater
interaction and the two most crucial components i.e., sub-surface inflow and sub-surface
outflow to/from a lake can be estimated using oxygen-18 and deuterium isotopes. The
hydrodynamics of water bodies and interconnections of springs and lakes etc. can also be
established using isotopes.

The study of river Ganga and groundwater interaction was carried out by Navada et al.
(1982) on a reach of 210km long between Hardwar and Narora using oxygen-18 and deu-
terium isotopes. Sarvanakumar et.al (1994) have carried out isotopic investigations in
Pookot lake in Kerala while a first ever integrated hydrological study of lake Nainital has
been carried out by Kumar et al. (1998, 1999), Nachiappan et .al (1998, 1999) and Sar-
vanakumar et.al (1999). This includes the study of water balance, hydrodynamics, inter-
connection of springs with lake, pollution aspects, and rates and pattern of sedimentation
including estimation of useful life of the lake. Studies related to the origin of salt lakes in
Thar Desert (Ramesh et.al, 1993), isotopic studies of evaporation from Sambhar lake in
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Rajasthan (Yadav, 1997) have also been carried out in the recent past using stable iso-
topes. The oxygen and deuterium isotopic analyses of Antarctic lake's water have also
been carried out by Sinha et.al (2000). NIH has recently carried the studies of rates and
pattern of sedimentation in Dal-Nagin lake (Kumar and Nachiappan, 2000) and Mansar
lake (Rai et al., 2000) in J&K.

Dating of groundwaters, Identification of recharge sources and location of recharge
zones: This is one of the most important area of studies that needs immediate attention of
the scientific community to save the zones of recharge of deeper aquifers from the an-
thropological activities and contamination. It has been observed that in most of the cases,
the details about the recharge sources and location of recharge zones for deeper aquifers
are not available in India. The information about interconnection is also very useful to
understand the availability of groundwater in different aquifers and to take necessary
measures for saving the aquifers from contamination. But, it seems that no sincere efforts
have been made in this direction to study these aspects of different aquifer systems in the
country.

The scientists of PRL and TIFR (Somayajulu, 1969, Lal et.al 1970, Nijampurkar, 1974)
have conducted chronological studies in Gujarat and Maharashtra and introduced Silicon-
32 for dating of groundwaters. Silicon-32 (half-life only 500 years) can be used to deter-
mine the age of groundwater ranging upto 1000 to 2000 years. In fact, it was a long felt
need to find out an environmental isotope for determining the age of groundwaters be-
tween the range of 40 years (Tritium) and 25000 years (Carbon-14). Therefore, Silicon-
32 fill-up this gap. However, due to large requirement of water to extract Si-32, this
technique could not be popularised. Borole et al. (1979) and Bhandari et al. (1986) have
carried out radiocarbon dating of groundwaters to estimate regional aquifer transmissiv-
ity in Watrak Shedi sub-basin of Sabarmati basin, for a group of aquifers that are found
between 30-80 m depth. The value of transmitivity (7640 m?/day) estimated by this
method was found to be in fair agreement with the values obtained by pumping test.

Sukhija (1978) has studied the recharge to groundwater through soil profiles in granitic
and sedimentary terrain using integrated environmental tritium method and radiocarbon
dating of groundwaters in various parts of Gujarat and Maharashtra. Sukhija et al (1996,
1997) have also studied the hydrodynamics of over exploited aquifers in Tamil Nadu
including evaluation of artificial recharge measures using environmental isotopes and
hydrochemical approach.

Environmental tritium and radiocarbon studies have been carried out in Vedavati river
basin in Karnataka and Andhra Pradesh to determine the general recharge conditions of
aquifers and interconnections of groundwater bodies including ages of groundwaters
(Kumar et al 1980). About 40 samples of groundwaters were analysed and it was found
that the water bodies are not interconnected. The groundwater was found in most of the
water bodies of recent origin i.e. ages within 25 years except at few places. The recharge
measurements were also carried out at three sites in Lower Maner basin falling in Karim
Nagar district of Andhra Pradesh using environmental tritium.

Studies related to interconnection between the aquifer system of Cauvery Delta in Tamil
Nadu and recharge to deeper groundwater bodies in Rajasthan has been carried by
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Navada et al (1984). Datta et al (1994, 1995, and 1999) have studied the groundwater
flow and recharge conditions including hydrodynamic zones in phreatic aquifers of Delhi
area using oxygen-18. Nachiappan et al ( 1995, 2000) have studied the surface water and
groundwater interaction along river Ganga using environmental isotopes.

The origin and age of groundwater along paleochannels in Rajasthan and groundwater
problem in Thar Desert have been studied by Nair et.al (1999). NIH has also carried out
study of identification of recharge sources to groundwater bodies and their areas of re-
charge using oxygen-18 and environmental tritium in District Hardwar and Saharanpur
(Rao et.al., 2000). Similar study is also in progress in Krishna Delta in order to under-
stand the salinity ingress near the coastal area. The Institute is also involved in the study
of effectiveness of artificial recharge measures being taken in few watersheds near Pune,
Nasik and Jalgaon in Maharashtra using environmental isotopes. The NGRI Hyderabad is
also carrying out investigations related to high yielding wells in hard rock region using
?22Rn in Andhra Pradesh.

Studies Using Artificial Radioisotopes

Radioactive isotopes can be produced artificially under controlled conditions in the reac-
tor or laboratory. The artificial radioisotopes like °H, “°K, #*Na, *P, ®Co, ¥Br, ®*Rb,
895y, %y, B3 are frequently used in different chemical and physical forms for carrying
out various types of hydrological investigations. The hydrological studies carried out in
India using artificial radioisotopes can be divided in two broad categories, using injected
tracers and using sealed sources. The details of these studies are summarized below.

a) Using Injected Radiotracers: Tracers like *H, “°Sc, **Cr, ¥Br, **1, ®°Co, *®Au have
been extensively used for various studies related to soil moisture movement and ground-
water recharge, seepage/leakage from canal/reservoir, stream flow measurement in
mountainous region, interconnections of water bodies, sediment transport, dynamics of
lakes etc in India by different organisations. Some of the important studies carried out in
India using injected tracers are summarized below.

Groundwater recharge using Tritium Tagging Technique: The tritium tagging tech-
nique for the estimation of recharge is based on the assumption that the downward
movement of soil moisture follow the piston model flow (Munnich, 1983) i.e., any fresh
water added to the surface due to precipitation or irrigation would move downward as a
layer by pushing an equivalent amount of water beneath it further down and so on, such
that the moisture of the last layer in the unsaturated zone is added to groundwater.

Rama, Goel and Datta carried out pioneering work in India using tritium tagging tech-
nique. Datta et al (1973), Datta (1975), and Datta and Goel (1975) have first taken up this
study in western UP, Haryana and Punjab. The average recharge values reported by them
in Western UP, Punjab and Haryana are 25%, 18% and 15% of the average rainfall 989
cm, 46cm and 47cm respectively. Datta et al. (1977, 1980) and Bhandari et al (1986)
have also measured the rate of downward movement of soil water along with groundwa-
ter recharge some parts of Gujarat State covering an area of 22000 sg.km. About forty
representative stations were established in different parts of the Sabarmati basin, Mahi
Right bank canal command area and coastal Saurashtra to find out the values of ground-
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water recharge from infiltration of rainwater. The soil moisture movement was monitored
for a period of three years (1976-79). The results obtained for the percentage of recharge
indicated a moderate to low values i.e., 18%, 14% and 6%. About 14% of the total aver-
age rainfall (80 cm) was estimated to be stored in the Sabarmati basin. In Mahi right bank
canal command area, the percentage of recharge to groundwater was estimated little
higher (23%). Datta et al. (1979, 1980) have also developed a conceptual model for the
study of transport of soil water or recharge through unsaturated soil zone. Datta has also
carried out a few experiments to study the recharge at different places having similar soil
conditions but different crops and irrigation practices. These studies showed that more
recharge takes place in fields with irrigation watering and fractional recharge i.e., less
through fields with vegetation. Bahadur et al. (1974) and Arora et al. (1974) have also
studies the requirement of water by plants using radioisotopes. Mukherjee (1986) has
also carried out study of recharge to groundwater in rainfed alluvial area and in 1ARI
farm using tritium tagging technique.

Athavale et al. (1978, 1980) have estimated recharge to the phreatic aquifer of lower
Maner basin, covering 1600 sg.km. area and having seven different geological formation
using tritium tagging technique and found the recharge values ranging from 4.7cm to 24
cm with an average for the entire basin at about 9.5cm for annual average rainfall, 125
cm. Studies related to recharge measurements in few basins namely, Godavari-Purna ba-
sin, the Kukadi basin in Deccan traps and Banganga basin between Jaipur and Agra have
also been carried out by this group of scientists.

Nigam and Kumar (1980) have covered the Bundelkhand districts of U.P. by doing
yearly study of recharge to ground water due to rain and irrigation using tritium tagging
technique. The results of the recharge to groundwater due to rains in rainy seasons varies
from 9% to 29% depending upon the type of soil and other geomorphologic features.
These studies are still continued by UP Ground Water Department out in many other
parts of U.P. Raja et al. (1983) have also carried out extensive studies for the study of
recharge to ground water using the same techniques mostly in eastern districts of U.P.

NIH Roorkee has also carried out studies of recharge to groundwater in parts of Narmada
catchment in M.P. Studies are also being carried out by NIH in Maharastra and western
districts of Uttar Pradesh. A mathematical formulation has been developed for the esti-
mation of recharge to groundwater with respect to rainfall, on the basis of studies carried
out by PRL and U.P. GWD in Gujrat and U.P. respectively ( Kumar and Nachiappan,
1995). The mathematical formulation can be used to estimate recharge to groundwater
for the area with respect to rainfall in subsequent years.

Seepage/leakage and discharge using Tracer Dilution Techniques: The artificial radio-
isotopes like lodine-131, Bromine -82 and Tritium are generally used as tracers. Various
hydrological studies related to the estimation of groundwater flow velocity and direction,
seepage loss from water bodies; aquifer characteristics, and measurement of discharge of
mountainous rivers/streams have been carried out in India by many organisations and
individuals. The basic principle of the tracer dilution method is based on the change in
tracer concentration with the inflow water. By knowing the rate of change in injected
tracer concentration many important characteristics of water bodies can be estimated.

262 National Institute of Hydrology, Roorkee, U.P., India



The tracing of movement of injected tracers help in tracing the leakage points in water
bodies, contaminants migration and information of sediment transport direction and
quantity.

Ansari et al. (1970) have carried out a few experiments at Supagora Dam site of Kalinadi
Hydroelectric Project in Karnataka and at Sean Harabagh tunnel in Himachal Pradesh.
The estimated filtration velocities using tritium dilution technique varied from 1.4 x 10
to 2.12 x 10° cm/sec. and 6.5 x 107 cm/sec near Supagora dam and Harabagh tunnel re-
spectively. Punjab IPRI Amritsar has also carried out extensive field experiments along
various canals in Punjab and determined seepage loss using tritium dilution techniques.
An empirical relation has also been established by IPRI which is known as Punjab for-
mula, P = 5xQ%%®% where Q is the discharge of canal and P is seepage loss. U.P. IRI,
Roorkee (1971, 1987) has carried out experiments along various canals in Bundelkhand,
Vindhyan region and also in alluvial plains in U.P. and found wide ranges of seepage loss
from different canals. Krishnamurthy et al (1976) identified the source of seepage from
tail race tunnel at the Salai hydroelectric project and Chilla Hydle Channel using radio-
tracers. The scientists of U.P. GWD, Lucknow (Kumar and Saxena, 1987) have also car-
ried out several experiments along the various canals in Sharda Sahayak Canal Command
area and also along Upper Ganga canal. Singh et al (1992) have reported various radio-
tracer dilution techniques for the study of canal seepage including a case study of seep-
age loss estimation from Upper Ganga canal. An empirical relation has been established
to calculate the actual filtration velocity for the correct estimation of seepage loss from
canals by Kumar and Nachiappan (1999).

Discharge measurement of mountainous stream/rivers has been carried out in India using
radioactive tracers by many investigators. Singhal et al. (1978) have carried out several
experiments for the measurement of discharge of hilly rivers like Alaknanda, Baspa (a
tributary of river Sutlej), Sangla and Kolo (tributary of river Rai in H.P.), Ganga, Ya-
muna, Song and Lakhwar Vyasi Dam using tritium as tracer. BARC has also carried out
the measurements of discharge in many rivers and stream including Tapti and Beas using
Bromine -82 and Tritium as radioactive tracers. NIH has also carried out discharge
measurement study on river Teesta in Sikkim using ®Br and *H in collaboration with
BARC, Mumbay (Kumar et al.,1992)

Sediment transport studies have been carried out in India mainly by BARC, Mumbai.
Over 40 large scale sediment transport studies using either “°Sc (glass) or ***Au labeled
silt in all major and medium ports along the Indian coastline have been carried out by
BARC (Yelgaonkar et al., 1968) to examine the suitability of dumping sites for dredged
silt as well as the alignment of proposed navigational channels.

b) Sealed Sources: Neutron and gamma ray radioactive isotopes are mostly used as
sealed sources. The soil moisture and density probes employing Ra/Be or Ra/Am neutron
source and Cs-137 gamma ray source are very popular for carrying out various studies in
unsaturated zone. Similarly, exclusive gamma ray probes employing Cs-137 and Co-60
etc. are also used for soil moisture measurement and movement studies in unsaturated
zone using Gamma Ray Transmission Technique. There are few other types of sealed
sources that are used for various other hydrological investigations like water equivalent
of snow, suspended sediment concentration etc.

National Institute of Hydrology, Roorkee, U.P., India 263



Soil-moisture and density probes: Soil moisture probes like Gamma Ray Transmission
Probe, Gamma Ray Scattering Probe, Neutron Scattering Probe, have been used for the
study of soil moisture movement, recharge to ground water, density of soil strata and soil
compaction at different places in the country.

Neutron moisture probe has been used for the study of Civil Engineering problems and
significantly a Ph.D. thesis was submitted on the topic “"Radioisotope applications in
Civil Engineering Problems” in 1968 at Pune University, Pune (Bahadur, J., 1968). Kiran
Shankar et al ( 1979) has developed and used this method by carrying out laboratory con-
trolled experiments. CWPRS, Pune (Ansari et al, 1977) has also used Neutron soil mois-
ture and density probes extensively for the study of in situ surface soil density and mois-
ture on various dam sites. NIH has used the Neutron Moisture and Density Probe in the
study of movement of soil moisture through unsaturated zone and in the estimation of
recharge to groundwater in Tarai and Bhabar belt in Western Uttar Pradesh. A compara-
tive study of recharge to groundwater using tritium tagging method and neutron probe
reveals considerable difference in the estimated recharge values (Kumar et al., 1996).

Gamma Ray transmission probe/technique although not used extensively in our country,
is a very unique, easy and accurate technique for the study of soil moisture movement
and estimation of groundwater recharge. This technique has been used at the University
of Roorkee and a Ph.D. thesis was submitted on the topic "Development and use of
gamma ray transmission technique for the study of soil moisture profile in situ" in 1982 (
Kumar, 1982). This method has been developed and used for the study of soil moisture
measurement, movement and estimation of recharge to groundwater and drainage charac-
teristics (Saksena et al., 1974; Singh et al, 1977; Kumar et al 1979; 1982, 1993 and Singh
et al ,1988).

Gamma ray transmission/scattering probes and neutron scattering probes have also been
used for the study of thickness of snow cover and water equivalent studies in India by
few scientists. The neutron probe method have also been developed and used for the
study of soil moisture movement and recharge to groundwater at UOR, Roorkee and
NIH, Roorkee (Shankar et al., 1979; Nigam et al., 1980; Kumar et al., 1995).

FUTURE PROSPECTS FOR THE USE OF ISOTOPES IN INDIA

The Tarai and Bhabhar belt has unaccounted flowing wells but due to lack of knowledge
about the extent of water availability from these sources, the judicious planning for the use
of flowing water has not been possible so far. Isotope techniques employing environ-
mental isotopes like **0 and D can be used for the identification of recharge zone and
evaluation of water availability in order to plan the schemes to utilise water from artesian
wells.

It seems that very few efforts have been made for the study of water balance and sedi-
mentation rates in natural lakes in India using isotopes. Information is also required on
the recharge zones and sources of water input to lakes. Isotope technique using environ-
mental stable and radioactive isotopes can be used with advantage for obtaining above
information in order to carry out water balance and taking necessary measures for main-
taining environmentally sound echo system including ecological balance of the region.
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Rivers are important source of water supply for various uses and the management of river
water has to be planned judiciously. Since surface water and groundwater are two ele-
ments of the same system, the understanding of interaction between surface water &
ground water form an important element of estimation of water availability and planning
for its proper use. The information on surface water and groundwater interaction can be
obtained by using stable isotopes and artificial radioisotopes.

The estimation of flow in mountainous rivers is not possible with reasonable accuracy
using conventional methods due to the condition of riverbed and turbulent nature of river
flow. Tracer dilution techniques using artificial radioisotope can be a very effective
measure to estimate the stream flow with reasonable amount of accuracy.

The construction of dams in mountainous region with basaltic foundation poses a prob-
lem of seepage and leakage through the foundation of dam and bed of reservoir. The use
of environmental stable isotopes and artificial radioisotopes along with the dyes can pro-
vide a very useful tool for handling such problems.

Glacier and seasonal snow covers are important source of water in high altitude region
especially in Northern India. The evaluation of water equivalent of snow and snow and
glacier melt contribution forms an important element of water resources estimation. Iso-
topic snow gauges have been used for estimating point water equivalent of snow. Envi-
ronmental gamma ray has also been used with advantage for this purpose abroad. Possi-
bility of that in Indian terrain use is to be explored. Stable isotopes (oxygen-18 and deu-
terium) can be used to get the information on snowmelt contribution in Indian rivers that
originate in Himalayas. This information will be very useful from planning and manage-
ment point of view of Indian water resources.

Study of soil moisture movement through unsaturated zone of porous media and evalua-
tion of recharge to groundwater including availability of soil moisture at different times
in the top soils are very important from agro-hydrological point of view. These studies
can be carried out with more reliability using gamma ray transmission and neutron scat-
tering probes. Gamma ray transmission technique has been found suitable for these stud-
ies through laboratory and pilot studies carried out in India outside there is a need to im-
prove this technique so that field level trials can be made and usefulness of this technique
for evaluation/ monitoring can be established and applied.

In Northern part of the country, there are large areas where problem of salinity is being
experienced, especially in areas where old waters of the saline nature are available. This
situation has been experienced in Uttar Pradesh, Punjab, Haryana and Northern Rajast-
han. The deltaic regions in south have increasing problem of salinity ingress, which may
have several causes including salinity ingress through seabed. The dating of deeper saline
water and tracing out the saline zone using environmental isotopes can help in the identi-
fication of sources of salinity and necessary measures can be taken accordingly to save
the deeper aquifers from further spread of salinization.

The deeper aquifers are the most neglected water bodies in our country while these cater
the maximum need of groundwater. The unplanned urbanisation has led to the scarcity of
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groundwater and ground water contamination in many mega cities. More over if the pre-
sent scenario continued, the shallow aquifers will either be dried up or contaminated in
most of the densely urbanised areas in next few decades. Therefore, this is the time when
studies should be directed to understand the recharge sources and location of recharge
zones of the deeper aquifers so that the increasing urbanisation may not affect the re-
charge and water quality of these aquifers. Environmental isotopes can be used to iden-
tify the sources of contamination and sources of recharge and location of recharge zones.
This study is required to be carried out for all the mega- cities and other densely popu-
lated urbanised areas.

Vast parts of the country fall under arid and semi-arid zone where availability of surface
water as well as ground water is a major problem. The isotopes can play a crucial role in
identifying the sources of ground water that can be used for longer periods and places
suitable for artificial recharge.

The scarcity of ground water has forced to take artificial recharge measures in many parts
of the country. However, scientific studies are needed to understand the effectiveness of
the artificial measures being taken in the country in an unplanned manner and other evil
effects on groundwater quality. This can be done with less efforts by using environmental
isotopes.

There are other important studies like sediment transport near harbour, and investigations
related to thermal waters. The use of environmental stable and artificial radioisotopes can
provide the valuable information in these fields also.

The most important aspect for the use of isotope techniques in India is to develop a data-
base of environmental isotopes so that the various hydrological studies could be planned as
or when these are required. Presently, the environmental isotopic composition is being
monitored in precipitation only at 1-2 stations, which are also not operating on regular ba-
sis. Therefore, keeping in view the large size of the country surrounded by long chain of
Himalayan ranges and coastal line, at least 5-6 stations should be established in the country
for monitoring environmental isotopic composition in precipitation and groundwaters.

National Co-ordination Committee for Isotope Hydrology in India (NCCIH)
In order to make full use of the facilities and expertise available in the country and to
provide effective communication between practising hydrologists and isotope scientists,
Director, BARC, Mumbai has constituted a National Co-ordination Committee for Iso-
tope Hydrology. NIH, Roorkee and IAEA, Vienna, Austria were instrumental in the cos-
titution in this committee.

Organisations Using Isotopes for Hydrological Studies in India

There are mainly nine major organisations which are directly associated with the use of
isotopes for hydrological studies in the country. The list of such major organisations is
given below.

1. Bhabha Atomic Research Centre, Mumbai, Maharashtra
2. National Geophysical Research Institute (NGRI), Hyderabad, Andhra Pradesh
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Physical Research Laboratory (PRL), Ahmedabad, Gujarat

Nuclear Research Laboratory, (Indian Agricultural Research Institute) New Delhi
Defence Laboratory, Jodhpur, Rajasthan

Centre For Water Resource Development & Management, Kozhikode, Kerala
National Institute Of Hydrology, Roorkee, Uttar Pradesh

U.P. Irrigation Research Institute, Roorkee

U.P. Groundwater Department, Lucknow
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