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1) During 1991 -1996 the scientists from the State Hydrological Institute under the guidance
of the author of the present paper made a new multi-purpose assessment of the world water resources,
water use and water availability in the dynamics, up to 2010-2025. Basic results and conclusions of
this work are given in the present paper.
2) Observation data (monthly and annual values) from the world hydrological network have
been used directly for the assessment of renewable water resources on the global scale.
The assessment of water resources for all the continents and regions of the world has been made in
the dynamics for the same rather long time period from 1921 to 1985. Popular hydrological methods
have been used for series extension, for filling gaps in observations and for the computation of river
runoff on ungauged areas, i.e. methods of correlation and hydrological analogy, hydrological models
and methods of mapping runoff depth. Moreover, the world database on monthly precipitation and air
temperatures has been widely applied.
3) A quantitative assessment of water resources use on the global scale for the past and for
nearest decades has been made with the account of water use for the needs of population, industries
(power generation including), agriculture (irrigation), as well as losses for evaporation due to
reservoirs construction. These factors, explaining a unilateral decrease of surface and subsurface
runoff, are observed everywhere and they are subject to an intensive development; and they can
greatly affect the water resources in large regions.
All the assessments have been made in the dynamics for the present century, for 1995 and for
the future (2000, 2010 and 2025).
Moreover, national data on water use in individual countries or in group of countries were
used first of all. If such data were not available, assessment were made with the use of indirect
methods based on the account of the main factors which determine the amount and dynamics of water
use.
To estimate the future water use a methodology has been developed which takes into account
peculiarities and trends in water use in the past as well as the available long-range forecasts for the
population growth and economic development in different countries of the world. A specific water
availability in various regions and countries (in m^/year per capita) has been analyzed for 1950-2025
with the account of not only population number but water consumption, too.
4) Mean renewable water resources in the world have been estimated as much as 42700
km^/year and they are greatly variable in time and space. The maximum water resources are
available in Asia and South America (13500 and 12000 knP/year, respectively), the minimum water
resources are observed in Europe and Australia and in Oceania (2900 and 2400 km^/year,
respectively). Moreover, the amount of water resources can vary within the ranges of+15 - 25 %
from its mean value. Long-term variations of the world water resources are characterized by the
absence of any trends to changes for the whole 65-years period. In general, it is typical of many
continents, too, except Africa and South America during the last 20 years; here a trend in river runoff
increase in South America and a trend in river runoff decrease in Africa are observed.
The dynamics of water resources have been analyzed not only for continents but for 26 large
physiographic and economic regions of the world (into which the whole land area of the world has
been subdivided), and for 60 selected countries from all the continents. These selected countries
include developed and developing countries, countries with transient economics, countries largest
and smallest by areas and population number, northern and southern countries, as well as countries
with water resources deficit and surplus.

5) The present (by 1995) total water withdrawal in the world is equal to 3700 km3/year; the
water consumption equals 2300 km^/year. In future, the total water withdrawal would be higher by
10-12 % each 10 years and by 2025 it would attain 5200 km^/year (increase in 1.38 times). At present
about 57 % of the total water withdrawal and 70 % of the total water consumption in the world are
observed in Asia where the largest irrigated lands are cultivated. The most intensive water use in the
nearest decades is expected in Africa and in South America (in 1.5-1.6 times); the least intensity of
the water use is expected in Europe and in North America (1.2 times).
At present 67 % of the total water withdrawal and 86 % of the total water consumption are
observed in agriculture; in future, the role of agriculture would be less important mainly due to an
intensive development of other water users. According to the up-dated data, the total irrigated lands in
the world (by 1995) occupied 254million hectares; by 2010 the irrigated lands would occupy about
290 million hectares and before 2025 they would cover up to 330million hectares.
The analysis of water use dynamics and the rate of water resources development has been
made for all the continents, for physiographic and economic regions and for selected countries. In
accordance with the obtained data, there are many countries in the world where water resources have
been exhausted completely; not only local water resources are used in these countries but most of the
freshwater imported from the adjacent areas. It should be noted that countries and regions, where the
rate of water use exceeds 20 %, are inhabited by more than 75 % of the global population.
6) The analysis of the specific water availability in all the physiographic and economic
regions and selected countries for 1950-2025 shows an extremely uneven water resources
distribution all over our planet. The maximum water availability (1995) is observed in Canada and
Alaska and in Oceania where it equals 170-180 thou m^/year per capita. Meanwhile in densely
populated regions of Asia, Central and South Europe and in Africa the present water availability
ranges within 1.2-5.0 thou m^/year; in the north of Africa and in the Arabian Peninsula it is as much
as 0.2-0.3 thou m^/year. It should be noted that water availability less than 2 thou m^/year per capita
is assumed to be very low, and if it is less than 1 thou m^/year - it is assumed as catastrophically
low.
At present about 35 % of the world population live in the conditions of a very low or
catastrophically low water availability.
This situation would be even worse at the beginning of the next century. By the 2025 the
majority of the world population would live in the conditions of a very low and catastrophically low
water availability or about it; about one third of the global population would have a catastrophically
low water supply.
7) Important conclusions have been deduced during the analysis of trends and rates of
changes in water availability in countries and regions depending on socio-economic and climatic
factors.
In industrially developed countries the rate of specific water availability decrease is rather low and it
has been reduced in 1.8 times during 1950-2025 on average irrespective of the climate and amount of
water resources. In developing countries the rates of specific water availability decrease tend to a rise
in 4.5 times on average for the conditions of sufficient and surplus moistening; and in 8.5 times for
the arid and semi-arid regions.
Thus, if the appropriate measures are nor taken, most of the developing countries would face
a catastrophic water problem in the near future. This situation may be even more acute because of the
hydrological characteristics of the arid and semi-arid regions are extremely vulnerable to
anthropogenic change in the global climate.
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GROUNDWATER FOR SUSTAINABLE DEVELOPMENT
OPPORTUNITIES AND CONSTRAINTS
Fatma Abdel Rahman Auia
Director of the Research Institute for Groundwater
Cairo, Egypt
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The availability of renewable water resources has played a key role in human development.
The rise and decline of civilizations have been linked to climatic changes which, in turn,
controlled the natural recharge of aquifers and regulated the pollution of groundwater and
soils.

Aquifers have specific characteristics that distinguish them from other water bodies
(i) they can help in removing SUSpCfldod s<>h'ds 6nd dketee-causing organisms; (ii)
they can store water in quantities exceeding those which are or conceivably could
be stored in all natural and artificial surface-water bodies, (iii) they can rtgulattthe
water temperature and its chemical quality; (iv) they transport water from areas of
recharge to areas of need; and (v) they slow-down the natural discharge of water to
the surface. As such, aquifers <san be utilized as strategic storage reservoirs for water
10 make up the bulk, of the dry-weather flow of streams

In addition to secular changes in groundwatcr caused by climatic variations, there are now
serious threats to both quantity and quality of groundwater resources caused by the
accelerating human intervention. The main problems related to groundwater development and
management include, among others: (i) extensive drawdowns that are affecting sustainability
of the resource, especially the socio-economy; (ii) sea water intrusion in coastal aquifers; (iii)
pollution from various sources; (iv) vague or poor institutional set-up; (v) lack of proper
man-^.ement tools and related knowledge; (vi) poor enforcement of legislation; and (vii) lack
of public participation and public awareness.
Main causes include: (i) short-versus-long-term considerations; (ii) externalities, which occur
when private costs or benefits do not equal social costs or benefits; and (iii) risks and
uncertainties, including conflicts among water user sectors. This dictates a change from
individual development and management to integrated development and management that is
accompanied by close monitoring and evaluation of actions, with special attention to
groundwater protection. Groundwater protection is thus a major challenge,
The word protection can be defined as the preservation from loss, waste, or harm
{damage) Protection of groundwater would thus mean prevention of non-beneficial uses
and prevention of degradation both qualitative as well as quantitative, leading to
sustainable development.

Groundwater protection dictates the initiation and implementation of several actions,
including: (i) the implementation of monitoring system(s); (ii) development of proper tools
to support groundwater protection, e.g. hydrogeological maps, groundwater potential maps,
groundwater vulnerability maps, etc.; (iii) enforcement of legislation, including well
licensing, types of agro-chemicals, proper disposal of effluents, etc.; (iv) special attention
to environmental concerns and caution with the use of sewage water in irrigation, which
should be limited to regions of low vulnerability; (v) raising public awareness in relation to
the protection of the resource; {vi) development of simple technologies to protect

groundwater, which should be based on multi-criteria analysis of their appropriateness,
capability lo imprgve, and adoption by the users; (vii) preparation for significant changes
which may present opportunities, but with potential adverse impacts.
A unique framework for groundwater protection is generally not possible as the forms of
groundwater deterioration arc diversified. However, there is one agreed upon issue regarding
groundwater protection which implies preventing or at least minimizing groundwater
deterioration. This issue is based on the fact that vaccines are more safe and effective that
antibiotics, i.e., prevention is always simple and less expensive than rehabilitation.
The general framework for groundwater protection constitutes of a series of actions. Some
are preventive while others are corrective. These should be directed to both the software as
well as the hardware. Preventive measures include, among others: (i) groundwater
assessment; (ii) groundwater resources planning; (iii) groundwater resources management;
and (iv) monitoring. In the case of groundwater degradation, which could be a result of the
feed back from the monitoring system, corrective measures should be implemented before
the problem becomes more severe. Corrective measures, include among others: (i) artificial
recharge, which is directed to correct depletion of groundwater, sea water intrusion,
deterioration of groundwater quality, etc.; (ii) restrictions on land use, aiming at minimizing
the long-term effect; (iii) treatment of effluent at the source or its direction to other sites of
less importance with respeci to groundwater; or (iv) other remedial measures, including
removal of soil, etc.
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Spatial and temporal variability of stable isotope composition of precipitations over the western
mediterranean region. Involvement on regional aquifers recharge.
H.Celle, Y.Travi, B.Blavoux Laboratoire d'Hydrogeologie - Avignon - France
Using the database provided by the International Atomic Energy Agency, bibliographical references
and the network managed by the University of Avignon, a study of precipitations isotopic signal has
been carried out since March 1997.
First, a monthly monitoring has been achieved to show precipitation isotopic content spatial
distribution and the correlation with the values of groundwater. Then, a daily sampling is used to
establish an isotope typology of precipitations related to air masses origins. Moreover, this highlights
meteorological processes which can modify rain isotopic content. At last, a sequential sampling shows
oxygen-18 variations during a rain event ; these specific data are particularly useful to study karstic
systems flood.
Monthly data collected between 1985 to 1991 at five stations of the IAEA network (Faro, Gibraltar,
Barcelona, Tunis and Genoa) display a relative homogeneity of values from a weight mean of-4.53%o
to -5.49%o at Genoa. The standard deviation allows to discriminate stations under oceanic influence
and the ones which are submitted to a mediterranean climate. So, Barcelone precipitations isotopic
values are scattered (-5.34 +/-3.81%o) whereas Gibraltar ones are grouped (-4.61 +/-1.26%o).
Our denser network, including 10 stations located in the seaside countries, operational since March
1997, shows a spatial distribution of precipitations isotopic monthly content related to stations
situations (distance to the Mediterranean sea, to the Atlantic ocean, altitude). The weight mean
calculated during the study period, displays values between -4.43%o at Barcelone (41.38N-2.12E-65m)
and -7.6 l%o at Campistrous (43.07N-0.23E-600m).

Figure 1: sampling stations localisation and origins of air masses.
Spatial correlation with groundwater has to take into account input function variations. This has been
carried out using previous works in alluvial (Avignon plain), karstic (Mont Ventoux) and crystalline
(Real Collobrier) contexts. The values corrected by altitude show an impoverishment of isotopic
content during infiltration in the alluvial aquifer (weight mean = -7%o, MALESSARD, 1983) related
to precipitations content (weight mean for the period 1987-1991 = -6.6%o, unpublished data). The
same evolution could be observed at Saint-Trinit epikarstic outlet (-7.42%o for the rains and -8.32%o
for the groundwater during the period of 1991-1992, LASTENNET, 1994). This depletion could be
explained by full evaporation of light rain enriched in heavy isotopes. On the Real Collobrier basin
(MARC, 1994), groundwater mean for the period 1991-1992 is enriched (-6.75%o) related to

precipitations isotopic content weight mean (-7.2l%o), probably caused by evaporation in the
unsaturated zone.
A daily study on Avignon station since March 1997, shows 5 mains trajectories for the air masses
thanks to meteorological observations : mediterranean, north atlantic, central atlantic, mixed between
mediterranean and north atlantic and mixed between mediterranean and central atlantic.
Statistically, using the meteorological cards defined for the 74 rain events above 2mm, 28% are
typically mediterranean, 45% have an atlantic origin and 27% correspond to a mixing. So, atlantic rain
events are more frequent.
However, quantitatively, mediterranean precipitations give 37% of the total rain volume despite 32%
for the ones which have an atlantic origin. For the rains above 10mm, participation of mediterranean
events is 43% despite atlantic ones supply 28% of total volume.
Precipitations isotopic content related to air masses trajectories indicates that mediterranean rains have
more enriched values (-4.3 l%o) than atlantic ones (-5.87%o) ; mixing between various origins supply
values intermediate between the 2 poles (-5.27%o). Weight mean calculated for the period March
1997-October 1998 (-4.82%o) confirms the main influence of mediterranean rains in the input function
of regional aquifers.
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Figure 2: Precipitations isotopic content related to air masses origins
At last, sequential samplings show heterogeneity of isotopic values in a rain event. The 3 events
presently studied have a mixed origin atlantic and mediterranean and follow the same evolution.
During the beginning of rain, high values could reflect the washout of mediterranean vapour more
enriched related to the daily study achieved on Avignon station. Then, an impoverishment could be
occasioned by : influence of oceanic vapour depleted in heavy isotopes, cold front passage, increase of
rain intensity or diminution of atmospheric temperature. At last, an enrichment at the end of the rain is
probably due to the decrease of drops altitude formation. This evolution has to be confirmed by further
studies and by more meteorological informations.
MALESSARD G. (1983) : "Sur la presence de fer et de manganese dans I'aquifere alluvial de la
plaine d'Avignon (Vaucluse)." These Doct. 3eme cycle, Univ. Avignon, 122p.
LASTENNET R. (1994) : "Role de la zone non saturee dans le fonctionnement des aquiferes
karstiques." These Doct., Univ. Avignon, 239p.
MARC V. (1994) : "Etude de la relation pluie-debit sur Ie bassin versant en climat me"diterraneen par
le tracage chimique et isotopique naturel de I'eau, Real collobrier, Massif des Maures, Var." These
Doct., Univ. Montpellier II, 293p.
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THE METEOROLOGICAL VS. THE HYDROLOGICAL ALTITUDE
EFFECT ON THE ISOTOPIC COMPOSITION OF METEORIC
WATERS
J.R. GATU2 ^ d M . RIETTI-SHATI2
T
Center for Water Science and Technology, Bcn-Gurion University of
the Negev, Israel
2
Dept. of Environmental Sciences and Energy Research, Weizmann
Institute of Science, Rehovot, Israel
The depletion in the heavy isotope content of precipitation as a
function of altitude, typically within the range of O.15-0.5 (%o 8 I8 O/100
meter) is being used as a marker for determining the altitude of the
recharge area of groundwaters. The use of this method is based on the
implicit assumption that little change of the isotopic composition occurs
during the process of groundwater recharge or, alternatively, that any
such change is invariant with respect to altitude.
Tn reality there are a number of factors which influence the
Isotope Transfer Function (ITF), i.e. the relationship between the
isotopic composition of precipitation and groundwatcrs derived from it,
which are altitude dependent Foremost among them the ecological
structure and plant cover, which determines the partitioning of the
incoming into fluxes of re-evaporation, soil infiltration and surface runoff.
Furthermore, differences in the precipitation pattern such as rain
intensity and duration or the occurrence of snow, all affect the ITF.
These effects are a combination of fractionation between the isotopic
species, primarily in accompaniment of the evaporation process, and a
selection between different precipitation events based on a seasonal, rain
intensity or rain amount criteria. The selection process appears to be the
dominant factor under most circumstances.
An analysis of the magnitude of such effects in the different
climate zones indicates that the largest deviation between the
meteorological and hydrological altitude effects can occur on the one hand
in the semi-arid and arid climate zone where evaporation is an important
factor and, on the other hand, in cold regions where snow and snow-melt
is a dominant factor in the recharge processes.
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Paper proposed for oral presentation - Extended Abstract

The isotopic composition of precipitation
on the Andes and Amazon of Bolivia
Michel-Alain Roche', Roberto Gonfiantini^, Jean-Charles Fontes* Nestor Abasto Lara*
Luis Noriega 3
1. Institut Francais de la Recherche Scientifique pour le Developpement en Cooperation (ORSTOM), Paris, France
2. Istituto di Geocronologia e Geochimica Isotopica del CNR, Pisa, Italy
3. Servicio Nacional de Meteorologia e Hidrolgia, (SENAMHI), La Paz. Bolivia

The oxygen-18 and deuterium concentrations have been determined in precipitation samples collected in several stations on Bolivian Andes and in Amazon basin. The
stations are located along two geographical transects within 14°30'-17°30'S and 64°30'68°W. Twelve stations belong to the first transect, which starts at the La Paz Airport El
Alto (4080 m asl) on the Altiplano, rises to Chacaltaya (5200 m) on the Eastern Cordillera, and descends to Rurrenabaque (300 m) and Trinidad (200 m) in the Amazon. Seven
stations belong to the second transect, which starts in the Cochabamba valley (2560 m),
rises to Corani (3200 m), and descends to the Amazon station of Puerto Villaroel (400
m). Because of the altitude difference, the stations show large temperature variation (7 to
26°C).
Monthly precipitation samples were collected in the first transect from December
1982 to December 1984. Samples representing the whole year precipitation were collected in 1984 and 1985 in the second transect. The oxygen-18 determinations were carried out at the Laboratoire de Geochimie et d'Hydrologie Isotopique, Orsay, and the
deuterium measurements were performed by the Commissariat a FEnergie Atomique,
Saclay. As samples were protected during collection by paraffine oil, evaporation effects
on the isotopic composition seem to be rare, if any.
Origin and distribution of precipitation. Under the influence of the northeastern and south-eastern winds, the air masses reach the Andes after having crossed the
Amazon forest or the northern part of the Rio de La Plata basin. This air mass circulation, driven by the seasonal displacement of the intertropical convergence zone, is occasionally perturbed by the intrusion of cold air from southern high latitudes. The cold
front may reach northern Bolivia and produce rains at the contact with the warm and
humid air masses coming from the east.
Over a E-W distance of about 300 km, the precipitation varies from more than
3,000 mm/a at the Amazon piedmont, to less than 500 mm/a over most of the altiplano.
This spatial distribution of precipitation is determined by the orography. It may show local deviations, especially on the Altiplano, induced by the vast surfaces of water of Lake
Titicaca, and of salt of Uyuni and Coipasa salares.
The seasonal distribution of precipitation is similar over the whole region, with a
maximum in summer and a minimum in winter. As a general rule, approximately 65 %

10

of rain falls during the four most humid months (December to March), and 15 % during
the four most dry months (June to September).
The isotopic composition of precipitation. The relationship between mean
temperature and altitude on stations from both transects is good. The gradient is -0.50 °C
per 100 m. Cochabamba, due to its location, has a temperature about 5°C higher than
other stations at the same altitude and does not obeys the general relationship.
The isotopic composition of precipitation shows the usual seasonal variations,
with more negative values during the rainy season (Fig. 1). The amplitude of seasonal
variations increases with the altitude. The 5 ' ^ o gradient vs. altitude vary monthly up to
a factor 2.5. The extreme values observed are -0.111±0.012 %o per 100 in August 1983
and -0.285±0.048 in March 1983. The gradients are greater (in absolute value) in rainymonths than in dry months. However, in 1983, the 5 ^ O gradient was -0.130±0.013 m in
January and —0.153±0.014 in February, while in 1984, it was considerably higher: 0.198±0.012 in January and -0.262±0.025 in February. The greater gradients of 1984
were accompanied by higher precipitation amount, which was about the double than in
1983. The higher degree of rainout was reflected by and the mean d^O value, which
was about 5 %o more negative in 1984 than in 1983. In fact, the years 1982-1983 were
characterized by the onset of the El Nino, which determined a strong decrease of
precipitation on the Bolivian Altiplano. By mid 1983 and during 1984 and 1985 the
situation was back to normal.
The isotopic data can be fitted by a Raleigh adiabatic condensation model (Fig.
2) with temperature gradients vs. altitude ranging from -0.4 °C/100 m (January and
August 1983) to -0.6 (March 1983, February 1984), and a mean value close to -0.5
°C/100 m. The model isotopic gradient with altitude increases by a factor 2 from 300 to
5000 m asl: for instance, with a temperature variation of -0.5 °C/100 m, it passes from 0.124 5 1 8 O %o/100 m at 300 m to -0.248 at 5000 m. The model isotopic composition of
atmospheric vapour approaching the Andes from the Amazon basin ranges from -8 (July
and August 1883) to -20.5 (February 1984), which reflects the different origin and rainout of air masses.
The relationship between S ^ O and 5^H, based mainly on 1983 values (only in
this year the isotopic composition of both oxygen and hydrogen was systematically
measured in the El Alto-Trinidad transect) is:
5 2 H = (8.09 ± 0.08)6 I8 O + (16.1 ± 0.8)
The slope does not change much in different seasons: 7.45 in both 1983 and 1984
rainy seasons, and 7.58 in the 1983 dry season. The intercept is different: 16.2 in 1983
dry season vs. 5.4 in 1984 rainy season and 9.1 in 1983. Thus, the dry season (winter),
has the same slope but higher intercept than rainy season (summer). The combination of
all data produces the slope of about 8.

Acknowledgement. We want to recall here the memory of our colleagues and
friends Jean-Charles Fontes and Nestor Abasto Lara, and to pay a tribute to their scientific work and dedication to research. They died in field trips: Jean-Charles in Mali, Africa, and Nestor in the Amazon. Their ideas and work have greatly contributed to design
and execute the research reported here.
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BEHAVIOR OF99mTc IN HIGHLY POLLUTED SURFACE WATERS:
FIELD AND LABORATORY STUDIES
J. BORROTO, J. DOMINGUEZ, M. ORTUETA, E. PEREZ, G.FERNANDEZ
Department of Radiochemistry
Institute of Nuclear Sciences and Technology
Havana, Cuba
E. GARCIA AGUDO
Isotope Hydrology Section
International Atomic Energy Agency
Vienna, Austria
Cuba is one of the countries with no nuclear reactor facility for production of appropriate
radionuclides, e.g. 82Br, for hydrological or industrial tracer studies. Then, as an alternative
variant to this applications, the Cuban researchers have had to employ isotopic generators used
in nuclear medicine because of their better availability. Parent/daughter system like " M o / T c
could be used in such case. While in oxygenated waters, technetium is negatively charged
(TcO4~) and does not interact with the sediments and suspended solids to any large degree, in
waste loaded media and/or under reducing conditions, however, it seems to be in the form of
TcO2..
As tetravalent Tc(IV) with a solubility in basic solutions in the range 10"8 - 10"9 mol/L,
technetium forms radiocolloids and its sorption on sediment surface could be high; this fact may
limit its use as hydrological tracer. Moreover, with the difference to bromine and iodine,
technetium is a radioactive element which do not have any natural stable isotope that could be
used as carrier to minimize the reduction phenomena during tracer tests. This makes the
determination of the rate and the mechanism of the reduction of Tc(VII) to Tc(TV) in highly
polluted surface waters very important.
Therefore we carried out laboratory and field experiments to study the sorption of
technetium aimed to define the range and limitations of " T c O / as a tracer for polluted surface
waters in short-term hydrological studies. Also we searched for a suitable way to use 99mTc as
tracer even when reductive environmental conditions are found.

Laboratory experiments
In the batch experiments, the sorption of technetium as a function of its concentration,
redox potencial, the liquid to solid ratio and the contact time was studied. The sediments used
in the sorption experiments were collected with a dredge in the Almendares river basin and
were kept under refrigeration at 4°C in their natural wet form. Six series of batch experiments
were performed for natural river water collected at a point upstream to the discharge channel
of the depuration station in Maria del Carmen and untreated municipal wastewater collected at
this channel.
One series of batch experiments was conducted in a nitrogen gas atmosphere while
another was carried out in air.
The results show that in samples containing river water, in both reducing and oxidizing
conditions, and in all samples treated in airated conditions, the sorption is negligible.
However, slight loss of technetium within 48 h can be observed in samples containing
13

wastewater treated under inert gas atmosphere. The sorption rate increases with decreasing the
liquid to solid ratio from 1.36 to 3.44 %-d~\
Field experiments
The field experiments were performed in two stretches of the Almendares river basin
with highly depleted dissolved oxygen, as a result of high biochemical and benthic demand:
1) at the main watercourse of the river between the confluent tributaries Paila and Marinero
and 2) at the discharge channel of the sewage depuration station in Maria del Carmen
(Borroto, et. al. 1997). At each location, 5 L of the river or discharge channel water labelled
with 99ltlTc04" and intracid rhodamine WT-20% (as a non-sorbing tracer) was instantaneously
injected. Injection of tracer solution was repeated in three different days. Measurements of
technetium radioactivity and rhodamine WT concentration downstream were performed on
line, using two NaI(Tl) detectors connected to a data analysing system (Kontron Electronic,
France) and a field fluorometer (Turner Design, USA).
The measured RTD-curves of "mTcO4" were compared to those of rhodamine WT
(Figure 1).
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Fig. 1. RTD-curves of99mTc04" and rhodamine WT:
a) at a reach between tributaries Paila and Marinero,
b) at the discharge channel of the wastewater depuration station in Maria del Carmen.
Using the measured flowrates from dilution test for recovery calculations, we obtained
that about 90% - 97% of the injected amount of99mTc04~ reached the measuring stations in
both locations. The small losses observed could be explained by the fact that the decay
corrections for the short lived 99mTc introduce some errors in the activity estimations. These
results together with the identical shape of the DTR-curves for rhodamine-WT and99mTc04"
show that losses of technetium can be considered negligible, even in waters with high loads or
domestic sewage.
REFERENCES
BORROTO, I , DOMINGUEZ, J., PEREZ, E., et.al., Tracer and mathematical modeling
studies in the Almendares river, in: Proceedings of the 1* International Symposium on
Nuclear and Related Techniques in Agriculture, Industry, Health and Environment, 2830 October 1997, Havana, Cuba.
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Modelling of lake - groundwater interaction
based on environmental isotopedata
Maloszewski, P.1', Stichler, W.1),
Bertleff, B.2), Trapp, Ch. 2) , Watzel. R.2 & Weinsziehr, R.2)
1)

2)

lnstitutfur Hydrologie, GSF, Neuherberg ,Germany
Landesamt fur Geologie, Rohstoffe und Bergbau, Baden-Wurttemberg > Germany

The results of isotope-hydrological studies on approximately 100 excavated artificial lakes
(gravel pits) in Baden-Wurttemberg, Germany, showed that a classification of the lakes is
feasible using their deuterium and oxygen-18 levels of lake water. This classification is
based on the general enrichment of the water's stable isotopes by means of evaporation
processes depending on the ratio of water surface to depth of lake and on the hydraulic
connection of the lake to ground water. In the scope of research projects carried out over
the course of several years, the interaction between excavated artificial lakes and ground
water was recorded qualitatively and quantitatively by means of combining hydro-geological,
isotope-hydrological and hydro-chemical studies involving two test lakes from each
category, whereby special interest was placed on:

•

the recording of layering and mixture processes in excavated artificial lakes (gravel
pits)
the recording of the spatial and temporal downstream behaviour of the lake water
into the aquifer
the quantitative determination of subsurface runoff from the lakes into the aquifer
the determining of the qualitative effects of lake water on hydro-chemical ground
water properties

The techniques of ground water flow and mass transport modelling are indispensable tools
in answering these questions. The results of complex studies done on one of the said lakes
are presented in this paper.
The lake (Lake Leis) is located in the middle section of the Rhinegraben valley (Southwest
Germany) near Baden-Baden. It covers a surface of 11,6000 m2 and has an average depth
of 21 meters. It emerged through the excavation of Upper Quaternary gravel and sand,
representing the most important ground water aquifer in the Rhinegraben valley and the
entire Southwest Germany. The drinking water facilities of the city of Baden-Baden, in which
ground water partially originating from the lake is exploited, is located approximately one
kilometre downstream of the lake. In addition to the evaluation of the field studies, modelling
techniques serve as an important tool for getting sufficient answers to the questions raised.
The lake negatively influences neither the ground water budget of the aquifer system nor the
hydro-chemical properties of downstream ground water used for the supplying of drinking
water. It represents a mass sink for the dissolved solids of the ground water flowing in the
lake. The study results offer an important contribution to the simplification of the conflicts of
interest between on the one hand, ground water exploitation and protection and on the other
hand, the demands of the securing and use of raw materials.
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Figure: Results of modelling of lake water bank filtration using dispersion model.
The seasonal isotope \ariation of the lake surface water is used to determine the
oxygen-18 content in the observation well situated in a distance of 30 m from the
bank. The parameters found by modelling are: water velocity 0.8 m/d and
longitudinal dispersivity 6 m.
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INVESTIGATION OF RIVER BANK INFILTRATION
USING 222Rn AS RADIOTRACER
K. FREYER, H.C. TREUTLER
UFZ-Umweltforschungszentrum Leipzig-Halle,
J. DEHNERT; K. KUHN
Sachsisches Landesamt fur Umwelt und Geologie, Dresden
W. NESTLER
Hochschule fur Technik und Wirtschaft Dresden
Germany
The noble gas 222Rn occurs naturally in all groundwater. It makes an ideal tracer for tackling a
whole range of problems in environmental research and hydrology. One important issue is describing
the exchange processes taking place between surface waters and aquifers.
In 1989 HOEHN and VON GUNTEN [1] proposed using the increase in radon activity
concentration of infiltrating river water as it passes through the river bank to determine flow time.
The speed of infiltration is required in order to determine infiltration rates - which in turn are
needed to size drinking water catchment facilities with artificial groundwater recharging and to study
the alluvial meadow ecosystem.
The radon activity concentration in the water must be determined using a suitable method.
Radon's low activity concentrations in Pleistocene aquifers require high measuring accuracy. Owing
to radon's high mobility, sampling itself must also be carried out carefully. Sampling techniques
depend on the origin of the water sample.
The sample vessel and the filling technique must take into account radon's tendency to escape.
Consequently, the sampling device chosen was a glass mensure calibrated to one litre featuring a
narrow neck sealed with a polyethylene stopper and a teflon gasket. The filling technique used was
tried out in several series of measurements. Radon loss after sampling and transport was below 2%.
In view of the advanced state of liquid scintillation spectrometry, this measuring technique was
selected as being the most suitable of the wide range of different options for determining radon
activity as described for instance by VOLKLE and BORCHARDT [2]. The method detailed by HORIUCHI
and MURAKAMI [3] was adapted and modified to determine activity concentration in water samples.
The measuring error is <3% for counting rates between 40 and 8,000 cpm. Using comparison
measurement with gamma spectrometry, a calibration factor of (8.3 ± 0.7) 10"3 Bq/cpm was
determined.
The technique put forward by HOEHN and VON GUNTEN [1] is based on the fact that river water
only contains a small amount of radon because a turbulent current causes the mobile noble gas to
escape. Radon is constantly emanated by the aquifer's grain structure in different concentrations (due
to geogenous factors). As infiltrating, low-radon river water flows through the aquifer, it continuously
absorbs radon, so that an equilibrium between radon uptake and radioactive decay is established.
Radon's half-life of 3.8 d enables it as tracer for a time window of up to 15 days after infiltration.
Work was carried out at a battery of wells at East Torgau Waterworks, where bank-filtered
water is extracted as part of the long-distance water supply system covering the Elbe flood plains and
the eastern Harz. In 1991/1992 two groundwater measuring profiles, Torgau-East I and Torgau-East II
were set up for research purposes. The profiles, each of which is 2 km long, cross the Elbe and run
along the central well of a battery of wells up to the hinterland. They enable depth-dependent
sampling in up to 5 horizons using groundwater sampling points and sunken membrane pumps. The
measuring profile Torgau-East I was augmented in 1995 by an infiltration measuring profile.
When measuring radon activity concentration in an aquifer, the optimum flushing volume of the
groundwater observation well before sampling is of key importance. To solve this problem, a new and
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generally applicable technique for determining the optimum pumping volumes of observation wells
based on the natural radon content of groundwater was applied (DEHNERT et al. [4]).
The individual layers of the aquifer have characteristic radon activity concentrations of between
1.5 and 30 Bq/L. The stratigraphy and radon activity concentration largely correlate with each other.
Although according to HOEHN and VON GUNTEN [1], radon emanation needs to be macroscopically
constant in order to determine infiltration velocities, this is not the case underground. Therefore the
technique was modified such that the radon equilibrium concentration was determined for each
observation well by sampling the entire measuring profile during the slow exfiltration of the
groundwater into the Elbe. This took place during the passage of a flood wave. Fig. 1 shows the radon
activity concentrations in the measuring profile at the start of exfiltration. Fig. 2 depicts the situation
at the crest of the flood. The sharp drop in radon activity concentration at all observation wells
indicates water infiltrated from the Elbe. Areas with activities < 8 Bq/L are shaded by way of
illustration.
masl
85

85
Maan water

Rood

13.6.96

12.7.96
Botlomdav

80

80
Water level: 77.40 masl

9.5

"78^

9.0

al

Eb»
^

Coarae sand. f*w gravel

Coarse sand, fine gravel

13

—

„

TS*! 11

12

+ 8.6
• 12

8 + 9.~_7e

56

49

16

14

14

14

IE

23

15

95

11

MO

Medwm sand, coarse sand

^ - ~ _ _

'

15

19

MeoSun sand, coarae sand

70

OS

>>^
+4.8 •
S.I
+ 4.4

3.3

75
13

•

WaUrlevatTSSSmad

Ts

92

6.3

CZ3 < BBo/l

70

10

20

30

50

10

m

FIG 1. Radon activity concentrations in Bq/L in
the measuring profile during exfiltration

20

30

50

m

FIG 2. Radon activity concentration in Bq/L in
the measuring profile during infiltration

The residence time of the bank filtrate was determined at a colmation sampling point near the
river bottom. The related infiltration speeds were calculated assuming vertical flow. Findings of such
measurements and calculations in the period 1994—96 for various hydraulic situations are presented.
The residence times of bank filtrate vary between 0.4 d and 10.4 d and the related infiltration speeds
are 2 m/d and 0.1 m/d. These findings closely tally with geohydraulic estimates. For example, the
infiltration speed rose during the passage of a flood wave from 0.1 m/d to 1.7 m/d, before dropping to
a steady 0.6 m/d.
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Origin and quality of bank filtered groundwater near Budapest: an
evaluation of isotope data
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Introduction
The drinking water for the 1.9 million inhabitants of Budapest is mainly covered from
bank filter wells of the riparian aquifer system of the river Danube. These wells are located
on the Szentendre Island (north of Budapest) and the Csepel Island (south of Budapest).
The Danube is polluted by the waste water of Budapest, the shallow groundwater is
contaminated by agricultural, industrial and communal sources. The aquifer system is
highly vulnerable for pollution coming either from the Danube or from the background
shallow groundwater. The knowledge of the alluvial aquifer flowing system is
extraordinarily important for providing high quality drinking water and protecting the
drinking water resources.
The aim of our study is to determine the origin of the exploited water and the shallow
groundwater in the nearby aquifers, the ratio and spatial distribution of the infiltrated
Danube water, the average transit time of the Danube water up to the production wells
using time series analysis and dispersion modelling, the source of pollution: by means of
stable oxygen isotope time series measurements, water chemistry and hydraulic data.
The investigated areas
The Szentendre and the Csepel Islands are part of the modern Danube valley. These areas
were formed in the Pleistocene and Holocene. The Quaternary deposits are Pleistocene
gravel and sand, Holocene sand, mud and clay. The thickness of these formations is less
than 50 meters. The thickness of the gravel aquifer is between 5 and 20 meters.
The shallow riparian flow system is under the influence of the water level of the Danube,
the water level of Rackeve-Danube (in the case of the Csepel Island) and the rate of water
exploitation.
Methods used
The basis of determining the origin of the drinking water using stable oxygen isotope ratio
is the significant difference between the 518O values of the Danube water and the shallow
groundwater, latter coming from the infiltrating precipitation. The mean 818O value of the
Danube water is -11.0[%O]VSMOW [1], the multi-annual mean of the infiltrating precipitation
is -9.3%o [1].
This difference makes possible to calculate the mixing ratio of the Danube water and the
infiltrating precipitation (shallow groundwater) using the following equation:
O

Owell - 0 "Oinfiltrating precipitation
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* 100 (%).

•A-Danube —

6^°ODanubc ' 6*°Oinfiltrat:ing precipitation

Results and interpretation
We took water samples for oxygen isotope ratio measurement weekly from the Danube,
fortnightly from selected production wells and in every quarter a year from observation
wells. Besides it we collected the tritium content and chemical composition data for the
Danube and the wells. Using the 518O data of the Danube and the production wells (see
figure) we made fitting by dispersion modelling and time series analysis. The results are
compared with hydraulic modelling data.
1. On the basis of these data we could establish that the greater part of the exploited water
originates from the Danube, even in the case of wells further from the Danube.
2. The Danube water transit time is influenced by the water level of the Danube, the
distance from the river and the geology of the area. The result of the time series
analysis and the dispersion modelling showed that the transit time varied between 2
and 6 weeks fairly comparable with the data obtained by hydraulic modelling.
3. The nitrate, sulphate and chloride (Szentendre Island) originates mainly from the
background, from the polluted shallow groundwater. The correlation between the
content of contamination and the Danube water ratio is negative [2].
4. In the environment of Halasztelek (area used for exploitation of drinking water) the rate
and spatial distribution of infiltrated Danube water has been determined and mapped.
References
[1] DEAK, J., DESEO, E., BOHLKE, J.K., REVfiSZ, K. "Isotope hydrology studies in the
Szigetkoz region, Northwest Hungary", Isotopes in Water Resources Management (Symp.
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water demand of Budapest, Hungary, in Application of isotope techniques to investigate
groundwater pollution, IAEA TECDOC-1046, 1998, pp. 133-166
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HYDROLOGICAL REGIME AND WATER RESOURCE ASSESSMENT IN THE
ARNO RIVER BASIN (ITALY)
GIORGIA LA RUFFA*
Dipartimento Scienze della Terra, Universita' di Cagliari, Italy
COSTANZO PANICHI
Istituto Intemazionale per Ie Ricerche Geotermiche, CNR Pisa, Italy
ALBERTO BENCINI
Dipartimento Scienze della Terra, Universita' di Firenze, Italy
ENRICO DINELLI
Dipartimento Scienze della Terra e Geologjco-Ambientali, Universita' di Bologna, Italy

In recent years, the decline in water quality of many Italian rivers as a result of human
activity has been a subject of much concern. Overflows and floods have also occurred
frequently, at times with catastrophic consequences, as in 1966 when Florence, Pisa and a
large part of Tuscany were flooded. The National Research Council (CNR) of Italy has
launched several projects of this type, including an inventory of the areas affected by
landslides and floods. The objectives of this project are (1) to clarify the hydrodynamic
relationship between the river water, main tributaries and nearby aquifers; (2) to delimit the
extent of the seawater intrusion in the river with respect to the coastal aquifers of the basin;
and (3) to identify any sources of natural and human pollution in order to assess the
environmental risks.
The Arno catchment basin drains a total area of 8228 km2 with a maximum elevation of
1500 m a.s.l. . The river is 242 km long and its flowrate is highest in January (3.4 m3/s 10 km
from the source and 195 m3/s near the mouth) and lowest in August (0.3 nws 10 km from the
source and 10 m3/s near the mouth). Extreme water flows were recorded during the November
1966 flood, with 312 m3/s 10 km from the source, 4100 m3/s at Florence.

Samples from the main river and from 11 tributaries were collected in different seasons for
chemical and isotopic analyses. Isotopic and chemical composition of waters has been used to
derive the following relevant features of the studied hydrological basin (Fig. 1):
1. The Arno river samples (circles) follow three distinct trends (A, B and C) starting from
the source and moving to the mouth. In the first strip (A) the Amo river is formed by meteoric
waters which reach the stream, without any modification, throughout surface runoff and/or
underground circulation. In the strip (B) the river waters deviate from the meteoric water line
along a straight line with a slope of about 5. This value, with the uncertainty of about ±1.5,
describes the evaporation processes that characterize the water samples coming into the main
river from the different tributaries. In other words, along the Upper and Lower Basins the Arno
river appear to be the result of a mixing between groundwater, indicated by BF in Figl, and

* Present Address: Istituto Internazionale per le Ricerche Geotermiche, CNR Pisa; E-Mail: giorgia@iirg.pi.cnr.it

21

evaporated water of tributaries. In the last strip (C) river waters are progressively dominated
by seawater in the last 24 km of the basin.
2. Tributaries (squares) always show water samples that are evaporated in a greater or
lesser extent, depending from the seasonal variations of air temperature and relative humidity
and from the distance from the feedings areas of watersheds.
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Figure 1. H and O isotopic composition and Chloride concentrations
of surface waters

Isotopic enrichments agree with a variable evaporation effect with a maximum
corresponding to a 10% of vapor loss. On the other hand, chloride concentrations, both in river
and tributary waters, exceed the expected values corresponding only to an evaporation effect
on the groundwater (BF), which constitute the base flow of the river. Leaching of variable
amount of soluble salts during overflow and/or interflow in the soil may 'contribute to the
solute concentrations observed. Because the maximum chloride content were observed during
the dry season (pattern 3 of Fig. 1) and the minimum in the rain season (pattern 1), it seems to
be likely that a third component that changes with the flow-rate of the river must be
considered. This constant input to the solutions may be due to the anthropic activity of the
area, and may contribute in a sensible extent to the total salinity of river waters. If C is the
concentration of a particular solute, b its natural (background) concentration, A its anthropic
per unit time, then c should be given by the the equation: C = A/Q+b. The data for several
solutes fit this patequation unit ttem reasonably well (Fig.2) and an estimate of b can be
obtained from the Cl, SO4 and HCO3 parameters giving the best fitting curve.
SO4 and Cl concentrations seem to be strongly influenced by anthropic activity, while
HCO3 seem to derive almost completely from water/soil interaction. 13C content of CO2 in
equilibrium with dissolved HCO3 indicates unique source of carbon along the whole basin
(Fig.3). 613C values = -17%o indicates an inorganic origin of CO2 corresponding to the average
value of carbon isotopes derived from the vegetation existing in the area.
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THE DISPERSION OF POLLUTANTS IN THE ROMANIAN RIVERS OLT,
SOMES AND DANUBE
Maria Pascu, I. Paunica, Institute of Physics and Nuclear Engineering, Bucharest, Romania
Alex. Pascu, National Institute for Physics of Lasers, Plasma and Radiation, Bucharest.' Romania
Knowing the flow and transport parameters of rivers could be determinative in establishing an
efficient alerting system to be used in case of accidental pollution by industrial spilling.
In order to study these parameters, tracer experiments were carried out into the Romanian rivers
OLT and SOMES as well as into the Romanian part of the DANUBE, using radioactive 82Br and
fluorescent Rhodamine B tracers.
In the field, the radioactive NfttBr was measured with field counter, equipped with Nal detectors
dived lm in water, fluorescence of Rhodamine B was measured with a Turner Designs fluorometer by
adequately sampling of the water.
At the measurement sites, the flow rates were 50.4 m3/s and 68.6m3/s for the OLT and SOMES
rivers respectively, and 3750 m3/s for the DANUBE.
The experimental procedure comprised measurements of tracer concentration sequentially in time.
Measurements were carried out in different transversal sections of the rivers, downstream the injection
point.
A basic analysis of the collected data allowed the calculation of the water Residence Time
Distribution, RTD, by using the equation :

RTD = 7 — ^ —

(1)

JC(t)dt
where C(t) is the tracer concentration i.e. the mass- in case of Rhodamine B, or the activity-in case of
radioactive tracer, per unit volume of water.
The longitudinal dispersion coefficient D and the average transit velocity V were calculated by
fitting (Origin 4.0, Microcal soft) the RTD function to the dispersion function:

Y = Yo + [A / sqrt(47r)D.x] . exp[- (x.v - L)2] / 4Dx

(2)

where D is the dispersion coefficient, A is a variable parameter, and L is the distance from the injection
point.
The RTD function and the dispersion function at different transversal sections for the river OLT
are depicted in Figure 1. The same parameters for the SOMES river are presented in Figure 2, while the
Figure 3 shows the parameters in case of the DANUBE.
It is interesting to note that in the case of the OLT river, the flow parameters Dx and v, and the
distance from the injection point one can established the relationship:

D x = k . v . xn

(3)
3

where the constant k is about 10' ,and n is 1.04.
In the case of the DANUBE, for which the dispersion coefficient is 0.48 m2/s in the first section
(L= 2 km downstream inj ection point), 1.06 m2/s in the second section (L= 3.3 km) and 1.5 m : /s in the
third section (L=5.15 km), one can establish that the dispersion coefficient depends linearly on the time, as
in the relation:
D

" "

D

-

t

(4,
3

2

2

where the constant D x 0 =0,12xl0" m 1 s

Unless the OLT and SOMES rivers where the maximum concentration depends on the distance x
as x'1'2, in the case of the DANUBE the maximum concentration depends on the distance as x"1:

(5,

M0
The above relationships are valid for the case
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4D_

«

1

(6)

The maximum concentration travels down the rivers with a constant velocity vn^x
grater than the average velocity ,v:

v

= v

1 + —r-

which is

(7)

Taking into account the case of radionuclides in the river, as discharged from a power plant, the
concentration of the radionuclides will depend also on the distribution coefficient on sediments Kd This
coefficients were measured for the following radionuclides: 1-131, Mo-99, Ce-144, Cs-137 and Zr-95. The
sedimental material used for measurements were: clay, sand, loess and specific alluvium and collected
from the DANUBE.
In the Table 1 are presented the distribution coefficients as obtained through the "static method".
TABLE .1
Kd (ml/g)
SAND
ALLUVIUM
RADIONUCLIDE
LOESS
CLAY
0.27
0.29
0.28
0.28
1-131
L08
Mo-99
2.14
1.58
1.98
1204
39
15
1133
Sr-90
Ce-144
266
70
154
30
280
580
Cs-137
1682
1446
1479
939
4044
6714
Zr-95
Furthermore, the rate of the absorbed radioactivity in the suspended solids was found in the case
of the DANUBE. This is obtained from transfer constants Ki.2 and K2 ] of the radionuclides, from the water
towards sediments and reverse:
Nr.
crt.
1
2
3
4
5
6

M, . M 2
M,2

Kd

M, + Kd. M,
(8)

Kd
where Mi is the radioactive polluted water mass, M2 is the suspended solid mass in the volume of polluted
water, Kd is the distribution coefficient and T J2 is the transfer time from water to sediments. The value of
M] and M2 were obtained from measurements carried out in the present work.
The results are presented in the Table 2. One can easily see the major difference of the absorption
of the radionuclide 1-131 on alluvium (2.62%) as compared to the absorption of Zr-95 on alluvium
(98.84%).
TABLE .2
Nr.
crt.
1
2
3
4
5
6

RADIONUCLIDE

Kd

1-131
Mo-99
Sr-90
Ce-144
Cs-137
Zr-95

0.27
1.08
15
30
280
939

L_

0.41
1.52
9.36
11.7
15.06
15.42

ky.Xij

Fc=k u . x w /M, (%)

1.51
1.40
0.62
0.39
0.04
0.016

2.62
9.7
60
75
96.53
98.84

In conclusion, one may say that the above reported type of measurement together with the
associated data processing enable describing the pollutant migration in the river and allowing to have a
quick estimate of the maximum concentration in every point at every moment downstream the spilling
point.
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Iodine: A New Tracer for Surface Water/Groundwater Interaction

P.H. Santschi, (Texas A&M University, 5001 Ave. U, Galveston, TX 77551), J.E. Moran (Lawrence
Livermore National Laboratory, L-231, P.O. Box 800, Livermore, CA, 94550), S. Oktay (Texas A&M
University, 5001 Ave. U, Galveston, TX 77551), E. Hoehn (Swiss Federal Institute for Environmental
Science and Technology, EAWAG, Ueberlandstrasse 133, CH-8600 Duebendorf, Switzerland), and P.
Shartna (PRIME Lab, Purdue University, 1396 Physics Building, West Lafayette, Indiana 47907)
The use of isotopic tracers for age dating and tracing recently recharged groundwater has gained
credibility from traditional hydrogeologists and water resource managers in recent years. Given that the
use of polluted surface water that has been artificially or naturally recharged for public water supply is
likely to continue to increase, geochemical tools for tracing surface water/groundwater interaction will
become increasingly relied upon for prediction of water quality. Anthropogenic 129Iodine has the potential
to join the established isotopic water tracers such as 3H/He, 14C, 518O and 5D, in tracking the movement
and chemical evolution of surface water from infiltration to subsurface flow.
129
Iodine was produced in nuclear bomb tests, which raised the ratio of 129I ( T ^ =15.6 my) to
stable iodine, 127I, by several orders of magnitude in the surface environment. Subsequent emissions of 129I
from European nuclear fuel reprocessing facilities, have resulted in a steady increase in 129I/127I ratios for
the past 30 years in reservoirs in exchange with the atmosphere. The highly sensitive analytical technique
of accelerator mass spectrometry allows measurement of 129I/127I ratios in surface water and shallow
groundwater from anywhere in the Northern Hemisphere, on sample sizes of one to four liters. The unique
biogeochemical behavior of iodine provides information about the role of biota and degrading organic
matter in fate and transport scenarios during infiltration.
We measured 129I/127I ratios in about 30 major rivers and found a strong signal of anthropogenic
129
I in all of them (Moran et al., 1998). The effect of local point sources such as the Savannah River
Facility and Hanford Facility are easily observed in the Savannah and Columbia Rivers, respectively.
Likewise, the Rhine and Rhone rivers in Switzerland, have ratios well above "background" due to their
proximity to the main global source in northwest Europe. Away from local point sources, one observes a
mixing trend between atmospherically-delivered 129I from European nuclear fuel reprocessing facilities, and
low-ratio iodine derived from soil weathering (Moran et al., 1998). This anthropogenic 129I should be
easily observable in soil water and shallow groundwater anywhere in the northern hemisphere.
Data on radioiodine speciation in surface soils and groundwater are limited and quite controversial.
The following species were found for stable and radioactive iodine: T, IO3', iodine associations with clay
silicates, sesquioxides, organic matter, and possibly free iodine (summarized in Von Gunten and Benes,
1995). Because of the mainly anionic nature of iodine species, particle-water distribution coefficients of
iodine species are low, i.e., approximately 1 cm3/g for I", and approximately 10 cmVg for IO3', while for
organically bound iodine, they are considerably larger. This would suggest retention in surface soils, which
typically are more organic matter rich than aquifer material.
Results of 129I and 127I analyses from the Glatt River and Glattfelden aquifers
(Switzerland), which are situated at 2-7 m away from the Glatt River, are given in Table 1. Values of
temperature, dissolved oxygen, and pH in the different samples ranged from 11-16 °C, 0.2-2.5 mg/1, and
7.3-7.8, respectively. These data are quite encouraging because of the very strong 129I signal observed, the
large range in 129I concentrations over a short distance, and the strong correlation between 127I and 129I. 129I
and 127I, as well as the 129I/127I ratios decrease from the river into the closest groundwater well, and from
there on more slowly with increasing water residence time (Table 1). Water residence times in these
aquifers are known from 222Rn (Hoehn and von Gunten, 1989) and 3H pulse dating (Santschi et al., 1987).
The 3H dating was carried out after an accidental release of 3H in the Glatt River by a manufacturing plant.
The fact that 129I/!27I ratios also decrease from the river into the groundwater, and in the groundwater with
increasing water residence time, agrees with the conceptual model that would predict that these ratios
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would decrease with increasing water or iodine residence time, in accordance with the approximately linear
increase in the recent decades from the atmospheric discharge rates of the European reprocessing plants
(Yiou etal., 1995).
Table 1. Results from the Glattfelden Aquifer, Switzerland
Sample#

1
2
3
4
5 (deep)
6 (river)

Water
residence
time (d)*
1.8
2.8
3
5
550
0

I29j

(10

.

127

I(ppb)

atoms/1)
8.9
6.3
6.4
5.9
0.69
20

2.9
2.8
2.5
2.6
1.6
4.0

129 127

I/ Iatom
ratio
(10-8)
6.9
5.0
5.7
5.1
0.96
11

*) According to Hoehn etal., 1989; Santschi etal., 1987.
The behavior of 129I is consistent with a two box model. The first region is situated right near the
river-aquifer interface, extending over less than 1 m, and retains all (or most) organically bound species of
iodine. Evidence from the Mississippi River indicates that approximately 50% of the 129I is bound to
macromolecular organic matter, and 10% or less is in a particle-bound form. If this is the case for the
Glatt River, this would be consistent with the approximately 50% decrease in 129I concentration from the
river water to the first groundwater sample (with 1.8 days water residence time). The second region
comprises the rest of the aquifer, and is where iodine species are slightly retarded in proportion to the ratio
of the residence time of the tracer to the water residence time, according to the particle-water partition
coefficient of the iodine species present.
Our preliminary data from the Swiss site suggests that in the very near field redox conditions and
organo-iodine retardation are important, while in the far field, changes in 129I related to changes in its input
function dominate. Given that the source for anthropogenic 129I has been increasing for the past 30 years
with a steep increase since 1990, (Yiou et al., 1994) it may be possible to match a 129I level with a date, as
is done for fuel-reprocessing $5Kr. Here, I29I enjoys two advantages over the tritium-helium method and the
85
Kr method: the much greater magnitude of the anthropogenic signal relative to the background, and the
much smaller sample size needed.
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Groundwater recharge processes were investigated in central Nevada by examining the
relationships between the stable isotope (D/H and 18O/16O) compositions of snowfall,
snowmelt, alpine spring waters, and regional groundwaters. The study area is inferred to
be the principal recharge center for a regional carbonate aquifer system that extends
>200 km from mountainous regions in central Nevada to the low desert along the
Nevada-California border. Emphasis was placed on understanding the isotopic
composition and evolution of snowfall and snowmelt infiltration, which may account for
up to 90% of recharge to the regional carbonate aquifers in Nevada [1].
Snow core samples were collected at 28 locations in central Nevada during the 19971998 El Nino season. Most samples were collected in early March and represent the
integrated (bulk) isotopic composition of the snowpack near the time of maximum
accumulation. Virtually all of the samples had undergone snow metamorphism, which
was most pronounced in samples collected at elevations below 2,000 m. The best-fit
regression line for the 28 snow cores is 5D = 7.5518O - 2.7. The negative deuterium
"excess" value implies kinetic isotope fractionation effects occur during aging of the
snowpack.
To investigate snowpack aging in more detail, individual snow layers were sampled at
five high elevation locations (2,100-2,300 m above sea level) in early March, and again
during intense melting in late April. Samples taken in March show 5I8O variations up to
5%o between different layers, reflecting isotopic variations in individual snowfall events.
In most cases, fresh snowfall has 518O-5D pairs that plot near the global meteoric water
line. In contrast, recrystallized snow at the base of the snowpack is commonly enriched
in heavy isotopes due to isotopic fractionation during snow metamorphism, as found in
previous studies [2, 3].
Compared to the March snowpack, samples collected in April were more homogeneous
in their isotopic composition. In addition, the bulk isotopic values of the entire snowpack
were typically 2%o heavier in 18O relative to the March samples. This enrichment process
follows a 518O-5D trajectory with a slope that varies between 6.9 and 10.3. Stichler et al.
[2] noted that during melting, the light isotopes predominate in the initial runoff, whereas
the heavy isotope content of the runoff steadily increases with time. This process is
consistent with the observed isotopic enrichment in the remaining snowpack.
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Friedman et al. [3] discuss the fractionation effects associated with various isotope
separation processes within a snowpack. Molecular diffusion during simple loss of water
vapor will result in kinetic fractionations associated with low slope 5D-518O trajectories
near 2. Conversely, redistribution of mass by vapor transport in the snowpack favors
downward enrichment in heavy isotopes, possibly resulting in 8D vs. 518O slopes greater
than 8. The data from this study suggest interplay between these various fractionation
processes determines the measured isotopic value of the snowpack at a particular point in
time.
Alpine springs and snowmelt-derived runoff in central Nevada plot along a best-fit
regression line with the equation 6D = 7.8518O + 0.9. This line is similar to the regession
line for the 28 snow core samples collected in March (8D = 7.5518O - 2.7) and suggests
that kinetic fractionation processes during snow ablation may largely account for the
small deuterium excess values observed in Nevada groundwaters. It is notable that high
elevation snow samples collected in March typically had bulk isotopic values that were
isotopically depleted relative to nearby alpine springs and creeks, whereas the April
snowpack characteristically showed isotopic enrichments relative to these springs. These
results suggest that small springs are probably the best indicators of the integrated
recharge isotopic value because of the dynamic evolution of the snowpack isotopic
composition with time.
Lastly, regional carbonate aquifer groundwaters in central Nevada show a shift to the
right of the global meteoric water line that is comparable to that of the alpine spring and
runoff data. Regional groundwaters are commonly 0.2 to 0.4%o lower in 518O relative to
alpine springs in surrounding ranges. However, we interpret this to indicate that the
recharge is predominantly derived from the highest elevation parts of the ranges, which
receive the highest amounts of winter snowfall.
This work was performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract W-7405-Eng-48.
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The impact of vegetation changes, agricultural practices, and water diversion schemes on the
health of surface and groundwater systems is becoming a high priority issue for many water
management agencies. Communities in urban and rural areas are demanding that water and land
development should not be at the expense of water quality. Assessing the long term changes in
water quality is not easy because monitoring records are either too sparse or too short to be
interpreted relative to the rapid changes that have occurred over the past century. Geochemical
and isotopic indicators in sediment cores can be used to obtain time averaged information about
the net changes in various processes over a longer time scale. Although analysis of bulk organic
matter cannot provide information about specific biogeochemical processes, they are very useful
for assessing long term changes and thereby underpin efforts to provide options for land and
water management strategies.
813C and 515N, as well as C/N ratios of organic material at natural abundance levels are being
increasing used to trace C and N cycles in aquatic ecosystems. Interest has intensified over the
past decade due to development of state of the art continuous flow mass spectrometry (CFMS)
at levels of precision that approach conventional dual inlet methods.
Results from organic matter preserved in sediments from three sites will be discussed:
1) Lake Alexandrina, is at the end of the 2,400 km long River Murray, and drains the
lowland semi-arid Murray Basin
2) Lake Burrinjuck, which is a reservoir constructed at the headwaters in a temperate subcatchment of the Murrumbidgee River
3) The Fitzroy River and it's tributaries, comprise a large catchment draining to the Pacific
Ocean, in tropical central Queensland.
The accumulation rates of sediment at these sites ranges from 3 to 15 rnm.a"1, and the time scales
represented for each of the cores (which range in length from 250 mm to 850 mm) correspond to
50 to 160 years. Modifications of the landscape in Australia did not begin in earnest until the
mid 1800's, and has accelerated over the past 50 years. We have compared the three sites to
establish, a) if there are any climatic differences in carbon and or nitrogen isotopic composition of
organic matter in these catchments, and 2) whether the changes in land use and water diversions
have had an impact on nutrient dynamics in these systems.
The range of C/N mass ratios, 813C and 615N of sedimentary organic matter for each of the 3
sites are given in Table 1. Because terrestrial vegetation tends to have C/N ratios >20, and aquatic
plants have C/N<10, the total range of values for all sites (7 - 14), particularly for Lake
AJexandrina, indicate terrestrial litter makes up a minor part of organic matter permanently buried
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TABLE 1: Range of C/N, 5 13 Corg and 5 15 Norg values for the three study areas.
Site Name

Lake Alexandrina (SA)
Lake Burrinjuck (NSW)
Fitzroy Catchment (Qld)

C/N

513Corg

615Norg

g/g

%o,PDB

%o, AIR

7-10
11 -14
8.5-14

-28--21.5
-26.5 - -24.5
-23 - -20

+1.5-+4
+2.5 - +5
+2 - +6

in the sediment. Carbon isotope composition of the tropical system (Fitzroy) appears to be
more enriched in I3 C compared with the temperate areas, possibly reflecting differences in
carbon uptake pathway for the tropical systems. Although we noted above that little terrestrial
carbon contributes to sediment organic matter, mineralisation of terrestrial carbon is the dominant
source of carbon for aquatic metabolism. All sites show enrichment of 15 N compared with
atmospheric N. The Lake Alexandrina and Lake Burrinjuck sites also show a trend of increasing
15
N concentration over the past 40 years suggesting either a trend towards nitrogen limitation
(perhaps induced by increasing P loads) and/or increasing amount of NH4 loadings to the aquatic
systems due to land use development.
An example of sediment organic matter profiles collected at Lake Alexandrina (Fig. 1) show
variations over a 150 year period with the distinct increase in 15 N in the upper 15 cm, and
changes in carbon isotopes due to the effect of flow regulation.
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Fig. 1. profiles of C/N ratios, 5 13 C and 6 15 N for three sites at Lake Alexandrina, South Australia.
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OF FINE SEDIMENTS IN SUSPENSION
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In the aquatic environment, heavy metals and many organic compounds are usually
associated to the fine sediment phase (silt and clay). The fate of these contaminants will be
associated to the dynamic behaviour of suspended or bottom sediments in polluted streams. The
study of suspended sediment behaviour, is an activity to be included in many environmental studies.
Of special interest is the behaviour of individual discharges of contaminants associated to
suspended sediments, the short-term behaviour of contaminated dredged material from harbours and
reservoirs, being dumped into water bodies, and the behaviour of natural sediment in suspension in
bays, estuaries or reservoirs. Tracking for few hours the contaminated suspended sediments
originated from individual discharges could allow, in some cases, the quantitative in situ
determination of the advection, dispersion, dilution and sedimentation rates [1]. These parameters
are important for the calibration and validation of hydrodynamic models which consider
simultaneously the solid and liquid phases.
Radioactive tracers are used to label the fine sediment and some of them, such as: 198Au, 46Sc
and Cr, have been employed to study the dynamics of fine sediment in suspension. The labelling
technique consists in adsorbing the tracer in an appropriate chemical form to the sediment.
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" T c has been used for water tracing in short-term hydrological studies and seems to be a
rather easy radionuclide to be obtained even in countries where nuclear reactors are not available,
because of its extended use in nuclear medicine. One limitation to its use in hydrological studies is
that not much information is available on its behaviour in the water system. Tc is produced as an
anion (pertechniate) and can be readily reduced in anaerobic or reducing conditions in contaminated
water bodies, conditions which would allow its adsortion in suspended matter.
The possibility of using Tc in a reduced form, to label fine sediments, was studied in
laboratory and field conditions. Different reducing agents were tested and the effect of the amount
of chemical reducer used, and of different ratios of sediment to water mass were investigated. A
very simple method for labelling fine sediments has been thus developed, using SnCl2. The reducing
agent is added to the pertechniate solution eluted from a " M o / ^ T c generator and mixed with the
suspended sediment to be labelled. The reduction and adsortion kinetics are rather fast. After five
minutes, 95% adsortion is achieved.
Other reducing agents tested, as NaS2O3 and hydroxilamine hydrochloride were not able to
reduce the pertechniate to TcO2, or at least, the adsortion rate was negligible.
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The adsortion efficiency decreases with increasing amount of reducing agent in the
conditions tested in the laboratory, probably due to the competition of excessive Sn2+ ions with the
Tc adsorbable compounds in the sediment active site. The adsortion efficiency decreases with pH
below pH 5, which allows to label sediments in the field, at the normal pH values found in surface
water.
In the laboratory conditions, the adsortion efficiency increases with the sediment to water
ratio. The maximum adsortion is obtained with a concentration of at least 15 g/1. Considering that in
the field labelling of suspended sediments, much higher concentrations are used, this condition is
fulfilled.
The binding of the Tc reduced compound to the sediment particles is rather strong.
Experiments made washing the labelled fine sediment by stirring it with water, showed that the
losses of Tc to the water are negligible.
A field demonstration study was performed in a river, labelling fine sediments with some
400 mCi of 99mTc "in situ", according to the methodology developed in the laboratory. The
evolution in the river of the labelled sediment cloud after injection, was followed for a couple of
kilometres. The counting rate obtained was very satisfactory when compared to the natural
background.
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This study attempts to quantify the soil erosion and sedimentation rates (estimated
through 210Pb) in a disturbed small lacustrine basin in relation with its land use history. The
drainage basin of the San Pedro lake (4.5 km2) is situated in the Nahuelbuta Mountain
Range in south-central Chile (36°51'S; 73°05'W). The lake has a surface of 0.87 km2, a
maximun depth of 18 m and an average depth of 10.3 m.
A 50 cm long, 7 cm diameter core sample was obtained by scuba diving from the
central and deeper part of the San Pedro lake. The absence both physical and biological
disturbation of sedimentary record through the core was evaluated by X-ray inspection.
Subsequently, the core was extruded vertically and cut into 1 cm slices. For each subsample
routine measurements of dry density (drying at 105°C) and organic carbon (loss on ignition
at 550°C) were made. 210 Pb (22.3 yr) activity of each subsample was calculated by
measuring the activity of the first daughter isotope 210Po (138.4 days) using alfa
spectrometry [1]. The supported 210Pb was estimated from the constant values of the three
deepest samples. Ages and sedimentation rates of the core were determined using the
constant rate of supply (CRS) model [2, 3, 4].
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FIG. 1. Unsupported Pb activity, chronological model and sediment accumulation rate
plotted against depth in San Pedro Lake core.
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Unsupported 210Pb, age-depth relationship and sediment accumulation rate profiles
are presented in Fig. 1. The total residual unsupported 210Pb load in the core is 0.07569 Bq
cm" equivalent to a 2I0 Pb flux rate of 23,57 Bq m"2 yr"1. Unsupported 210Pb activity does not
decline smoothly with depth, proving changing sedimentation rates. The Unsupported 2I0 Pb
profile yielded a date at 15 cm of 113 years (Fig. 1). The net sediment accumulation has
varied by more than an order of magnitude, from 5,20 mg cm"2 yr'1 in 1883 to 60,00 mg cm"2
yr"1 in 1968. The temporal variation of sedimentation rates shows three clearly different
sedimentary events. The first one began ca. 1883 (5,20 mg cm"2 yr"1) having its maximum
intensity in the late 1940s (58,10 mg cm"2 yr'1). Subsequently, early in the 1950s (24,30 mg
cm"2 yr"1) another episode began, reaching its highest rates in the late 1960s (60,00 mg cm"2yr"
l
). Finally, the last event started around 1978 (26,10 mg cm'2 yr"1), continuing until the present
decade during which an extreme value of 52,00 mg cm*2 yr"1 was observed (Fig. 1). Applying
linear interpolation between the oldest date, obtained with 210Pb at the 15 cm depth (1883), and
the top of the core, corresponding to the year 1996 when the core was taken, a mean
sedimentation rate of 1.33 mm yr'1 was estimated. Based on mass accumulation analysis
considering the last 113 years (3,35 mg cm"2), a mean sediment accumulation rate of 29.66 mg
cm'2 yr"1 was derived.
It is possible to obtain a first approximation of erosional tendencies in a lake
using the lake bed and catchment areas together with sedimentation rates [5, 6]. The
estimated erosion rates fluctuated between 0.10 t ha"1 yr"1 during relatively pristine
environmental conditions and 1.16 t ha"1 yr"1 at the beginning of urban development in the
catchment. Relating the erosional record to the land use history suggests that the sediment
yield from the San Pedro Lake catchment has been strongly influenced by human activity.
The most dramatic historical land uses changes (deforestation of native forest, intensive
agriculture and urban development) appear clearly registered in the sediment column.
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Two cores (GS19) and GS04) of bottom sediments about 10 m length at near 500 m depth where
taken from the Central and Southern sea basins which are devided by shallow Apsheron threshold
[1]. Isotopic composition of oxygen and carbon of carbonate minerals as well as radiocarbon dating
and material analysis of sediments were done. It was found that unique position of the Caspian Sea
between its humid northern and arid southern parts of the catchment area allows to read in the
bottom sediments isotope record of sedimentation rate changes caused by climatic events. Figure 1
presents two curves of radiocarbon age t as function of depth h of the measured core samples Their
sedimentation rate is v = Ah/At.

0

5

a

20

:

5(1

llgi;

A Son*

100

tl»4!

ISO

baiiii

\

\

200

s

500
350

'•

\

\

400

8
\
1 Central
i bids

550
600

f

:

650

»~ —

700
T50 •

V\
*

1

<

'

II

•

_

Fig. 1. Sedimentation rate along the profiles of GS19 and GS04 cores
Here points marked with • ,* are measured by R.Petrosius in Vilnius and by M.Groening
in Vienna and with + by A.Escudie et al. in Paris [2].
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One can see on the Figure chat the time dependance of the sedimentation rate in two basins looks
like mirrnr image. Namely, the rate increase for in basin is accompanied by its decrease in the other
one. In fact, within the time interval between 24 and 11 ka mean value of sedimentation rate in the
Central basin was 0.12 mm/a, but between 11 and 6 ka the rate value increased by order and was
equal to 12 mm/a. On the contrary, in the Southern basin within 23 and 17 ka mean value of
sedimentation rate was the highest and equal to 0.9 mm/a and between 17 and 6 ka it was dropped
up to 0.19 mm/a.
After consideration of all the available experimental results (isotopic composition of oxygen and
carbon of the carbonate minerals, Ethology, salinity of the pore water, carbonate mineral content
etc.), the following explanation of phenomenon of the sedimentation rate changes in the Central and
Southern basins was found
Because of humid climate in the northern part of the catchment area of the Caspian sea the main
portion (>80%) of the river runoff and sediments comes from the north and keeps high sedimentation
rate in the Central basin. During the cold periods over the northern catchment area when the zone of
humidity was shifted to the southern direction, the situation with the runoff and sedimentation was
changed vice versa. The southern mountain region was covered by wide ice shield, which supplied
the rivers with water and sediments and provided high sedimentation rate in the Southern basin. By
analysis of the bathymetric map and latitudinal sections of the Apsheron threshold the heavy river
bed with a number of ancient terraces was discovered (Figure 2).

Fig. 2. Bathymetric section of the Apsheron threshold.
The narrow entrance and wide mouth of the river bed demonstrate the fact that the direction of the
water flow in the cold climate episodes was always from the south to the north. It means also that
the sea level dropped lower of the threshold bottom and the hydraulic connection between the two
basins was interrupted.
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The chemical and isotopic evolution of groundwaters in the Murray and Renmark Group
aquifers of the south-western Murray Basin, Australia, were studied using major ion
chemistry, stable isotopes of water molecules (52H, 518O), strontium isotopes (87Sr/86Sr) and
mass transfer modelling. These methods can provide an insight into possible mechanisms that
control the chemical composition and salinity of groundwater in the Murray and Renmark
Group aquifers.
The regional Murray and Renmark Group aquifers of the Murray Basin extend over
approximately 60,000 km2 of eastern South Australia and western Victoria, Australia. The
unconfined Murray Group limestone Aquifer is separated from the underlying Renmark
Group Sand Aquifer by a 20 - 30m thick aquitard. As the region has no surface drainage,
groundwater is an important water resource for agriculture and stock use. The groundwater
salinity of the Murray and Renmark Group aquifers are relatively fresh in the southern part of
the basin (-500 mg/1), increasing to brackish along the hydraulic gradient (-2,500 mg/1). This
zone covers approximately 80% of the study area. The groundwater then rapidly becomes
saline (15,000 - 23,000 mg/1) towards the northern part of the study area near the River
Murray about 250-350 km from the basin margin. The hydraulic head in the Murray Group is
higher than that of the Renmark Group (ie, potential for downward leakage) through the fresh
and brackish areas, while the head gradient is reversed in the northern, more saline area (ie,
potential for upward leakage).
Although the groundwater chemistry displays seawater like composition, 82H and 818O values
are similar to mean winter rainfall, indicating that groundwater in the Murray Group Aquifer
is of meteoric origin. Ratios of Br/Cl and Na/Cl are similar to seawater indicating that the
solutes are derived from atmospheric fallout of marine aerosols rather than dissolution of
evaporite minerals (Fig.l). The geochemical mass balance calculations suggest that the
current chemical composition of fresh and brackish groundwater in the Murray Group
Aquifer is produced by combination of: evapotranspiration of rain water prior to recharge,
equilibrium with carbonate minerals, and Na-Ca exchange reaction under soil gas pCOj
of~10"15atm.
The 87Sr/86Sr ratio can be used to divide the groundwater of the Murray Group Aquifer into
two distinct groups. Groundwater located in the southern part of the study area has a
relatively less radiogenic 87Sr/86Sr ratio, while the saline water in the northern part of the study
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area is characterised by more radiogenic 87Sr/86Sr values. The higher salinity and more
radiogenic 87Sr/86Sr ratio of groundwater in the northern areas can be explained by the mixing
of relatively more saline and radiogenic groundwater of the underlying Renmark Group
Aquifer via upward leakage. A mixing model using Sr concentration and 86Sr/87Sr ratio has
been applied to quantify the relative proportions of groundwater in the saline part of the
Murray Group Aquifer that is derived from: (i) upward leakage from the Renmark Group
Aquifer, (ii) local diffuse recharge, and (iii) laterally flowing groundwater of the Murray
Group Aquifer (Fig. 2).
The Na and Cl ion concentrations, along with 82H, 5I8O values of groundwater of the
Renmark Group Aquifer, also reveal the dominance of evapotranspiration of meteoric water,
with the resultant saline recharge water having a signature of marine derived solutes. These
data strongly suggest that the very saline groundwater in the Renmark Group is a remnant of
much lower recharge rates in the past. Variable amounts of water loss during
evapotranspiration in the recharge area causes variation of Cl and other major ion
concentrations along the inferred flow line in the confined Renmark Group Aquifer. In
addition to evapotranspiration, the mass balance and mass transfer calculations suggest that
carbonate mineral dissolution, Na-Ca exchange, and back reaction of Na to form secondary
clay minerals controls the chemical evolution of groundwater.
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Fig. 2 Model of the 87Sr/86Sr ratio from the
northern part of the Murray Group Aquifer.
The two lines (a and b) represent mixing
between groundwater from the Murray
Group Aquifer (MG) with soil water (SW)
via local diffuse recharge and with
groundwater from the Renmark Group
Aquifer (RG) via upward leakage
respectively.

Fig. 1 Sodium and Br vs. Cl concentration
of groundwater from the Murray Group
Aquifer. The data fall on the sea water
dilution line. This suggests that
groundwater may be derived from rainfall
that has Na:Br:Cl ratios similar to that of
sea water.
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Research on fractured rock aquifers, has been largely based on a physical
understanding of the system through groundwater hydraulic models and injected
tracers tests. Environmental tracers however have large advantages over the former,
as they can integrate over temporal and spatial scales. Groundwater in the Clare
Valley, South Australia is stored in low porosity fractured dolomites, siltstones and
quartzite's of Proterozoic age. The data we report here is from a carbonaceous
dolomite aquifer. The well was originally drilled open hole and profiled for electrical
conductivity (EC), temperature and 222Rn. The site was then converted to nested
piezometers where short term hydraulic conductivity (K) tests were conducted and the
piezometers were sampled for environmental tracers 14C, 13C, 2H, 18O and CFCs.
Down hole electrical conductivity (EC), temperature and radon profiles have
been used to infer the location of fracture flow into the open borehole (Figure 1). Step
like changes in EC of up to 1.5 mS/cm occur over vertical distances of only 1-2
metres with a corresponding small increase in temperature at the same depth. These
step like changes occur on the 5-20 metre scale at this and other sites in the Clare
Valley. We believe that these step like changes represent the location of fractured
flow into the bore. 222Rn has been used as a qualitative indicator of groundwater flow.
We assume that the concentrations of 222Rn is uniform in the aquifer over the length
of the borehole. We observe high 222Rn concentrations in the upper 35 metres of the
bore, with small peaks of 222Rn at depths of approximately 50 and 80 metres which
correspond to step changes in EC and temperature. High values of hydraulic
conductivity (K) at the top of the flow system correspond to high 222Rn concentrations.
K values decrease with depth indicating decreasing horizontal flow for the lower flow
system.
The dominant control on the chemistry of these groundwaters, is
evapotranspiration during recharge with addition of Ca, Mg, HCO3 above the marine
ratio due to carbonate dissolution. As the stable isotopes of the water molecule are
meteoric, this suggests a marine aerosol origin for these groundwaters. However as Cl
increases 52H becomes more depleted, which is the opposite affect we would expect
from a ET evolutionary sequence. We suggest that this trend is a result of mixing.
The presence of CFCs, and uncorrected 14C > 70 %MC at 35 meters below the
water table indicates that a proportion of relative modern water has reached this depth.
These represent maximum water "ages" due to retardation of the solute in the matrix
by diffusion from the fracture to the matrix. We can convert these to minimum
vertical velocities of 1 myf1 for CFCs and 0.025 myr"1 for 14C. The steeper 14C age
gradient below 35m indicates decreased vertical connection. Less retardation of CFCs
40

relative to !4C is most likely a result of exchange with the solid carbonate rock. Any
retardation of the initial I4C activity due to chemical dilution is considered a second
order process compared to matrix diffusion and exchange with the solid carbonate
rock.
The major source of dissolved salts in the system is via ET, however we
believe that the different step changes in EC do not originate from physically different
recharge zones. We propose that the step changes in EC and tracer profiles are a result
of mixing from increased recharge to the system since the clearing of native
vegetation 100 years ago. Pre clearing, recharge to the system was low, and there was
solute equilibrium between matrix and fractures. Since clearing, recharge has
increased by an order of magnitude, which has resulted in the introduction of lower
salinity groundwater which is currently flushing through the system. Diffusion
gradients were established, dissolved salts diffuse from the matrix to the fracture,
while CFCs and 14C diffuse from the fracture to the matrix. Greater flushing of the
system has occurred in the upper flow system due to higher horizontal K, closer
fracture spacings and larger apertures. Decreased flushing of the system occurs for the
lower flow system due to decreased hydraulic connection and wider fracture spacings.
We estimate that it would take in the order of 150 years for the upper system to reach
a new equilibrium and up to 200, 000 years for the lower system.
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for the Detection of 81Kr and first application to groundwater
dating.
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We present the development of an AMS technique for the detection of 81Kr (t1/2 = 2.3xlO5 a) as well as the first
application of this method to date groundwater samples from the Great Artesian Basin of Australia. Due to its
favourable geochemical properties, 81Kr is possibly the only cosmogenic radionuclide that has the potential to
become a reliable absolute chronometer for groundwater dating.
Our initial result obtained in 1994 [1], 8lKr/Kr = (5.3±1.2)xlO13, agrees well with previously known values from
low-level counting of pre-nuclear krypton [2]. This experiment encouraged us to pursue this measuring
technique as part of a program to develop AMS for long-lived noble gas radionuclides [3] using the
Superconducting Electron Cyclotron Resonance Source (SCECR) coupled to the K1200 Cyclotron of Michigan
State University [2, 3]. The main technical problem for the detection of 8IKr with AMS resides in the separation
from the isobaric 81Br background. As there is still very little understanding of the source of bromine we
concentrated our efforts on the separation of 8lKr from 81Br using full stripping (see figure 1).

Fig. 1. Schematic view of the experimental set-up at Michigan State University. The superconducting ECR
(SCECR) source coupled to the K1200 cyclotron and the A1200 mass spectrometer is used in an
attempt to separate the ^^Kr-^^Br isobars using full stripping at high energies.

42

After the acceleration of 81Kr17+ to 45 MeV/A in the cyclotron, the ion pass through a Be foil (18.8 mg/cm2). The
fully-stripped ^Kr36* («70%) is then separated from the ''Br35* using the A1200 mass spectrometer. Various
experimental configurations as well as support gasses and stripper foils have been tested in an attempt to
optimise this method. In order to handle small gas samples («0.5 cm3 gas STP) a portable computer controlled
gas handling system was developed [2, 4].
A subsequent AMS experiment in 1996 enabled us to determine isotopic ratios of 81Kr/Kr in the range of 10'13 in
pre-nuclear atmospheric krypton and in modern krypton. Within our experimental uncertainty the 81Kr/Kr ratios
were found to be the same. This established 81Kr as a long-lived cosmogenic radionuclide essentially unaffected
by anthropogenic contributions, and therefore well suited for dating applications. The anthropogenic
"cleanliness" of 81Kr is in accord with estimates for contributions from various human activities.
These results encouraged us to undertake the next step in this program: The effective dating of groundwater
samples from the Great Artesian Basin of Australia. Four large volume samples (16.000 litres) where degassed
during a field trip in January 1998. About 0.5 cm3 STP of Kr was then separated from typically 300 litres of
extracted gasses at the University of Bern. The AMS measurement of the krypton samples at MSU enabled us to
determine following isotopic ratios and ages for the groundwater samples (see Table 1):
Samples
Natural atmospheric krypton
Raspberry Creek.c)
Oodnadatta.c)
Duck Hole. c)
Watson Creek.c)

"Kr/Kr"
(5.2±O.7)xlO-13
(2.63±0.32)xl0"13
(1.78±0.26)xl0-13
(2.19±O.28)xlO"n
(1.54±0.22)xl0"13

Age (years)10

0
(225±42)xl03
(354±50)xl03
(287±38)xl03
(4O2±51)xlO3

Table I: Summary of results for the groundwater samples from the Great Artesian Basin. aJMeasured isotopic
ratios normalised to the known value in natural atmospheric krypton, (5.2± 0.4)xl0~^[4J. The
quoted errors in the table are only from the present measurement, b) Ages are calculated by assuming
radioactive decay only. For absolute dating purposes, an additional systematic error of 8% must be
added. This originates from the uncertainty of the naturally occurring °'Kr/Kr ratio given above, c)
Sample names are derived from the geographic location where they where taken
The interpretation of these results as well as comparisons with 36C1 data we refer to B. Lehmann et al. (This
conference 81Kr, 36C1 and "He dating in the Great Artesian Basin of Australia).
Although groundwater dating is within our scope, the overall detection sensitivity (81Kr detected / 81Kr in the
sample) is only about 5xlO'5. However as demonstrated, this is adequate for 81Kr dating of large groundwater
samples.
For this project we thankfully acknowledge the support of the Hydrology Section of the IAEA.
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The increasing population in Egypt is putting a great pressure on the existing fresh water
supplies of the Nile system, which is the main source of water in Egypt. Therefore moving to the
fringes of the desert and looking for new land reclamation projects that depend totally on locally
pumped groundwater seems to be one of the most promising solutions to the water shortage
problem.
However, there are serious limitations about the intensive use of groundwater
resources as some of these resources are non-renewable. For this reason, it is of utmost
importance to identify the possibility of recent recharge to the groundwater aquifers. Figs.(1, 2)
show the location of the project area and sampling sites. Fresh groundwater is present in the
Quaternary aquifer (5-50 m depth), fresh to brackish groundwater is pumped from the aquifer of
the Plio-Pleistocene and of Wadi deposits (60-100 m ) both on elevated structural plateaus [1, 2].
Hydrographic records show a fast and delayed hydraulic response of the groundwater level of
the Quaternary aquifer and the Plio-Pleistocene aquifer respectively, to level change of River
Nile in Qena region. Hence, these aquifers form joint hydraulic systems [3]. Below 150 m locally
semi-confined or confined Nubian Sandstone aquifer is situated and contains fresh water under
artesian conditions. It may have hydraulic contacts to the shallow Quaternary 'aquifer by
structural zones and fractures. The River Nile crosses the Qena area, its water is artificially
distributed via channels for irrigation agriculture far into the inland. Irrigation return flow and
leakage from the drainage systems pollute the groundwater in the Quaternary aquifer and in the
aquifer of Wadi deposits. These fluxes explain why the groundwater in the Upper aquifer
consists mainly of Nile water. In addition episodically occurring floods may contribute to the
groundwater recharge. Samples for hydrochemical and isotope analysis were collected in the
period 1994-1996. The isotope analysis of 14C, T, 180, D and 13C were carried out with the
help of IAEA. The hydrochemical situation is rather complex due" to dissolution and pricipitation
of salts, evaporative enrichment and ion exchange. High sulphate concentration could be
attributed to anthropogenic sources (e.g. fertilizers) and dissolution of naturally occurring
gypsum. Figs. (3-6) show conventional 818O-5D diagrams for the collected water samples from
Qena area. The distribution of the plotted points for The Quaternary aquifer are alocated around
that of The River Nile before and after the construction of Aswan High Dam. The groundwater of
the Nubian Sandstone aquifer lies on the far depleted portion. Whereas the Plio-Pleistocene
aquifer and Wadi deposits are affected by mixing and evaporation processes. One of objectives
of the isotope hydrological study is to estimate the contribution of different groundwater to the
water budget. The dominant process is mixing, there are six possible end member components
with different isotopic signature as follows:
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12345-

River Nile water before construction of Aswan High Dam (NRO ).
River Nile water after construction of Aswan High Dam (NR).
Canal water which transport River Nile water with a different isotopic values (CW).
Irrigation water return which is isotopically enriched water (Ir).
Flood waters (FW), frequently occur every year since 1993 may contribute to the groundwater
recharge, This water is about 3 to 4 %o isotopically less enriched in S180 than the Nile water.
6- Nubian Sandstone water (Nb), this water is a major isotopically depletted component which
had been recharged in cool and humid period {Pleistocene time}.
Applying different mixing models using several end members resulted in the following
contributions from palaeo water for the different aquifers:
Quaternary aquifer, ( 1 to 5 %), Plio-Pleistocene aquifer, ( 9 to 16 %) and in Wadi deposits and
Basement aquifer, (25 to 35 %).
The main results of the chemical and the isotope hydrological evaluation are:
1- The mean residence time of the groundwater in the Quaternary aquifer ranges from a few
decades to centuries, while in the Plio-Pleistocene aquifer it ranges from a few centuries to
millennia as indicated from tritium and carbon-14 measurements.
2- The majority of the groundwater samples was affected by partial evaporation as shown by the
slopes of their regression lines.
3- The recharge contribution of the palaeo water of the Nubian Sandstone aquifer is estimated to
be up to 35% of the total input sources.
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At Schusselgrund near Konigstein, Saxonia a 24 hectares, 3.7 Mio m3 uranium mine dump has
been built up in consequence to an intensive exploitation of uranium ore deposits near Dresden. In
order to evaluate and to specify both actual and future environmental impacts of the disposal site, investigations of environmental and radioactive isotopes have been performed as part of a hydrogeological and hydrochemical study at the Schusselgrund Mine Dump.
The aim of this study was to derive an optimized and thus sounding concept for remediation,
which includes long time scenarios for the radiological future behavior of the dump and its effluent
waters. This also provides a basis for the risk assessment of man's radiological exposure due to possible water usage in the surrounding areas. Therefore, the study focussed on geochemical characterisation of the surface- and groundwaters, on migration-processes and time scales of the release and subsequent transport of radionuclides and other contaminants within the groundwater. The following topics were investigated in detail:
•
•
•
•
•

2

H/'8O-environmental isotope contents in pore and surface water to specify the mean residence
time in the dump and the impact of contaminants on the surrounding rivers
3
H, S5Kr and l4C-contents in the underlaying aquifers to receive information on mean residence
times and mixing processes in the different groundwaters levels
output of radionuclides (U, Th, Ra and Ac) through percolating waters
222
Rn emanation rates in waters and soil
and special investigation of dissolved radium nuclides (223Ra, 224Ra, 226Ra and 228Ra).

The dump is covering the former Schusselgrund-valley, which was formed by weathering of the
cretaceous sandstone outcropping in the investigation area (see Fig. 1). Due to fractures and tectonic
structures the sandstone is classified as a combined pore- and fracture-aquifer. There are four different
aquifers in this area, of which only the third aquifer is used for the lokal drinking water supply.
Groundwater and surface water samples were taken at selected monitoring wells upstream and downstream from the Schusselgrund Mine Dump. The hydrochemical results clearly indicate the leakage of
contaminated dump water into the groundwater systems. The evolution of these contaminant contents
can only be interpreted by a combination of hydrochemical and hydroisotopical investigations.
Underneath the dump we find significantly contaminated water in the first and second aquifer in
a narrow strip of faultet rock. The main contaminants comprise of uranium and radium as well as of
zinc, nickel and sulfate. Within this study, the groundwater of the third aquifer did not show any
detectable influence of the dump waters.
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FIG. 1. Schematic cross-section of the Schusselgrund Mine Dump
The contaminant content present in the first aquifer represents the utmost contamination (at the
prevailing geochemical conditions), which is feasible within the aqueous environment of the dump.
This can be concluded from 3H- and 85Kr-contents in the groundwater of the first aquifer. These
isotopes yeald a mean residence time of about 20 years, which obviously is less than the life time of
the dump (build up in 1967). The second aquifer shows a groundwater mixing system with 3Hcontents below recent precipitation. The absence of a polluted groundwater component in the third
aquifer is supported by high groundwater ages of about 2000 to 5000 years according to the 14Cvalues. However, there are local groundwater samples showing 3H-content of up to 10 TU, which may
be caused by groundwater flowing on fractures and on pathways within the former mine system. The
mean residence time of those waters percolating the dump is about 5 years. The surface near dump
waters as indicated by stable isotope-( 8O)-investigations (,,annual variation") take one month to drain
into the nearby rivers.
The combination of isotopical data, specific radiological investigations and conventional
chemical analyses turned out to be the basis for the validation of the contamination potential and
environmental impact of the disposal site. The results show, that there still is a significant potential for
acid mine drainage due to the amount of original mine material remaining at the dump. As a result of
this combined approach, in-situ-remediation with covering the dump and reducing the infiltration
rate is discussed.
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ISOTOPICALLY HIGHLY ENRICHED SHALLOW
GROUNDWATER BELOW DRY SEDIMENTS
GEYH, MEBUS A.
Joint Geoscientific Research Institute, Hannover, Germany
GUWEIZU
Nanjing Research Station Chuzhou, China
The isotopic compositions of oxygen and hydrogen of the shallow groundwater in the Gurinai
Grasslands west of the Badain Jarim Desert in China are unusual: The 518O/52H values fit an apparent
local meteoric water line with an extremly low deuterium excess of <-20%o (Fig. 1; [1]). Four possible
causes are considered: (a) the presence of fossil lake water in the groundwater, (b) input of water from
the Black River, (c) unusual isotopic compositions of the regional precipitation, and (d) processes
which secondarily modify the isotope signature of the groundwater. Cases (a) and (b) can be excluded
on the basis of our earlier results and the geohydraulic circumstances in the-study area.
In two other case studies, similar unusual isotope compositions have been found for shallow
groundwater in the Valle del Rio Copiapo in the arid part of central Chile [3] and for water in lakes
along the northern tree line of Canada [2].
The extremely low deuterium excess can be explaned by the physical processes in the
unsaturated zone which modify the isotopic compositions of the pore water in semiarid and arid
regions [4]. The slope of the evaporation lines in the 618O/52H plot decreases from 4 - 5 for open
water systems down to about 2 in the unsaturated zone with increasing thickness of dry cover sediment
of the shallow groundwater.
In the Gurinai Grasslands and at the foot of the megydunes in the Badajilin Desert the dry
cover sediments are 0.5 to 3.5 m thick, the groundwater level and the isotope enrichment due to
evaporation are constant over the year. There is a linear interrelationship between the 518O values and
the depth of the water table. The unusual isotope compositions are understandable if (i) evaporation
lines with different slopes are assumed, (ii) the composition of the cover sediments is uniform,
(iii) steady-state conditions along the isotope profiles are established before the next recharge event,
and (iv) groundwater recharge is lower than the amount of pore water in the unsaturated zone. This is
also the case for the explanation of the unusual isotopic compositions of two other case studies in
northern Canada [2] and in the Valle del Rio Copiapo [3].
This finding can be helpful to estimate regional evaporation rates for balance studies of
shallow groundwater.

References
[1] GEYH, M.A., WEIZU, GU, Preliminary isotope hydrological study in the arid Gurinai Grassland
area, Inner Mongolia, Isotope Techniques in Water Resources Development 1991 (1992) 661—
662; Proc., IAEA-SM-319/23P; IAEA, Vienna.
[2] GIBSON, J.J., PROWSE, T.D., Water balance trends across the northern treeline inferred from
isotopic enrichment in lakes, Isotope Techniques in the Study of Environmental Change (1998)
207-224, IAEA, Vienna.
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FIG 1. Apparent "Local Meteoric Water Line" (LMWL) with a deuterium excess of < -20%o of the
groundwater in the Gurinai Grasslands in the arid part of central China [1]. There is a linear
interrelationship between the S8O values and the depth of the water table. The 88O and SH values
may be explained assuming a decreasing slope of the evaporation line with increasing thickness of the
dry cover sediments above the saturated zone. The blue squares belong to precipitation at the Black
River and within the Badajilin Desert (blue squares within the blue circle) east of the Gurinai
Grasslands. The green dotes belong to the water from the Black River which is isotopically enriched
during the hot summer time.
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ISOTOPIC STUDIES OF NATURAL WATERS IN THE SKAGAFJORDUR
REGION, N-ICELAND. DEUTERIUM EXCESS AND 14C AGE OF
GROUNDWATER.

A. E. SVEINBJORNSDOTTIR, S. ARNORSSON
Science Institute, University of Iceland, IS-107 Reykjavik, Iceland
JAN HEINEMEIER
Institute of Physics and Astronomy, University of Aarhus, DK-8000 Aarhus, Denmark
The Skagafjb'rdur region in N-Iceland is geothermally active on both sites of the valley,
where the water temperatures range from the annual mean temperature (~ 5°C) up to 90
°C and 43 °C on the western and eastern site of the valley, respectively. The geothermal
activity is mostly connected to young, open fissures in otherwise impermeable
bedrock. 253 samples have been collected from the region in order to study, among
other things, the origin and age of the waters by stable isotopes and other natural
chemical tracers.
It has been suggested that the deuterium excess values, defined as d=8D18
8*5 O, in cold groundwater and low temperature thermal water can be used to
recognize old groundwater originating from precipitation when the climate was different
from today (1). In order to do that it is essential however, to know the deuterium excess
values of natural waters of our climate regime. The Skagafjordur data-set gives an
excellent oppertunity to do that.
Figure 1 shows that 5!8O and 5D of the waters follow the meteoric line that has
been defined for Iceland (2), apart from the isotopically lightest samples, which show a
slight oxygen shift (< l%c) and the soil waters that plot just below the line. In addition
some of the lakes show substantial evaporation.

o D %o, rivers
• lakes
soil waters
A

highland springs

• groundwater
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Fig. 1. 5I8O - 5D relation of natural water from the SkagafjSrSur region N. Iceland.
Some of the waters have been analysed for 14C at the AMS laboratory in
Aarhus, Denmark. As shown in Fig. 2 a negative correlation is observed between
deuterium excess and I4C apparent age of groundwater. The samples designed as "old
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groundwater" on the figure are low in 518O and 5D and exibit oxygen shift on figure 1.
These are, however, not necesserely the hottest samples. Figure 3 demonstrates a weak
negative correlation between deuterium excess and water temperature. There is a large
range in d-values for each temperature, e.g. samples with water temperature at 40°C
give deuterium excess values from 10 to 4 %c. The "old groundwater" samples show
the lowest d-values but range in temperature from 30 to 70°C as shown in Fig. 3. Thus
in this low temperature range the age of the water seems to be the dominant factor that
controls the water-rock interaction and hence the amount of oxygen shift.
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Fig.3. Relation between temperature and the excess values. Same legend as in Fig. 2.
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A MULTI-ISOTOPE (B, Sr, O, H) AND AGE DATING (3H-3He, 1 4 Q STUDY
OF GROUND WATER FROM SALINAS VALLEY, CALIFORNIA
AVNER VENGOSH
Hydrological Service, Jerusalem, and Department of Geological and
Environmental Sciences, Ben Gurion University of the Negev, Israel

M. LEE DAVISSON and G. BRYANT HUDSON
Lawrence Livermore Laboratory, Isotope Sciences Division, Livermore,
California, 94550 USA

JIM GILL
Institute of Earth Sciences, University of California Santa Cruz, Santa
Cruz, California, USA

Ground water in coastal aquifers are subject to increasing pressure due to a variety of
human activities. This includes water exploitation for domestic use, intensive agriculture, and during
the last decades reuse of waste-water. Consequently, the quality of ground water from coastal areas
gradually degrades, which provides further limitations upon the use of potable water. Future water
exploitation in such aquifers requires comprehensive understanding of the sources, pathways, and
rates in which contaminants affect the quality of local ground water. In this paper we present the
results of ground water from the shallow 180-foot coastal aquifer of Salinas Valley in central
California. The local ground water suffers from several quality problems, in particular high salinity
and nitrate concentrations. The diversity of potential salinity sources (e.g., sea-water intrusion,
agriculture return flows, connate saline water from poorly flushed aquifers) requires diagnostic tools
to delineate the sources and their impacts on the ground water system. We use an array of
geochemical, environmental isotopes ( l ^ O / ^ O , D/H, ^H-^He), and dissolved salts isotopes
(1 1 B / 1 0 B , 87sr/86s r) 1 4 Q to identify the sources of contamination.
Water exploitation in the Salinas Valley started already during the 1930's and has
increased with the growth of agriculture and population in the region. As a result, the piezometric
water levels declined below sea level. The decline in water level has gradually moved inland. The
basin consists of a deep, confined "400-foot aquifer", underlying a "180-foot aquifer", and a
perched aquifer made up of unconsolidated gravels, sands, silts, clays in the north, and alluvium and
floodplain deposits toward the south. The aquifers extend offshore and crop out in parts of the
Monterey Bay and are hydrologically connected to the ocean. Our ^H-^He dating results show ages
<25 years old for ground water in the upper 180' aquifer and near-modern ^C concentrations (72 to
98 pmc), suggesting rapid replenishment rates. A ^C analysis of the deep, confined 400' aquifer
(21 pmc) indicates this ground water is pristine slow recharge. Artificial recharge replenishment rates
of water from the Salinas River has introduced young water that are enriched in ^ O and D relative
to GMWL and affects the ground water quality. The ^ O and D enrichments are related to artificial
storage and evaporation of water in open reservoirs, and thus enables delineation the recharge water
to local ground water.
Over-exploitation and extensive agriculture developments have resulted in continued
degradation of ground water quality in the basin. We investigated different end-member mixing
components in order to characterize the chemical and isotopic fingerprints, and to establish
diagnostic tools for delineation of the various contamination sources. The main identified saline endmembers are:
53

(1) contaminated ground water recharged into the perched aquifer has high NO3 and SO4
concentrations, a Na/Cl ratio - 1 , a low 8 7 Sr/ 8 6 Sr ratio (0.7082), and a low 5 1 lB value (19%o).
The NO3 and SO4 are derived from nitrogen and gypsum fertilizers used extensively in the
valley. In some areas which methyl-bromide fumigation has been extensively used the perched
ground water has an extremely high Br/Cl ratio (2xlO~2).
(2) Saline water associated with salt-water intrusion into the northern area is characterized by
high CI concentrations, relatively high Cl/TDS ratios (0.3-0.5), low Na/Cl (<0.86), marine
SO4/CI, B/Cl, and Br/Cl ratios, high ratios of Ca/Mg, Ca/(SO4+HCO3), and Sr/Cl relative to the
marine ratios. The Cl, Br, SO4 and B variations reflect conservative mixing patterns between sea
water and fresh water, while the cation variations indicate chemical modifications induced by
water-rock interactions. 5 ^ B values of the saline water vary between 17%e (in fresh water) to
38%c and suggest conservative mixing between sea water (8^ ^B=39%c) and fresh water. The
relative enrichment of Sr and Ca is associated with a wide range of 87 Sr/ 8 6sr ratios, ranging
from 0.7085 to 0.7095;
(3) Saline water in the southern part of the valley is characterized by the dominance Na and
SO4, with SO4 concentrations of up to 1930 mg/1, Cl of 550 mg/1, high Na/Cl ratios (> 1), and
conspicuously high Ca/Cl, Mg/Cl, K/Cl, Li/Cl, SO4/CI, B/Cl, Li/Cl, and Br/Cl ratios relative the
marine ratios. The ratios of cations and anions to Cl suggests intensive water-rock interactions
and leaching processes that result in salt accumulation in the ground water. The 5 ^ B values
(24%c and 30%o) and the 87 Sr/ 86 Sr ratio (0.708524) of the saline water indicate dissolution of
sedimentary (e.g., carbonate, gypsum) minerals rather than silicate rocks.
We use these differences to delineate the impact of contaminate sources on the water
quality of regional ground water of the Salinas Valley, which include (1) intrusion of sea water in
the northern part of the basin, (2) contamination of agriculture-return flows on the East Side Basin
(phreatic area), and (3) lateral south-north flow of non-marine saline water enriched in SO4.
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Recharge quantification with radiocarbon:
independent corroboration in three Karoo aquifer studies in Botswana.
B Th Verhagen1, D B Bredenkamp2, H Janse van Rensburg3 and J L Fan4
1. Schonland Research Centre, University of the Wirwatersrand, Johannesburg, South Africa
2. Water Resources Evaluation and Management, Pretoria, South Africa
3. Anglo American Technical Services, Johannesburg, South Africa
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Introduction
The assessment of recharge is increasing in importance for ground water resource management.
Here, the "isotope snapshot" approach is attractive, as the alternative is the long-term
accumulation of water level and abstraction data in e.g. the equal volume method of
interpreting hydrographs.
Amongst the available models for isotope-based residence time calculation (piston flow,
dispersion, exponential) the latter is a suitable "lumped parameter" approach to phreatic
aquifers. Tritium is a conservative tracer but useful only in shallower and more actively turnedover ground water in the southern Hemisphere. In the deeper multi-layer sedimentary Karoo
aquifers of the Kalahari, radiocarbon initial (recharge) concentrations can be reasonably
estimated and its subsequent behaviour in the saturated zone, mostly in non-calcareous
sandstone, can be regarded as conservative.
The the well-mixed model assumes that the pumped well produces a mixture of different transit
times from the different lithological units penetrated. In a simple approach, recharge R can be
estimated:

where T is the mean residence time, pi the porosity and Hj the thickness of the individual
saturated units (i) penetrated. Most sedimentary aquifers in southern Africa have both primary
and fracture porosity. In pump test analysis, the storage coefficient tends to increase with
increasing pumping time, as deeper seated water is released from the pores. Zuber [1] pointed
to the diffusive tracer loss into the pores of fractured granular aquifers, leading to unrealistic
residence times. It is argued here that an environmental tracer labels all the water in the aquifer,
through diffusion and advection and that the total porosity is the relevant parameter in recharge
calculations.
Isotope data was collected in three ground water investigations in Karoo aquifers of the
Kalahari over the past 20 years, allowing recharge estimates to be made. Long-term
conventional geohydrological observations are now available which allow recharge assessment
through independent approaches.
Jwaneng Mine well field
The 28 high yielding boreholes of the well field supplying Jwaneng mine in southern Botswana
tap a deltaic sandstone aquifer which dips below an increasing thickness of a mudstone
aquitard. Radiocarbon from 55 pMC to 75 pMC measured in 1983 suggest ongoing recharge
and lateral flow, and led to a first conceptual model of the aquifer's hydrology. Recharge values
of 3.7 to 4.7 mm a"1, were obtained using a mean porosity value of 0.15 measured on sandstone
aquifer drill cores. A decade later, an equal volume analysis of long-term hydrographs yielded
recharge values of 4 - 7 mm a"1 overlapping the range of isotope-derived values.
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Orapa mine well fields
Orapa diamond mine in northern Botswana is supplied with ground water from several well
fields. Fractured and jointed basalt confines the main sandstone aquifer locally, but allows
widespread hydraulic connection with the shallow overlying Kalahari Beds aquifer. Lateral
ground water movement is restricted, resulting in low radiocarbon values in the range 1.3 - 45
pMC. In the isotope assessment of recharge, the system was treated as a multi-layer phreatic
aquifer, with rest levels in the basalt. Mean porosity of 0.22 was measured in borehole cores,
and 0.02 estimated for fractured basalt.
Radiocarbon-based recharge values range from 0.6 to 2.4 mm a"1. Including an value of 21.5
mm a'1 near a basalt fracture gives a mean of 3.7 mm a'1; eliminating the outlier, 1.1 mm a"1.
Long term saturated volume fluctuations gave a range of 2.7 to 5.4 mm a"1, a reasonable
correspondence considering the uncertainties in parameters for both the isotope and rest level
fluctuation approaches.
Palla Road well field
Investigation the extension of the Palla Road well field, isotope data was obtained from existing
and newly-drilled boreholes over a wide, slightly sloping area. The fractured aeolian sandstone
aquifer mainly below basalt is extensively block-faulted. Radiocarbon values range from 65
pMC to 110 pMC, suggesting lateral ground water transport which is quite heterogenous,
ranging from major fracture flow to mainly intergranular conditions. A mean sandstone
porosity of 0.12 was measured on a long drill core; 0.02 was assumed for the basalt. For
boreholes with adequate lithological data, a mean recharge was calculated at 6.6 mm a"1.
Two independent recharge estimates using chloride balance gave a mean of 5.9 mm a"1 for the
saturated zone and 2 - 5 mm a"1 from shallow soil profiles, close to the isotope based estimate.
Conclusions
The good correspondence between recharge figures obtained using radiocarbon and
independent techniques in the three case studies presented (Table 1) lends weight to the
approach of using total porosity as a parameter in isotope-based recharge calculations. This
provides important information also on the nature of the studied sandstone aquifers, which do
not appear to have significant proportions of "dead" pores in which a tracer effectively will be
trapped on the relevant time scale.
TABLE 1
Site

Isotope-based recharge
assessment (mm/a)

Independent recharge
assessment (mm/a)

Method of independent
recharge assessment

Jwaneng well field

3.7 (SH)- 4.7 (NW)

3.0 - 4.9

Orapa well tield
Palla Road well
field

3.7 (high); 1.1 (low)
6.6 (mean)

2.7 - 5.8
5.9 (mean)

Equal volume;Moditied
Hill
Equal volume
Cl balance, saturated zone

2.0 - 5.0

Cl balance, unsaturated
zone

The concept of the "isotopic snapshot" coupled to borehole information and even a reasonable
estimate of" porosity based on a general knowledge of the lithology, can give at least meaningful
first estimates of recharge where more classical methods require many years of observations to
produce similar figures.
Reference
[1] ZUBER, A "On calibration and validation of mathematical models for the interpretation
of environmental tracer data in aquifers". Mathematical Models and Their Applications to
Isotope Studies in Groundwater Hydrology. IAEA-TECDOC-777, Vienna (1994) 11
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NOBLE GAS DATA FROM THE GREAT ARTESIAN BASIN
PROVIDE A TEMPERATURE RECORD OF AUSTRALIA ON
TIME SCALES OF 105 YEARS
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A. LOVE
Mines and Energy Resources of South Australia, Parkside, South Australia, 5063, Australia

We report noble gas data from 13 locations in the western part of the Great Artesian
Basin (GAB) in Australia. Noble gas concentrations m old groundwaters yield
information about the age of the groundwater as well as about past environmental
conditions. In the GAB the accumulation of radiogenic 4He and 40Ar in groundwater is
used to estimate residence times, whereas the measured concentrations of atmospheric
noble gases Ne, Ar, Kr, and Xe allow to reconstruct the annual mean temperature in the
recharge area.
All measured samples have large excesses of He relative to solubility equilibrium.
As calculated from preliminary 81Kr and 36C1 data, the ages of four samples lie between
200 and 400 kyr. Using the ^He accumulation rate observed by Torgersen and Clarke
[1] in the GAB, "He concentrations yield similar age estimates as 81Kr and **C1.
Thercfore radiogenic ""He concentrations can be used as a first order approximation of
groundwater residence times. In the GAB the measured w Ar/ 36 Ar ratio is increasing
•with increasing radiogenic 4He. The calculated radiogenic 4He/40Ar ratio is about 50.
This value is an order of magnitude higher than the theoretical radiogenic ^le/^Ar
production ratio in crustal rock [2]. We conclude that the release of 40Ar into the aquifer
is much less effective than the release of''He.
Since the solubility of noble gases depends on temperature, the concentrations of
atmospheric noble gases allow to calculate the temperature prevailing during recharge,
if the noble gas concentrations can be reasonable corrected for the ubiquitous excess air
component. Such noble gas temperatures (NGT) have been derived from aquifer
systems with residence times of several 104 yr to reconstruct the continental temperature
regime during the last ice age. On larger time scaies, dispersive mixing tends to smooth

57

gradients and might interfere with NGT determination. Although caution has to be
exercised in drawing final conclusions, because some samples in the GAB show a
fractionated excess air component, the GAB seems to record climatic changes of the
past. The "younger' samples show clear fluctuations in the calculated NGT, which may
span over two glacial-interglacial circles. In contrast, the 'older' samples that recharged
more than 200 kyr ago show no NGT variation. These preliminary results suggest that
the NGT-Ttielhod may be applied to reconstruct palaeoclimate conditions on time scales
up to a few hundred kyr.
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Dating of young water components by combined application of 3H/3He and
85
Kr measurements.
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Environmental Physics, Swiss Federal Institute of Technology (ETH),
Swiss Federal Institute for Environmental Science and Technology (EAWAG), 8600 Dubendorf,
Switzerland

Amount and an apparent piston flow age of a young water component can be estimated by
combination of at least two tracers like 3H/3He or 3H/85Kr [2,3]. Because of hydrological
processes such as mixing or dispersion the conversion of apparent tracer ages in "true" mean
residence times requires further information about the flow patterns in the aquifer and the input
functions even for 3H/3He dating. The combination of 3H, 3He and 85Kr data provides
constraints on the degree of dispersive mixing or gas loss in the unsaturated zone. The paper
presents results of a multitracer study of the deep Glatt Valley aquifer in northern Switzerland
[1]. Groundwater residence times determined by application of 3H, 'He, 85Kr, 39Ar and 14C
range from 15 yr up to 28 kyr BP. In the discharge area some waters turned out to be mixtures
of very old and recent water components. The reason is most likely infiltration through the
confining sediments because of intensive exploitation of the aquifer.

Figure: Modelled 3 H, 3He and ^Kr
activities under the assumption of
dispersive mixing [4]. The curves
are labelled with the mean
residence time Tm and a dispersion
parameter d. Sample a can
consistently be explained with
Tm=11 yr and d=i4 yr. The portion
of recent water is 100% in
accordance
with
the
hydrogeological
situation
and
additional Ar data. In contrast
sample d contains pre-bomb
water. The portion of recent water
amounts about 50% with Tm=15 yr
andd=19yr.
(Squares: Data of sample a and d;
circles: projections).
140-100
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More data will be measured and discussed in May 1999.

[1] Beyerle, U., Purtschert, R., Aeschbach-Hertig, W., Imboden, D.M., Loosli, H.H.,
Wieler, Kipfer, R., Climate and groundwater recharge during the last glaciation in an
ice-covered region, 1998, Sience, 282, pp. 731-734
[2] Loosli, H.H., Lehmann, B.E., Dappen, G., Dating by radionuclides in "Applied
Isotope Hydrogeology, A case study in Northern Switzerland", 1991, Elsevier,
Amsterdam
[3] Schlosser, P.,Thtium/3He dating of waters in natural systems in "Isotopes of
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IMPOR TANCE OF ISOTOPE HYDROLOGY TECHNIQUES IN WA TER
RESOURCES MANAGEMENT: A CASE STUDY OF THE MAKUTUPORA BASIN
IN TANZANIA

F. H.SENGUJI
DEPARTMENT OF WATER RESOURCES, DAR ES SALAAM,
UNITED REPUBLIC OF TANZANIA
Makutupora groundwater basin has been the main source of water supply for Dodoma
town since 1950s.The water is mainly used for domestic water supply to over one million
inhabitants, for industrial purposes and livestock watering.
Hydrogeological and geophysical investigations have been carried out in the basin to
gather information on the groundwater potential of the basin to meet the ever increasing
demand for the growing population, economy and urbanization.
The use of isotope hydrology techniques in the basin was introduced in 1979 by IAEA
under the project URT/08/003. An environmental isotope study was conducted by Mr.T.
Dincer to identify recharge area, estimate annual recharge and age of the groundwater.
Similar studies were also carried out during the joint research program between Japan and
Tanzania on recharge mechanism and the development of groundwater in the Makutupora
basin (1988-1991). This paper is based primarily on data contained in the reports of the
joint Japan - Tanzania research program. This research program was focused on the:
• recharge mechanism in the basin
• safe yield conditions of the basin
• possibility of artificial recharge to the basin
Based on the intensive analysis of stable isotope composition and tritium concentration in
different water samples, it was possible to:
• identify the evolution of groundwater in the basin
• identify the recharge area
• estimate the recharge rate
• confirm the recharge mechanism
• date the groundwater
• establish groundwater flow systems in the basin.
All these findings were used in setting optimum strategies for a sustainable management
of the groundwater resource in the basin.
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Thus, results of the Japan - Tanzania joint research program provided quantitative
estimation of the groundwater potential Of the basin using isotope hydrology techniques,
making the techniques ideal for water resources management.
For the Makutupora case, the recharge rate established by isotope hydrology techniques
was used as one of the prime input parameters in the numerical groundwater flow model
established using the Visual MODFLOW interface. The model indicated that, the
abstraction rate in the basin in future is expected to exceed the natural recharge capability
of the basin. This calls for the application of artificial recharge to the basin.
Hence, isotope hydrology studies in the basin are highly desirable to solve the arising
groundwater management problems such as:
• increasing pollution in the catchment area
• application of artificial recharge
Stable isotope analyses and numerical models can be used to predict the influence that
surface water pollutants have upon groundwater quality. Based upon this evidence proper
and timely decisions can be made concerning the water supply from the basin.

62

IAEA-SM-361/28

XA9950078

GROUNDWATER ORIGIN INVESTIGATION WITH ISOTOPIC
COMPOSITIONS FOR EVALUATION OF HIGH PRODUCTIVE DEEP
AQUIFERS IN KHON KAEN AREA, NORTHEAST THAILAND
C. BUAPHAN, W. YANGME, L.WANNAKAO
Department of Geotechnology, Faculty of Technology, Khon Kaen University, Khon
Kaen, Thailand
V. SRIBOONLUE
Department of Agricultural Engineering, Faculty of Engineering, Khon Kaen
University, Khon Kaen, Thailand
A. TASSANASORN
School of Geotechnology, Institute of Resources Technology, Suranaree University of
Technology, Nakhon Ratchasima, Thailand
S. BUAPENG
Ground Water Division, Department of Mineral Resources, Bangkok, Thailand
Investigation of groundwater origin by using isotopic compositions for
evaluation of high productive deep aquifers in Khon Kaen Province is emphasized on
hydrogeology and isotope techniques. The study area consists of covering about 2 915
km , is a part of the northern border of Khorat-Ubon Sub-basin. On the Khorat
Plateau, Mesozoic sedimentary sequences and unconsolidated of Quaternary in the
area reflect their folding structure by the undulating topography with deposition of
their weathering products as semiconsolidated and unconsolidated in the low land.
Data from 82 groundwater wells comfirm both types of aquifers :
confined and uncofined, from 15 to more than 100 m deep, primary pores in sand and
gravel and secondary pores as fractures in hard rocks give high porosity for the
aquifers. Deeper aquifers, the confined ones, have piezometric surface ranging
from 1 m to 20 m from the ground surface with 6 m in average. Storage coefficients
range from 5.10x10 to 7.06x10 , while the transmissivities range from 4.5 to 691
m /day.
Phu Tok aquifers in the southeastern part of the study area are mainly
confined in very well-sorted, fine-grained sandstone as well as in the fracture and
joints. They extend from Ban Thapra to Ban Phai covering area 500 km . Depths to
the aquifers vary from 20-250 m, while their piezometric surface from 0.35 m to 15 m
from the ground surface. Their thicknesses range from 50 to 100 m. The
transmissivity range from 0.45 to 1047 m Id on the pumping rate of 48-1200 m /d
with drawdown of less than 10% and rough annual safe yield for 83.34 x 10 m . The
water is very good in quality for drinking, except for the TDS and total hardness
around aquifer boundary. However, the aquifers are contaminated at some degree
indicating by their nitrate contents.
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The groundwater and surface water are analysed for stable and
radioactive isotopes, including H, O, H and C, respectively. The results show that
the shallow groundwater of the depth less than 50 m is originated by direct recharge of
rainfall between 180-6820 a. The groundwater flow is relatively rapid from west to
east and northwest to southeast, the high productive deep aquifers of Phu Tok flow
radiate from recharging area to all direction. However, the groundwater flow rate is
based on C analyses for Phu Tok is 2 to 3 m/a. Within some areas the flow is about 8
m/a, while the unconsolidated aquifers along the Phong River give flow rate about 4
m. The deeper aquifers have a source as direct rain recharge the same as the above
aquifers but the flow rate are lower. The deepest aquifers at the depth of nearly 200 m
indicate no direct rain recharge with age of more than 20 000 a, which is confirmed
with the amount of tritium less than 1.0 TU.
Recharge area covers about 60% of western and southeastern parts of
the study area, while the rest 40% of the area along the Chi and the Phong Rivers acts
as discharge area. The Phu Tok aquifers are, therefore, underneath the recharge area,
and could be subdivided into three layers, i.e. the upper, the middle and the lower
layers lying respectively at the depth of 15-50, 50-150, and 150-250 m.
The result of this study indicates high potential of groundwater in
many regions of Khon Kaen, especially from the Phu Tok aquifer. The aquifers
compose of both modern and ancient water of rapid and very slow flow, respectively.
Though some aquifers show some degree of nitrate pollution, but 2 of the test wells
have proved on their high yield for domestic, agricultural and industrial uses.
However, aquifers of high salt content should be deal with very good care and should
also be further studied in details.
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Isotopic approach to the behaviour of two multilayered aquifer
systems (Gafsa North and Hajeb el AToun-Jilma) in central Tunisia

K. Zouari (I \ A. Mamou a\ B. Ouda (:) , M. Yerrnania),
E. Gibert-Massault(3), J.L.MicheIot(3)
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(3)

Lab. de Geocbimie Isotopique et de Paleoclimatologie, Ecole Nationale d'Inge'nieurs de Sfax, Tuaisie
Direction Generate des Ressources en Eau, Ministere de 1'Agriculture, Tunis, Tunisie
Lab. d'HydroIogie et de Geochimie Isotopique, CNRS EP 1748, Universite de Paris-Sud, Orsay, France

In central Tunisia, the hydrogeological behaviour of numerous multilayered aquifers is
controlled by tectonics, because major faults act as natural underground hydraulic sills. This
tectonic complexity limits the application of the classical hydrogeological methods and it
appeared interesting to examine how environmental isotopes techniques could contribute to the
understanding of the general behaviour of such systems.
For this study, undertaken with the support of of IAEA, two aquifer systems,
corresponding to Gafsa North and Hajb el AToun-Jilma basins, were selected because they are
particularly affected by water managing poblems, such as lowering of piezometric levels
probably due to overexploitation of the aquifers.
The behaviours of the studied environmental isotopes (18O, 2H, 3 H, 14C, 13C) are very
different in the two systems.
In Gafsa North basin, recent recharge (evidenced by tritium contents) is largely spread
all over the basin and is locally identified in the different levels of the aquifer, even close to the
main outlet of the system ("Gafsa sill"). Besides, in this region, groundwaters seem to be
stratified. For these reasons, it is difficult to reconstitute in details the lateral evolution of ionic
and isotopic contents.
At the contrary, in the multilayered system of Hajeb el AToun-Jilma basin, the evolution
of the environmental tracers is quite continue, showing a relay between the different aquifer
levels from recharge areas to the main outlet ("Hajeb sill").
Present day water uptakes from the aquifers are likely to exceed recent recharge;
however, the comparaison between results obtained in the present study and those of a previous
study (1980), shows that over-exploitation is limited compared with the reserves stored in the
system.
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66

IAEA-SM-361/30

XA9950080

VALIDITY OF CHLOROFLUOROCARBONS (CFCs) AS AN AGE-DATING TOOL IN
KARSTIC AQUIFERS, TAURIDS- SOUTHERN TURKEY

N. NUR OZYURT and C. SERDAR BAYARI
Hacettepe University, International Research and Application Center for Karst Water Resources,
Ankara-TURKEY

Chlorofluorocarbons, namely basically CFC-11 and CFC-12, have proven to be succesful
in age-dating of young ground water of non-karstic systems [1, 2, 3]. However, validity of this
technique in large-scale karstic aquifers has not been tested so far. CFCs are atmospheric gasses
of anthropogenic origin which are mainly used in refrigerator and deodorant industry. No natural
source of these tracers have been determined yet. They have been injected into atmosphere since
late 1940's and have well-defined atmospheric input functions that are practically valid all over
the world. On the contrary of tritium input function, atmospheric CFC concentrations have an
increasing trend by the time of their first appearance. As with other gasses, the amount of CFCs
dissolved in water is determined by the Henry's Law which relates atmospheric CFC partial
pressure to dissolved CFC via a temperature dependent equilibrium constant. CFC age-dating is
based on the assumption that the groundwater is in equilibrium with atmosphere at the time of its
last contact (i.e. recharge). Since, the atmospheric CFC partial pressure is characteristic for a
given year, the equilibrium CFC partial pressure as determined from the gorundwater's CFC
content and recharge temperature indicates the time when the recharge water was in last contact
with the atmosphere. Once the recharge year is known, the CFC "model" age of groundwater is
calculated from the difference between the recharge and sampling years. Basic assumption in the
CFC age-dating studies is that the initial CFC content is conserved throughout the flow of
groundwater in the aquifer system. This assumption is prone to discussion in karstic systems
because ground water may entrap air bubbles or may contact again with atmosphere in the air
filled underground cavities.
Studies carried on two large Mediterranean type mountainous karstic aquifers of Taurids
Range, southern Turkey revealed that the variation of "CFC ages" are in accordance with other
parameters such as, temperature, total dissolved solids, dissolved oxygen and tritium contents.
For example, in all flow systems temperature, total dissolved solids and CFC ages increase as the
residence time increases. Similarly, dissolved oxygen and pH exhibit a regular decrease with
increasing residence time as normally expected from a closed ground water system. Furthermore,
CFC ages were found to be in accordance with tritium content of ground water. In both basins
investigated, high CFC ages were found to be accompanied with low tritium content except the
artesian systems. Fig. 1 shows an artesian flow system in which tritium content increase along
the regional flow path simply because of the higher values of tritium input in the past.
Generally, it appears that CFC-12 ages are more realistic regardless of the age of
groundwater whereas, in young groundwaters CFC-11 ages may be highly misleading. For
example, CFC-11 and CFC-12 ages of a karstic spring (Kapuz in Fig. 1) that is fed by an
artesian flow system were found to be 9 and 7 (+/- 1) years, respectively whereas, tritium age
based on a piston flow model is about 8 years. However, some other springs possesing similar
hydrogeologic conditions have implausibly high CFC-11 ages such as, 20 years while the inferred
residence times are about 7 years. Eventually, for ground waters older than 15 years of "CFC
ages", CFC-11 and CFC-12 ages were found to be concordant, CFC-11 ages being 2 years older

67

in average. For younger groundwaters CFC-12 ages were still found to be realistic whereas,
CFC-11 ages are sometimes unplausibly high. This discrepancy is largely attributed to CFC-11
sorption by minerals and/or organic matter which is relatively unimportant for CFC-12.
In conlusion, CFC tracers were found to be applicable equally well to the karstic systems.
Relatively cheap and rapid analyses of these tracers are the major advantages. However,
contamination during or after sampling and other processes such as sorption and inclusion of
excess-air may lead to erroneous results. Although, they can not replace the other comparable
age-dating tools such as, tritium, tritium/helium-3 and krypton-85, they provide at least an
invaluble insight concerning the "expected age" of ground water.
Increasing distance from recharge area

Temperature

Tritium

Fig. 1: Correlation between CFC ages and other physical, chemical and isotopic parameters.
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Palfleo-agcs of groi»ndwaters in a fissured Cfanlk Aquifer, UK.

TRl-VOR. ELLIOT
School of Civil Engineering, The Queen's University of Belfast,
David Koir Building. Stianniillis Road, Belfast. BT7 1NN. Northern Ireland, U.K.

The Chalk aquifer in southeast Kngland has a classic dual-porosity structure, wilh bulk
ccliw occurring primarily in fractures/fissures, and largely immobile storage in the highly porous matrix
blocls 1 or pumped samples, estimate1; of groundwatcr residence times using traditional gcochcmicnl correction
models wilh "(.'-doling, and assumim; thai ages reflect mobile fissure water signttluri», indicate lalc-glacinl
c (>25kfi BP, prc-dating the Lasl G'oiint Maximum in Uic UK e 18ka BP) for gToundwalcrs in (Vic cenlrc
orih<; bj*xin. Cooler recharge Icmpcraiures than for modern waters evidenced in environmental isotopic (6 F1,
6 O) aiid dissolved rwblc gns (Ne, Ar, Kr, Xc) contents confinn their palaeowaler stalu>s. However, hydraulic
age csiiiiiaics foi trrasil times from recharge are much younger (tens of years). Ckiser considcralicm ofsolule
Iranspuri in the Chalk allows rcvoncilialicui of these apparently discordant ages. It is argued lhat, on ihe regional
aquifer scale, environmental tracers in the fissured Chalk move as though in on Equivalent Porous Medium; wlh
significant tracer rcuirdalion due io sorplio" and/or malrk diffusion cflecls. Do^ngradicnt trends in S"O ai»d
noble gflscs as independent trncers of past climatic clianp.es can then be used to further constrain (lie groundwnler
ages belter than for l4C-dating alone. This approach points to a significant revision of giouiidwatcr ages ix\ the
aquifer; all age; arc seen to reflect poM-glacial recharge having occurred s i 3 ka BP An iniportant conscqiicncc
of tins revision is lhat it is suggested that traditional gcoclicmic<il models potentially undcrcorrect for ihe full
effwrt ofhydrodynajuic processes on (racer ages in fissured |x>rous media like the Chalk.
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A Combined Vadose Zone - Saturated Zone Model for Tritium and Helium
Transport in Groundwater
by
Michael A. Dillon, Geoscience Associates, Downers Grove, IL, USA
Pradeep K. Aggarwal, Isotope Hydrology Section, IAEA, Vienna, Austria
We have developed a model for the transport of tritium to and in groundwater.
Using the annual average tritium concentration in rain, the model explicitly solves for
the transport of tritiated water through the vadose (unsaturated) zone. Tritium flux
leaving the unsaturated zone is taken as the input flux for the saturated zone and both
tritium and tritiogenic helium concentrations in groundwater are estimated,
overcoming some of the limitations in existing models. The model output provides an
estimate of the dispersion and recharge velocity in the unsaturated and saturated zones,
our model as developed here is applicable for simulating tritium and helium
concentrations in a confined aquifer and can be easily modified for an unconfined
aquifer.
The conceptual hydrologic system for a shallow aquifer in Texas used to develop the
model is shown in Fig. 1. The proper approach is to first solve the transport equation
in region 1 (unsaturated zone) enforcing conservation of flux at z = L, where L
represents the depth of the water table. However the resulting solutions in the finite
range 0 < z < L generally consists of an infinite sum of functions which would be
difficult to apply in region 2 (saturated zone). Consequently, we have adopted a
procedure that should yield practically the same results but with much improved
economy and clarity. For region 1, we employ Van Genuchten's solution for the
generic problem in the semi infinite plain and then use the first order transport equation
in region 2:
Cj(z, t)= F(z - v2t)exp(-kt)
where the general function, F is defined by the boundary condition that the flux leaving
region 1 is equal to the flux entering region 2 and k is the decay constant for tritium.
Fig. 2 shows the calculated flux through the interface at z = L = 250 ft. Values
of D (dispersion coefficient) and vj (effective velocity) in the unsaturated zone were
chosen so that about 90% of the remaining 3 H0H has entered region 2 by the year
1994.
The tritium concentrations in groundwater at four sampled locations in the
aquifer and the modeled concentrations using a seepage velocity in the saturated zone,
v2 = 330 ft/yr are displayed in Fig. 3. Here, depth refers to the distance of sampling
locations from the recharge area.
An estimate of total tritium in the groundwater (tritium and tritiogenic helium)
can be obtained by letting k = 0. The modeled concentration of total or stable tritium is
shown in Fig. 4. There is an excellent agreement between the measured and modeled
tritium and tritium - helium concentrations in the groundwater. The unsaturated zone
and groundwater velocities used for model simulations also are in excellent agreement
with hydrologic estimates based on field testing.
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Figure 2. Calculated flux leaving the unsaturated zone and entering the saturated zone.
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Origin and processes of groundwater salinization of a coastal aquifer: The
Astian sandy aquifer (southern France)
Florent Barbecot1. Laurent Dever1, Yves Travi2, Christelle Marlin1, Elisabeth Gibert1
1 Laboratoire d'Hydrologie et de Geochimie Isotopique - Universite
Paris-Sud, Bat. 504, 91405 Orsay Cedex, France.
2 Laboratoire d'Hydrologie - Universite d'Avignon, 83 rue Pasteur,
84000 Avignon Cedex. France.

In southern France, the marine sandy deposits of lower Pliocene age (Astian) contain a
confined aquifer largely exploited for water supply especially in its western part. In eastern part
of this aquifer salty water intrusion has been recognized along the Mediterranean coast : this
area corresponds to the zone affected by a sub meridian volcanoes train due to a distensive
tectonic during middle Quaternary. A preliminary discussion on mixing processes and salinity
origin has been conducted according to chemical and isotopic signatures of groundwater
(major elements, Bf, 18O, 2H, 13C and I4C, 234U, ^ U and 226Ra) of the whole aquifer.
The western part of the aquifer, unaffected by the salinization process, can be used to
identify the baseline conditions of groundwater circulation with respect to flow rates and
chemical/isotopic evolution along the flow path (i.e. North-South towards the coastline). In
this part of the aquifer, groundwaters are of Ca-HCOs type and are characterized by low
mineralization (less than 0.7 g.L"1). The 14C residence times increase from modern ages in the
recharge area (Northern part of the aquifer) up to 6 ka. B.P. nearby the Mediterranean. The
major process affecting these waters is related to a redox evolution which induces decreasing
of NO3, SO4 and U contents along the fowpath. In parallel, the 234U/238U ratio decreases
towards the secular equilibrium as expected for the aquifer matrix. Such an evolution may
indicate the prevalence of an U-flux from carbonate dissolution-precipitation compared to the
recoil effect production of 234U in this system.
Conversely, the eastern part of this aquifer is dominated by water salinization, up to 10
1
g.L" associated with high dissolved carbon contents. This area of the aquifer is affected by an
approximately N 40-50° fault that could constitute ways for water and/or CO2 upward leakage.
The 8l*C and carbon contents of groundwater evolve according a simple mixing between soil
CO2 (-23.3 % vs PDB) and deep CO2 characterized by 8I3Cg» of - 4.4 %o vs PDB (Fig. 1).
This carbon excess can thus be associated to endogenous carbon diffusion with a l'C content
close to the values known for the magmatic peri-Alpine arc. The groundwater mineralization
increases according a binary mixing between (1) the fresh water as recognized in the western
part of the Astian aquifer and (2) a deep salty water with high carbon content, probably from
the underlying aquifers. Moreover, after correction of the carbon excess, the 14C activities
indicate that the salty end-member is likely to be over the 14C time scale, attesting that
salinization can be associated with an underlying formation leakage.
Furthermore, the salty waters present U contents increasing up to 6.9 ppb, in association with
234jj/238y r a jj Q decreasing ^0 the secular equilibrium. This can be explained by the importance
of carbonate dissolution due to the deep CO2 diffusion (via CO2 dissolution in water). In
addition, the 226Ra/254U activity ratios indicate that salty groundwater is not in equilibrium with
the Astian matrix (Fig. 2). This would mean that (1) the dissolution rather takes place in
underlying formations than in the Astian deposits and (2) a lag time exists since salty water left
a water/matrix system in equilibrium (underlying formation or/and fractures). Furthermore, the
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Ra deficit indicates that the salinization process of the aquifer is probably not natural and can
be associated to exploitation of this groundwater resource.
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Fig. 1 : Carbon mixing in the eastern of the Astian aquifer.
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Fig. 2 : Activity ratio in U and Ra versus U content (eastern part of the Astian aquifer).
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The aquifer under study is in the endorheic catchment of the Altiplano between the
lake Titicaca (16°S, 3810 m) and the Uyuni SaJar (21"S, 3653 in). The aquifer under sludy of
around 6000 km2 is in quaternary sediments and lies in the upstream portion of the southern
catchment of Uyuni.
Present precipitation of 350 mm yr'1 recharges the aquifer after local runoff. Another
recharge comes from the Rio Desaguadero fed by the Titicaca. Close to both recharge area, Cl
concentration in groundwater arc of 0.5 and 10 meq f' respectively Present day conditions
may not explain the large chloride contents in groundwater that reach downward 150 meq I"1.
Salinisation by other saline groundwater ?
Both present recharge modes of the aquifer present different chemical characteristics.
Because the saline groundwater presents intermediate values of SIKO, strontium isotopic ratio
and trace element concentration, this first hypothesis of salinisation from deeper aquifers may
be rejected.
Evaporation from phrealic aquifer in arid zone area
Collected data of hydraulic conductivity as a function of suction up to more than 1000
m arid estimations of evaporation after about 30 isotopic profiles, spread over numerous arid
zones, allow to conclude :
- high dependence of evaporative flux on soil characteristics had been previously concluded
on insufficient data,
- the fitted curve determined on ihe base of the isotopic profiles is:
Ii = 63 (±5) z* ls withE in mm yr"1 and z in m
after recent K(S) data published, the upper and lower bounds of this relation are .
28 z 1 " < 1Z <205 z L 6
Salinisation by the Tauca paleolakc ?
On the base of recent studies (Servant at ai, 1095; Mourguiart el«/., 1997), it can be
assumed that the aquifer was covered by the paleolake during a period long enough to allow
diffusion between both water bodies. Geochemical arguments arc :
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•

M

•
•

similar values of isotopic Sr ratio in saline groundwater and stromatolites of palcolake,
8'B vs. 618O graph of saline groundwater (Coudrain-Kibstcin el ai, 1995) suggests that
evaporation occurred prior to infiltration,
saline groundwater present intermediate geochemical values (trace elements and isoiopie
ratio of strontium) between both present recharge modes that also fed the Tauca lake,
saline groundwater and reconstructed composition of paleolake Tauca present low values
ofLi/Cl (Risachei & Fritz, 1991).

•
•

C activities between 57 and 3 pmC,

Modelling Cl transport
It has been undertaken over 11 ka after the lake retreat by using the NEWSAM code
(Ledoux & Levassor, 1993) where the equation of evaporation presented above has been
added, for the groundwater flow modelling, input data of the simulation are evolution of the
infiltration, presence or lack of the Rio Desaguadero Past rains were reconstructed on the base
of the water level fluctuations of the Titicaca. The Cl transport has been simulated with initial
concentration of chloride assumed at 200 meq I"1 below 3740 m. Simulations allow to
reproduce the special pattern of observed Cl concentration.
Discussion and Conclusion
On the evaporation from aquifers under arid climatic conditions, this study is an
example of the usefulness of comparing different approaches. Results from isotopic approach
allowed to re-analyse the previous accepted and erroneous results The simple relation
proposed may be used for local or regional and present or past estimation of evaporation from
aquifers in arid zone area where evaporation is a major outflow process.
On the central Altiplano aquifer, present groundwater How, spatial evolution of
gcochemical parameters ('"C, U, As, 518O, "Sr/'Sr and Li/CI) and results of Cl transport
modelling allow to conclude that the present Cl concentration may be bound to the paleolake
Tauca (12 ka B.P.). Temporary accumulation of salt in the unsaturaied /one due to
evaporation over long arid periods and subsequent down flow toward the aquifer may also
have occurred. This secondary process might have delayed the transfer of salt towards south.
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0 ISOTOPIC CHRACTERISATION OF NON-POINT SOURCE CONTRIBUTED
HEAVY METALS ( Zn AND Cu ) CONTAMINATION OF GROUNDWATER
PS. DATTA, K. M MANJAIAH, S.K.TYAGI
Nuclear Research Laboratory
Indian Agricultural Research Institute
New Delhi- 110012, India.

EXTENDED SYNOPSIS
In many urbanised areas, fast depletion of groundwater and severe degradation of the resource
base with contaminants such as nitrate, fluoride, and heavy metals is a common phenomenon, resulting
in zonal disparity in fresh water availability. Therefore, for protection of groundwater from pollution
and depletion, it is a matter of concern for the planners and decision makers to clearly characterise
the sources of contamination and to search for an alternative approach for groundwater development
and management. A 18O stable isotopic approach is presented here, to clearly distinguish between point
and non-point source contributed pollution of groundwater.
Extensive hydrological investigations undertaken in Delhi area indicate that differences in
recharge (0.2 to 66.0%)from location to location result in wide range of spatial variations in the stable
isotope (18O) signatures of groundwater (6 values -2.8%o to -8.6%o)[l]. Localised recharge from high
intensity rainfall, through stagnant water pools that are left in low lying areas, and indirect recharge
through lateral flow from surrounding areas in the west are the main contributors to the groundwater.
Such waters are highly saline, contaminated and isotopically enriched (6 values of -3%o to -5%o),
being subjected to evaporation during intermittent stay on the land surface before recharge and are
distinct from isotopically depleted rainfall water (Mean b value of-6.9%o).
The isotopic investigations indicated that indiscriminate pumping of groundwater results in
lateral mixing of contaminated/saline water with fresh water bodies through identified specific flowpathways [1]. Highly skewed and wide range of F (0.1-16.5 mg/1) and NO 3 (0.01-273 mg/1)
concentrations suggest contamination from both point and non-point sources [2,3]. Similar to the cases
of F and NO3 contamination of groundwater enrichment in 18O composition with increasing Cu and
Zn levels in groundwater, as shown in Fig.l, suggest that infiltration of rain water, irrigation water
and surface run-off water from the surrounding farm lands, alongwith agrochemicals and other salts
present in the soil, to be the main processes causing contamination. The concentration of Cu and Zn
in groundwater vary spatially (as in the case of F and NO3), due to different degrees of
evaporation/recharge, amounts of fertiliser applied and wastes disposed, adsorption/dispersion of
species in the soils and lateral mixing of groundwater. The studies further indicate that the extent of
chemical contamination of groundwaters is essentially governed by the level of contaminants, the flowpathways of groundwater between the contaminant source and the water-supply well, the velocity of
groundwater along the pathways and the attenuation capacity for the contaminants in the aquifer.
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The investigations indicate that the isotopic techniques can provide potential tool to
characterise non-point source contributed heavy metals pollution of groundwater. Although, the present
levels of Zn and Cu in groundwater have not reached alarming stage, yet, indiscriminate anthropogenic
wastes disposals and agrochemicals inputs, together with various physico-chemical processes in the
soil, is likely to exceed the ' sink' capacity of the watershed soils over a period of time, increasing
transport of Zn and Cu to the groundwater, alongwith other toxic contaminants present in the soil.
Systematic research is further needed on hydrologic characteristic of the groundwater flow field under
natural and stressed conditions, dynamics of groundwater cotaminants and its linkage with spatial and
temporal variability in concentration, depth variation in contaminants level in relation to well structure
and relative importance of vegetative uptake of contaminants from soil in limiting contamination.
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FIG. 1. Relationships of 6 18O with Zn and Cu concentration in groundwater of the investigated area in
Delhi. 18O isotopic enrichment with increasing Zn and Cu levels indicates infiltration of rainfall,
irrigation water and surface run-off alongwith Zn and Cu salts in soil.
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TRACING AND AGE-DATING RECYCLED WASTE WATER RECHARGED
FOR POTABLE REUSE IN A SEA WATER INJECTION BARRIER,
SOUTHERN CALIFORNIA, USA
M.L. Davisson, G.B. Hudson, B.K. Esser
Isotope Sciences Division, Lawrence Livermore National Laboratory, P.O. Box 808
L-231, Livermore, CA 94550 USA
R.L. Herndon
Orange County Water District, 10500 Ellis Ave., Fountain Valley, CA 92728 USA
Forecasted water supply shortages in the southwestern United States over the next
20 years have stimulated research and development of recycled waste water
technologies for potable reuse in order to meet future urban demand. However, there
are health concerns associated with potable reuse, which stem primarily from the
uncertainty related to the subsurface fate and transport of potentially harmful
pathogens and organic compounds unaffected by the treatment process (Crook and
Surampalli, 1996). The State of California proposes regulations stipulating that any
recharged, recycled waste water subsequently pumped for drinking water must first 1)
reside in the subsurface for at least one year, 2) be at least 50% blended with water of
non-waste water origin, and 3) have a waste water total organic carbon (TOC)
concentration of <1.0 mg/L. These detailed regulatory criteria require diagnostic
approaches far advanced over typical water quality monitoring practices used by local
utilities.
In this report we outline an investigative approach that combines isotopic tracers
and tritium-helium-3 ( H- He) dating to directly measure groundwater mixing and
ages. These data can be used to test regulatory compliance in potable water reuse
projects (Davisson et al., 1998). We provide an example from a seawater injection
barrier located in Orange County, California, which has been injecting advancedtreated waste water into a coastal aquifer for the past 25 years to prevent seawater
intrusion (Fig 1). Treatment comprises lime coagulation of secondary waste effluents,
followed by re-carbonation, sand filtration, and reverse osmosis. The finished water
has a very low TDS (-100 mg/L), which is blended -50% with a low TDS (288
mg/L) native groundwater, making an injection water of -200 mg/L.
Injection began in 1973 and occurs in 22 wells arrayed along a 4km line parallel to
the seashore 6km to the south. The barrier straddles a natural topographically low
area, known as the Talbert Gap, formed by erosion of a local river channel through
coastal highlands. Aquifers comprise layered fluvial and near-shore marine deposits
of Pliocene to Holocene ages. Groundwater overdraft beginning in the 1930s caused
seawater intrusion through this gap, which is mostly limited to the shallowest aquifer
(Talbert Aquifer). Continuous injection has reversed the seawater intrusion.
Waste water and blend water are primarily derived from local groundwater, which
1 ft

makes it indistinguishable with respect to 5 O from ambient groundwater near the
injection barrier.
However, recharge water at the point of injection was
distinguishable from ambient groundwater by its virtual lack of excess dissolved air
(22Ne = 4.9 x 10n atoms/gH2O), which was lower than in ambient groundwater (22Ne
= 6.4 x 10" atoms/gH2O). In addition, treated waste water periodically had high H
(<3000 pCi/L) and C (<555 pmc) concentrations believed to be introduced from biomedical waste discharged into municipal sewers. The high H concentrations
produced high radiogenic He concentrations for very young groundwater (i.e. <1 year
80

old). Groundwater ages measured in monitoring and production wells ranged from
0.1 to 10.2 ±0.3 years within 1 km of the injection barrier. Ages generally increased
with increasing distance from the injection points. Based on the ^ e concentrations,
these groundwaters comprised nearly 100% injected water. One drinking water well
had a H- He age of 2.5 years and a TOC concentration of 0.7 mg/L, confirming its
compliance to proposed water reuse regulations.
At distances greater than ~1 km, shallow groundwater (<120 m) upgradient was
>40 years old, while downgradient most ages were <40 years old, but had variable
mixtures of seawater. Deeper groundwater (>120m) had pre-development recharge
ages as inferred by their low C concentrations (27 to 64 pmc).
The H- He ages also provided a means to quantify subsurface organic and
inorganic reactions rates. In particular, along the Talbert Aquifer, TOC decreased
from 1.8 mg/L in the injection water to 0.8 mg/L in groundwater 1.5 years old. For
the same samples, TDS showed an increase from 200 to 550 mg/L, suggesting
dissolution and/or desorption reactions. For example, all dissolved major element
concentrations increased with age, with dissolved SO4, Cl, Ca, and Mg increasing the
most. Injection water was substantially under-saturated with respect to calcite, but
became slightly over-saturated within 1.5 years. Dissolved Sr also increased with age
from 0.4 ppb to 5.0 ppb in 4 years, and was matched by changes in its ^Sr/^Sr ratio
from 0.71000 at the injection point to 0.71072 downgradient. The latter ratio is
higher than ratios observed in ambient groundwaters (87Sr/ Sr = 0.70937 to 0.71048)
or modern seawater ( Sr/ Sr = 0.70912). These results suggest that more radiogenic
minerals preferentially dissolve following injection.
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Figure 1. H- He ages in years for multi-level monitoring wells adjacent to injection barrier.
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With more than 50 hot springs, southern Jiangxi is a geothermally active region. The terrestrial heat
flow measured in southern Jiangxi ranges from 62.1 to 79.9 mW/m2 with an mean value of 74. 10
mW/m2, higher than the mean of the whole province (69.79 mW/m2).
Systematic isotopic and hydrogeochemical investigations on hot springs in the Hengjing area were
launched separately in 1993 and 1997 by the geothermal group from East China Geological Institute.
Water and gas samples were collected from nineteen hot and cold springs for determination of their
chemical and gas compositions, as well as hydrogen, oxygen and helium isotopes.
Located within the South China fold system, Hengjing area lies at the southern end of HuichangXunwu fault zone with the Hengjing fault cutting through the central part of the area. The rocks found
there are comprised of Cambrian metamorphic rocks, Upper Jurassic volcanic-sedimentary rocks as
well as Mesozoic granite (early Yanshan). Several small and medium scaled earthquakes have been
recorded in the last decades, indicating that some of the faults in this area are still active.
Chemical type of the hot springs in Hengjing is HCO3-Na, pH is from 6.52 to 7.3, and SiO2 is 43-135
mg/1 and F 1.59-3.6 mg/1. The total dissolved solids is usually greater than 1.5 g/I.
The Hengjing hot springs are rich in gas contents. The gas analyses reveal that the major gas for the
hot springs is CO2, comprising 96.7 to 99.84% of the total gas contents, and the dissolved CO2 is often
higher than 250 mg/1, some of them can be as high as 1000 mg/L. The N2 content is very low, from
trace to 2.01 %, increasing with the decrease of CO2 content. Among the minor gases, CH4 content
ranges from 0.04 to 1.86%, Ar 0.095-0.211% and He 0.0047-0.0137%.
As shown in Table 1, isotope composition of the hot springs in the area is -6.7 to -7.4%oVSMOW for
818O, and -49 to -57 %oVSMOW for 8 ^ . They are plotted near the meteoric line on the 518O-52H
diagram, showing that they are mainly derived from the local precipitation. The tritium contents range
from 0.5 to 4.1 TU, which implies that most of hot springs were recharged more than 40 years ago.
The helium isotope ratio varies in the range of 1.9xlO"6 - 2.95X10"6, and R/Ra is between 1.36 and 2.11,
greater than 1, showing they are probably derived from the mantle.
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Table 1 Hydrogen and oxygen isotope composition of hot
and cold springs in Hengjing area, Southern Jiangxi
Spring
1
2
3
4
5
6
7
8
9
10
11
12
13
14

T(°C)

52H

6I8O

3

20
25
48
40
37
73
18
21
27
22
48
44
20
19

-55
-57
-53
-49
-53
-47
-46
-39
-48
-49
-48
-49
-48
-45

-7.4
-7.2
-6.9
-6.7
-7.2
-6.1
-6.5
-5.6
-5.9
-7.0
-5.9
-7.0
-6.9
-6.6

13.1
4.1
2.4
1.1
1.9
3.4
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H

3.7
0.5
2.0
1.7
3.2
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A COMBINED ISOTOPIC TOOL FOR WATER-ROCK
INTERACTION STUDIES : B, Sr, O, H ISOTOPES IN
GROUNDWATER
W. KLOPPMANN
BRGM, Direction de la Recherche, Orleans, France
PH. NEGREL
BRGM, Direction de la Recherche, Orleans, France
J. CASANOVA
BRGM, Direction de la Recherche, Orleans, France
The combination of individual isotopic tools in groundwater studies helps to
restrain hypotheses on the nature of water-rock interaction and the end
members participating in mixing processes. A toolbox containing boron,
strontium, oxygen and hydrogen isotopes has been tested in several
geological environments in order to elucidate the origin of salinity. It makes
use of some particular qualities of the individual tools as there are :
Sr: Sr isotopes show no detectable fractionation by any natural process.
Given the relatively short time scale of the processes studied, the measured
differences in the 87Sr/86Sr ratios are due to the contribution of Sr derived
from various sources with different isotopic compositions. The 87Sr/86Sr ratio
variations within an hydrosystem can provide information about those
sources, the mixing proportions of groundwater components or the degree
of water rock interaction.
B: Due to the large relative mass difference between 10B and HB and the
high chemical reactivity of boron, significant isotope fractionation
produces large variations in "B/10B ratios in natural samples from different
geological environments. This results in high isotopic contrast of potential
mixing sources but also in process-specific changes of the isotope
signature.
O, H: If no evaporation or exchange with dissolved gases occurs in the
groundwater body, the stable isotopes of the water molecule behave like
conservative tracers which reflect the mixing of different recharge
components in groundwater. Under particular conditions (low water-rock
ratios, long residence times or high reservoir temperatures) water-rock
interactions may modify the stable isotope composition.
The common point of the three case histories described below (Fig. 1) is the
uncertainty about the origin of salinity in contrasting geological
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environments, the granitic basement of the Poitou region (France), the North
German sedimentary basin and a coastal aquifer (Oman).
Deep groundwaters in the surroundings of the Gorleben diapir are highly
saline. Sr isotope ratios of the most concentrated brines (about 300 g/1) are
close to those of the Permian ocean and of Gorleben halite. 8"B values of
<35 %o suggest rather salt erosion (secondary brines) than dilution of
residual primary brines which would be expected to be enriched in "B with
respect to (paleo-)seawater. All NaCl groundwaters plot on a mixing curve
beween shallow waters and deep brines. O/H isotopes give hints to the age
of brine formation and the dynamics of mixing: most brines show
Pleistocene cold signatures; rapid infiltration of Holocene waters is
evidenced in a few cases by brines enriched in 2H and 180.
The origin of salinity in deep groundwaters in the cristalline basement has
been subject of extensive discussion. Waters from French granites in the
Vienne region (500 m max. depth) show B isotopic compositions close to
those of present day seawater and 87Sr/86Sr ratios are slightly higher than
those of the Jurassic ocean. Seawater intrusions or sedimentary brines of
marine origin are therefore the most probable source of salinity. Typical
mineral waters from granite further inland (Massif Central) show higher
87
Sr/86Sr and lower nB/10B ratios. Some groundwaters from granites in the
Vienne region show an intermediate position. In a 52H vs.5I8O diagram, the
waters plot on a mixing line between relatively depleted groundwater (cold
signature) and a hypothetical saline endmember above the global meteoric
water line. The original marine O/H isotope signature seems to have evolved
by water/rock interaction.
The Oman case study concerns a typical problem of potential marine
intrusion into a coastal aquifer. The combined Sr/B study suggests that
marine influence is only indirect: rainwater shows isotopic compositions
similar to Oman Gulf seawater which are only slightly modified by washout.
After infiltration into the shallow alluvial aquifer it evolves by water/rock
interaction. A potential source of dissolved salts are admixed groundwaters
from permeable layers in the underlying clays characterised by low 87Sr/86Sr
ratios and 8 n B values around 25 %o. Some wells in the shallow aquifer do in
fact occupy an intermediate position.
A combination of B, Sr, O, and H isotopes seems to be promising in
hydrogeological situations where the sources of salinity are doubtful. Future
research may focus on the isotopic characterisation (B and Sr isotopes) of
potential end members like precipitation and anthropogenic inputs.
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Fig. 1: B/Sr/O/H isotope systematics of groundwaters from the granitic basement of the Poitou
region (France), the North German sedimentary basin and a coastal aquifer (Oman)
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The island of Limnos is located in the Northern part of the Aegean sea. In the 1995
water samples were collected from cold and thermal springs and wells. Maximum surface
temperature of 42°C is associated with the Therma springs water. Two hydrochemical
categories of water can be distinguished. The chemical composition of thermal water
indicates a Na-Cl chemical type. Its TDS values less than 0,2 g/L and relatively high Na +
and SiO2 contents are due to hydrolysis of silicate rocks. In contrary, the TDS values less than
0,5 g/L and with relatively high HCO3' of Ca-HCO3 water, which emerges into sedimentary
rocks, may represent the initial stage of the underground circulation. During this circulation, the
original meteoric water modifies its chemical composition due to the earliest stages of waterrocks interaction containig calcite.
Isotopic composition, 52H- 518O, of the two types of water, shows that this is meteoric
water. But the meteoric water circulation through different rocks influences the 13C isotopical
composition of the dissolved HCO3" and the 34S of dissolved SO42". The more positive values of
13
C of HCOywater probably are due to carbon inorganic sedimentary. The final isotopic
composition of 34S of aqueous sulfate is due to the participation of sulphate with Might' isotopic
composition. In the case of Cl-waters, the Might' isotopes come from oxidation of sulphur
primaire of volcanic rocks. In the HCO3-waters, this comes from the oxidation of sulphur
sedimentary.
The aquifer in the volcanic rocks exhibits a reservoir temperature around 60°C - 80°C,
with the use of chemical geothermometers. The sulphate-water isotopic geothermometer gives
very high temperatures. These calculated temperatures are unrealistic because the original
sulphate was modified by the mix of oxidation sulphate. This sulphate could be of shallow
origin and not at equilibrium with water.
The origin of the water at Limnos Island is meteoric and the heat is aquired by the
underground water circulation, through volcanic rocks.
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GEOCHEMISTRY OF CO2-RICH WATER IN THE JUNGWON AREA, KOREA
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Geoenvironmental Sciences
Korea Atomic Energy Research Institute
P.O. Box 105, Yusung, Taejon
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Abstract
From the Jungwon area which is one of the famous locations for the CO2-nch water in Korea,
various kinds of natural waters (deep groundwater, shallow groundwater and surface water) were
studied for hydrogeochemical and environmental isotope ( 5 ^ 0 , 5D, 5^C, d^S, &7sr/86sr and
tritium) characteristics. Geology of the area consists mainly of Precambrian gneisses and Mesozoic
granitoids. Carbonate and alkali types of deep groundwater occur together, and each type shows
distinct hydrogeochemical and environmental isotope characteristics. The CO2-rich water in the area
is characterized by lower pH (6.0 to 6.4), higher Eh (25 to 85 mV) and higher contents of total
dissolved ions (up to 3,300 mg/L), whereas the alkali type water has higher pH (9.1 to 9.5), lower Eh
(-128 to -136 mV) and TDS (168 to 254 mg/L) indicating controlled by water-granite interaction. The
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FIG 1. Piper's diagram showing chemical compositions of various kinds of waters from the Jungwon
area.
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C02-rich water (up to 1 arm, Pco2) might be evolved by CO2 supplied at depth during groundwater
circulation. This process leads to the dissolution of surrounding rocks and the enrichment of Ca, Na,
Mg, K and HCO3. Ca, Na and HCO3 in the CO2-rich water are dominant (Fig. 1). Ca and Na can be
derived by dissolution of plagioclase in the granitic terrain. Dissolution of biotite and K-feldspar
contributes K and Mg to the solutes of the waters. The alkali water is also relatively enriched in F (up
to 14 mg/L), resulted from dissolution of biotite and apatite. On the other hand, fluorine (3 to 4
mg/L) in the CO2-rich water lower than the alkali water. It can be explained by buffering of flourite.
The CO2-rich water almost saturated with respect to fluorite. Stontium concentration in both of the
CO2-rich water and the alkali groundwater is likely controlled by precipitation of strontianite. The
geochemistry of the alkali groundwater shows the simple Na-HCC>3 type with high pH. These water
seems to be resulted from weathering of silicate minerals in the granite without additional supply of

co2.
Two types of groundwater (<1.0 TU) were both derived from pre-thermonuclear meteoric
waters with lighter O and H isotope composition (-10.5 to -9.4 %o, 8 ^ 0 ) than younger waters (-8.8 to
-7.8 %o, 5I8O), i.e. shallow groundwater and surface water, indicating prolonged water-rock
interaction. The relationship between 5 ^ 0 and 5D indicates that the CC>2-rich water was isotopically
re-equilibrated with CO2 gas (Fig. 2). Carbon isotope composition (-5 to -7 %o) of the C02-rich water
shows a range associated mantle derived CO2. However, further study is necessary to identify CO2
source. In the other hand, the §13c values (-13.1 to -9.5 %©) of the alkalin groundwatr reflect the
important role of organic carbon in the groundwater in this area. The 5-^S values (+24.1 to +27.6 %^
of dissolved sulfate shows that sulfate reduction by organic activity had occurred at depths. However,
Fe and H2S content and Eh values are not consistent with sulfate reduction. The strontium isotope
ratios of the waters and geologic materials in the area indicates that the source of Ca in the CC>2-rich
water is not related to vein calcite of the W-Mo mines in the Jungwon area.
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FIG.2. 5I8O versus SD diagram of various kinds of waters from the Jungwon area.
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ABSTRACT
Two types of cooler fluids are present in Tongonan and Mahanagdong fields, namely, the
reinjected waste brine and the shallow groundwater. The massive influx of these fluids to the
production area had adverse effect on the overall steam generation capacity primarily because of the
decline in fluid temperature and shift from vapour-rich to liquid-saturated state of the reservoir.
Monitoring the movement of these cooler fluids in the deep reservoirs was made possible by the
application of fluid geochemistry and stable isotopes.
In its natural state, the deep reservoir fluids of Tongonan field has temperature of 260-300°C,
salinity of 0.17-0.22 m Cl, and gas content of 0.5-0.8% by weight. The natural distribution of stable
isotope across the field (Fig 1) depicts an isotopically enriched centre [•0.307oo 6"O] becoming
depleted [-2.50%,, S S O] towards the peripheral areas. The centre of the field hosts a natural shallow
two-phase zone resulting to high-enthalpy discharges of the production wells in this part of the field.
The influx of the reisjected waste brine in the production area ot Tongonan became apparent in
1988 after five years of commercial operations of the first power plant. The wells that previously
delivered highly two-phase fluids started to become liquid-saturated. As a consequence, there was an
enthalpy decline in the entire field. The reservoir fluids were also affected by waste brine mixing. The
range of fluid temperature dropped by 10°C, salinity increased to 0.25-0.30 m Q, and gas declined to
0.2-0.5% by weight The new distribution of stable isotopes (Fig. 2) shows isotopic enrichment in the
western part of the field [+1.00%,, S la O] where waste brine injection takes place The isotopically
enriched area extends within one-kilometer radius from the reinjection sector indicating spread of
cooler waste brine to the production area. On the basis of isotopic changes, the ranjection fluids were
estimated to make up 20% in 1988 to as much as 50% in 1995 of the fluid budget in the production
area.
In response to the adverse effect of reinjected fluid returns, waste brine injection strategy was
revised. Injection wells that drive the quick return of waste brine were given low utilisation priority in
favor of wells that have little communication to the production sector. High enthalpy wells were also
given high priority for steam production After two years of modified injection scheme, production
wells started to recover from the cooling effects of reinjected fluids, as shown by the decline in fluid
salinity and increases in gas contents, fluid temperature and discharge enthalpy.
In Mahanagdong field, the natural deep thermal fluids have temperature of 260-300°C, salinity
of 0.07-0.20 m Cl, and gas contents of 1.0-3.0% by weight The distribution of stable isotope in the
natural state of the reservoir (Fig. 3) shows the presence of cooler and diluted fluids at the western part
of the field. These fluids are believed to be products of mixing of shallow groundwater, which
percolates deep down through near-vertical fractures, with the deeper thermal brine. As a result of
mixing, these cooler fluids have more diluted chemistry and more depleted stable isotopes |-3.07oo
518O] compared to the central part of the field.
In 1997, Mahanagdong field started to generate 180 MW of power that brought about changes to
the physical and chemical characteristics of the reservoir. After about one year of commercial
operations, the production wells situated in the western part of the field sustained decline in fluid
temperature and salinity ultimately leading to decline in bore output Fluid chemistry and stable
isotopes indicated that the pay zone with direct connection with the reservoir of cooler fluids
dominated over the hotter feed zone The present stable isotope distribution across the field (Fig. 4)
illustrates invasion of isotopically depleted fluids from the west to the production part of the field,
passing through a northwest-trending structure. The proposed solution to this problem is the isolation
of the identified conduit of cooler fluids by top-zone plugging in the present wells and casing oil the
zone in future wells.
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Tracing surface-to-depth flow and mixing at the Con Mine, YeDowknife, Canada:
An analogue for the hydrogeology of radioactive waste repositories
Ian Clark, Malcolm Douglas, Ottawa-Carleton Geoscience Centre, University of Ottawa
Kenneth Raven, Duke Engineering and Services Ottawa, Canada
Dennis Bottomley. Atomic Energy Control Board, Ottawa, Canada
One concept for nuclear waste disposal is burial at depths >500 m in crystalline bedrock to isolate
radionuclides against transport to the biosphere This study examines the impact by an underground mine in
the Canadian Shield on deep groundwater flow, as a physical analogue for a radioactive waste repository. The
objectives of this work were to trace groundwater flow pathways, determine the rate at which modem
meteoric water is migrating to depth, and to assess the importance of hydraulic gradients in safety assessment
models The study examined workings in an area extending from surface to 1 6 km depth, with a 3dimensional array of subsurface sampling locations on five drift levels between 700 m and 1600 rn depth.
Sampling sites were established on exploration boreholes that intersected any of three principal water-bearing
faults within the mine.
Salinity follows a general log-linear increase with depth (Cl~ from 4S mg/L to 194 g'L), with local variations
of over an order of magnitude within a single drift where water is associated with different faults. This is due
to mixing between Ca-Cl brine (Frape et a!., 1984; Macdonald, 1986) and modem meteoric infiltration (S1SO
~ -19.2%o and 62H - -15O9w). Waters from the 3900 to 5300 ft levels carry an excess of 2H with respect to
1S
O, and follow a mixing trend towards a rock-equilibrated Shield brine (Fritz and Reardon, 1979).
The isotopic depletion observed in
groundwaters from the 2300 to 4900
levels indicates a third mixing
component in mine groundwaters.
Winter recharge can be discounted as
the source of the observed isotopic
depletions in the third component, as
the sampling depth is far too great to
permit preservation of seasonal S1SO
signals Further, tritium modeling
indicates recharge to be a multi-year
mixture The origin of these depleted
waters is attributed to infiltration of
glacial meltwaters at about 10 ka,
-14
-12
when the Laurentide ice sheet margin
-20
-1B
-16
was retreating eastward across the
&:iO 14. VSMOW
s
Yellowknife
area
Significant
Fig. 1 Relationship of o' O and o^H in surface waters and groundwaters.
meltwater recharge would have taken
place below the margin of the ice sheet, fed by an extensive network of subglacial meltwater channels
(Bjornsson, 1998) and under high glacial hydrostatic head
-70

A Surface w aters
o 2300 Level
» 3500 Level
X 4500 Level
• 4900 Level
« 5300 Level

Tritium was measured at all underground sites sampled The lowest i H contents are observed for the deepest
sites at 1,615 m below surface (5300 level) where only a very minor component of modem meteoric water has
mixed with the brine and glacial water. Repeated sampling of inflows on the 4500 level since 1980 has
allowed calculation of surface-to-depth transit time of the modem meteoric component (Fig. 2). The tritium
content, corrected for mixing with brine and glacial meltwater. has been used to model mean transit times
( M i l ) for recent meteoric water using the combined exponential flow and piston flow model - FLOW
(Maloszewski and Zuber, 1996). Optimum matches with the assembled input data were obtained where the
modeled effect of piston flow was four times greater than that of exponential flow, consistent with fault plane
flow paths.
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In summary, groundwaler
inflows sampled from drifts
excavated in the unmined
Fig. 2 Results for modeling mean transit times for recently recharged meteoric water
area of the Con Mine, are
sampled a[ 45-B, using FLOW (Maloszewski and Zubcr. 1996). Measured tritium
mixtures of three waters:
concentrations, corrected for dilution by tritium-free brine and glacial meltwater, are
Shield brine, early Holocene
compared with optimized models for mean transit limes (MTT). Model allows mixing of
modem (triu'ated) and submodern (tritium-free) meteoric waters.
glacial meltwater and recent
meteoric
recharge.
The
bnnes were flushed from higher elevations in the mine site during the early Holocene by glacial meltwaters,
which circulated to depths as great as the 4500 level. High topography along the ablating glacier margin
would have provided the steep gradients required for meltwater to infiltrate glacio-tectonically activated faults
of the bedrock. Christienson et al. (19S2) give geological evidence for such flow, which differs from
subglacial meltwater injection as proposed by Boulton et al. (1993). These early Holocene glacial meltwaters
have been preserved in the subsurface up to present time under conditions of low hydraulic gradient. Mining
activities, beginning in 1937, then induced deeper circulation of recent meteoric waters, now identified as
submodem (pre-thermonuclear era) and modern (tntiated) groundwater
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As an analogue for a radioactive waste repository, this study demonstrates the significant modification that
such an underground opening can have on groundwater flow rates in a faulted crystalline terrain by generating
vertical hydrodynamic gradients. Further, under conditions of low hydraulic gradients, deep groundwater
circulation in highly permeable faults is minimal. At this site, groundwaters recharged at ca 10 ka were
essentially immobile in the subsurface up to the onset of mining activities. Thus, once the steep hydraulic
gradients imposed by mining decay to natural pre-mining conditions following closure, the potential for
advective transport from depth to surface would be diminished However, this conclusion is valid only for the
deep subsurface, as this study was restricted to a 700 to 1600 m depth interval

Bjomsson, Heigi, Hydrological characteristics of the drainage system beneath a surging glacier. Nature, 395:
111-11 A.
Boulton, G.S., Slot, T., Blessing, K , Glasbergen, P., Leijnse, T. and van Gijssel, K., 1993. Deep circulation
of groundwater in overpressured subglacial aquifers and its geological consequences Quaternary
Science Reviews 12:739-745
Christiansen, E.A., Genzwill, D.J. and Menely, W . A , 19S2. Howe Lake: A hydrodynamic blowout structure.
Canadian Journal of Earth Sciences, 19, 1122-1139.
Frape, S.K and Fritz, P , 1982 The chemistry and isolopic composition of saline groundwaters from the
Sudbury basin, Ontario Canadian Journal of Earth Sciences, 19: 645-661.
Fritz, P. and Reardon, E.J., 1979. Isotopic and chemical characteristics of mine water in the Sudbury area.
AECL Technical Report 35, Atomic Energy of Canada Limited, Chalk River, Ontario, Canada, 37 p.
Macdonald, I.M., 19S6. Water-rock interaction in felsic rocks of the Canadian Shield MSc thesis, Waterloo
University
Maloszewski, P. and Zuber, A , 1996 Lumped parameter models for interpretation of environmental tracer
data (Supplementary Annex). In: Manual on mathematical models in isotope hydrogeology. IAEATECHDOC-910, IAEA, Vienna.

93

IAEA-SM-361/43

XA

"5°°93

MODELLING OF FLOW DYNAMICS IN LAYERED GROUNDWATER
SYSTEM - COMPARATIVE EVALUATION OF BLACK BOX AND
NUMERICAL APPROACHES
P. MALOSZEWSKI and K.-P. SEILER
GSF - Institute of Hydrology, Neuherberg,
D-85764 OberschleiBheim, Germany
To evaluate the short- and long-term spatial effects of pollutants in underground
water, mean transit times and balance calculations of the pollutant input and output
are needed. These are determined with the help of mathematical models.
Among the mathematical models, the discretising models based on the FiniteElement- or the Finite-Difference-Methods and the stochastic models are the best
known. To apply them in actual cases, an extensive data base is required. These data
are very often not available, and when available, usually not at the beginning of most
investigations.
Black-Box-Models are mathematical models that require only
information concerning the turnover zone of the underground water
the calibration the record of non-reactive tracer concentrations
measure in the input and the output from the system. They can be
with hydrogeological data available.

a minimum of
and that need for
within the time
simply validated

Black Box Models are based on the assumption that the forms of continuous
distribution of the individual flow times of the water particle represented by the flow
times of non-reactive tracers in groundwater between input and output of the system
are known or can be predicted. The mean transit time represents the average of the
large number of individual flow times in the aquifer, weighted with the amount of
water flowing through the system. In doing this, it is presumed that the groundwater
is a closed system, sufficiently homogeneous, anisotropic, and stationary; there is a
defined input and a corresponding output in form of pumping wells, springs or
streams drainage the system.
To judge the application possibilities and limits of the different Black Box Models to
determine aquifer data and pollutant expositions, transit time distributions and mean
transit times were calculated for an assumed, layered groundwater reservoir with
defined boundary conditions and permeability distributions. Black Box, numerical,
and transport models were used for this and the results compared. The boundary
94

conditions used in the models are oriented on commonly occurring sequences of
aquifers, as described in DVWK (1987, 1994).
In the first step, using a numerical model of water flow in a vertical plane (x=5000m,
z=200m, recharge: q= 150mm/a equally distributed of the whole length of aquifer,
two no-flow boundaries and a constant head: h=200m by x=5000m), the streamline
distribution and thus the flow times of the water in a narrow flow paths between
neighbour streamlines were calculated for the whole aquifer. Then the flow time
distribution was determined from the flow times and flow rates in these different
flow paths. Using these results, the art of the distribution and the mean transit times
were determined using an exponential, exponential-piston-flow or a dispersion
distribution functions.
In the second step, numerical transport modeling is carried out for non-reactive
tracers, i.e. the weighted concentration-time-distributions in the system output (e.g.
receiving stream) for different, assumed longitudinal and transversal dispersivities
were calculated. In all cases, it is assumed that the tracer enters the system
continuously and with a constant concentration. Finally was examined which of
known Black-Box Models is applicable to describe the output concentrations
calculated numerically and which is the value of mean transit time. From the large
number of calculated cases of layered heterogeneous aquifers, three representative
examples were selected and presented.

The results give the possibility to better understanding of the Black Box Model
approaches and their applicability and show the hydrogeological meaning of the
mean transit time of water interpreted based on environmental tracer data in the case
of strongly heterogeneous aquifer.

Literature
DVWK (1987): Erkundung tiefer Grundwasserzirkulationssysteme. Grundlagen und
Beispiele. - DVWK-Schriften 81: 223 S.; Parey, Hamburg, Berlin
DVWK (1994): Speicher-DurchfluB-Modelle zur Bewertung des Stoffein- und
Stoffaustrags in unterschiedlichen Grundwasser-Zirkulationssystemen. - DVWKSchriften 109: 117 S.; Wirtschafts- und Verlagsgesellschaft, Bonn
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Reservoir theory, groundwater transit time distributions and
lumped parameter models
David Etcheverry, Laboratoire de ge"ologie, Departement de ge"nie civil,
Ecole polytechnique fedeYale de Lausanne, 1015 Lausanne, Switzerland.

The lumped parameter approach presents aquifers as black boxes and groundwater transit
time distributions as transfer! functions. Although this simplification is usefull to allow
rapid treatment of scarce isotopic and hydrogeological data, it is obvious that the three
most used one-dimensional models (piston flow model in its advective or dispersive
form, and exponential model) can not lump all the hydrogeological variability of aquifers.
We returned to the origins of the lumped parameter models, namely the reservoir theory
[1], to deterministically calculate transit time distributions and thus validate the existing
lumped parameter models. The intrinsic relation between the age cumulative distribution
function M(x), the distribution of water ages in the reservoir ^(x) and the transit time
distribution <J>(x) is given by

Q(T)

"

M o dY(T) _ 1 d2M(x)
Fo dx " F o dx2 '

(1)

with x being the age of an elementary volume of water, Fo the total flux, Mo the total
volume of mobile water, and M o /F o = To the turnovertime. Assuming that M(x) is
known, the function O(x) can be derived. We solve this problem analytically for simple
conceptual models, and numerically for complex realistic case studies. Numerical
solutions are obtained by coupling the reservoir theory to water age scalar fields generated
on finite element models after [2]. We restrict ourselves to pure advective cases, and only
water ages are considered (tracer ages are not taken into account).
Eq. 1 is applied to validate analytically the piston and exponential models [3] for two
conceptual flow systems (Fig. 1 and 2, Eq. 2 and 3). The influence of a fracture zone is
modelised numerically for the piston flow case for various porosities and hydraulic
conductivities of the fault. A strong dispersion of transit times around the mean is
observed. The stability of the exponential model regarding aquifer thickness is verified
numerically by solving the case for various geometries on systems with the same
turnovertime. Numerical results for a wide range of aquifer thickness agree with the
analytical solution. The dispersion of flow line lengths due to non negligeable aquifer
thickness does not influence drastically the exponential distribution of transit times with
imposed fluxes.
To illustrate the potential complexity of groundwater transit time distributions, a regional
conceptual heterogeneous model [4] is solved numerically (Fig. 5). The extreme
sensitivity of transit time distributions to the position of an horizontal low permeable layer
96

is shown. Spread of transit times around the mean occurs even in pure advective cases, as
a consequence of different flow line lengths and heterogeneous velocities. The transit time
distribution may be skewed or multimodal. The mean transit time is then often not
representative of the whole age distribution at the outlet. This behaviour of transit time
distributions is more hydrogeology dependent as scale dependent, and should be taken
into account for isotope groundwater dating.
References
[1] ERIKSSON, E., 1961. Natural reservoirs and their characteristics, Geofisica
International 1 (2), pp. 27-43.
[2] GOODE, D. J., 1996. Direct simulation of groundwater age. Water Resources
Research, 32(2), pp. 289-296.
[3] MALOSZEWSKI, P. & ZUBER, A., 1996. Lumped parameter models for the
interpretation of environmental tracer data, IAEA TEC-DOC-910, pp. 9-54.
[4] TOTH, J., 1962. A theory of groundwater motion in small drainage basins in central
Alberta, J. Geophys. Res. 67, pp. 4375-4387.
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Calibration of a 3-dim. Hydrodynamic Transport Model with Tritiogenic 3He
Norbert Mattle' b and Wolfgang Kinzelbachb
' Physics Institute, University of Bern, Switzerland
b
Institut fur Hydrodynamik und Wasserwirtschaft, ETH, Zurich, Switzerland
Urs Beyerlec, Werner Aeschbach-Hertig0, Dieter Imboden0, Rolf Kipferc,
c
Swiss Federal Institute of Technology (ETH) and Swiss Federal Institute of Environmental
Science and Technology (EAWAG), Dubendorf, Switzerland
Rainer Wielerd
d
Isotope Geology, Swiss Federal Institute of Technology (ETH), Zurich, Switzerland
Using simple box models such as exponential- or dispersion-models has become very convenient in dating
groundwaters by interpretation of environmental isotopes. However, under certain circumstances (very
young groundwaters, mixing of water compounds of different ages and origin, transient flow field) these
simplistic models lead to misinterpretation and the use of more complex and physical models such as 3dimensional hydrodynamical transport models is more appropriate.
This paper presents a high resolution numerical model of a part of an aquifer that is recharged by
infiltration from the river Toss in the Linsental (north-eastern Switzerland). It arose from a larger
interdisciplinary research program which evaluated the possible impacts of a planned natural rehabilitation
of the Swiss prealpine river Toss. Along its flow the river infiltrates through the riverbed and feeds the
groundwater in the alluvial aquifer beneath which provides drinking water for about lOO'OOO people. During
the last century the river Toss was severly canalised, but more recently the opportunity has arisen to remove
this canalisation to enable a more dynamic and natural floodplain. On the other hand, if the river bed will
shift closer to the pumping stations, the local drinking water supply authorities are afraid of a deteoration of
the drinking water quality, associated with smaller groundwater residence times. The main focus of the
model was the determination of the variability of the mean groundwater residence times and the
differentiation between groundwater and recently infiltrated river water.
The flow model was constrained and calibrated by transport modelling of tritiogenic 3He. This tracer proved
to be a good choice since it reflects both the aging of the water (by accumulation of 3He resulting from
tritium-decay) as well as the two different components of the mixture (3He-free river water due to degassing
and 3He-enriched groundwater components due to accumulation). By simulating a 5-pulse-shaped input of
any conservative tracer whatever at different sources (river cells or fixed-head cells) it was possible to
determine the age distribution as well as the mixing ratios of the two pumping stations within the model
area. The same calculations for a river course passing directly beside the pumping stations result in a
decrease of the mean residence time of the pumped water together with an increase of the amount of the
younger river component. A comparison of the age distribution calculated by the numerical model with the
age distribution of the dispersion model showed that the box model would be fully suitable if one knew the
mixing ratio of the different water components. In addition, it turned out that the mixing parameter D/vx
(the reciprocal of the so called Peclet number) of the dispersion model is not only a purely physical
parameter but is also influenced by the extension of the recharge area relative to the mean length of the flow
lines.
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APPLICATIONS OF COMPOUND-SPECIFIC CARBON ISOTOPE RATIOS IN
ORGANIC CONTAMINANT STUDIES
R. ARAVENA1, D. HUNKELER1, Y. BLOOM1, B. BUTLER2, E. EDWARDS3,
S.K. FRAPE1 AND E. COX4
'Department of Earth Sciences and 2Biology, University of Waterloo,
Waterloo, Ontario, Canada
3

Department of Chemical Engineering and Applied Chemistry, University of
Toronto, Toronto, Ontario, Canada
4

Geosyntec Consultants International, Guelph, Ontario, Canada

Groundwater contamination, by organic compounds, is one of the major
environmental problems in water resources today. Through interaction between
groundwater and streams, lakes and wetlands, these contaminants can eventually impact
surface water. Petroleum hydrocarbons and DNAPLS (Dense-non aqueous phase liquids)
such as chlorinated solvents are the most common organic groundwater pollutants
The focus of the research on organic contaminant in groundwater has been on the
behavior and fate of organics in the subsurface and remediation technology. The
development of compound-specific isotope analysis on organic contaminants has opened
new possibilities for the application of stable isotopes in groundwater research. The
isotope approach has focussed on the evaluation of isotopic fingerprints in chlorinated
solvents [1] and BTEX [2] and in the evaluation of isotopic fractionation associated with
biotic and abiotic degradation of organic compounds [3, 4,5]. This paper will discuss
recent advances on the application of compound-specific carbon isotope analysis in
organic contaminant studies in groundwater. Analytical techniques will be discussed and
laboratory and field isotope studies related to biodegradation of organic contaminants
will be presented. Chlorinated solvents will be the primary focus.
It is expected that the area of major impact on the application of compoundspecific isotope technology will be in the understanding of the attenuation of organic
compounds in groundwater. There is a need for new tools to evaluate the efficiency of
remediation technologies and the process of natural attenuation of contaminants in
groundwater. These applications are based on the expected isotopic fractionation
associated with degradation of organic compounds. Microcosm and field experiments are
being carried out to evaluate isotopic patterns observed during degradation of organic
compounds. No significant fractionation has been observed for degradation of BTEX
under oxidizing conditions and reducing conditions [4]. However, abiotic and biotic
degradation of chlorinated solvents is accompanied by a large isotopic fractionation [3,
6], The following example illustrates the carbon isotope fractionation measured during
biodegradation of TCE (Figure 1). This test was run using a bacteria consortium obtained
from a TCE contaminated site. The largest isotope fractionation was observed during the
dechlorination of cis-l,2-dichloroethene (cDCE) to vinyl chloride (VC) and VC to
ethene. The 8}3C values for cDCE and VC increased from -30 to -10 %o and from -38 to
+8 %o, respectively. The 513C of the ethene changed from -60 to -30 %o, the isotopic
composition of the initial TCE. Similar carbon isotopic pattern has been observed on
microcosm using cDCE and VC as initial compound [7], This pattern has also been
observed for PCE degradation under field and laboratory conditions [7], These results
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and new developments of compound-specific deuterium analysis in organic compounds
open new possibilities for the application of stable isotopes to assess natural attenuation
of organic compounds in groundwater and remediation technologies.
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the degradation of trichloroethylene with zero-valent metal. Proceeding of GSA Annual
meeting, Toronto, (1998).
[7] Hunkeler, D., Bloom, Y., Aravena, R., Edwards, E., Cox, E., Butler, B., and Frape,
S.K. Application of stable- isotope ratios to assess biodegrdation of chlorinated
hydrocarbons in aquifers. Proceeding AGU Fall Meeting, San Francisco (1998).
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DETERMINATION OF GLOBAL OCEANIC PRECIPITATION
FROM EVAPORATION FIELDS USING RAINFALL STABLE
ISOTOPE DATA
A.S. Kayaalp and J.A.T. Bye
School of Earth Sciences, The Flinders University of South Australia G.P.O. Box 2100,
Adelaide, SA, 5001, Australia

Globally it is difficult to make direct observation of precipitation and evaporation over the
ocean. Our analysis provides a new approach in which the ratio of precipitation (P) to
evaporation (E), f = P / E, can be estimated from stable isotope (18O and 2H) data. In this paper
we select the evaporation field and compute the precipitation field, and compare this prediction
with precipitation data sets obtained by other methods. For the purpose of the analysis it is
essential that the evaporation field has a global coverage so that a global water balance can be
obtained. We also require that the evaporation field should be obtained by a technique that is
independent of precipitation measurements. This appears to restrict the choice to evaporation
fields determined by the bulk formula method. We use the Baumgartner and Reichel (1975) and
NCAR (1998) global fields. The resulting annual precipitation distribution can be compared
with the Baumgartner and Reichel (1975) precipitation field, and also with precipitation
estimates obtained from satellite oceanic microwave observation of cloud top temperatures
(Spencer 1993).
The isotopic analysis is based on the Straaten and Mook (1983) model which the calculates
the isotopic composition of precipitation in equilibrium with atmospheric vapour. The model
considers three processes; firstly the formation of an atmospheric vapour mass in the region,
secondly the condensation of the vapour in the region, and thirdly the transport of vapour out
of the region. Water evaporates from the ocean with kinetic fractionation factor a t , and
vapour condenses back into the ocean with kinetic fractionation factor a -i, and at a relative
humidity of the air below unity there is a net transport of water into the atmosphere. The
original model was applied for an equatorial vapour source. We have applied the model to
obtain estimates of f from global isotopic stations data using climatic data on surface
temperature and vapour pressure. It is found that stable estimates can usually be determined
from weighted average precipitation data over a period of a few years (Kayaalp 1998)
In order to calibrate the model a special purpose isotopic survey was conducted in South
Australia and the Northern Territory of Australia in which the meteorological variables (wet
and dry bulb temperature) during the precipitation events which determine the isotopic
equilibrium were measured, and their relation to monthly mean values was investigated. This
procedure enabled accurate estimates of f to be obtained using climatic data. As part of the
procedure global maps indicating the ratio of evaporation rates during precipitation to those
under dry conditions were obtained. A method to estimate f using surrogate meteorological
data where isotopic data are not available was also developed.
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Realistic precipitation fields are obtained from the f-value determination interpolated on a
10° x 10° global oceanic grid. A comparison with the corresponding land precipitation rate
clearly shows the 'atoll effect' for ocean islands, where typically a 50% reduction in
precipitation occurs in the isotopic estimates. The 'atoll effect' is also apparent in subtropical
coastal stations, eg. Perth, Australia. In the ASEAN region on the other hand, there is a
consistent increase in the isotopic estimates relative to the land stations of about 30%, e.g.
Singapore. Significant relative increases also occur in the subtropical storm track regions, eg.
Invercargill, New Zealand. This 'maritime effect' is a notable feature of the isotopic results. A
remarkable reversal between the land and isotopic precipitation estimates occurs between the
station pair, Buenos Aires, Argentina and Stanley, Falkland Islands, due to the two effects. In
comparison with other climatology, the isotopic results tend to show more precipitation over the
ocean in regions of vapour import ( f > 1), and somewhat reduced precipitation in regions of
vapour export ( f < 1). This is especially the case with respect to the satellite precipitation
estimates (Spencer 1993), and gives rise to larger estimates for the poleward subtropical
transport of freshwater, relative to the other studies.
REFERENCES
Baumgartner, A., E., Reichel, The World water balance- mean annual global, continental and
Maritime precipitation, evaporation and runoff. Elsevier, Amsterdam, 179 pp., 1975
Kayaalp, A.S., Application of rainfall chemistry and isotopes in hydrometeorological modelling
(PhD thesis in preperation), The Flinders University of South Australia, 1998.
NCAR, National Center for Atmospheric Research, Climate and Global Dynamics Division,
davestep-evp7995year.ascii, 1998
Spencer, R.W., Global oceanic precipitation from the MSU during 1979-91 and comparisons to
other climatologies. J. Climate, 6, pp.1301-1326,1993.
Van der Straaten CM., and Mook, W.G., Stable isotope composition of precipitation and
climatic variability, in Paleoclimate and Paleowater: A Collection of Environmental Isotope
Studies, pp. 53-64, International Atomic Energy Agency, Vienna, 1983.
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Relation between Isotopes in Precipitation and Climate in
China
WANG Dongsheng, LIU Jinda, WANG Jinglan
Institute of Hydrogeology and Engineering Geology j zhengding, China
XU huizhen,
State General Station of Geological Environment Monitoring , Beijing, China
Although the isotopic composition of
monthly
precipitation
has
been
monitored at more than 10 stations in
China and some problem of hydrology
and environment have been preliminary
researched, the Relation between
Isotopes in Precipitation and Climate in
China (RIPC) have not been minutely
researched, since the Chinese Network
for Isotopes in Precipitation(CNIP) has
established in the year 1985. Today,
the
records
of
isotope
and
meteorological data are available for
some stations in CNIP. The RIPC are
presented and the yearly average 18Otemperature coefficient are used to
discuss palaeoclimate.
It is documented that meteorological
regimes
determine
isotope
concentrations with North China(in the
north of Yang- zi river ) and Eastern
China being dominated by Pacific
storms whereas the South China(in the
south of Yang-zi river) receives
primarily the southwestern monsoon
from Meng-jia-la coast These patterns
prevail during the summer whereas
during winter months arctic air masses
can arrive in virtually all areas of China.
The data of Shi-jia-zhuang (Table 1, )
indicates that changes of
yearly
averages of isotopic composition in
precipitation
over
Shi-jia-zhuang
regions during the past two decades
closely followed changes of yearly
averages of surface air temperature
with
the
yearly
average
18O-
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temperature coefficient about 0.36 per
mil per degree Celsius(Fig. 1. and Fig.
2.). And the monthly average 180temperature coefficient is about 0.13
per mil per degree Celsius(Fig. 3.). The
data of station of NORTH China(in the
north of Yang- zi river) , over mid-and
high- latitude regions .indicates that the
18
yearly
average
O-temperature
coefficient is about 0.40 per mil per
degree Celsius, and is the same as the
monthly average
Table I.The averages of 18O and
temperature(T)
for
Shi-jia-zhuang
Station,(Latitude:38.02N, ongitude:114.25E,
Altitude.above sea level 80m). 180=18OY a,
T=TY a, Ya = the yearly average 18O or
temperature
18o
Year 18o
TO
TO
1986
1987
1988
1989
1990
1991
1996
1997
18

(,SM0W)
-6.73
-8.03
-5.96
-7.35
-8.91
-7.28
-6.61
-5.64

13.00
14.43
15.73
14.06
13.15
14.23
18.14
17.89

0.800
-0.500
1.580
0.186
-1.38
0.250
0.922
1.897

-1.41
.023
1.324
-0.34
-1.26
-0.178
3.738
3.486

O-temperature
coefficient,
for
example, Lan-zhou tation:0.35, Zhangyie
station:0.46,
Wu-lu-wo-qi
station:0.42. But the relation between
18
O and temperature is different for
other stations of SOUTH China(in the
south of Yang-zi river), it is a negative
correlation. The data of Hai-kou
station(-0.42) is the same as of Hong-

Kong station(-0.42), both of them are
representing a tropical, monsoon-type
climatei.
The yearly average 18O-temperature
coefficient (about 0.36 per mil per
degree Celsius ) derived from NORTH
China stations are used to discuss
paleo-climatic in North China Plain..The
increment of 18O in ground waters
during the transition from Late Glacial to
Holocene amounts to about 2.8 per mil
per degree Celsius (The corrected
values is 4.3 per mil per degree
Celsius) The corresponding change of
surface air temperature derived from
the spore - pollen type is 122. And the
18
O-temperature coefficient of paleoclimatic in North China Plain ( about
0.36 per mil per degree Celsius ), close
to the value derived from yearly
average 18O in precipitation and surface
air temperature in Shi-jia-zhuang station
(0.36 per mil per degree Celsius).
The presented data indicate that the
relation between 18O and temperature is
a direct correlation
for stations of
NORTH China ( i n the south of Yang-zi
river) over mid- and high-latitude
regions, and that stable isotope
reties(18O/16O) in precipitation have long
been considered powerful indicators of
paleoclimate.

system in North China Plain, Science in
China, Vol.40 No.3, P.276-283, 1997-06.
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The data of Shijiazhuang Station

1990,06
1990,07
1990,08
1990,09
1990,10
1990,11
1990,12
1991,01
1991,03
1991,04
1991,05
1991,06
1991,07
1991,08
1991,09
1991,10
1991,11
1991,12
1996,6
1996,7
1996,8
1996,9
1997,2
1997,3
1997,4

T

year, month

180
(,SM0W)

0

1985,07
1985,08
1985,09
1985,10
1985,11
1985,12
1986,01
1986,02
1986,03
1986,04
1986,05
1986,06
1986,07
1986,08
1986,09
1986,10
1986,11
1986,12
1987,01
1987,02
1987,03
1987,04
1987,05
1987,06
1987,07
1987,08
1987,09
1987,10
1987,11
1988,01
1988,03
1988,05
1988,06
1988,08
1988,09
1988,10
1989,01
1989,02
1989,04
1989,05
1989,06
1989,07
1989,08
1989,09
1989,10
1989,11
1989,12
1990,01
1990,02
1990,03
1990,04
1990,05

-7.3
-7.6
-11.2
-10
-7.5
-15.4
-5.4
-12.4
-5.3
-1.5
-2.1
-10.2
-7.5
-7.7
-7.7
-6.3
-4.7
-10.0
-9.9
-14.9
-12.2
-4.1
-4.1
-8.7
-4.7
-8.7
-5.6
-8.2
-7.2
-16
-9.4
-5.2
-3.0
-8.1
-6.1
-5.8
-8.3
-12.5
-4.8
-3.0
-9.5
-7.8
-9.8
-7.2
-4.8
-6.7
-6.4
-12.8
-12.9
-12.0
-7.5
-3.9

26.5
25.7
18.5
14.1
5.1
-3
-1.9
-0.6
7.7
15.4
21.3
26.4
26.5
24.7
20.7
11.9
4.4
-0.5
-2.2
1.8
5.9
14.5
20.7
24
27.5
25.8
21.6
14.2
4.9
-2
5.5
20.1
25.9
24.5
21.3
14.8
-1.8
2.2
16.1
21
25.5
25.9
25
20.2
14.6
5.5
0.5
-4.2
-0.7
7.5
14.5
20

1997,5
1997,6
1997,7
1997,8
1997,9
1997,10
1997,11
1997,12
1998,1
1998,3
1998,4
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-6.5
-11.9
-5.4
-8.5
-6.4
-10.2
-5.8
-8.5
-9.1
-6.8
-9.8
-5.3
-9.5
-5.2
-5.2
-6.1
-3.0
-11.6
-5.12
-10
-8.77
-2.55
-4.16
-9.06
-3.82
1.204
-1.2
-9.371
-5.243
-7.117
-6.278
-4.78
-12.159
-14.079
-8.378
-4.5

24.7
26.6
25.7
20.8
15.7
7
0.2
-1.1
4.3
14.3
20
25
27
26.4
21.5
14.5
5.6
-1
29.8
28.6
25.5
23.2
2.4
10
18.6
26.8
31.4
33.4
31.8
21.8
16.2
5.5
-1.1
-2.2
10.5
18.5
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PROJECT OF FRENCH ISOTOPIC DATA BASE
L.CHERY, BRGM, Orleans, France
J.L.MICHELOT, LHGI, Orsay, France
B.BLAVOUX, Hydrogeology laboratory, Avignon, France
M.DRAY, CRG Paris VI, Thonon, France
BRGM, in cooperation with other french laboratories, initiated in 1996 a project of national
isotopic data base, financed by the French environment authorities. The main objectives of this
project are:
- to systematically collect all the public isotopic data measured by French laboratories on surface
water, groundwater, mineral water and precipitation. These public data will be gathered in a
national water data base (National Water Data Network), and available to provide information
and basic input to hydrological investigations related to inventory, management and planning of
water resources, at differents scales (basins scales and national scale).
- to increase the number of French stations in relation with the GNIP network (IAEA/WMO),
which provides data on the spatial and temporal distribution of isotope concentration in
precipitation, at the worldwide scale. In France, only one station - Thonon-Ies-Bains, in the Alps has been continuously collecting monthly precipitation since 1963, and measuring its isotope
contents (tritium and oxygen-18). Since March 1996, two new stations are devoted to the
sampling of monthly precipitation, for measurement of oxygen-18, deuterium and tritium contents
: Brest, on the Atlantic coast, and Orleans, in the central part of of the country (fig.l). The latter
has been previously operated from 1967 to 1979 for tritium, and from 1967 to 1974 for oxygen18). A new station in southern France, near the Mediterranean Sea (probably Montpellier or
Carpentras) will be selected in 1999. The locations of these stations were chosen to get
information on oceanic flux in air masses, continentality effect and Mediterranean influence.
Three laboratories are participating to this program and will provide new data for publication by
the IAEA and for inclusion in the GNIP data base. Data quality is controlled by the IAEA
interlaboratories calibrations and national intercomparisons between these french laboratories.

Fig 1 : Location of the French operated
stations.
French map of
O contents in precipitation
established by comparison between isotopic ratios in
landsnail shells and precipitation mean isotopic
composition at the same place (after Lecolle, 1985).

The French isotopic data base is a georeferenced information system, in relation with
hydrological data. Its structure is in three parts in conformity with a conceptual scheme of the
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entity-relationship model. It includes data on piezometry, water quality and geology for surface
and ground water (fig.2).
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Fig. 2 : Conceptual scheme of the French water database
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The data acquisition requires their integration in a national system of georeferencing and
codification. The database is operated by an Oracle system. It will be (from 2000) available
online at the BRGM Website (http://www.brgm) and at other national sites for the six main
hydrolographic basins (Water agencies).
Untill now, the exploitation of analytical archives for only one laboratory (BRGM) has provided
more than 5000 isotope measurements in ground water and surface water, and a few data on
precipitation. In the near future, more than 30 000 georeferenced data are expected. They will
be available for different hydrological applications (thematic maps at differents scales :
hydrogeological basin, aquifer system,.. ). This will offer a new tool for studying the origin and
dynamics of surface and underground water systems, and give some informations for the
sustainable exploitation and management of durable resource.
References:
CHERY L., 1998 - Project of creation of the national isotopic data base. BRGM report R40017,
85p.
LECOLLE P. 1985 - The oxygen isotope composition of landsnail shells as a climatic indicator :
applications to hydrogeology and paleoclimatology. Chemical geology, isotope geoscience
section, 58, 157-181.
* RNDE : French Water Data Network. Since 1992 the RNDE convention has grouped the ministry for
the Environment, the ministry of Health, the Water Agencies, the Higher Fish Council, IFEN,
IFREMER, EDF, Meteo-France and BRGM, and was created in order to group together the main
producers and users of water data. At all levels (local, national, or european), there is a need to access
available information on the water environment IOW (International Office of Water) is responsible for
co-ordinating the network at national level.
* SANDRE : French Data Reference Centre for Water. It is a common language which plays an
essential role in data communication between producers and users. The SANDRE ensures creation and
updating of detailed data dictionaries, updating of common references, development of data exchange
standards.
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Seasonal contributions of precipitation to recharge - Completely
different estimates from water budget and stable isotope balance
I. Rau, S.M. Weise, W. Stichler, S. Glaser
GSF-National Research Center for Environment and Health, Institute of Hydrology, IngolstSdter Landstrasse 1,
D-85764 Neuherberg, Germany

Abstract
The seasonal recharge into a karstified aquifer system of the Franconian Alb, southern
Germany, was determined for 1995 and 1996 by balancing stable isotope composition of
precipitation with that of ground water and by water balancing applying the empirical formula
of Haude which introduces climatic parameters like mean daily temperature, humidity, and
precipitation as well as the natural features of earth's surface.
Because of the karstification in the study area, the surface runoff is negligible and, therefore,
the recharge equals to the effective precipitation which is the difference between precipitation
and evapotranspiration. The monthly recharge can be estimated in a first approximation by the
potential evapotranspiration after Haude. This results in recharge rates during the hydrological
summer (April - September) which are small or even zero, i.e. the hydrologically calculated
alpha factor which reflects the ratio between the infiltration coefficients of the summer and
winter season is close to zero. For certain well-defined subareas of the Franconian Alb this
recharge calculation was compared with discharge and, as a consequence, verified in a longterm mean.
The monthly mean of stable isotope composition in precipitation 1995 and 1996 was
determined at the Regensburg station, about 50 km apart from the study site and at almost
100 m lower altitude. The values range between -17.0 and -4.5 %o in 518O and between -135
and -28 %o in 82H whereas at the same time those of the investigated ground waters lie close
to -10 %o in 518O and to -72 %o in 52H (corrected for altitude effect). As consequence, the
alpha factor here is about 0.9, i.e. with respect to stable isotopic composition the contribution
of summer precipitation to recharge is quite comparable to that of winter. The mean stable
isotope composition of the ground waters plots about 1.6 %o above the meteoric water line
defined by the Regensburg station which may be caused by local effects unspecified here.
However, from stable isotope compositions there is no indication for evaporation during
recharge.
To conclude both apparently different results two processes are assumed to be effective during
recharge:
(1) Precipitation of the whole year is very effectively mixed within surface-near parts of the
unsaturated zone. Thus, the isotopic information of all precipitation is preserved.
(2) During vegetation period in summer, plants consume the well-mixed water for
transpiration which does not effect the isotopic composition. Consequently, the
hydrologically mass balances is realised.
As a consequence, the seasonal contributions of precipitation to recharge under non-arid
conditions calculated by water balance cannot simply be used to prepare the input function of
environmental isotopes.
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TEMPORAL VARIATIONS OF ISOTOPES IN ARID RAIN STORMS.
E.M. Adar1, M.A. Geyh2, A. Dodi 'and A. Yair3
Ben-Gurion University of the Negev, B. Institute for Desert Research & Dept. of geology
and Environmental Sciences, Sede Boker Campus, 84990, Israel.
Joint Gcoscientific Research of the State Geological Survey, Section 3, Dating and Isotope
Hydrology, P.O. Box 51 0153 D3063, Hannover, Germany.
The Hebrew University of Jerusalem, Dept. of Geography, Jerusalem, Israel
The distribution of isotopes in rainfall has long been used to elaborate on hydrological
systems. Both isotopic composition of stable isotopes (oxygen-18 & deuterium) and tritium
content are used to illuminate on sources of groundwater recharge and as tracers upon which
groundwater fluxes are assessed. As runoff is concerned, stable isotopes have been used to
identify flow paths and the precise location of the rain storm which produced the floods.
Analyses of stable isotopes in arid storms in the Negev desert revealed clear discrepancy
between the spatial isotopic composition in floods versus the spatial and temporal isotopic
composition in rainfall. In addition, simple water balance revealed that the entire flood volume
is equivalent to a very small portion of the rain storm, suggesting that a specific flood is
produced by a very short and intensive portion of the rainfall. Therefore, knowledge of the
weighted isotopic average of a rainfall can not serve as an adequate input function for modeling
of desert floods. Since in arid environment, floods are considered as major source of
groundwater recharge it also can not be used as input function for modeling of groundwater
systems. This paper summarizes detailed isotopic study of short segments (~2 mm each) of
desert rainstorms as sampled in the Negev desert, Israel.
The detailed analyses of isotopic composition of rainfall were made possible through
the use of sequential rainwater sampler. A new mechanical sequential rain sampler was
developed to collect approximately 250 or 500 ml of water from each 1 or 2 mm of sequential
rainfall. The novel approach is that, once an assigned volume of water is collected, the selfpotential energy of the rainwater-loaded containers is used to operate a mechanical seal for
isolating the rain sample from the atmosphere. Each sampler had 20 rain collectors allowing
samples to be collected from storms with 20 to 40 mm of precipitation.
This paper presents the temporal distribution of isotopic composition of eight rain
storms for which distribution of rainfall amount and rain samples were available. Rainfall
intensities, the accumulated rainfall distribution and the 50-18 distribution for each rain storm
are presented on a common time scale. The axis starts with the true time on the specific date
when the first rain shower began. This serves as a time reference for the entire storm. The true
daily time is marked on the lower time axis while the cumulative time is shown in the upper
axis. Sequential rain samples are posted on a graph showing the rainfall distribution and are
designated by serial numbers between the separating bars. A bar diagram showing the 8 18 O
values for each rainfall segment is attached to the illustration of the overall rainfall pattern.
Guiding dashed lines designate the relationship between specific rain showers and associated
isotopic composition. In addition, a 6D/5 18 O diagram illustrates the relationship between
sequential rainfall samples. In each 5D/5 18 O diagram, the weighted average of the isotopic
composition of the rainfall is provided.
Rainstorms composed of individual showers with a rainless period between each of the
showers show an isotopic composition which differs by several per mils from that of the
preceding or the following rain shower. In some rain storms constant isotopic values prevailed
for each shower. A high variability in the isotopic composition of rainfell was observed even
during a single rainstorm. 6 18 O values within a single storm may vary from -2%o to -10%o.
Two modes of isotopic variation were identified: In the first mode, the isotopic composition
for each rain shower remained quite constant regardless of changes in the rain intensity (a sort
of step isotopic function (Figure 1). In the second mode (5 storms) the rain had a variable
isotopic composition with a wavy shape (Figure 2).
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The tritium analyses from each rain shower support the conclusion derived from the
stable isotope analyses. These results, obtained under desert conditions, suggest that tritium
values may change during a storm, a shift which must be taken into account if the tritium is
used as a tracer.
Results have significance of which is rather general. Each storm might be composed of
different rain sources which have different stable and radioactive isotopic compositions,
probably related to change in storm trajectories, the source of the vapor, and effect of the
altitude. Analysis of the synoptic situation during such storms is beyond the scope of this
study, but it might be possible that significant differences in the isotopic composition (both
stable and tritium) are due to variations in the synoptic conditions both in terms of the source
of the vapors and the trajectory of the rain cell. Furthermore, significant differences in the
isotopic composition in a large rain cell, might be expected from the outer rim of the cell
toward its core. Each of the individual showers may represent a small amount of rainfall with a
specific isotopic composition. Located in a transition zone between various climatic regions,
as the rain cell progresses, the rainfall trajectory varies in time and space providing moisture
with different isotopic composition. The rate at which the rain storm progresses in a specific
location induces the isotopic composition of rainfall at the sampling point as well as the rate
of temporal change in the isotopic variations.
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Figure 1 Rainfall intensities, pattern and isotopic composition for type 1 rainstorm.
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THE DYNAMIC OF ENVIRONMENTAL ISOTOPES AND UNDERGROUND
CONNECTION OF PRESPA AND OKRSD LAKES.
J. ZOTO
Institute of Nuclear Physics { TNP ), Tirana, Albania
R.EFITVH
Consultant hydrogeologist, Tirana, Albania
S. AMATAJ
Institute of Nuclear Physics ( ESP ), Tirana, Albania
The Small Prespa lake, Big Prespa lake and Ohrid lake there are three lakes
in the southeaster part of Albania and in border with Greece and ex - Yugoslavian
Republic of Macedonia. The altitude above sea level { asl) for Big Prespa and Ohrid
lakes are respectively, 850 m and 695 m. ; between Small and Big Prespa lakes exist
a surface natural communication and the water flows from Small tu Big Prespa
lakes. Between these lakes are situated Dry and Galichitsa mountains with the
highest peak 22S7 m ( asl ); these mountains are composed from carbonatic karstic
rocks. la the western and southern part of the Dry Mountain in albanian territory
there are some karstic springs as Tushemishti, Mancarishti, Progeri ect. By the
artificial chanai, in the albanian part, the water of Devolii river flows in the Small
Prespa lake {!].
Method of environmental isotopes is used on problems related to the engine
of water systems. The local precipitations and Prespa lakes water were examined as
a potencial sources of recharge to Dry Mountain groundwater. The mean elevation of
infiltration area ( groundwaier recharge area ) were expected to be higher th&n
Prespa lake elevation. The altitude effect of the isotopic composition of the meteoric
water is used for the identification of waters coming from different potential
groimdwater recharge sources of Dry Mountain
During three years is sampling the water in the system of sampling points of
the region, including some points of karstic springs, some points in the lakes, some
local springs and Devolii river; die frequency of sampling every two months. Also,
during the sampling are measured temperature and conductivity of the water [3].
The 5O-18 and 5H-2 of the water of Small Prespa lake are different for the
sampling points ( respectively - 9.55 %© and - 65.2%o for the entry point of Devolii
river in the lake , to - 6.17 %o and - 38.7 %© for the sampling point near the border
with Greece). The "5" values for the sampling points in the Big Prespa lake are
almost the same and concretely - 0.74 %o for O-1S and - 17.5 %c for H-2, but for the
karstic springs in the Ohrid lakeside these values are respectively - 5.18 %o and
- 4G.9 %*.
Refering the hydrochemical, geological and isctopicai data of the samples , the
paper will present more information and some conclusions concerning:
- the hydrologies! balance of the system ( Dry Mountain, three lakes, Devoii! river
and karstic springs };
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- the dynamic of the environmental isotopes in the lakes and the intensity of the
evaporation of the water;
- the intensity of the hydrological relationship between Prespa and Ohrid lakes and
underground communication between lakes [2];
- some ideas about the other possible way of outflowing water from Prespa lakes.
REFERENCES
[1] - Hidrologjia e Shqiperise, Instituti Hidrometeorologjik, Tirane 1984.
[2] - T. Anovski, B. Andonovski, B. Minceva : Study on hydrologic relationship
between Ohrid and Prespa lake, IAEA, Vienna, 1988.
[3] - R. Eftimi, P. Skende, J. Zoto : Nje studim isotopik i lidhjes hidraulike te
hqeneve te Ohrit dhe te Prespes , Konferenca kcmbetare u Uji - pasuri e madhe ",
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EVOLUTION OF ENVIRONMENTAL TRACERS IN AN ARTIFICIAL
WETLAND THREATENED BY SALINE GROUNDWATER DISCHARGE
C. Le Gal La Salle, S. L. Brereton
School of Earth Sciences, Faculty of Science and Engineering, The Binders
University of South Australia, Adelaide, Australia
and
Centre for Groundwater Studies, Adelaide, Australia

In saline groundwater discharge areas, bodies of fresh surface water may be subject to
salinisation by mixing with discharging groundwater or just by direct evaporation
from the lake surface. Investigations combining chloride signatures and the stable
isotopes of water allow us to identify the processes that lead to the variations of
salinity in the system. Under similar processes, the signature of each tracer evolves in
a specific way: chloride is sensitive to evaporation by evaporative concentration while
the isotopes are affected by evaporation through isotopic fractionation.
The site to be investigated is an artificial wetland formed of three shallow lakes
collecting stormwater and situated in an area of saline groundwater discharge in the
Adelaide Plain, South Australia. The lakes have been constructed with different
depths compared to the water table with the intention that the first one would remain
fresh, the second one would be brackish and the third one saline. In the first year,
however, salinity problems developed in the "fresh water lake" preventing the normal
growth of the riparian vegetation and the entire ecosystem. It is therefore important to
identify the dominant processes that influence water quality in the wetland.
Samples were collected from the surface water of the saline and fresh lakes and from
groundwater at different depths and distances from the lake shore. After a dry period
of two and a half months during summer, the isotope signatures of the groundwater
fall on an evaporative line with a slope of =4 suggesting that the pore water itself is
affected by local evaporation [1]. Surface waters fall on a line with a slope of 5.3 to 6
suggesting either evaporation from the lake surface directly [2] or mixing with
evaporated groundwater which could constitute the evaporated end member. The plot
of the deuterium against chloride signature (Fig. 1) helps identify the processes.
Initially, during the dry period, most of the surface water samples show an enrichment
in deuterium with little change in chloride suggesting straight evaporation from the
lake surface with little influence of groundwater. The saline lake waters, however, are
shifted towards the groundwater end member, showing the net influence of mixing
with the saline water. In addition some of the groundwater samples showed clear lake
signatures, suggesting a gradual influence of fresh surface water recharge to the local
groundwater.
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Figure 1: Deuterium versus chloride content of surface water and groundwater in the
wetland/groundwater system.

A combined approach using both isotopes and chloride tracers is a suitable method for
distinguishing evaporation processes from mixing processes. This allowed for the
identification of the different processes that impact on wetland water quality:
evaporative concentration of groundwater water in the mound surrounding the lakes,
freshening of the groundwater at some location on the lake shore and below the lake
as well as groundwater discharge to the lakes themselves.

REFERENCES
[1] Allison G., "The relation between oxygen-18 and Deuterium in water in sand
columns undergoing evaporation", Journal of Hydrology (1982), 55, 163-169.
[2] Gat J. R., "Oxygen and Hydrogen isotopes in the hydrological cycle, Annu Rev.
Earth Planet", Sciences (1996), 24, 225-62.
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TRITIUM TRANSPORT DYNAMICS FOR DETERMINATION OF WATER'S
ORIGIN ON SEEPAGE INVESTIGATIONS
E.Monev
Institute of Water Problems, Bulgarian Academy of Sciences
Sofia, Bulgaria

The tritium in natural waters is an excellent tracer for investigations of many
scientific and practical problems connected with the hydrological systems.
In a common case, the hydrological system can be considered like an assembly of
subsystems and system elements [ 1 ]. Those can be the atmospheric-, surface- and
ground-waters subsystems as well their elements like precipitation, river flows, surface
and underground reservoirs etc. (Fig.l).
h(T)

MO
Atmospheric subsystem
INPUT

MO

OUTPUT

Surface water subsystem

MO
Groundwater subsystem

Fig.l Principle scheme of a hydrological system

The waters of each subsystem possesses a different content of tritium in
relationship with the water resident time or with the dilution processes occurred in its
space.
The global input of tritium in the hydrosphere depends of his natural production in
the high atmospheric levels under an interaction between space-rays and nitrogen atoms.
This process has a time variable intensity [ 2 ].
The highest content of tritium and very similar dynamics (time distribution) like
the production process possess the precipitation's waters (atmospheric subsystem).
The waters of surface water subsystem has a less tritium content and a different
time distribution in connection with the resident time and mostly with the size of the
dilution processes.
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The waters of groundwater subsystem normally possess the lowest tritium
concentrations and its time distribution can be very different from the input's one [ 3 ].
These principle considerations can be very useful by the study of seepage
processes throw a hydrological system. Very often, the basic problem of the seepage by a
water engineering structure is the origin of leakage waters. This case is considered in the
report
A method based on the system theory principles is described. The criteria for
identification of seepage water's origin are the tritium content and his distribution in the
time. The likeness of the waters from seepage output with the waters from considered
hydrological subsystems is proved after a correlation analyse. For this purpose must be
arranged various sample points in the area under consideration in which must be taken a
sufficient large number of periodical water samples during a whole one year.
The results of a similar investigation in Bulgaria is given. The hydrological
system under consideration was a region of the big dam "Chaira", on which ear-side some
wet plots due of the seepage through the concrete have been appeared in the years after
the building. The problem of a great importance was the origin of these seepage waters.
The hypothesises was two: a local seepage of precipitation waters penetrating in the
dam's body through the top parts of construction and seepage of reservoir's waters
through the concrete body of the dam.
The investigations after described method proved in a very explicit way the first
hypothesis.
The obtained experience shows that this method can be successfully applied in
very many other practical cases.
REFERENCES
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Plankton und das Bentos der Donau, Verlag der Bulgarische Akademie der
Wissenschaften, Sofia, 1985.

121

XA9950105
IAEA-SM-361/11P
ASSESSMENT OF THE FATE OF ANTHROPOGENIC NITROGEN IN LARGE
WATERSHEDS BYISOTOPIC TECHNIQUES
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bernhard@earth.geo.ucalgary.ca

Human activity has greatly altered the nitrogen cycle in terrestrial and aquatic ecosystems and
increased the nitrogen flow in many rivers. Preliminary work of the International SCOPE
Nitrogen Project indicates that only 20 % of the human-controlled nitrogen inputs to large
watersheds are exported to the oceans in riverine flows (Howarth, 1998). Therefore,
approximately 80 % of the anthropogenic nitrogen inputs are either stored or denitrified in the
catchments.
Anthropogenic nitrogen can be retained in forests as a result of increased productivity or in
agricultural soils and can potentially be stored in groundwater. These sinks are, however, not
large enough to account for the "missing" nitrogen. It is, therefore, assumed that the majority of
the human-controlled nitrogen inputs to large watersheds is denitrified in soils, riparian zones,
wetlands, lakes, and rivers.
Within the SCOPE Nitrogen Project, preliminary isotope analyses were performed on dissolved
nitrates from 15 streams draining into the North Atlantic Ocean. Both 515Nnitra,e and 518Onitrau.
values were determined in order to identify nitrate sources (Fig. 1). A further objective was to
test whether the isotopic composition of dissolved nitrate provides a measure for the extent to
which denitrification occurs in the respective watersheds.
Figure 1 summarizes the isotopic compositions of dissolved nitrate from the Hudson River
(USA) and the Oder River (Germany). The 8'5N values of nitrates in the Hudson River ranged
between 5.1 and 7.3 %o and the 518Onitrate values varied between 7.2 to 12.3 %o. These values are
indicative of dissolved nitrate, which is derived predominantly from nitrification processes in
soils. In contrast, dissolved nitrate in most Oder River samples was characterized by
comparatively high 815N (10.4 to 14.8 %o) and 5I8Onitrate values (12.8 to 15.9 %o). The elevated
515N values could be interpreted as evidence of nitrate derived from manure and/or sewage.
However, because of the comparatively high 518Onitraie values it seems more likely that the
isotopic composition of dissolved nitrate in the Oder River is indicative of denitrification. Since
I4
N and I6O react preferentially during denitrification, 515N and 518O values in the residual
dissolved nitrate increase approximately in a ratio of 2:1 (e.g. Kendall, 1998). Statistical
analyses of the presented data set yielded a significant linear correlation (r2 = 0.77, n = 20) with
a regression line slope of 0.44 (Fig. 1). Therefore, it is hypothesized that the dominant primary
source of riverine nitrate in both catchments is NO3" generated by nitrification in soils. The
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dissolved soil nitrate is subsequently partially denitrified during runoff, presumably in riparian
zones, wetlands, lakes, and/or in the river sediments. The data shown in Fig. 1 indicate that
denitrification is of minor importance in the Hudson River. In contrast, denitrification appears to
be an important factor in the Oder River probably accounting for the removal of a significant
portion of the human-controlled nitrogen inputs to its watershed.
The presented hypothesis is currently being tested in 15 watersheds in the mid-Atlantic and New
England states (USA), all of them with well-constrained nitrogen budgets.
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Fig. 1: 515N and 518O values of dissolved nitrate from the Hudson River (USA) and the Oder
River (Germany) with respect to typical isotopic compositions of atmospheric deposition,
nitrate-containing fertilizers, and nitrate formed by nitrification in soils and manure.
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Application of Environmental Isotopes to Determine the Cause of Rising Water Levels
in Lake Beseka, Ethiopia

Zemedagegnehu, Ministry of Water Resources, Addis Ababa, Ethiopia
Y. Travi, University of Avignon, France
P. Aggarwal, IAEA, Vienna, Austria

Water level in Lake Beskea, located in the Ethiopian Rift Valley, has been rising continuously
for the last about 30 years. The surface area of the lake has increased from about 6 Km2 to the
present 40 Km2 and has posed serious problems for environmental management, including
inundation of grazing and cultivated lands and, potentially, railway tracks. Historically, the
lake received recharge from precipitation, surface runoff in the catchment, groundwater
discharge, surface runoff from nearby thermal springs. As the lake levels have risen, the
thermal springs are now submerged. An increase in the discharge form these thermal springs
may be the original cause of lake water rise, or they may have been submerged as a result of
the rising water level. An initial study conducted in the 1970s attributed the rising lake levels
to increased runoff from adjoining irrigated areas. However, stricter controls on irrigation
runoff failed to check the rising lake levels.
A multi-disciplinary study, including geophysical, hydrological, geochemical, isotopic,
and modeling techniques was then initiated to determine the cause(s) of lake level rise. Results
of piezometric and geophysical surveys indicate that the principal cause of rising water levels
may be the increased inflow from submerged springs in the southwestern portion of the lake.
Geochemical and isotopic analysis confirm the increased recharge from submerged
springs. Deep groundwater and thermal waters lie close to the local meteoric water line
(deuterium excess close to 15 %o), with relatively depleted 18O and 2H values. Shallow
groundwater in the Southern and Eastern part of the lake often shows some evaporation
effects and is isotopically heavier than the deeper waters. Lake water is substantially heavier
with a dominant evaporation signal.
The tritium values (9 TU) of the cold spring water to the north of the lake can be
considered as representing the present input signal in rain water (-7-11 TU). Deep
groundwater and thermal water are essentially free of tritium and the lake water has tritium
values of 0 to 3 TU. If we consider the geographical distribution of the data, it is observed
that groundwater in Southeastern part of the lake are the most enriched in tritium and similar
to recent water originating from local rain and Awash river. Despite the lack of data which are
necessary to develop a tritium balance model for the lake, it appears that water in the lake is
mostly that from the deep groundwater system to the West with a small part from shallow
groundwater similar to that in the cold springs to the North and run off in the catchment to the
South.
On the basis of the isotopic data, the lake level rise may be attributed to one or both of
the following two situations: (1) a continuous increase in recharge from thermal spring, or (2)
a decrease in lake discharge due to an increase in groundwater level of the shallow aquifer by
irrigation in the Eastern areas located downstream of the lake. Additional investigations are
underway to obtain more definitive conclusions by using hydrologic and isotopic data. These
investigations will allow a precise determination of the causes of lake level rise, which may not
be easily achieved by conventional hydrometric techniques.
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CHEMICAL AND ISOTOPIC INVESTIGATIONS OF RUNOFF IN
A MOUNTAINOUS WATERSHED, VENEZUELIAN ANDES (RIO BOCONO)
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•
***Laboratoire d'Hydrogeologie, Univ. Avignon, France

The Rio Bocono watershed is located in the Western part of Venezuela on the South
western side of Andes. It is considered by the "Ministerio del Ambiente y de los Recursos
Naturales Renovables" (MARN) as a priority zone for environmental management.
The studies of relation between flow, dissolved elements and solid transport are
essential to estimate soil degradation and sediment deposition which provokes loss of depth in
the dam reservoir at the Southern margin of the basin.
Because of the large surface which reach 1540 km2, the lack of equipment and the
flash flood character of the river, it was very difficult to study the flow mechanisms and
transit times using classical hydrologic methods [1] ; therefore this problem has been
approached by the way of chemical and isotopic investigation.
The no Bocono Watershed is located at co-ordinates 8° 54' and 9° 31' latitude N ; 70°
11' and 70° 04' longitude W, with an elevation ranging from 400 m to 4 000 m. It shows
contrasted geomorphological and lithological features : granit, gneiss and micaceous schist in
the upper part of the valley, rocks of low metamorphism as pyritaceous lutites or schist in the
middle part and quaternary alluvial deposits in the lower part. Under intertropical climate, this
area is characterised by a rainy period from March to November, the higher precipitation
occurring in June or July. The air masses mainly originate from either the South western part
of the valley or from the North western area. Rainfall is decreasing progressively with
increasing elevation which determines hot and wet conditions in the lower valley and, on the
opposite, cold and dry conditions in the mountains. The mean annual flow rate is about 80
m3.s~' in the lower part of the river (dam of Pena Larga) and about 15 m3.s"' in the upper part
of the basin where during flood event the flow rate can reach 600 m3.s"'.
Two kinds of sampling has been carried out:
- spatial investigations has been conducted on rainfall and small rivers which has been
sampled at different elevation sites. The 5 18O content of rain water has been measured at the
beginning of the 1995 rainy season (3-19 July). Two hundred river sites have been sampled
for stable isotope analyses (18O,13C) and chemical analyses including in situ measurements
(pH, cond., temp.);
a sampling campaign has been realised on four river sites to study the time
evolution during the first flood event of the 1995 rainy season. For each site, a
mean of 110 samples has been collected and analysed which allowed us to
characterise the main secondary basins and to examine the scale effects.
The isotopic composition of rain and small river water shows an altitude effect
characterised by a constant gradient close to 0.3%o /100 m similar to those usually observed in
continental mountains [2]. Moreover we obtained a similar relation with stations influenced
by the two different air masses (fig. 1). This result, considered with the numerous chemical
data gives us many possibilities for tracing. As an example, the concomitant evolution of
pCO2 and !8O in the Corojo valley, during the hydrological event 9 to 10 July 1995, is shown
on figure 2a and 2b. In that case, these tracers indicate the influence of soil water at the
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beginning of the flood event and determine the arrival time of surface runoff coming from
different secondary valleys.
On the basis of the results of theses campaigns, it seems that chemical and isotopic
tracing is particularly effective in this mountainous valley. This is due to :
1)
A great lithological variability associated with flash flood character of the
river which make more easy to differentiate the stream flows in time.
2)
An isotopic altitude gradient relatively constant on the overall area ;
moreover, if this result is confirmed next years, it will be possible to use it without
strong preliminary investigations on rainfalls.
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ISOTOPE STUDIES TO ASSESS WATER DEVELOPMENT IN MINING DUMP SITES
G. Strauch, K. Knoller, H. Dohrmann, W. Glafier, P. Kowski, M. Gehre
Centre for Environmental Research Leipzig-Halle Ltd., Germany
After the ending of the lignite exploitation open mining pits with dump sites
of Jheterogeneous mixture of Tertiary and Quaternary sediments were
flooded by groundwater Hand river water inflow forming partially ac
idic (pH about 2 to 3) mining lakes with high Hsulfate (>3,000mg/L)
and iron content (>500mg/L) (Friese et al., 1998). The renewing of t
he Zigroundwater system in mining areas is a very complicated process
. The knowledge of the :2whole as well as of parts of that process is
important for the future water managment and for Qianduse. Acidific
ation of surface and groundwater based on pyrite oxidation dominates
water Equality development of the groundwater and of the flooded pi
ts. The different sulfur "'compounds and the distribution of sulfur s
ources (pyrite, sulfate, sulfide) can easily 2controlled by the sulf
ur a
nd oxygen isotope analyses.COur studies are focused on an acidic min
e lake ML 111 in the Lusatian Lignite District !2and on the Cospuden
lignite mine south of Leipzig. According to the future use remediati
on ^activities differ in a longterm regeneration basing on microbial
processes (ML 111) (Wendt-CPotthoff & Neu, 1998) and in a fast floo
ding by mine and river water. The common problem Gin both sites is t
he contribution of pore water from the dump site to the lake water a
nd to the TJsurrounding groundwater affecting their water quality.HFo
r the mining lake water study of the ML 111 of the Lusatian Lignite
District, :.id34S(SO4)-, dl8O(H2O)-, dD(H2O)-, dl5N (NH4)-values and th
e ionic composition of ground- Gand lake water samples from the ML 1
11 area were determined to get a more detailed picture 3of the in- a
nd outflow scenario of the lake. The lake water samples were taken f
rom the Cdeepest point in the middle basin of ML 111. Between the la
ke and the surrounding aquifers Can intensive interaction takes plac
e. I
nflow from Tertiary and Quaternary aquifers as well as Lfrom dump aq
uifers persistently affects the lake water chemistry. The anoxic zon
e of the lake His predominantly influenced by dump water and by the
interaction of the lake water with Idump sediments. In the outflow a
quifer sulfate reduction causes a quick regeneration of the Olake po
lluted groundwater .iJln the Cospuden mining area, South of Leipzig, t
he lake water of the former open Gmining pit, the surrounded groundw
ater, and the ground-/porewater in the overburden have ubeen studied
for d34S of sulfate, dl8O/d2H of water and for the hydrochemical co
mposition. ^Recently, the lake Cospuden is stratified only by temper
ature, sulfate reduction forming an Ganoxic zone does not yet occur.
The d34S is uniform around -8 V. at a sulfate concentration of "abou
t 1.100 mg/1. Lower sulfate concentration is measured in the surroun
ded groundwater. '.Because of sulfide oxidation (pyrite, markasite) i
n the overbuden we found very high (> "3.000 mg/1) and heterogenuous
dis
tributed sulfate content (with d34S of about -23 to 25 V.) .iJThe dump
site is mostly unsaturated according to its structure formed by the
'^exploitation technology {Dohrmann et al., 1997). Therefore, oxydati
on processes occur along Jinfiltration pathes forming sulfate rich p
ore waters (d34S (SO4) from -30V. to -20V.. In older LJparts of the dum
p site sulfate reduction is the decisive process of changing the sul
fate ^signature by isotope enrichment (d34S (SO4)>-10V.) and decreasi
ng sulfate concentration. At Cthe bottom of the conveyor dump, lake
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water infiltration staturates the dump site from below. GHere, the s
ignature of the isotopically enriched lake water (2H, 180) is observ
ed.LjUsing data of inputs of surrounded and uprising groundwater and
the effect of a sulfate ^reduction in the lake, the mixing process i
n the lake Cospuden as well as in the ML 111 is [Hmodeled by isotope
mixing and fractionation rules. 'In both examples further isotope ana
lyses results from DIC carbon, water, and N-""compounds are involved!^
erences'IDFRIESE, K., HUPFER, M. , SCHULTZE, M. : Chemical characterist
icsof water and sediment in '. lacid mining lakes of the Lusatian Ligni
te District. In: W. Geller, H. Klapper, W. !!Salomons (Eds.): Acidic
Mining Lakes. Springer-Verlag Berlin, Heidelberg, New York, C(1998),
p.25-4 6UWENDT-POTTHOFF, K. AND Neu, T.: Microbial processes for pot
ential in situ remediation of acidic lakes. In: W. Geller, H. Klapp
er, W. Salomons (Eds.): Acidic Mining Lakes. ~!Springer-Verlag Berlin
, Heidelberg, New York, (1998), p. 2 69-284CZDOHRMANN, H., GLASER, H.R
., KNAPPE, S., LAZIK, D., MEISSNER, R., Wieser, T.: ^Approaches in c
omplex modelling of hydrogeochemical developments of lignite dump []p
iles. News letter, European Geophys. Soc. No. 62, 3, HS15, p. 125 (1

997) run
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WATER RESOURCES MANAGEMENT OF TOBA LAKE AM) US
ISOTOPIC IMPLEMENTATION
Simon Manurung
Bureau for Finance and Logistics. National Nudc;ir lincrgy Agency, Indonesia

Toba Lake has long been known as a part of life cycle of the people living around
the fake. More importantly, the lake water is also used for general ing hydroelectric power
of 520 MW effective capacity. Catchment area of the lake which is 3450 km" plays an
important role to sustain the water balance, in addition to meteorological factors
governing the ecological system of the studied area.
Mentioning the beautifulness landscape of the Toba Lake, it has become a very
important factor for tourist destination area which in turn, to a certain degree has
contributed to the source of our national income. Taking into consideration those iactors,
it is easy to understand that any disturbance to the lake water either by human activities or
by nature, it will arise to son>e problems, and, therefore, need to be solved.
In the last few decades, the water level of the lake has decreased to a criiical level
so that the water debit of 110 m3 / second which is required for generating the
hydroelectric power is no longer sufficient to produce the power of 520 MW effective
capacity.
Fortunately, the cause of the water level decrease has been observed, and
considered it as the effect of human interference to ecology of the system as well as by
natural processes. As to the human activities causing some problems to the lake and its
environment, suggestion can be made to the water municipal body or to those who arc
responsible for water supplies planner in order to be committed to good water resources
management. In the frame work of sound water resources management system, a multydisciplinc approaches has to be taken not only in terras of scientific aspects, but also, and
more often is to that of related to the institutional bodies dealing with water resources.
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In order to obtain a maximum result of the approaches. H is extremely important
to define a networking of tasks and forces among those whose competent arc dealing with
the water resources management, either public or private sectors. By this, an effective and
efficient handlings can be expected. To mention some, relevant institutes arc forestry,
fishery, tourism, local government, and last but not least, the municipal or local people
inhabits the area.
Recently, pro's and con's still exist among those who have competent to water
resources management. Discrepancy has emerged due to the fact that a comprehensive
approach and thought among relevant authorities lias not yet been fully applied in a
comprehensive frame work.
In natural condition, the water level of Toba Lake varied between 904,6 and 906 m
above sea level in the year between 1920 and 1973. figure 1 indicates an estimated water
intake to Toba lake. A general trend is declining in terms of space and time, considered as
a total result of human action and natural processes. For the requirement of hydroelectric
power of 520 MW, the water level lias to be designed at the level between 902,4 and 905
m. This is to say that the designed water level is intentionally made to be lower than that
of natural condition. However, since 1973 inflow water to Toba Lake has been
continuously decreasing of 10 % which is out of planning. Deviation from technically
designed is believed to be caused by natural phenomenon which is not fully understood,
and. hence, further investigation is still needed.
Previous study revealed that water inflow to Toba Lake within this last two
decades decreased at 18 % while in terms of rainfall, it is only 2,3 %. The difference
emerges to a question 'why' and a logical answer to this question is a mismanagement to
the Toba Lake water and its environment. Intensive and extensive deforestation activities
in the catchment area on the one hand, and an out flow from the only Asahan River on the
other hand for the hydroelectric power, without any doubt must have played an important
factors to disturb the hydrological system of the area.
Some authors forwarded opinion on the possible presence of leakages from the
lake wall. However, stabil isotopic composition of some samples taken from springs in
the vicinity area of the lake has not proved to be similar in water sources. Isoioptcally, the
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spring water is much lighter than the lake water to indicate the diHerent sources. (Figure
2). Group of samples taken during dry and wei seasons aproved the importance of seawn
to influence the lake water level fluctuation.
REFERENCE
1. Simon Manurung, Syafalni and Zaitial Abidin, 1995, llydrobgical and Environmental
Isotopes Aspects of Lake Toba, North Suniatera, Indonesia, International Symposium
on Isotopes in Water Resources Management, Vienna, Austria.
2. Joesran Loebis, William Putuhena, Journal of Research and Development : Irrigation,
1990, No. 17 TH. 5 - KWII, Dept. of Public Works, Jakarta.

131
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The contribution of stable isotopes (13C and 15N) to the study of the
euthrophication of a peri-alpine lake.
Allais E.*, Costa E.*, Sacchi E.*, Zuppi G.M.**
* Dipartimento di Scienze della Terra, LIGA, Universita di Torino, Italia
** Dipartimento. di Scienze Ambientali, Universita Ca' Foscari di Venezia, and Dipartimento di Scienze delia
Terra, LIGA, Universita di Torino, Italia.

The Avigliana lakes are located 20 km west of Turin. The region is characterised by a
sequence of Quaternary glacial terraces, where three lakes were hosted. At present, only two are
still flooded, while the most topographically elevated was a peat quarry and is now used for
agriculture. Most of the hydrographic basin (8.1 km2) is part of a local natural park, where
anthropic activities are controlled. The substratum is mainly constituted by ultrabasic crystalline
rocks and is not extensively fractured; weathering deposits generally fill fractures. Glacial
deposits, forming the lake depressions cover this substratum. The small drainage area, the
presence of the upstream palaeolake and the reduced elevation justify the reduced solid input
transported by to the lakes.
One of the two Avigliana lakes has been monitored during 15 months. The studied lake depth
reaches a maximum value of 12 m, has an area of 0.58 km2, whereas the volume is about 4.5 10'3
km 3 ; the theoretical turnover time of the waters is 0.9 a. Water samples were collected every
meter, at the water column located over the deepest point, approximately at the centre of the lake
[1]The lake could be defined as dimitictic, with water temperatures varying, during summer,
from 24°C at the surface, to 8°C at the bottom. During winter an ice layer covers the lake
surface, giving origin to an inverse thermal stratification. In spring and in fall, the water column
goes through two different omothermic phases [2].
Stable isotopes, combined with classical hydrochemistry, allowed to:
1)

Define the origin of waters feeding the lake. No groundwater contribution from fractured
rocks nearby the lake appears clearly, as, also confirmed by the hydrogeological evidence (no
intensive fracturation and presence of clayey deposits). No other recharges of lake are possible
other than from the creeks. The lake output is mainly due to evaporation, even if a small
quantity of water flows to the second lake, located downstream.

2)

Evaluate the evaporation fluxes from the lake surface. Unluckily, the small turnover-time
and the relative large water mass do not allow obtaining a clear evaporation line on the
classical 2H vs 18O diagram.

3)

Describe the yearly cycle of DIC. CO2 is consumed in the epilimnion by photosynthetic
activity, and in the hypolimnium the pCO2 is controlled by the bacterial activity. An important
production of CH4 by decaying organic matter is observed at the bottom of the lake.I3C
confirms the homogeneity of waters during winter, whereas during summer, when algae are
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developing, DIC in epilimion is isotopically enriched because of the selective consumption of
12
C by vegetation; on the contrary, DIC from hypolimnion appears depleted, as a consequence
of organic matter degradation, under anaerobic conditions. When pH and redox conditions are
favourable, dissolved CO2 precipitates endogenic carbonates in the sediment [3,4].
4)

Follow the interactions between water and biota by the means of I5N of dissolved nitrates.
Interactions, depending on temperature and on biological activity, take place all the year
round, at different depths. Fall and spring floods increase the NO3 concentration in the
Avigliana surface waters. In the bottom layers, below 8 m, nitrates disappear because of
denitrification processes. In December and March, as a consequence of the mixing through the
water column, nitrates can be detected down to 12 m (bottom of the lake). They appear to be
controlled also by the decomposing organic matter. 15N data complete the information
provided by 13C data, giving the possibility to define the seasonal delay between biota
development and the formation of anoxic conditions. In autumn, when the lake is still
stratified, the 15N composition of nitrates appears to be mainly determined by denitrification
processes (see figures). In winter, when the water column has gone through a homo thermic
phase, 15N composition of nitrates is related to the development of specific algae families at
different depths. 15N data also trace the movement of nutrients released from the sediment in
the water column [5,6].

According to the results obtained, the studied lake resulted strongly eutrophic, and is voted to
a sure "death" without more drastic remediation plans.
References
[1] PETRUCCI F., BORTOLAMI G.C., DAL PIAZ G.V. (1970) Ricerche suH'anfiteatro
morenico di Rivoli-Avigliana (prov. di Torino) e sul suo substrato cristallino. Mem.
Soc. Geol. It di S.N. e del Museo Civico di Storia Naturale di Milano, 18/3, 95-124.
[2] BADINO G., FORNERIS G., LODI E., OSTACOLI G. (1995) Problemi limnologici
inerenti l'intervento di risanamento idrobiologico ed il recupero naturalistico dei laghi di
Avigliana. Un. di Torino, CREST, FISIA.
[3] WACHNIEW P., ROZANSKI K. (1997) Carbon budget of a mid-latitude, groundwater
controlled lake: isotopic evidence for the importance of dissolved inorganic carbon
recycling. Geoch. Cosmoch. Acta, 61/12, 2453-2465.
[4] BRIGAULT S., SACCHI E., GONFIANTINI R., ZUPPI G.M. (1998) Fonctionnement
d'une retenue hydroelectrique francaise - approche isotopique. C.R. Acad. Sci. Paris,
IIA, 327/6, 397-403.
[5] LAJTHA K., MICHENER R.H. (1994) Stable isotopes in ecology and environmental
science. Blackwell Scientific Publications, Oxford.
[6] WASSENAAR L.I. (1995) Evaluation of the origin and fate of nitrate in the Abbottsford
aquifer using the isotopes 15N and ISO in NO3. Appl. Geoch., 10/4, 391-406.

135

NITRATE CONC. (mg/1) - Squares

8

NITRATE CONC. (mg/I) - Squares

10

0

2

4

6

8

10

T = 6,4°C

0

-10
Delta

10

20

0

-10

10

15

N {%o Vs. Air) - Triangles

Delta

136

15

N (°/oo Vs. Air) - Triangles

20

XA9950111
IAEA-SM-361/18P
THE USE OF DISSOLVED GASES TO DETERMINE THE
TRANSIT TIME AND SULPHUR-34 TO IDENTIFY THE SOURCES
OF SULPHATES IN SEEPAGE WATER THROUGH RIGHT
ABUTMENT OF TARBELA DAM, PAKISTAN.

M.A. Tasneem, M. Ali, Z. Latif, I.H. Khan, M.I. Sajjad And K. Froeltch"
Radiation and Isotope Application Division, PINSTECH, P.O. Nilore, islamabad,.
Pakistan
* Isotope Hydrology Section, IAEA, Vienna, Austria.
Tarbela Dam is one of the biggest earth filled dams in the world. The
Tarbela reservoir is 260 square kilometer in area and has a gross storage
capacity of 17.11 million cubic meters. Thu monitoring of dissolved gases in
the water seeping through drain holes in the right abutment of the Tarbela
Dam is intended to understand the process of removal of dissolved salts from
the rocks of the right abutment. It may help establish the amounts, location
and temporal patterns of gypsum dissolution in terms of potential effect on
the engineering structure in the right abutment. Radon-222 and dissolved
oxygen are quite sensitive to the amount of time that water remains in contact
with rock and each can independently indicate relative transit times. In
addition, radon offers the potential to deduce quantitative estimates of
seepage water
ircinsit
times. The Radon-222 dissolved oxygen
concentrations were measured in the water flowing through drain holes in the
right abutment. The longer the water is in contact with rock, the higher the
dissolved radon concentration will be, low Radon-222 concentration indicate
rapid movement through to the drain from the reservoir. Dissolved oxygen
(DO) behaves opposite to Radon DO in the reservoir is saturated with
respect to the atmosphere and as water moves through the right abutment it
tends to decrease by the commutative effects of chemical and biologicallymedicated reactions with minerals such as pyrite, other iron reduced
minerals, manganese minerals and by oxidation of organic compounds.
Radon-222, dissolved oxygen and V'S wore measured in the water flowing
through 52 drain hok;;. in 6 different Adit systems namely RAA-1, RDA-1,
RAA-2, RDA-?, Ri)A-?() nnd RDA-?3 The adits RDA-20 and RDA--23 lie at
lower elevation, RDA-2 and RAA-2 are located at middle elevation and RAA1 and RDA-1 are located nt highest elevation. For radon measurement,
water samples were collected in 2bO ml stripper. The dissolved Radon was
transferred to counting cells. The alpha particles produced from
Rn decay
and two of ils datKjhieis produce scintillations in the phosphorus coating on
the inside of the counting cells, using Portable Radon Counting System,
model PSRC-MK- IO-I !rom Fort worth, Texas, USA. The transit time of the
seepage water can be computed as follows:

where

t (his)= - 1 / / . In(1-C/Co)
1/A. = 132 hours
C = Measured concentration of radon
Cc, = Equilibrium concentration of radon
}.. = In 2/1V2, JV7 is the half life of Radon -222

137

The transit times for water seeping Ihrough drain holes in adit RAA-1 are
about 20 hours, in ROA-1 <m: k-:ss than 2 hours, in RAA-2 vary from 5 to 40
hours, in RDA-2 lie in iho range 2 to 70 hours, in RDA-20 most of the drain
holes have transit tim«s «byu( 20 hours and in RDA-23, the transit times are
in the range 20 lo 00 huurs. The higher DO values are normally associated
with shorter transit timfts ynd low DO values for longer transit times [1]. Data
of dissolved gases and physico-chemical parameters of samples from right
abutment (RAA-2) of l;\t\n:\n darn is mentioned in table 1.

Table 1: Data of dissolved gases and physico-chemical parameters of
samples from riyht abutment (RAA-2) of Tar be! a dam
(December, 1997)
Time
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Time

Minnies
, 1067.5

(hours)

-1.30
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j.37
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•

Counls l)pm/l Transit
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>vo
: ;. !.>;>
i

*•'*

i

:•.!'•?

;

•!.«..•.'

:•; iv<

••:• : i i .

I 403.7 1 1116
74?) 85 j 1773
{>•/-? . r , i i H 1776
7 .VI (>
17GS
1179 95 ?814
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I:J:WJ
iO'K; <jV 21>23
973. i
2381
14T/.55 3534
i.'i.'lH.?? 3?C»9
?0?<.i.O5
700.7
<;<H!
'.i;».).(X;
fiii'l 0'.">

W..1

4C5OO

009
122C
1?,f)4
13ti3
907

E.C TDS Temp.
(ppm) jiS/cm (ppm)

20.28
8.96

2.5

14.54
10.30

3.2

14.48 J
23 89
26 77
21.20
19.91

3076
28.10
43.79
4.81
9.88
11.29
11.2b

7.90

2.5
28
2.7
2.5
2.9
3.2
2.2
2.5
1-8
1.8
8.7

8.9
8.6
».9

[_1174
1018
1043
1155
1163
1412
1303
1348
1318
1221

1134

768
662
682
751
761 i

17.4
16.8
16.6
16.4
16.3
922 J 15.8
850
15.9
15.6
881
861
15.6
15.7
798
15.8
740

466

608
303

363
362
353
297

236
235
237
193

932

"C

16.1
16.0
15.6
15.6
156

15.7

Dissolved £ulf;it«s in vvntnr samples were extracted using the Ion
exchange and Co-p'-.-'jipiUUion techniques. Ion exchange was applied to water
samples thiit had
sjlhiU; u;nl<:nls These samples were first filtered
through 0/15 micro-!
n';r;.nr fine:::, acidified with HNO 3 to attain pH-2 and
were then passed in
i; <i:i- hydiciis ZrO2 column. Purified Hydrous ZrO 2 was
made acidic (pi I--:!
:i • ii\Oj before adsorption of water sulfates. Sulfates
were «luli:d by ' 1 % K;i.Ul i solution. BaSO,-, was precipitated from the eluted
sulfates according
:,;;:ndard gravimetric procedure and dried in an oven
at 120"C. Co-preci:•>!'.;;lion was used lor hitjh sulfates contents. The sample pH
was raised to 12 wiih fvaOH solution (1N) and the sulfate was precipitated as
BaSO4 by adding iMiC-.y. 2H>O. B.-^CO3 that co-precipitates with BaSO4 was
removed with hydror.Norio acid prior to sample preparation. SO 2 gas was
prepared from BaS().; :>y vanadium pwnla oxide-silica mixture method for d^S
analysis on isotopic un-.<.- rnnss spocn)incler[?,3]. Relation of EC and ?>MS of the
water seeping through Urn system KAA-2 is depicted in figure 1. Sulphates with
634S near ?0'%m derive: "icir sulphur from gypsum, sulphates with &MS values
near 10"nm derive ll-oi! ;;ul|;!!;ir from pyritc and sulphates with S^S values near
2ero derive their sn::'h.;r from igneous sources, including sulphur released from
magmas and sulpli;.: I- ;ic.h-:ci from sulfides in igneous rocks [4J.
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The tracer study on pollutants dispersion in unregulated rivers
A. Owczarczyk
Institute of Nuclear Chemistry and Technology, Warsaw, Poland
Surface waters axe primary receiver for wastes discharged in liquid form. Continuous
expansion of industrial activities and urban agglomerations results in still increasing amount of
pollutants discharged into rivers, lakes and coastal sea areas. This results in harmful effects on
environment equilibrium in natural water reservoirs affected with discharged pollutants leading in
extreme cases, to complete disappearance of biological fife in water regions highly loaded with
pollutants. On the other hand, the surface waters constitute one of most important water sources
for municipal and industrial use. High degree of their pollution, beside of technical difficulties
associated with treatment of water in order to make it suitable for both household and process
purposes, creates numerous hazards of secondary nature through various kinds of potable water,
fish and industrial water contamination.
The proper understanding the effluent transport process mechanism and influence of
hydrological and morphological conditions on it will approach us to more precise assessment of
ecological hazards.
All previous experience (1,2) have based on the solutions of dispersion equation for straight
cannel approximation. Such solution do not take into account the river bed morphology which
suspected to play a significant role for pollution transport in unregulated rivers. There are a few
publications in which the authors introduce the factors depending on river morphology to the
model equation, such approach complicate very much the analytical solutions of model equations
even for single dimension. One of more promising approaches seems to be the dead volume model
(3-5).

where:
cd - effluent concentration in dead zone
c -effluent concentration in the stream
v - mean stream velocity
s ' ratio of the dead zone volume
T - kiactical consonant of exchange process between stream and dead zone.
The dead volumes are generated by river bed irregularities. Validation of such approach can be
checked in natural conditions.
That was the main topic of our work in 1998. We carried out a series of field experiments
at the river being carefully selected from the view point of experimental conditions. The 5 km
section of Wkra River have been selected after hydrological analysis. Wkra River is a small
unregulated right tributary of Vistula River (average depth 1.5 m and width 30 m). The five
measuring cross section was localized practically in every 1 km of river course.
The tracer injection was performed at a weir (~ 130 km of Wkra course), which should
Km it the complete mixing length in transverse cross-sections. After instantaneous injection of the
tracer their distribution in all 5 cross-sections was measured.
The obtained measuring carves c(t) enable the determination of the searched values
describing the transport dynamics of the tracer from the inlet to a given measuring profile.
The first, second and third statistical moments of the c(t) curves are calculated in order to define
the model parameters.
It seems to be a good agreement of experimental data with dead-volume model The dead volumes
for Wkra River are about 10% what is typical value for the slightly meandered lowland rivers.
We befieve mat proposed model can also well approximate the effluent transport in rivers of
different morphology (strongly meandered, with dead volume exceeded 10%).
However, to be shure of it the next experiment should be carried out in the river of different
character than Wkra. We are going to run such experiment in 1999.

140

Acknowledgement
The work was supported by the IAEA under RC 302-F3-POL-10061
References
1. Sqjildwski S., Owczarczyk A.,
Investigation on Dispersion of Effluent by Using Radiotracer Method, Env. Prot Eng. 9(3) 517(1993)
2. Szpilowski S., Owczarczyk A , Wierzchnicki R , Strzelecki M.,
Application of tracer method for investigation of dilution and decay of petrochemical effluent
discharged into big river, Water air and soil pollution, 78, 199-213 (1994)
3.PederseaFJB.,
Prediction of Longitudinal Dispersion in Natural Streams, Ser. Pap. 14, Inst. of Hydrodyn, and
HydrauL Eng. Technical University of Denmark, Lyngby, Daranark (1977)
4, Nprdin C.F., Brent M., Troutman M.,
Longitudinal Dispersion in Rivers the Persistence of Skewness in Observed Data Water, Resources
Res., 16(1), pp 123-128(1980)
5. Czernuszenko W., Rowinski P.M.,
Properties of the Dead-zone Model of Longitudinal Dispersion in Rivers, Journ. of Hydr. Res.
35(3) (1997).

141

IAEA-SM-361/20P

XA

"5°113

BASEFLOW RETENTION TIME ESTIMATION ON THE
BASIS OF WATER ISOTOPE COMPOSITION
J.URBANC
Geological Survey of Slovenia, Ljubljana, Slovenia

A certain information about groundwater dynamics can be obtained by
observations of groundwater isotope composition during precipitation events (Rank &
Papesch, 1997). However, under usual hydrogeological conditions, single
precipitation events account for a rather small amount in the joint base flow reservoir.
The consequence is that the changes in base flow isotope composition are very slight
and therefore very difficult to measure.
Because of the above difficulties, the sampling period in our test was extended
to approximately 6 months, a period in which isotope composition of water in the
discharge mostly starts showing more distinct changes. Observations of oxygen
isotope composition of ground waters under Slovenian climatic conditions show that
the most negative §ISO values are obtained in spring and the most positive values in
fall (Pezdic et al., 1986, Stichler et al., 1997). On the basis of this data the observation
period from spring to autumn was selected, a period when the largest deviations in
outflow isotope composition 'can be expected. During this period, precipitation is
enriched in the heavy oxygen isotope compared to the homogeneous isotope
composition of water in the discharge.
The research approach was tested on two springs in central Slovenia with
comparatively small recharge areas. The Hotenjka spring near Logatec has a recharge
area with prevailing Upper Triassic dolomite rocks, and the recharge area of the
Nadgorica stream near Ljubljana is built of Carboniferous and Permian clayey shale.
In measuring the isotope composition of base flow it is difficult to ensure lhal Ihe
water sample contains base flow only and not also direct runoff, which of course has
the composition of the latest precipitation. To avoid this, samples were collected only
after a period of several days without precipitation, thus providing only base flow
conditions in the outflow. The precipitation samples were decanted into a bigger
container, so that finally a composite sample of precipitation over the entire
observation period was attained. Results of isotope measurements are presented in the
table:
Hotenjka
date
818O stream (°/oo)
18.4.1997
-8.80
-8.70
10.10.1997
Nadgorica stream
date
618O stream (%o)
14.3.1997
-8.55
-8.41
10.10.1997

818O precipiL (°/oo)
-6.67
SI8O precipiL (°/oo)
-5,86

142

The table shows a variation of only 0.1 %o in the isotope composition of waters
from springs, in spite of the fact that precipitation in the observation period was
enriched in the heavy oxygen isotope by over 2%o. The results lead to the conclusion
that only a small amount of new precipitation water entered base flow reservoirs of
both streams during the observation period, which indicates longer retention times of
both reservoirs. Other part of infiltration water from the precipitation was discharged
as direct runoff, which had not been influenced by base flow reservoir. At the
beginning of observation period base flow reservoir had a homogeneous isotopic
composition 5<j. During the observation period, a certain amount of new precipitation
water entered the reservoir and was mixed with the old water. Because the new water
originates from precipitation during the observation period it can be assumed that its
isotope composition is approximately in correspondence with the cumulative isotopic
composition of precipitation during the observation period. In this case the proportion
of new water in the base flow reservoir can be calculated on the basis of equation 1:
(5,-So)

Vn=

(1)
(o n -5 o )
6 t ... isotope composition of water in the outflow at the end of
observation period
5o... isotope composition of old water in the base flow reservoir
Sn._ isotope composition of new precipitation water
V r ... volume of new precipitation water in base flow reservoir.

Solving equation 1 by using isotopic data for the Hotenjka (5 0 = -8.8 °/oo , 5 n -6.67 °/ 00 , 8 x = -8.7 °/oo), gives V a = 0.047, hence only barely 5% of new water
entered the base flow reservoir of the Hotenjka during the observation period. This
means that under these conditions, approximately 8% of old water in the aquifer
would be exchanged for new precipitation water during one-year period. Mean base
flow retention times were calculated on the basis of this data: for the Hotenjka stream
T = 12.2 years and the Nadgorica stream T= 11.1 years

REFERENCES
PEZDIC, J., DOLENEC, T.. KRTVIC, P., URBANC, J., Environmental isotope
studies related to groundwater flow in the central Slovenian Karst region, Yugoslavia.
Proceedings of 5* International Symposium on Underground Water Tracing, Athens
(1986.)91-100.
RANK, D., PAPESCH, W., Conceptual runoff model for small catchment in the
crystalline border mountains of Styria, as developed from isotopic investigations of
single hydrological events. Proceedings of the 7th International Symposium on Water
Tracing Portoroz/Slovenia, Balkema (1997) 173-180.
STICKLER, W., TRIMBORN. P., MALOSZEWSK3, P.. RANK, D., PAPESCH, W.,
RE1CHERT, B., Environmental isotope investigations. Acta Carsologica, 26/1, (J997)
213-236.

143

XA9950114
IAEA-SM-361/21P

Carbon isotope ratios in assessing the origin of water in dam leakage
problems.
A. Plata-Bedmar
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Amatosa Ingenieria, S.L./ CEDEX Ministry of Public Works, madrid, Spain
E. Garcia-Agudo
Section of Isotope Hydrology, IAEA, Vienna, Austria

The investigation of the origin and dynamics of groundwater in the vicinity of
dams and reservoirs is a major concern of the responsible authorities in case of
important leakage problems. In most cases, local groundwater and water related tot he
leakage emerge downstream of the dam with a complex mixing pattern. The proper
characterization of the flow rate and flow patterns of water derived from the reservoir
requires the use of several hydrological techniques, including environmental isotopes
and artificial tracers.
Among the common isotope tools, oxygen-18, deuterium and tritium are
routinely used. The different origin of surface waters stored in the reservoir, and local
groundwaters, usually derived from local recharge, result in distinct isotope signatures,
allowing a proper characterization of each water type. However, practical work in
investigating this type of problems under different geographic and climatic conditions
has shown that in many cases, hydrochemistry and these isotopes do not provide a
convincing and complete evidence about the origin and mixing patterns of the two types
of waters. The proximity of the recharge areas and the short transit time of local
groundwater do not result in significant differences in the chemical and/or isotope
contents.
13

C/I2C ratios in the Total Dissolved Inorganic Carbon (TDIC) has been
successfully used to investigate some aspects of leakage problems in several dams
located in temperate and tropical climates. Most surface waters are characterized by
relative enriched I3C values, since they tend to equilibrate with the isotope composition
of atmospheric CO2 (ranging from -6 to -8%o vs V-PDB). On the other hand,
groundwater is generally characterized by more negative I3C values (from -17 to -ll%o
vs V-PDB), and therefore resulting in a large isotopic contrast (of several per mil)
between the two water types.
Several springs, with a total mean flow-rate of several cubic meters per second,
emerging downstream of the El Arenal dam, in Costa Rica [1], showed similar chemical
and stable isotope contents as those found in the water stored in the reservoir. 13C
contents of the TDIC of the reservoir water and small rivers ranged from -8 to -10 %o,
while groundwater monitored in wells and piezometers showed values ranging from -15
to -20%o. Similar values were found in all emerging springs downstream of the dam,
confirming that these springs are fed by local groundwater and not by the reservoir. A
similar pattern was found in La Herradura reservoir, Cuba[2]; groundwater was found to
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be rather uniform in the 13C content (-13.5 to -15.4 %o vs V-PDB), while the TDIC in
the reservoir waters showed values between -6 and -7 %o vs V-PDB).
These large isotope differences in I3C were found in areas with annual
precipitation exceeding 2,000 mm/a and dense plant cover, resulting a high CO2 fluxes
in the soil, imprinting depleted isotopic values to groundwater. In areas with scarce
vegetation or dominated by plants with the C4 photosynthetic cycle, the isotopic
contrast is reduced, but still larger, than the differences found in the 18O values in water.
In the Arquillo de San Bias, Spain, located under semi-arid conditions, the 13C
differences between surface and groundwaters was in the order of 3 to 4 %o (-6.5%o in
the reservoir, and - 9 to -10.5%o in groundwater). In this case, groundwater appearing
downstream of the dam represented a discharge point of a large aquifer system, and
therefore TDIC was affected by exchange and dissolution with marine limestone
deposits of Jurassic age.
Other sources of CO2 to the total alkalinity of both surface and groundwater,
besides plant respiration and atmospheric CO2, may amplify or reduce the differences in
the carbon isotope signal. By example, in an investigation in the Pasto Grande reservoir,
located the Peruvian Altiplano at an elevation above 3,500 masl, it was found that local
groundwater showed 13C values around -3 to -A %> vs V-PDB. These values were
explained as the result of lack of vegetation in the area (in all cases, alkalinity was very
low), and locally, to the contribution of deep CO2 linked to the large number of hot
springs in the area. In this case, surface water stored in the reservoir may present a more
depleted values than the typical value found in local groundwater.
The examples discussed in this paper show the great potential of the carbon
isotope ratios in TDIC in many problems where the distinction of surface and
groundwater is required and the differences in chemical and isotope contents in not
significant. In other cases, the large differences found in the 13C values, especially in
well-vegetated regions, permit to estimate with better accuracy the mixing proportions
between the two types of waters.
References:
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Presa Arenal, Costa Rica. Apliocacion de Tecnicas de Trazadores". IAEA TECDOC on
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Tritium in South African landfills
Tritium concentrations higher than expected environmental levels were first discovered in
South Africa in association with landfill sites in 1995. Since then, a survey has identified
numerous landfill sites of various types which produce leachate containing elevated levels
of tritium, in one case 105 TU, approaching the limit for drinking water.
Tritium, a low energy (18 keV max) p emitter, half-life 12.43 years, is a conservative tracer
of water in the oxidised state. It exchanges readily between different chemical compounds,
such as tritium-containing material and moisture moving through a landfill. In southern
Africa at present the range of tritium values in rain is close to the assumed natural level
(about 5 TU), about one order of magnitude lower than contemporary values in e.g.
western Europe with much more extensive industrial use and release of tritium. This
renders very sensitive the tracing of leachate containing waste tritium in the southern
African environment.
Fig. 1 shows the location of landfill sites at which elevated tritium values, ranging from
close to environmental values to near the limit for drinking water, have been observed in
South Africa. Sites investigated encompass various class types. Tritium was measured
either directly in leachate, or in ground water directly associated with the landfill.
The nature of tritium-containing material in landfills has not been established
unequivocally. The most probable sources are luminous dials of watches and clocks, which
may contain up to 280 MBq of tritium. There are gaseous tritium light sources and signs
(Robinson and Gronow, 1995), which may contain up to 1 TBq of tritium. Such sources
have a useful life of some 10-12 years, during which time the luminosity may have reduced
to much less than half, and may then find its way onto a landfill. Damage to the object will
result in the release of tritium which will readily find its way into moisture in the landfill
mass.
A failed landfill
The highest tritium level observed in leachate to date was at a landfill emplaced in a small,
steep valley. A system of channeling the leachate allowed the integrated leachate to be
sampled. Subsequently, the landfill failed after heavy rain and moved some distance down
slope. This resulted in the leachate appearing at different points from the landfill mass. The
considerable differences in tritium level observed at these points strongly suggests that the
source(s) of the tritium are highly localised.
An EIA required monitoring of ground water around the site for possible contamination by
leachate. Low-level tritium measurements on water samples from monitoring boreholes
around the site showed values well below 1 TU. Taking the lowest value of leachate
tritium observed, indicated that at most the ground water contained < 1 % of leachate. This

146

confirms the assumption that local recharge to the ground water would be minimal on
account of the argillaceous nature of the terrain on which the landfill is situated.
Medical waste as possible source
Landfill sites near the city of Bloemfontein, where elevated levels were first observed,
derive at least part of their tritium from medical waste. Neither produces visible leachate at
surface. However, tritium was found in associated ground water and a stream, which first
drew attention to the possible spread of leachate from the sites. In one landfill, this spread
is thought to occur during occasional storm events, which produce overland flow which
infiltrates into the relatively shallow ground water. In the other, the mechanism appears to
be seepage into a stream bed. The stream then recharges shallow ground water downstream
resulting in tritium to be observed in monitoring boreholes near the bank.
Conclusions
Tritium levels suitable for tracing is almost ubiquitous in landfill leachate in South Africa,
where ambient tritium levels are still very low. These factors, along with the relative ease
of measurement of tritium and its conservative behaviour in water should make tritium
tracing of leachate increasingly feasible in other emerging economies.
Reference
Robinson, HD and Gronow, JR (1995) Tritium values in leachate from domestic wastes in
landfill sites. Procs Sardinia 95, Fifth International Landfill Symposium. CISA, Italy
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Van Lake is the largest soda lake on the earth and with 607 km3 volume it is the fourth largest
closed lake of the world. It is located about 1648 m above sea level on the high east Anatolian plateau of
Turkey, as shown in Figure 1.
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Figure 1 Map of the study area
The lake surface area of 3600 km : (with a volume of 607 kmJ) is surrounded by a relatively'
large drainage basin of 12500 knr. Streams within this basin discharge water into the lake which are
governed by the melting of snow and by spring rain. There are 104 streams in the basin. Due to later
melting in high altitudes maximum runoff occurs in late spring, usually in May. Most of the small rivers
are dry during the rest of the year The lake is recharged from the surface, subsurface and direct
precipitation over the lake. There is no artificial or natural outlet. Therefore all water loss is due to
evaporation. The lake level oscillates with the frequency of the solar cycle. The annual level change of
the lake over 44 years (1944-1987) had a mean amplitude of 76 cm. However, a continuous rise of
water level has been observed since 1988, (Figure 1) most probably due to climatic conditions (The
same phenomenon has been observed at the Urmiye lake in Iran and Caspian sea).
The lake level has been oscillating around 1650 m (a.s.l.) since 1996. It is required to search the
reasons of the increase of the water level and to predict the water levels in the future for planning of
settlements and civil works.
A hydrological and hydrometeorological program have been started to determine the parameters
of the water balance equation in the lake more accurately. According to mass balance equation, total
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inflows to the lake (surface inflow, Is. precipitation, P, and subsurface inflow, 1^) minus total outflows
from the lake (evaporation, E) should be equal to the storage difference of the lake in a specified
duration of time, Equation 1. Except 1^ which is difficult to measure at the site, the other elements could
be found from hydrometeorological factors and from available equations and/or regressions used in the
literature.
I s + P + I s s - E = AV/At

(1)

The calculated annual volume of surface inflow from all streams, precipitation over the lake
surface area, subsurface inflow, evaporation and AV/At are 1604.8*106m3, 1941. l*106 m3, 359.6*106
m3, 4087.3*106 m3and -181.8*106 m3, respectively in 1996, [1].
In addition to this, an investigation program based on isotopic and hydrochemical techniques
have been set up since November 1995. Water samples were collected in four season in order to check
whether there was any seasonal variation in the lake, streams, groundwater and precipitation. Lake
water samples are taken from different water depths ranging from 0 to bottom at 16 locations on the
lake to study vertical and horizontal mixing conditions in detail at different seasons of the year, and to
find out if there might be any unknown underground inflow to / outflow from the lake. Sampling
program will continue in the next two years.
Moreover, physical measurements such as temperature and electrical conductivity show
alterations with respect to seasonal variations.
Because of well mixing in winter season; physical, chemical and isotopic behaviour of lake
show mean value. In summer seasons, temperature shows interpretable decrease until 50 m depth, and
then it has a constant value below 100 m. Electrical conductivity has also increased until 50 m depth,
then it has a constant value. The mean values of chemicals show that the lake water is very alkaline,
containing high sodium and potassium, and alkaline earth metals deficienc)' characterise its
hydrochemistry. It contains absolutely more potassium and relatively sodium than sea water. The
dissolved carbonate species are also more abandoned. Volcanic CO2 activity is principally responsible
for this enrichment. Large scale post volcanic CO; activity which might be released from the crust into
the atmosphere has determined the lake to develop into a soda lake, [2]. Water chemistry of the river and
groundwater samples exhibits various water types according to their iron contents.
The available oxygen-18 analysis of the lake water samples show no significant variation
throughout the water column at different seasons of the year changing from -0.81 %o to +0.25 %o except
close to river outlet. The mean oxygen-18 value of the lake is -0.10 %o which is clearly different from
surface and subsurface water samples collected at the study area. The tritium content of the lake ranges
from 11.0 ± 1.1 TU to 18.0 ± 1.1 TU between 1996 and 1998. Oxygen-18 compositions of the various
rivers are slightly different from each other ranging from -9.0 %o to -11.5 %o according to their
catchment areas. The groundwater samples have also similar oxygen-18 compositions ranging from -8.5
%> to -11.8 %o. The tritium contents of the rivers are changing between 8.6 ± 1 TU and 21.0± 1 TU. A
vertical tritium and stable isotope profile show no significant variation in the isotopic ratios with respect
to depth.
A line calculated through the mean 5-vaIue of the river and lake samples is; 82H=6.98 8!8O-6.04
with correlation coefficient of 0.98.
This phenomenon shows that meteorological factors have a very important role on increasing /
decreasing of the lake water level.
REFERENCES
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behaviour of Van lake and its vicinity.", Technical Research and Quality Control Department of
State Hydraulic Works , February 1998, No: 920, (in Turkish), Ankara, Turkey.
[ 2 ] Digens E. T., Kurtman F., (1974). 'The Geology of Lake Van", The Mineral Research and
Exploration Institute of Turkey, Ankara, Turkey. MTA-169.
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Lake Koycegiz located at the SW Turkey covering an area of 55 km2, is a permanently
stratified (meromictic) lake with a total volume of abot 850 million m3. The lake is located in
a graben and is surrounded by alluvium, limestone and a suite of impermeable ophiolitic
rocks. Precipitation, stream water inflow, seepage from alluvium and thermal groundwater
inflow are the major components of lake recharge while, evaporation from surface and
outflow toward Mediterranean Sea are the major discharge components. In terms of water
balance, annual recharge and discharge are equal and the lake level which rises up to 1 m in
wet period does not fluctuate in the long run. No sea water encroachment has been observed
during the three years of observations. From the bathymetric point view of, the lake comprises
of two basins. Sultaniye basin at the south and Koycegiz basin at the north which have
maximum depths of 32m and 24m, respectively. Both basins are connected underwater via a
strait which has a maximum depth of 12 m.
In terms stable isotopic and hydrochemical composition the end-members in the study
area are sea water and fresh water which is represented by rainfall and streamflow. On the
basis total dissolved solids content, distinct water types in decreasing total dissolved solids
(TDS) order are as follows; sea water, thermal springs, lake bottom water, lake top water and
freshwaters such as, streams and rainfall. Between these end-members, thermal springs are
located closely to sea water whereas, lake waters are located in between thermal waters and
fresh waters. Top and bottom layers of lake waters are located more closely to fresh and
thermal waters, respectively (Figure 1). Constant stratification in the lake water is observed
throughout the year both in terms of hydrochemistry and stable isotopic composition. The
boundary between top and bottom water layers is at -12m from the surface in the Sultaniye
basin whereas, it fluctuates between -12 m and -14/16 m at the Kcjycegiz basin. Most dense
and isotopically/chemically most enriched waters are found the bottom layer of Sultaniye
basin. Slightly less dense and less enriched waters are observed the bottom of Koycegiz basin.
It appears that bathymetric structure and the thermal water inflow to the lake are the
two main factors ensuring the permanent stratification. Density measurements carried out
along depth profiles of 32 stations evenly distributted over the lake reveal that most dense
waters are associated with thermal water inflow that occur aprroximately at -8m to -10m
depth along the southern coast line where two thermal springs are located. The circulation
dynamics scenario based on field data suggest that thermal water seeping into the lake from
this zone sinks immediately to the bottom of Sultaniye basin which is open to the Dalyan
channel with a depth of - 6m and to the Koycegiz basin via Yogun strait that has a maximum
depth of -12m. As a consequence of larger depth of strait between two basins, the infilling
dense solution overflows northward and flows into the Koycegiz basin. It is understood that
this flow of dense water is very laminar because the bottom most water in Koycegiz is still
denser than overlying waters. Both the total dissolved solids and stable isotope content of
bottom most water is nearly identical to that of -12m depth water of Sultaniye basin from
which this water starts to flow northward. During the flow of dense water diffusive mixing
occurs between top and bottom waters in both basins. Because two major streams feeding the
lake discharge into the KOycegiz basin, substantial turbulent mixing occurs here. Comparison
of stable isotopic profile of both basins indicates that the bottom layer in Koycegiz basin is
much more disturbed compared to that of Sultaniye basin obviously as a results of large input
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from these streams (Figure 2). Recharge from rainfall, streams and thermal water must leave
the lake via Dalyan Channel which is the only outlet of the lake. That is, while the density
driven bottom water flows northward, the top water flows southward where the lake outlet is
located. Eventuality, it is the complex interplay of hydrologic input/output balance and
bathymetry that controls the permanent stratification in Lake Koycegiz. It is apparent that any
man activity such as, discharge of even treated town wastewater into the bottom water will
disturbe this delicate balance.
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Fig. 1: Oxygen-18 vs. deuterium plot of distinct water types.
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In Miami-Dade County, located in the State of Florida, USA, the potable water supply has
expanded westward toward the Florida Everglades. The water supply includes the West Wellfield, which
lies within 2 km of the Everglades border. The close proximity of the wellfield to the Everglades has
raised concerns about the impacts of municipal water withdrawals upon the Everglades ecosystem. The
objective of this study was to determine the fraction of the water supply that originates from within the
Everglades. The West Wellfield site (110 km2) (Fig. 1) includes a portion of the Everglades ecosystem
and sub-urban areas of Miami-Dade County. Separating these two areas is a levee and canal system, L3 IN, which is designed to maintain: elevated water levels within the Everglades for ecosystem
preservation and lower water levels in urban areas for flood control. Surface waters and groundwaters
within the site are hydraulically inter-connected due to the high groundwater table and highly transmissive
aquifer system. Due to this inter-connection, concerns have been raised about the adequacy of L-31N to
control sub-surface seepage from the Everglades toward urban areas, especially given the proposed
expansion of the West Wellfield from an existing capacity of 0.66 nvVs to a capacity of 12 m3/s. At the
outset of this project it was not known whether the wellfield impacted the Everglades.
Stable isotopes, oxygen-18 and deuterium, were utilized in this study to provide a characteristic
fingerprint of Everglades waters. The Everglades are characterized by shallow "standing" water. This
water is subject to intense evaporation given hydro-climatologic conditions and, as a result the water
should be enriched in the heavier isotopes. To the east, water is not impounded and is drained rapidly
through a system of canals. Due to rapid infiltration it was expected that these waters would be
characterized by an isotopic composition similar to that of rainwater. An extensive monitoring network
was established for the study to test the hypotheses concerning the isotopic characteristics of different
source waters. The monitoring network included sampling from shallow groundwater monitoring wells,
deep groundwater-pumping wells, several surface water stations, and rainwater. Oxygen-18 analysis of
water followed the CO 2 equilibration procedure utilizing a syringe [1]. Samples for deuterium
determinations were processed utilizing the traditional uranium furnace reaction [2]. After initial
processing, samples were subject to mass spectrometry (Prism, Micromass Inc.) for 818O and 5D
determinations. All results are reported relative to Standard Mean Ocean Water (SMOW).
Results show that the isotopic composition of water at stations in the Everglades immediately
adjacent to the L-31N (G3577 & G3575) and the canal respond considerably to antecedent rainfall and
gate operations (Gate S333), whereas the remaining sampling stations do not (Fig. 2). Gate S333 is located
approximately 19 km west of Levee L-31N and controls surface water contributions to the site from
upstream Everglades wetlands. When the gate is closed, limited flow occurs to the site from these
upstream wetlands. When the gate is open, considerable surface water discharges are provided to the
western portion of the site. During wet conditions (rainfall > 1.3 cm in preceding 48 hours) and when gate
S333 is closed the *' 8 O and *D values drop dramatically at the canal and groundwater stations G3575 and
G3577. These results suggest that shallow groundwater at G3577 and G3575 is hydraulically
interconnected to the canal and, given that water that infiltrates in these areas is isotopically light, the
Everglades area adjacent to L-3IN serves as a major sink for rainwater. Stations deep within the
Everglades (G618 and G3578) and stations east of the canal (G3551, G3552, G3553, G3554, G3555, and
the pumping well) are consistent in their behavior regardless of antecedent weather conditions and exhibit
a gradient in the isotopic composition as one proceeds from west to east. Waters deep within the
Everglades consistently exhibited higher *' 8 O and *D values than waters east of L-31N (i.e. urban areas).
This trend was replicated during several sampling trips and supports the initial hypotheses concerning the
evaporated nature of Everglades waters versus that of waters originating within urban areas.
In summary, results indicate that stable isotopes can be used as natural tracers of Everglades water.
Results to date indicate that Everglades waters are characterized by an average 8I8O of+1.5 %o whereas
waters that recharge the aquifer farther east appear more like rainwater and are characterized by 5 I8 O
values of approximately -0.5 %o. The average *18O of the municipal water supply is +1.3 %o whereas the
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average value for the L-31N canal is +0.9 %o. Making the conservative assumption that the L-31N canal
represents recharge water for areas to the east of L-31N and that Everglades waters account for the
difference, mass balance considerations indicate that between 60 to 70% of the municipal water supply
originates from within the Everglades.
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This paper presents results from a study related to storm history and sediment balance off
Bangladesh. Sediment cores and high-resolution seismic and bathymetric records were obtained
during two cruises of research vessel "Sonne" in 1994 (So93) and 1997 (So 126).
Sediments were dated using the natural and fallout radionuclides l ^ C s , 210?^ 214pj-)) 214BJ and
2 2 8 R 3 , measured by gamma spectrometry on freeze-dried samples.
The canyon "Swatch Of No Ground" (SONG) is deeply incised into the shelf and forms a natural
sediment trap. Here, the sequence of mud and graded sand/silt layers forms a record of storm history.
It was possible to obtain a 1:1 correlation between historical cyclone history and sedimentary record
in the SONG (Fig. 1).
The cores from the submarine delta foreset beds turned out to be an incomplete record of sediment
history due to storm-induced reworking of sediments and gravity flows visible in the seismic record.
Nevertheless radiometric dating of seismic reflectors together with a GIS-based 3D-modelling of their
volume allows to calculate a sediment balance at the delta foreset beds.
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: Federal Institute for Geosciences and Natural Resources (BGR), Hannover, Germany

A simple freezing technique allows the recovery of undisturbed sediment cores from the topmost
meter of the sediment column together with the semi-liquid sediment water interface. The technique is
shown to produce reproducible results.
Sediment cores from three lakes were radiometrically dated and analysed for their heavy metal
contents. The activities of 134Cs (Chernobyl fallout), I37Cs (Chernobyl and bomb fallout), 24lAm (bomb
fallout), 2I4Pb, 2l4Bi and 2I0Pb (2I0Pbexc dating, Fig. 1) were measured using gamma spectrometry on
freeze-dried samples. Chemical analysis and stable lead isotope ratio analysis were carried out on
completely dissolved samples using high resolution ICP-MS.
The results indicate an increase of anthropogenically released heavy metals in the lake sediments at
different dates (beginning of the 20th century, after the second world war, at about 1970). But near the
sediment water interface a decrease of heavy metal concentrations in the sediments was observed in
every lake too. This is interpreted as a result of different anthropogenic heavy metal sources
(atmospheric as well as local input) and the decrease of heavy metal pollution during the nineties.

Ziegelsee, core 40
137

241

Cs activity [Bq/kg]
400
800

0

activity [Bq/kg]

Am activity [Bq/kg]
1 2
3
4
5

10

0

20

100

10

Chernobyl- Cs down to
10cm: about 1cm/a
(can be affected
by contamination)

20

§•40

Maximum of Bomb-Fallout
in 25-27.5cm,
"(25-27.5)cm/34a=(0.74-0.8) cm/a

40
T3

2
8 50

O

o

60

60

50

60

u

Pb

4

Pb

214

70

80

70

70

80L

80

10
134

Cs activity [Bq/kg]

155

Bi

IAEA-SM-361/28P

XA9950121

MONITORING OF SEDIMENTATION USING BATHYMETRIC
CHANGES AND 210Pb PROFILING IN LAGUNA DE BAY,
PHILIPPINES
1

Fernando P. Siringan, 1 Josdito P. Duyanen, Joseph M. Foronda,
1
Caroline B. Jaraula/Grace Santos, 2Adelina C. Santos-Borja
National Institute of Geological Sciences
University of the Philippines
Diliman, Quezon City
Philippines
2

Laguna Lake Development Authority
Km. 70, Bangyas, Calauan, Laguna
Philippines

Laguna de Bay is the largest inland body of water in the Philippines. It
is a multi-use resource but at present, the dominant use is for fishery.. At
present there is a very high demand for domestic water in the Metropolitan
Manila Area and the lake is considered as the most viable source. Among
the concerns raised are the eutrophic condition of the lake, the alarming
siltation due to the denudation of the forest areas within the watershed,
deterioration of the water quality due to rapid development in built-up areas
and the booming industrialization in the lake's West Bay area. The dredging
of the lake has long been requested by the different stakeholders to improve
its water quality and to achieve the volume necessary to meet the lake's
various uses. In line with the thrust of the Laguna Lake Development
Authority to formulate policies on the development of the lake region and
the sustainable use of the lake's resources based on concrete and reliable
data, a collaborative work with the National Institute of Geological Sciences
at the University of the Philippines, Diliman Campus, commenced in 1997.
Among the objectives is to generate an updated bathymetric map of the lake
and establish the changes in the configuration of the lake during the past few
tens of years and to estimate the rates of sedimentation using time series
analyis of bathymetric maps and radiometric dating using 210Pb.
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Overall sedimentation, spatial variation in rates of sedimentation and
the overall dwindling of Laguna de Bay are examined using changes in
bathymetry in the past 58 years, granulometry-based distribution patterns of
surface sediments, and 21(¥b age dating. Estimation of sedimentation rates
based on bathymetric changes made use of bathymetric maps of the lake in
1963,1983, and 1997, the latter being the reference year for the updated
map. A straight-forward estimation of sedimentation rate is then employedthe amount of shoaling divided by the number of years separating the data
points used in the construction of the bathymetric maps. The other method
based onil0Pb profiling, required the collection of seven long cores. Based
on length, core integrity and location of the cores relative to zones of
shoaling, two cores (core 2 and core 3), were chosen for Pb profiling. Fivecm sections in the cores were taken, generally at 15 to 20 cm intervals, as
subsamples. Nine and eleven sub-samples were taken from cores 2 and 3.
These were sent to Bonn University in Germany for isotopic measurements.
The evaluated dates of sediments taken at various depths from the core are
plotted in an isotope activity vs. depth diagram whereby the slope represents
sedimentation rate expressed in cm/yr.
Presently, the lake has a volume of 2.16 x 109 m9 and an average dpeth
of 2.17 m. Bathymetric changes indicate that the lake's volume is
diminishing at a rate of 3.62 x 106 m3/yr; shoaling occurs at a rate of 3.6
mm/yr. In general, the lake is dominated by silt- and clay-sized particles.
Relatively high concentrations of sand occur in the zones of deepening,
suggesting that erosion has occurred in these regions. The changes in
bathymetry, combined with the surface sediment data, indicate a shifting of
erosional and depositional zones through time. The trends in bathymetric
changes suggest that rates of sedimentation within the lake have varied
spatially and temporally. 210Pb profiles of cores yield sedimentation rates in
the order of 4 cm/yr to 2.7 cm.yr. At these locations, sedimentation rates
from bathymetric changes are 1.38 cm and 2.07 cm/yr, respectively; the
differences are attributed to subsidence.
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Stable isotope composition of fluid inclusions preserved in halite derived
from Wieliczka and Bochnia Beds (Southern Poland)
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Halite deposits located in the southern Poland, near Krakow, are famous mostly due to
medieval salt mioe located in Wieliczka. Contrary to most salt deposits in Europe forming
large domes, the halite deposits near Krakow form distinct beds, extending from west to east
on the area of ca. 10 km 2 , with several types of salt identified . The deposits were formed in
Miocene, ca. 15 mln years ago.
Stable isotope composition of fluid inclusions trapped in the halite crystals originating
from Wieliczka and Bochnia salt mines was investigated. Two distinct groups of samples were
analysed: (0 samples derived from so-called "green salt" beds forming extensive horizontal
structures, and (ii) large nionocrystals of halite collected in crystal caves which form a part of
the tourist tract within the Wieliczka Salt Mine. The samples belonging to the first group were
heated under vacuum to extract the fluid inclusions, according to the procedure developed in
our laboratory and used previously to extract inclusions from speleothem samples [ 1 ]. The
macro-inclusions present in some monocrystals of halite collected in crystal caves were
removed for analysis without any thermal treatment. The concentration of bivalent cations
(Ca2*, Mg2*) was measured in the bulk material and in fluid inclusions (only second group).
The *H and I8 O isotope composition of fluid inclusions extracted from halite samples is
presented in Fig. 1. The data points form two distinct clusters in the 52H - 5 I8 O space,
corresponding to two groups of samples being analysed.
The cluster representing "green salt" deposit is shifted to the right-hand side of the
WMWL, towards more positive 82H and 51SO values, pointing to evaporative conditions
during formation of this deposit. Although the evaporation trajectories for the sea water,
schematically shown in Fig.l suggest that fluid inclusions might represent remnants of the
original solution, this notion has to be excluded due to the fact that only halite is present in the
deposit. Other ions are present only in trace amounts. The isotopic composition of fluid
inclusions formed during precipitation of halite phase from the sea water would be
characterised by positive 52H and 518O values. The position of the cluster on 82H - S18O
diagram suggest that the "green salt" deposits might have been formed in a lagoon-type
environment, from mixture of sea water and water of continental origin.
The data points representing monocrystals of halite collected in the crystal caves lie
close to the WMWL and cover the range of 52H and S!*O values typical for glacial/interglacial
infiltration waters,in the southern Poland (cf. Fig.1). This suggest a much younger
(Quaternary) age of the analysed monocrystals. A small systematic shift to the right-hand side
of the WMWL, observed for five out of six data points, may indicate presence of different
populations of monocrystals formed at different time windows characterised by slightly
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different d-excess values of the local meteoric water line, or, alternatively, might reflect partial
evaporation of the solution from which the crystals were formed. The conditions and possible
mechanisms of formation of these secondary halite crystals are now being investigated and
will be published elsewhere.
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Fig.l. Stable isotope composition of fluid inclusions trapped in halite deposits located near
Krakow, southern Poland Circles and squares represent fluid inclusions extracted from "green
salt" deposit The error bars reflect possible uncertainty associated with the extraction
procedure of fluid inclusions. The full dots represent macro-inclusions present in monocrystals
of halite collected in crystal caves, located within the salt deposit. The oval contours with
numbers (1, 2, 3) indicate approximate range of 52H and 818O values of glacial, holocene, and
pre-Quaternary infiltration waters, respectively, found in the southern Poland [ 2 }. Curved
trajectory represent hypothetical evolution of the isotopic composition of sea water during
evaporation and successive deposition of different salts [ 3 ].
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The fallout radionuclides 210Pb (natural) and 137Cs (artificial) are of major
importance for environmental studies, both as tools for dating lake and marine sediments
and as tracers for studying pollutant transport processes in lake ecosystems. Most important
for these applications is a reliable estimate of the temporal distributions and deposition
fluxes of these two radionuclides. Measuring the vertical distribution of 2I0 Pb and 137Cs
activity in recent sediment cores, the sediment age can be estimated.
The objective of this study is to establish the feasibility of using 210Pb and 137Cs
method to date recent sediments in the Danube Delta lakes.
Having its origin in a sea gulf, the Danube Delta evolved in close connection with the
Danube river branches: Sf. Gheorghe (the oldest one) in the South, Sulina in the Centre and
Chilia (the youngest one) in the North. The last one transports the most significant amount
of water and sediments (about 58%). Previous investigations [1] showed that the
sedimentation process which occurs over the entire Delta area is characterised by a nonuniform sedimentation rate, varying between 0.06 and 10 cm/y. Laboratory studies have also
proven that the sediments of all lakes are significantly bioturbated as a result of invertebrates
activity. A reliable stratigraphy of sediments could help for a better understanding of recent
sediment transport, accumulation and redistribution.
For our study four lakes, showing different morphohydrographic conditions were
selected: Merhei L., located in the north-eastern part of delta in a low sedimentation area,
and Furtuna L., Mester L., Lung L., located in the western part of Delta, in an active
sedimentation area (closed to Sulina branch).
The sediment cores were retrieved by Geological Survey of Romania from Lung lake
in 1994 and by NEPNE-HH from the other lakes in the autumn campaign of 1996. The cores,
containing mainly recent sediment deposits (fine soft material), were sliced into 1 - 2 cm
sections. Each sample was weighed, air dried at 105°C for 2 hours, ground to a fine powder
and re-weighed to obtain the dry bulk density (dbd)[2]. The samples were analysed by direct
gamma assay, following the method outlined in [3,4]. The total °Pb activity was measured
with a planar detector of Ge with Be window, using its gamma emission of 46.5 keV. The
supported 210Pb was determined via 226Ra, using the 295 keV and 352 keV gamma rays
emitted by its daughter 214Pb. The 137Cs activity was measured by using the 661.6 keV
gamma emission. Measurements were performed with a HPGe detector, having a resolution
of 1.9 keV at 1332 keV (^Co) and a relative efficiency of 30%. The detector was connected
to a CANBERRA MCA. The gamma spectra were processed with an OS/2/Genie PC
software. The excess (unsupported) 2I4Pb was obtained by subtracting the supported 214Pb
from the total activity. The 210Pb and 137Cs vertical profiles and total inventories,
A(mBq/cm2) were obtained and the sedimentation rates were estimated for the investigated
lakes. The mean 2I4 Pb supply rate, Q (mBq/cm2.y) to sediments was calculated. The results
obtained are presented in table 1.
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Table nr. 1
The values of dbd, of sedimentation rates, r and v and of parameters A and Q;
C - central part, W - western part, S - southern part of the lake
r
V
dbd
Lake
Acs-137
Q
Apb-210
1
3
2
1
g.cm'V cm.y' mBq.cm^.y" mBq.cm" mBq.cm"2
g • cm"
0.08
0.38
327
0.21
10.19
328
Merhei-S
0.35
0.33
0.12
8.66
360
Matita-C
280
Furtuna-W
0.80
0.65
0.81
12.48
403
716
0.30
0.18
0.60
367
12.10
340
Lung-C
0.25
0.20
0.80
10.27
330
537
Mester-C
It can be observed that, there is a significant difference between the values of the
sedimentation rates in the investigated lakes, the highest value being obtained in Furtuna L.western part, where the sediments are much more denser than in the others. The value of 716
mBq/cm obtained for 137Cs total inventory in Furtuna L. shows an important contribution of
catchment-derived 137Cs to the total inventory (2.4 times Fallout value ( 300 mBq/cm [5]).
The 137Cs total inventories (close to the value of fallout), obtained in Matita and Merhei
lakes, well correlated with very low sedimentation rates, suggest a relative isolation of these
lakes with respect of the main branches. The 210Pb flux is almost constant for the study area.
To estimate the sediment age using vertical profiles of unsupported 210Pb, two
mathematical models were used: 1- the constant rate of 210Pb supply to the accreting
material (CRS) or constant flux (CF) model, in which the initial unsupported 210Pb activity
varies inversely with the mass accumulation rate, and 2 - the constant initial concentration
(CIC) model or constant specific activity model, in which the 210Pb activity declines
monotonously with depth and the disintegration law is used to calculate the age of the
sediment layer.
Excepting Matita lake, where the unsupported 210Pb decreased monotonously with
depth and the CIC model proved to be adequate for the sediment age calculation, in all other
cases the CRS model gave good results. These models were verified with the results
obtained from 137Cs measurements and with other data. The results obtained for the age of
recent sediments were used to estimate the evolution of pollutants input into the Danube
Delta lake sediments. The work is in progress.
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1.

Introduction
The present paper presents the work performed to study the dynamics of the marine bed- load
sediments in the area Chituc, on the Romanian shore of the Black Sea, by using radioactive tracers.
Our work has especially focused on determining the main transport axes of the sediments containing
Zirconim and Titanium ores as well as on finding the thickness of the moving layer.
2.

Radioactive tracers and experimental conditions
Taking into consideration the different natural materials of which movements had to be studied, three
types of "constituted sands" were prepared, each of them reasonably matching the granulometric and
densitometric properties of the natural sediments: Sand #1 matching the Zirconium ore sediments; Sand #2
matching the Titanium ore sediment; Sand #3 matching the properties of the natural sand.
For the Sand#l has been used a "heavy weight" Zirconium concentrate (94%ZrSiO4, 3%TiO2,3%SiO2;
specific weight 4.6g/cm3). By appropriate grinding, the grain granulometry was within
0.074mm...0.16mm. The Sand#2, matching the Titanium sediment, was prepared from glassy material
(90%Ta2O5; 10%SiO2) by grinding to reach the same granulometry. The specific weight (5.0g/cm3) is the
same as the natural Rutil ore in the area [95%FeTiO3, 5% Fe3Al2(Si04)3]. In order to obtain the Sand#3, a
light weight material was prepared, with specific weight 2.69g/cm3(10%Ta2O590%SiO2).
By activating in the nuclear reactor the obtained "constituted sands", labelling is achieved with
95
Zr(t1/2=65d) and I82Ta(t1/2=115d) respectively.
The mass of sands were deposited on the marine bed in four injection points, as punctual as
possible, using dedicated device carried by a boat. Three of the injection points (I, 2 and 3) were laying on
a line of a definite direction against the shore line, while the fourth point was 300 m from the mentioned
line and 110m from the shore line. The point 1 was 120m from shore, point 2 was 200m from shore and
point 3 was 285m from shore along the mentioned line. The exact position of every point was known by
theodolite aiming of the carrying boat, from the shore.
Radioactivity was measured using a detector dragged-on the marine bed by a boat which also
carried electronic instruments (counter, etc). The boat - and consequently the dragged-on detector- was
continuously theodolite aimed, and was drove along lines parallel to the injection point line, and along
lines parallel to the shore line. Each time the whole radioactive area was thoroughly crossed.
3.

Experimental results
The collected data enabled obtaining the equal-count-rate curves for every radioactive tracer.
Consequently, it was straightforward to determine the transport axis and the mean velocity of the center of
gravity of the radioactive cloud.
From the equal-count-rate curves one may find that Zirconium, deposited in point 1, moved firstly
126m along a 240°-SV direction, then reaching shore along a 220° -SV direction. The mean velocity was
l.lm/d.
The Tantal containing material, deposited in the point 2, moved 150m along a 265°-SV direction, then
steering towards shore along 220°- SV direction. The mean velocity was 1 3m/d.
The movement of the constituted light- weight sand took place along a direction 230°- SV with mean
velocity l.lm/d...1.3m/d
In order to determine the thickness of the moving layer, ten supplementary "crossings" of the
radioactive area were performed, each of them perpendicularly on the transport axis, at different distances
from point 4 The Transport Diagram was drew, as depicted in Figure 1, n (p / S . m) = f ( L ) .
By integrating this diagram one has obtained the Total Count Rate of the radioactive cloud. Using the
method of the Total Count Rate balance and performing also calibration of the detector by laboratory
experiments, it was obtained:
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f =

N. a
/?.R0.A

= 5.10 2 cm"1

(1)

where cc=O. 15cm"1 and Ro=19p/s/37kBq/m2 are calibrating parameters of the detector,
A=3.35 GBq, the deposited activity, (3=1.1 a constant parameter; N=total count rate.
According to the above, one obtain, from the Figure 2, the thickness E of the moving layer
E=17.5 cm.
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Tola, F. The use of radioactive tracers in dynamic sedimentology. Note CEA-N-2261, Mars 1982.
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USE OF ISOTOPES TO STUDY GROUND WATER RECHARGE IN ARID ZONES:
APPLICATION TO THE CRYSTALLINE AHAGGAR MASSIF (CENTRAL SAHARA)
O. Saighi, USTHB/IST, B.P. 32 El Alia, 16111 Ezzaouar, Algiers, Algeria
Introduction
In the crystalline and igneous Ahaggar massif [1], the water resources are found in some small-scale
phreatic aquifers which are recharged by sporadic wadi floods ]2]. The most favourable aquifer zones
are localized in the valleys, consisting of three overlying levels of varying importance: the alluvial
aquifer, the weathered zone of the underlying substratum, and the deep aquifer of fissured basement,
the extent of which is not limited only to wadis [3].
Method
In order to evaluate the recharge to the different aquifers, chemical and isotopic analyses have been
carried out on a hundred samples taken at different depths. Measurements of oxygen-18, deuterium,
carbon-13, carbon-14 and tritium have been carried out on these samples.
Results
The alluvial aquifer contains weakly mineralized water (0.3 g/1) [4]. Their stable isotope contents
(8I8O = - 2.7%o; 52H = - 14%o) and 14C activity (> 100 pmc) are comparable to present meteoric water
[5], allowing modern meteoric waters to be identified.
The weathered zone groundwaters are more heavily mineralized (about 0.8 g/1) and have an isotopic
content of 5I8O = - 4 %o. Their intermediate radiocarbon activity proves an old water component.
The basement groundwaters are the most mineralized (> 1 g/1) and their very depleted isotopic
content (5I8O = -10 %o) clearly diverges from present precipitation. Furthermore, the absence of 3H
and MC activity proves an old heritage, resulting from recharge from more than 20ka BP.

Type of aquifer

Ca2*

Mg2^

Na*

K*

cr

so<2-

HCO3

NO3-

Alluvial aquifer

40
75
154

15
22
125

15
75
107

3
10
1

20
20
400

30
50
427

165
450
153

20
10
3

Weathered zone
Basement

S.E.C
(US)
300
800
1400

Tab.l- Chemical concentrations (in mg/l) for groundwater from the Ahaggar

Aquifer
Alluvial aquifer
Weathered zone
Basement
Zone of Tassili

18

O (5%o)
*-2.7
-5

-10

13

C (5%o)
-11
-5 to -2
-3

14

C (pmc)
115
«75
<3

3

H(UT)
15

50 to 120

-10

Tab. 2- 1SO and nC contents, I4C and3 H activity for groundwater from the Ahaggar
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Conclusions
In the Ahaggar massif, the water resources of the phreatic aquifer represented by alluvial sediments in
wadis are found to be under present-day recharge. Hydrochemical and isotopic data reveal a rapid
decrease in infiltration of present-day recharge with depth.
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The Great Artesian Basin (GAB) is the largest groundwater basin in the world and is the
lifeline for water resources in a large proportion of the arid interior of the Australian
continent. Despite its obvious importance, there is a great deal of uncertainty in the
estimates of horizontal groundwater flow velocities and recharge rates. We report the first
reliable estimates of these sustainability indicators in the south west segment of the GAB.
Groundwater was sampled from 23 wells along two transects parallel to the W-E hydraulic
gradient for 36C1, 14C, stable isotopes (513C, 8I8O, 62H) and major ion chemistry. The
groundwater collected was from the undifferentiated Jurassic and Cretaceous (J and K)
aquifer. These new data potentially contribute to the resolution of the interpretation of 36C1
derived ages in a very large slow moving groundwater system and to the overall conceptual
understanding of flow systems of the GAB.
Ground waters in the south west margin are chemically and hydraulically distinct from
those previously reported from the eastern flow systems of the basin. They are Na-Cl
dominated and have been concentrated by evapotranspiration during the recharge processes
as indicated by the preservation of their "marine like" character of solutes and preferential
evaporation of the light isotopes of the water molecule. The ground water chemistry,
particularly for the southern part of our study area, has been modified by diffusion or
advection of solutes from the overlying aquitard, with only a small contribution from water
- rock interactions. This is in contrast to the eastern flow system which are much more
dilute and are Na - HCO3 dominated with a relatively larger contribution from water-rock
interactions.
Present day diffuse recharge to the unconfined portion of the aquifer was estimated from
chloride mass balance to be <0.5 mm/yr. A large proportion of this recharge occurs
through the soil zone and overlying sediments of the unconfined aquifer rather than directly
at the outcrop of the J-K aquifer. Recharge rates probably varied by a factor of 3 during the
last 600 kyr.
36

C1 concentrations range over a factor of 5 from 442 to 2535 x 106 atoms/L for both
transects. The 36C1/C1 ratio varies from 25 to 132 xlO"15 with chloride ranging over a factor
of two for the northern transect, while the southern transect the 36C1/C1 ratio varies from 29
to 115 xlO"15, with chloride ranging over a factor of 5 (Fig 1). We have evaluated 36C1 "ages"
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according to two end-member paradigms to explain the 36C1 distribution in the ground
water: (1) evapo-transpiration controls 36C1 and Cl during recharge, and the 36C1/C1 ratio
remains unchanged during transit through the aquifer except for radioactive decay, and (2)
addition of dead Cl by diffusion from the overlying aquitard affects Cl concentrations but
not 36C1. For the most northerly transect in the study area the 36C1/C1 ratio and the 36C1
absolute concentration unequivocally indicate a dominance of radiogenic decay down the
hydraulic gradient, and using either paradigm we can calculate semi quantitative 36C1 ages of
up to 700, 000 years, which converts to average horizontal ground water flow velocity of
0.26 m/yr. For the southern transect the only way to reconcile the data is to correct for
addition of non radiogenic Cl by diffusion from the overlying Bulldog Shale. Addition of
non-radiogenic Cl by diffusion from the overlying Bulldog Shale negates the use of 36C1/C1
ratios to determine ages. 36C1 atom data, however, show a remarkable consistency with the
northern transect data, giving an estimated horizontal flow velocity of 0.22 m/yr.
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A 200ka RECORD OF CHLORINE-36 FALLOUT MEASURED IN THE
UNSATURATED ZONE, SOUTHEASTERN AUSTRALIA
C. LE GAL LA SALLE1, A. L. HERCZEG, F. W. LEANEY
CSIRO Land and Water, PMB 2, Glen Osmond, 5064 Australia
'Present address: School of Earth Science, Flinders University of South Australia, Adelaide, Australia

R. G. CRESSWELL, L. K. FIFIELD
Research School of Physical Sciences, The Australian National University, AC T 0200, Australia

The use of chlorine-36 as a radiotracer is now well established in geology, geomorphology and
hydrogeology. Use of 36C1 in groundwater dating requires a precise estimate of chlorine-36
input into the system [1]. Variation of chlorine-36 production in the atmosphere over time
scales of 101 to 106 years can be linked to changes in the cosmic flux due to changes in the
earth's magnetic field. This leads to variations in atmospheric spallation reactions. Investigation
into these variations have been attempted, using chloride records in the ice cores [2] and fossil
pack-rat middens [3] covering the past lOOka and 38ka respectively. In the present study,
variations in chlorine-36 input to a hydrogeological system is investigated through records of
chloride in soil water of deep unsaturated zones of low recharge in the Murray Basin of southeastern Australia.
Two sites showing low recharge rate have been selected, the first one approximately 130 km
from the southern coastline (Kaniva), and the second one further inland at about 400 km from
the coast (Boree Plains). The time scale of the soil water profiles is estimated from the chloride
accumulation in the unsaturated zone. Assuming no lateral flow, all chloride contained in
precipitation contributes to the chloride accumulation in the unsaturated zone. According to the
cumulative chloride inventories in the pore water and estimates of chloride fallout at each site,
the time recorded in both profiles ranges from approximately 20 ka at Kaniva to around 200 ka
at Boree Plain.
The two profiles show variations of 36C1/C1 over a factor of 1.5 (Fig 1). The records from
Kaniva show a slight increase of the ratio from the top to the bottom of the profile, which
correspond to an increase by a factor of 1.3 over the past 20 ka. This is in good agreement with
the chlorine-36 record in the Nevada packrat middens, although the soil water profile shows a
slightly lower net increase. The Boree Plains record shows several variations along the profile.
This is consistent with the longer time record during which the input signal may have
undergone several changes. The observed ratio varies by 0.89 to 1.2 of the present day value.
However, as the Boree Plains record covers a long period of time, it is necessary to correct the
36
C1/C1 ratio for radioactive decay. The calculated input ratio varies then by up to 1.5 from the
modern value. Moreover, because of the long period of time recorded in the deep soil water
profile, the chlorine-36 may have been affected by diffusion which would have smoothed the
signal variations and led to a minimum value for the variation of the ratio.
Changes in the input ratio can be related to the variation of the
cosmogenic production of
chlorine-36. However other processes can also influence the ratio and be superimposed on the
cosmogenic variation signal. This includes variations in the atmospheric circulation influencing
the pattern of chlorine-36 fallout. In addition the variation of the chloride deposition itself
might have been locally modified by changes in a) distance to the coast, b) in the wind
direction and/or c) in the recycling of continental salt, all of which will modify the 36C1/C1 ratio.
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Figure 1: Profile of Cl/Cl ratio of soil water at Kaniva and Boree Plains
The recorded variations of the chlorine-36 input have important implications for groundwater
residence time investigations. Not accounting for such variations can result in uncertainties for
dating of old groundwater of the order of 100 ka if a modem input ratio is assumed. Implicit in
this problem raises a potential 'catch-22' situation, where we need to know a priori the age to
estimate initial 3SC1/C1, but the groundwater age is estimated by using the measured ratio
relative to an assumed initial value. An iterative approach is necessary to minimise the age
uncertainty in dating groundwaters.
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ISOTOPE AND TRACER TECHNIQUES APPLIED TO GROUNDWATER
HYDROLOGY: THE EXPERIENCE OF CDTN/CNEN, BRAZIL
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Development of Nuclear Technology Is one of the four research and development
institutes controlled by CNEN -Brazilian Nuclear Energy Commission
Studies in surface waters and in sedimentology with the application of radioactive tracers
techniques are soundly established, and the .group of researchers at CDTN/CNEN, which
started in the early sixties, is now very qualified. As a matter of fact, this team, whose very
first experiments were flow rate measurements in rivers and in turbines, has studied
sediment circulation, and deposition in nearly all of the most important harbour areas in
Brazil, as well as in rivers and reservoirs. Such studies have dealt basically with the
transport of bottom and suspended sediments, the disposal of dredged material, erosion and
accretion processes and the in situ measurement of density of unconsolidated silt and clay
deposits. Moreover, the disposal of liquid and solid effluents into water bodies (rivers,
Jakes, ocean) by means of outfalls has been studied by tracer techniques that simulate
advection and dispersion in near and far-field conditions. Some members of the staff have
been regularly working abroad as IAEA's experts.
Nevertheless, investigations in groundwater hydrology, which were given considerable
attention in the past, were curtailed and remained restrained for a long time. Restarting
activities in this area is a great concern of the group, prompted by water scarcity and
vulnerability of water resources to pollution in several regions of the country. The main
goal is to upgrade a team of specialists able to apply isotopic and nuclear tools in the study
of hydrologic processes in the water cycle, particularly aimed at the comprehension of
groundwater dynamics and its interactions whh atmosphere and surface waters. Special
attention should be given to natural or semi-natural tracer methods based upon the use of
environmental (both stable and radioactive) isotopes.
Characterization of Karstic Basins in a Semi-arid Region (Project BRA/8/024), a
Technical Cooperation Project sponsored by TAEA, carried out between 1995 and 1997,
was the first large scope study developed by this new team. Two distinct areas in the semiarid portion of the State of Minas Gerais, in the vicinity of Montcs Clares, were
investigated. The first one, a well developed karstic formation, comprizing the watersheds
of rivers Pat JoSo, Cedro and Pacui, tributaries of river Verde Grande, was investigated
basically from the water supply point of view. The other one (river Caititu), farther north,
was investigated mostly for the acquisition of data to technicaJIy support the issue of
exploitation licenses by State authorities. Water samples were taken for physical, chemical
and isotopic analises. Artificial tritium was apllied to assess pluvial waters infiltration rates
in aquifer recharge areas. Fluorescent dye (rodhamine WT) was used as artificial tracer for
flow rate measurements and for interconnection studies. For both areas, tritium experiments
have shown that infiltration rates lie between 15% and 20% of total annual precipitation, as
opposed to values of 5% estimated by conventional methods. Waters from the first area are
rich in Ca~" and HCO3". This is an indication that groundwater flows basically through
carbonated rocks. Nearly all samples were saturated in calcite. High recovery rates (greater
than 90%) of the mass of injected tracer in five interconnection tests confirm the continuity
of flow along underground stretches of rivers Pai Joao and Cedro, which is relevant for
future exploitation of aquifers upstream of existing surface water intakes. Waters from the

170

rivers, during the dry season, are estimated to be as old as 30 to 60 years, and come from
springs in karstic massifs. On the other hand, waters from aquifers in river valleys are more
recent (iess than 20 years). Groundwaters from the second area are rich in Ca"^, HCC>3~,
SO4="and CV. Groundwater flow is nearly perpendicular to the river Caititu course, and
oriented from South to North. Due to the very irregular spatial distribution of physical,
chemical and isotopic parameters, groundwater flow is estimated to be very slow, with
local recharge. More recent groundwaters can be found close to the high course of river
Caititu and in the vicinity of its mouth. Along its medium course, renewal time of
groundwaters is estimated to be about ISO years.
As a consequence of the positive results of the previous sudy, CDTN/CNEN had the project
Assessment of Groundwater Resources in Minas Gerais (Project BRA/8/026) approved
by IAEA for implementation during the years 1997 and 1998. Main objectives are to assess
groundwater availability in the karstic region of Lagoa Santa, north of Belo Horizonte, to
supply part of the metropolitan area, and to establish a simplified hydrogeologicaJ model .
Two detailed field campaigns have been accomplished, one during the dry season of 1997,
and another during the months of September and October, 1998, just before the rain season,
including a survey of 52km of rio das Velhas, to evaluate its interconnection with the
karstic aquifers. In the mean time, river flows were measured aod samples for isotopic
determinations were collected. Infiltration rates of 500 mmyear'1 are expected for the area
(about 500 km2). Most of this amount of water is drained perpendicularly to rio das Velhas,
flowing from West to East. About 20 springs have been detected, one of them (Gordura)
producing 2 mV 1 of water. Environmental isotopes results are not available yet.
Interconnection investigations will be discussed in the full paper.
A new investigation was started last October, aimed at the definition of environmental
protection boundaries for mineral (thermal and sulphuric) springs in Po?os de Caldas,
southwest of the State of Minas Gerais, and at the validation of the groundwater circulation
model previously propposed for the volcanic plateau (alkhaline rocks) at which the town is
located. Fifty water points (weJJs, springs and surface bodies) were sampled, and four
injections of tritium were performed. Preliminary results will be available for the full paper.
Future working plans include the conclusion of the environmental tritium laboratory in the
grounds of CDTN/CNEN and the diversion project concerning the use of waters of river
Siio Francisco to supply communities in the semi-arid portion of northeastern Brazil.
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EVALUATION OF NITRATE DYNAMICS IN RIPARIAN ZONES
USING ENVIRONMENTAL ISOTOPES
R. ARAVENA1, S. SCHIFF1, C. BROWN1, D. FITZGERALD2, K. J. DEVTTO3,
D. HEAGLE1, B. WARNER2 AND R. ELGOOD1
Department of Earth Sciences1 and Geography2, University of Waterloo,
Waterloo, Ontario, Canada.
Department of Biological Sciences3, University of Alberta,
Edmonton, Alberta, Canada.
Nitrate contamination, often associated with agricultural activities, is a major problem in
some shallow aquifers in Canada and is an increasing threat to groundwater supplies and surface
water quality. The studies to be presented at this conference are part of a major project aiming to
examine the function of riparian zones in watersheds dominated by agricultural areas.
Specifically, this project focuses on the role of vegetation strips and wetlands as buffer zones to
attenuate groundwater nitrate generated by agricultural activities, that ultimately impact surface
water. Our research approach involves combining the hydrology, geochemistry, ecology and
stratigraphic analyses of the riparian zone in a multi-disciplinary way. 15N and 18O in nitrate are
being used to provide information on the sources and to allow us to separate denitrification from
nitrate attenuation by dilution [1,2].
Both study sites, which are riparian cedar swamps, show significant nitrate attenuation in
the groundwater flowing through the wetland sediments. However a large plume of nitrate with
concentration ranging between 10 and 20 mg/L as NO3-N is observed in the aquifer underlying
the wetlands. In the areas closer to the groundwater-surface water interface the nitrate starts to be
attenuated reaching values close to the detection limit for nitrate. In one of the sites, a clear
correlation is observed between nitrate attenuation and an increase in dissolved organic carbon
(DOC) concentration. DOC changes from 5 mg/L in the up-gradient areas to values as high as 28
mg/L in the areas of nitrate attenuation. The other site is characterized by DOC values between 6
and 10 mg/L. In general, groundwater is characterized by DOC concentrations below 5 mg/L [3].
The groundwater flow system and the carbon content of wetland and aquifer sediments (sand
units) at one of the sites indicate that the wetland is providing the carbon to the underlying
aquifer.
The 1}N data, that was used to evaluate nitrate attenuation, show a clear trend of
5 N enrichment correlated with a decrease in nitrate concentration (Figure 1). The high nitrate
groundwater at both sites show 5 15N values around 5 %o, that are typical for nitrate generated in
agricultural areas. The 15N composition increased to values as high as + 30 %o in the areas of
nitrate attenuation. 18O data in nitrate also show a similar isotopic enrichment trend. This is a
typical isotopic pattern caused by denitrification in groundwater [4]. The isotope data (15N and
" 0 ) and the DOC pattern clearly show that denitrification is the process responsible for nitrate
attenuation at both study sites. This result has significant implication for the role of riparian zones
as buffer areas for nitrate in agricultural areas. Conceptual models of riparian zones [5] implied
that only the groundwater component flowing through the shallow rich organic sediments will be
more exposed to a reducing environment, the redox conditions required for denitrification to
occur in water and sediments.
15
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FORMED DURING NITRIFICATION IN SOILS
Bernhard Mayer1*, Sandra M. Bollwerk1, Birgit Vorhoff2, Tim Mansfeldt2 & Jan Veizer.1,3
'institut fur Geologie, Ruhr-Universitat Bochum, Universitatsstrasse 150,44780 Bochum, Germany
Institut fur Geographie, Ruhr-Universitat Bochum, Universitatsstrasse 150,44780 Bochum, Germany
3
Ottawa Carlton Geoscience Centre, University of Ottawa, Ottawa, Ontario, Canada KIN 6N5

2

'present address: University of Calgary, Departments of Physics & Astronomy and Geology &
Geophysics, 2500 University Drive NW, Calgary, Alberta, Canada T2N 1N4,
bernhard@earth.geo.ucalgary.ca
The isotopic composition of nitrate is increasingly used to determine sources and transformations of
nitrogen in terrestrial and aquatic ecosystems. Oxygen isotope ratios of nitrate appear to be particularly
useful, since they allow the delineation of nitrate from atmospheric deposition (518Onitrate between +25
and +70 %o), nitrate from fertilizers (518Onitrate +23 %o), and nitrate derived from nitrification processes
in soils (518Onitrate < +15 %o). For the latter it is assumed that two of the oxygens in the NO3" molecule
derive from H2O (with negative 518O values dependent upon location) and one oxygen derives from
atmospheric O2 (518O = +23.5 %o). The objective of this study was to experimentally determine the
extent to which water oxygen controls the 618O value of nitrate, which is formed during nitrification in
soils.
A laboratory incubation experiment was conducted in 1997. Two different forest floor horizons with N
contents of 1.0 ± 0.1 % (> 99 % as NOre) were irrigated over 16 weeks with deionized water in five
different treatments with 5 Owater values ranging from -8 to +60 %o. The dissolved nitrate in the
weekly collected percolation water was generated exclusively by soil nitrification. The NO3" was
converted into AgNO3 and analyzed for its 515N and 518O values.
in

The mean 518O values of the irrigation water and of the newly formed nitrate are displayed in Fig. 1.
The 518Onitrate values varied between +7 and +46 %o dependent upon the oxygen isotope composition of
the irrigation water. The oxygen isotope ratios of the dissolved nitrate increased with increasing
S Owater values in both experiments. For forest floor B, a significant linear correlation between the
mean 518O values of the irrigation water and those of the generated nitrate with a slope of -0.6
provided evidence that two oxygen atoms in the newly formed nitrate were derived from the ambient
water. For forest floor A, 518O values of the formed nitrate were also correlated significantly with the
518O values of the irrigation water, but the slope was ~0.4, indicating that only 40 % of the nitrate
oxygen was controlled by water oxygen. Since die environmental conditions in both experiments were
identical, we propose different nitrification pathways as the major reason for the differences in the
observed 518O values of the newly formed nitrate.
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Independent upon the actual reaction pathway, an overall isotope fractionation of +6 %o for the
incorporation of water and atmospheric oxygen into the newly formed nitrate was observed in the
laboratory experiments. The obtained results suggest that nitrate, which is generated by nitrification in
soils with 5180Water values ranging between -12 and -5 %o, has 5I8Onitrate values between +4 and
+13 %o. This is a wider range than previously anticipated. Quantitative assessments of contributions
from different nitrate sources based on the oxygen isotope ratios of NO3" (e.g. Durka et al., 1994)
appear, therefore, more problematic than previously thought.
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Fig. 1: Mean 618O values for the irrigation water versus the mean 518O values of the newly formed
nitrate during a laboratory incubation experiment.
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ENVIRONMENTAL ISOTOPES AS A TOOL FOR GROUNDWATER
EVALUATION AND MANAGEMENT IN DUITAMA CITY, COLOMBIA
C. O
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Sogamoso, Colombia.
EXTENDED SYNOPSIS
Duitama city (100.000 inhabitants) lies in a plateau of the Colombian Andean
Range. Fifty per cent of water supply is abstracted from the main aquifer and
accounts for more than 80 % during dry seasons.
As far as piezometric level is declining progresively, it is suspected that ground
water abstration is greater than natural replenishment
production

and any

increment in

wells and ground water abstraction may damage ground water

sources for sustainable development and management.
The main aquifer of the area is a Quaternary alluvial deposit consisting of sand,
gravels and conglomerates, with a thickness up to 180 m, and overlain

clay

deposits, wich have a thickness from 20 to 60 m, in most part of the aquifer. On
the west and middle part of the plain, the Quaternary lies on Cretaceous
sanstone, claystone and limestone formations: towards east, on Palaeozoic
claystone and sandstone formations.
A hydrogeological study was carried out by means of conventional and isotopes
techniques, in order to identify ground water origin and particularly to investigate
present infiltration and recharge.
Stable Isotope results and interpretation.
Samplin for stable isotope analysis was performed in two periods. First in 1990
and

second, latter in 1996. Sites that were sampled twice did not show

significant variations in isotope deep wells content.
Stable isotope composition of water from a deep well showed that water were
more depleted than any other samples indicating, in principle, that it was
recharged under more colder climate that present (Pleistocene?) (Figure 1).
A monthly sampling were carried out in April, May and June 1996, in order to
investigate isotope time variation of surface and groundwater samples. Results
show that isotope content in water from rivers, creeks, dug wells and springs
(associated to surface and subsurface water), fluctuates and has a wider
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distribution than water from deep wells, which are characterized by a constant
stable isotope content (Figure 2). This results lead to the conclusion that most
water from the aquifer (which do not has the weighted mean isotope content of
present surface waters), is different in origin to local or regional precipitation.
Radioactive isotope analysis
Four samples for tritium analysis from 4 different deep wells (100 to 180 m
depht), were taken in 1990. Results reported from laboratory (0.0 + 0 . 2 TU),
indicate that groundwater is older than 40 years. On the basis of these results
samples for carbon-14 were taken in 1997. Results show values from 27%
to 57% of modern carbon. From the hydrogeological point of view carbon-14
data demostrate that present recharge of the Quaternary aquifer is very limited
and a more intense explotation may increase lowering of piezometric levels.
On the southeastern region, where Quaternary aquifer lies directly on the
Palaeozoic formations, groundwater quality deteriorates. Therefore, it is
recommended to avoid explotation in this area, and to manage groundwater in
such a way to control water flow from contaminated sources towards good
quality water region.
Artificial tracers.
Single borehole methods were applied on two deep wells and measurements
yield very low values (in the order of cm/day), which are below the application
limit of the technique.The interpretation of results

indicates that grounwater

flow if any, is very low.
Water Resources balance: abstraction / recharge.
The catchment water balance, based on precipitation (979 mm/a), total runoff
and evapotranspiration data, indicates that infiltration is less than 16% of
precipitation. Thus, total infiltration, if any, has a value of
Groundwater in storage equals

80 x 10

6

m

3

0.8 x 10 6

m 3 /a.

and annual groundwater

abstraction is 7.7 x 10^ rrr/a. These figures indicate that there is only water for
about eleven years at present abstraction rate.
On the basis of hydrogeological and isotope information, it is concluded, that
groundwater is at present being used more than the perennial supply and that
the resources will be exhausted, unless corrective action be taken, such as prorata reduction of pumping from present production wells, prohibition of further
development.or

implementation of modem techniques,

such as

artificial

recharge.
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HYDROGEOCHEMISTRY AND ENVIRONMENTAL ISOTOPE INVESTIGATIONS
OF THE NILE BASIN WATER IN SOHAG DISTRICT, UPPER EGYPT
ELSAYED M. ABU EL ELLA
GEOLOGY DEPARTMENT, FACULTY OF SCIENCE,
ASSUT UNIVERSITY, ASSIUT-71516, EGYPT

This paper discusses the results of environmental isotopes and major chemical data for
twenty-eight selected water samples representative of the Nile water in Sohag district. The
major ion chemistry is used to tabulate the water types for the aquifer and to review the
source of salinity. The stable isotopes 18O and 2H are used to investigate the groundwater
origin and the possible recharge sources. The radioactive isotope tritium is applied to assess
the approximate residence time of groundwater in the aquifer.
The results of chemical analyses were interpreted, taking into consideration the
available geological and hydrogeological information. It is noted that the groundwater
samples have higher TDS values (320-5400 ppm) than surface water (215-534 ppm). The
probable source of the increased dissolved major-ions include dissolution of dispersed halite
gypsum and calcium carbonate precipitation, weathering silicate minerals and washing of
irrigation water to soil salts and fertilizers [1].
The isotopic data in Sohag district reveals that effective recharge into the aquifer
occurred along the river course during frequent floods before the construction of the High
Dam at Aswan (1993-1996). Recent recharge still occurs from the present Nile water as a
result of the permanent irrigation system in the area (after High Dam erection).
Groundwater in the immediate vicinity of the river usually has I8O isotope
concentrations close to that of its water. This groundwater is observed in the adjacent western
fringe with the Nile Valley. This is due to the utilization of the Nile water in the irrigation of
the reclaimed lands. The ZH values similarly show a decrease away from the River Nile, where
the values are above 20 %o. They then increase again towards the western side of the valley.
Tritium contents show the same phenomenon of18O and 2H values. This may be taken as
evidence for dilution of present Nile water in the aquifer by the Nile water retained from the
period before the High Dam and by the paleowater. The paleowater of the ancient aquifers
probably escape through the fault planes exist in the Nile Valley [2].
REFERENCES
[1] ABU EL ELLE, E. M. (1992): "Variations in the chemical characters of the Nile Basin
water in Sohag area, Upper Egypt". Proceedings of the first international conference geology
of the Arab world, Cairo Univ., January 1992, II : 195-208.
[2] SAID, R.(1981):"The geological evolution of the River Nile". Springer-VerIag,BerIine, 151.
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Environmental Isotopes and Over-Pumping/OverRecharge in Nile Valley Soils, Egypt.
* A.A Nada, ** M.F. Hussein, ** S. El-Amir and **E.F. Ramadan
* Siting and Environmental Dept. National Center for Nuclear Safety and
Radiation Control. Atomic Energy Authority, Egypt
** Soil and water Dept. Faculty of agriculture, Cairo University Egypt
Agricultural development is a major task, in particular under the arid and
semi-arid conditions. Water supply for agriculture expansion in these
regions is subjected to multi problems (including water quality and
groundwater
discharge recharge). The Egyptian experience in
agricultural expansion in desert and desert frings of old cultivated areas
during the last five decades has known several points of failure and other
of success. The present work introduce two case studies concerning over
discharge and over recharge using the isotopes and hydrochemical tools.
The hydrochemical composition of groundwater in over discharge area
reveal's bicarbonate water type with moderate salinity and low SAR
values close to those of the recharge area in the main Delta aquifer. The
active recharge zone is characterized by high environmental isotopes
compared to the discharge area. The isotopic content show flow
continuity under the westward piezometric gradiant and prove that the
system should be favorably react to adequate pumping without
degradation.
The relation between environmental and hydrochemistry in over
recharge area show dissolution mechanism, mexing and contribution of
biogenic CO2 where recharge takes place through irregated field. The
salts in the westward plateau are leached down ward to the water logged
zone under flooding irrigation and increases salinity eastward. Vertical
drainage must be integrated within a conjunctive policy for surface and
groundwater and selection of crops that are less sensitive to salinity.
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ENVIRONMENTAL ISOTOPES AND THEIR APPLICATION ON THE
GROUNDWATER AQUIFERS OF WADI WATIR BASIN, SOUTH SINAI, EGYPT
Y.L. Ismail, A.A. Abdel Baki, A. A. Sweidan, I.Z. El Shamy
Desert Research Center, Cairo, Egypt

Wadi Watir basin (3440km2) is one of the main hydrographic basins
of Gulf of Aqaba drainage system. It is bounded by longituds 34° 00 and
34° 3(5 E and latitudes 29° 00 and 29° 20 N Fig.(l). Its main channel runs
in N-S for about 40 Km and then bends slightly NNW-SSE direction for
about 25 km, where it debouches its load in the Gulf of Aqaba. The surface
of Wadi Watir is covered by sedimentary Paleozoic and Cretaceous rocks
particularly in its middle and upper parts while in its down part, it is
occupied by highly fractured basement rocks (granites and granodiorite)
traversed by some dykes. The alluvial deposites form a delta at its
connection with the Gulf of Aqaba. The purpose of this study is to use the
environmental isotopes to assess the recharge sources of the aquifers in both
Wadi Watir main channel and its delta. Twenty three water samples were
Collected from piezometers, dug wells and drilled wells, as well as two springs
in addition to one sample from Gulf of Aqaba (Fig. (2)). The 8D vs 818 0
diagram which illustrates the isotopic composition of the collected
groundwater samples in the studied area besides local paleowater, rainwater
and marine water of Gulf of Aqaba is shown in Fig. (3). The global meteoric
water line G.M.W.L (Craig, 1961) and the corresponding lines for
Mediterranean sea precipitation line M.S.P.L ( Gat & Carmi, 1970)and
paleowater line P.W.L ( Sonntag etal.,1980) are drawn in the same figure as
reference lines. Most of the studied groundwater samples (= 70 %) are
plotted between the G.M.W.L and P.W.L and the other samples (= 30%)
between G.M.W.L and M.S.P.L . Therefore, these samples show a wide
range of isotope composition +1.79 %o to - 6.5%o for 818 ° values and
+5.1%o to - 45.3%o for 8D. This wide variation reflecting the multitude
origins and mechanisms of replenishment. Samples No. 1,13,14 and 19
appear to be of meteoric origin where their geographic setting near the
mouth of Wadis suggesting recharge by floods flows which originate on the
mountains.
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We can notice an evaporate enrichment of heavy isotopes and chloride
content of sample No. 20. This means an extreme case of evaporation
process. Samples No. 4 and 23 which represent the exposed Nubian
sandstone aquifer in the study area are depleted in heavy isotopes much
more than present day meteoric water of the region, with isotopic
composition quite resembles the paleowater of Sinai * (818 0 = - 7.2%o &
5D = - 52%o ) with some eveporation as well as mixing with other water
(e.g.sample NO. 23) . Samples Nos,7,9,l0,11,12,16,17,18 and 21 are
Located in alluvium Wadi fill deposits. Its isotopic composition suggests
meteoric origin with some evaporated water seeped from the existed
aquifers. Asimilar mechanism for samples No.3 and possibly also No.8
which receive a considerable amount of evaporated paleowater. Remaining
Samples No. 2,5,6,15 and 22 which seem to have been recharged from both
continental and Mediterramean precipitation.
* Originally rechared during wet climatic peroid probably during the
pleistocene aquifer.
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DETERMINATION OF RECHARGE AND EVOLUTINARY STUDY IN NEW WELLS
AT BERLIN GEOTHERMAL FIELD USING ISOTOPES
A. Matus, F. Montalvo, W. Guevara, M. Magafia. Comision Ejecutiva del Rio Lempa (CEL), El Salvador
ABSTRACT
CEL have been made a preliminary study at Berlin geothermal field in order to estimate the recharge area.
The results using isotopic data since 1996 to date shows an average altitude of 1350 masl. This value is in
agreement with hydrological and geological studies, which correspond to an infiltration zone located
around the Berlin-Tecapa complex. Isotopic composition from Laguna de Alegria (LA) located in the same
complex and Rio Lempa located 12 km away from the field shows that there is not relation with the
recharge of the Berlin geothermal field. Also, an evolutionary study of the geothermal wells shows three
definite groups: new wells, production wells and reinjection wells. Isotopic composition in recently drilled
wells is changing with time, showing more depleted values than production wells in which isotopic
composition is seated in the range 518O=-3.5°/oo to 518O=-3.97OO and 5D=-42°/oo to 5D=-45°/oo. It suggest
new wells still have a mixture of geothermal water and water introduced along the drilling. Reinjection
wells seems to have not impact over production wells, at least with the available information. Monitoring is
still on.

INTRODUCTION
At present Berlin field produces approximately 7 MWe but CEL is developing since 1996 an expansion
project and is expected that at middle of 1999 is in operation a new power plant that will produce around
56 MWe. Reservoir studies estimate total capacity of the field in 100-150 MWe. Up to date, were drilled
16 new wells among reinjection and production wells and since then, an exhaustive monitoring of
evolution of the field is carried out. Besides, several geochemical and isotopes studies were carry out by
CEL to characterize the shallow and thermal waters. Additional to this information CEL started in 1996 a
complete isotope study of precipitation with the support of the International Atomic Energy Agency in
order to estimate the recharge of geothermal field. In this way CEL installed 3 collectors of rainwater at
different altitudes near to the geothermal field: 220, 760 and 1594 m and with its isotopic composition
built up the Local Meteoric Water Line using only the rain season data, due all samples collected in
summer season shows intensive evaporation. The equation is 5D = 7.92 5 ^ 0 + 9.51 with a correlation
of 0.992.
DETERMINATION OF THE RECHARGE
Figure 1 shows isotopes of deep geothermal waters, shallow cold waters, thermal waters and reinjection
wells. We can see in this graphic isotope composition of Laguna de Alegria (LA) with -1.42 Q/QQ in 18oxygen and -12.2 O/QO in deuterium, located to the south-southeast from the geothermal field and the Rio
Lempa (RL) with -4.76 0/QO in oxygen and -33.62 0/QO in deuterium, located to the west of the
geothermal field. Both present different grade of evaporation. Regression for geothermal wells give: 5D
= 3.81 §18o - 31.08. If we combine the last equation with the relationships between altitude and isotopic
compositions, we get an average altitude of recharge of 1350 m.a.s.l, this value is agree with hydrologic
and geologic studies.
EVOLUTIONARY STUDY IN NEW WELLS
Figure 2 shows isotopic composition in total discharge for all the wells since 1995 to 1999. Is important
to note in this Figure how the isotopic composition in new wells is changing with time and going to
typical values of production wells. Well TR-4B shows clearly this trend. It isotopic composition is
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shifting from 518O=-4.92 % o to 5 1 8o=-6.62 <V00 and 5D=-44.63 ° / o o to 8D=-50.88 % o in less than
one year. Sample of January of 1999 is close of the production wells area. Well TR-4C is shifting slowly
due to a poor time of discharge. Well TR-4A was drilled as a production well but, at the moment is being
used as reinjection well.
Most new wells data are closer to meteoric water line and far from production wells data in more than
values of international permitted accuracies. It suggests that new wells still have a mixture of reservoir
water and shallow water that was introduced along the drilling. Is necessary to make an isotopic and
chemical evaluation through new discharges of the wells, allowing the input of fluids with more waterrock interaction features.
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Figure 1. Isotopic Composition in Geothermal Wells at Berlin Geothermal System

Figure 2. Isotopic Composition in Geothermal Wells at Berlin Geothermal Field.
188

XA9950136

IAEA-SM-361/44P
IDENTIFICATION OF GLACIAL MELTWATER IN THE
CAMBRIAN-VENDIAN AQUIFER SYSTEM (NORTH
ESTONIA) USING THE ISOTOPE COMPOSITION OF
GROUNDWATER

R. VAIKMAE, E. KAUP, T. MARTMA
Institute of Geology at Tallinn Technical University, Tallinn, Estonia
L. SAVITSKI, L. VALLNER
Estonian Geological Survey, Tallinn, Estonia
The purpose of the research was to determine the possible origin of
isotopically light groundwater in the Cambrian-Vendian aquifer system, the
lowermost of the six aquifer systems of Estonia, Fig. J.
Oxygen isotope composition of groundwater in most of aquifer
systems in Estonia ranges from -10.5 to 12%o, Tab. I. However, the
groundwater in the Cambrian-Vendian aquifer system has an extraordinary
light oxygen isotope composition. The average values of 5"O are -20 to 22%o. At the same time, the long term average annual 5'*O values in
contemporary precipitation in Estonia are -10.4%o [ 1 ].
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Fig. 1': Hydrogeological cross-section of the Estonian bedrock; Voronka
ami Gdov aquifers form the Cambrian-Vendian aquifer system.

About 10%o difference in the oxygen isotope composition of
groundwater from the Cambrian-Vendian aquifer and of contemporary local
atmospheric precipitation allows to postulate the glacial origin of the
groundwater. Low H C and 5H concentrations of groundwater with light
oxygen isotope composition, Tab. I, are giving evidence, that the water is
old. All the isotopic indicators together are supporting the hypothesis, that
groundwater in the Cambrian -Vendian aquifer system originates from the
Scandinavian ice sheet
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Table 1. Isotopic composition of the groundwater in the
main aquifers in Estonia
Formation

Lithologv

Ordovicdan

limestones,
dolomites

OrdovicianGimbnan
CainbrianVendian

dctriiical
sandstones

sandstones

8"O,
K.SMOW

14

C,
pmC

'H,
TU

-10.5 to
-11.7

43.77 to
89.63

13.1-21.0

-11.3 to
-15.2
-18.5 to
-22.7

12.56 to
82.71
2.57 to
16.50

1.8-21.3
0.5-2.1

So far there is no convincing answer to the question how and when
the meitwater of the Scandinavian ice sheet reached the aquifer system. The
results of some earlier studies have provided a basis for the conclusion, that
the meitwater penetrated into the Cambrian-Vendian aquifer system after the
continental ice had retreated from Estonia's territory and during the
formation of the Baltic Ice Lake about 11 000 to 12 000 ky BP [2]
However, the model calculations based on 14C datings of groundwater are
showing that the age of the water is about 20 000 to 30 000 years, which
suggest, that the melt water intrusion took place much earlier, at the time
when the Estonian territory was still covered by ice sheet. Therefore,
subglacial meitwater discharge through aquifers seems to be one possible
explanation of the intrusion of the meitwater from the Scandinavian Ice
Sheet into the Cambrian -Vendian aquifer
REFERENCES
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Recharge estimation of two unconfined aquifers near Abidjan (Ivory Coast).
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2

This study presents and discusses results of both chemical (major ions) and isotopic
( 18 0, 2 H, 3 H, I3 C, 1 4 Q analyses performed on ground, rain and surface water samples from the
Grand Abidjan region in Southern Ivory Coast. This area constitutes the central part of a coastal
sedimentary basin which covers a surface of ca. 16,000 km2 between the latitudes of 5°00 and
5°30 N and the longitudes of 3°00 and 6°00 W. The water supply of investigated region is
mainly tributary of underground resources and of the Continental Terminal (CT) and the
Quaternary (Q) aquifers, made of clay and sandy formations. The potentiometric data obtained
for these unconfined aquifers indicate a general lowering of the water-table due to the recent
intensive pumpings of groundwater.
Groundwater from CT displays low values of pH (3.5-5.4) and mineralization (E.C.
between 20 and 55 /*S.cm l ). Water from the Quartemary aquifer also shows low pH value
(3.8-6.6) and relatively low mineralization (140-225 //S.cm 1 ). In the same area, groundwaters
from born the cristalline bed-rock and Maestrichtien aquifers, sampled only in 4 locations, are
more mineralized, ranging from 165 to 280 fiS.cm1 for the former and being 395 fiS.cm1 for
the later.
The major ions of groundwater (CT and Q) are Q~ and Na+, but locally, the chemistry of
groundwater can be dominated by HCO3', K+ or Ca2+. The chemistry of solutions mainly
derives from the atmospheric input and the acid weathering of silicate minerals (albite, anorthite,
microcline being present in the groundwater-bearing formations). In coastal area, the increase of
mineralization is related to lagoon water intrusion (brackish water coming the dilution of seawater). However, this intrusion is quantitatively low, up to 4 %. The high concentrations of
NO3' (up to 70 mg.L"1) of some groundwaters are due to anthrogenic pollution in urban areas.
The comparison of heavy isotope contents in both precipitation and groundwater
suggests that the recharge occurs all over the year. However, the contents of 18O and 2 H in
groundwater are significatively higher man mat of the mean annual rainfall (weighted by rainfall
amount), The annual precipitations are mainly represented by main rainy season (70 % of the
total rainfall amount) which are depleted in 18O and 2H with respect to other small rainy seasons.
This suggests that the recharge of the unconfined aquifers studied does not occur by total
infiltration of water from the main rainy season. Two hypothesis can be given : (i) the rainfall of
the small rainy season also participates to the recharge of the aquifers, and/or (ii) the infiltration
towards the water-tables occurs at the beginning of the rainy events which are supposed to be
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enriched in heavy isotopes according to an amount effect During heavy rainy events, the
saturation in water of soils could lead to the impermeabilization of surficial layers and to
important rainoff.
The homogeneization in space of

18

O and 2H contents of groundwater (818O between -

3.4 and -2.4 %>, and, 6 2 H between -13.7 and -6.2 %o) results from a good mixing between
waters of different recharge episodes within the aquifer ; this observation is consistent with the
porous matrix of the aquifer. In a diagramme, 62H vs 618O, all groundwaters are located along
the world meteoric line, indicating that the recharge to water-table occurs rapidly through the
unsaturated zone without any evaporation phase during infiltration.
The total dissolved inorganic carbon is shown to come from the biogenic CO2
dissolution since all groundwaters are in isotopic equilibrium under open conditions with
biogenic CO2 generated either by the forest cover in the region of Abidjan (average d13C of 25.0 %o) or arbustive savanna in the region of Dhabou (average S13C of -11.6 %o). The high l4 C
activities (92-115 pmC) and the 3 H contents (2.0-8.4 T.U.) of groundwater are indicative of
recent recharge. The modelling of 14C activities and 3H contents according to a model of wellmixing reservoir give similar results of annual renewal rates for both studied aquifers, between
0.3 to 2 %. This corresponds to mean residence times between 1700 and some tens years.
These short residence times, estimated by two independant time tracers, are consistent with low
mineralization of groundwater.
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Isotopic and chemical evidence of tectonic controls on water percolation through the major
faults of the alpine orogenes (Morocco).
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1 Laboratoire d'Hydrologie et de Geochimie isotopique, Universite de Paris-Sud, F-Orsay, France
2 Laboratoire Tectonique et Bassin, Universite de Paris-Sud, F-Orsay, France
3 Departement de Geologie, Universite A. Essaadi, Tetouan, Maroc
4 Departement de Geologie, Universite Mohamed V, Rabat, Maroc
This study presents the isotopic and chemical concentrations of the thermal springs which
take place along the recent faults (from Miocene to Quaternary time) of the alpine Moroccan area
(Rif Belt and Middle-Atlas).
The tectonic evolution of Rif Belt (Morocco) and its foreland results of both the effects of
the convergence of Africa toward Eurasia and the south-westward drift of the Alboran block. The
drift causes a ENE-WSW shortening while the convergence induces a NS to NW-SE shortening.
These movements have generated a network of faults ; some of them are associated with the
overlap and are schematically oriented NE-SW (Nekor direction) and the others, oriented NS, cut
again the structures and so are more recent.
The sampling has been performed on over 35 thermal springs and boreholes with a
temperature ranging from 25° to 50°C. The water mineralization is varying from an electrical
conductivity of 0.8 mS.cm"1 up to 41.5 mS.cm"1. This range of salinity must be associated to the
geological layer which are affected by the opened part of faults which are used as drains. The
thermal springs are of Ca2+-HCC>3~ to Na+-Cl" types. For the thermal springs with the high salinity
(over 10 mS.cm'1), the water circulation is limited in depth by the Triasic clayey formation
containing halite, gypsum and locally sylvite.
Three types of thermal springs can be identified by the major orientation of the faults : (i)
North 70° (Nekor trending) in the " Rides Prerifaines ", (ii) North 130° to North 90° for the
northern boundary of Middle-Atlas and (iii) probably North-South faults into the eastern Rif.
According to the geothermal gradients recognized in this area (from 30°C/1000 m to
45°C/1000 m), the deep water circulation appears to be limited in the upper part of the faults (up
to 1 km) while the major faults reach the Paleozoic basement which is located around 3.5 km
depth. However, this is not in agreement with the depth calculated through the temperatures
obtained by chemical geothermometer (Si/Quartz).
The oxygen-18 and deuterium contents varying from -4.5 %o to -8.7 %o and from -25%o to
-53 %o vs SMOW respectively, clearly indicate a meteoric origin of the water coming from oceanic
moisture with no influence of the Mediterranean basin.
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The water percolating through the faults is not affected by the evaporation. According to a
measured altitude gradient (0.23 %o / 100 m), the recharge area altitude is located between 1000
and 2000 m.a.s.L The rapid infiltration toward the Liasic aquifer through penetrative fracturation
and sub-surface karstic network is likely to occur in the Middle-Atlas.
However, the 18O depletion obtained in two thermal springs of the eastern part of the
studied area is due to both altitude and palaeoclimatic effects. The relative depletion associated to
palaeoclimatic effect seems to be close to 1.5-2 %o.
The radiocarbon analyses, performed on TDIC indicate large ranges of radiocarbon activity
from 2 to up 50 pmC, with 13C contents of TDIC varying from -5.1 to -11.3 %o. Using the isotopic
and chemical models, the radiocarbon ages of the water are from present-day to, at least, the Late
Pleistocene.
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Use of 13C Inorganic Total Dissolved to understand
carbonate aquifer hydrodynamic behaviour
Fontaine de Vaucluse karst example
EMBLANCH Christophe, BLAVOUX Bernard,
Laboratoire d'hydrogeologie,,
UFR des Sciences, Universite d'Avignon,
33 rue Louis Pasteur, 84 000 Avignon, France
The intake area of the Fontaine de Vaucluse system (south-eastern France) covers over 1 130 km2, its
mean altitude is 870 m. The lower Cretaceous limestones (1 500 m thick) give the system a very thick
(800 m) unsaturated zone. Karstification is very well developed, both on the intake area and the lower
part (sunken cave of 300 m depth under the spring). The mean spring flow is about 20 m^/s. The
working of the system, has been studied by means of discharge, physical and isotopic content
(Blavoux, 1992; Emblanch, 1997). The system is made up of important reserves, peculiarly within the
unsaturated zone, that maintain long decline and depletion episodes.
Measurement of CITD ^C carried out from July 1995 to March 1996 are plotted on the figure 1; we
can observe stable base flow value of '^C around -11,5 %o and depletion down to -13,2 %o. In the
Fontaine de Vaucluse system, carbon could come from : carbonate with a classical ratio of 0 +/-3%o
(Emblanch, 1998), atmospheric CO2 with a I 3 C ratio of-8%o (Butcher, 1992) or biogenic CC»2 which
isotopic composition is related to vegetation type. The vegetation of the study area is of C3 type
which value is close to -22%o (Cerling, 1991). Our measures (-21.7%o and -21.5%o) verify that value
of biogenic CO2 is about -22%o.
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Fig. 1 : CITD C at the Fontaine de Vaucluse spring
Recent studies (Emblanch, 1997, 1998) permit to oppose the saturated zone with a biogenic CO2
closed system evolution and the unsaturated zone with an open system evolution. We consider that
the saturated zone '-^C value is constant and well showed by the base flow measurements. With
physical and chemical parameters we calculate the ^ C value of the unsaturated zone water. So, we
can carry out the hydrograph separation with ^C to know the complete participation of the
unsaturated zone. The results show that 30% of the annual flow come from the unsaturated zone and
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that reserves equivalent to 20 % of the annual flow is still present in the unsaturated zone at the end of
the minimal flow.
With the hypotesis of a closed system and taking account the different forms of CITD (pCC>2,
dissolved CC>2, IS ca i c jt e , HCO3-) including fractionation factors, we calculate the 13c theoritical
value of the spring water. In base flow we observe more than 1 %o enrichment for measured value.
This enrichment (Fig. 2) is significant during a period which Mg2 + /Ca- + are more important in water
sample than in the carbonate rock. We purpose to explain this phenomena by incongruent dissolution
of(Ca, M
The l^C CITD appear like a very interesting tracer in carbonate aquifer. It permits us to determinate
and calculate the unsaturated zone role, but also, to ask some question on the CO2 dynamic and on
the karstification localisation. A more complete study is going on to precise these questions
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Fig. 2 : Comparison between 13C measured and 13C calculated
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Changes in chemistry, stable isotope and helium emission induced by
seismicity in confined aquifers in Armenia
K. Kharatian, V. Igoumnov, Y. Travi
National Survey of Seismic Protection, Yerevan, Armenie
Laboratoire d'Hydrogeologie, Universite d'Avignon, France

abstract
In seismically active regions, changes in content of dissolved ions, stable
isotopes and gases often occurred, before, at the time and after earthquakes. The
main hypotheses to explain these fluctuations are related to gas influence,
mixing between different aquifers and changes in effective drainage porosity.
Near active faults, several bore holes are monitored for a long time in
Armenia. Our study focuses on the Arax sedimentary basin in Southwestern
Armenia (Balassanian et al. ,1995), and more precisely on the Ararat and
Sourenavan bore holes situated on two different geological sites.
For 15 years, chemical and helium are made usually once every day.
Complementary stable isotope analyses (18O,2H,13C) are conducted for the two
last years every 3 days.
Geological and hydrogeological context

The Arax sedimentary basin area has frequent micro seismic activity and
occasional high intensity earthquakes. The Ararat borehole penetrates a confined
karst aquifer at a depth of 42 to 52 m where it crosses a reverse fault. The
Sourenavan bore hole is drilled into the multilayer quaternary aquifer which
includes some basaltic
Fig. 1 - Section of the Arax basin showing the
relationships between aquifers in the Ararat region.

levels. The Paleozoic to Cretaceous karstic formation, which underlies the Arax
basin at a depth of 4 000 m, is strongly folded and fractured allowing exchange
between the different aquifers.
Isotope hydrology and hydrochemistry of the Arax basin

In the view to interpret the hydro chemical anomalies, the different aquifer
systems and the spatial and temporal evolution had to be firstly defined using
potentiometric measurements chemistry and isotope hydrology. The main results
are the following (Kharatian, 1986) : In the quaternary alluvial and volcanic
deposits the different aquifers are strongly interconnected and show seasonal
evolution greatly influenced by the snowmelt ; but spatial variation and
evolution, during the last 10 years, in TDS and 18O indicate, in many places,
mixing with deep ground - waters. Near the main fault which runs along the
Arax Plain, the Devonian aquifer appears to be greatly influenced by the spring
snowmelt ; some deep waters characterised by very high TDS and very enriched
values in 18O have been identified.
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Fig. 2 - Seismic effect on chemistry.temperature and
hydraulic regime of water from Ararat borehole

Example of hydrochemical anomaly
(fig. 2)

As an example, we can
consider the anomalous behaviour
of pressure, chemistry or gas
content associated with the five
local seismic events which
occurred in may 1996 (fig.2)
(Leonardi et al.,1998). Under the
Ararat bore hole the fault
constitute a possible way for gas
emission and connection between
deep and shallow aquifers. The
increase in chloride concentration
can be explained by an influx of
brine originating from the deep
reservoir. It occurred later than
the emission of He and the deep
CO2 increase which affects very
early the HCO3- content.
In that case the fault valve
effect and the gases escape seem
to be both factors responsible for

all irregular variation in the Ararat borehole.
Taking into account the hydrological context of each borehole, the purpose
of the paper is to describe and discuss different chemical and isotope anomalies.
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How "palaeocliinaiic isotopic s gnature" can be used as indicator for groundwater ressources
management?

I
Gries*S.,
* universite Paris-Sud, France
-'-'- Europ^le Mesliterraneen de l'Arbois, Aix-en-Provence, France

Study of old groundwater is of particular importance for palaeoclimatic reconstructions an
water ressources management, especially in arid zones. Groundwater may preserve a record o
palaeoclimatic, change through their content of stable isotopes of the water molecule, carbo
isotopes, noble gases and conservative solutes. The "palaeoclimatic signature" corresponding h
heavy isotopek depletion with respect to present precipitation may offer an additional tool fo
''qualitative" groundwater dating The problem is to be sure that an observed heavy isotope depletior
actually reflect past recharge under conditions different than at present, since several other processes
can be responsible for such a depletion.

Stable isotopes content f present precipitation depends on several factors: latitude, altitude
temperature, amount of rainfall Present precipitation is( caracterised by a broad spectrum of isotopi
values due to a large spatial and temporal variability, So, precipitation efficiently contributing tc
present recharge oi ' ?quifers may have quite depleted isotopic contents with respect to mean value
These conte Its may be campaiable with those of fossil waters recharged under cooler condition
than at pres< it.
| Gron idwater reel arge < an occur at relatively high altitude, e.g. in the Atlas mountains fo
ipn aqu fers, leading to lo\! heavy isotopic content, lower than -8 %c for a recharge altitude o
ISOOmwith a gradient o -0.25 %o/100m.
Evaporation plays a major ro e in arid zones. It can affect precipitation during rainfall ii
unsaturated atmosphere. In these con< mons, isotopic content of precipitation depends mainly on thi
amount of rainfall (Rozanski e

heavy rains, contributing preferentially to groundwate

recharge, are poor in heavy isot ipes.
i Several climatic procesi ies ge terate precipitation in the Sahara and the Sahel: invasion o
polaij front, westerlies of mid- atitud :s, maonson and squall lines. Convective showers generate?
along squall lines are produce* at hi »h altii ude, implying low condensation temperature, and as
consequence, low heavy isotop< s con entin jrecipitation.
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Noble gases |content ah o con ribute to the "palaeodimatic signature" of groundwater. Lov
recharge temperatures, near 5CC less than iresent annual mean temperature for old Saharian and
Sahelian deep groundwater, seem to indicate a past colder climate. But, some presently recharged
aquifers also show quite lower temperature of recharge than measured mean annual temperature
(Fontes et al., 1993). Actually, noble gases content is related to the temperature of the bottom of the
unsaturated zone, which can be quite different from the mean annual temperature. Seasonal heavy
rains that strongly contribute to recharge are accompanied by cooling of atmosphere and ground. For
instance, a seasonal drop of 2 °C in ground temperature is observed during rainy saison in northern
Niger and northen Mali (Fomes et al., 1993). Evaporation in the unsaturated zone may also lower
the soil temperature.
Another major problem is that of the low deuterium excess (<10 %o) measured in many deep
groundwater of Sahara-Sahel. The origin of these low d values is still debated. Nevertheless, they
probably constitute a strong indication of palaeorecharge, when associated to low heavy isotopes
contents.
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DETERMINATION OF THE CHLORINE-37 PROFILE IN A 400 m THICK
LOW PERMEABILITY SILTY-CLAY FORMATION ;
IMPLICATION FOR THE CHARACTERISATION OF THE NATURAL
SOLUTE TRANSPORT IN THE MUDROCK.
JF. ARANYOSSY
Agence nationale pour la Gestion des Dechets Radioactifs (ANDRA),
Chatenay-Malabry, France
M.L. COLEMAN, H.G.M. EGGENKAMP
Postgraduate Research Institute for Sedimentology University of Reading,
United Kingdom
Chlorine stable isotope composition has been determined on a set of
groundwater and rock-leachate samples from a thick silty-clay Cretaceous formation,
part of the South-East sedimentary basin, located at the "Gard site", along the Rhone
valley in France. This formation, the "Couche Silteuse de Marcoule " (CSM), is an
homogeneous compacted marine mudrock with very low permeability, bounded at
top and bottom by highly permeable formations which cany non-saline water. The
CSM was examined by ANDRA for its suitability as a potential host for an
underground laboratory for studying the possibility of geological disposal of nuclear
wastes.
Due to its very low permeability (K <10'12 m.s"1) it was not possible to extract
any "free water" from the CSM. The Chlorine-37 determination was therefore made
on 10 leachates obtained by mixing approximately 4 times (mass ratio) of crushed
and ground rock (grain size ~ 40um) with deionised water. Water samples was
prepared for isotopic analysis by converting chlorine into chloromethane (CH3C1)
according to the method developed by Eggenkamp (1994). 537C1 is then determined
on mass spectrometer, by measuring masses 52 and 50 on chloromethane. Chemical
analysis of CI", Br" and SO42' are also made on small amounts of the leachate samples.
Large uncertainties in Cl concentration result from insufficiently precise
determination of porosity and density of rock samples.
Cl isotope compositions of the leachates from the CSM show a wide range of
values (fig. 1), varying from a maximum value (537C1 = +1.33 ± 0.32) at a depth near
to 450 m and decreasing systematically both upward (537C1 = -0.72 at 350 m), and
downward (537C1 =-0.77 at 780 m depth).
This profile, together with the examination of the relationship of total Cl
concentration to the corresponding 537C1 content, shows that the variation cannot be
the result of advective mixing of more saline and less saline waters in the CSM. The
637CI profile indicates that a diffusive process has occurred in the CSM. This
finding confirms the concepts for solute transport which arose from interpretation of
the Cl and Br concentration profiles by TEVISSEN et al, (1997), who proposed finite
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double-sided diffusion as the process that is manifested in the Couche Silteuse de
Marcoule.
At this first stage, simple modelling of the chemical and isotopic profiles
observed in the CSM seems to correspond to a diffusion process which occurred for
more than ten million years. However, further analyses and modelling are still being
undertaken to get a better understanding of the detailed shape of the profiles ; i.e to
be able to explain the shift between the chemical and the isotopic profiles and define
the boundary conditions of the system with sufficient accuracy.
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Fig.l : Relationship between the Cl isotope composition, the total chlorine
content vs depth in the "Couche Silteuse de Marcoule ".
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Discharge of a captured spring as a function of the flow through
a nearby gallery detected by isotope and hydrochemical analysis
P. RAMSPACHER, E. STROBL, Joanneum Research, Institute of Hydrogeology and Geothermics,
Graz, Austria
P. MALOSZEWSKI, W. STICHLER, GSF - Forschungszentrum fur Umwelt und Gesundheit GmbH,
Institut fur Hydrologie, Neuherberg, Germany

The hydropower station of Obervellach (Moll river valley, Carinthia, Austria) is supplied by water from
the Mallnitz river which is lead to the station through a feeding gallery with a length of about 2.5 km.
The heading of this gallery was carried out in mica and calcareous schist. Depending on the seasonal
discharge variation of the Mallnitz river, the volumetric flow rate through this gallery is fluctuating
between 1-6 m3/s. This feeding gallery is crossing a water supply gallery, which was constructed as a
capture of a spring (TBK 19). The spring water has been observed over a period of more than 5 years
in the frame of the heading of a railway tunnel in this region. It was observed, that the spring TBK 19
has a different shape of the oxygen 18 time - concentration curves as well as of conductivity and
discharge in comparison to other springs in its surrounding during spring and summer times. With
special regard to long term observations it was found, that the oxygen 18 variations are going parallel
in the spring TBK 19 and in the water flowing through the feeding gallery ( Figure ). Additionally in the
Figure the isotope contents of a nearby spring TBK 18 are shown to demonstrate exceptional
behaviour of TBK 19.

Comparing seasonal isotope fluctuations of spring and river water with

volumetric flow rate through the gallery, a water losses from the gallery was determined. Similar results
were obtained based on discharge and conductivity measurements.
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Isotope signatures of groundwaters influenced by Zechstein sediments - an
example from the former lignite mining area Merseburg-Ost
R.Trettin, K. Freyer, G. Strauch, H.-C. Treutler
UFZ Centre for Environmental Research Leipzig-Halle, Germany
G. Haase
GeoForschungsZentrum Potsdam, Germany
H.H. Loosli
University of Bern, Switzerland
Subrosion or movement of Zechstein salt layers in the subsurface induces subsidence of the overlying sediments and the forming of sinks necessary for lignite
accumulation. This is accompanied by disturbance of the stratification generally and
fracturing of the sedimentary rocks above the Zechstein residues. Therefore, deep
circulation of water is made possible. Moreover, saline groundwaters can rise and
endanger mining activities. Thus, in the case of the closed lignite mine MerseburgOst highly mineralized water can be found not only in deep observation wells but also
in the lowermost layers of the lakes developing in the open pit now.
The isotope composition (518O, 5D) [3] distinguishes at least two types of saline
groundwaters in the area. Dating is complicated due to the very high 513CDic values
and contradictory results regarding radioisotopes such as 14CDIC 1 4 C D OC and 39Ar.
Mixing processes seem to be important. The ascending saline water sampled directly
over the lake bottom occupies a middle position in the 818O/5D scale. Its 834Sso4 like
that of the saline groundwaters, is in agreement with known values of Permian marine sediments. Its 513CDic is much lower than the range of -7...-2 %o measured in
saline groundwaters of this area and indicates a higher content of carbon derived
from organic sources.
Due to the correlation between chloride and strontium concentrations in the water
samples (Fig.1), one would expect similar Sr isotope ratios in Zechstein sediments
and waters. The main aquifer in Zechstein sediments is formed by dolomitic carbonates. ^Sr/^Sr values of about 0.7073 were measured in samples of these carbonates taken from a drill core. This is in agreement with literature data for Permian marine sediments but disagrees with a mean value of about 0.709 which was obtained
for the most saline ground- and lake waters. This indicates that a substantial part of
the strontium is derived from other sources than the Zechstein deposits. The process
seems to depend on the chloride content in the water. A similar situation was found
qualitatively in deeper groundwaters in the area of Furstenwalde (near Berlin), which
showed a higher Sr isotope ratio than the different sulphates in the cap rock of a
neighbouring salt diapir [2].
An other property of high mineralized groundwater derived from Zechstein deposits
can be deduced from radon measurements. Radon was measured to study groundwater infiltration through the lake bottom into the lake. As expected radon was detected only in the saline water layers and not in the uppermost part of the lake. Contrary to the working hypothesis this radon did not indicate fresh water entering the
lake through the bottom. It was found to be in equilibrium to radium predominantly.
This radium can also be assigned to the leaching effect of saline waters [1] and has
to be considered in radon studies under similar conditions.
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8 O (%o SMOW)
82H (%o SMOW)

Water from wells
located in
quaternary
sediments
--8.9
~ -62.5

613CDic (%O PDB)
534SSO4 (%o CDT)
B

'Sr/*Sr

14

CDIC

-3 ... +3
0.709...0.711

Water from wells located
in Zechstein carbonates
A
--9.1
- -65
_g 2 1499
+12.314aa
0.7093?4aa

B
--10.4
- -74
-5>246°
+11.8^°
0.7083*4OU

2 11499

g 624b0

(PMC)

Most saline lake
water, location
1a-M
~-9.6
~-68
~-15
~+12
~ 0.709

24.514aa
014aa

8.5**°
Ar (% mod.)
39*4bU
a
<1
10...30
1.5
H(TU)
Chloride (mg/l)
...400
....> 150000
45000
Sulphate (mg/l)
...> 5000
4000
...2000
Table 1: Some isotope signatures of ground- and saline lake waters in the lignite
mining region Merseburg-Ost (A: very deep and strongly mineralized water,
B: water at medium depth and less mineralized than A; 1499 and 2460
correspond to well numbers).
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samples of Merseburg-Ost as a function of the strontium concentration (T:
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Characterisation of complex contaminations with chlorinated ethenes
by determination of the 2H/1H- and 13C/12C-ratios
S. ERTL, L. EICHINGER
Hydroisotop GmbH, D-85301 Schweitenkirchen, Germany
F. SELBEL, F. H. FRIMMEL
Engler-Bunte-Institut (EBI) der Untversitdt Karlsruhe, Bereich Wasserchemie, Germany
A. KETTRUP
Technische Universitdt Munchen-Weihenstephan, Lehrstuhl jur Okologische
Chemie, D-85354 Freising, Germany

The redevelopment of polluted sites causes out worldwide high expenses, and thus it is desirable to
make liable those responsible. An effective tool is to identify the isotopic fingerprints of pollutants.
Powerful methods have become available for the determination and interpretation of 82H- and 813C-values
for the frequently used but harmful chlorinated ethenes [1].
Basics
The interpretation of the isotopic fingerprints of chlorinated ethenes is based on the knowledge of the
production and of the biological degradation in water and soil.
The 13C/12C- and ^'H-isotope ratios in technical products corresponds to the different production
path ways of the chlorinated ethenes. Chlorinated ethenes are produced via ethine and ethene by the starting
compounds methane, higher hydrocarbons (refined crude oil) or char coal. The 2H/'H-isotope ratio of the
produced chlorinated ethenes are typically fractionated during the further production process. Contrary to
this, the I3C/12C-isotope ratios shows no significant isotopic effects [2].
The technological progress in the production path ways within the last 80 years is therefore connected
with typical isotopic contents of chlorinated ethenes.
Equivalent for the interpretation of isotopic datas is the research of the fractionation effects during the
biological metabolisation. The 13C-contents change only slightly during the degradation [3].
Tetrachloroethene degrades to trichloroethene by the substitution of chlorine by hydrogen from water
without a significant 2H-fractionation [4]. The 2H-contents of the main metabolite cis- 1,2-dichloroethene
combines the 2H-contents of the original trichloroethene and water.
Case study
On a contaminated site in Northern Germany tetrachloroethene, trichloroethene and cis-1,2dichloroethene were analysed in the groundwater of well l.They are obviously caused by the nearby polluter
(store 2). In well 2 only cis- 1,2-dichloroethene was detected. Near well 2 a second possible pollution source
(store 1, user of trichloroethene) was observed. The distribution of cis-1,2-dichloroethene was contrary to the
expected flow direction (Fig.l).
The isotope analysis aimed at the liable polluter of the contamination in well 2. The result shows an
identical isotopic composition of cis-1,2-dichloroethene in well 1 and 2. The comparison of the 13C/12Cisotope ratios of tetrachloroethene and cis-1,2-dichloroethene of well 1 are equivalent Therefore cis- 1,2dichloroethene is the metabolite of the main tetrachloroethene pollution and the possible trichloroethene
pollution has no influence on well 2. The trichloroethene found in well 1 has a different I3C-signature to the
initial tetrachloroethene and should be a mixture of metabolised tetrachloroethene and an additional
trichloroethene contamination.
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c/s-1,2-dichloroethenen

Fig. 1 distribution of the contamination with chlorinated ethenes. The distribution lines of the
individual compounds yield no prove for the determination of the polluter
Summary
> The isotopic composition of chlorinated ethenes allow the identification of the starting compounds and
the production path way.
> The production period of the chlorinated hydrocarbons and therefore a time of contamination can be
estimated by the identification of the starting compounds.
> Technical products differ from metabolites by their isotopic composition.
> The high selectivity of the method provides even the characterisation of an initial pollutant by the unique
isotope fingerprint of its metabolite.
> Secondary contaminations are detectable and the site specific biological activity in the environment can
be better estimated.
> The isotopic investigations allow the differentiation and better allocation of heterogeneous cases of
contaminations.
The power of the analytical approach enables one to identify the origin and fate of chlorinated ethenes
in soil and groundwater by their characteristic isotopic fingerprints. It is quite possible that the isotopic
fingerprint of contaminants can be used to associate with the liable creator. The determination of the isotopic
contents of chlorinated hydrocarbons improves the statements given by the nonnal analytical methods
enormous.
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SHORT TRANSIT TIMES OF VERY YOUNG AND PUMPED
GROUNDWATER IN CONFINED FISSURED ROCK AQUIFERS
MEBUS A. GEYH
Joint Geoscientific Research Institute of
the State Geological Surveys, Hannover, Germany
GERT MICHEL
Streetz, Germany
It is commonly assumed in hydrogeology that the vulnerability of confined fissured
rock aquifers to pollution is low/or even nil. The results of an isotope hydro logical study
[1, 2, 3] with long-term monitoring of the stable oxygen isotope composition of groundwater
abstracted from a confined karst aquifer in Germany [2, 3] indicate that this assumption has to
be revised. Under certain meteorological conditions, newly recharged groundwater may travel
many kilometers within only a few months. This phenomenon can explain large variations of
14
C water age of DIC observed worldwide for confined fissured rock aquifers, for example, in
the area of the Azraq springs in Jordan [4].
The studied karst aquifer is bordered by the Teutoburg Forest in the east and the Miinsterland Basin in the west. It is confined by a clayey aquitard of up to 400-m thickness. The
production wells for the town of Paderborn are 3000 to 8000 m from the karst outcrop. About
10"7 m3 are pumped annually or 5 % of the natural discharge of the Pader springs at the spring
line in the center of town. The deep confined groundwater resource has been exploited on the
assumption that the aquifer is well protected against anthropogenic pollution owing to the
large extent and thickness of the confining bed.
Apparent 14C water ages of 6000 to 8000 years were determined for the DIC in
groundwater [1], apparently confirming this hydrogeological assumption. In contrast, the
presence of tritium in all water samples indicates that up to 30 % of the groundwater has a
residence time of less than a few decades. This apparent discrepancy is the reason for the
monitoring of the stable oxygen isotope composition in six pumped wells since 1983 [3]. A
seasonal variation of 618O values would indicate that at least some of the pumped groundwater has transit times of only several months to a few years.
We found that the 618O values of the pumped groundwater are usually within the confidence interval of ±0.1 %o. In 1984 and between 1993 and 1995, however, outlier values
correlated well with the seasonal variation of the isotopic composition of the precipitation
with a 3 - 7 months delay (Fig. 1). The phase shift of more than 3 months indicates piston
flow of the young component (making up a maximum of 3 % of the groundwater) within the
confined part of the aquifer. We have found that heavy summer rain after a long period of
precipitation well below the mean to be responsible for this phenomenon.
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The geohydraulic explanation of this phenomenon is based on the principle that the
water in connected tubes has the same level. The system of fissures in the karst system forms
a network that has hydraulic connections at different depths in the wells. Due to direct recharge in the outcropping karst, the water age increases with increasing depth. Under normal
meteorological conditions, the pumped water is a mixture of groundwater from the rock
matrix, which is many thousand years old, and water flowing in the fissures, which has mean
transit times of less than a few decades. In periods of low precipitation, the water table drops
below even the summer level; the fissures in the upper part of the open karst become dry.
After very heavy summer rainfall, these fissures become filled, including those with direct
hydraulic connections to the pumped wells through the confined part of the karst system.
Our observations show that the a priori hydrogeological assumption of a low vulnerability to pollution of groundwater in well-confined fissured aquifers may not be valid.
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Fig. 1: Synchroneous course of the 518O values ofihe pumped groundwater from the confined
karst of the Teutoburg Forest, Germany, with that of the precipitation between 1992
and 1995.

References
[1] GEYH, M.A., MICHEL, G., Isotopen- und Hydrochemie des tiefen Grundwassers im
Raum Paderborn,-Fortschr. Geol. Rheinl. u. Westf, 20 (1974) 67-78.
[2] GEYH, M.A., MICHEL, G., Tiefes Grundwasser in der Senne, Z. dt. geol. Ges., 134
(1983) 885-903.
[3] GEYH, M.A., MICHEL, G., Grundwasserbewirtschaftung und Isotope, Z. dt. geol. Ges.,
138(1987)261-271.
[4] VERHAGEN, B.TH, GEYH, M.A., FROHLICH, K., WIRTH, K., Isotope Hydrological
Methods for the Quantitative Evaluation of Ground Water Resources in Arid and Semiarid Areas. Development of a Methodology. (1991) 164 pp, Ministry of Economic
Cooperation, Bonn, No. 132.

210

IAEA-SM-361/55P

XA9950147
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In the Centra! German lignite mining area (Fig, 1) pumping of groundwater along with mining
activities have caused severe, long term
hydraulic disturbances in the aquifer system.
The groundwater prezometric surface was
lowered by groundwater drainage due to the
extended open cast mines in the Weisselster
basin, As a result the groundwater flow
directions in the different groundwater aquifers
were modified artificially,
Moreover, in the region of Zeitz-DeubenHohenmoelsen
brown
coal
processing
Investigation
companies have injected phenolic wastewater
site
from coke carbonization into abandoned
opencast mining pits and into deep Upper
Permian Zechstein aquifers, This process
lasted from the 1940's until the mid 1970ies
leading to the injection of 5 million m3 of waste
water into the fractured carbonate aquifer. Up
FIG. 1, Study area
to the present day the fate of those waste
water remained uncertain. Some older local
investigations
for
waterworks
showed
inconsistent results.
A spatial analyse based on the data of 350
drillings was made in order to characterize the
subsurface geology [1],
As a result possible hydraulic connections
between Tertiary and pre-Tertiary aquifers
which are normally separated by an aquitard
could be recognized. All available monitoring
wells from the pre-Tertiary aquifer and the
lowest Tertiary aquifer situated above were
sampled.
For the first time anthropogenic remnants of the FIG. 2. Tritium, detected in a deep prephenolic waste water were unambiguously tertiary aquifer contaminated with
detected in the Zechstein aquifer (Fig. 2-4). industrial waste water
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Traces are also found in the above located Tertiary aquifer. Waste water is ascending via
vertical hydraulic connections along faults and hydraulic windows detected in the spatial
geologic analysis [2].
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FIG. 3. Elevated tritium and DOC contents In
deep aquifers show the presence of
contaminated waste water

FIG. 4. Photometric detection of phenolic
compounds and tritium contents in deep
aquifers
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A future stoppage of mining activities will result in reestablishing the original hydraulic
potentials in the lower Tertiary and pre-Tertiary aquifers.- Dry upper aquifers will consequently
regenerate which goes along with major changes in the hydrochemjstry. A threat to operating
waterworks standing exists because injected industrial wastewater in pre-Tertiary aquifers
will ascend into higher aquifers, which are used for drinking water extraction, Fortunately the
initial concentration of phenols in the order of several g/L has decreased to ^g/L, but the DOC
content is still remarkably high in comparison with uncontaminated pre-Tertiary groundwater
from other sites (Fig, 3). This is together with the elevated tritium contents a further evidence
for the occurrence of waste water in these aquifers. The high DOC content indicates thjat the
phenolic compounds were not mineralized or adsorbed completely but transformed into
unspecified organic compounds.
'
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ISOTOPE HYDROGEOLQGY STUDIES ON THE GREAT HUNGARIAN PLAIN
J.Deak
;
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US Geolo^cal Survey, Reston VA, USA
The hydrogeological and hydraulic conditions of the Great Hungarian Plain (GHP)
contribute to develop a classical regional ground water flow system in the Quaternary
sediments. Environmental isotope and chemistry data of ground water can serve as an
ekballeriE tool for controlling and verification of this flow system.
W
C groundwater ages are younger than 10 ka on the recharge areas and older than 30
ka on discharge areas revealed by hydrogeological studies. Successive increase of ages along
flow paths, representing of 2 to 3 m/a flow velocity, prove the continuity of the regional flow
system of GHP existing since 30 - 40 ka at least. The transit time of vertical seepage of 5 to
10 ka from the surface to the lower Quaternary sediments on recharge areas represents very
low (0,02 to 0,05 m/a) vertical flow velocity.
Significant difference between the average 5 I ! O of Holocene ( 1 4 O15 pmC) and IceM
age ( C<15 pmG) infiltrated ground waters (-9,7 and -11,8 %o respectively) can be used for
age estimation and for control of WC ground water ages on the GHP. 5I8O data of shallow
(<20 m) modern ground water have a relatively homogeneous distribution (-9,3 ± 0,4 %o) to
be similar to average 518O values of precipitation in Hungary (-9,2 %o). It means that the
process of infiltration is permanent without significant isotope fractdonation.
Electric conductivity, sodium, chloride and bicarbonate content of the lower
Quaternary ground water are the lowest on the areas of recharge and grow along the flow
paths, t h e total hardness decreases from 150-200 mg/L CaO on recharge areas to 30-50 mg/L
or even less on the discharge areas. [Na+K]% mapping of ground water show values of lower
than 10% to 20% on recharge areas and higher than 80% to 90% on discharge areas of the
Great Hungarian Plain. This alteration is resulted by the ion exchange of calcium and
magnesium content of ground water into sodium and potassium caused by clay minerals on the
aquifer.
Radiocarbon ages prove the hydraulic continuity of the regional ground water flow
system along the cross sections, but the rate of this flow is lower than it had been assumed.
That is the reason of the contradiction of the first hydraulic modeling on the Danube-Tisza
mterfluvial area (resulting 40 to 100 mm/a as infiltration rate) to the isotope Hata
The MODFLOW model was used for hydraulic modelling of the flow system at the
alluvial fan of the river Maros (SE Hungary). The recharge area of the regional ground water
system lies in Romania from where the ground water flows almost horizontally following the
Quaternary layers to the deeper area of the Great Hungarian Plain.
Boundary conditions and transit time in modelling of permanent conditions were
verified by environmental isotope data. Average of 5™O (-11,8±1,1 %o) proved that the
Hungarian part of the fan is fulfilled by ground water infiltrated in the Ice-age. Areal
distribution of WC ground water ages in the main aquifer (80 to 140 m) is very similar to the
transit time calculated by MODPATH Horizontal ground water flow velocities in average of 3
m/year were calculated by WC dating, representing about 25,000 m 3 /day inflow from Romania
(assuming no=0.3 effective porosity). Some areas of the alluvial fan the deeper ground water
was younger than, the shallower one showing a vertical seepage upwards. Vertical flow

213

velocity of 20 mm/year in average represents 6 mm/year additional recharge to the shallowest
ground water. Accepting this value for the whole area of 1,600 km2, the vertical discharge of
the regional ground water flow system can be calculated as 27,000 m3/d_ Ground water age
differences and flow velocities were decreased only 20 % using the NETPATH correction in
the modelled area.
The ground water exploitation started in the middle of 1980's has arrived 50,000
m3/day on the Maros alluvial fen, the double of the natural recharge of the system. This
scenario has resulted the decrease of the original ground water table and needed additional
recharge from the local shallow, phreatic ground water. Stable isotope and tritium data proved
that the original, very old shallow ground water, to be tritiumless and having light 518O,
containsmore or less modern water
REFERENCES
Deak, J. (1979): Environmental isotopes and water chemical studies for groundwater research
in Hungary, in Isotope Hydrology 1978, IAEA Vienna, 221-249
Deak, J. - Coplen, T. (1995): Stable isotope ratios as a dating technique of Pleistocene
groundwaters, Final report far US-Hungarian Joint Fund. Budapest
Stute, M. - Deak, J. (1989): Environmental Isotope Study ( M C, nC, IS O, D, noble gases) on
deep Groundwater Circulation Systems in Hungary with reference to Paleoclimate
Radiocarbon 31. No 3. 902-918
Deak, J. - DeseQ, E. - Davidesz, K. (1996): Verification of MODFLOW modelling in SE
Hungary using environmental isotope and ground water quality data in Hydromformatics '96
. AAJlaHcema/Rptterdam, 607-612

214

X A

IAEA-SM-361/57P

"5°149

APPLICATION OF ISOTOPE TECHNIQUES TO CARBONATE
ROCK AQUIFERS: SOME INDIAN EXAMPLES
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UP. KULKARNI, A.R. NAIRand S.V. NAVADA
Isotope Division, Bhahha Atomic Research Centre, Trombay, Mumbai 400085. India.

Isotope hydrological investigations were carried oui lo study the origin of groundwater
and surface water-groundwater interconnections in two carbonate rock terrains - Jhainarkotra
rock phosphate mine, Rajasthan and Amner river basin, Madhya Pradesh - situated in different
settings.
Jhamarkotra rock phosphate mine, situated about 25 km southeast of Udaipur City in
Rajasthan, is a mechanised open cast mine. The rock phosphate in the area occurs in dolomilic
limestone belonging to the Aravalli Supergroup of the Piroleiozoic age. A couple of years back
mining activity had reached to a depth of about 490 m above mean sea level and water table
also occurred at the same depth. To /educe ingress of water into active mining area a battery
of tubewells was installed. Continuous pumping from these tubewells resulted in an abstraction
rate of about 1000-1200 mVh. With this pumping rate only marginal decrease in drawdown
was achieved. A few man-made reservoirs are also located wilhiu a radius of about 9 km
around the mine. Existence of the reservoirs and minimal decrease in drawdown become a
cause for anxiety as the ingress of reservoir water into the active mine area through cavernous
limestone could not be ruled out. Isotope investigation was carried out to examine the
possibility of reservoir water ingress into the mine and origin of groundwater in the mine area.
Physiography of the area is strongly .affected by lithological character of the
formations. Quartzites occupy high hills, dolomitic limestone occupies gently sloping terrain
whereas phyllites and schists form lower horizons and valley area. The area is affected by
polyphases of structural disturbances resulting in intricate fold pattern and faulting.
. . . .

j

Hydrogeologically, there exist four bydrolhho units hi the study area - granite and
gneisses, dolomitic limestone, phyllites and schists, and. lithic arenile. Dolomitic limestone
forms the major aquifer in the study area. Groundwater occurs under semiconfincd to confined
conditions. Borehole drilling revealed that solution cavities ranging from 1 m to 9 m are
present at the depth of 30 m to >120 m. General groundwater flow direction is from N-NW to
E-SE and is parallel to surface drainage.
Isotope investigation was carried for a period of four- years. It showed that there is no
evidence of contribution of reservoir waters to the groundwatcr in the mine area.
Groundwater in the mine area is mainly replenished by precipitation. Prom tritium results it
appears that the abstracted groundwatef is a mixture of older and modern recharge.
Enrichment in S^O values of groundwater in the mine area over a period of time was
interpreted as infiltration of pumped groundwater back to the aquifer either through the
fractured dolomitic limestone or through one or more pumping wells due to back pressure. In
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order to lower the water table in the mine area, installation of tubewells on the periphery of the
mine and other measures to arrest llie infiltration were suggested. Remedial measures like
changing of pipeline design and diversion of abstracted groundwater through a new pipeline
away from the area has resulted in a significant drawdown of about 15-20 m wiiich is sufficient
to keep the mine operative for a few more years.
Environmental isotope study was carried out in the Amner river basin with an aim to
understand the recharge process and drainage of ground water in the karstic terrain adjacent to
structural disturbed hill range comprising ineiasedimentary and igneous formations.
Amner river basin, a karstic terrain in the central part of India, forms a major part of
the western Chhattisgarh Basin. It occupies about 1660 km2 area. The boundaries of the basin
are clearly demarcated by structural hills in the west and disiina watersheds on the northern
and southern sides. The area is of tropical sub-humid lype with a mean annual precipitation of
10S0 mm. Amner river forms the principal surface drainage. A large reservoir is located at
higher elevations in the hill range consisting of metasedimentary and igneous formations.
Five hydrolitho units have beerr demarcated on1 ihe basis of a systematic well inventory.
Limestone forms a major aquifer in the area. <houndwatcr occurs under phreatic conditions.
A total of 57 water samples were drawn from various sources like precipitation,
reservoir, river & stream, spring, tubewell and dugwell from different locations representing
the entire study area. Samples were analysed for " 6 , 2 H , *H and chemistry.
The study showed that groundwater in the karstic aquifer is mainly replenished by
rainfall recharge through direct infiltration as well as through karstic capture of runoff. There
is no interconnection between a reservoir in the adjacent meiasedimentary & igneous
formations situated at higher altitudes, and the karstic aquifer. An altitude effect showing
isotopic gradient of 0.52 %o per 100 m for 6 U O was observed and is agreement with previous
studies [1]. Recharge process is rapid and aquifer is well interconnected lo surface drainage in
the karstic terrain. This aquifer is highly vulnerable to groundwater pollution and this fact
should be taken into consideration while planning for industrial development in this area.
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RADIO-TRACER TEST IN
KAMOJANG GEOTHERMAL FIELD WEST JAVA, INDOENSIA
By ; Zaioal Abidin*, Amir Fauzi**, Wandowo*. Indrojono*
Alip*, Djijono*
* Cemcr for Application of Isotopes and Radiation- National Nuclear Energy Agency
•* Geo&ermal Division - National Oil Company (Patamina)

Jakarta, Indonesia

Kamojang Geothermal field is a reservoir system having the fluid "Vapour
Dominated System". Dry and superheated steam is produced by more than 50 of deep
wells, ascending to the top reservoir through dry roclc. The reservoir is exploited to
produce steam with the capacity of about ± 1100 ton/h or equal to 140 Mwe.
Since the beginning of production in 1980, three injection wells were drilled i.e. KMJ-15,
21 and 32 having the depth of about 1800 to 2200 m It is not similar with the depth of
the reservoir being about 1000 to 1200 m. Those re-injection wells are injected with
condensate water coming from power station with the capacity of 1000/per minute of
each. Those wells having the function as receiving of waste water, they are also expected
to be a steam supplier as a renewable resources.
Radio-tracer test at Kamojang geothermal field was done in 1992's using artificial
isotope of Tritium. Before injection the tracer, sampling of production wells in this area
had been conducted to know radioactivity back ground. At the beginning of sampling,
there was an anomaly of Tritium obtained i.e. + 20 TU in the production wells especially
in the north east of the field where re-injection well KMJ-15 being injected whh artificial
isotope of Tritium in 1980's is located in this area. The anomaly was probably
enfluenced by Tritium being injected into well KMJ-15 in 1980's that was not monitored.
In 1992's re-injection tracer of Tritium was performed in the re-injection well
KMJ-15 in north east part and KMJ-32 in south west part of the field with the activity of
370 GBq each Tritium isotope was injected into the reinjection well by using isotope
container that connected to the reinjection water pipe line as shown in thefig1.
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Observation was performed in 1 W s in the production wells surrounding KMJ-15 such
as KMJ-11, 14, 17 and 18 and also surrounding KMJ-32 such as KMJ-32, 33, 38 and 45.
The observation result showed that Tritium concentration in north east part decreasing
from ±20 to ± 10 TU.
The next observation being performed in 1994's and 1996's showed that Tritium
concentration started increasing either in the north east or south west part. Tritium
concentration observed in 1998 of wells KMJ-11, 14, 17 and 18 located in north east part
is higher than another production wells and reached 20 to 25 TU. While Tritium
concentration of wells KMJ-31, 33, 38 and 45 located in south west being observed in
1996's and 1998's also started increasing and reached 5 to 19 TU. Comparing with
background having concentration of 0 to 1 TU, those concentrations are sufficient to
predict that the tracer moved from re-injection well KMJ-32 to production wells KMJ-31,
33, and 45. Qualitatively, there is a connection between both of re-injection wells KMJ32 and KMJ-15 to surrounding production wells. Based on the time breakthrough
estimation, recovery of reinjection water in the production wells surrounding of KMJ-15
reinjection well is about 10 % from total capacity of reinjection water.
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The agglomeration of many plants in industrial parks may result in
groundwater contamination from variable potential sources which can be hard to
differentiate. Often, many of the neighboring plants use similar chemicals (e.g.
common solvents) in their industrial processes and their waste water is channeled to
the same, sometimes leaking pipeline. The multi-contaminant plume observed
through monitoring boreholes may therefore be generated in the individual plants'
areas, under leaky pipelines, or from common waste-water treatment/disposal
facilities. Identifying the subsurface pollution source, a necessary task for appropriate
remediation measures and to prevent further pollution, becomes, under such
circumstances, a real challenge.
We have used isotopic tracers (among other techniques) to help relate the
large variety of subsurface contaminants to individual plants and waste-water
facilities within an industrial complex, located in the northern Negev desert, Israel.
The complex hosts a large number of chemical industries and the National Site for the
Treatment and Isolation of Hazardous Waste. The chemical industries dispose of
~3xl 06 m3/y of waste water drained via a ~4-km pipeline into waste-water
evaporation and storage lagoons. In the past, forced evaporation of the less toxic
waste water was practiced in two different areas to reduce the volume of waste water
channeled to the lagoons and consequently the demand for additional storage volume.
At the National Site for Hazardous Waste, -15,000 m3 of toxic liquids are treated
annually using -20,000 m3 of potable water. As a result, -35,000 m3/y of
contaminated liquids are collected there into separate storage lagoons.
The aridity of the area and the low permeability of the underlying chalk
formations were considered major assets in preventing potential groundwater
contamination. The efficiency of this combination as a barrier for contaminant
migration from land surface was challenged, however, when monitoring boreholes
were first placed at the site in the 1980s. Groundwater in these boreholes (located at
-20 m below land surface) contained appreciable concentrations of heavy metals,
organic compounds and inorganic contaminants. The abundant fractures crossing the
chalk were suggested to account for the rapid downward migration of the various
contaminants, bypassing the low-permeability matrix [1,2].
The contaminants could have reached the chalk surface through the forced
evaporation facilities where waste water was applied to the land surface and through
leaks from (1) various industrial facilities within the individual plants' areas; (2) the
4-km pipeline transporting waste water from the various plants to the storage lagoons;
(3) lined, but leaky waste-water storage lagoons; (4) the bottom and impoundments of
old lagoons which had been operated without any lining (assuming that the chalk was
impermeable) between 1975 and 1982; and (5) unlined emergency ponds that were
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filled with raw waste water whenever the pipeline from the plants to the storage
lagoons failed. This large number of potentially contributing waste-water facilities
and their extensive spatial distribution resulted in contaminant homogenization across
the area of the industrial complex. Consequently, a specific contaminant found in the
central and western (downgradient) part of the complex could originate from a large
number of potential contributing sources.
Groundwater was sampled from 34 monitoring boreholes. Water samples
were also collected at seven sampling stations along the creek crossing the industrial
complex area. Waste water was collected from the bottom of six of the 13 storage
lagoons. Raw waste water was also sampled daily from the main sewage pipe leading
to the storage/evaporation lagoons for 1 week to obtain a representative composition
of the waste water before it reaches the storage lagoons. All water samples were
collected at the end of the dry summer season, for minimum dilution by rain and
flood water. All samples were analyzed for chemical and isotopic composition.
The two contributing end members were the natural groundwater in the chalk
aquitard, characterized outside the industrial complex area [1] and the industrial waste
water. Both groundwater and stream water in the complex were compared to these
two end members. Ranges and mean values of the isotopic composition of both end
members and those of the water in the industrial complex are listed in the following
table:
Oxygen-18 (%o)
-4.91
(.5.73 . -4.04)

Deuterium (%o)
-22.4
(-28.7-14.4)

Tritium (TU)
3.6
0-10.3

SuIfur-34 (%o)
10.32
9.3 - 20.55

Carbon-13 (%o)
-6.9

Industrial complex
waste water

+6.61
(+0.94 -+11)

+24.65
(+4.71 - +34.83)

7.8
(4-15.3)

10.24
(9.03-11.26)

-17.24
(-24.6 - -6.74)

Industrial complex
groundwater

-3.25
(-4.91 --0.36)

-19.47
(-39.2--8.16)

0.46
(0-1.6)

10.1
(8.23-13.18)

-6.54
(-15.64--0.3)

Industrial complex
stream water

+2.46
(+0.16-+8.62)

+4.24
(-13.91 -+38.54)

3.5
(1.7-5.8)

13.25
(12.38-15.21)

-8.16
(-10.72--3.99)

Water type
Natural
groundwater

High evaporation in the leaky waste-water storage lagoons resulted in
enriched 518O and 5D values, also observed in groundwater samples collected from
adjacent monitoring boreholes, and could be easily traced back to the likely source.
The combination of elevated tritium, enriched 513C and relatively depleted 518O and
8D values appears to be a marker for waste-water leakage from both plants and leaky
waste-water pipelines. The similar 534S values of both natural groundwater and waste
water preclude its use as a tracer for groundwater contamination sources.
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Isotopic and chemical survey dfttao thermal manifestations in the
Serchio River vail 5y, Northern Tuscany, Italy.
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International Institute for Qeotherma,Researches, CNR, Pisa, Italy (*also Earth Sciences
Department, Pisa University, Italy).
Tuscany is a region rich in thermal manifestations, the most famous being the well-known
Larderello geothermal field located so rth of the Amo River The thermal manifestations
examined in this paper are spaced over an area of about 2000 km2 bounded to the west by
the Ugurian Sea, to the east by the Apennine chain and cut by the Serchio River valley. It is
a mountainous region with maximum eevations of about 2000 m a.s.l. which includes the
Apuane Alps, a mountain group world-wide known for the famous Carrara marble quarries,
but where many other mineral deposit: have been mined in the past. High mean annual
rainfall values, 900-3200 mm, charactt rise this area with strong gradients related to the
altitude and location of the two mountair chains lying roughly parallel to the sea coast (fig.1).
Two main tectonic and stratigraphic un ts have been defined in the area: the metamorphic
sequence of the Apuane Alps that outci ops in a tectonic window and the corresponding not
metamorphic members of the Tuscan nappe. An intense faulting, due to the extensive
tectonics occurred from Pliocene to Quaternary but carbonatic formations represents the
main regional water circulation system (Haldacci etal., 1993).
Some thermal springs are placed o 1 the northern border of the Alpi Apuane but those
located in the Serchio River valley, which runs along the eastern border of the authoctonus
units of the Apuane Alps, were firstly e tamined. Among these, of particular importance are
the thermal manifestations located at Torrtte and Pieve Fosciana with maximum
temperatures of 34 + 39°C and TDS o - 6 -5-7 mg/l. They are at a few km of distance but
placed on the opposite sides of Serchio River, probably fed by two different circulation
system, linked to the Apuane and Ap snnine relieves. The same deep thermal reservoir,
namely the evaporitic glide horizon of the Norian Cavernoso cellular dolomitic limestone
responsible of the detachment of the Ti scan nappe, interested all the thermal manifestation
of the area. Being now available detailed data of the isotopic composition of rain and surface
waters of the area {Mussi et a!., 19$ 9), a detailed study of the isotopic (18O, 2H, 3H)
composition of these springs was started from 1992, also with the aim to bring to light the
existence of local and/or temporal fluctuations of their isotopic composition. Some
determinations of the chemical composi ion of the associated gas were also made.
Torrite spring is located on the Apu ane side of Serchio River outflowing from Massiccio
limestone formation that directly overlie Calcare cavernoso dolomitic limestone of evaporitic
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character. This manifestation is very hard to sample because now emerges deep inside and
under the water level in the tunnel of water discharge of a hydroelectric power plant High
Radon content like 38.1 nCi/l, 3 +• :«3 times higher than measured in the Larderello
geothermal field, and an Helium conteit in the associated gas of 0.1% agree with a deep
origin and a shorter rising time Stable sotopes, d"O -7.5 %o and tritium content, 6 + 7 TU,
agree with a meteoric recharge at the top of Apuane Alps and short times of circulation.
Pieve Fosciana thermal waters ccme out through Pliocene silt and clay lacustrine
sediments on the Apennine side of Serchio River feeding a small pond of about 800 m2.
Stable isotopes and tritium content has been continuously monitored from 1992. These
waters show very stable isotope contents with values of d18O -7.8 ± 0.15V £*H -50 ± 2%o
and 0 -5-2.5 TU, the same values were found in an ephemeral spring which appeared when in
march 1996 the pond suddenly disappeared and re-established within two weeks. These
values, in very good agreement with the local meteoric water line, suggest extended
residence times and mean infiltration altitudes of more than 1000 m as.I Radon content of
1.3 nCi/l and Helium abundance of 0.4% characterise these waters in agreement with the
longer residence time of Pieve Fosciana waters than Tom'te ones.

mo analysed Mora aofiiGve their n M M i o n and temperature probaDly trauon tm
same reservoir but the different ways aid times they reach the surface are reflected in their
isotopic and chemical features. When considering the bordering fracture system of the
Apuane Alps, longer rising times of waters appear to associate with the Apennine side
circulation system and the sedimentary cover of Pieve Fosciana type nnanifestation.
A
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Fig.1 - Map showing the location of (he siud-ed area.
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Since the years 70s, water needs for urban, agricultural and industrial purposes of the most
developed regions of Italy are supplied by the deep aquifers of the Po valley. The hydrodynamic
system of the Italian largest plain can be summarised as follows:
1) A phreatic, locally confined, aquifer, formed by historical and Holocene alluvial deposits,
generally gravels and sands, showing a hydraulic conductivity of 10'3 - 10'5. Its thickness varies
between 70 m (at the Alps and Apennines piedmont) to 10 m at the centre of the plain and at the
Adriatic coast [1].
2) A Pleistocene sandy and generally confined aquifer, alternated to clayey aquicludes, often
interconnected or faulted by a quaternary tectonics. The K of the aquifers is 10'5 - 10'6, and their
total thickness is ranging between 50 m at the west end of the plain (where they outcrop), and
1000 m at the centre of the plain (Mantova) or at the Northern Adriatic sea. The aquicludes, with
similar thickness, have a hydraulic conductivity always lower than 10"8; moreover they are
characterised by the presence of peat and other organic matter, determining the redox of confined
groundwater [2,3].
3) A sand aquifer of Pliocene age ("Astian" formation), phreatic at the mountains' feet, very deep
and thus confined at the centre of the plain with a K of about 10"6.
4) An aquiclude formed by blue clays of the "Piacentian" formation, with a very low hydraulic
conductivity. The latter formation is characterised by the presence of brines with EC sometimes
higher than 1000 mS/cm. Clays and brines constitute the basement of the porous media systems
in the Po valley [3,4].
Groundwater moves toward the Po river flowing eastward to the Adriatic Sea, with a hydraulic
gradient varying from 10~3 to 10'5.
The classical calcium bicarbonate facies in the recharge areas of groundwater turns to sodium
bicarbonate as a function of the aquifer confinement; at the same time pH turns to basic (8.5).
Confined and deep groundwater is characterised by a high chloride content [5].
Stable isotopes of the water molecule reflect, in the shallower aquifers, the isotopic composition
of the surface waters participating to the recharge. Stable isotopes indicating the portion of
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aquifers influenced by the rivers describe the evolution of surface water network. 2H and 18O
from deep groundwaters indicate the change in the past climates on the Po valley, and thus the
change of the recharge conditions in agreement with water ages. For instance, the water of the
Eridano basin (palaeo name of holocenic Po) aged of about 10 Ka, is depleted in I8O of about
2%o, with respect to present day groundwater. This water can be found in the Pleistocene
aquifers, as well as in the Pliocene, depending on the geological patterns. Fresh, but older water,
aged more than 40 Ka, displays an 18O content depleted of about 2.5 %o.
Such a stable system has nevertheless been perturbed by an important overexploitation of the
deep aquifers, in the quest of groundwater with better qualities. In fact, the high level of
anthropic pollution limits the exploitation of surface water or of shallow groundwater. The
perturbation is normally observed up to 400 m depth.
It is found that groundwater both from shallow aquifers and from very deep ones, displays a high
content of dissolved nitrogen both as ammonia and nitrates. Similarly, heavy metals are present
in shallow as well as in deep aquifers. In this case, the presence of such elements is due to the
movement induced by the high pumping ratios in the deep and basically stagnant groundwater. In
other words, the mobilised water takes out classical constituents of an anoxic environment.
The organic matter [2,7] evolves during burial, producing at different depths depleted CH4,
which escapes, and enriched CO2. The latter, dissolved in water, forms authigenic carbonates
isotopically very enriched (I3C sometimes as high as +4%o). This phenomenon introduces a
problem for the correction of 14C ages of groundwaters. It appears that the Po valley
groundwaters very often display a holocenic age, which in fact is the age of the decomposing
organic matter.
I5
N in dissolved species of Nitrogen (Ammonia and Nitrates) allows to follow and understand the
geochemical processes and the hydrological evolution, both in shallow and deep groundwaters.
These stable isotopes allow, also, to separate the natural contributions from the anthropic
"supplies" to groundwater, and thus to introduce the concept of natural versus induced pollution.
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Monte Argentario is located approximately two km off the Tuscany coast (Central Italy). It
is a natural conservation area, with very few permanent residents, experiencing a drastic
increase of the population during the summer period.
The stratigraphic sequence shows the presence of a low permeability substratum, where
water circulation is mainly related to the presence of major tectonic features, overlaid by
carbonate deposits hosting carstic aquifers.
A groundwater monitoring campaign was launched by the local administration to evaluate
water resources and check for possible aquifer overexploitation to provide drinking water
to the community. Sampling of springs, wells, seawater and lagoon water took place twice
during the period 1997/8. The University of Cagliari was charged to perform chemical
analysis (major ions and trace elements), and the University of Torino the isotopic analysis
(2H, 18 0, 13 C of DIC, 34S and I8O of dissolved sulphates, tritium).
According to the first survey, high levels of mercury were found in two wells used for
human consumption, which were immediately disconnected form the network [1]. After
only few days of no pumping, Hg levels in these wells fell again below the detection limit.
A number of hypothesis have been formulated to explain this high Hg content, among
which accidental release from fisheries making use of contaminated products and other
human related contaminating activities. Nevertheless, these explanations, mainly
formulated to explain inland contamination, didn't seem to apply to the Orbetello - Monte
Argentario area, because of the strong municipal control exerted on all industrial activities.
The presence of cinabre deposits in the stratigraphic sequence has been known and
exploited for a long time. This mineralisation is fairly common in southern Tuscany [2,3]
and mercury pollution of wells along the coast has also been evidenced in other
municipalities [4,5]. One possible explanation that would also been taken into account
would be vapour emission form open pits, diffusing in the region [4]. This hypothesis
cannot be a priori excluded, even if in this case, shallow aquifers should be more
contaminated than deep ones.
The picture provided by stable isotope geochemistry coupled with major ions allows to
formulate another, more realistic hypothesis. During groundwater exploitation in such
aquifers, the danger of seawater intrusion is increased. Tritium data all display measurable
values, indicating that the examined aquifers are active and quite rapidly renovated. This
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observation is in agreement with the carstic system developed in the peninsula and
indicates a high permeability and an increased danger of seawater contamination due to
overexploitation. On the Cl vs I8O plot, samples from wells fall on a mixing curve between
freshwaters and seawater (fig.l). The same mixing pattern appears from 13C analysis
plotted vs alkalinity. During summer periods, due to excessive pumping, samples shift
towards the seawater end-member, showing an increased contribution of marine water.
While still in contact with groundwater, the cinabre mineralisation is stable, but as soon as
seawater contamination occurs, the change in pH and salinity destabilise and oxidise the
sulphide, releasing sulphates and Hg into the aquifer. Water experiencing this phenomenon
shows a sulphate to chloride ratio higher than seawater ratio. 34S and 18O of dissolved
sulphates allow to distinguish between seawater derived sulphates and cinabre oxidation
derived sulphates, confirming the hypothesis and permitting to calculate the respective
contributions.
Speciation calculations with different computer codes are in process to elucidate the
sulphide oxidation mechanism and evaluate at which percentage of marine water
contribution the process is started. This will allow the municipality to optimise the
groundwater exploitation without threats to the public health [6].
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Abstract
Monitored sanitary landfills arc a system for waste disposal widely used in Italy at present. A standard
sanitary ^Mfill should be considered as a reactor feed with solid waste, rainwater, discharging leachates
and biogas. The qualitative and quantitative characteristics of the fluxes of leachate and biogas are
related to the solid waste and to the processes taking place in the landfill An impact on the underground
environment is generally caused by exit-fluxes. This paper discusses the results obtained during
monitoring for a three-years period of a landfill located at 22 km south of Parma (Italy) which was
active from 1980 until 1995 (Fig. 1). Very little information is available on the identification of the
waste site and the excavation of day beds overlying large aquifers. It is therefore difficult to establish
the interference of the landfill with the underground environment- The landfill area investigated is at an
altitude of 80 to 100 m a.s.1. and is made up of alternances of alluvial Holocene clay and silt-sandy clay
up to a depth of 10-13 m whereas firom 13 to over 40 m in depth alternances of alluvial Holocene and
Pleistocene gravel-sandy and silty-clay deposits are found. A phreatic groundwater with water table at
20-25 m below ground level is stored in the gravel-sandy deposit. The aquifer is characterised by a
hydraulic conductivity k of 10"3 cm-s"1 whereas the silt-clayey beds show k values of 10"6 to 10"4 cms"
1. The aquifer is fed by local rainfall and river water from the pede-Apennine area ranging between 100
and 800 m in altitude. The groundwater has a short underground permanence time with a temperature
of 13-14 °C. In 1980, during the early stages of landfill activity, some solid waste deposits were dumped
in correspondence with the gravel-sandy deposit without the insertion of impermeable material to
prevent the migration of leachate and biogas. Leakage of leachate was monitored as far as 2.5 km from
the landfill in the same direction as the goundwater flow, whereas biogas showed a horizontal migration
of 200 to 400 tn from the dumping site, to a different direction. The horizontal biogas migration is
caused by the presence of a clay bed overlying the unsaturated zone of the gravel-sandy deposit (Fig. 2).
Leachate and biogas spread from some waste sites of the present landfill and from some old waste sites
located outside the present landfill area. Biogas is also produced by the leachate migrating along the
unsaturated zone of the gravel-sandy deposit at a depth of 13 to 25 m Biogas-producing anaerobic
bacterial activities are linked to seasonal changes Concentrations of methane and carbon dioxide
decrease with the distance from the landfill. Microbiological oxidation of methane produces an increase
of the CO2/CH4 values going to a distance from the landfill. The values measured in the landfill itself
are about 0.6 and more than 2 at a distance from the landfill of 80 - 100 m. A variation of Redox
potential from reducing to oxidising, is also recorded in the sites where die leachate is diluted by the
presence of groundwater, this is due to dissolved oxygen in groundwater. m these cases the biogas is
different from that produced by the waste sites. Measurements of CO2 and CH4 on samples belonging
to the unsaturated zone of the landfill waste deposits and of the aquifer, provided values about 36% for
CO2 and 63% for CH4. at the landfill site, whereas in the external area, at a distance of about 300 m
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from the landfill, values of 2 - 3% for CO2 and of 0.1% for CH4 were recorded. The biogas migration
generally takes place to the south of the landfill as far as 400 m, and the variation of biogas
concentration during a 200-400 m is about 3 - 5% per 100 m. At a distance of 100 m from the landfill,
chemical and stable isotope analysis for CH4 and CO2 showed a considerable decrease of 8 ^C for
CO2 The 5 1 3 C vahies for CH« in the landfill are -S5%> Vs PDB whereas the S^H values are from 305%o to -293%« Vs SMOW. The decrease of 5 I 3 C values for CO 2 were from +11.57%o Vs PDB in the
landfill area and -33%© Vs PDB, at 120 m distance from the landfill. The same results for stable isotope
variations have been recorded also in another sanitary landfill in England (Ward, 1997). Leachate
groundwater pollution has been recorded at a considerable distance from the source by means of tritium
analysis. Groundwater chemistry indicates a variation of some chemical parameters, such as salinity,
HCO3-, Mg 4 ^ 1 , Ca"1"4", Na*"*", K + , Cl" and low pH only at a short distance from the landfill. Tritium
values, higher than those of the local background, are distributed downstream of the landfill along the
groundwater flow direction. Tritium values are 8-16 TU for local rainwater and phreatic groundwater
and 400-1700 TU for landfill leachate. As confirmed in some Italian landfills (Tazioli, 1993; Pellegrini et
al., 1998), the use of tritium analysis may provide good information on the presence of leachate
pollution much earlier than chemical changes of the standard pollution parameters. Results obtained by
means of chemical aad isotope analysis on surface water, groundwater, leachate and biogas have
allowed old waste deposits of unmonitored landfills to be identified, migration and direction of biogas
and leachate to be verified and interference -with the underground environment to be assessed. These
methods have been used in many situations of groundwater pollution (Frohlich, 1993).
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The Cecina River basin extends over 900 km2 in western Tuscany and includes the
northern part of the Larderello geothermal field. The alluvial aquifer along the last 50 km
of the river course, consists initially of conglomerates and gravel, which gradually change
into silts and gravel with clay lenses as the river approaches the sea. The aquifer lies above
an impermeable formation of marine and lacustrine sediments of Upper Miocene to
Pleistocene age. The major source of recharge is the river. The residence time of
groundwater may range from months to some years, as indicated by the tritium content (up
to 10 TU, measured at the Istituto Internazionale per le Ricerche Geotermiche). The
groundwater is actively exploited for domestic, agricultural and industrial use.
The boron content of groundwater in the aquifer upper region reaches the maximum
value in wells near the confluence with Possera creek, a tributary of Cecina River, and is
often of some rng/L, i.e. well above the limit recommended for drinking water. The
Possera creek drains the region of Larderello, where boric acid was extracted from
geothermal steam from the second half of past century till about fifty years ago. The
exhausted geothermal waters with high boron content, derived from the boron treatment
plant and, from the beginning of this century, from the geothermal power plants, was
released into the creek. Nowadays, most of the exhausted geothermal water is reinjected in
the geothermal field and the Larderello boron plant uses imported mineral (colemanite).
In this work, the isotopic composition and concentration of boron and strontium
dissolved in groundwater and surface waters, as well as in well bottom sediments, were
analyzed. The "B/10B and 87Sr/86Sr ratios were measured at the Istituto di Geocronologia e
Geochimica Isotopica by TIMS with standard uncertainties of ±0.5 %o for boron and ±0.01
%o for strontium; the concentrations were determined by colorimetry.
The main reaction producing boron isotope fractionation in nature is B(OH)3 + H2O
<-» B(OH)4" + H+, which is pH dependent. At room temperature, the tetrahedric species
B(OH)4~ is depleted in n B by about 20 %o with respect to B(OH)3. As the tetrahedric
species is fixed by clay minerals, the boron left in solution is enriched in n B . (For this
reason, sea water boron is enriched by about 20 %o in "B with respect to that of marine
sediments). Boron isotopes are therefore an useful tool to investigate boron geochemistry
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in natural waters. The 87Sr/86Sr ratio in natural compounds is not affected by any
geochemical process, except for the 87Sr accretion deriving from 87Rb decay. The isotopic
composition of strontium dissolved in groundwater reflects that of the aquifer matrix.
The boron content of the groundwater of the Cecina alluvial aquifer ranges from
about 7 mg/L at the Cecina-Possera confluence, to about 0.5 mg/L in the plain close to the
sea. In parallel, the 5 n B of groundwater ranges from negative values as -25 %o in the high
part of the Cecina valley, to positive values up to +20 %o, similar to those of marine
sediments. First data on clayey sediments and suspended particles collected at well bottom
close to the Cecina-Possera confluence, show a high boron content up to more than 500
ppm, and low 5"B values up to -33 %o.
The boron content of surface waters is still high in Possera creek (3 to 13 mg/L at
the confluence with Cecina river), possibly indicating some boron leak from Larderello
area. The range of the boron isotopic composition in surface waters is -4 to +2 in 5 n B %o.
The most negative 5 n B values, in the upper part of the Cecina river basin, (which
are still too few for a more elaborated interpretation) can be explained assuming that boron
was adsorbed in by clayey particles either already present the aquifer, or derived from the
colemanitic mud rejected by the boron plant and transported there by the river water during
winter turbulent floods. This process occurred probably when boric acid was released in
the Possera river in large amounts, i.e. till 30 years ago. As the boric acid release in surface
waters was to a large extent stopped, the process of desorption from the clay particles
started, in which n B is desorbed preferentially. As a result, the boric acid trapped by clayey
particles and its 8 n B decreased, obeying a Rayleigh type process, and also the boron
concentration and 8"B of groundwater decreased. The process is still on the way.
However, groundwater boron derives in part from mixing with Possera and Cecina waters,
as indicated for some wells by the correlation between 8 n B and boron concentration.
The 87Sr/86Sr ratio is relatively uniform in groundwater. Its range is narrow: 0.70887
to 0.70902, indicating re-equilibration with an isotopically homogeneous aquifer matrix.
Only one sample from Possera creek is significantly different (0.70853), and may reflect
that of colemanite used by the Larderello boron plant.
The results reported here are part of a preliminary, reconnaissance investigation, and
are used to formulate working hypotheses and outline the work programme. A more
systematic investigation is being carried out.
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GEOTHERMAL WATER OFMUKHEIBA AND WADI ARAB
HYDROCHEMJCAL AND ISOTOPIC STUDY

M S ABUMAIZER
WATER AUTHORITY OF JORDAN
Amman, JORDAN
Jordan is of arid to semi arid climate, precipitation is
scarce, the need for better water development and
management is being aware off. environmental isotopic
techniques and hydrochemical methods are used side by
side in this study .
The study area is located in Jordan Valley at the extreme
north-wesern part of Jordan . Mukheiba and W. Arab are
of major importance to Jordan as far as water resources
concerend.
The aquifer in the area is a large compenation of the
succesive formations of B2/l,A7,A5/6 and A4 of the
Campanian,
Toronian and Upper
Cenomomanian
geological age.
The source of recharge is Hawran plains and Jabel Druze
in Syria and Ajlune Mountains in Jordan in the northeast
and south respectively.
Wadi
Arab
is heavier in O1S and D than
Mukheiba,Tritium in both areas is less than 2 T.TJ which
indicate recharge before 1952, carbon 14 contents proved
much older water, salinity increases with the direction of
groundwater movement to a range of 500 - 6"OO mg /I at
the disharge area of Mukheiba and "W.Arab.This is still
reltively fresh water.which could indicate a dynamic
replenishing system. Recharge is however still much less
than abstraction for
domistic and irregation purposes.There is a significant
aresian drop in both fields over the years, the need for
better water management in the near futur is absolute.
Water quality is generally good except for the hydrogen
sulphide (1.8 mg/1 in Hot Shuneh well )and iron in Wadi
Arab wells 1, 2 and 4 (l-9.4mg/l), each compound
increases by depth, but no significant
change in salinity is noticed. The temperature of
groundwater ranges from
25 - 56 °C. Temp, is a depth
function of water circulation path or conduit. The highest
temperature is noticed in North Shuneh well CJK-V.3) and
Maqla spring. Groundwater is being deeply circulated in
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horizontal fractures and joints before being brought up
along "vertical conduits of joints and fractures.
The dominant type of water is ca(HCO3)2 and NaHCO3
in both fields.In W.Arab field, JRV.3 is more depleted
with O18. In Mukheiba area Maqla spring and JRV. 1
well are more depleted than other -wells of the field.
Depletion is related to either ; A- Recharge at higher
elevation
specifically for Maqla and JRV.l or B: The
water of the other wells was subjected to evaporation
during infi Iteration which seems a likely case at W.Arab
drianage basin, where a reasonable runoff takes place,
impermeable beds are exposed in many places, any how
abstraction seems not to highly affect ivfaqla spring,
JRV.l or JRV.3.
REFERENCES;
1.North Jordan Water Resources Investigation Project.
WAJ. 1988.
2.Groundwater resources of Yarmouk River Basin.
Joudeh, O.1985.
3. Geology of Jordan. Bender.
4.Handbook of Environmental Isotope Geochemistry.
Fritz.
5.Guidebook on Nuclear Techniques in Hydrology.
IAEA. 1983
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An overview of the geochemistry of Cerro Prieto geothermal field
with emphasis on isotopic changes

M. Helio Rodriguez1, J. Luis Quijano2 and Alfredo Perez'
1 Comision Federal de Electricidad, Cerro Prieto, Baja Calif. Mexico
2 Comision Federal de Electricidad, Morelia, Mich., Mexico

This paper reviews the global geochemical changes in the Cerro Prieto geothermal reservoir
due to exploitation and presents some important conclusions. Distributions of oxigen-18,
deuterium, chloride concentrations, enthalpy and geothermometry for the field are
presented. Well waters for isotopic analysis have been collected over the last 20 years,
which allow to detect reservoir changes due to extraction, for example, the progressive
drawdown of cooler and isotopically lighter water from the lateral west side and above the
geothermal reservoir, as well as the influence of isotopically heavy water from the
injection wells. Being aware of these changes, the reservoir management procedures have
been modified, for example, to avoid drilling of production wells into the zones of intensive
inflow of cooler water in the NW and to drill deeper wells in the eastern part of the field.
The detection of the arrival of a chemical and isotopic front associated with injection fluids,
has been used in order to optimize the injection schema.
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QUALIFICATION OF SOME COMPOUNDS FOB TRACING WATEBFLOWS
IN COASTAL BEDROCK - A PRELIMINARY STUDY
H.B. BJ0RNSTAD and D.0. ERIKSEN
Institute for Energy Technology. N-2007 Kjeller, Norway
S.GAUTandG.STORA
Geological Survey of Norway, N-7040 Trondheim, Norway
At Holmedal, in the county of Sogn og Fjordane, Western Norway, in the Geological
Survey of Norway (NGU) runs a test area with nine drilled welts. The site is mainly
used for testing hydrodynamical models of groundwater flow in fractured bedrock. A
map of the site is shown in Figure 1. The well field is situated at the rim of a
detachment zone SW of the Devonian Kvarnhesien area, in the Western Gneiss Region.
During a test of communications between the wells w» were offered the opportunity to
test and qualify compounds to be used fox tracers in such environment
The coastal area of Western Norway experiences a high level of annual rain.
Coming in across the sea, this rain contains aerosols and dissolved salt. Thus the soil
contains more chloride than off-coastal environments. It was therefore expected that the
halogenides should be stated tracers.
From hydraulic studies earlier, fast communications were established between
several wells. The fractures were believed to create a high flow rate between some of
the wells. However, ihc fractures are not fully studied, Lc their depth, position and
content of particulates, e.g. clay, are poorly known. The tracer data could therefore also
reveal important information about interwell communications.
In this test field we decided to test several chemicals often used as tracers in
environmental applications. As an ideal tracer to relate the others to, we used tritiaicd
water (HTO). Reported here are the following compounds: Cl", Bi\ Na\ but also others
were tested. In addition, for comparison with sodium, we report the behaviour of K*,
Mg l *andCa fc .
—p

Figure 1. The wells in the Holmedal
test site. The dotted bold lines are
fractures believed to cast. The
distances between adjacent wells are
100m.
The central well, No.9, was used as a
sampling well as water was pumped
out continuously from this well during
the whole experiment. The flow rate
was approximately constant at HOL/h
The tracers were injected as an
aqueous mixture of the compounds
through a pipe with a length.
corresponding to the height at which a main fracture was expected. The pipe was then
cleaned by washing with two pipe volumes of water. Then sampling was started
immediately after.
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Figure 2. Data from test no. 2. Tracer responses relative to tritiated water {HTO), right
axes. Left: CF andBf. Gaussian fits to the dam points are indicated.
Right: Na\ Also included are K*. Mg** and Ca1^ responses to Na^'
Table 1 summarises the injections of tracers.
Table 1. The wells used and the amounts of tracers injected.
Injection No. Well No.
Tracers
Amount of tracer
1
8
HTO
1.2MBq
Nad
SOOg
NaBr
3002
6
HTO
l,2MBq
Z
SOOg
Nad
NaBr
300s
Samples were analysed for tritium with Quantulus liquid sdadUation spectrometer, the
halogenides by ion-chromatography, Dionex system, whereas the cations were analysed
by TCP, Spectroflame by Spectro Analytical Instruments. All analyses were performed
at IFE. Cations other than sodium were analysed far comparison and must all come
from the environirteot the water passes through. The tritium count rates were corrected
for quenching by use of the spectral quench parameter (SQP). AH samples had high
SQP-values and none differed in counting efficiency by more than 4%.
Well No. 8 was selected as the first w d l for injection because it was believed from
hydraulic studies, that the communication between No. 8 and 9 was very fast This
proved not to be the case. Instead, the tracers from No. 8 flooded intn the area and gave
a highei background in the other wells.
Test 2 in w d l No. 6 was more encouraging. As seen in Fignre 2 the response from
HTO precedes chloride and bromide. The responses of these two anions fit well to a
Gaussian distribution, whereas the HTO response does not fit equally well. The reason
far this behaviour is not fully understood.
The response of sodium indicates absorption and ion exchange, probably due to
interaction with clay minerals in the fractures.
The collected data from the tests is still under evaluation and more experiments will
hopefully be performed.
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ISOTOPIC TECHNIQUES TO IDENTIFY THE RECHARGE MECHANISM AND SALINIZATION OF
GROUNDWATER IN AN INTERFLUVIAL AREA OF INDUS BASIN, PAKISTAN.
M. Azam Tasneem, M. Ishaq Sajjad, S.D.Hussain, Iqbal H. Khan, M. Ahmad and M.S.Zafar'
Pakistan Institute of Nuclear Science and Technology, P.O. Nilore, Islamabad, Pakistan
'Department of Physics, University of the Punjab, Lahore, Pakistan
The study area, Rechna Doab, an important part of Indus Basin, comprising of about 28,500 sq. Km is enclosed by the river
Chenab on the north-west and river Ravi on the south-east with the piedmonts near the Jammu and Kashmir boundary in the
north-east. Rechna Doab is about 403 km long in a southwest direction and has a maximum width of about 113 km. The
area is interfluvial and is southwesterly sloped. Controlled irrigation system was started in the area with the construction of
four Head Works on the river Chenab. All the canals flowing through the study area have been taken out from the river
Chenab. Four link canals are also flowing through the _area. The area is badly hit by water logging and salinity. Isotopic
techniques were applied to understand the recharge mechanism and to determine the source of groundwater salinity in the
area. Groundwater samples were collected from 150 locations including hand pumps and tube wells on quarterly basis.
Water samples from rivers/canals were collected on weekly basis. Location of sampling points is given in figure-1. Isotopic
analyses for " 0 , 2 H , 3H and chemical analyses were carried out in the laboratory while the electrical conductivity, pH and
temperature were measured in the field. There are three possible input sources to the groundwater in the area, i) rivers,
canals and their distributries; ii) rain and iii) irrigation water from canal system and tube wells.
The river Chenab at Maria H/works, has weighted averages of 8"O, 5D and deuterium excess 'd' as -10.04%<i, -61.0%o and
19%o respectively with 3H value of 30 TU. At Trimmu H/works, the weighted averages of 6"O, 5D and 'd' are -9.36%o,
-59.4%o and 15.5%o respectively. The river Jhelum with the weighted averages of 5'8O, 5D and 'd' as -7.95%o, -49.0%o
and 15%o respectively contributions river Chenab at Khanki (downstream of Marala). The river Ravi was sampled at Balloki
H/works and has weighted isotopic values of 8"O, SD and d' as -8.30%o, -52.4%o and 14%o respectively.
Isotopic index of Upper Chenab Canal (UCC) is -9.63%o and -62.8%o for 5"O and 5D respectively. Lower Chenab Canal
(LCC) has four main branches e.g. Jhang Branch, Rakh branch and upper and lower Gugera branches. These irrigate about
2/3 area of the Doab starting from right of Qadirabad - Balloki link up to Trimmu-Sidhnai link canal. The canals flowing
through out the year have similar isotopic variations. The range of 8"O values is -1 l%o to -5%o with mean value of 8.6%o. The range of 6D variations is -79.8%o to -21.3%o with a mean value of -53.5%o. The isotopic index (6"O) of rainfall
at the piedmont area near Jammu and Kashmir boundary in the north-east of study area is estimated as -6.8%o with d-excess
of 9.3%o. The isotopic index (8"O) of local rain is estimated as -5.3%o with d-excess of 8.5%o.
8"O-vs-8D diagram of surface water/groundwater is given in figure-2 while spatial distribution of 8"O of shallow and deep
groundwater is given in figures-3. In general, the most heavier 8"O values are found in the north-east of the study area, and
become gradually more and more depleted towards the confluence area (south-west) with the most depleted (-10%o) just
upstream of Trimmu H/works where the river Jhelum (with relatively higher 8I8O index) joins the river Chenab. Similarly,
most depleted values of 8"O are found along the length of river Chenab and become more and more heavier toward the river
Ravi. The area in the north-east, up to Qadirabad-Balloki link canal, have isotopic contents (8"O) very similar to that of
rainfall (8"O=-6.8%o) over the piedmont area on the north-eastern boundary of the study area. Here infiltration takes place
along the boundary of the study area in the piedmont region. The upper silty layers in most of the region restrict the surface
infiltration. This is further manifested by the fact that three canals (BRBD, UCC and Qadirabad-Balloki Link Canal) with
mean 8"O of -9.63%o are flowing through this area for more than couple of decades, but there seems no influence of this
isotopically depleted water on the groundwater regime. However, there is an exception too. A small area bounded by dotted
line (below Marala H/works ) which has two groups: first one with 5"O in the range of -5.9%o to -5.0%o (fig. 3), seems to
be recharged by local rains. This area has about 3 m thick layer of silt at the top below which there exist a sandy zone. The
recharge may be taking place by infiltration through some sandy region extending up to the surface. The other group (three
wells) have 5"O in the range of-8.4%o to -7%o showing mixing of canal water. The area near Trimmu H/works bounded by
river Chenab and a dotted line has most depleted 5"O values and is solely recharged by the river Chenab. The isotopic data
in the rest of the study area show that the groundwater is a mixture of different input sources. However, the major
contribution comes from the canal system. There is a wide range of variations in the stable isotopes of input sources.
However, with some exception, no such variations have been observed in the groundwater indicating slow movement of
groundwater in the area. The groundwater has tritium contents in the range of 0 to 57 TU. Tritium data also suggest (with
the exception in certain areas), that groundwater movement is slow. The groundwater has generally low salt content along
jthe rivers and canals and salinity increases towards the centre of the Doab. The stable isotopic composition is not changed
with the increase in salinity of groundwater which suggests that the dissolution of salts from the sediments seems to be the
dominant mechanism of groundwater salinization.
REFERENCES
1. Ahmad, N., (1974). Groundwater Resources of Pakistan. Ripon printing press, Lahore.
2. Hussain, S.D., Sajjad, M.I., Akram, W., Ahmad, M., Rafique, M. and Tariq, J.A.,(1990). Surface water/Groundwater
Relationship in Chaj Doab., Report No. PINSTECH/RIAD-122.
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WATER DATING IN GROUNDWATER RESOURCES MANAGEMENT
M. Veselic
Institut for Mining Geotechnolgy and Environment (IRGO)
SI-1000 Ljubljana, Slovenia

It is widely accepted that groundwater dating by tritium or radioactive carbon can give
valuable data on the groundwater age and, as a consequence, can provide information on the
age structure and dynamics of the groundwater bodies. Owing to this capacity, they are ideal
tools for groundwater resources management. The question is: can they and to what extent
can they, by allowing insight into the past groundwater dynamics, give us a key to decide on
the future dynamics of the man impacted groundwater bodies. The three examples presented
below attempt to demonstrate that the benefits and results that can be gained from its use do
not so much depend on the tool itself but in the art of using that tool.
The first example shows an anthropogenically heavily impacted Pliocene multiaquifer
system, where tritium dating was intended to yield information on the actual groundwater
recharge of the dewatered aquifers. In Slovenia, in the Velenje lignite coal mine, the
overburdened pliocene aquifers were heavily dewatered over the last 35 years. Some 15 years
back, the question was raised, whether they were being steadily recharged from the overlying
quaternary aquifers by the rain, or whether, given the time span , they were acting more or
less like a closed system. As the aquifers in question are steadily being deformed as a result
of land subsidence induced by the sublevel caving of a thick lignite seam, occasionally
exceeding 80 metres, a further question arose as to whether these deformations have disrupted
impervious layers of the affected multiaquifer system and enhanced the original water
recharge of the deep seated aquifers. The results of the first groundwater dating indicated
recent recharging. Yet, these results were in strong disaccord with other indications given by
hydrogeochemistry and water level measurements. Further analyses made by another
laboratory using tritium dating showed that the previously reported relatively high tritium
levels were due to laboratory problems and not a result of actual groundwater recharge.
Consequently, the no recharge option was accepted and the subsequent 20 years of
dewatering have verified this conclusion.
The second example shows, again for an anthropogenically partially impacted fissured
and karstified aquifer system, that the relative age structure of the groundwater body can,
regardless of whether yielding a true or false age, provide information on the extent of man's
past impact on that system. It can also provide information on the future behaviour of that
system under the conditions of an extended impact. This is once more the case of the Velenje
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lignite mine's bottom wall karstified carbonate aquifer system. A decade of extensive
pumping from one part of the aquifer system for mine safety reasons partly dewatered that
system. The question arose as to whether the shift to dewatering of the deeper, (at that time
not directly dewatered) parts of the system would result in such a change in groundwater
pattern that would force the mine to pump all the water from a deeper level, and thus impact
its revenues. Additionally, this would result in a deterioration of the quality of the already
pumped water being used for water supply, and therefore deteriorate an existing groundwater
resource. The I4C dating, by yielding a series of apparent ages, allowed the definition of a
groundwater mixing model and led to the conclusion, that the different parts of the aquifer
system were separated sufficiently to prevent most of the already pumped water from flowing
towards the planned lower pumping stations. On this basis a lower pumping station was
designed and a new mine area was opened for production and the last 15 years of dewatering
record proved the above conclusion to be correct.
The third is a case of a pristine aquifer, overlaid by other impervious and water
bearing strata as well as in lateral underground contact with a large, regional, strongly
karstified carbonate aquifer. Tritium dating some 25 years back showed that the aquifer was
exempted from any recent recharge and the aquifer was discarded as a potential groundwater
resource for being a no recharge - no flow system. As a result, a superimposed, shallower
aquifer, showing good groundwater dynamics, was developed for the Ljubljana water supply
system as an additional resource. However, this aquifer proved later to be rather short of
water with regard to the water demands imposed upon it. As the sole possible rescue measure,
the wells were deepened to tap the deep seated $no recharge - no flow systems. The wells
started to produce and are still now productive. In addition, they are producing the newly
recharged water. So, what went wrong? We must conclude that information on the dynamics
of the pristine system in itself is insufficient in forecasting the dynamics of the system
impacted by man's water withdrawals.
From the above examples we may conclude that the precondition for correct
application of water dating is the overall understanding of the nature of such systems and of
the particular system in question. The art of using a tool, as you may well see, is in the art of
hydrology.
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8I5N IN SOIL LEACHATE: INCUBATION EXPERIMENTS WITH
DIFFERENT FERTILISERS
S. Lojen
J. Stefan Institute, Dept. of Environmental Sciences, Ljubljana, Slovenia
M. Pintar
Water Management Institute and Biotechnical Faculty, Dept. of Agronomy, Ljubljana,
Slovenia
F. Lobnik
Biotechnical Faculty, Dept. of Agronomy, Ljubljana, Slovenia

Groundwater in agriculturally intensive areas is exposed to strong pollution by
nutrients and phytopharmaceutical agents. A laboratory soil column incubation
experiment was set up to investigate the influence of different fertilisers in two soil
types on the concentration and isotopic composition of dissolved nitrate in the
leachate. Soil samples were taken from two agriculturally intensive areas in Slovenia
where nitrate concentrations in the aquifers exceeded the health advisory level of 50
mg/1.
Parallel experiments were performed using two soil types - a eutric brown soil
with an average total organic matter concentration of 2.6% and 515Ntot +7.8%a, and a
dystric fluvisol with organic matter averaging 1.4% and 515Ntot +7.6%o. Three different
fertilisers most commonly used in the selected areas were applied at a concentration
240 kg N/ha: mineral fertiliser (KAN form), air dried manure and aerated sewage
sludge; a non-fertilised column was used as a control. 50 cm deep soil profiles were
taken and each transferred to a PVC column (ID. 15 cm) constructed from six 10 cm
segments linked by Teflon ridges which prevented water flow along the tube walls.
Fertiliser was applied in the upper 10 cm segment. The experiment was performed in
four replicates for 116 days at 18°C. Soil moisture was kept equal to the field water
capacity during the whole experiment. Columns were saturated with distilled water at
the beginning of the experiment and the leachate collected after 24 hours. The leachate
(indicated as "day 0" sample) was frozen and a 250 ml portion was used to leach the
columns at successive time intervals, at days 1, 7, 14, 21, 35, 56, 86, and 116. The
volume was adjusted to 250 ml with distilled water after each sampling, so each
sample represents the sum of several subsequent leaching runs and is considered to be
representative enough to observe general trends. The nitrate concentration was
determined spectrophotometrically and recalculated due to dilution. 815N-NO3 in the
leachates was analysed using a Europa 20-20 stable isotope analyser with an ANCASL preparation module with a precision of ±0.15%o.
In the leachates from the dystric fluvisol, the nitrate concentrations were
generally lower than in those from the eutric brown soil, except when mineral fertiliser
was applied. In non-fertilised dystric fluvisol the nitrate concentration increased during
the first three leaching runs up to 40 mg/1. Afterwards it stabilised at a value around 22
mg/1. The highest nitrate concentration (80 mg/1) was measured after 7 days in the
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column amended with mineral fertiliser as expected, but then decreased to 41 mg/1.
Application of manure resulted in even lower nitrate concentrations than in leachates
from non-fertilised soil due to introduction of its own denitrifying microbial
population. However, in all the fertilised columns the denitrification processes that
started after 1 to 2 weeks were suppressed after week 3 (in columns amended with
sludge) or 8 (in columns amended with mineral fertiliser or manure), hi leachates from
the non-fertilised column of eutric brown soil, the nitrate concentration generally
increased throughout the experiment. Application of mineral fertiliser resulted in
enrichment of leachates with nitrates up to a concentration similar to that in the dystric
fluvisol (84 mg/1) after 116 days and no decrease could be observed. Final nitrate
concentrations exceeded starting ones in all cases due to leaching of excess nitrate
from the soil; however, comparison with non-fertilised columns showed that addition
of manure or sludge actually decreased the nitrate concentration in leachates.
Comparison of 815N in nitrate showed significant differences between the two
soil types. In leachates from the dystric fluvisol, starting 815N values were between
+2.2 ± 0.1%o (mineral fertiliser, sludge) and +4.9%o (non-fertilised, manure). Using
mineral fertiliser, 8I5N increased up to +15.5%o while application of manure or sludge
resulted in much higher 515N values (up to +33.8%o), indicating denitrification effects.
Isotope enrichment factors s were calculated from cross-plots of 815N vs. hi [NO3]
(Grischek et al., 1998) deduced from simplified Rayleigh equation (Mariotti et al.,
1981). A value of s for the line to fit the experimental data for non-fertilised, as well as
columns amended with manure and sludge, were -17%a, -17.1%o and -16,1%Q,
respectively. When mineral fertiliser was used, no denitrification that would conform
to the Rayleigh equation was observed. In the eutric brown soil a much smaller range
of 8I5N values was observed. They generally decreased with time from the starting
value between 3.5 and 5.5%o (except when mineral fertiliser was used where a value of
2.6%o was measured) down to values around 2.5%o. The use of sludge resulted in a
more or less the same 815N value irrespective of the number of leaching runs. The
Decrease of 815N accompanying the increase in nitrate concentration is attributed to
the leaching of mineral excess nitrate from the soil.
The leaching experiment confirmed that not only the type of fertiliser used, but
also the substrate strongly influences the leaching of nitrate from soil into
groundwater. Hence the legislative regulations concerning fertilisation in protected
areas should be reformulated to take into consideration the soil and fertiliser type.
References:
Grischek, T., Hiscock, K. M., Metschies, T., Dennis, P. F. and Nestler, W., Factors
affecting denitrification during infiltration of river water into a sand and gravel aquifer
in Saxony, Germany. Wat. Res. 32(2), 450 - 460 (1998).
Mariotti, A., Germon, J.C., Hubert, P., Kaiser, P., Letolle, R., Tardieux, A. and
Tardieux, R., Experimental denitrification on nitrogen kinetic isotope fractionation:
Some principles; illustration of the denitrification and nitrification processes. Plant
Soil 62, 413-430(1981).
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Environmental isotopes 2H, 180, 13C, 3H, and 14C were
regularly measured in precipitation, surface and ground
water to investigate a series of problems linked with the
management of water resources in the Peruvian Altiplano,
a plateau located at about 4500 masl in southern Peru. The
aim of the work was:
- to clarify some aspects on the origin, residence time and
present recharge capacity of ground water in the area,
- to investigate the possible hydraulic connections between
two large aquifers,
- to provide additional data to complete the hydrological
balance of several water systems,
- to assess the quality of surface and ground water, in
particular, to explain the origin of some pollutants
limiting their use, and
- to investigate the risk of leakege from some reservoirs.
The sampling of precipitation was limited by scarcity of
rains on the south-west slope of the Altiplano and by their
irregularity. The stable isotopes 0-18 and deuterium in
precipitation in the central Altiplano show a local meteoric
line with a similar (only slightly lower) slope than the
World Meteoric Line. A large spread of isotope values was
observed during the observation period, with marked seasonal
differences.
The majority of water
samples from rivers, lakes,
springs, and boreholes with more negative dl8O and d2H
values shows no evidence of evaporation, confirming the
meteoric origin of these samples. Water samples, mainly from
lakes, wetlands and springs fed from lakes show isotope
compositions corresponding to an evaporation line with a
slope close to 4.5 which is quite uniform over the study
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area. The Totorales spring, located downstream from the Lake
Aricota and a spring close to the end of the tunnel Kovire
originate
by recharge
of surface
water exposed
to
evaporation.
The shift of the dl80
values in some hot springs is
evidently influenced by the isotopic exchange with oxygen in
silicates of the rocks as a consequence of high-temperature
geochemical processes. The presence of a water component of
magmatic origin in the geothermal steam cannot be excluded.
The hydrogeological structure and spatial arrangement of the
thermal water system seem to be linked with neotectonics as
indicated by faults and some very recent geomorphological
phenomena.
Low concentration of tritium in the major part of
ground-water
samples
(despite
the
low
electrical
conductivity of most samples) shows that most ground-water
systems in the region have a long residence time, exceeding
in many cases the possibilities of tritium as ground-water
dating tool. Radiocarbon and 13C were measured at selected
springs and boreftoles. Relatively enriched dl3C values at
some sampling points indicate the lack of vegetation and the
possible
influence of
magmatic C02
as major factor
controlling the alkalinity of ground water.
The concentration of 14C indicates prevailing Holocene
ground-water ages. Pleistocene ages, however, were found in
some cases in the deeper Capillune aquifer. A Pleistocene
origin seems characteristic for water of some thermal
springs at Calacacha and Putina which are attributed to the
ground-water circulation system in the deeper pre-Tertiary
bedrock.
The isotope composition has shown a close relationship
between precipitation, surface water and ground water, as
well as a very strong influence of evaporation on the
hydrological
cycle which
has to
be respected
when
considering the development of water resources in the
Altiplano region. Thus, storing of water in large reservoirs
should be avoided to prevent loss of water by evaporation
and should be substituted by underground storage in suitable
aquifers. Moreover, the risk of loss of water is increased
by the permeability of the bedrock of the reservoirs.
An important contribution of heavy metals (mainly boron
and arsenic), polluting shallow ground water and rivers, was
identified to derive from the discharge of thermal waters,
linked to the recent volcanic activity in the Altiplano
region.
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QUANTITATIVE AND QUALITATIVE VULNERABILITY OF THE
MAKUTUPORA BASIN AQUIFER DODOMA, CENTRAL TANZANIA.

L. R. E. KONGOLA
Ministry of Water, Hydrogeological Services
P.O. Box 412,

Dodoma, United Republic of Tanzania
Quest for rapid development of Dodoma town has raised demand for water for
domestic, irrigation and industrial use, resulting in overpumpage or use of substandard
water or both.
Uncontrolled human activities such as unplanned settlements,
deforestation, bad and primitive agricultural methods within the catchemnt area, now
pose threat of contamination to the well field and damage to recharge areas of
Makutupora basin.
Monitoring data collected over the years indicate that the basin which is the major
sources of water to Dodoma town is overpumped in dry years and that peripheral
boreholes are registering high nitrate levels due to contamination from human
settlements nearby and intensive use of agrochemicals in farms done on the basin
margins.
Prevailing global climatological change manifesting in desertification of sub-Saharan
Africa is compounding the problem, rendering many aquifers more vulnerable than they
presently are.
The net decline of the piezometric level of about 3 m in the southwestern part of the
basin is due in part to raised pumpage from 0.4 to 1.1 MCM per month and also to three
consecutive drought years of 1986, 1987 and 1988. The El-nino rains of 1997/98,
produced a complete rebound of the piezometric levels in all the boreholes never
observed before, completely reversing the process, indicating an active recharge
mechanism.
This is confirmed by stable isotope and tritium data. Rampant
mismanagement of the catchment area through deforestation, over grazing, forest fires
etc are compounding the piezometric level decline by reducing annual recharge
because of the resulting soil erosion and enhanced surface sun off.
Highest nitrate values above 100 mg/l in groundwater from boreholes were recorded in
June 1993, coinciding with the peak in pumpage. Possible nitrate contamination
sources are human settlements surrounding the well field as well as intensive use of
agrochemicals in farms on the margins of the basin. Health hazard to humans resulting
from prolonged ingestion of high level of nitrate are the Blue - baby - sydrome and
cancer. Such incidences have however not yet been reported.
Remedial measures being undertaken at the moment to curtail this development is
demarcation of the catchment area to be restricted from all other human activities
except water supply only. Later, resettlement of 4 village will be undertaken to be
followed by reforestation of the catchemnt area severely affected and closer
surveillance as well as intensive monitoring of both piezometric levels and water
quality.
Immediate measures that were undertaken such as cleaning up the borehole
surroundings, dramatically lowered the nitrate levels, however, the levels are still
considerably higher than the pre - 1988 values or normal groundwater levels of
between 0 . 1 and 10 mg/l.
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DETERMINATION OF SEA WATER INTRUSION RATE AND POSSIBLE
AQUIFER ROCKS BY MEANS OF HYDROCHEMICAL AND ISOTOPIC (18O, D, T
AND 87Sr/86Sr)TECHNIQUES (GOKOVA KARSTIC SPRINGS, SW TURKEY)
T. KURTTAS, C.S. BAYARI, L. TEZCAN
Hacettepe University, International Research and Application Center for Karst Water Resources (UKAM),
Ankara, Turkey

Coastal and submarine karstic springs are the major groundwater resource in the
Gokova area of Mugla province of southwestern Turkey. Throughout the aquifer system,
groundwater flow is controlled by tectonic structures. All springs are located along the fault
lines or at their intersection points. Due to seawater intrusion, all springs show varying
degrees of salinization. Utilization of these water resources depends strongly on the well
understanding of groundwater's recharge-discharge relationship and sea water intrusion
mechanism. Hydrogeological structure and the mechanism of freshwater salinization by
seawater has been investigated by means of hydrochemical and environmental isotopic
techniques.
Samples from springs, wells and seawater were collected in 3 months intervals
between the years 1994-1995 during which monthly precipitation samples were also collected
from 5 precipitation observation stations located in and around the basin. Isotopic (I8O, D, Sr
and T) and hydrogeochemical compositions of the water samples were determined and
evaluated. Chloride ion has been used to determine the seawater contribution rate that varies
between 1.30 % and 15.41 %.
Because of the higly complex geologic structure of the area, recharge mechanism and
source rocks of the springs need to be determined. 87Sr/86Sr ratio of groundwater was used to
determine the source (aquifer) rock of the groundwater samples assuming that the 87Sr/86Sr
ratio of the marine carbonate rocks are identical to those of sea water at the time of deposition.
Five samples analysed that were collected in May 1995. These are GK-14 Sea water,
GK-13 Bagyaka plateau spring not affected by seawater, and three coastal springs that were
affected by seawater in different rates, GK-3 Cermet Restaurant, GK-7 Deniz Restaurant II ve
GK-9 Akbuk springs. Measured 87Sr/86Sr ratio of the water samples and aquifer rocks 87Sr/86Sr
contents determined from these data are given in Table 1. The seawater effects were
substracted from measured 87Sr/86Sr ratio of the groundwater samples and remaining sample
contents were compaired with those of aquifer rock.
Most of the groundwaters are in contact with the Mesozoic aged limestone, TriassicMiddle Jurassic aged limestone and dolomite, Tertiary aged conglomerate except the spring
numbered GK-13 Bagyaka which is in contact with the Silurian-Permian aged schists.
In general, uncorrected 87Sr/86Sr of the groundwaters are slightly higher than the
aquifer rocks, because of the effect of modern seawater.
Sea water sample from the Gokova Bay is diluted by freshwater inflow, thus
Sr/86Sr ratio of this sample lower than the standart ocean water's value given as 0.70812.
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Table 1. Sr contents and possible aquifer rock of the water samples
Source
Sampling Site
GK-3 Cennet Restaurant

GK-7 Deniz Restaurant n

Age of tbe Source Rock(s)

Rocks

Sea
Water
Cont
(%)
4

Measured
Sample
Content
"Sr/^Sr
0.70800
±0.00006

10

0.70853
±0.00007

0.70847

Rock(s)

Geologic Time

Million Year

"Sr/"/Sr

Lim, Dol.

Triassic-Middle
Jurassic
Jurassic -Cretaceous
Tertiary
Jurassic -Cretaceous
Tertiary

206-246

0.70685-0.70800

64-206
2-64
64-205
2-64

0.70657-0.70757
0.70757-0.70900
0.70657-0.70757
0.70757-0.70900

Triassic- Middle
Jurassic
Jurassic -Cretaceous
Silurian-Permian
Jurassic -Cretaceous

206-246

0.70685-0.70800

14

0.70879
±0.00004

0.70875

64-206
438-246
64-206

0.70657-0.70757
0.70670-0.70880
0.70657-0.70757

0

0.70934
±0.00006

0.70934

-

-

-

67

0.70875
±0.00005

0.70812

-

100

0.70906

0.70906

Lim, Dol.
Cong.
Lim, Dol.
Cong.

GK-9 Akbiik

Dol., Lim

GK-13 Bagyaka

Lim, Dol.
Schist,
Lim, Dol.

GK-14 Sea water

•

Ocean W a t e r "

-

-

• "Sr^Sr ratio is calculated by subtracting sea water contributions rate from the measured value.
• • Faure, 1986
Abbrevations: Lim.: Limestone, Do!.: Dolomite, Cong.: Conglomerate
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KVOl-UTION AND RADIOCARBON AGE DATING OY

CiKOUNI) WATF.R IN TllH SAN 1'hPRO VAU.F.Y. SOWTHhAST ARIZONA. U.S.A.

JIM. Kwlin, The Queen's University of Belfast, Lnvironmcnlal Engineering Research Centre.
Belfast T)T9 5AG N. IreiainUJK
l'.N. Robertson, United Staled Geological Survey, Tucson Arizona, USA

Recharge lo the confined aquifer in the upper and lower Ran Pedro basin originates from
infiltration of precipitation and runoff near the alluvium-mouniaip contact. Ground water
flows mxmal 10 the mountains and is discharged by evapoiranspiralioii along tlie center of the
basin. Weathering of primary silicate minerals in the confined aquifer occurs only along the
direction of flow.

Weathering reactions ami mass transfer are defined for the confined

aquifer. Radiocarbon, U C im'asuiemenis and major-elenieni ehcmi.stiy were used to conslruel
;i gv-rtchemical framework for interpretation of basin hydrology in the upper and lower basins
of the San Pedro River Valley in southeastern Arizona. The I4C datn show the prcsenee of a
regional confined aquifer, a closed hydrochcmical system, and a locally extensive unconfincd
aquifer, avi open system. Residence times of tin; ground water in the confined aquifer, after
collecting for mass transfer rcjuiifins, ate greater than 12,000 years. The ground-water ages
do not inerease in u downvallcy direction, the assumeil direction of ground-waUT movement
in most intennontanc basins in lh; region. Wheie the aquifer is unconfined, the mean
residence times of the ground witier are considerably less, and recharge lo the ground water
occurs over a much larger area of the basin with increasing mixing in the direction of flow.
The hydvogeologic concept of the radiocarbon model is supported by the deuterium and " O
diiui where older waters discharging along the basin center arc isotopically lighter than
pi\ vnl-day recharge, indicating recharge during a cooler cliiTiute.
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RADIOLOGICAL ACCIDENT AT THE RADIOACTIVE WASTE DISPOSAL SITE
OPERATED BY KHARKOV STATE INTER-REGIONAL SPEClALlZBb PLANT
V.V. Bogdanov, V.I. Galkm, V.V, Kartashev, G.D. Kovalenko, V;F. Vitko, M.X- Zakh.archenko
Ukrainian Scientific Research Institute of Ecological Problems (USRIEP), Kharkov, Ukraine
A J. Drougovit% A.N. Letuchy :
Kharkov State Inter-regional Specialized Plant {KSlSP). Kharkov, Ukraine

:

On January 1997, tritium was detected in water sampled at two groundwajcr monitoring
points located on site at the ^dioactive-v^te-disposal site {RWDS)operated by Kharkov State
Interregional Specialized Plant. (KSISP). Maximum tritium activity detected at 3H borehole was
at 300 microcurie per liter, indicating tritium-rich water leakage from RWDS facilities. .
RWDS, facilities are located m the north-western pan <i>f the ttharfeov: region at 23 km
distance from the city of Kharkov, Special sanitary protection 2one (I km wide) and control
zone (5 km wide) are established around the facility. Within RWDS there arc three solid
radioactive w*$t£ storage units with tritium (No. 18, 19 and 20) which have completed storage
capacity and are being prepared for conservation, as well as two liquid waste storage units with
tritium (No. 21 and 22). The typical design units were constructed over 30 years ago.
Units No. 19 and 20 w<jre the primary source of tritium infiltration into the aeration area.
Tritium-rich leachate from uni( No. 20 has entered the aquifer via off-pipe space of the borehole
No. 3( I. According to expert estimates, the total activity of tritium-rich water, which has entered
the aeration area since 1978 through 1996, is at about 550 Curie. The total area of the source is
practically the same as the foundation area of units No. 19 and 20, \ A , about 300 m \ The
undcrlayer composition is shown in Figure I.
^
.'".'..;.
••'"-''
"• "<•
•'••"
In order to get more precise spatial data
P
W«H#4
W«I('#3H abqut polluted area, diffusion
modeling
approach was used for estimation of tritium-rich
water distribution patterns within the aeration
— -area. Diffusion model is capable of producing
descriptive data on time-dependeM activity of a
plane-surface pollution source. The obtained
data enabled to compute more precisely the
:
firown
rates of filtration within the aeration area, which
slightly varied .from borehole to borehole.
Analysis of measurement data and computing
results revealed that the maximum activity of
tritium originating from unit No. 20 has
deposited at a depth of 10-12 m, white tritium
origf jutting from unit No. 19 has its maximum
at 1$-16 m depth. According to our estimates,
GroujfidWaler'
151M
the process of tritium infiltration from the
Cl*y
aeration area into the groundwater layer will
continue
25-30 years.
Fig. 1
Measurement data on the dynamic changes
of specific tritium activity withinthe aeration area throughout the depth of borehole No. 33H arc
shown in.Figure 2 with measurement error ranges. Computing results produced with the
advectives;onvectivc diffusion model arc shown as solid line. Application of precision assurance
procedures for calcutatibn of a maxfrhuiri yalflc^aiihe computed curve enabled to refine the rate
of filtration within the RWDS area, which equals to 0.6 • "lO7* m/day. Comparison of measured
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maximum specific tritfujn-activity at
various depths witr> the. d e p u t e d values enables
to identify the Size SUTKJ position tit the source
-from vrfu'ch tritium ejlf#rsihesexton area.;
.'
• ; # b e n l^is-:i^i^tOTii^cif$ent at RWDS
was detected, the• systematic jftomtoring of the
tntiwajirorrfent in tbe grpitRdyvaici: ftad Started ,at
10 monltorihg pojnts. Abnojrrflaj coneentraiions
of tritiufn WCK 'Selected I t r water^ -Sarftplcd from
morittonng boreholes No: : 2Hv3Ji;4H, 5H, 7H,
_
%
. series of.fcriitian a<3tivhy«|.ata from
monitoring boreholes fin, l)\ ihmug^WHfcrv
Fig. 2
.; 1997 Wabied to deriyea dear pictureLof^spatial
distrib^ion of voiumeuic intittcrlifitivity levels
RWDS, By the ei\3.of]9^7, toe'iow! area of
:rri an aquifer draining under the territory of
ground water layer entrapping tntium/Cpncentrations' of up to 3 x 10^. .^q/1 w p a s large as 2500
m7. Total volume of polluted^oimdvmir was iabput 4dO m3, with total tritium activity of 7-10
Ci. By the end of 1997, this radioactive1 pollution area was located within ..the. Strict control area
of RWDS According JO our estimates, the radioactive pollution area where tritium concetitration
its more than 3 x 10 A Bq/t, will ^psaii& 260 m Jongjtudinally and to 70 m latitudinal by'the end
jof-l.998.
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Using the simulation; model, the spatial tritjurn distribution pattern has been defined "for

•tjiat p e n o d ( s e e F i g u r e 3 ) .
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Fig. 3
:

Volumetric tntium activity iso)irtes were computed for"two;jp9«s:'ypi(umetric tritium
activity eqpials. 3 J tO4iBq/1 <Iirie U J 6^^Figure; 3) msjl voiumeiric tritfiotrji activity equals 3.7J0 5
Bq/1 (Ime # 2 on Figure 3).
; ;
: . . .
:
.
,,_..,. Due tp th6 Jow raie of •filtratiQh miium distribution pattern grovft Vety slowly, but over
lite past 2 years u hasiexiended. to Uve sariitary protection.zotK sur^u^ding the RWDS; and this
process iscontinuing.
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MAPPING SPATIAL VARIABILITY IN REDOX
CONDITIONS AT THE LANDSCAPE SCALE USING
THE STABLE ISOTOPIC COMPOSITIONS OF BIOTA
C. KENDALL, C.C. CHANG, S.R. SILVA
United States Geological Survey, Menlo Park, California, USA

Biochemical reactions such as denitrification and methyl mercury
production in the shallow subsurface sediments in aquatic systems and
watersheds can have profound effects on surface-water quality. These processes
are controlled by redox conditions in the sediments or water column and, hence,
may be strongly affected by transient changes in oxygen, nutrient, and trace
element levels caused by seasonal changes in hydrology and anthropogenic
inputs. Because of the ephemeral nature of chemical signals produced by these
reactions, it is often difficult to assess the spatial and temporal extent of
environmental conditions that favor these reactions, or the degree to which these
reactions affect ambient water quality, by conventional chemical or isotopic
measurements of dissolved species.
We are attempting to use the SI5N, 6'3C and 534S of biota in marshes and
riverine systems as indicators of local environmental conditions that may impact
water quality. The theoretical basis of this study is that the isotopic compositions
of plankton and non-fixing plants reflect to a large extent the isotopic
compositions of the dissolved N, C, and S in the environment that is being
utilized by the biota, as modified by various possible fractionating mechanisms in
the plants. The isotopic compositions of the primary producers are then reflected
by higher level organisms such as invertebrates and fish, as modified by mixed
diets, trophic enrichments, and the larger foraging areas and time periods of the
higher level organisms. Hence, under favorable conditions, the biomass isotopic
compositions can reflect (and integrate) the extent of such processes as
denitrification, sulfate reduction, and methane oxidation in the riparian zone,
hyporheic zone, and water column that affect the isotopic compositions of the
dissolved species.
Three major pilot studies are underway to test this hypothesis: in the
Everglades (a large marsh in southern Florida), the Mississippi River Basin, and
at the national scale. In each, broad regional surveys are coupled with sitespecific studies to link biogeochemical processes with the biomass isotope
patterns. At more than 100 marsh sites throughout the Everglades, representative
algae, fish, and sediment samples were collected and analyzed for 615N, 813C and
634S to assess possible spatial, seasonal, and longer-term temporal changes in
environmental conditions that favor methyl mercury production and
bioaccumulation up the foodweb. In the Mississippi River Basin, where high
nitrate levels in stream water pose potential problems for water supplies in the
region and are suspected of causing a large hypoxic zone in the Gulf of Mexico
each summer, we are investigating several isotopic approaches for tracing the
nutrient sources and land uses that are contributing N to the Gulf of Mexico, and
the N recycling processes that are reducing nitrate loads. Seasonal samples were
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collected at several dozen water-quality monitoring sites draining basins with
different land uses and analyzed for the 6'8O and 6'5N of nitrate, and the 615N,
613C and 634S of particulate organic matter, dissolved organic matter, algae, fish,
and invertebrates. This investigation of the usefulness of biomass isotopes as
indicators of environmental conditions has been extended to the national scale by
piggybacking on national sampling programs to collect and analyze samples of
POM, fish, and invertebrates from over 100 additional sites.
In the Everglades, fish and algae both show wide ranges in isotopic
composition throughout the marshes, with about a 10%o range in 6 values for
each isotope and species. However, the spatial contour plots of the isotopic
compositions display intriguing regional patterns that show little change with
species or season. This is strong evidence that the environmental patterns
reflected by the primary producers are being incorporated up the foodweb. The
isotopic values show a general correspondence with peat thickness, with the
lowest 8'3C values and highest 634S values along the major axis of the flow
system. Areas with high methyl mercury contents commonly have high 615N and
634S values. Zones frequently dominated by particular redox reactions appear to
be "labeled" by the 513C, 615N, and especially the 634S of local organisms. The
spatial patterns in the modern biota are very different from the patterns in the
upper 10 cm of the underlying peat, suggesting that the biota patterns reflect
recent changes in environmental conditions.
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USE OF ISOTOPE GEOCHEMISTRY TO
DETERMINE THE EFFECTIVENESS OF WATER
MANAGEMENT STRATEGIES,
NILE VALLEY, EGYPT
M. FAHMY HUSSEIN
Faculty of Agriculture, Cairo University, Cairo, Egypt, e-mail:
fahmy@link.com.eg
R. L. MICHEL
US Geological Survey, MS 434, Menlo Park, CA 94025, USA
A. NADA
Atomic Energy Authority, Cairo, Egypt
K. FROEHLICH
IAEA, Hydrology Section, Vienna, Austria
S. ATTA
Groundwater Institute, Kanater, Egypt
A. TANWEER
IAEA, Isotope Hydrology Laboratory, Vienna, Austria

In the arid and semi-arid zones of Egypt, water-logging and related
problems may arise in the low-lying areas of the Nile Valley due to the start of
irrigation in the coarse-textured upland areas on the plateau above the valley.
Water-management strategies used in the upland areas and Nile Valley will control
processes occurring within the soil and saturated zone and impact problems such as
salinity buildup and water-logging of soils. As the lands in the Nile Valley are the
most fertile lands in Egypt, their preservation is important. Among the methods
that can be used to combat water-logging are:
1. Changing the irrigation methods including lining aqueducts that convey water
to the plateau above the valley; 2. Installing interceptor drains in the hinge zone
between the plateau and low lands to collect water draining into the valley from
above; 3. Using groundwater pumping in the plateau and in the hinge zone for
vertical drainage purposes. The last method was instituted in 1993 in Middle
Egypt in order to alleviate problems that started 30 years ago with the installation
of farming in the sandy upland plateau to the west of the Nile Valley. The
irrigation on the plateau has resulted in water logging in the western side of the
historically cultivated lands within the Nile valley. The efficiency of the vertical
pumping in controlling drainage from the plateau into the Nile Valley is not well
known and needs an independent critical evaluation.
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Isotope hydrological techniques can offer insights into groundwater
systems when different isotope signatures are present in the end-member water
types. In 1993-95, samples were collected from several pumping wells, hand
pumps and the surface water network for 3H, I 8 0, 2 H, 14C, and 34S measurements.
Also, nine vertical drainage wells were sampled for 3H, 18O,2H, and electrical
conductance during a three-month pumping test in 1993. The objective was to
determine the source of water being pumped and to evaluate the efficiency of
pumping and discharge of recent irrigation water in the hinge zone between the
plateau and the valley. Bomb-radiocarbon and tritium were present in all the
vertical drainage wells sampled, indicating discharge of post-1953 waters.
Measurements of stable isotopes of water also show that the waters initially being
removed by the vertical drainage wells sampled had the post-1970 isotopic
signature created by the completion of the High Dam at Aswan (Hussein et al,
1998). In some wells, isotopically enriched water, indicative of post-1970 water
(18O approximately equal to +3 o/oo), continued to be pumped after 2-3 years of
pumping. However, other wells indicate a shift to withdrawal of older waters (I8O
ranging between -1 to +1 o/oo) that probably entered the floodplain prior to the
beginning of irrigation of the plateau above the valley floor. These results
indicated that a part of the pumped water came from older water in the main River
valley, and not from the excess irrigation water moving down-gradient from the
western plateau eastward into the historically cultivated low lands of the Nile
valley. The change in stable-isotope ratios was accompanied by a drop in tritium
concentrations also indicating the withdrawal of older water. Thus the current
vertical drainage system is pumping out older water and not the recent irrigation
water flowing off of the western plateau as intended. This coincides with the
observation that the water-table has been lowered only a few centimeters in the
areas being treated by vertical drainage.
Hussein, F. M., R. L. Michel, and K. Froehlich, (1998) Historical Isotopic Changes
in the River Nile and their Relation to the study of Groundwater Hydrology in the
Nile Valley and Delta, in: Gambling with Groundwater, Proceedings of the IAH
and AIH Joint Conference, J. Van Brahana et al., Eds, pg 105-110.
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CFC concentration ratios: implications for ground water dating
M. Groning, L.-F. Han
Isotope Hydrology Unit
Agency's Laboratories
International Atomic Energy Agency
P. O. Box 100, A-1400 Vienna, Austria

Chlorofluorocarbons (CFCs) are used more and more for dating of modem
groundwater as a promising alternative to the tritium dating method. Due to the still
increasing concentration levels of the three different CFC compounds CFC-11, CFC12 and CFC-113 in the atmosphere (Fig.l), on medium term the CFC dating method
has good chances to substitute tritium dating of shallow groundwater as a
consequence of decreasing atmospheric tritium input. On short term it could already
replace the tritium method completely in the Southern Hemisphere with its extremely
low atmospheric tritium levels. Both methods underlay similar constraints in terms of
mixing of water masses of different ages and the interpretation of the results as water
mean residence time.
A new approach will be presented to improve the interpretation of analytical CFC
results, which may overcome some concerns on the immanent constraints of this
dating method. Certainly a better understanding of the processes influencing CFC
groundwater dating is necessary for a broad use of the method in applied research.
The input function for CFC migration from the atmosphere into the groundwater is
not as well established as in the case of tritium due to local CFC emissions from
industry and household. As dissolved gases, the CFC concentrations in water are
influenced by the local water recharge temperature as well as by dissolved excess air.
Degradation mainly affects CFC-11 under anaerobic conditions. The interpretation of
analytical data with low CFC concentrations is sometimes complicated due to the high
sensitivity of the method to contamination of the water samples with atmospheric air
during sampling and handling.
In this paper it is shown that, in contrary to the CFC concentrations, the CFC
concentration ratios CFC-1 l/CFC-12, CFC-113/CFC-l 1 and CFC-113/CFC-12
(Fig.2) are not strongly dependent on the recharge temperature and the ratio CFC113/CFC-12 is nearly independent of dissolved excess air. In practice, the ratio CFC113/CFC-12 can be used for dating of shallow groundwater recharged since 1975 in
circumstances where the recharge temperature and/or the amount of dissolved excess
air are uncertain or even unknown. Moreover, the CFC concentration ratios may
enable the hydrologists to distinguish between a single water mass (piston flow) and
cases where water of different ages is mixed (exponential model and other mixing
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scenarios). Under certain circumstances contamination effects can be detected. In any
case, the CFC concentration ratios provide additional and more robust information on
the groundwater age and can avoid erroneous conclusions eventually drawn from
concentration measurements.
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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 CFC-1 l/CFC-12, CFC-113/CFC-l 1, and
CFC-113/CFC-12. Ratios are based on the data presented in Fig. 1.
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Environmental isotopes as early warning tools to control
the abstraction of deep ground waters
K.-P. Seiler, P. Maloszewski, S.M. Weise,
GSF-Institute of Hydrology, Neuherberg, Germany,
H.H. Loosli
University of Bern, Switzerland

Within the last 100 years drinking water abstraction proceeded from shallow to deep wells to
create a better base of ground water protection. With respect to pollution, this development,
however, increased predominantly the dilution volume of aquifers for accidental spills and
diffuse pollutions and thus may not always contribute efficiently to ground water protection
on a long run.
Recent research demonstrates that ground water resources in layered aquifers are subdivided,
depending on hydraulic conductivities, in active (near surface) and passive recharge zones
(deep ground water). The active zone comprises mostly a thickness up to 100 m.
Mathematical modelling and environmental isotope data show that recharged ground water
flows under non-exploited conditions to more than 85 % in the active and less than 15 % in
the passive recharge zone; the interface between both zones parallels an abrupt change in
water ages and mostly also in water chemistry.
The abstraction of ground water from the passive zone produces long term non-steady state
hydrodynamic conditions. Therefore it requires adapted management tools to avoid significant
disturbances of flow systems and to favour thus the import of contaminants into subsurface
regions that were quite well protected against pollution on a long run.
Early warning system for the exploitation of ground waters from the passive zone can not be
based on the measurement of pollutant concentrations itself. The environmental tracer data are
suggested to be used as indicators for changes of conservative mass transport processes from
shallow to deep or very deep to deep ground waters. This type of monitoring combined with a
mathematical modelling permits to perform early decisions concerning ground water
exploitation to prohibit the access of pollutants to deep ground waters in dangerous
concentrations. This combination of measurements and modelling of environmental tracer
data is proposed to be applied as a early warning system. It is especially convenient due to
existence of natural isotope and chemical stratification in aquifers caused by
• differences in the half life of radioactive tracers
• varying climate conditions during the past
• differences in chemical reaction kinetics and
• ground water flow velocities producing respective leaching of chemicals from the
aquifer.
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These stratifications get on a long run disturbed applying unadapted exploitation of ground
water from the passive zone and expresses in terms of isotope and chemical changes in waters
out of the exploitation well and its downstream area.
Numerical flow and transport modelling has been performed for layered aquifer having
different groundwater abstraction rates from the passive zone and proves
• the utility of this early warning systems, especially when using 39Ar and
• that new concepts are needed to delineate protection areas for any deep ground
water extraction.
Respective sampling based on environmental isotopes in areas without and with deep ground
water abstraction are in good agreement with these model results. It should be possible to
produce time dependent concentrations curves of environmental isotopes and chemicals for
homogeneous and some types of inhomogeneous aquifer systems. These curves should allow
a rather quick orientation of boundary related changes of hydrodynamics between both ground
water recharge zones and the respective import of pollutants into deep ground waters.
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AQUIFER SIMULATION AND PREDICTION OF POLLUTION TRANSPORT
T. ANOVSKI
Faculty of Technology and Metallurgy, University of Skopje,
The Former Yugoslav Republic of Macedonia
V. POPOV
Wessex Institute of Technology, Southempton, SO40 7AA, UK

After appearance of some pollutants (3-chlorethylene, 4-chlorethylene) in
groundwaters of south-eastern locality of Skopje (for more details see [1]),
hydrogeological, isotope-chemical and lab tracer studies as well as mathematical and
numerical models were applied, in order possible pollution sources to be identified.
As the use of the wells was stopped one year before the investigation started, it
was necessary to simulate the actual groundwater flow at the time of exploitation. The
groundwater flow, for a 2-D, non-homogeneous and isotropic case is described by the
following equation, see [2]
(1)

where: T-transmisivity, O-hydraulic head and P-pumping rate. Equation (1) was
solved using the finite element method (FEM). The results for the hydraulic head in
the time when the study was made are presented in Fig. 1, where OCI (OrganoChemical Industry) represents the suspected source of pollution.
OCI

Wells

Fig. 1. Results for hydraulic head for the considered locality
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The results of a simulation which takes into account the influence of the pumping out
when the wells were active are presented in Fig. 2. It can be seen in Fig. 1 that the
depression of the hydraulic head in the region of the wells exists even when there is
no pumping out of the groundwater. This is common effect arising due to the long
term exploitation of the wells, which creates a preferential direction of flow of the
groundwaters even when the pumping out has stopped. The higher level of the
groundwaters, evident in both figures, in the middle of the region is due to the local
river which supplies the groundwaters.

Wei is

Fig. 2. Results for hydraulic head for the considered locality when the wells are active
The dispersion coefficient was determined by lab tracer experiment, where a
column with aquifer core and NaCl tracer were used. The ratio C/Co as function of
time, see Fig. 3, where C and Co represent the concentration of the tracer at outlet and
inlet, respectively, was used with equation (2), for more details see [3], to obtain value
for the dispersion coefficient
(2)
where: V-velocity, t-time, D-dispersion coefficient, I-Iength of column.
Once the dispersion coefficient and the velocity field were obtained, the source
of pollution and prediction of transport of contaminants, using the convectiondispersion equation [2], was established.
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Fig. 3. The C/Co ratio as function of time
/ L = 1 m, length of column, V = 1.07 m/day /
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ADVECTIVE ISOTOPE TRANSPORT BY
MIXING CELL AND PARTICLE TRACKING ALGORITHMS

L. TEZCAN, T. MERIC
Hacettepe University, Department of Hydrogeological Engineering, Ankara, Turkey

The "mixing cell" algorithm of the environmental isotope data evaluation is integrated
with the three dimensional finite difference ground water flow model (MODFLOW) [1] to
simulate the advective isotope transport and the approach is compared with the "particle
tracking" algorithm of the M0C3D, that simulates three-dimensional solute transport with the
method of characteristics technique [2].
Discrete state mixing cell models [3-5] are the initiative works of the distributed
parameter modeling of the environmental isotope data. These studies have provided turnover
time and dynamic volume of the compartments representing part of the groundwater system
by calibrating the isotope contents and additionally the flow rate at the outlet of the system. In
these studies, the aquifer is discretized into finite number of the cells (compartments) and it is
assumed that complete mixing occurs within each cell over discrete time intervals. Under
complete mixing conditions in each cell, the recursive state equations for each tracer which
can be expressed by:
St = St-At + Rt Cjnt - Qt Coutj

(1)

where "S t " is the cell state at time step t represent the mass of the tracer in the cell, "Rt Cmt" is
the incoming mass flux with recharge, and "Qt Cout," is the outgoing mass flux with discharge
from the cell. The above given equation represent the mass of the tracer at each time step as a
function of the incoming and outgoing mass flux.
The mixing cell algorithm is either explicit or implicit backward finite different
approximation of the advective term in the solute transport equation [6]. The 1-D solute
transport equation can be expressed as:

fcf!cac
D

dt

s

v

dx2

dx

where C=C(x,t) is the concentration, Ds is the dispersion coefficient and V is the average
groundwater velocity. The second term of this equation represents the advective transport and
can be approximated by the following finite difference scheme:
(3)
where (VAt/Ax) is the Courant number and should be less than 1 to affirm the finite difference
solution is stable. It is indicated that this scheme provides the same solution with the analytic
solution of the advective solute transport equation [7].
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Former applications of the mixing cell models in the evaluation of the isotope data
have been based on either steady state flow regime or flow computation by the routing
techniques since the compartments are still lumped subbasins of the model area. In the
proposed model, the flow is calculated on the basis of the hydraulic gradients computed with
MODFLOW and the transport is calculated by explicit backward finite different
approximation of the advective term of the solute transport equation as an additional package
added to MODFLOW.
M0C3D is an integrated transport model to MODFLOW to simulate the three
dimensional solute transport in flowing groundwater. M0C3D solves the advective transport
equation with the method of characteristics by tracing the reference particles within the
stationary coordinates of the finite difference grid, and estimating the concentration and the
position of the particles as a function of time. A major advantage is that the method
minimizes (or even eliminates) numerical dispersion [2].
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Stable Isotope Contents of Porewaters in Clay-rich Aquitards, Saskatchewan,
Canada: A Comparison and Evaluation of Measurement Techniques
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Surficial aquitards are common throughout the world and are vital to the containment,
disposal, and effective management of waste in near surface geologic environments. Despite the
importance of these aquitards and their widespread occurrence, our current understanding of solute
transport mechanisms and geochemical reactions in aquitards is limited. Vertical profiles of
environmental isotopes (5D and 8I8O) in porewaters have provided valuable information on solute
transport mechanisms in clay-rich till aquitards. For example, 5D and 518O were used to show
molecular diffusion was the dominant transport mechanism in several surficial aquitards [1-3], and
were further used to constrain hydraulic conductivities (K) in non-fractured clay tills [4].
Valid interpretation of vertical profiles of environmental isotopes in aquitards requires
sufficient detail throughout the geologic profile: the greater the detail, the more information available
to aid the development of accurate transport and reaction models. Isotopic profiles can be obtained
from porewaters sampled from conventional piezometers. However, the installation of piezometers in
aquitards is very costly and, because of the low K of most aquitards, it may take months to obtain small
amounts of water for analysis. Thus, techniques other than piezometers are needed to obtain the
detailed profiles needed for interpretation. Ideally, alternative techniques will yield 5D and/or 5I8O
values that are the same as that of the pore water (accurate), are reproducible and are time and costeffective.
Here we compare 5D and/or 8ISO values of porewaters that were obtained using 4 techniques;
core squeezing [5], centrifugation, direct soil equilibration, and azeotropic distillation [6]. Mechanical
porewater extraction (squeezing) is more labour intensive than the other techniques. A soil sample is
placed in a stainless steel loading cell and a pressure of 40 MPa is applied for 48 hours. Water is
collected at the base of the cell and drained into a sampling syringe. Porewater was centrifuged from
soil samples using the commercially available UFA instrument [7]. The UFA consists of an
ultracentrifuge that is capable of reaching an acceleration of 20,000g. Soil specimens are placed in a
sample holder, slid into a metal cup, and an effluent collection chamber is attached. The specimen is
then placed in the centrifuge, brought to a desired acceleration, and allowed to spin for approximately
24 hours. Centrifugation was found to be an effective technique for porewater extraction. Azeotropic
distillation utilizes a mixture of two liquids that boils at a lower temperature than its constituents. This
unique property facilitates the extraction of porewater for 5D and 818O analyses. An automated
equilibration technique was used to measure 518O of porewater by direct CO2 equilibration of the
geologic media using specially constructed equilibration vessels. This technique was modified after
that proposed by McConville et al [8] for sandy sediments. The objective of this study was to assess
how well these various alternative techniques met the criteria of accuracy and reproducibility in
obtaining cost effective isotopic data from aquitard porewaters.
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The techniques were applied to 84 core samples collected from a thick (94 m) clay-rich, till aquitard
research site located approximately 115 km east of Saskatoon, Saskatchewan on the Assiniboine River Plain.
The 818O and 5D values from the various techniques were compared to isotopic values obtained from waters
from adjacent piezometers. Water samples obtained from core squeezing and centrifugation, and direct soil
equilibration were analyzed for 5D and 5'8O by standard CO2-water and/or H2-water equilibration techniques
at the National Water Research Institute. 5D and 6I8O results are reported as the relative difference between
the 1SO/16O and D/'H abundance ratios of the samples and standard mean ocean water (VSMOW) expressed
in %o. The precision of the 5D and 5'8O analyses were ±2 and ±0.1 %o, respectively. Azeotropic distillation
and associated isotopic analyses were conducted by the University of Waterloo with a precession of ±2 and
±0.2 %o for 2H and 18O respectively.
Results showed that direct soil equilibration, squeezing, and centrifugation techniques yielded
similar results, and comparable to the 5'8O of porewater obtained from associated piezometers. In contrast,
azeotropic distillation yielded highly variable 518O values in some cases. With the existing laboratory design
for the direct equilibration technique, 24 samples can be analyzed in 16 hours. Centrifugation was slightly
more labour intensive, requiring 48 hours to obtain four porewater samples for analysis. Squeezing and the
diffusion cell technique were even more time consuming, requiring 24 to 48 h and more than a month for
equilibration, respectively, to obtain one porewater sample for analyses. We concluded that the direct soil
equilibration technique was the most cost effective method to develop detailed vertical profiles of 51SO in
aquitard porewaters. The resulting detailed profiles will allow us to obtain valuable information on the solute
transport mechanisms in aquitard systems.
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Multiple isotope ratio determination on H2O, DIC and CaCO3
using a new universal on-line interface
JOrn OeBelmann, Andreas W. Hilkert
Flnnigan MAT GmbH, Bremen, Getmony
A new type of on-line interface combining the high precision of classical multiple sample/standard
comparison with the sensitivity and ease of an on-line interface achieves automated high precision
isotope ratio determination of smallest gas samples.
Using a gentle stream of helium the sample gases (e.g. CO2) are passed from from the headspace of a
10ml sample container Continuously through a Valco sampling loop. Switching the sample gas loop
onto a GC column every 90 seconds a multiple data set is achieved. Reference gas pulses can be
injected alternatingty with the sample peaks.Each switch of the sampling loop is the start of a GC
separation of the contents of the loop. CCfe is separated from all other gases of the sample in the GC
and transferred via the open split into the ion source of the IRMS. As common in the classical multiple
sample/standard comparison technique, the sample peaks are calculated against the reference peaks,
resulting in improved precision due to higher statistical significance .
For H2O and DIC samples of less than 600 ul an external precision of better than 0.05 permil for 513C
and 518O can be achieved.Carbonate samples down to 25 jig can be measured with a precision of 0.05
permil. Decreasing the sample size down to 3 ug shows no significant deviation in the mean values, due
to this different sample preparation and tranter technology.
First applications are shown on:
- Equilibration of aqueous samples
- Dissolved inorganic carbon in seawater -DIC- (by acidification)
- Carbonates (by acidification)
This Interface, the GasBench D, is supported by the Combi-PAL autosampler (CTC, Switzerland) and
combines the advantages of flexibility, wide variety of applications, low sample sizes, and best price/
performance ratio.
It shows new applications in respect to sample troughput,sample sizes and ease of use.
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The conventional method for measurement of 18O in water samples, i.e. measurement of CO 2
gas after isotope exchange with non-pretreated samples, is compared with results on acidified
samples, distillation of the water ma&ix and repeated exchange with highly 18O depleted water
from Antarctic ice. Four samples from the Gorleben site are investigated. These are a low ionic
strength groundwater from 75 meters depth, two salt brines from 222 and 237 meters depth
from me upper part of the so called "Gorleben Channel" and from the direct vicinity of the
central plateau of the salt dome, and salt saturated inclusion water from inside the salt dome
formation at 846 meters depth. The water samples are saturated with respect to calcite.
Results show that the CO 2 exchange method is applicable if adequate precaution is taken. Salt
inclusion water show memory effects of hydration/crystal water upon repeated equilibration
with the Antarctic ice water. Consequently, application of the CQj exchange method requires
several weeks of equilibration.
To ensure that the calcite super-saturation and the high salt concentrations do not have an
adverse impact on the measurement of 18O in such samples the CO2 isotope exchange method
is scrutinized. The samples are measured by CO Z isotope exchange with (1) original samples;
(ii) acidified samples to ensure calcite non-supersaturation; (iii) distillate of original samples to
avoid the impact of salt on the isotope fractionation between CO 2 gas and the water sample;
and (iv) three sequential distillates of the solid salt residue after equilibration with highly 1SO
depleted Antarctic ice water (-46.33 96o reL SMOW) at elevated temperature to investigate
possible isotope fractionation between hydration/crystal water and the water matrix. The
samples are the three Gorleben groundwaters Gohy-752, -193 and -944, and salt dome inclusion water. Gohy-752 is a non-saline groundwater from 75 meters depth with high dissolved
organic carbon content (81 mgC/L) and 7.5 mmol/L dissolved inorganic carbon (DIC). Gohy-
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193 and -944 are brines of 3.1 and 5.2 M ionic strength. The chemical composition of the salt
saturated inclusion water is dominated by MgCl (appr. 3.7 mol/Kg).
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Fia. 1: ^O values for different samples and sample fractions.

In Fig. 1, the I8 O content of different samples and sample fractions are shown. For Gohy-193,
-944 and -752, no difference is found between direct measurement, measurement after
acidification and measurement of original sample distillate. Furthermore, no memory effect due
to residual hydration/crystal water in the solid residue is found. These waters have DIC
concentrations between 4.76 and 7.50 mmol/L, calcite saturation indices between -0.57 and
0.52 prior to contact with CO2 gas for isotope exchange, and ionic strengths up to 5.2 M. The
results show that these waters can be measured without problems by the common COj
isotope exchange method. Contrary to this, measurement of the salt saturated "Salt Inclusion"
is not as straight forward. Upon addition of water-ftee sulfuric acid precipitation is observed.
The 18O value becomes more depleted showing that 18G enriched water is entrapped in the
precipitate. Upon distillation of the original sample, no significant impact of entrapped crystal
water is observed. Reflux with Antarctic ice water, however, shows that considerable amounts
of crystal water is entrapped in the salt inclusion solid residue. Even after three times of reflux
and exchange with Antarctic ice water, the resulting distillate is influenced by entrapped 18O
enriched water.
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Correlation between 14C, 15N, 13C and spectroscopic properties of dissolved
humic substances
K. Kalbitz, S. Geyer, M. Genre, W. Geyer
UFZ Centre for Environmental Research
Dep. of Soil Sciences, Hydrogeology and Analytical Chemistry, Halle, Germany
Common tools for characterization of dissolved humic substances are spectroscopic methods
and analyzing their isotopic signature [1-2]. Spectroscopic methods were used to reflect differences in the composition of dissolved humic substances caused by a different land use history over the last 200 years [3]. However, it was impossible to recognize short-term changes
in land use (from crop production to unimproved pasture) by these properties. The objective
of our study was to investigate this disturbance of steady state conditions by determining the
isotopic signature of dissolved humic substances. Mainly, correlation between the isotopic
signature and spectroscopic properties should be revealed.
The peat soils of the research region (fen area ,,Dromling"; Germany) have been degraded
by agricultural cultivation for 200 years. We selected 6 sites with different usages. The soils of
the long-term intensively used sites (sites 1-3; degraded peatlands) contain only relict
amounts of peat as a result of agricultural usage stretching back 200 years. The land use pattern of site 3 was changed from crop production to unimproved pasture in 1996. The other
sites (4-6) with a long-term extensive grassland farming or with no agricultural use can be
described as relatively intact peatlands.
At three sampling dates (summer and autumn 1996, spring 1997), we extracted fulvic acids
(FA) from groundwater and aqueous extracts of the topsoils with XAD-8 resin [3] and determined the isotopic composition of the FA fraction (14C, 15N, 13C) [4). Additionally to [3], synchronous fluorescence spectra of the corresponding water sample were recorded [5].
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isotopic light nitrogen compounds. A mobilization of younger organic matter after changing
land use is reflected in the high 14C content of FA (Fig. 2). This mobilization of younger organic material could be the effect of a distinct increase of microbial activity resulting in a
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Fig. 2: C content of FA in dependence on the that a increasing age (lower 14C values) is
linked with a increased humification of
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FA. However, low 815N ratios of FA indicating a relatively low microbial change of the FA nitrogen compounds are linked with a high
humification index. This indicates differences in C and N turnover during humification of
water-soluble FA.
If steady state conditions (site 1-2, 4-6) are disturbed due to a changing land use the relation
between the isotopic content ( 15 N, 14C) and the humification index is changed too. The
changed land use results in higher I4 C and higher 15N content but the fluorescence spectra
remain unchanged.
The different correlation between the isotopic content ( 15 N, ! 4 C, 13C) and the fluorescence
behaviour of FA indicate a different fractionation of C and N isotopes during the mobilization
of water-soluble FA. Probably, C and N show a different mobilization and dynamic in soil and
groundwater. Another conclusion is that changes in dissovled humic substances caused by a
changing land use could be detected only by means of isotopes techniques.
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ESTIMATING GROUNDWATER 14C AGES IN THE ARID TI-TREE BASIN, CENTRAL
AUSTRALIA: USE OF 87Sr/86Sr TO CONSTRAIN SOURCES OF INORGANIC CARBON
G.A. HARRINGTON and A.L. HERCZEG
CSIRO Land and Water and Centre for Groundwater Studies
Private Bag 2, Glen Osmond, SA 5064, Australia
The sporadic nature of rainfall events and extremes in climatic conditions in arid zones
throughout the world makes quantitative hydrological investigations in these regions very
difficult. Reliable estimates of rates of groundwater recharge/discharge and lateral flow are
essential to determine the sustainability of a groundwater system in an arid environment.
Groundwater residence time (defined as the total storage divided by recharge rate) is difficult to
measure using conventional water balance techniques where recharge fluxes are a very small
component of total water fluxes. The use of stable and radioactive environmental isotopes on
the other hand, have been shown to be most useful in arid zone hydrology as they can provide a
complete "history" of the groundwater, particularly on a regional-scale.

Fifty nine groundwater samples taken from production
bores and piezometers during 1996 to 1998 have a
hydrochemical type ranging from Na-HCO3 in the
relatively fresh waters (TDS < 1000 mg/1) to Na-Cl in
the more saline waters (TDS ~ 1000 to 3000 mg/1).
All samples possess stable isotopic compositions that
plot near the local meteoric water line. However,
they are significantly depleted in 2H (52H = -63 %> to
-50 %o) and I8O (518O - -9 %o to -6 %o) in relation to
the
amount-weighted
mean
annual
isotopic
composition of rainfall at Alice Springs (52H = -23.5
%o, 818O = -4.7 %o). This suggests that the
groundwaters were all recharged following intense
rainfall events of greater than 150 mm/month, which
occur only every 10 to 20 years.
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The Ti-Tree Basin in the Northern Territory
of arid Central Australia (Fig. 1) contains several
Tertiary and Quaternary aquifers which yield highquality groundwater (TDS generally < 1500 mg/1).
This resource is vital to the existence of major
horticultural developments in the Basin, and provides
a reliable supply of water to the township of Ti-Tree
(population ~ 100) and numerous remote Aboriginal
communities. To meet increasing demands for water
to expand the horticulture industry, it has become
necessary to gain a proper understanding of the
processes which govern the lifetime of this
groundwater resource.
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Figure 1. Location of the Ti-Tree
Basin, Central Australia.

Carbon-14 analysis has yielded "uncorrected" groundwater ages of up to 25,000 years for each of
the samples. 14C ages obtained from existing isotope dilution (Ingerson and Pearson, 1964) or
isotope mixing-exchange (Fontes and Gamier, 1979) models show no consistent trends either
along the hydraulic gradient or with depth below the water table. Groundwaters show an increase
in the dissolved inorganic carbon (DIC) concentration with a concomitant decrease in the 13C/12C
ratio (Figure 2a), indicating that the increase in DIC is associated with addition of CO2 derived
from oxidation of organic carbon. This trend is the opposite to that which is normally observed
in groundwaters, where an increase in DIC is caused by dissolution of marine carbonates with 5I3C
~ 0 %o, PDB. Carbonate minerals in the Ti-Tree Basin are continentally derived (5I3C ~ -8 %o,
PDB) which precludes the use of conventional 14C correction schemes in this system.
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Figure 2(a, b). Ti-Tree Basin groundwaters; (a) relationship between dissolved inorganic carbon
(DIC) and 8"C, (b) 87Sr/86Sr versus Sr/Na ratio.
Hydrochemical mass balance calculations (Harrington and Herczeg, 1998) and strontium
isotope data collected as part of this study provides further evidence that silicate weathering
reactions are causing the groundwater to acquire sodium and bicarbonate ions. 87Sr/86Sr ratios of
groundwater range from 0.72500 to 0.76500 which are significantly higher than reported for
groundwaters in most other parts of the world. A good correlation exists between the 87Sr/86Sr
ratio and the Sr/Na ratio of the groundwater samples (Figure 2b). Relatively low Sr/Na ratios are
associated with weathering of silicate minerals by the action of dissolved carbon dioxide,
producing a relatively radiogenic strontium isotopic composition in the groundwater. The
groundwaters that have higher Sr/Na ratios and less radiogenic (lower) strontium isotopic
compositions reflect interactions with continental carbonate minerals in the aquifer matrix.
We propose a model for the origin of DIC in groundwaters of the arid Ti-Tree Basin that
is based upon mixing between two end-members of different 87Sr/S6Sr compositions. The model
accounts for the various components of DIC which are derived by i) addition of CO2 from the soil
zone, ii) addition of HCO3" from carbonate weathering, and iii) addition of HCO3' as a by product
of silicate weathering. The initial 14C value (AQ) of the DIC in a groundwater sample is calculated
using

V0DIC

1 "

[DIC]Tot^

[ D I Qisge
[DIC]T o t .

-R
R. - R,

Ac"

MA.

where A is the 14C activity, R is the s7Sr/86Sr ratio and subscripts c, g, s, and w represent the
carbonate rock, soil CO2 gas, silicate minerals and groundwater sample respectively.
is
the concentration of DIC acquired by the groundwater after equilibration with soil CO2 gas.
Groundwater 14C ages determined using the model are up to an order of magnitude younger
than the uncorrected ages. The strontium isotope data provides a better constraint on models
involving addition of cosmogenic HCO3" to groundwater via silicate weathering, thereby
improving the reliability of 14C ages in arid zones.
REFERENCES
FONTES, J.-Ch. and GARNIER, J.M., 1979. Water Resour. Res., v.15 no.2, pp. 399-413.
HARRINGTON, G.A. and HERCZEG, A.L, 1998. Water-Rock Interaction - 9, Taupo, NewZealand, Arehart and Hulston Eds., Balkema. pp. 231-234.
INGERSON, E. and PEARSON, F.J., Jr., 1964. Recent Researches in the Fields of the
Hydrosphere, Atmosphere and Nuclear Geochemistry, Maruzen, Tokyo, pp. 263-283.

273

rAEA.SM.361/90P

XA

"5°179

A RAPID ON-LINE TECHNIQUE FOR THE DETERMINATION OF THE
518O and 517O OF GASEOUS AND DISSOLVED OXYGEN
L.I. WASSENAAR and G. KOEHLER
National Water Research Institute (NWRJ), Environment Canada, Saskatoon, Canada

Molecular oxygen is a key component of the biosphere and hydrosphere and is essential to
many life forms that live and reproduce in these environments. Numerous biogeochemical processes in
soil, rivers, lakes and groundwater consume oxygen, and human impacts on these systems can have
detrimental impacts. For example, in Canada industrial and sewage effluents discharged into northern
boreal rivers have been shown to adversely affect dissolved oxygen (DO) conditions and affect aquatic
biota, particularly under extended seasonal ice covered conditions [1].
Despite the importance of molecular oxygen in gaseous form or as DO in many hydrologic
environments, there are relatively few studies that make use of the oxygen isotopic composition as a
tracer of transport or biogeochemical processes in terrestrial and aquatic systems [2,3]. The isotopic
composition of molecular oxygen may in fact be particularly suitable as such a tracer, as it does not
readily undergo isotopic exchange with water or other gases [2], and so isotopic fractionation should
mainly result from diffusive transport, biogeochemical consumption and abiotic oxidation-reduction
processes, or from photosynthesis. Part of the reason for this lack of research is that the conventional
offline technique of extracting and converting O2 gas to CO2 for isotopic analysis is time consuming,
potentially fractionating, and considerable sample may be required to be transported and manipulated,
especially for low oxygen content samples. The advent of continuous-flow isotope-ratio mass
spectrometry (CF-IRMS) has reduced the large sample requirements of conventional dual inlet analysis
by orders of magnitudes, and is especially suited to chromatographic gas separations and subsequent
online isotopic analysis. The goal of this paper is to 1) demonstrate a field sampling protocol for
gaseous and dissolved oxygen and 2) to outline a rapid, online GC-CF-IRMS analytical procedure to
measure the 518O and 517O of O2 gas. Preliminary data from field sites will also be presented to
demonstrate the potential utility of oxygen gas isotope analysis as a tracer, and show a wide range of
518O2 values encountered in different environments in Canada.
Sample collection and preparation was a modification of the procedures outlined by [4],
improved and modified to eliminate microbial activity and air contamination. In short, water or gas
samples were drawn into sterilized, butyl septum crimp sealed (Bellco Biological Glassware, Vineland,
NJ) serum bottles (250 cc, Wheaton # 2725) that were pre-evacuated to 0.001 atmospheres. Bottles for
DO samples contained 100 ul saturated HgCl to fix bacterial activity. For DO sampling, a needle (21G)
was used to penetrate the septum while the sample vessel was submerged under water. For gas
sampling, a 3-way valve was utilized to enable flushing of the needle with the sample gas to eliminate
air contamination. Gas or water in the serum bottle was permitted to equilibrate for several minutes
with the sample medium before the needle was withdrawn. After returning to the lab, a 3-way valve
and needle system was used to dynamically flush the needle with helium prior to over-pressuring the
sample vessel with 5-10 cc of 99.999% helium. Water samples were agitated on a wrist shaker for 1
hour to strip O2 into the helium headspace. Between 500 ul and 3000 ul of headspace gas, depending
on the O2 concentration, were drawn into a 5 cc gas-tight syringe equipped with a second 3-way valve
fitting that purged the needle with He to eliminate air contamination before sample injection into the
GC-CF- mass spectrometer system, described below.
The 518O values of molecular oxygen in the atmosphere, gas and water samples were
measured by GC-CF-IRMS using a Micromass Optima™, using pure O2 as the reference gas. A Carlo
Erba NA1500™ elemental analyzer was modified to accommodate a sample gas injection port after the
combustion columns and prior to a CO2 (ascarite) and water (Mg-perchlorate) trap and the GC column.
The GC column used to resolve the remaining O2 from N2 was a lm 5 A molecular sieve packed
column held at 35°C. The separated O2 sample pulse was then introduced to the mass spectrometer via
an open split. The 8I8O and 817O values of sample oxygen were calculated by measurement of O2
isotopes at m/z 34/32 and 33/32 and comparison to a reference pulse of O2. Repeated injections of
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99.999% research grade 0 2 and atmospheric O2 over a 3-week period yielded an external
reproducibility of ±0.2 per mil for 818O and ±0.5 per mil for 5'7O (n= 29). Air oxygen was assumed to
have a 818O value of+23.5 per mil (SMOW) and was subsequently used to correct sample and
reference gas values. Instrument source linearity was excellent for O2, exhibiting only a +0.5 permil
shift over an air injection range size of 5000 p.1 to 200 ul (1^=0.7, n=23). The smallest sample size for
reliable 5'8O determinations by this technique was approximately 1 umole of O2. Total analysis runtime per sample is less than 2 minutes.
There are some significant advantages of the GC-CF-IRMS technique over conventional
methods for O2 isotopic measurements. First, the technique does not require cryogenic concentration
of O2 and subsequent conversion to CO2 for analyses, thereby significantly reducing the possibilities of
isotopic fractionation during sample preparation, which is particularly problematic with small samples.
Second, samples are processed directly and very rapidly in contrast to the laborious and time
consuming requirements of offline methods. Third, measurement of the 8'8O values of oxygen in the
atmosphere, soil and water using O2 as the analysis gas instead of CO2 permits measurement of 5I7O
values. Finally, the field collection and extraction technique is simple, inexpensive, and does not
require the construction and use of costly vacuum manifolds for processing.
We will present current experimental laboratory and field results from soils and natural
waters. A series of tests using this technique on air-saturated tap and distilled water confirmed the 518O
isotopic fractionation factor of about +0.7 permil between air and water at ~20°C (n=8). A series of
soil gas samples (n=50) taken through 30 meter thick unsaturated mining waste rock showed that
combined biochemical consumption and gas transport processes in the subsurface can significantly
fractionate O2 isotopes. For example, 8'8O values ranged from air values just a few cm below ground
surface +23.5 per mil (20.9 % O^ to +45.5 per mil (1.4 % O2) at depth. Preliminary data on under-ice
riverine DO along a 1000 km transect of the boreal Athabasca River in Alberta show a trend of
systematic 8"O enrichment with decreasing DO saturation, indicating oxygen is being consumed.
Conversely, under-ice photosynthesis (oxygen supersaturation) imparts a strongly depleted 8I8O
signature to dissolved oxygen in the upper reaches of the Athabasca river.
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USE OF ISOTOPES (^H, 1*C, ™C, 18o) AND CFC'S FOR THE ANALYSES OF
GROUND WATER FLOW AND TRANSPORT DYNAMICS: SELECTED CASE AND
MODELLING STUDIES FROM SAND AQUIFERS AND A DEEP CLAY AQUITARD IN
DENMARK.
K. Hinsby1, W.G. Harrar1, T. Laier1. A. Hejberg2. P. Engesgaard2, K. H. Jensen2, F. Larsen2, E. Boaretto3, and J.
Heinemeier. 4
'Geological Survey of Denmark and Greenland (GEUS), Copenhagen, Denmark
TechnicaI University of Denmark, Lyngby, Denmark
3
Weizmann Institute of Science, Rehovot, Israel
'University of Aarhus, Aarhus, Denmark
2

This study was part of the IAEA Coordinated Research Programme "Use of isotopes for analyses of flow and transport
dynamics in groundwater systems" (Hinsby et al., 1999). Three case studies are presented in order to demonstrate
applications of isotopes and CFC's for analyses of groundwater flow and transport dynamics in different geological
settings. All three study sites are located on the peninsula of JyHand, which has been strongly influenced by Quaternary
glaciations. The Main Stationary Line (Ice margin) at the Last Glacial Maximum was right through Jylland. The first
study was performed in a simple geological setting in relatively homogenous outwash sands just beyond the Main
Stationary Line. The outwash sands constitute an unconfined aquifer with young groundwater recharged within the last
50 years. Consequently, the groundwater generally contains relatively high 3H and CFC concentrations. The 1963 3H
bomb peak was located in the aquifer in two multilevel samplers in 1987 at depths of about 30 meter below the surface
or about 15 meter below the groundwater table. The 3H peaks were at that time a few meters below the redox boundary
where oxygen and nitrate are reduced by pyrite. A groundwater flow and transport model calibrated on the basis of the
3
H profiles was used to model the transport of CFC-gases and compare them to observed data. The study demonstrates
the use of isotopes and CFC's for estimation of groundwater recharge and for calibration of groundwater flow models.
The study also demonstrates how calibrated groundwater flow models can be used for estimation of solute transport and
contaminant degradation rates in reactive zones of aquifers. This is illustrated by the degradation of CFC-11 at the
redox boundary with a model estimated half-life ( 1 " order kinetics) of a few months (Figure 1).
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Figure 1.
The second study was performed in a complex geological setting behind the Main Stationary Line. The activity of
glaciers resulted in large variations in the deposited sediments. The aquifer system consists of a discontinuous surficial
glacial till, a regional upper outwash sand aquifer, a discontinuous deep aquitard of meltwater clays and clay tills, a
discontinuous lower outwash sand and gravel aquifer, and a deep till/sand unit (Figure 2). The Quaternary sediments
were deposited in a deep valley eroded into Tertiary clays with a low hydraulic conductivity. The thickness of the
Quartemary aquifer system ranges from approximately 30 meters to over 150 meters in the centre of the valley. A
simplified cross section of the test site is shown in Figure 2. The upper aquifer contains young groundwater with an
agricultural impact as shown by high nitrate concentrations, and relatively high 3H and CFC concentrations. The lower
aquifer shows no human impact and 5'3C corrected MC "ages" of a few thousand years. In the 30 - 40 m thick clay
aquitard in between the two aquifers the study identifies the apparent mixing of old low I4C waters (> 1000 yr) and
young waters containing 3H and CFC's. That is the water samples may contain both an old matrix and a young fracture
component. An alternative but perhaps more likely explanation is that the low 14C content is a result of diffusion of the
dissolved MC from fractures into the matrix, and that the sampled water is dominated by young water. In both cases,
however, the results indicate that groundwater flow is significantly influenced by fractures in the aquitard.
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The third study investigates the largest regional aquifer in Denmark, the Miocene Ribe Formation (Figure 3), and is part
of the European project "PALAEAUX" Management of Coastal Aquifers in Europe - palaeowaters, natural controls
and human influence (Edmunds and Milne, 1999a,b). The recharge area to the semi-confined Ribe Formation is just
outside the Main Stationary Line of the last glaciation in eastern Jylland and groundwater flow is towards the North Sea
to the west. The groundwaters of the Ribe Formation at depths of up to more than 200 meters below the surface have no
human impact. Isotope and geochemical data show that this deep quartz sand aquifer mainly contains high quality
groundwaters recharged during the "Holocene" (100-10.000 yr BP). However, noble gas measurements estimate
recharge temperatures for a few coastal groundwaters that are 5 degrees C lower than present annual mean
temperatures. These results in combination with isotope data ( I4 C, "C, 18O) suggest the presence of some Pleistocene
age groundwater within the present day discharge zone. Groundwater flow and particle tracking simulations estimate
groundwater ages similar to I4C "ages" corrected for the effect of geochemical and physical processes (e.g. carbonate
dissolution, and diffusion). The calculated I4C and flow model ages, though, are both quite sensitive to changes in for
instance the geological model, selected physical parameters and boundary conditions. Therefore the developed flow and
geochemical models would benefit from the application of other tracer and dating tools like e.g. 39Ar in order to
constrain the flow and geochemical models as much as possible. The flow modelling indicate that the emplacement of
the old Pleistocene groundwaters have been influenced by the lower sea levels in the Pleistocene.
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Heinemeier, J. Use of isotopes (3H, T4C,"C, "O) and CFC's for the analyses of groundwater flow and transport
dynamics: selected case and modelling studies form sand aquifers and a deep clay aquitard in Denmark.
International Atomic Energy Agency, TECDOC ??, in press, 1999.
Edmunds, W.M. and Milne, C.J. (Eds.). Management of coastal aquifers in Europe- palaeowaters, natural controls and
human influence. Final report from the EU project "PALAEAUX" - Management of coastal aquifers in
Europe - Palaeowaters, natural controls and human influence, EU Fourth Framework Programme
(Climatology and Natural Hazards), ENV4-CT95-0156, British Geological Survey, 1999a.
Edmunds, W.M and Milne, C.J. (Eds.): Palaeowaters in the coastal aquifers of Europe. Geol. Soc. Spec. Publ., in
press, 1999b.
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ENVIRONMENTAL ISOTOPE STUDY ON THE FRINGES OF THE NILE VALLEY
IN THE NORTHERN PART OF UPPER EGYPT
A.I.M. Aly, M.S. Hamza, M.A. Awad, M.A. Ahmed
National Center for Nuclear Safety and Radiation Control, AEA, Cairo, Egypt
N.E. El-Arabi
Research Institute for Groundwater, National Water Research Center, El-Kanater EIKhairia, Egypt
The Egyptian agricultural and population development projects depends largely on expansion
towards the deserts and especially in the Nile valley fringes. Groundwater represents the major
resource of water required for this expansion. It is therefore essential to study the rechargability of this
aquifer in order to ensure the sustainability of the aquifer for continuous water extraction. The
investigated area occupies the northern part of the Nile Valley in Upper Egypt located between
latitudes 28° 30' - 30° 00' and longitudes 3O°3O'-31° 30' E (Fig. 1). On the desert fringes, a large
reclamation project, known as West El-Fashn has been implemented. This area extends for a length of
about 45 km. The agricultural activity depends on irrigation from both surface and groundwater. The
surface water represents the main source of irrigation in the area. The irrigation water is lifted
about 30m from 2 unlined channels diverted from Bahr Youssef Canal. Flood irrigation is the
predominant irrigation method. This irrigation activities resulted in water logging and salinization
problems in the traditionally cultivated land in the Nile Valley.The area East El-Saff and Atfih (East of
the Nile Valley) is also considered a new reclamation area, which depends on groundwater for
irrigation. In this area, due to heavy pumping of hand-dug wells, salinization and water quality
deterioration problems started to appear. The Nile Valley and its vicinities are dominated by
sedimentary deposits and ranging in age from Quaternary to Late Tertiary rocks. In the area of study,
there are two regional flows,: The first is lateral flow from the two sides of the valley towards the Nile
River, while the other is the longitudinal flow, from the south to north, i.e. downstream direction.
The purpose of this study is to use the environmental isotopes and hydrochemistry to assess
the recharge sources of the aquifers in both studied areas including the Nile Valley and the land
reclamation projects in West El-Fashn, Atfih and East El-Saff. About 70 water samples were collected
from ground and surface waters in the studied areas. The Oxygen-18 and Deuterium were determined
for all samples by using a Fennigan delta-S mass spectrometer after equilibration with CO 2 and
hydrogen respectively. Tritium content was analyzed for some of the samples by liquid scintillation
counting after electrolytic enrichment. Chemical analysis for the samples were performed using
standard methods. The salinity of the investigated groundwater samples ranges from 324 to 11265
ppm. The water types ranges from meteoric to mixed water. Fig. 2-4 shows the conventional 8 18 O-8D
plot of the three areas: West El-Fashn, Beni Suef and East EI-Saff& Atfih.
The typical values of the potential recharge sources of groundwaters in the region are:
Nile River: 5D = +26.7%o and 518O =+3.2%o, irrigation water return: 5D = +39.1%o and
518O = +5.3%o [1], Old Nile before Aswan High Dam: 5D =• +4.3%o and 518O = -0.6%o [2],
Precipitation: 5D = -13.5%o and 518O = -3.25%o (Alexandria), Palaeowater for eastern desert:
5D =-70%o and 518O = -8%o [3], Palaeowater for western desert: 5D = -80%o and 5ISO = -10%o [4].
Fig. 2 indicates a mixing line between recent Nile irrigation water and palaeo-water in West
El-Fashn area. It is noted that the groundwater most enriched in 0-18 and deuterium are found farthest
from the Nile at this area and a gradual depletion is found towards the fringe of the Nile Valley. The
effect of irrigation water flow from west to east and mixing with palaeo-water leaking from the Nubian
Sandstone aquifer is reflected in the gradual depletion of stable isotopes towards the east. The tritium
content of the groundwater in this area ranges from 5 to 22T.U, indicating the process of mixing
between different waters. Fig. 3 indicates that groundwater in the Nile Valley at Beni Suef area is
mainly discharged from recent irrigation Nile water, with a significant recharge from Nile water before
the construction of the Aswan High Dam, which was more depleted than the present Nile water, as well
as a small contribution from precipitation water floods.
The isotopic pattern of groundwater in Atfih and El-Saff areas (Eastern Nile Delta) show a distinct
difference from that of West El-Fashn area. Fig. 4 shows that Atfih and El-Saff groundwater are
affected by precipitation flood water which is subjected to evaporation, as well as mixing with
palaeowater and irrigation water return. It is also noticed that in these areas, the groundwater is
depleted in 0-18 and D as we go farther East from the Nile River.
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Kr (half-life 230 000 a) and ^Cl (half-life 300 000 a) are potential candidates for dating very old
groundwaters. In addition, the accumulation of 4He from the natural decay series of uranium and
thorium in rocks may be used as an indicator for long water residence times.
Among the three nuclides, 81Kr clearly is the isotope that has the least problems in interpreting measured
concentrations in groundwater. At the same time, it is by far the most difficult one to analyse due to the
very low concentrations of <1000 atoms/litre of water. Converting measured 81Kr/Kr ratios into an
groundwater age is comparatively easy because (a) the atmospheric ratio is known and constant and in
particular does not depend on the climatic conditions at the time of recharge, (b) krypton is a noble gas
and therefore no biochemical processes are to be considered, (c) subsurface production is most likely
negligible.
With the development of a new AMS-based analytical method (see Collon et al. , this symposium) first
81
Kr data for very old groundwaters from the Great Artesian Basin in Australia have become available.
The calculated 81Kr ages that are based directly on the decay of a known input concentration are in the
time range of 200 - 400 ka. Due to the rather large effort necessary to process and degas large water
samples, only four results are currently available. Nevertheless, these can now be compared to ^Cl/Clratios, ^He-concentrations and to hydrodynamic flow informations of the very same samples.
In our presentation 3<5C1- and ''He-dating in the Great Artesian Basin will be re-evaluated in the light of
the new 81Kr age scale.
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518O Composition of Dissolved O2 Undergoing
Respiration in Contaminated Ground Water
By Kinga Revesz, John-Karl Bohlke, Richard L. Smith, and Tadashi Yoshinari*
US Department of the Interior, US Geological Survey, Reston, Virginia, USA
* NY State Department of Health, New York, USA

Dissolved oxygen is an important constituent in ground water; it controls the geochemistry and
microbiology of aquifers. Microbial respiration consumes O2 and alters the oxygen concentration
which controls ground-water redox conditions. In contaminated environments, oxygen demand and
aerobic versus anaerobic pathways of degradation largely determine whether remediation of a particular
set of contaminants occurs and what kind of additional in situ reclamation approaches might be
possible. Because molecular oxygen is a terminal electron acceptor, it is indicative of total microbial
community metabolism. Microbial processes fractionate O2 isotopes because the lighter 16O isotope
reacts faster than heavier I8O isotope; therefore the fractionation of oxygen isotopes can be used to
identify oxygen respiration in aquatic systems.
Two methods were developed to analyze isotopes of dissolved O2 in ground water; the major
differences between the two methods are sample size and handling in the field and laboratory.
In the traditional method, samples were collected in evacuated vessels, from which the dissolved gases
containing O2 were extracted under vacuum, purified by gas chromatography, and then oxidized to
CO 2 by reaction with graphite at 550-600 °C. At this temperature the amount of CO formed is
insignificant. Yields of CO2 were determined manometrically, and isotopic analysis was performed on a
DuPont double collecting dual inlet isotope-ratio mass spectrometer. The precision of this method was
better than 0.2 per mil (la); however, it required samples of at least 500 mL in size with a minimum
O 2 concentration 1 mg/L O2. In addition, the field collection and laboratory procedures are complex.
The main objective of the new method was to simplify the procedures for sample collection and
preparation, and to improve analytical sensitivity. In the new method, samples were collected in 125mL serum bottles without headspace. A low-pressure headspace was created in the bottles by
extracting about 10% of the water using a vacuum line. Samples were re-equilibrated for 24 hours at
room temperature. Then, constant-volume aliquots of the headspace were injected into a He carrier gas
equipped with Nafion tube to remove water vapor. The He carrier gas was directed to a gas
chromatograph for separation of O2 and other components (30-m long GS-MoIeculasieve Plot GC
Column) and through a general purpose interface inlet system into a Finnigan Delta Plus continuous
flow isotope-ratio mass spectrometer. This mass spectrometer integrates peaks of masses 32 and 34
from the headspace aliquots that contain about 1 umol of O2. The reproducibility of the method was
better than 0.2 per mil (la). Because the isotopic composition of air oxygen and nitrogen are constant
(Dole, 1954), we used pressurized air, collected in an aluminum cylinder with an oil-free air
compressor, as a reference gas. In this manner, we could determine, not only the isotopic composition
of O 2 ,but also the isotopic composition of dissolved nitrogen relative to air.
Both methods were tested with air and air-saturated water samples for precision and accuracy.
Isotope analyses of dissolved O2 were used to document microbial respiration near the boundary
of an anoxic ground-water plume consisting of treated waste-water at the Massachusetts Military
Reservation on Cape Cod, Massachusetts. The upper boundary of the plume was a mixing zone
between contaminated anoxic plume water and oxic local recharge water. Dissolved oxygen
concentrations decreased downward near the top of the plume and were inversely correlated with 5I8O
(Figure 1). Apparent isotope fractionation factors (s) were -1 to -10 per mil (%o) in the absence of a
dilution correction. These are smaller than most reported values derived from closed-system
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experiments or field studies (e =-20 ±10%o) Bender 1990, Quay and others, 1993), but were as low as
-20 %c when adjusted for the effects of dilution (Figures 2 ).
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Isotopic study of a deep groundwater system
near the Danube-river / South Germany
L. Eichinger, G. Heinrichs, M. Heidinger
Hydroisotop GmbH, Schweitenkirchen, Germany
H.H. Loosli
Institute of Physics, University Bern, Switzerland
F. Deiglmayer
Water Authority of Bavaria (Bay.LfW), Munich, Germany
The groundwater flow regime in the Jurassic karst and tertiary terrain near the Danube-river in the area
of Ingolstadt / South Germany has been well discussed and investigated for years [1, 2, 3]. However, a
stringent explanation of the complex deep groundwater system at the meeting-point of young, karstic
groundwater from the north (open karst) and old deep groundwater in the south (covered karst) is still
lacking. Today, because of the increasing water use for drinking water supply in the high
industrialized area of Ingolstadt, reliable hydrogeological answers and a future sustainable
groundwater management system are needed. First symptoms of overexploitation are visible by
hydrochemical and isotopic measurements. Coming from the actual state of hydrogeological
knowledge, the use of isotope techniques provide distinct explanation for the complex genesis of the
occurring groundwaters.
The investigation area is the southern part of the karstified Upper Jurassic in the Franconian Alb,
region of Ingolstadt. The Jurassic Formation declines from north to south with a dipping angle of more
than 3° and dives to the south under the covering tertiary sediments of the South German Molasse and
the quaternary sediments of the Danube-river. The Tertiary starts to cover the Jurassic some 5 km
north of the Danube river. Here, springs with high discharge are to be found. The covering tertiary
sediments often perform a low permeability. With a thickness of up to 100 m below the Danube, the
Tertiary forms a local and effective aquitard, which causes an extraordinary hydraulic groundwater
flow regime.
The Danube- river is the main drainage system for the investigation area and indicates active
groundwater flow regimes. However, an old and mostly stagnant groundwater reservoir below the
river was detected by using isotope techniques. The local hydrogeological situation is described
schematically in the profile in Fig. 1.
Applications of the isotopes 2H, 18O, 3H, 85Kr, 39Ar, 13C-DIC and 14C-DIC as a part of
hydrogeological studies and numerical modeling were performed to gain knowledge of the
hydrogeological system interactions (85Kr and 39Ar were measured at the Universitat Bern, Prof. H.H.
Loosli). The interpretation of existing data of 53 wells and recent measurements at 29 wells were
carried out to obtain a quantitative and qualitative assessment of the groundwater system. Three wells
with representative isotope results and typical hydrogeological positions are shown in Fig. 1.
The isotope investigations result in three groundwater provinces with different age structure and
different recharge conditions. The groundwaters in the northern open karst generally are dominated by
tritium containing components. Relatively high 52H-, 518O- and u C-values indicate groundwaters
younger then 2000 years . Their recharge area is situated in the open karst and the groundwaters are
part of the actual and dynamic water cycle.
The groundwaters in the covered Jurassic karst show generally low 52H-, 518O-, 3H- and low I4Cvalues. The decrease of 14C- as well as 52H- and 5I8O-values from north to south explains the complex
interaction of groundwaters with different recharge conditions. Mixing zones, deduced from H-, Krand l9Ar-values are located at the meeting point of the young, dynamic and the old groundwater flow
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regimes. The latter participate only very little in the actual water cycle. Today, the groundwater flow
in this terrain is mostly induced by increasing artificial groundwater discharge and a shift of the
mixing zones is significantly notable.
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Fig.l: Schematic profile of investigation area with isotope results from three representative wells:
52H in %o-VSMOW, 518O in %o-VSMOW, 3H in TU, 14C in %-modern, 613C in %o-VPDB, 85Kr
in dpm/mlKr, 39Ar in %-modern.

The recharge conditions of the deep, old groundwaters were dominated by late Pleistocene climatic
conditions. The groundwaters were moved to their recent reservoir, when the recharge condition in the
early Holocene lead to an uplift of the groundwater table in the open karst, pressing the former
groundwaters out to the east. Today, the hydraulic situation has significantly changed: The
groundwater table in the North and the South is higher, the covering Tertiary sediments are low in
permeability and the hydraulic gradient to the east, following the Danube gradient, is low.
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ENRICHED NOBLE GAS ISOTOPES: IDEAL TRACERS FOR
GROUNDWATER RECHARGE
B. Ekwurzel, G. B. Hudson, J. E. Moran, and M. L. Davisson
Isotope Sciences Division, Lawrence Livermore National Laboratory, P. O. Box 808 L231, Livermore, CA 94551 USA
A novel approach for tracing recharge and groundwater movement has been applied
for the first time using isotopically-enriched xenon as an artificial tracer. Xenon has nine
stable isotopes to choose from so recharge from multiple surface water sources can be
examined. Noble gases are ideal tracers because they are inert and therefore pose no
heath concerns. Furthermore, because of their low natural abundance we can dissolve
small quantities into a recharge basin and still achieve a large dynamic range during
dilution with native groundwater with respect to the detection limit. Once xenon is
dissolved in the water and remains out of contact with the atmosphere the xenon will
move conservatively with the groundwater. Absorption and retardation, associated with
most other artificial tracers, is not a concern for the noble gas tracer.
The goal of the first tracer experiment was to determine whether deep wells below
confining layers were under the influence of recently recharged water. We added 80 cm3
STP of 124Xe to a 7.4 x 106 m3 recharge basin in Orange County California. This isotope
was chosen in part because of its low natural abundance of 0.1% of total xenon. The
detection limit for 124Xe tracer is approximately 0.1 femtomole 124Xe per mole of water.
Figure 1 depicts the location of one shallow monitoring well, one shallow production
well, and a deep production well screened below the confining layer downgradient of the
recharge basin. The I24Xe appeared in shallow wells Wl and W2 within the first month
after injection into the recharge basin and rapidly disappeared within the following month
(Figure 2). The confining layer delayed, but did not prevent, the recharged water from
reaching the deeper well (W3). Six months after initial injection of the tracer, 124Xe
appeared in well W3 at about 10% of the concentration observed in the shallow wells.
The l24Xe concentration in well W3 peaked and slowly declined over the next five
months (Figure 2).
The observation of the rapid appearance and disappearance of the tracer in the
shallow wells indicates that unsaturated transport was not significant. While we expect
the xenon tracer to behave conservatively in saturated zone transport, gas tracers are
expected to preferentially partition into the gas phase during unsaturated flow leading to
retardation or loss to the atmosphere.
The second tracer experiment was to determine travel time from recharge areas to
nearby production wells in Alameda County California. The recharge ponds are located
in alluvial plain deposits of the San Francisco Bay region. We injected 124Xe into a 1.48
x 106 m3 pond, 136Xe into a 5.55 x 104 m3 pond, and 129Xe into an adjacent creek (-1.85 x
105 m3). The river had a higher percolation rate compared to the ponds. Each tracer was
dissolved in water and pumped as a solution to a depth below the thermocline of each
pond or river. The leading tracer front arrived rapidly at dilute concentrations indicating
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2700 m/yr groundwater velocity. The bulk of the tracer traveled slower consistent with a
mean residence time of a few years. The xenon tracer ages are supported by samples
analyzed for 3H/3He ages.
The potential for answering many hydrologic problems through the use of artificial
noble gas isotopic tracers goes beyond the first applications presented in this paper. In a
complex groundwater regime where we need to understand the interrelation between
aquifers this tracer technique would be appropriate. One could inject up to 5 different
xenon isotopes into five different aquifer units and follow the tracers as they move
through the system. Isotopes of Kr and Ne have also been used adding another 5 tracers.
Paired Ne and Xe tracers are especially useful for unsaturated transport because of the
large differences in solubility.
Groundwater models often have large uncertainties. Tracer injection of noble gases
is proving to be an important tool for constraining the large errors of the current state of
models. An artificial tracer, monitored on a year time scale, combined with residence
times determined using natural tracers can 'ground truth' basin-scale hydrologic models.
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Figure 1. Schematic of the recharge basin
and monitoring wells for the xenon tracer
experiment in Southern California.
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Figure 2. Concentration of I24Xe measured
in the monitoring wells illustrated in Figure
1. Also plotted is the initial tracer
concentration for the recharge basin.
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Application of the Chlorine-36 Method in the study of Groundwater Recharge by the
Danube River in North - Western Hungary (Szigetkoz Area)
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Switzerland
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The gravel aquifer within the Sigetkoz Plain in Northern Hungary is mainly fed by the
infiltration of the Danube River. As shown by previous studies [ 1 ], [2] this infiltration process
away from the Danube in southern direction along distinct flow paths can be quantified with
environmental isotope techniques. To a distance of about 30 km away from the infiltration area
of the Danube the groundwater reflects also the evolution of the anthropogenic activities in the
last decades as by nuclear bomb explosions in the atmosphere and the by the increased
production and use of halocarbons. But as tritium has a relatively short half life (12.5 years) it
was only possible by the combination with the Helium-3 technique to trace the exact position of
the bomb peak corresponding to the highest tritium concentration in precipitation due to the
infiltration of the Danube River [3]. In the now presented study results of chlorine -36 analyses
are demonstrated as additional isotope method. This natural radioisotope which was also
produced by the nuclear bomb tests in the atmosphere behaves because of the much greater
halve live of 300'000 years within this time span as an ideal stable constituent. It presents
therefore an independent method to check the achieved model of aquifer recharge by river
infiltration.
The chlorine-36 data of the analysed selected groundwater samples of this area clearly show the
effect of the atmospheric nuclear bomb tests, with enhanced 36C1/C1 - ratios of up to a factor of
5 higher than the water of the Danube river at the period of sampling (in 1997) and of a factor
of 10 higher than the not affected groundwater of the pre-bomb period [ 1 ].
The obtained results were for the further interpretation compared with the measured records of
atmospheric input data of the Dye 3 ice core transformed in fallout rates as reported in [4] As a
further step the fallout rates for the study area and for the catchment of the Danube were
determined (in relation latitude and climatic situation).
For fitting with the experimental data the input of the Danube was simulated using a one box
exponential model, as described in [5]. The observed values of the study area can then be
directly be considered as transport by a dispersion /advection type flow of the groundwater as
already demonstrated in [3]. It results with respect to the measured 36C1 data the same orders of
magnitude for the groundwater flow velocity and the dispersion coefficient.
This study demonstrates i) the potential use of chlorine-36 to trace short term nuclear activities
and ii) it further presents the possibility for the evaluation of the chlorine-36 production and
fallout rates which are important conditions for the application of the chlorine-36 method for
dating deep groundwater and for the study of past climatic conditions [6],[7].
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THE CHYULU HILLS BASALT AQUIFER, KENYA: ISOTOPIC INVESTIGATIONS
OF A MAJOR NATURAL LYSIMETER
W G DARLING
British Geological Survey, Wallingford, UK
The Chyulu Hills of southern Kenya are an important source of water in an otherwise semi-arid
region. They consist of a range of hills, formed of Pleistocene to Recent basaltic volcanic rock, which
extend for some 80 km in an approximately NW-SE direction. Since they rise to around 1500 m above
the surrounding plains, the hills intercept much more of the moisture-bearing clouds associated with the
monsoonal circulation in East Africa. As they consist of highly permeable and porous lavas and
pyroclastics there is little surface ponding or runoff, and so conditions for infiltration are generally good.
Because the Chyulu Hills overlie impermeable basement rocks [1,2], their relatively high
rainfall results in the discharge of some important spring complexes on the periphery of the range, with
the hills effectively acting as a huge natural lysimeter. The pre-Quatemary topography of the basement
has resulted in these springs being concentrated on the eastern side and at the southern end of the hills.
While natural discharge is directed towards the Athi River, several of the springs are partially captured
for water supply, most notably the Mzima Springs in the south from where large quantities of water are
piped to the city of Mombasa on the coast.
As part of the hydrogeological investigations, environmental isotope techniques were used to
look at the relationships between rainfall and spring discharge, groundwater residence times and the
extent to which infiltration conditions might differ over different areas of the hills. In addition they
were used to identify sources of water to the Loolturesh wetlands to the SW of the hills.
Rainfall isotope data are represented by monthly samples from two gauges at elevations of
1280 m (Station 18) and 1810 m (Station 8), collected from late 1984 to early 1987. Fig 1 shows a
8-plot of these samples. They are well-correlated and the slope of the local meteoric water line
(LMWL) that they define is similar to other rainfall data from Kenya. The weighted averages for the
stations are -2.8 %o 5'18,0 and -9 %0 5 H for Station 8, and -1.1 %o 5 0 and 0 %o 5 H. This suggests an
altitude effect of -0.32 %c 518O and -1.7 %c 52H per 100 m increase in altitude, which is within the range
observed worldwide.
Stable isotope values measured in the
y = 5.56x + 5.74
springs range from -3.2 to -4.0 %c 518O and
*
t*y^
2
20
from -14 to -20 %c 5 H (Fig 1). Though a
R2 = 0.90
fairly narrow spread, these data produce a
/ .
°.
10 •
regression slope of 6.3 which is quite similar
0
to the 5.6 observed for the rainfall. They are
0
more depleted than the weighted averages of
° Station 8
y
the rainfall, but the rainfall datasets are brief
-10
• Station 18
and probably do not represent the long-term
n Springs
average.
-20
LMWL
l8
When the spring 5 O data are plotted
°
i
i
against altitude (Fig 2) little correlation is
-4
seen. This, combined with the relatively
-6
-2
depleted isotopic compositions, suggests that
5 18 O
most springwater is derived from recharge on
FIG1 The isotopic composition of rainfall from
the higher parts of the hills, where rainfall is
stations 8 and 18, and of the main springs.
greatest in intensity.
The springs depicted in Fig 2 were all sampled in the same month and represent at best a
'snapshot' of isotopic conditions. However, the largest spring complex, Mzima (elevation 664 m), was
sampled monthly for a whole year to look at possible variations. Fig 3a shows a plot of discharge versus
5 O composition. There is apparently a correlation developing between the parameters. A possible
explanation of this is that discharge increases in response to a greater contribution from more-enriched
rainfall on the lower flanks of the hills. The higher-level Umani Springs (elevation 995 m) show little
i

289

i

pring altitude

Ul)

correlation (Fig 3b), which tends to support this interpretation. However, a longer run of data would be
more conclusive.
Chloride balance techniques are frequently used to
s=* 1 1 0 0
obtain an approximation of recharge amounts. The Cl
to
contents of several springs were measured and found to be
1000
quite consistent over time, but not between springs [1]. The
900
spring with the highest concentration had almost 12 times
more Cl than the lowest. Despite this there was little
800
difference in isotopic content, demonstrating that
700
evaporation effects were not responsible for the Cl
differences and that therefore the balance technique was
y) QQQ
valid for these groundwaters. Clearly amounts of recharge
-4.5 -4.0 -3.5 -3.0 -2.5
must change significantly between areas with different
rock types, vegetational cover, or both.
8181 o 0
Tritium concentrations were measured in rainfall
and spring waters. Values of about 20 TR were measured
pjQ 2 Plot of S. 1 8O, vs altitude for the
in rainfall between 1982 and 1985, while the Umani and
main Chyulu springs.
Mzima springs over the same period each gave values of
about 2 TR. The implication of this is that despite the permeable and porous nature of the aquifer, it
could be taking 20 years or more for recharge to reach the major springs. The nature of the aquifer
appeared to preclude significantly longer residence times, but a radiocarbon measurement on the main
spring at Mzima was made as a check. This gave a value of 69.8 pmc which when modelled gives a
'modem' age.
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Debate about the origin of springs in the swampy areas of the lower Loolturesh River has
continued since a suggestion was made in the 1950s that the waters were derived from the Kilimanjaro
uplands to the south west [3]. Stable isotope data show that the spring waters are much more likely to
be recharged on the Chyulu Hills.
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