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Stream gauging with tracers in Graz, Austria. See page 6
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IAEA SUB-PROGRAMME
DEVELOPMENT AND MANAGEMENT OF
WATER RESOURCES
(1997-1998)

SUB-PROGRAMME
OBJECTIVES
• to assist, through integration of isotope techniques
in applied research and
practical applications, in
solving practical problems
related to sustainable and
efficient management of
water resources.

• to promote research and
field studies related to maninduced changes and hydroclimatic influences on the
water cycle and its interaction with other geospheric
systems.

PROJECTS IN THE
SUB-PROGRAMME
Human Impact on Water Resources (F4.01)

How to Contact Us
Isotope Hydrology Section
International Atomic Energy Agency
P.O. Box 100, Wagramerstrasse 5
A-1400, Vienna
AUSTRIA
Head of the Section:
Mr. Klaus Fröhlich
Tel. +43-1-2060-21735/21736
Fax: +43-1-20607
e-mail: k.froehlich@iaea.org

• to further develop and

changes

enhance applications of
isotope methodologies in
the assessment of adverse
consequences of present
water utilization practices.

• to enable better prediction of their future implications on water resources.

• to achieve improved water utilization policies that
would minimize water
quality degradation caused
by human activities.

Water Resources in Regions of Water Scarcity
(F4.02)
• to contribute to and improve the assessment and
protection of water resources in regions of water
scarcity, in particular in
arid and semi-arid areas.

• to assist Member States
in such regions to incorporate isotope methods into
routine practices for the
determination of hydrological parameters for optimum utilization of scarce
water resources.

Hydro-climatic
Changes and Impact on
Catchment and Surface
Water Systems (F4.03)

• to enhance the contribution of isotope applications
for improved understanding
of fluvial processes and

• to minimize the adverse
effects of such fluvial processes on soil and water
resources.

Analytical Services and
Quality Assurance
(F4.04)
• to provide assistance in
the determination of the
isotope and chemical composition of water and other
environmental materials
and to assure analytical
quality.

Support to Technical
Co-operation Programmes (F4.05)
• to provide technical support to the Agency’s technical co-operation projects in
Member States.

• to assess and demonstrate the applicability of
isotope techniques in selected studies of the hydrosphere and atmosphere related to natural and maninduced environmental
2

These projects are being implemented by the
Isotope Hydrology Section and the Agency’s
Laboratories
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EDITORIAL

At

the 41st regular session of the IAEA
General Conference held in
Vienna from 29 September
to 3 October, 1997, the
IAEA
Member
States
adopted a resolution on Isotope Hydrology for Water
Resources Management,
requesting the Agency to
continue efforts directed towards fuller utilization of isotope techniques for water
resources development and
management in developing
countries, including measures to control groundwater
and surface water pollution;
and to ensure that national
and international organizations dealing directly with
water resources management are fully informed of
the role of isotope tech-

T
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he Isotope Hydrology Section has recently proposed a
two-year plan for the
IAEA sub-programme on
the development and management of water resources,
as part of the Agency’s programme for the 1999-2000
cycle.
Six new Co-ordinated
Research
Programmes
(CRP) have been proposed
for this period:
• Isotopes in study of pollutant behavior in the unsaturated zone
• Isotope studies for
groundwater salinization in
water scarce areas
• Paleowater as a drinking water reserve and
palaeoclimatic archive
• Processes controlling
isotope composition of continental indicators of climate

niques.
The last quarter of 1997
saw a number of research
co-ordination and advisory
group meetings on Isotope

The 1997 IAEA General Conference requested the Agency “to
continue efforts directed towards fuller
utilization of isotope
techniques for water
resources...”
Hydrology. In this issue, we
report on training activities,
which is one of the focal
areas of the Section’s mission. Since the mid-1980s,
about 500 participants have

• Isotopes in reconstructing the response of fluvial
systems to changes in land
cover and climate
• Influence of physicochemical processes on the
evolution and migration of
Six new Co-ordinated Research Programmes (CRP)
have been proposed for the
1999-2000 cycle.
trace constituents including
(radio) isotopes
Generally speaking, the
1999-2000 programme will
be a consolidation of the ongoing programme. Some
topics in the ongoing cycle
(1997-1998), namely: lake
water studies, arid zone
groundwater
dynamics,
mathematical modeling and
3

been trained.
The achievements of the
CRP (co-ordinated research
programme) on isotope techniques in water resources investigations in arid and semiarid regions, which was recently concluded, will also be
highlighted in this issue. The
implementation of a new CRP
on surface water pollution has
been started. Activities of current CRPs and TC (technical
co-operation) projects will be
reported.
CFC measurement is one
of the new activities in the
Agency’s Isotope Hydrology
Laboratory. Some basic aspects of this promising
method are highlighted here.
Klaus Fröhlich

geothermics will be phased
out. The achievements of
these projects will result in
enhanced application within
the framework of the technical co-operation programme.
There are a number of
projects in the ongoing programme which will be starting
in the current cycle and will
extend into the 1999-2000 cycle. These projects include:
urban hydrology, water pollution, water resources in areas
of water scarcity, global environmental (climate) change,
Global Network for Isotopes
in Precipitation (GNIP), and
the
isotope
hydrology
database.
The inclusion of the proposed new projects in the
1999-2000 programme of the
Agency is subject to final
administrative approval.
GENERAL
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CALENDAR
1998
IAEA MEETINGS
AND TRAINING
February, Vienna,
CS (Consultant
Service) to prepare a technical
report on isotopes
in arid zone hydrology
February, Africa,
CM (Consultant
Meeting) on effective water resources management - need for
integration of isotope field investigations in Africa
April 27-29, Vienna, RCM on radio nuclide transport dynamics in
fresh water resources
April, Vienna, CM
on finalization of
the manual on
field methods for
geochemical and
isotope investigations in geothermal areas
April,
Vienna,
Inter-regional
training course on
analytical techniques and quality
assurance in environmental isotope
analysis
May 5-7, Vienna,
RCM on the use
of tracers and environmental isotopes for evaluation of pollution in
surface water
May 18-20, Re(Continued on page 5)

Dr

with the use of inert tracers,
including Cl and noble
W. M. Edmunds,
gases.
British Geological SurAccording to Dr. Edmunds,
vey, was invited by the Agency
groundwater is a particularly
to deliver a speech at the scientific conference on Nuclear good archive for obtaining
Energy and the Environment, direct records of past hydroheld in conjunction with the logical events - droughts and
floods. Especially the confir41st session of the IAEA Genmation of coneral Conference
tinuous perion 30 September
ods of climatic
1997.
In his introduc- “Groundwater is deterioration
and amelioration, he pointed
a particularly
tion may be
out that climate
change has been good archive for r e c o g n i s e d .
Thus,
the
a constant feature
obtaining
direct
groundwater
of our planet and
as a kind
has
invariably
records of past acts
of low pass filhad an impact on
ter smoothing
the hydrological
hydrological
out the clicycle. Environmental isotopes, events - droughts mate signals
as the water is
whose distribution
and floods.”
transmitted
in natural comalong the hypounds is govdraulic gradierned by environmental conditions, are among ent in aquifers. The most
reliable information comes
the most powerful tools for investigating past and current from water stored in the
environmental changes. The large sedimentary basins.
stable isotopes of oxygen and Arid regions are also impor2
1
18
16
tant since the signals from
hydrogen ( H/ H, O/ O) have
past humid periods may be
proved invaluable as proxy instored near the water table.
dicators of climate related paIt has also been demonrameters - surface air temperature, relative humidity of the strated that the unsaturated
atmosphere, and amount of zone may offer a relatively
precipitation.
Radiocarbon high resolution archive of
past climates in semi-arid
and tritium released from nuclear weapon tests have also continental areas where
there are few, if any, other
helped understand the transtypes of archive materials.
port and mixing of air masses.
Climatic information is inWhen comparing isotopes in
creasingly being obtained
water and in other environmental media, he emphasised from Cl in the unsaturated
that aquifers can be good zone. Dr. Edmunds gave
archives, and direct evidence examples of possible climatic archives for the past
of climate and related environ100+ years where this could
mental changes may be deduced from palaeowaters as be verified against instruopposed to some of the other mental records from semiarid regions of Africa. Moreindicators where (with the exception of ice cores) evidence over, in favourable locations
(the Sahara and western
of hydrological change is obtained indirectly. He also USA for example), the unstressed that the application of saturated zone may preisotopes should be combined serve records of wet and dry

GENERAL
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climates over several glacial
cycles, covering from several
tens to hundreds of thousands
of years.
3
Besides, tritium ( H) and ra14
diocarbon ( C) are good isotopic clocks, the use of which
is essential in calibrating the
hydrological records. Studies
in the Libyan desert, in Senegal and in Nigeria have shown
that there is “fossil water” or
“palaeowater”. In the Nigerian
case, noble gas and radiocarbon in the water demonstrate
that the recharge to the deep
aquifers took place at the
same time as the Last Glacial
Maximum in northern Europe,
and that the mean annual
0
temperature was some 7 C
lower than at present.

IN MEMORIAM
were
all
greatly
We
shocked and saddened to learn that Dr.
Werner Giggenbach, a wellknown
geothermal geochemist, passed away after
he suffered a heart stroke
while working in the Rabaul
volcano area.
Dr. Giggenbach was a valuable staff member of the Isotope Hydrology Section and
even after he left the Agency
he continued to make remarkable contributions to our programmes, acting as an
Agency expert on innumerable occasions and sharing
his know-how for the better
understanding of geothermal
phenomena by using isotopic
and geochemical techniques.
He will be remembered as an
excellent scientist.
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Editor’s note: In a recent issue ( v.
5, no. 3, 1997), Hydrogeology Journal published an editorial message
written by Yuecel Yurtsever, who has
been an associate editor of the journal
for some years. His message is quoted
here for our readers.

D

uring
the
last
decade, the attention
of the scientific community dealing with
water resources has focused
to a great extent on improved
management
strategies
through an integrated approach. These efforts deal not
only with the flux of water but
also the flow and circulation of
water, based on improved understanding of the interrelationships and interdependency of the physical, chemical, and biological processes
involved. Knowledge of these
processes is needed to evaluate sustainability of the resource in terms of its quality.
A multi-disciplinary approach
is required to identify the extremely complex cause-effect
relationships among the processes that occur during
transport and transformation
of water and its constituents
along flow pathways. Integration of the principles and
available techniques in physical hydrology, hydrochemistry, and isotope hydrology
provides the most affective
approach to understanding the
compositional response of
natural hydro-ecological systems to stresses being imposed on watr resources.
The field of "Isotope Hydrology" has been emerging and
contributing to the scope of
methodologies available to
scientists and engineers involved in water resources and
related environmental studies.
One area of contribution has
been improvements in nuclear
analytical techniques for lowlevel counting and isotope ratio mass spectrometry. In addition new applications that
are based on naturally occur-

ring isotopic species, often
referred
to
as
"environmental isotopes," offer convenient tools for assessing time/space integrated responses. These
tools are especially helpful
for process tracing, particularly in hydrogeological studies of regional-scale groundwater systems. The methodologies have particular applications in studies related to
identifying the "genesis" of
water, tracing component
flows and their pathways, understanding mixing dynamics, and indirectly estimating
travel time of water. International effort is certainty required to more effectively
incorporate environmental
isotope methodologies intothe overall domain of water resources assessment
and management practices.
In this context, nuclear science and technology in the
water resources sector has
been an integral part of the
programmes of the International Atomic Energy Agency
(IAEA) since its inception in
1958. IAEA's activities in
this specific field during the
last four decades constitute
a major contribution toward
development, field verification, and application of isotope/tracer
techniques.
"Isotope Hydrology" is now
an internationally recognised
scientific discipline, partly as
a result of this effort. A
substantial amount of field
data and experience has
been acquired by the IAEA in
isotope hydrology, and information exchange at an international scale is being
achieved through publications and meetings. Further
refinement of isotope methods is supported by the implementation of co-ordinated
research programmes. Joint
international efforts toward
advancement of water sciences as a whole will be
5

greatly strengthened by
participation of national and
international institutes in
the research and development progammes of the
IAEA, as well as through
practical applications of isotope hydrology.

(Continued from page 7)

“Analytical techniques”, and
“Mathematical models in
isotope hydrology”. Introductory lectures on geology, hydrogeology and hydrogeochemistry were also
provided for those whose
field was not in geosciences. A review of advances in the application of
the principles in various
fields such as lake studies,
unsaturated zone hydrology, groundwater studies,
pollution studies, geothermal studies, and catchment
studies, was also given. Isotope laboratory work, laboratory and field tracer work
provided opportunities for
the participants to get
“hands-on” experience in
isotope hydrology. Computer exercises enabled the
participants to undertake
their project work, mainly in
processing project data.
Field visits and measurements in Graz and the surrounding areas of Vienna
were held in co-operation
with Joanneum Research
Centre in Graz and Arsenal
(Austrian Research and
Testing Centre) in Vienna.
This regular training is a
major effort on the part of
the Agency to assist the
Member States in developing their manpower in Isotope Hydrology.

ston, USA, RCM on
use of isotopes for
analyses of flow
and transport dynamics in groundwater systems
May
25-28,
Bucharest, RCM on
sedimentation assessment studies
by environmental
radionuclides and
their application to
soil conservation
measures
June, Vienna, CS to
repare a technical
report on methodologies in the use of
isotopes in soil erosion and sedimentation
June, Africa, AGM
(Advisory Group
Meeting) on need
for integration of
isotope field investigations in Africa
August, Vienna, CS
on analytical quality
of isotope analyses
of water and environmental samples
September 2-4, Vienna, RCM on the
application of isotope techniques to
the assessment of
aquifer systems in
major urban areas
September 8-11,
Vienna, RCM on
isotope-aided studies of atmospheric
carbon dioxide and
other green house
gases - Phase 2
October
6-9,
Monaco, International Symposium
(Continued on page 9)
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1997 IAEA GROUP FELLOWSHIP TRAININGIN ISOTOPE HYDROLOGY
he 1997 IAEA Group Fellowship Training in Isotope Hydrology was held at the Agency’s Headquarters in Vienna from 1 September to 31 October,
1997. This training course is sponsored by the Agency
and orga- nized by the Isotope Hydrology Section,
and has been held every two years since 1987.
Twenty-three scientists and engineers from twentytwo Member States participated in the training this year:

• Mr. Julio CAMPOS GORRITI, Autoridad Autónoma del Lago
Titicaca, BOLIVIA
• Mr. Fernando MOLINA Z IGA, Instituto Costarricense de
Electricidad, COSTA RICA
• Ms. Judith DOMINGUEZ CATASÚS, Instituto Superior de
Ciencias y Tecnología Nucleares, CUBA
• Mr. Fedlu HASSEN KERETA, Ethiopian Institute ofGeological Survey, ETHIOPIA
• Mr. Victor Manuel ORTIZ CORZO, Instituto Nacional de
Electricidad, GUATEMALA
• Mr. Alfred RAJOELISAONINA, Directorate of Water/Ministry
of Energy and Mines, MADAGASCAR
• Mr. Madia SIDORO, Direction Nationale de l'Hydraulique et
de l'Energie, MALI
• Mr. Enrique TELLO HINOJOSA, Comisión Federal deElectricidad, Morelia, MEXICO
• Mr. Davaa GOMBYIN, Hydrometeorological ResearchInstitute, MONGOLIA
• Mr. Mohamed AOUBOUAZZA, Service des Expérimentations
des Essais de la Normalization, MOROCCO
• Ms. Maria AMAKALI, Ministry of Agriculture, Water and
Rural Development, NAMIBIA
• Mr. Gregory Milton CHRISTELIS, Ministry of Agriculture,
Water and Rural Development, NAMIBIA
(Continued on page 7)

Above: Handson experience in
using the multiparameter probe
(Photo credit: J.
Gerardo-Abaya /
IAEA).
Below: A group
photo of the
trainees with
some of the Isotope Hydrology
Section staff in
front of the
multi-national
flags
(Photo
credit: C. DeviaTorres/IAEA).

TRAINING

6

WATER & ENVIRONMENT NEWS

No. 2, January 1998

• Mr. Riaz Ahmad WAHEED, Soil Biology Division
NIAB, PAKISTAN
• Mr. Arnel MEJORADA, PNOC Energy Development
Corp., PHILIPPINES
• Ms. Alla E. TKACHENKO, Russian ResearchInstitute of Hydrogeology & Engineering Geology, RUSSIA
• Mr. Mohammed AL HAIMY, Ministry of Agriculture
and Water Hydrology Division, SAUDI ARABIA
• Mr. Mohammed ABDELAZIZ YOUSIF, Non-Nilotic
Water Administration, SUDAN
• Mr. Mesak MILINTAWISAMAI, EnvironmentalResearch and Training Centre, THAILAND
• Mr. Türker KURTTAS, International Research and
Application Centre for Karst Water Resources, Hacettepe
University, TURKEY
• Ms. Deborah Apophia NAKATO, Directorate ofWater Development, UGANDA
• Mr. Milton A. OKAO, Directorate of WaterDevelopment, UGANDA
• Mr. Diego Ricardo DELMONTE NUÑ EZ, Dirección Nacional de Tecnología Nuclear, URUGUAY
• Mr. Kien Chinh NGUYEN, Centre for NuclearTechniques, Isotope Hydrology Department, VIET NAM
The training this year included an intensive
programme composed of some 80 hours of
lectures, around 100 hours of practical work, and
60 hours of project course work. Lectures delivered by staff members of the Isotope Hydrology
Section and invited outside experts covered a
wide range of topics in isotope hydrology. The
titles included “Principles of environmental isotope hydrology”, “Statistical methods in isotope
hydrology”, “Artificial tracers in hydrology”,
(Continued on page 5)

Upper right: Edmundo Garcia-Agudo demonstrates procedures in a tracer test (Photo credit: T. Kurttas/Turkey).
Middle right: Under an umbrella, Luis Araguas Araguas
explains how to use the multi-parameter probe (Photo
credit:J. Gerardo-Abaya/IAEA).

Lower Left: Liliana Andreescu shows the method for stable isotope measurement (Photo credit: T. Kurttas/Turkey).
TRAINING
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CRP News

sotopic tools are particularly useful for the qualitative and quantitative management of groundwater resources in arid and semi-arid
regions. However, isotopic
baseline data are not sufficient, and therefore isotopic
tools are not used in many
groundwater management operations. Improved techniques
for the unsaturated zone are
necessary to facilitate further
applications. In order to improve management, isotope
techniques for arid zone hydrology have to be consolidated and popularized. These
are among the conclusions
reached at the second (final)
research co-ordination meeting of the CRP (Co-ordinated
Research Programme) on
“Isotope techniques in water
resources investigations in arid
and semi-arid regions” (19941997) held at the IAEA Headquarters in Vienna from 6 to 9
October 1997. The meeting
was attended by chief investigators representing Algeria,
Egypt, France, India, the Russian Federation, and the
United Kingdom.
O. SAIGHI described work
related to the stable isotope
18
2
composition ( O and H) of
precipitation in Ahaggar massif
I (Central Algerian Sahara).
The results suggest a double
or multiple origin (Guinean
monsoon in summer, Atlantic
or Mediterranean in winter) for
the air masses which generate
the precipitation.
In his second presentation,
O. SAIGHI reported the results
on aquifer recharge in the Central Ahaggar. In this crystalline
massif, the small alluvial
aquifers provide the only resources. These resources are
overexploited and the isotope
investigations show that the
deeper resources in the crystalline massif are not adequate.
In the discussion on these

No. 2, January 1998

two presentations, it was
strongly recommended that
correlated observations be
made on satellite imagery
(meteosat), to verify the air
masses trajectories. It was
also suggested to compare
the
hydrometeorological
data with those in the Sahelian zone during the recent
drought period and to develop further studies on water dynamics by means of
3
radioactive isotopes ( H and
14
C).
The study by W.M. EDMUNDS and collaborators in
the Sahel zone of Northern
Nigeria is part of a multidisciplinary environmental project : << The Sahel Project
>>. Hydrogeological studies
include the geochemical
analysis of rainfall and
groundwater in the unsaturated and saturated zones.
They permit some provisional conclusions to be
drawn in relation to water
resources, palaeoclimatology and palaeohydrology :
The main recharge to the
confined middle and lower
aquifers occurred some
25,000 years ago. The most
severe drought episode of
the past 4,000 years occurred 1,200-1,000 years BP
and lasted an estimated two
centuries.
Present
day
recharge rates in the Manga
Grasslands were found to be
high (up to 130mm/year).
Y.
TRAVI presented
the project concerned with a
study of groundwater replenishment and mechanisms of
the recharge related to
aquifer vulnerability evaluations in the Sahel zone of
Chad (Chari-Baguirmi plain).
18
2
The d O - d H relationship
established for the 1995
rainy season gives a good
idea of the evolution of the
rain signal related to the
ITCZ mechanisms. Chemical and isotopic data show
evidence
of
present
8

recharge from the Chari river
during the flood period. Deuterium analyses on ground14
water and some more C
data are awaited in order to
make a definitive interpretation concerning the role of
Chad paleo-lake and boundary recharge (piezometric depression).
F.
HUSSEIN presented
an isotope - hydrological
study carried out in the Nile
Valley. During a three-month
pumping test, samples were
collected from nine wells.
The first results show that
water discharged by the study
wells has a high proportion of
pre-1970 recharge, i.e. the
proportion infiltrated before
the High Dam was exploited.
In other cases, however,
more isotopically enriched
water (irrigation water) is discharged after two and a half
years of pumping. This water
contains a higher proportion
of component of recent Nile
water with a typical isotopic
signature reflecting the influence of the High Dam. These
results were found to be
highly relevant to the
Agency’s on-going technical
co-operation project on the
use of isotope techniques for
the estimation of recharge
from Nile aquifers to the
desert fringes at West Esna
and Wadi Qena in upper
Egypt.
An outline was given by V.
L. FERRONSKY of different
palaeoclimatic results recently obtained, from groundwater studies within the central and northern regions of
the European Russia and the
southern part of the West
Siberian lowlands. Information related to changes both in
aridity-humidity regime from
climatic records of lake sediments extracted from the
southern and middle parts of
the Caspian Sea, was also
presented. During the last
(Continued on page 9)
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on Marine Pollution

R

adioactive
tracers
have proven their importance in many hydrological and industrial applications. Their use
should be considered wherever they are licensed to be
used. A group of experts concluded this at a consultants
meeting held at the IAEA
Headquarters, 6 - 8 May 1997,
on the use of artificial tracers
and environmental isotopes in
surface water pollution studies.
The group gathered to evaluate the state of the art of
using artificial tracers and environmental isotopes in water
quality studies, to discuss parameters which could be better or more easily measured
using tracer technologies, and
to identify further research

needs in this field.
The use of artificial tracers
in the measurement of travel
time, dispersion coefficients
and flow rates in surface water is well developed, and
appropriate instrumentation
and suited tracers are available. While the use of radioactive tracers may be limited by public acceptance
and by the limited supply of
usable short lived nuclides,
fluorescent dyes appear to
be the favorite tracers in
these cases, for high sensitivity of detection. However,
not enough data is available
on the behavior and stability
of fluorescent tracers in
highly polluted water, specially for contaminated industrial discharges.
Parent/daughter systems
99
99m
like
Mo/ Tc could be

used in countries with no
reactor facility for production of appropriate tracers,
82
e.g. Br. In oxygenated wa99m
ters the use of Tc seems
to be unproblematic, the behavior of the tracer in highly
polluted and/or reductive
environments appears as a
potential problem which can
be elucidated by appropriate investigations. A new
CRP on the use of tracers
and environmental isotopes
for the evaluation of pollution in surface water was
recently approved by the
Agency and will be implemented during the period
1997-1999. The responsible officer for this project is
Edmundo Garcia-Agudo.

October, Vienna, CS
to prepare a technical report on investigations on CO2 and
other greenhouse
gases
November, Vienna,
CS to prepare a technical document on
slow moving groundwater
November, Paris, CS
on teaching material
in isotope hydrology
November 9-13, Vienna, RCM on
isotope-based assessment of groundwater renewal and
related
anthropogenic effects in
water scarce areas

(Continued from page 8)

he presence of acidic
fluids in most of the
geothermal systems around
the world has been a limiting
factor to their optimal exploitation. The corrosiveness of
these fluids to geothermal
plants, casings and distribution pipes demands constant
efforts to understand the origin and causes of their existence in geothermal systems.
Among the geochemical and
isotope methods, sulfur isotopes and noble gas isotopes
are the most useful ones.
Geochemical modeling will
help to delineate the chemical
evolution of the acidic fluids.
Case studies from the Philippines and the United States of
America and other areas have
identified two major types of
acidic fluids: the H2SO4 and
HCl fluids.
Eleven scientists from
Member States (China, Iceland, Italy, Japan, Mexico,

Philippines, Russia, Turkey
and USA) took part in the
first research co-ordination
meeting of the CRP on “The
Use of Isotope Techniques in
Investigating Acidic Fluids in
Geothermal Exploitation”
(1997-1999) held at the
IAEA Headquarters in Vienna from 21 to 23 October,
1997, to discuss and summarize the current knowledge on the acidity in hydrothermal systems in different types of geological settings, and to delineate the
future direction for joint research efforts. Research on
various sources of acidity,
particularly in andesitic systems, and comparison with
those in basaltic and rhyolitic
areas is being undertaken.
Understanding will provide
the possibility for better
reservoir management (see
photo on the next page) .

glacial period, (22,000
years BP) groundwater was
not replenished. After this
period, reduced recharge in
aquifers has been related to
the presence of permafrost.
A feature which needs to be
clarified is the problem of
defining the boundary of the
glaciation.
It was sug14
gested that all C data be
compiled to resolve this
problem.
A.R. NAIR described an
environmental isotope project carried out along a
buried river course in
Jaisalmer (India).
The
groundwater along this
course is old due to the very
remote Himalayan source.
In the area of a large irrigation project, the contribution
of canal water and return
flow of irrigation water to
the groundwater has been
delineated. The groundwater salinity is attributed both
to

January 6-8, Nottingham, UK, Stable Isotope Mass Spectrometers
Users
Group
February
16-19,
Christchurch, New
Zealand, SPERA 98,
Environmental Radioactivity and its Application in Environmental Studies
March 9-13, Vienna,
Workshop
on
isotope-based environmental investigations in the Caspian
Sea (International
Year of the Ocean)
April 19-23, London,
Past
Global
Changes and their
(Continued on page 11)

the uplift of local saline
(Continued on page 11)
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Left: A piece of a
corroded pipe
from the casing
of a geothermal
well in Iceland
(Photo credit: H.
Armannsson/
Iceland). Right:
Scientists from
different countries working on
a wellhead of
Palinpinon
geothermal field
in the Philippines
(RAS/8/075)
(Photo credit: J.
Gerardo-Abaya/
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our priority fields have
been identified by countries participating in the
IAEA/UNESCO Workshop on the Integration of Isotope Techniques in the Investigations for Water Resources in
Arid and Semi-Arid Regions
held in Rabat, Morocco from 8
to 12 September 1997. These
priority areas are:
• Recharge assessment in
arid zones, with particular emphasis on the assessment of
effectiveness
of
artificial
recharge schemes in which
vast amounts of investments
have already been made and
similar
artificial
recharge
schemes are under construction.
• Management of groundwa-

ter basins affected by salinity.
• Water pollution, pollutant transport, management
for groundwater quality protection and assessment of
aquifer vulnerability.
• Soil erosion, reservoir
sedimentation and sediment
transport.
Thirty one representatives
invited by UNESCO as
country coordinators of the
IHP (International Hydrological Programme) from the following countries attended
the
meeting:
Algeria,
Bahrain, Egypt, Iraq, Jordan,
Kuwait, Lebanon, Libya,
Mauritania, Morocco, Oman,
Palestine, Qatar, Saudi Arabia, Sudan, Syria, Tunisia

and Yemen which are all located in water scarce regions.
The country representatives
were senior level management staff from national institutions, such as Deputy Minister for Irrigation, Directors in
water resources departments
of related ministries, and senior staff from national water
research centers and universities. The represented countries showed keen interest in
the identified priority topics
and indicated full government
commitment for future activities to be implemented in applications of isotope hydrology at the national or regional
scale.

W

geothermal development.
The topics of demonstrations
and discussions included:
• Sampling methodologies
• Data reduction techniques
• Exploration methods for
low and high enthalpy
geothermal systems
• Problems encountered in
exploitation and their solutions
• Computer programmes
(e.g. CHILLER, WATCH)
and
• Regional Isotope Hydrol-

ogy Database developed
through the project in cooperation with the East China
Geological Institute.
Planned future activities of
the project include: field investigations in geothermal areas in the participating countries; another group activity in
1998; inter-laboratory comparison (phase I: major water
chemistry); and further development of the regional
database.
The responsible officer for
this project is Jane Gerardo-

ithin the framework
of
the
Agency’s regional
technical
cooperation project RAS/8/075
on isotope geochemistry for
exploitation of geothermal energy for Asia and the Pacific, a
group of project staff from participating countries [China (1),
Costa Rica (1), Indonesia (2),
Mexico
(1),
the
Philippines (10), and Thailand
(2)] met in the Philippines from
26 May to 5 June 1997 to
exchange their experience in

TC News
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Yuecel Yurtsever delivered
the following lectures at the
28th
international
postgraduate training course on
"Hydrological Methods of Developing Environmental Management" held in Budapest,
Hungary, from 1 February to
31 July, 1997.
• Basic principles of isotope
and tracer methods in hydrology
• Concepts and applications
of environmental isotopes in
water resources and related
environmental studies
• Tracer applications for
site-specific
hydroengineering problems
• Isotope and tracer applications in pollution studies.
The course, sponsored by
UNESCO and WMO, is organized on an annual basis by
the National Water Resources
Research Institute (VITUKI) in
Budapest. Thirteen participants from thirteen different
countries attended the course
this year.

Luis Araguas Araguas
gave the following five lectures at a training course on
isotope hydrology held in
Madrid, Spain, from 2 to 6
June 1997.
• Application of environmental isotopes in studying
hydrological processes in the
unsaturated zone
• Isotope methods in the
investigation of saliniztion
problems
• Environmental isotopes
in paleo-climatic studies
• Geochemical and isotopic methods in studying
hydrothermal systems
• Presentation of case
studies.
The course was organized
by the Autonomous University of Madrid and the Centre
for Studies and Experimentation (CEDEX), Ministry of
Public Works in Madrid.
Thirty eight participants from
Spain and Latin American
countries
attended
the
course.

Significance for the
Zhonghe PANG delivered Future (IGBP-Pages)
three lectures at the “16th
Postgraduate
Training April 26-28, Cairo,
Course on Groundwater Egypt, “Arab Water
Tracing Techniques” held in 98”
Graz, Austria, from 18 August to 26 September 1997. May 25-30, Moscow,
Third International
• Introduction to Isotope Congress and Technical
Exhibition,
Hydrology
"Water,
Ecology
and
• Environmental Isotopes
Technology"
ECWAas Natural Tracers
• Application of Environ- TECH'98)
mental Isotope Data in HyJune 13 - 20, Kerdrogeology
manshah, Iran, SecThe training course, spon- ond International
sored by the Austrian gov- Symposium on Waernment with support from ter Resources in
UNESCO, is organized ev- Karstic Formations
ery two years by the Joanneum Research Centre and
the Technical University of
Graz in Austria.
Twenty-two scientists and
engineers from eighteen developing countries, including three IAEA fellows, participated in the training this
year.

June, Geneva, Annual Session of the
GNIP Steering Committee
July 1- 4, Portoroz,
Slovenia, Isotope
Workshop IV of the
European Society for
Isotope Research,
4th IW-ESIR'87

August 17-20, Esgroundwater and to the poo, Finland, 2nd Inevaporation of shallow ternational Conference on Climate and
groundwater.
In the discussion on this Water
presentation, it was strongly
Beijing,
recommended that baseline August,
China,
9th
Internameasurements be made on
the rain to assess the mean tional Conference on
Isotope Chronology,
precipitation signal.
It was also suggested to Dating and Cosverify the vertical variation mochronology, and
in groundwater and, if this Isotope Geology
is not possible, to check
August, Canada,
further samples.
These contributions will Continuous Flow
be published in an IAEA Mass Spectrometry
Workshop
Technical Document.
The responsible officer
for this project is Klaus September (5 days),
Paris, UNESCO InFröhlich.
tergovernmental
(Continued from page 9)

Yuecel Yurtsever presented
a key-note paper entitled
"Role and contribution of environmental tracers for the
study of sources and processes of groundwater salinization" at the symposium on
"Hydro-chemistry" of the 5th
Scientific Assembly of the International Association of Hydrological Sciences (IAHS),
held in Rabat, Morocco from
24 April to 3 May 1997.
The Scientific Assembly is
held every four years.
Three hundred and sixty scientists from fifty-four countries, and representatives of
UN
agencies and nongovernmental organizations

attended the Assembly.
Jane Gerardo-Abaya made
an oral presentation on "The
Use of Environmental Isotopes in Water Pollution Investigations:related IAEA
th
activities” at the 4 International
Conference
on
Groundwater Pollution held
in Bled, Slovenia from 17 to
20 June, 1997.
The Conference was organized by the Wessex Institute of Technology and the
University of Ljubljana, with
the participation of about
one hundred scientists from
over twenty-eight countries.

(Continued on page 12)
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Council Meeting for
IHP
September 27 Oct. 2, Las Vegas,
Nevada, USA, 28th
Congress of the International Association of Hydrogeologists
November 16-19,
Abidjan,
Ivory
Coast, International
Conference on water resources in
Africa during the
20th century
1999
IAEA MEETINGS
AND TRAINING
Vienna, Symposium on isotope
techniques in water
resources development and management

Reference
and
InterComparison Materials for
Stable Isotopes of Light Elements.
This
publication
(IAEA-TECDOC-825, published in 1995) is the proceedings of a consultants meeting
held in Vienna, 1-3 December
1993. The meeting on Stable
Isotope Standards and Intercomparison Materials was the
fifth of this type to review and
discuss the characteristics,
quality and availability of the
existing standards and intercalibration materials, and to
assess needs for new materials, in view of developments
and applications. A large part
of the discussions was devoted to the new materials
prepared for sulfur isotope
analysis and the analytical requirements for high precision
isotopic analysis of CO2. Sixteen papers presented at the

IN THE NEXT
ISSUE...
Programme review: Reference materials and inter-lab
comparison in isotope hydrology organized by the IAEA
Technical review: Boron
isotopes and their application
to investigations on groundwater pollution (tentative)
News updates on:
• Slow moving groundwater
and waste disposal
• Isotopes and urban hydrology
• Groundwater pollution
• Teaching materials in isotope hydrology
• Isotopes and groundwater
renewal
• Monitoring the isotope
composition of precipitation
(GNIP)
• Groundwater renewal in
water scarce areas
BRIEF News

meeting are assembled in
this volume.
Manual on Mathematical
Models in Isotope Hydrogeology. This manual
(IAEA-TECDOC-910, published in 1995), prepared by
four invited experts, provides an overview of the
basic concepts of existing
modeling approaches, procedures for their application
to different hydrological systems, their limitations and
data requirements. Guidance in their practical applications, illustrative case
studies and information on
existing PC software are
also included. While the
subject matter of isotope
transport modeling and improved quantitative evaluations through natural isotopes in water sciences is

still in the development
stage, this manual summarizes the methodologies
presently available to assist
the practitioner in the proper
use within the framework of
ongoing isotope hydrological field studies. In view of
the widespread use of isotope methods in groundwater hydrology, the methodologies covered in the manual are directed towards hydrogeological applications,
although most of the conceptual formulations presented would generally be
valid. The manual is a useful guide for scientists and
practitioners involved in isotope hydrological applications, particularly in quantitative evaluation of isotope
data in groundwater systems.

IHS Staff Members Awarded
Three staff members of the Isotope Hydrology Section
recently received awards from the Agency.
Mr. Luis ARAGUAS ARAGUAS received the 1997
“Distinguished Service Award” at a ceremony that took
place in the presence of Members of the Board of Governors on 6 October 1997, for his discharging in a most
efficient manner the overall responsibilities in relation to the
"Global Network for Isotopes in Precipitation" (GNIP) which
is being operated by the Agency in co-operation with WMO,
and for his initiative in compiling into a computerized
database the historical data collected through GNIP since
1960. Mr. Araguas also initiated work on the design and
code-verification of a new computer based isotope hydrology database, being developed. This award is offeredannually by the Director General of the IAEA to staff members.

Ms. Hedwig FRUEHWIRTH received a “Merit Award” for her
excellent performance.
Ms. Helene FADLAOUI received
the “Long Service Award” for her
long-term service with the Agency
(20 years).
12
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(“age”) of the groundwater.
hat are CFCs?
Chlorofluorocarbons
(CFCs),
specifically CFC-11 (CCl3F),
CFC-12 (CCl2F2) and CFC-113
(C2Cl3F3), are chemically stable, entirely man-made compounds. CFCs have been
manufactured for a variety of
purposes and released on a
large scale into the atmosphere and hydrosphere since
1940's.
Because of their rapid accumulation in the atmosphere,
their contribution to ozone destruction in the lower stratosphere, and their contribution
as atmospheric greenhouse
gases, CFCs have received
widespread attention in recent
years. Since the 1970s, in addition to many individual monitoring efforts, regular measurements of atmospheric
CFC concentrations have
been carried out at stations
throughout the world. Based on
the production records and release data prior to 1977 and
world-wide atmospheric measurements thereafter, growth
curves of atmospheric concentrations of CFCs from 1940 to
the present have been reconstructed (Fig.1).
Recent studies have confirmed that CFCs, like other
global transient tracers such as
3
85
H and Kr, can be used as a
tool for dating groundwater.
The basic assumption in dating
groundwater is that the concentrations of CFCs in a particular water mass are at equilibrium with the CFC partial pressures in the atmosphere at the
time when the water reaches
the groundwater table and is
further on isolated from the
atmosphere. Thus, by measuring CFC concentrations in
groundwater, together with the
known “input functions” and
solubility data it is possible to
determine the residence time

Advantages of CFCs as
Dating Tools
CFCs present several advantages over the other transient tracers:
• The analysis is easy, inexpensive and rapid. CFC
concentrations are determined by a gas chromatographic method. A single determination requires less
than 30 ml of water and 30
minutes of time.
3
• H “bomb” peaks will
continue to fade. Thus, in the
decades ahead the easy detection of CFCs will allow
them to be used in hydrological studies in cases where it
is difficult or impossible to
3
achieve results with H.
CFCs are globally distributed, their atmospheric
concentrations
are
not
strongly dependent on latitude. This makes them especially useful in studies in the
southern hemisphere, which
received much fewer bomb
HTO than the northern hemisphere in the mid-1960’s.
• CFCs are very sensitive
indicators to contamination
of groundwater by modern
surface water. The detection
limit of CFCs is about
0.01pmol/kg. Therefore, less
than 0.1% modern surface
water in pre-1940 groundwater is detectable.
• CFC concentration ratios
can be used to estimate the
age of the groundwater
(Fig.2). From the relative
concentrations of two CFCs
in a water sample one can
determine the atmospheric
CFC concentration ratio at
the time when the water was
isolated from the atmosphere. This may provide
additional and more precise
information
about
the
groundwater age, is an independent plausibility check
13
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and avoid erroneous conclusions eventually drawn from
concentration measurements.
It should be noted that although the CFC concentrations in the water depend
strongly on the temperature,
the concentration ratios are
almost
temperatureindependent (Fig.3). Consequently, in cases where the
recharge temperature is uncertain, the age of the ground
water can still be determined.
As seen in Fig.3, in general, a
o
5 C error in estimation of the
recharge temperature would
result in an error of more than
20% in the calculated atmospheric CFC concentrations,
causing an uncertainty of several years, particularly for water recharged after 1975. On
o
the other hand, a 5 C error in
recharge temperature would
result in only a slight difference in the calculated atmospheric CFC concentration
ratios (<6%). The annual increase rate of atmospheric
CFC concentration ratios is so
rapid (>6% between 1950 and
o
1990), that a 5 C error in the
recharge temperature would
only cause an uncertainty in
the age estimation of 1 year
or less. Additionally, it is even
possible, based on the age
determined by the CFC ratios
to estimate further the
recharge temperature, e.g., if
the CFC concentrations in the
water are lower than expected
from the recharge year, the
recharge temperature must
be higher than assumed, and
vice versa.

Liang-Feng HAN
and
Manfred Gröning
Isotope Hydrology
Section, IAEA

“CFCs may not
replace other
tracers such as
3
85
H and
Kr
completely; but
instead, they
provide important information that will
supplement the
other tracers in
dating groundwater.”

Limitations of CFCs
Possible limitations of the
use of CFC dating technique
are:
• Compared to other tracers, CFC concentrations in
groundwater are more sensitive to contamination from ur(Continued on page 14)
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ban and industrial sources.
• The samples, particularly
the older waters, can be easily
contaminated by trace levels of
CFCs introduced during sampling, storage and analysis.
• Generally, the non-local
CFC input functions are used
for groundwater dating. However, because CFCs are released into the atmosphere
from anthropogenic sources,
the CFC input functions in
densely-inhabited
regions
might be different from the
non-local trends and might
even be much more variable
with time.
• Other processes that can
modify CFC concentrations in
groundwater, such as sorption
on soil and organic matter, microbial degradation, entertainment of excess air can contribute to uncertainties in age
estimation of groundwater.
Due to all these limitations

TECHNICAL

ater and Environment News is a
quaterly nesletter of
the IAEA sub-programme on
the development and management of water resources. It
publishes
not
only
programme-related Agency
activities but also highlights
relavant
major
technical
achievements in the field of
Isotope Hydrology. Contributions from counterparts in
Member States and organisations (institutes co-operating
with the Agency in the water
and environment sector) are
most welcome for inclusion in
the newsletter. Contributions
are classified into one of the
following categories for which
the scope has been proposed
as follows.
• Programme reviews publishes articles with views &
opinions, reviews of isotope
hydrology and relevant programmes
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mentioned above, CFC analyses may not replace other
3
85
tracers such as H and Kr
completely; but instead, they
provide important information that will supplement the
other tracers in dating
groundwater. The different
shape of the input functions
3
for CFCs and H provides
possibilities to derive water
admixtures more precisely
and improve water dating
(the CFC input functions are
relatively
smooth
and
3
steadily increasing, while H
is dominated by the 1963
bomb peak). This can be
demonstrated by the following two examples: 1) In the
case where an “old” groundwater (age of several
decades) is contaminated by
a small portion of “young”
3
water, H and CFCs provide
quantitatively different infor3
mation: whereas H is most
sensitive to water formed in

the 1960’s, CFCs pronounce any contribution of
recent groundwater. 2) Due
to the shape of the input
functions
hydrodynamic
dispersion may have a
small effect on CFC-based
ages, whereas dispersion of
the bomb peak typically re3
3
sults in increased H/ He
ages in post-bomb peak waters and reduced ages in
pre-bomb peak waters.
In these two cases, the
combined use of CFCs and
3
3
H/ He dating techniques
can help to eliminate some
of the uncertainties in modern groundwater dating.

• Research & development highlights outcomes of
CRPs completed, scopes
and objectives of new ones,
suggestions and criticisms
from participating institutes
or chief investigators involved.
• Technical co-operation
highlights TC activities and
major achievements, views
and opinions towards the implementation of the projects
from counterparts.
• Training activities reports on training activities
completed, early information
on planned new ones, views
from trainees.
• Technical reviews introduces new approaches,
achievements and successful practical applications or
case studies in isotope hydrology and allied disciplines.
• Letters to the editor re-

flects feedback from readers, comments, criticisms
and suggestions on the
newsletter.
Articles must not exceed
2000 words (figures and tables inclusive). Informative
figures and tables are always encouraged to be
combined with the text. An
electronic version accompanying the hard copy is
preferred.
Contributions may be addressed to:
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Fig. 1. Global trends of atmospheric CFC concentrations. The lines represent industrial release data estimated from production
records. The open squares represent measurements.
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Fig. 2. Time-dependent atmospheric concentration ratios of
[CFC-11]/[CFC-12], [CFC-113]/[CFC-11], and [CFC-113]/
[CFC-12]. Ratios are based on the data presented in Fig.1.

Fig. 3. Atmospheric CFC concentrations and concentration
ratios as a function of equilibrium temperature. Data are
calculated from a water sample having the following CFC
concentrations: CFC-11=3.86pmol/kg; CFC-112=1.76pmol/
kg; CFC-113=0.305pmol/kg. Curves: 1) CFC-12; 2) CFC-11; 3) CFC-113;
4) [CFC-11]/[CFC-12]; 5) [CFC-113]/[CFC-11]; 6) [CFC-113]/[CFC-12].
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