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Abstract: Arid and semi-arid areas are threatened by desertification, and thus the degradation 
due to various factors, including drought, of course, but also the exploitation of resources. 
They are, in fact, already in a state of stress (resources less than 500 m

3
 per year per capita) 

with important disorders induced by climate change. These make an impact on the 
hydrological cycle, with longer droughts and increased flooding.  

 
These disorders will strengthen the already observed degradation of ecosystems, which are 
often overexploited. Considering the importance of the Essaouira aquifer in the groundwater 
supply of the region, a study was conducted in order to comprehend this aquifer groundwater 
evolution. The Essaouira aquifer is a coastal aquifers located on the Atlantic coastline, 
southern (Morocco), corresponding to a sedimentary basin with an area of near 200 km

2
. 

 
A water sampling from twenty wells, drillings and sources belonging to the Plio-quaternary 
and Tu-ronian aquifers was realized. Samples examined from the ground for electric 
conductivity and temperature, determined waters belonging to the Plio-quaternary and 
Turonian aquifers present very variable electric conductivities from 900 µs/cm to 3880 µs/cm. 
In spite of this variability, they form the same family and are characterized by sodium-
chloride facies. There exists, however, a good correlation between the electric conductivity 
and chloride and sodium contents. Therefore the lower electric conductivities are situated in 
the North quarter immediately in the south of the Wadi Ouazzi. 

 
Water isotopic composition shows low evaporation of precipitations during infiltration. 
Depletion in heavy isotopes is the characteristic of mountain rainfalls or of a climate colder 
and wetter than present at the research area. Carbon-14 activities (30 – 60 pMC) indicate a 
long residence time. Tritium levels in the groundwater of the Ouazzi Basin are below the 
detection limit (<1.5 TU). Six groundwater samples in South-West of Essaouira city, presents 
tritium content between 1 and 3 TU. 
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ON THE POTENTIAL USE OF 234U-238U TO INFER 
CHRONOLOGICAL CONSTRAINTS ON FLUID RESIDENCE TIME 
IN OXIDISING CONDITIONS FOR URANIUM IN SANDSTONE 
AQUIFERS 
 
A. MALOV, 
Institute of the Ecologic Problems of the Northern Region, RAS, Russian Federation 
E-mail address: malovai@yandex.ru 
 
 
Abstract: The analysis of the results of several methods of chronological constraints on fluid 
residence time in oxidising conditions for uranium in sandstone aquifers was carried out by: 
[1] Andrews and Kay, 1983; [2] Andrews et al., 1982; [3] Fröhlich and Gellermann, 1987; 
Ivanovich et al., 1991; [4] Rogojin et al., 1998; [5] Malov, 2013. Data reported in the 
literature from four well-investigated sandstone aquifers include: the Triassic sandstone 
aquifers in England [1, 2] and Germany [3], Pleistocene sandy aquifer in Israel [4] and the 
Vendian sandstone aquifer in Northwest Russia [5]. 
 
Equation (1) is derived for the oxidative conditions, (2) - for the reducing conditions, at U 
content = const. Equation (5) is identical to (2) at U-234/U-238 initial activity ratio AR0 = 1, 
retardation factor R = 1. However, (5) is derived for the oxidative conditions. It is shown that 
(1) under the assumed values of the SSA = 9-18 cm2/g cannot be used to assess the residence 
time of groundwater in sandstone aquifer. They used the model which applies to a single 
spherical grain, or hypothetical sediment composed of spherical grains with a single grain 
size. This model does not account for the plate- and oblate spheroid-shaped grains, the effect 
of a surface roughness factor, the effects of a grain size distribution (DePaolo et al., 2006). 
Given these parameters, the values of SSA = 0.12 m2/g. The residence time, calculated from 
(5) at SSA = 0.12 m2/g, is within the age limit, obtained by C-14. The difference (5) and that 
in its derivation assumed that transition of the recoil atom into water does not occur in 
isolation, as in the formulas (1-2). At 1 atom U-234 in rock are ~18000 atoms U-238, 
therefore, the recoil atom, inevitably, encounters them and knocks them from the crystal 
lattice, creating an area of disorder. The U atoms in the disordered zone are first transferred to 
water, resulting in disturbance of radioactive equilibrium in the water. Evidence that recoil 
atom is not transferred to the water alone, but carries away a certain amount of U-238 atoms, 
is the fact that the U-234/U-238 activity ratio in water under reducing conditions is, usually, 
not exceeding 10 - 20. This is possible if with one recoil atom there are 1000-2000 U-238 
atoms transferred to the water.  
 
In accordance with [3], the U-238 stationary activity a8s = f(Rd) must be applied in 
groundwater dating. However, to obtain the value of a8s under oxidising conditions by this 
formula is not possible, as the dissolution rate Rd varies along groundwater flow-paths. 
Therefore, Rd in [5] is taken as an average in the range of 0 to t. 
 
It was considered appropriate, that the methods used in these investigations should be used in 
combination, in order to complement and clarify the necessary parameters. For all the 
aforementioned aquifers, the obtained comparable values and intervals R, indicate the 
possibility of empirical classifications of aquifers for this parameter. 
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Abstract: Estimation and understanding of groundwater recharge mechanism and capacity of 
aquifer are essential issues in water resources investigation. An integrated study of 
environmental chloride content in the unsaturated zone using chloride mass balance method 
(CMB) and isotopic analyses of deuterium, oxygen-18, and tritium values range in the alluvial 
channel aquifer profiles (quaternary sediments) of the North Kelantan River basin has been 
carried out in order to estimate and understand groundwater recharge processes. However, the 
rate of aquifer recharge is one of the most difficult factors to measure in the evaluation of ground 
water resources. Estimation of recharge, by whatever method, is normally subject to large 
uncertainties and errors. In this paper, changes in stable isotopic signatures in different seasons 
and tritium analysis of the sampled groundwater observed at different depth in the aquifer system 
were evaluated. Stable isotope data are slightly below the local meteoric water line (LMWL) 
indicating that there is some isotopic enrichment due to direct evaporation through the soil 
surface which is exposed prior or during the recharging process. The overall data on water 
isotopic signatures from boreholes and production wells (shallow and relatively deep aquifer 
system) are spread over a fairly small range but somewhat distinct compared to river water 
isotopic compositions. Such a narrow variation in isotopic signatures of the sampled 
groundwaters may suggest that all groundwater samples originated from the same area of direct 
recharge (common origin) predominantly from rainfall and nearby rivers. Environmental tritium 
data measured in groundwater at different depths and locations together with a medium-term of  
limited  monthly rainfall collections were used to investigate the groundwater age distributions 
(residence times). The existence of groundwater in the aquifer system (sampled wells) is 
predominantly designated as modern (young) water that has undergone recharged occurring 
after1953. Groundwater age data together with other additional information related to the wells 
bore could then be applied to translate into semi-qualitative estimation of long term average 
groundwater recharge rate within the aquifer system (mm/y). Environmental isotopic data 
suggest recharge rate in a range 11 mm/y to 1270 mm/y with an average of 261.5 mm/y that 
corresponds to 10.5% of the total annual rainfall. Recharge estimation obtained by isotopic 
approach was found smaller than the amount of recharge rates calculated based on CMB 
methodology in the unsaturated zone ranged between 155 mm/y to 966 mm/year. These data 

4



correspond to the average of 484.3 mm/yr or 19.4 % of the total effective annual rainfall. Spatial 
variation of the predicted groundwater recharge map from tritium dating method is established in 
this preliminary study.  Accurate estimation of groundwater recharge and further assessment of 
its source are useful and discussed for proper sustainable management and utilization of 
groundwater resources in this basin. 
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Abstract: Due to the very limited availability of groundwater of suitable quality for human 

consumption, effective management policies for the groundwater in the country are very 

essential to safeguard this vital national resource. Multiple approaches, including isotopic 

tracer approaches, are being employed for assessment, development and sustainable 

management of groundwater resources in the country. In the present study stable (
18

O and 
2
H) 

and Tritium isotopes were used to interpret the aquifer characters of two main aquifers of 

Kuwait. Twenty groundwater samples were collected from existing wells distributed all over 

Kuwait uniformly. Samples were collected from two main aquifers, Kuwait group and 

Dammam Formation. Samples were analyzed for 
18

O, 
2
H, 

3
H and water chemistry. The 

isotopic and water chemistry data indicated that there has been no recent rainwater recharge 

to the groundwater and groundwater recharge occurred during a different climatic condition 

(humid and cooler period) than what is prevalent, in the northwest part and along the bay, the 

Kuwait and Dammam aquifers are isotopically similar and hence, possibly, they are 

interconnected. In the northeastern part of the country freshwater zones exists with recent 

recharge and the salinization of groundwater is mainly due to evaporative enrichment. 

 

1. INTRODUCTION 

Naturally occurring stable isotopes of water have been used extensively in hydrological 

investigations over the past few decades. Since the stable isotopes 
2
H and 

18
O are part of the 

water molecule, they can be used to trace the movement and mixing of water from different 

sources. The majority of the applications have been in arid to temperate regions of the world, 

where recharge is often episodic and represents a relatively small fraction of rainfall [1]. 

Environmental radioactive tritium (
3
H) (half-life 12.43) being a fallout of thermo nuclear 

bomb test carried out in the atmosphere during 1950-1963, could be effectively used to 

identify the recent recharge to groundwater. The natural water resources of Kuwait are 

practically limited to groundwater resources, which are brackish in nature, in the central and 

southwestern parts of the country. The unique geomorphology and lithology in the northern 

parts of Kuwait are responsible for the formation of fresh groundwater lenses that float over 

the body of the saline groundwater [2]. The effective management policies for the 

groundwater in the country are very essential to safeguard this vital national resource. 

Multiple approaches, including isotopic tracer, are being employed for assessment, 

development and sustainable management of groundwater resources in the country.  

 

2. METHODS 

Groundwater samples were collected from the 20 existing wells and were analyzed in the 

Water Research Center (WRC) laboratory for 
18

O, 
2
H, major cations and anions. Ten 

groundwater samples were sent to the Seiberdorf Laboratory in Austria, as recommended by 
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the IAEA, for tritium measurements. The groundwater samples were analyzed for deuterium 

and oxygen-18 in the Water Research Center using Laboratory Las Gatos Research Liquid 

water stable isotope analyzer with a measurement strategy based on high-resolution laser 

absorption spectroscopy. δ
2
H and δ

18
O results are expressed in δ-notation with respect to the 

standard, namely Vienna-Standard Mean Ocean Water (V-SMOW) with the precision of 

measurement ±0.5‰ and ±0.1‰. Environmental 
3
H was analyzed, after electrolytic 

enrichment of water samples using liquid scintillation counter and results, expressed in 

Tritium Units (TU). The precision of measurement is ±0.5 TU. 

The results of the isotopic analyses are presented in Table 1. 

Table 1.
18

O, 
2
H and Tritium Results of Groundwater Samples 

 
Well No. 

18
O (‰) 

v-SMOW 

2
H (‰) 

v-SMOW 
Deuterium  

Excess 

Tritium 

(TU) 

Kuwait Group 

Aquifer 

T2A -2.08 -15.58 1.06 <0.3 

NK-10 -2.05 -18.04 -1.64 <0.3 

P -02 -3.41 -39.47 -12.19 <0.2 

SB-01 -0.98 -10.59 -2.75 <0.3 

NK-08 -2.77 -23.02 -0.86 - 

NK-03 -4.04 -32.96 -0.64 <0.3 

KBL-17 -3.49 -29.35 -1.43 - 

HS-17 -3.17 -29.43 -4.07 - 

BN-01 -3.34 -26.97 -0.25 - 

LF-05 0.55 -0.06 -4.46 0.3 

QR-02 -1.89 -15.97 -0.85 - 

Liyah -3.62 -30.48 -1.52 - 

KN-MAB-W-19 -0.49 -8.26 -4.34 - 

AT-PW15K -3.51 -28.48 -0.4 - 

Dammam 

Formation Aquifer 

Kabd -3.98 -31.04 0.8 - 

SH-PW-C-12 -5.07 -38.51 2.05 <0.3 

SL-01 -3.89 -27.85 3.27 <0.3 

T1-F -2.48 -19.15 0.69 <0.3 

QR-01 -3.41 -39.47 -12.19 - 

Dual completion UG-PW-43 -2.98 -24.87 -1.03 <0.3 

 

3. RESULTS 

3.1 Tritium.  

The groundwater tritium values were less than the detection limits for all the samples 

indicating older groundwater, except for LF-05 which showed 0.3TU of tritium which is 

located near the landfill area indicating the effect of landfill on the groundwater nearby. 

3.2 Oxygen-18 and Deuterium.  

Kuwait Group Aquifer: As seen in Fig. 1, all groundwater samples of the Kuwait Group 

Aquifer fall below the GMWL, except sample P-02, and show the following regression line: 

δ
2
H (‰) = 6.6(±0.9)* δ

18
O – 4.0 (2.4) [n=14, r2=0.84]                 (1) 
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A lesser slope of ~6.6, in comparison to the GMWL, indicate evaporation of falling raindrops 

(i.e., secondary evaporation) of the less intense rains occurring under dry atmospheric 

conditions. The d-excess values of the groundwater samples were less than 1‰ except at P-

02 wherein the value was ~14.1‰. Since the Mediterranean winter rains are characterized by 

relatively large d-excess (d=22‰) [3],[4], the contribution of Mediterranean rains to 

groundwater recharge to the Kuwait Group Aquifer in the past seems unlikely.  
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Fig. 1. δ

2
H vs δ

18
O plot of groundwater samples. 

Dammam Formation: All groundwater samples from the Dammam formation, fall well below 

the GMWL and have poor correlation between δ
2
H and δ

18
O: 

 

δ 
2
H (‰) = 3.4(±4.4)* δ 

18
O – 19.3 (17.9) [n=5, r

2
=0.16]    (2) 

 

The poor correlation could be due to many reasons including less number of samples, not true 

representative groundwater samples (mixed groundwater) etc. However, comparatively, they 

are isotopically more depleted compared to modern day rainwater and groundwater samples 

from the Kuwait Group Aquifer. This suggests, possibly, different climatic conditions during 

which the recharge had occurred and they are very old groundwater. 

 

Inter-relationship Among the Aquifers: The knowledge of possible interconnection between 

different aquifers in a multi-aquifer system is very essential for groundwater resource 

evaluation as well as for forecasting water-quality issues (increase or decrease) by leakage 

from above or below. Particularly, in the case of carbonate aquifers, as the interconnection 

may be difficult to establish by piezometric studies alone owing to highly heterogeneous and 

non-isotropic nature of the geology. The northwest part and along the bay, the Kuwait and 

Dammam aquifers are isotopically similar and hence, possibly, they are interconnected 

(mixed groundwater are ~11000 to 22000 a B.P). However, whether at these locations the 

groundwater flow up-gradient or down-gradient needs to be verified from the piezometric 

observations.  

 

However, as seen from Fig.2 (δ
18

O vs depth), in some parts, the aquifer is stratified and 

shown as dotted rectangle, wherein there is a good correlation. The locations in the dotted 

rectangle in Fig. 2 represent the locations other than the northwest and along the bay. This 

suggests that along the groundwater flow, flow between the Kuwait Group Aquifer is distinct 

till it reaches the northwest part, wherein the mixing occurs, and then the flow is distinct for 
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Fig. 2.  Vertical distribution of δ
18

O in groundwater with depth. 

The plot of Cl
-
 vs δ

18
O indicated that evaporative enrichment is less significant in the case of 

Kuwait Group Aquifer compared to the Dammam Formation groundwater samples. The 

groundwater sample at QR-02 (Kuwait Group Aquifer) fall on a seawater-freshwater mixing 

line, indicating possible salinity (EC=26,800 µS/cm) could be due to seawater intrusion. 

4. CONCLUSIONS 

The groundwater δ
18

O values ranged between -5.07 and 0.55‰, with an average value of -

2.72‰ and δ
2
H values ranged between -0.06 and -39.47‰ with an average value of -22.11‰, 

which fall below Global Meteoric Water Line (GWWL: δ
2
H (‰) = 8.0* δ

18
O +10), 

indicating that groundwater recharge occurred during a different climatic condition (humid 

and cooler period) than what is prevalent. Most of the groundwater samples collected 

measured very low environmental Tritium values (below the detection limits) indicating of 

older groundwater. The northwest part and along the bay, the Kuwait and Dammam aquifers 

are isotopically similar and hence, possibly, they are interconnected. In the northern part, 

freshwater zones exist tapping the Kuwait Group Aquifer and they receive direct modern day 

precipitation recharge. The groundwater at P-02, located at the northeastern part, consist of a 

mixture of modern and old waters as they have measureable 
3
H content. Plot of δ

18
O vs Cl 

indicated salinization of groundwater is mainly due to evaporative enrichment and 

groundwater at QR-02 fall on a seawater-freshwater mixing line.  
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Abstract: For many years, residential areas of Kuwait City, being a costal megacity within 

an arid region, have been affected by rising groundwater levels. The impacts of such a water 

rise are typically numerous and severe including flooding of basements and foundations, 

corrosion of network pipes, deterioration of underground installations, deterioration of 

groundwater quality, surface water logging and other effects which are objectionable on 

environmental and health grounds. The study area, Al-Qurain, is one of the significantly 

impacted urban areas of Kuwait. In the present study stable isotopes and groundwater quality 

were used to evaluate the causes of groundwater rise. Twenty five groundwater samples were 

collected from drilled wells distributed over study area with varying depths. Samples were 

analyzed for stable isotopes and water chemistry. Evidences from groundwater quality and 

isotopic signature suggest that the top twenty meters of the groundwater were composed of 

freshwater from irrigation, wastewater from leakages, KG formation groundwater, and to a 

significantly lesser extent, rainwater. Beneath those top 20 m, the effect of surface recharge 

became insignificant. Although Dammam formation was encountered at depths ranging 

between 50 and 70 m, the quality of the groundwater began to show signs of Dammam water 

intrusion (i.e., sharp increase in TDS, sharp reduction in NO3, an increase in sulfide 

concentration) around 30- to 35-m depth. This observation, the fact that the potential head of 

Dammam, as observed in the drilled wells, is above ground level, along with the steep ground 

slope suggests that this area is more prone to suffer from water rise problems than other areas 

receiving similar surface recharge. 

1. INTRODUCTION 

The study area, Al-Qurain is one of the largest recently developed urbanized suburbs in 

Kuwait with a population of more than 100,000. Different types of private houses and 

governmental buildings are present in this area, with attendant support facilities. The 

objective of this paper is to evaluate the water rise problem using stable isotopes and 

groundwater quality parameters. The environmental isotopes are naturally occurring isotopes 

of elements found in abundance in the environment. These are the principal elements of 

hydrological, geological and biological systems. They are used to trace not only groundwater 

provenance, but also recharge processes, subsurface processes, geochemical reactions and 

reaction rates [1]. Sulphur (
34

S/
32

S) and oxygen (
18

O/
16

O) isotope ratios in dissolved sulphate 

(SO4
2-

) are the most commonly studied isotopes of sulphate. Hydrogen sulphide implies 

reduction of pre-existent sulphate, the origin of which may be traced through isotope studies 

[2]. The combination of NO3
-
 concentration and δ

15
N of NO3

-
and linking δ

15
N (NO3

-
) values 

with concentrations of anions and cations in water also provides valuable information for 

identifying NO3
-
sources [3]. 
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2. METHODS 

A total of 25 monitoring and one production wells were drilled. For the purpose of 

characterizing and monitoring the uppermost portion of the groundwater, 19 wells were 

distributed over the study area to provide spatial coverage of the area, or to monitor specific 

land use or observation. On the other hand, 5 wells were drilled with varying depths at the 

same location to enable vertical profiling of the water quality. Groundwater samples were 

collected from these wells and were analyzed in the Water Research Center (WRC) 

laboratory for 
18

O, 
2
H and water chemistry. The laboratory analyses of water chemistry were 

carried out using ion chromatograph, the analyses of stable isotopes 
18

O and 
2
H carried out 

using water isotope analyzer (Los Gatos model 908-0008) with an off-axis integrated cavity 

output spectroscopy (OA-ICOS) technique and the Nitrogen and Sulphur isotopes were 

analyzed at the German laboratory (UFZ Helmholtz Centre for Environmental Research 

Department Catchment) using Isotope Ratio Mass Spectrometer. The laboratory analysis 

results are presented in Table 1 & 2. The isotopic results are expressed in δ notation with 

respect to the standards, namely Vienna-Standard Mean Ocean Water (V-SMOW) and 

Vienna-Canyon-Diablo Troilite (V-CDT), respectively. 

Table 1. Laboratory Analysis Results of Nitrogen and Sulphur Isotopes 

Sample ID δ
15

Nnitrate 

[‰air] 

δ
18

Onitrate 

[‰VSMOW] 

δ
34

Ssulphide 

[‰VCDT] 

δ
34

Ssulphate 

[‰VCDT] 

δ
18

Osulphate 

[‰VSMOW] 

QR-1A 4.6 12.8 n.s. 13.5 12.1 

QR-1B 5.7 19.2 n.s. 11.7 11.7 

QR-1C 14.5 45.9 n.s. 24.3 14.3 

QR-1D 14.6 55.8 ± 3.8 -8.6 24.0 13.5 

QR-1E n.n. n.n. -10.1 31.3 16.1 

QR-01 n.n. n.n. -11.3 31.6 14.8 

QR-08 5.1 19.2 ± 3.5 n.s. 14.1 13.6 

QR-09 6.6 13.3 n.s. 12.1 11.2 

QR-16 6.3 15.1 n.s. 12.0 11.1 

QR-18 n.n. n.n. -9.9 32.4 14.6 

QR-20 n.n. n.n. n.s. 10.7 12.9 

 

3. RESULTS 

3.1 Groundwater Quality.  

Groundwater of the study area was found to be of sodium sulphate, calcium sulphate, and 

sodium chloride types, and the main characteristic of the groundwater was observed to be of 

its relatively high TDS content and its increasing trend with the increase in depth, along with 

its major constituents, more specifically, sulfate, calcium, chloride, sodium, and magnesium. 

Some of the deeper wells showed the presence of hydrogen sulphide in high concentration, 

and it was seen to increase with increase in depth. The TDS values were plotted against the 

sampling depths (Fig. 1). The figure shows a positive correlation between the two variables, 

however, and when considering the well- known fact that if salinity increases with depth in 

practically all groundwater of Kuwait, the R
2
 value of 0.57 is less than expected. One reason 

for this could be the impact of surface recharge which is not spatially consistent. 
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Table 2. Statistical Description of Groundwater Quality results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Relation between sampling depth and total dissolved solids. 

3.2 Stable Isotopes.  

The groundwater values for δ
18

O varied from -2.96‰ to 0.12‰ with an average of -1.57‰ 

where as values for δ
2
H varied from -31.87‰ to 2.07‰ with an average of -14.7‰. The δ

18
O 

and δ
2
H values for Dammam aquifer water were -2.8‰ and -31.72‰ respectively indicating 

no recent infiltration water reaching Dammam aquifer. This isotopic similarity between the 

two aquifers confirmed the hydraulic interconnection between Dammam aquifer and the 

overlying Kuwait Group aquifer. The effect of evaporation is quite clear in the groundwater 

of upper Kuwait group because its isotopic composition is slightly enriched with heavy 

Parameters Unit Min Max Average 

pH - 5.95 8.78 6.99 

EC µs/cm 3540 124900 40509 

TDS (evap. 180°C) mg/L 2870 113325 33284 

Bicarbonate (HCO3) mg/L 40 650 207.5 

Calcium as Ca ion mg/L 204 6480 1915 

Magnesium as Mg ion mg/L 47.4 2808 692 

Sodium as Na ion mg/L 400 29000 8488 

Potassium as K ion mg/L 13 1100 357.3 

Chloride as Cl ion mg/L 340 60000 15904 

Nitrate (NO3) mg/L 2.2 134 33.63 

Ammonia  (NH3) mg/L 0.2 28.2 9.56 

Boron  (B) mg/L 1 10.2 5.72 

Iron  ( Fe) mg/L 0.001 0.709 0.09 

Phosphate  (PO4) mg/L 0.1 0.3 0.18 

Sulfide  (S
-2

) mg/L 1.2 280 145 

Sulphate ( SO4) mg/L 1200 6000 3224 

Total Coliform Bacteria MPN/100ml 5.2 111.2 55.95 

Fecal Coliform MPN/100ml 1 8.6 4 

E.coli MPN/100ml 0 0 0 

Deuterium (
2
H) ‰ -45.09 -2.36 -21.96 

Oxygen 18 (
18

O) ‰ -4.69 -1.51 -2.91 
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isotopes indicating that, during relatively heavy rainfall, rainwater is collected in the 

depressions and affected by evaporation which make it enriched in heavy stable isotopes. 

This water then infiltrates and mixes with the water of the underlying upper Kuwait group 

aquifer. The stable isotopic values of oxygen-18 and deuterium confirm the mixing of 

different types of water.  

The sulfate concentrations in the study area ranged widely between 1200 and 6000 mg/L with 

an average concentration of 3200 mg/L. Origin of this high sulphate can be obtained through 

isotopic analysis of these samples there by origin of the groundwater. Sulphate originates 

from dissolution of gypsum or anhydrite (δ
34

S(SO4
2-

) values from +15 to +35‰), Fertilizers 

(δ
34

S (SO4
2-

) is near zero) and precipitation. The well samples measured δ
34

S (SO4
2-

) values 

in the range 10.7 to 32.4‰ and δ
18

O (SO4
2-

) values range from 11.1 to 16.1‰. This suggests 

that ground water sulphate in the study area are basically evaporates originated from deep 

groundwater probably from Um Rudhuma formation which is below the Dammam formation 

and they did not originate from fertilizer application or from atmospheric deposition. 

The well samples measured δ
15

N (NO3
-
) values in the range from 4.6 to 14.6‰ and δ

18
O 

(NO3
-
) values range from 12.8 to 55.8‰. There are two groups; one (QR-1C, QR-1D) 

indicating either desert Nitrate deposits or Nitrate in precipitation and the other group mostly 

indicating their origin as precipitation. 

4. CONCLUSIONS 

Evidences from groundwater quality and isotopic signature suggest that the top twenty meters 

of the groundwater were composed of freshwater from irrigation, wastewater from leakages, 

KG formation groundwater, and to a significantly lesser extent, rainwater. Beneath those top 

20 m, the effect of surface recharge became insignificant. Although Dammam formation was 

encountered at depths ranging between 50 and 70 m, the quality of the groundwater began to 

show signs of Dammam water intrusion (i.e., sharp increase in TDS, sharp reduction in NO3, 

an increase in sulfide concentration) around 30- to 35-m depth. This observation, the fact that 

the potential head of Dammam, as observed in the drilled wells, is above ground level, along 

with the steep ground slope suggests that this area is more prone to suffer from water rise 

problems than other areas receiving similar surface recharge. The Sulphur isotopes results 

confirmed that the groundwater sulphate in the study area is of evaporitic origin and 

originated from deeper aquifers, while Nitrate isotopes results confirmed its desert nitrate 

deposits origin. Although groundwater of the uppermost aquifer of Kuwait group (KG) is 

influenced by local recharge, the major recharge source is the Dammam Formation and 

deeper aquifers. The isotopic similarity between the Dammam aquifer and the overlying 

Kuwait Group aquifers confirmed their hydraulic interconnection.  
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Abstract: Ten sampling stations along the Euphrates River and the Atshan River (South 

Iraq), 11 wells, 3 springs and Sawa Lake were sampling in the this study .  Samples waters 

were collected for hydrochemistry and stable isotopes (
2
H and 

18
O) analysis. Sampling of 

water from the determined stations were carried out during two stages; the first was in 

October /2013(dry season) and the second one was in March 2014 (wet season). The aim of 

the research is to identify the isotopic composition, in groundwater –surface water and assess 

the interaction of groundwater- surface water, which includes Al-Atshan River, Sawa Lake, 

and the groundwater in related area by using hydrochemistry and isotope techniques. The 

results indicate that surface water have different type of water from that of groundwater. In 

the δ
2
H vs δ 

18
O diagram all groundwater, springs and Sawa Lake water are plotted below 

GMWL and LMWL indicating the influence of evaporation processes and seasonal variation. 

The LMWL deviate by d-excess about (+13.71‰) towards the EMWL indicating the origin 

of the vapour source is from the Mediterranean Sea. The river water has different isotopic 

composition from that of groundwater and springs and Sawa Lake. The final conclusion is no 

influence of the groundwater on the river water while there is intermixing between the 

groundwater in the different aquifers. Also the increase of TDS in the river water is caused by 

the runoff of some wells and springs which used in irrigation. The discharge water from those 

springs and wells as well as the washing of runoff rain ends up in the river lead to dissolving 

the halite and others salt from the surface soil in the area. 
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Abstract: The unconfined Plio-Quaternary aquifer of Souss-Massa located under semi-arid 

climate is intensively exploited [1]. About 94% of water resources are used for agriculture. 

The groundwater level shows a continue depletion. Chemical tracers indicate a deterioration 

of groundwater quality in many areas with multiple sources of salinity. Another consequence 

of overexploitation and water use for the agriculture is the increase of nitrate concentrations. 

A multiple isotope investigation (
18

O, 
2
H, 

14
C, 

3
H, He…) showed that the aquifer is mainly 

recharged from the High Atlas Mountains with relatively high rainfall and snowmelt.  The 

spatial variation of stable and radioactive isotope concentrations indicated a mixing of 

modern and old water within the system. The recent recharge was observed mainly along the 

Souss River and in the irrigated areas. These results indicated how the resources are 

renewable and allow establishing a scientifically-based water management model for 

sustainable exploitation of water resources in the Souss-Massa basin.  

1. INTRODUCTION 

Current overexploitation phenomena of groundwater (GW) in the Souss-Massa aquifer have 

limited the operation of many agricultural activities, and several farms in central Souss 

Valley had to cease operation completely due to the non-availability of water resources. More 

than 25,000 wells and boreholes were drilled within the aquifer. The depletion of GW level, 

ranging from 0.5 to 2.5 m, was continuing in the area during the last decades. The 

deterioration of water quality is observed in many zones marked by an increase of total 

mineralization and nitrate concentrations [2, 3, 7]. This study completes and improves the 

results obtained during the last decades in the area. The information gathered on the 

hydrology and the relative importance of water sustainability will be used to make informed 

decisions about water resource allocation and possible remediation strategies.  

2. METHODS 

To understand the origin and availability of water, the study focuses on sources and 

mechanisms of groundwater recharge and mineralization. Using fingerprint identification 

(geochemistry, lithology, and isotopes), the origin of water, its residence time and 

renewability are investigated. The use of multiple isotopic tools (
18

O, 
2
H, 

3
H, 

14
C, 

13
C, 

3
He, 

86
Sr/

87
Sr, …) brings more indications on some aspects, in particular the sustainability 
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assessment of water resources [4]. State-of-the-art modeling (origin, underground pathway, 

mixing processes) leads to a reliable conceptual model of the aquifer systems. These results 

will be used to generate alternative management practices enabling a mitigation of the 

deterioration crisis and thus sustainable groundwater exploitation and supply. 

Mauritania

 
Figure 1. Situation of studied area and water sample collection. 

3. RESULTS 

From the recent investigation and previous studies [4], some points can be established : (i) 

Stable isotope contents, with mainly low values (-6 to –8 ‰ in 
18

O) indicate that the Atlas 

Mountains, with  high rainfall and significant snow cover, constitute the main source of 

recharge to the Souss-Massa shallow aquifer (Figure 2), (ii) Deuterium and oxygen-18 values 

show a westward gradient with more depleted values particularly in upstream part, due to 

altitude and continental effect, (iii) The anomaly in this regional distribution observed in the 

irrigated perimeters is linked to evaporation and can be explained by the irrigation water 

return.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Spatial distribution of δ
18

O in Souss-Massa aquifer according to global database 

(a), and relationship between δ
18

O vs δ²H (b), [5] 

The results of the isotope investigation from groundwater samples collected on the upstream, 

middle and downstream (coastal area) part of the basin suggest that relatively old water is 

mined at some wells, and that its salinity has multiple sources [6, 9, 10]. Dating methods 

indicate ages up to several thousands of years (Figure 3). Differentiation between modern and 

old recharge, agricultural water, and evaporated water is possible. Another significant source 

of salinity is water/rock interaction, as indicated by the isotopic composition of strontium, 

which indicates also mixing of groundwater from different origin in this area. The noble-gas 

concentrations indicate relatively similar age as 
14

C, [6, 8, 9]. 
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Figure 3: Groundwater samples with A
14

C and 

δ
13

C values along the line are hypothesized to 

reflect mixing between soil-derived DIC and 

carbonate rock dissolution under a closed system 

and thus are modern, whereas deviation from that 

mixing line is modeled to 
14

C decay and thus 

residence time of the groundwater increases 

downstream.  

 

 

4. CONCLUSIONS 

The variation of chemical and isotopic tracers shows that the area is affected by abstraction, 

irrigation water return and the evolution of modern recharge in time and space. The GW 

flowing processes, distribution and timing are influenced by long/short term effects and long 

term recharge is dependent on climatic conditions.  
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Abstract: Berrechid basin with a total area close to 1500km
2
, is located in south of the largest 

metropolis of Morocco (Casablanca). The main aquifer is set in the Pliocene sandstone. This 

shallow aquifer is highly stressed by agricultural uses, due to the very good fertility offered by 

its soil. Also, it’s easy exploitation through traditional wells (less than 70 m depth), played an 

important role in agricultural development in the plain and therefore the increasing volumes 

pumped. The high salinity coupled with groundwater level decline pose serious problems for 

current irrigation and domestic water supplies as well as future exploitation.  

 

An approach using several chemical and isotopic tracers was carried out in order to determine 

the sources of water recharge and to identify the main processes causing the increasing of the 

salinity. Forty eight measurement points throughout the study area in varying wells, 

boreholes, springs and rivers were investigated and collected during 2012–2013, and analyzed 

for their chemical, traces elements and isotopic compositions. 

 

The metallic trace elements composition result, as (Li, Cr, Mn, Co, Ni, Cu, Zn, Sr, Mo, Cd, 

Ti, U and Pb) are below tolerance level, and do not reveal any toxicity in Berrechid aquifer.  

Groundwater salinity is based on chloride concentrations (120 to 2 500 mg/L) and electrical 

conductivity (EC), which represents overall dissolved salts (811 to 8 330 µS/cm). A combined 

hydrogeochemical and isotopic composition results showed: 

 

� A positive correlation between δ
18

O vs. NO3
-
 which suggests that significant quantities of 

evaporated irrigation water, infiltrates with nitrate fertilizer into shallow aquifer; 

� An excess Na
+
 compared to Ca

2+
, which is due to basic exchange reactions within the clay 

minerals dominating in the aquifer system; 

� The relationship δ
18

O vs. Cl
-
 highlights evaporation water phenomenon before and during 

infiltration and dissolution of chlorinated mineral species which originate from fertilizers 

containing chloride impurities; Atlantic sea spray and salt alteration of evaporate rocks. 

� Finally, the stable isotope composition shows that δ
18

O and δ
2
H values would deviate from 

the GMWL slope towards elevated δ
18

O and δ
2
H values with a lower δ

18
O/δ

2
H slope. This 

suggests that recycling of agricultural return flows is an important recharge source in the 
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central area of the basin. This source is distinguished by high nitrate (up to 150 mg/L), 

δ
18

O and δ
2
H values (-3.41 and -21.31 ‰ vs V-SMOW respectively). 

 

In conclusion, the data generated in this study revealed that the high salinity of the aquifer is 

caused by the coexistence of three phenomena: 1- dissolution of evaporate rocks from Permo-

Triassic and Infra-Cenomanian strata, 2- Water-rock interaction and 3- Human impacts due to 

agricultural return flow. The third phenomena represents the main contribution to 

groundwater salinization, especially in the central part of the aquifer near Berrechid city, as 

well as one of the main causes of the general increase in NO3
-
 concentrations. 

 

These results will help to develop an improved version of the hydrological flow model, which 

can be used for management purposes. 
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1. INTRODUCTION 
 

Intensive exploitation of groundwater over longer period has led, in many important aquifers, 
to marked lowering of water tables, increasing exploitation costs, and often, to a progressive 
deterioration of water quality. Concentrated pumping may also alter flow patterns 
permanently with the risk of migration of pollutants into aquifers from the surrounding 
aquifers or surface water bodies due to lack of physical protection to prevent them. Isotope 
hydrology tools have proven to be very useful in assessing groundwater hydrology, 
addressing aspects related to recharge processes, delineation of flow patterns, water quality 
issues and interactions with other water bodies; this unique information can be further used to 
evaluate long term aquifer sustainability. The objective of the Coordinated Research Project 
F33019 is to develop and review approaches and methodologies, mostly based on the 
combined use of conventional hydrogeological techniques and environmental isotopes, to 
assess the response of groundwater systems to intensive exploitation and groundwater 
availability. Access to new dating tools and approaches for groundwater dating covering 
different time scales offers the possibility to evaluate changes in groundwater dynamics and 
flow patterns, providing key data to predict the evolution of aquifers and their sustainability 
as major sources of water. The CRP aims to assess the performance of these new tools and 
approaches and the possible adoption of these methods by water management experts. 

2. METHODOLOGY 
 

Five geographical areas presenting a large variety of aquifer systems (large/small, 
confined/unconfined, multilayered, alluvial, coastal, porous/fissured/karstic) and different 
climatic settings (temperate, semi-arid, arid, tropical) have been investigated during this CRP. 
The collaborating member states are: Argentina (Mar del Plata aquifer), Mexico (San Luis 
Potosi aquifer), France (Valréas aquifer), Poland (Bogucice and Czestochowa aquifers), 
Spain (Loma de Úbeda aquifer), Ghana (Upper Ghana aquifer), Morocco (Souss Massa 
aquifer), Tunisia (Sfax aquifer), China (North China plain aquifer), India (North-Eastern 
Punjab aquifers), Pakistan (Lahore aquifer), Vietnam (Hanoi aquifer) and New Zealand. Each 
member states have evaluated the (over)intensive exploitation of groundwater with a set of 
measured parameters including at least one of the following: general parameters (water level, 
T, EC, Eh, DO, pH), environmental isotopes (2H, 18O, 13C-DIC, 34S-SO4 and 18O-SO4, 

15N-
NO3 and 18O-NO3, 

87/86Sr, 11/10B), radioactive isotopes (14C-DIC, 3H, 222Rn), noble gases, 
anthropogenic gases (SF6, CFCs, SF5CF3, H-1301), major ions and trace elements, NH4, 
nitrate, nutrients, Methane, DOC. 

3. RESULTS 
 

Most of the participating member states evaluated the past and present data/trends of 
conventional hydrological, chemical, isotopic and groundwater age/data and observed the site 
specific changes as drop in water table, in stable isotopic contents’ and groundwater age 
tracers’ characteristics (Figure 1).  

The drop in groundwater table was observed in many cases from very high to high (5 m/year- 
Spain, 3 m/yr-China, 2.5 m/yr- Morocco, 2m/yr- Mexico, 1.5 m/yr-Pakistan,1 m/yr- India) 
and comparatively less in case s (0.15/m/yr) of Argentina), while few others have to still 
evaluate their data. In case of Poland, New Zealand and France, being the artesian aquifers, 
the artesian conditions were notices to be diminished. Most of the participating countries 
have observed the changes in chemical characteristics of groundwater in terms of changes in 
major ions- (France, Mexico, Argentina, India, Pakistan and Tunisia), anthropogenic 
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pollutant (nitrate in most cases) and geogenic origins (fluoride & arsenic in Mexico) or trace 
elements (India, Pakistan, Spain and Vietnam) as consequences of intensive exploitation of 
aquifer systems. At last, the changes in stable isotopic characteristics of groundwater were 
observed in many cases (China, India, Morocco, Tunisia, Pakistan, Spain, Argentina, etc.) 
while in few other cases no appreciable change in stable isotopic composition has been 
noticed, particularly in case of artesian aquifers (France, Poland and New Zealand). In few 
cases, this effect is yet to be evaluated.  
 

 
Figure 1: Dramatic changes of depression cones in Cangzhou, China. Increasing 
14

C activity with groundwater exploitation indicates a short turnover time of the 

local groundwater system after the intensive groundwater abstraction 

 

Stable isotopes (18O, 2H) and age tracers (3H, 14C) can indicate changes in the flow dynamics 
and can be considered as early warning tools. Tritium is and will remain a first-choice tracer 
for identifying modern recharge, especially with the bomb-tritium signal finally fading off. 
However, it is recommended, that 3H should be accompanied whenever possible, by other 
transient tracers (SF6, 

3H/3He, CFCs, others). It is very important to accumulate time series of 
tritium data for intensively exploited aquifer systems for quantitative interpretation in terms 
of water/tracer ages, calibration of 3D flow and transport models. The group strongly 
recommends a full use of carbon isotope data (13C, 14C content of TDIC/DOC pool) in 
conjunction with chemistry and available geochemical codes (Phreeqc, Netpath). This is the 
only, widely available tracer pair to assess timescales of groundwater flow in the order of 
103-104 years. Whenever feasible and justified, other available tracers should be employed 
(4He, 36Cl, 81Kr, others). 

 
Isotopes and chemical elements mapping in vertical and horizontal scales is a fundamental 
tool to display spatial information and to compare time evolution in relation with the intense 
exploitation of aquifer systems. Today's technology (GIS, laser spectrometry etc.) can 
provide large number of data at low cost. It is also useful to elaborate conceptual and 
numerical models and for calibration purposes, to define a baseline and its evolution in time 
and space, to represent the structure, units and functioning of an aquifer system and 
determine the origins of recharge. Tracer-calibrated 3D flow and transport model should be 
viewed as ultimate management tool for intensively exploited aquifer systems. 
Environmental tracer data proved to be excellent calibration tool for 3D flow and transport 
models. 
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Abstract: Mineral waters at Cabeço de Vide, in Portugal, issue from ultramafic rocks 

undergoing active serpentinization and have similar characteristics to spring and borehole 

waters at other comparable sites around the world: 17ºC < T < 20ºC, very high pH values 

(pH > 11.5), Na-Cl/Ca-OH chemical facies, and considerable amounts of dissolved CH4 (up 

to 1.2 mg/L). Stable isotopic (δ
2
H and δ

18
O) signatures from the waters indicate a meteoric 

origin. CH4 isotopic compositions are in the range typical of abiotic gas observed in other 

serpentinization sites.  

1. INTRODUCTION 

Cabeço de Vide mineral waters (Portugal) issue from the contact metamorphism zone 

developed by the Alter-do-Chão mafic/ultramafic pluton (of Ordovician age) on the 

surrounding Cambrian limestone rocks. The ultramafic core includes peridotites, 

serpentinized peridotites and serpentinites, surrounded by outcrops of mafic rock (mainly 

gabbros). Here, we summarize the main results obtained for water and gas (CH4) isotopic 

compositions, as a major step to understanding Cabeço de Vide mineral water circulation.  

2. METHODS 

Chemical analyses (anions) of Cabeço de Vide mineral waters were performed at Lab. of 

Mineralogy and Petrology (IST-Portugal) as described by [1],and at Actlabs Lab. Canada  

(cations). δ
2
H and δ

18
O in the mineral waters were performed by mass spectrometry [1] and 

by laser spectroscopic analysis (LGR 24d) at C
2
TN/IST. CH4 was detected through multiple 

analytical techniques, both in the laboratory, and on site, using tunable diode laser absorption 

spectrometers, a cavity ring down spectrometer and gas chromatograph mass spectrometry 

[2-3]. Gases were detected in solution at three boreholes, and in a natural spring [3]. 

 

24



3. RESULTS 

Two types of groundwater were found in the Cabeço de Vide area: HCO3-Ca/Mg with 

pH < 9, which constitute the surface (stream) and shallow groundwaters discharging from the 

gabbros and serpentinites, and Ca-rich and Mg-depleted hyperalkaline (pH ≈ 11.5) waters, 

which represent a deeper circulation and suggest active serpentinization of the ultramafic 

rocks [1]. The chemical character of the Mg-rich waters is mainly due to serpentine 

dissolution. δ
2
H and δ

18
O signatures of the hyperalkaline waters (Figure 1a) plot on or close 

to the global meteoric water line (GMWL) δ
2
H = 8 δ

18
O + 10 defined by [4], indicating that i) 

they are meteoric waters, and ii) water-rock interactions occur at modest temperatures  [1]. 

Radiocarbon dating also indicates that the waters are only a few thousands years old [1]. CH4 

was detected only in the hyperalkaline waters, with concentrations up to 1.2 mg/L; its 

isotopic composition (-24.4 
o
/oo < δ

13
C-CH4 < -14.0 

o
/oo and -285 

o
/oo < δ

2
H-CH4 < -218 

o
/oo) 

falls in the range of typical abiotic gas (Figure 1b) found in other serpentinization sites. This 

methane is isotopically different from microbial or thermogenic gas [5].  

 

 

 

 

 

Figure 1.  (a) δ
2
H vs. δ

18
O in waters from Cabeço de Vide (CdV) region (updated from [1]); 

(b) δ
13

CCH4 vs. δ
2
HCH4 diagram in CdV mineral waters, compared with microbial and 

thermogenic, and abiotic gas from land-based serpentinization systems (data from [5]).  

4. CONCLUSIONS 

Hydrochemical analyses of Cabeço de Vide mineral waters suggest that local HCO3-Ca/Mg 

and HCO3-Mg shallow groundwaters are generated in a first step, under open CO2 conditions, 

through meteoric water interaction with gabbros and serpentinites, respectively. We 

hypothesize that these shallow groundwaters may percolate at depth and, under closed CO2 

conditions, can evolve to the hyperalkaline mineral waters by groundwater-peridotite 

interaction (active serpentinization). Further analyses (e.g. 
14

C in CH4) shall be performed to 

verify whether CH4 production is genetically linked to the relatively young mineral waters.  
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Abstract: The Sokoto Basin in Nigeria is part of the regional Iullemeden Basin and consist 

of four distinct sequence of sedimentary deposits namely, the Tertiary Gwandu Formation, 

Sokoto Group (Kalambaina and Dange formations), the Cretaceous Rima Group (Wurno, 

Dukamaje and Taloka Formations) and the Gundumi-Illo Formations. Initial investigations 

using isotope hydrology techniques complemented by hydrochemistry to characterize the 

multilayered aquifers of the basin, determine the regional flow dynamics recharge rate, age 

water quality status and existing/ imminent hydrogeological risks with a view to developing a 

mathematical model for rational and sustainable management of groundwater resources in the 

region have been carried out in the Nigeria sector of the Iullemeden Basin under the IAEA-

assisted Project RAF7011. 

 

Generally, it was discovered that waters from the basin are depleted in Deuterium in the 

ranges of -4.6‰ to -51.4‰ and equally depleted in Oxygen-18 values with minimum 

of -7.28‰ and maximum of -1.05‰. Graphical representation of the stable isotopes (δ
18

O vs 

δ
2
H) relationship for surface water samples and aquifers of the Gwandu, Sokoto and Rima 

Groups including the Gundumi formation falls on the Global Meteoric Water Line (GMWL) 

indicating waters of meteoric origin. Stable isotopes characteristics (-2.05‰ to -7.28‰ 

and -12.8‰ to -51.4‰ ) and Tritium (-0.01 to 3.49 TU) compositions in water samples 

indicates hydraulic connections of the Gwandu, Sokoto, Rima Groups and the Gundumi 

formation at shallow depth which may be due to leaky aquifers or uncoordinated 

exploitations of the aquifer systems. Waters of the deeper Gundumi formation (-7.28‰ 

and -51.4 ‰) appears to be older than the rest of the waters in the basin. The recharge of 

aquifers of the Sokoto and Rima Groups by the Sokoto and Rima River respectively is also 

obvious. Furthermore, the existence of considerable enrichment of the surface waters 

including the reservoir in stable isotopes composition (δ
18

O = -1.05‰ to 3.49‰ and δ
2
H = -

4.6‰ to -21.3‰) as a result of evaporation is evident. Results from the hydrochemical 

analyses of water samples in the basin generally do not reveal any concern for water quality 

degradation in the basin. However, there is need for routine monitoring and assessment of the 

waters in the aquifer systems.  Consequently, analyses of 
14

C, 
13

C , 
3
H ,

2
H and 

18
O to be 

complimented by hydrochemistry from water samples in future sampling campaigns would 

be undertaken to further confirm evidences of renewability, mixing, relative ages and aquifer 

vulnerability of the Nigerian sector of the Iullemeden basin where the aforementioned four(4) 

distinct aquifers systems occurs. 
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Abstract: Quantifying low submarine groundwater discharge (SGD) is currently difficult but 

important since such kind of aquifers are generally associated to a higher vulnerability to 

saltwater intrusion. It is the case of the aquifer of Bonifacio that is the unique local water 

resource in the south of the Corsica Island. Surveys of radon and radium along the coast 

allowed detecting and measuring low SGD fluxes. The Bonifacio harbor and the 

Sant'Amanza Bay are the two sites with the highest signals, which are correlated with the 

fault structures and the groundwater flow directions. This information is essential to define 

the aquifer vulnerability in a context of increasing abstraction. 

1. INTRODUCTION 

The behavior of the carbonate coastal aquifer of Bonifacio is highly dependent on its 

interactions with the surrounding fractured granite and its large interface with the 

Mediterranean Sea. This environmental configuration associated with a semi-arid 

Mediterranean climate; make the aquifer highly sensitive and dependent. The current 

groundwater hydraulic gradient is favorable to the existence of low submarine groundwater 

discharge (SGD). A tracing approach based on the Radon-222 and Radium-223, Ra-224 and 

Ra-226 activities was carried out within the aquifer and along the coastline to localize and 

estimate SGD. 

2. METHODS 

The aquifer of Bonifacio, in the southern part of the French island of Corsica, extends over 

28 km² and has a maximum thickness of 250 m. In October 2012, 9 boreholes and 1 river 

were sampled to estimate the aquifer radon and radium signals. During a second campaign in 

January 2014, the radon was measured continuously along the coastline through water 

pumping from a boat. Seawater and 5 beaches sediment samples were also taken to estimate 

the radium and the radon. RAD7 system was used to measure 222Rn, using RADH20 for 

borehole or RADAQUA for the continuous measure. Radium isotopes were measured with 

RADECC system.  
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3. RESULTS 

222
Rn activities in the aquifer range from 3000to 27800 Bq/m

3
. The higher values were 

detected for water collected near the granite/carbonate aquifer contact that confirms a 

hydraulic connection between the two geologic environments. Two major SGDs were 

detected along the coastline with the highest activities in the harbor and in the Sant'Amanza 

Bay (around 40-60 Bq/m
3
) which is in agreement with the groundwater flow directions. In 

comparison, the activities were about 20 Bq/m
3
 along the granitic coast and 0-10 Bq/m

3
 along 

the carbonate coast. Despite low values, the same tendencies were observed for the activities 

of the Radium-223, Ra-224 and Ra-226 activities. The highest values in the aquifer were 

found near the granitic interface, and in the sea the maxima were inside the harbor and the 

Sant'Amanza Bay. 

4. CONCLUSIONS 

These first preliminary results show a possible estimation of the SGD with radon and radium 

quantification despite the low signals. The two main SGD are in agreement with the 

discharge points of the groundwater flow and the paleovalleys which are the main faulted 

structures affecting the aquifer. The information given by this tracing approach is important 

to understand the aquifer vulnerability in a context of increasing demand. 
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Abstract: Hydrochemical and environmental isotope (
2
H, 

18
O and 

3
H) data were used (1) to 

investigate the source of recharge and the groundwater flow, (2) to reveal the origin of the 

water salinity and determine the main mechanisms controlling the chemistry of groundwater 

in the Oued Guenniche basin situated in NE part of Tunisia. 

 

1. INTRODUCTION 

The groundwater wells in the Oued Guenniche plain (NE part of Tunisia) are tapping tow 

alluvial aquifers: i) the deep and intermediate aquifer contained in the Pliocene and Plio-

Quaternary detrital deposits ii) the phreatic aquifer lodged in the heterogeneous alluvial 

quaternary formations [1-3].  

This multilayered system is the most important aquifer in the region and also represents the 

main source for fresh and agriculture water supply. In the few last decades, the increasing 

demand of water for agriculture and domestic use has led to the exploitation of resources 

without rational management plans. The specific goals of this study are to: determine the 

predominant geochemical processes taking place along the inferred groundwater flow lines 

and to use major elements, stable isotopes and tritium to determine the recharge areas and 

groundwater evolution.  

2. METHODS 

Sixty-one samples were collected for geochemistry analysis (major elements) and isotopes 

(
2
H, 

18
O and 

3
H). Chemical analyses were done with ion chromatography, stable isotopes 

were measured in the LRAE using an absorption spectroscopy analyzer and tritium 

concentration was also determined by a scintillation counter following electrolytic 

enrichment 

3. RESULTS 

Hydrochemical characterisation of the groundwater from both aquifers indicated that the 

dominant hydrochemical facies for all samples is a Na-Ca/Cl-SO4 type. The major 

geochemical processes in the aquifer are evaporite mineral dissolution and mineral exchange 

with clays [4]. The stable isotopic composition of water indicates a groundwater recharge in 
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current climate condition, the isotope values are close to annual isotope composition of 

rainfall in Tunis located to 50 km at the south-East [5, 6]. 
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Figure 1. Piper diagram of groundwater samples 

 

The shallow groundwater is characterized by high ionic concentration, elevated levels of 

NO3

-
attributed to anthropogenic sources and locally enriched isotopic water. The well closer 

from the sea indicates a possible beginning of a seawater intrusion as result of the intensive 

exploitation of resources. The deep and intermediate groundwater shows low ionic 

concentration and negative stable isotope content. Locally some samples show mixed water 

resulting from upward leakage from deep and intermediate groundwater.  

 

Figure 2. Stable isotope contents of groundwater  

Tritium levels in the shallow aquifer are high (range from 2 to 5 TU) and their content is 

similar to the weighted mean value of tritium content in precipitation, indicating local and 

recent recharge younger than 1950 and low residence time. Samples from deeper levels and 

from downstream area of the basin show a much older recharge (
3
H < 1 TU). 

4. CONCLUSION 

This study utilized isotopic and geochemical tracers of groundwater to improve current 

understanding of the hydrogeology and geochemistry in the Oued Guenniche basin. It 

provided useful information regarding mechanism of recharge, type of water, residence time 

and mixing patterns between aquifers. 
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Figure 3. Spatial distribution of tritium content in groundwater 
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Abstract: Around the Mediterranean basin, coastal aquifers display high sensitivity to 

climate changes and human activities. During recent decades, the great increase in water 

demand to satisfy agriculture, domestic use and industrial use, affects coastal water resources 

and lead irreversible degradation of water quality [1]. The plain of Oussja-Ghar el Malah, is 

an example of coastal phreatic aquifers suffering joint hard natural and human constraints: 

Semi-arid climate, high pumping rates for agriculture supply and diffuse pollution caused by 

intensive agricultural activities. 

1. INTRODUCTION 

The study area is located in the north-eastern part of Tunisia (Fig. 1). It represents one of 

most important agricultural regions in this part of the country. Shallow water resources are of 

paramount importance for irrigation and the crop cultivation mainly depend on groundwater 

supply. The groundwater reservoir is made of Plio-Quaternary detrital deposits [2]. During 

the last few years, the increasing need for water related to agriculture development has 

caused a progressive qualitative and quantitative degradation of the groundwater resources 

[3]. As consequence, the vulnerability to pollution and salinization of the phreatic aquifer is 

highly increased [4].  

2. METHODS 

Sixty samples were collected for geochemistry analysis (major elements) and isotopes (
2
H, 

18
O and 

3
H). Chemical analyses were done with ion chromatography. Stable isotopes were 

carried out on an Isoprime – GV Instruments mass spectrometer in the LAMA (Montpellier –

France). Hydrogen isotope composition was measured by water reduction over metallic 

chrome, while δ
18

O was analyzed by water-CO2 equilibration [5]; both results are expressed 

in δ ‰ V-SMOW with an overall precision of 0.05 ‰ for 
18

O and 0,8 ‰ for 
2
H. Tritium 

concentration was also determined by a scintillation counter following electrolytic 

enrichment in the LRAE – Sfax. 
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Figure 1. Study zone 

3. RESULTS 

Preliminary resultsfrom a dual geochemical (major and trace elements) and isotopic (
18

O, 
2
H 

and 
3
H) approach show that the return of irrigation water rich in organic and chemical 

fertilizers and salts deposits caused by marine sprays are the main sources of groundwater 

salinization. Groundwater is of a Cl-Na/Ca type in the border of the basin and Cl-Na in the 

downstream part of the plain (Fig. 2).  

 

Figure 2. Piper diagram of groundwater samples 

 

Analyzed groundwater samples show isotopic content ranging from -5.66 to -2.97 ‰ vs 

VSMOW for δ
18

O and from -32.3 to -19.1 ‰ vs V-SMOW for δ
2
H, the more depleted values 

concern deep piezometric level (Fig. 3). The mean values are respectively -4.63 and -27.9 ‰ 

vs V-SMOW for δ
18

O and δ
2
H close to annual isotope composition of rainfall in Tunis 

located to 50 km at the south-East [6, 7]. Stable isotopes content and the tritium data show a 

global recent groundwater renewal, with two different recharge modes: i) fast recharge due to 

the infiltration of irrigation water and runoff water through the Plio-Quaterrnay formation in 

the plain, and ii) diffuse recharge by direct infiltration of precipitation in the upstream part of 

the plain where Oxygene-18 values decrease with depth (between 15 and 40m) and 

groundwater shows a low tritium levels indicating different recharge timing.  
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Figure 3. Evolution of 
18

O content with depth 

 

4. CONCLUSION 

The hydrogeological and geochemical setting of Oussja-Ghar el Melah plain displays features 

which are common to other coastal Tunisian aquifers and are illustrative of groundwater 

hydrodynamics in similar sedimentary aquifers. First results obtained in this study impose 

better management tools for monitoring groundwater quality, enforce better agricultural 

practices, implement remedial actions for local pollution problems and plan a rational 

development of the groundwater exploitation. This study continues under an IAEA technical 

cooperation project (TUN/7/002) with main objective to understand impact of human 

activities and climate changes on groundwater resources.  
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Abstract: In the coastal area, the significant and increasing demand of water has caused an 

intensive exploitation of groundwater resource. This situation is intensified in the arid and 

semi arid regions where surface water is scarce or even absent as the region of Sfax, southern 

part of Tunisia. The Sfax region presents a multi-layer aquifer system composed of a deep 

confined aquifer, a middle aquifer and shallow aquifers that are delimited by their respective 

catchment areas. The intensive exploitation of this aquifer system has led to lowering of 

water tables, changing flow patterns in the aquifers and a progressive deterioration of water 

quality. Hydrochemical and isotopes analyses have been used to identify the geochemical 

processes that affect the shallow groundwater aquifer of Sfax and to delineate groundwater 

quality evolution under intensive exploitation. 

1. INTRODUCTION 

Groundwater resources management constitutes a very sensitive issue in arid and semi arid 

coastal areas which are densely populated since the lack of permanent surface. Sfax region is 

located in Southeastern of Tunisia; it is characterized by a semi-arid to arid climate. 

Precipitation is rare and irregular with an average of 239 mm/ year. The mean annual 

temperature is about 19 °C. The potential evapotranspiration is high with an annual average 

value of 1829.4 mm / year and the dry season is pronounced which aggravates the situation of 

intensive exploitation of groundwater resources. The Sfax basin belongs to the eastern 

Tunisian plain, it is dominated by outcrops of the Mio–Pliocene and the Quaternary deposits, 

and it’s more or less affected by the major tectonic phases [1].  The hydrogeological studies 

have identified three main aquifers: The shallow aquifer, the middle and the deep aquifers. 

The shallowest aquifer, which is an unconfined superficial unit, is contained in sands and 

silty clay of Quaternary [2-3]. It is a multilayered aquifer, characterized by productive 

horizons, which are separated by sandy clay semi-permeable intercalations ensuring their 

communication. The aquifer is mainly recharged by direct infiltration of rain waters in the 

northern and the western parts of the basin. The discharge areas are found on the 

Mediterranean shoreline and the Sebkhas.  This aquifer represents very significant reserves, 

about 40 Mm³ in 2008; it is easily accessible but very vulnerable to pollution. Previous 

hydrogeological investigations using chemical and isotopic tracers have shown that the 
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shallow aquifers show a progressive deterioration of water quality cause particularly by 

nitrogen pollution and seawater intrusion. This study consists on use of the chemical and 

isotope investigation to assess groundwater quality evolution for a better understanding of the 

shallow aquifer of Sfax responds to intensive exploitation in front of the continuous increase 

of water needs. 

2. METHODS 

In total 73 water samples were collected during several sampling campaigns from December 

2012 to March 2014 from wells with depths varying from 14 to 70 m, in different parts of the 

basin. Physical parameters of sampled groundwater (temperature, pH, electrical conductivity) 

were measured in situ. Major chemical elements (Cl
–
, SO4

2-
, NO3

-
 , HCO3

-
, Ca

2+
, Mg

2+
, Na

+
, 

K
+
) were analyzed by ion liquid chromatography with an analytical precision of 5%. The 

ionic balance for all samples is within±5%. 

Stable isotope (
18

O/
2
H) contents of the groundwater samples were measured by laser 

spectrometry (LGR DLT100). The isotope contents are reported in the usual δ notation 

relative to the Vienna standard mean ocean water (V-SMOW) standard. Typical analytical 

uncertainty of the reported values is about±0.2‰ for δ
18

O and ±1.5‰ for δ
2
H (one-sigma 

level). Chemical and isotopes analyses were performed at the Laboratory of Radio-Analysis 

and Environment of the National Engineering School of Sfax (Tunisia).   

3. RESULTS 

At the current state, the shallow groundwater is exploited by 9976 equipped shallow wells 

(6769 Electrical Group authorized in 1253 and 1954 Group Electrical home Diezel Group). 

The total rate of exploitation was estimated to 53.6 Mm
3
/ year. Unfortunately, this intensive 

exploitation of the Sfax shallow aquifer is significantly higher than available natural 

resources (134%), causing marked lowering of water tables. This phenomenon is observed 

particularly in the northern part of the basin (Djebeniana region) where the withdrawals in 

2012 was estimated at 9.29 Mm
3
/year which exceeds resources valued at 3.35 Mm

3
/year. The 

calculated drawdown observed from 1993 to 2012 varies between 4 to 8 m. 

 

Groundwater salinity, which is highlighted by the TDS values, varies largely from 0.5 to 

10.9 g/L. About 71% of the analyzed samples of the shallow aquifer showed TDS higher than 

3g/l (Figure 1), and almost of shallow samples were brackish or saline water according to the 

classification of Freeze and Cherry (1979) [4] with total dissolved solids (TDS) value 

exceeding 2g/L. The most saline groundwater are located south-western part of the basin in 

Skhira basin and in the northern part of Sfax (Djebeniana and El Amra aquifer). However, the 

low values are recorded in some points located mainly in the western part of Sfax basin, in 

the recharge area. The chemical composition of these points is characterized by HCO3-Na-Ca 

water type (Figure 2). The most saline TDS values (TDS>5 g/l) characterize the shallow 

groundwater of Djebeniana aquifer, in particular in the coastal area where the salinity exceeds 

10g/l. In Piper diagram, brackish to saline groundwater show a clear gradation from a 

sulphate mixed type to that of sodium chloride. The alignment is very clear, particularly in 

the anion triangle. Compared to the chemical composition analyzed in 2003, enrichment in 

chloride contents is observed in the most mineralized groundwater (Figure 2). The [Cl
-
] 

content of the groundwater increases to the east, in relation to the proximity to the coastal 

area. The analyzed groundwater samples have much higher SO4 and Ca contents than 

Seawater suggesting that the inputs of sulphate other than seawater must exist. The most 

likely source of this sulphate is from dissolution of the small amounts of gypsum scattered 

through the aquifer. 
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Figure 1.  Distribution of groundwater salinity in analyzed in the shallow aquifer of Sfax  

 

Figure 2. Piper Diagram of analyzed samples of the Shallow aquifer of Sfax 

The measured stable isotope ratios were used as conservative tracers of water origin. The 

δ
18

O and δ
2
H values of the shallow aquifer are plotted on Figure 3 in relation to the Global 

Meteoric Water Line (GMWL) [5] and the Regional Meteoric Water Line of Sfax (LMWL) 

[3]. The measured stable isotope composition of the samples representing Sfax aquifer is 

quite variable; δ
18

O changes from -1.6 to -5.62‰ with corresponding δ
2
H values changing 

from -14.2 to -38.4‰.  The δ
18

O / δ
2
H diagram shows that the Sfax groundwater plots on or 

slightly below the GMWL and the RMWL. The first group of point plots along the RMWL 

represents fresh groundwater collected from western part of Sfax basin. Most likely, they 

represent recent infiltration water. Other samples plot along mixing line between seawater 

and groundwater. Most of samples plotting near this line are characterized by high 

mineralization and are located in the coastal area.  An estimation of seawater intrusion rate is 

made using 
18

O mass balance. The calculated rate of seawater intrusion is ranging between 3 

and 18% in Djebeniana region and could reach 45% in Skhira region. Another group of point 

plots according to an evaporation line with a slope less than 8. The evaporation could occur 

during rainwater infiltration or directly from the aquifer where the water table is near to the 

surface. 
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Figure 3. δ
18

O/ δ
2
H diagram of the shallow aquifer of Sfax. 

4. CONCLUSIONS 

The shallow aquifer of Sfax is over-exploited (136%) causing a lowering of water table 

varying between 4 to 8m (from 1993 to  2012) in northern part of the basin. Detailed hydro-

geochemical investigation made in shallow aquifer of Sfax (south–eastern Tunisia) allowed 

to delineate groundwater quality evolution composition and to determine the main processes 

of water salinization in shallow aquifer system. Comparing to the old chemical composition 

of 2003/2007, the analyzed groundwater sample presents a clear enrichment on Chloride and 

sodium contents in the shallow aquifer. The aquifer vulnerability to quality degradation under 

the over exploitation is high in eastern part of Sfax basin where a mixing line could be 

identified between seawater and shallow groundwater of Sfax. The calculated rate of 

seawater intrusion is ranging between 3 and 18% in Djebeniana Shallow aquifer and could 

reach 45% in Skhira region. 
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Abstract: The geochemical evolution of the Ordovician-Cambrian (O-Cm) groundwater has 
been influenced by water-rock interactions (carbonate mineral dissolution, cation exchange 
and sulphate reduction) and three-component mixing between three end-members: glacial 
meltwater, relict brine from deep parts of the Baltic Artesian Basin (BAB) and recent 
meteoric water. In this study δ18Owater values from −11.5 to −22.5‰ and low 14C activities 
from the O-Cm aquifer system have been reported, which show that the influence of 
Pleistocene glaciations on groundwaters in the northern part of the BAB has been far more 
extensive than previously thought. 
 
The Baltic Artesian Basin (BAB) is a complex hydrogeological system in multi-layered 
Phanerozoic Baltic sedimentary basin located in the western part of the East European 
Platform. With a surface area of ~480,000 km2 it is one of the largest artesian basins in 
Europe. The groundwater in the Cambrian-Vendian aquifer system in the northern part of the 
BAB has the lightest known isotopic composition in Europe with δ18Owater values more 
negative (from −18.5‰ to −23‰) than the reported annual weighted mean values of −10.4‰ 
for modern precipitation in the area [1,2]. To explain this phenomenon it has been proposed 
that these waters have originated from the meltwaters of the Scandinavian Ice Sheet that 
covered the area in various times during the Pleistocene [2]. 
 
The recent studies on the O-Cm aquifer system [e.g. 3] have shown that groundwater with 
light isotopic composition is not solely characteristic to the Cambrian-Vendian aquifer 
system. In the overlying Ordovician-Cambrian (O-Cm) aquifer system the δ18Owater values as 
negative as −22.5‰ have been reported. In addition, data of published [2] and unpublished 
14C activities show that the O-Cm groundwater is characterized by 14C activities from 
2.4 pmC to 20 pmC. This shows that the influence of Pleistocene glaciations on waters in the 
northern part of the BAB has been far more extensive than previously thought. 
 
The O-Cm aquifer system is distributed in most of the Estonian territory, except the North-
Estonian coastal region. The outcrop area of the rocks forming the aquifer system is located in 
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Northern Estonia and partly in the bottom of the Baltic Sea. The burial depth increases from 
10-20 m in Northern Estonia up to 500 m on Estonia’s southern border. 
 
The spatial variation of water geochemistry and stable isotope composition suggest the 
existence of at least three distinctive water types in the O-Cm aquifer system. The Ca-HCO3 
and Ca-Mg-HCO3 type waters with stable isotope values close to mean values found in 
modern precipitation are mainly located in the northern margin of the aquifer system close to 
the main recharge areas. The Na-HCO3 type waters with δ18Owater values ranging from −15‰ 
to −22.5‰ can be found further away from the recharge areas with the more negative values 
concentrated mainly in the north-western part of the aquifer system. In the southern part of the 
aquifer system the fluids are mainly of Na-Cl type with gradually higher TDS and more 
positive δ18Owater values reaching up to 116 g/l and −4.4‰, respectively. 
 
In our view the geochemical evolution of O-Cm groundwater has been influenced by mixing 
of water from three end-members – undersaturated glacial meltwater form the Pleistocene ice 
ages, relict Na-Cl type brine from the deep parts of the BAB and recent meteoric water. In 
temporal scale the mixing has occurred in two main stages. Firstly, the freshening of the 
aquifer system occurred when the original Na-Cl type groundwater was replaced by the 
glacial meltwater in the northern part of the aquifer system as the increased hydraulic pressure 
at the base of the glacier reversed the regional groundwater flow. During this stage the mixing 
between glacial meltwaters and the original Na-Cl type water occurred. At present, second 
type of mixing occurs by the intrusion of recent meteoric water into the O-Cm aquifer system 
through the recharge areas of deep buried valley systems and Pandivere Uplands in northern 
and north-eastern parts of the aquifer system. The three component mixing in the O-Cm 
aquifer system has also been the trigger for other processes influencing the geochemical 
evolution of O-Cm water such as cation exchange and sulphate reduction. The groundwater in 
the O-Cm aquifer system has acquired a partial equilibrium with the surrounding rock matrix. 
The Ca2+/Mg2+ molar ratios together with Ca2+ and Mg2+ activities show that the O-Cm 
groundwater is nearly in equilibrium with dolomite dominated carbonate cements found in the 
Cambrian and Ordovician sandstones. The elevated Na+ concentrations together with SO4

2- 
and HCO3

− dynamics in the isotopically depleted O-Cm waters show that the cation exchange 
and sulphate reduction processes have had a greater influence on the geochemical evolution of 
waters originating from glacial meltwater intrusion. 
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Abstract: The activity concentrations of 
238

U and 
234

U have been determined in groundwater 

samples in Anthemountas river basin, Northern Greece. The analysis was performed by alpha 

spectroscopy after pre-concentration and separation of uranium by cation exchange and 

finally its electro-deposition on stainless steel discs. The obtained isotopic ratio 
234

U/
238

U 

varies between 1.05 and 3.50 and is correlated with the different aquifer types and water flow 

paths in the study area, with the observed low 
234

U/
238

U activity ratio values to indicate most 

probably new-type waters. 

1. INTRODUCTION 

In the case of Anthemountas river basin the available data revealed a very complex system of 

aquifers with significant extent in both lateral and vertical sense. Based on the geological 

structure, three types of aquifers are occurred: porous, karstic and fissured rocks aquifer [1]. 

Karstic (limestone) aquifer discharges groundwater through fault springs which is mixed with 

hydrothermal waters. Fissured rock aquifers are developed in gneiss, schists, granodiorite, 

gabbro, dunites, peridotites, locally covered by sediments and they are mainly elongated in 

fault zones. In the alluvial sediments (Neogene and terrace system) the porous aquifer is 

developed, located in the lowlands of the basin and consists of gravels, conglomerates, sands 

and sand with clay. The porous aquifer is divided vertically in the upper shallow unconfined 

layer (mean thickness of 80 m) and the underline confined layer which thickness is up to 

300 m. Hydrothermal waters are hosted in underline sandstones and limestone in depths 

greater than 300 m. Groundwater of the basin is the main supply source for domestic, 

industrial, livestock and irrigation uses and consequently its hydro chemical composition is of 

outmost importance.  
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2. METHODS 

The separation of the alpha radionuclides from the aqueous matrix was performed by cation 

exchange using Chelex-100 resin [2-4]. The analysis was performed by alpha spectroscopy 

(using PIPS detectors) for 25 hours. The minimum detection activity of the method (95% 

confidence level) is 1.2 mBq 238U L
-1

 corresponding to 97 ng 
238

U L
-1

.  

3. RESULTS 

According to the preliminary experimental results (Table 1) the uranium concentration in the 

region of study varies strongly between 1.7 and 14.5 µg L
-1

. Uranium concentration in natural 

waters is affected by a number of factors, such as the lithostratigraphic formations, their 

mineral content, the chemical behavior of the nuclide, the origin of a groundwater etc. 
238

U 

and 
234

U activity concentrations ranged between 21.0-179.09 mBq L
-1

 and 45.2-197.0 mBq 

L -
1
 respectively. The obtained isotopic ratio 

234
U/

238
U varies between 1.05 and 3.5 and in 

some samples is much lower than indicated in literature.  

Table 1. Uranium concentrations in groundwater samples during winter 2013 

a/a pH µS/cm 
238

U 

(mBq/L) 

234
U 

(mBq/L) 

234
U/

238
U U 

(ppb) 

Νο_1 7.90 400 40.80 61.20 1.50 3.3 

No_2 7.60 423 61.74 117.30 1.90 5.00 

Νο_3 7.70 439 43.05 45.20 1.05 3.49 

No_4 7.90 517 24.63 50.50 2.05 1.99 

No_5 7.20 1550 21.00 73.50 3.50 1.70 

No_6 6.60 1277 179.09 197.0 1.10 14.50 

No_7 8.10 611 44.20 66.30 1.50 3.58 

No_8 7.90 771 61.18 104.00 1.70 4.72 

4. CONCLUSIONS 

The observed low 
234

U/
238

U activity ratio values indicate most probably new-type waters with 

a stronger contribution of a local recharge component to the groundwater (infiltration of 

rainwater). Lower values were observed in the shallow porous aquifer and the fissured rock 

aquifers due to the high recharge rate. In contrast, the deeper porous aquifer (in spring No_5) 

and the wells with mixed fresh and hydrothermal water have higher isotopic ratio (
234

U/
238

U). 
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Abstract: Overpopulation along with Industrial and Agricultural development in different 

societies has intensified water resources limitations nowadays. Thus to preserve water 

resources in a qualitative and quantitative manner as well as optimum utilization are of 

important issues. In this regard, the Azarshahr catchment area, located around Urmia Lake in 

Azrabaijan Province of Iran, is one of those which have been recently faced with quality 

changes in its groundwater. The area under study is around 468 km
2
 and is located between 

the latitudes of 27° 37´ 8´´ to 37° 54´ 45´´ N and the longitudes of 45° 49’ 10” to 46° 21’ 5” 

E. In this study which was done as a Technical Cooperation project (project code: IRA/7/001) 

with the collaboration of Isotope Hydrology section in IAEA, about 40 samples were 

collected from different water resources such as Rivers, Wells, springs and Qanats in both 

wet and dry seasons. The entire chemical analysis and part of the isotopic analysis were 

performed in Iran while some part of isotopic measuring including 
18

O, deuterium and tritium 

were performed by PINSTECH institute in Pakistan and the IAEA laboratory. The results of 

total analysis together with the Geological conditions of the area would indicate that there is 

not any intrusion from the Urmia Lake saline water into the water resources in the area. 

Hence the main reason of salinity would be being in touch with the evaporating formations of 

the area. 

1. INTRODUCTION 

The quality of water resources has been changed in recent years and most of the scientists and 

researchers worldwide have given serious considerations to this subject due to the limitations 
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of these resources all over the world. The increase of salinity in drinking and irrigation water 

is one of these changes. Several studies show that there are various reasons as followings: 

1- Salt lakes and Seawater intrusion into the groundwater 

2- Ground water connection to the saline evaporating formations from different areas 

3- Evaporation 

4- Intrusion of old saline water from previous Geological periods into the fresh 

groundwater 

It can be noted to a technical cooperation project by IAEA and Water Research Institute 

which was operated in a central area of Iran in 1999 and depicted that being in touch with the 

evaporating formations in some zones and the evaporation processes in some others have 

leaded to water quality change of the area. (Khalaj Amirhosseini, 2006) 

In addition, saltwater intrusion is one of the most wide-spread and important processes that 

degrades water-quality. This problem is intensified due to population growth and human 

activities, e.g. water exploitation including industry and agriculture, reuse of waste water 

which all result in accelerating water development and salinization (Jones, et al., 1999).  

On the other hand, inappropriate management of a coastal aquifer may lead to its destruction 

as a source of freshwater much earlier than other aquifers which are not connected to the sea; 

here the reason is also the threat of seawater intrusion (Bear, et al., 1999). 

The study area which is Azarshahr basin, is located on the Eastern coast of Urmia Lake, 

which is a salt lake in northwestern of Iran and matters a lot in many parts like regional and 

national economy, social affairs, tourism and environmental aspects, has faced with a drastic 

water level drop due to several reasons like drought and climate changes, lack of capable 

management, alteration in accumulation of population location and land use changes in the 

last decade.  Nonetheless, environmental destruction in the area causes depreciation of 

environmental index of the catchment area and the lake, due to the extraction of groundwater 

and surface water. Thus there are worries about ecosystem sustainability either. Moreover, 

most of the previous studies on Urmia lake problems were performed by basic studies in 

master plan format. In this paper one of the groundwater sources near the lake, was 

investigated. In other words the main purpose of this paper is the groundwater quality 

changes and brine aggregation position and their effects on water interaction. Therefore, 

qualitative changing in the aquifers around the lake in a specific time is considered and 

isotopic and hydro chemical analyses were performed to identifying the specific sources of 

salinity. The isotope composition, were measured and compared to that of seawater in order 

to track its sources. In isotopic research, ratio of D/H and also 
18

O/
16

O was measured over 

wet and dry seasons in different water sources such as rivers, springs, wells and also Qanats. 

The effort of this research is to study on saltwater origin in one of the coastal areas of the 

Urmia Lake Basin which leads to a better understanding of how the groundwater supplies to 

populous coastal regions can be managed and sustained. Such research is only a part of the 

required research to protect people’s lives and properties from geologic and environmental 

hazards in the coastal zones of Iran. 
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2. METHODS 

2.1 Study area 

Azarshahr basin is located in north-west of Iran (45º49' to 46º21' E and 27º37' to 37º54' N). 

This area has cool winters and mild summers. The annual rainfall average in this area is about 

317mm. Most of the rainfalls occur during autumn to spring. The average temperature varies 

from 7.8ºC to 11.2ºC. The total annual evaporation is about 1500 mm/year. Azarshahr basin 

is one of the Urmia Lake basins with about 468 km² of area which is presented in Figure 1. 

 
Fig1. Main study areas in Iran with aquifers boundary in Urmia lake basin 

2.2 Isotopic analysis 

For this study, we had operated two times sampling (dry season sampling in September 2012 

and wet season sampling in Jun-July 2013). All these samples have been analyzed to 

determine the amount of 
18

O and D in Iran and PINSTECH Lab in Pakistan. During this 

study we took about 10 samples from different groundwater resources. Besides we took 2 

samples from the Urmia Lake and one rain water sample for the interpretation and 

corresponding procedures.  

3. RESULTS 

The groundwater of Azarshar area is situated according to Fig.2 mainly between the Western 

Anatolian and the Global Meteoric Water Line. As the diagram shows they do not reflect 

much effect of evaporation and especially no other effects influencing the stable isotope 

composition.  
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Fig.2: ���- vs. � 
18

O- diagram of the groundwater of Azarshar area, rain and surface waters 

of Lake Urmia area (Samples of wet season, July 2013, analyses of Lab in Pakistan, Tehran 

and Munich). 

4. CONCLUSIONS 

With regard to the Isotopic and Chemical analysis along with assessing Urmia Lake’s water 

level changes than the groundwater resources (under exploited wells) besides various 

Geological formations and the average temperature of the area, the intrusion of Urmia lake 

saline water into the groundwater is rejected. Moreover, the low temperature of the area 

together with the lack of enrichment in samples of selected water resources represents that 

salinity of water resources could not be caused by evaporation. Thus the main reason for this 

water quality changes would be being in touch with the evaporating formations of the area. 
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Abstract: This study was carried-out for 69 wells from different villages from Bara aquifer 

in North Kordofan State. Physical characteristics were measured including pH, electrical 

conductivity and dissolved oxygen. Chloride and hardness were determined by titration and 

flame photometer was used for major elements namely sodium and potassium, whereas 

atomic absorption spectroscopy was used for trace elements namely iron, manganese, zinc 

and copper. Results revealed that average concentrations of sodium, potassium, calcium, 

magnesium, iron, manganese, zinc and copper were found to be within limits set for drinking 

water by WHO and SSMO. Except 36.3% of iron sample wells exceed the WHO limit for 

drinking water this due to the oxidation of well pipes. 
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Abstract: Twenty mineral water sites have been selected for isotopic and geochemical 
characterization in order to update local and/or regional conceptual circulation models. 
Spatial isotopic evolution was identified within this group of mineral waters, where a 
progressive depletion can be observed of about -3 ‰ in 18O content and around -20 ‰ in 2H 
from W to E in the studied region. The isotopic signatures found in the δ13C values (varying 
from -8 to +4.7 ‰ vs. V-PDB) are ascribed to two main origins: i) deep-seated (upper 
mantle) CO2 and ii) methanogenesis, respectively. 

1. INTRODUCTION 

The studied mineral waters occurring in the Northern part of Portuguese mainland are found 
within a granitic and granodioritic environment, including some metasedimentary, 
metavulcanic, basic and ultrabasic rocks, mostly associated with highly fractured rocks which 
play an important role in conducting the infiltrated meteoric waters towards the deep aquifers 
(Figure 1).  The discharge zones are often related with the intersection of the major regional 
deep fault structures (highly sheared tectonic fractures), responsible also for the geofluids up 
flow. In the region, the natural conditions of the shallow dilute and deep mineral groundwater 
resources had not been seriously degraded by Human intervention. Groundwater resources 
have been used locally and slowly, and the exploitation has been generally compensated by 
natural regeneration. Nevertheless, over last decades, local groundwater resources have 
become progressively more endangered, both in quality and quantity, by accelerated 
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modification of their natural conditions due to industrial (mineral bottled waters), spas and/or 
agricultural activities. 

 
Figure 1. Geological map of Portugal, scale 1:1 000 000. Mineral water sample location (●); 

meteorological precipitation stations (�). Adapted from [1] 

2. METHODS 

Fieldwork campaigns were carried out between 2002 and 2006 in order to collect mineral 
water samples to determine the chemical and isotopic composition. Groundwater samples 
were collected from boreholes and springs. Major and minor elements in waters were 
determined at IST (LAMPIST), Portugal, using the following methods: atomic absorption 
spectrometry for Ca and Mg; emission spectrometry for Na and K; colorimetric methods for 
SiO2, Fetotal, F and Al; ion chromatography for SO4, NO3 and Cl; potentiometry for alkalinity. 
The δ2H and δ18O measurements (vs. V-SMOW) were performed by mass spectrometry 
(SIRA 10–VG ISOGAS) at C2TN/IST, Portugal following the analytical methods of [2, 3], 
with an accuracy of ±1‰ for δ2H and ±0.1‰ for δ18O. The 3H water content (reported in 
Tritium Units, TU) was also determined at C2TN, using electrolytic enrichment followed by 
liquid scintillation counting (standard deviation varies between ±0.5 and ±0.6 TU). The δ13C 
and 14C determinations were performed at the Geochron Laboratories/USA by AMS and 
partly at C2TN using a benzene synthesis line and by a liquid scintillation counter 
(PACARKD TRI-CARB 2770 TR/SL). The δ13C values are reported in ‰ vs. V-PDB, with 
an accuracy of ±0.1‰. The 14C content is given in pmC. 

3. RESULTS 

In the western region the mineral waters circulation is mainly related with a granitic and 
granodioritic environment inducing two different groundwater types (Ca/Na-HCO3 and 
Na/Ca-HCO3) indicating different underground flow paths. Calcium and sodium dissolution 
are controlled by hydrolysis of rock-matrix silicate minerals (Na/Ca plagioclases). In 
contrast, in the central region two groups of mineral waters were identified: the hot and cold 
Na/HCO3/CO2-rich mineral waters (CO2 saturated waters), ascribed to lower Paleozoic 
formations (CO2 up to 2500 mg/L). While in the eastern region, within / near the ultramafic 
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rocks domain, the mineral waters are mainly characterized by lowest SiO2 content varying 
from a Na-HCO3 type to a Ca/Na-HCO3 type (Figure 2). 

 

Figure 2. (a) Piper diagram. (b) Temperature vs. TDS. (c) Temperature vs. HCO3
–
. 

The mineralization degree is not mainly related with the water temperature, neither with the 
degree of weathering. Based on the geochemical and physical data the lower Ca and Mg 
content are found either in the hot and cold mineral waters (Figure 2). The geological matrix 
of the aquifers and the water pH seems to play a major role in the water chemistry and 
mineralization. The diverse Ca and Mg content are found within the same hydromineral 
province (e.g., Vidago AC18 and Vidago Areal 3). The correlation HCO3-Na+K indicates 
that the degree of water mineralization should be directly related with i) the dissolved gas 
(CO2) content in the aqueous systems and ii) with the different residence time (Figure 3). 

Figure 3. (a) Ca+Mg vs HCO3
-
 (b) HCO3

-
  vs. Na+K+Ca+Mg . 

A spatial evolution can be identified in the mineral waters isotopic composition (18O and 2H), 
enhanced by the distribution along the GMWL. An isotopic difference of about -3 ‰ in the 
δ18O content and -20 ‰ in δ2H is found between the mineral water samples, from the western 
to the eastern of the studied region (Figure 4a). The samples show 3H concentrations varying 
from absence up to 2 TU. A relation between the 3H content and the water mineralization can 
be identified: the lowest 3H contents are found in the water samples with the highest 
mineralization, suggesting a longer circulation path and/or more extensive water-rock 
interaction processes (Figure 4b). 
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Figure 4 –(a) δ
18

O vs. δ
2
H;  (b) HCO3

-
 vs. 

3
H. (�) stands for precipitation stations. 

The heavy isotopic signatures identified in the 13C data, from -8 up to +4 ‰ on the TDIC, 
could be derived from two main sources: i) deep-seated (upper mantle) CO2 (δ

13C ≈ -2.2 to -
1.2 ‰; 14C ≈ 4.3 to 9.9 pmC) and ii) methanogenesis (CH4 source (δ13C ≈ +2.4 to + 4.7 ‰; 
14C ≈ 1.4 to 5.1 pmC). The negligible 14C content (from 1.4 to 9.9 pmC) determined in the 
TDIC of the mineral waters corroborates a mantle-derived carbon source to the mineral water 
systems.  

4. CONCLUSIONS 

The region is controlled by the NNE-SSW hydrothermally active fault system, playing an 
important role in the mineral waters ascent. The geological matrix of the aquifers and the 
water pH seems to play a major role in the water chemistry and mineralization. Works carried 
out in NE of Portuguese mainland at Vidago - Pedras Salgadas CO2-rich mineral water 
systems found occurrences of methane, in the free gas phase (mean value of 583 ppm of CH4 

[4]). The negligible 14C content (around 1 to 9 pmC) determined in the TDIC of the mineral 
waters corroborates a mantle-derived carbon source to the mineral water systems. 
Considering all the data, the hypothesis that the heavy isotopic signatures found in the δ13C of 
Melgaço and Sandim CO2-rich mineral waters (+2 to +4.7 ‰), could be related with deep-
seated (upper mantle) methanogenesis. 
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Abstract: Under the scope of a R&D Project for the use of GHPS in a Military facility near 

Lisbon, groundwater samples were collected for chemical and isotopic characterization. An 

isotopic difference around 1‰ in δ
18

O and around 10 ‰ in δ
2
H (deuterium excess ≈ 10 ‰) 

was found in dug wells collecting shallow groundwater systems, distributed n in an area of 

about 3 km
2
. The pH values range from 7 to 10. The differences in the isotopic and chemical 

signatures could be ascribed to different recharge altitudes and/or different flow paths in the 

Lisbon Volcanic Complex. 

1. INTRODUCTION 

The objective of this work is to contribute to demonstrate the feasibility study of using 

Geothermal Heat Pump Systems (GHPS), using the Earth for space heating and cooling in a 

military facility. For this purpose, two groundwater sampling campaigns were carried for 

chemical and isotopic analyses. The studied shallow aquifer systems ascribed to the Lisbon 

Volcanic Complex (LVC), present a variable depth and groundwater at temperatures between 

17-21ºC, liable to supply water-air or water-water GHPS-type. In the study region the 

geothermal gradient is 31ºC / km, heat flow density is around 91 mW/m
2
, and the 

temperatures at 500 m depth could reach 34ºC [1]. Environmental isotopes (
2
H, 

3
H, 

13
C and 

18
O), geochemical and hydrogeological approaches were used to characterize the origin of 

shallow groundwaters, flow paths and water-rock interaction processes. 

2. METHODS 

Two fieldwork campaigns have been carried in the research area and groundwater samples 

were collected from 5 dug wells. T (ºC), pH, Eh (mV) and electrical conductivity (µS/cm) 

were measured in situ. Major and minor chemical species in waters were determined at Lab. 

of Mineralogy and Petrology of Instituto Superior Técnico (IST-Portugal). The δ
2
H and δ

18
O 

measurements (vs. V-SMOW) were performed by Laser Spectroscopic (LGR 24d) at 

C
2
TN/IST. The 

3
H water content (reported in Tritium Units, TU) was also determined at 

C
2
TN, using electrolytic enrichment followed by liquid scintillation counting (PACARKD 

TRI-C ARB 2000 CA/LL) standard deviation varies between ±0.5 and ±0.6 TU). The δ
13

C 

determinations were performed in the TDIC at C
2
TN by Mass Spectrometer using the SerCon 

- Geo 20-20. The δ
13

C values are reported in ‰ vs. V-PDB, with an accuracy of ±0.1‰. 
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3. RESULTS 

The area under research is located in the Neo-cretaceous LVC, composed by a set of basaltic 

lava flows interlayered with pyroclastic beds. Given the nature of the LVC, most probably 

regional groundwater flow paths will be mainly ascribed to the basis of this geological 

formation (at the Upper Cretaceous limestones), where groundwater circulates through main 

alteration zones and basalt diaclases and issue along regional deep faults. Previous works 

carried out in the region mention the inexistence of very significant water resources, but 

important as recharge areas. 

Although these shallow groundwater sampling sites are located in a rather narrow area 

(3 km
2
) an isotopic difference of about 1 ‰ was obtained in 

18
O and about 10 ‰ in 

2
H 

(Figure 1a). All samples do not present any indication of fractionation due to evaporation 

(d ≈ 10 ‰) that could explain the different isotopic composition. The samples are following a 

parallel line to GMWL. 

 

Figure 1. (a) δ
2
H vs. δ

18
O; (b) pH values vs. electrical conductivity; (c) electrical 

conductivity vs. pH. 

A significant range of values were observed in the electrical conductivity (from 300 up to 

≈700 µS/cm) and in the pH (Figure 1(b, c)) varying from 7 up to 10. The isotopic and physic-

chemical differences can only be ascribed to different recharge altitudes or mixture with 

different water systems with different flow paths reflecting the heterogeneities of the aquifer 

matrix. 

4. FINAL REMMARKS 

The project is at an initial stage. Future data regarding the 
3
H content (residence time 

information) and δ
13

C data will contribute to a better knowledge on the hydrogeological 

systems within the Volcanic Complex of Lisbon. 
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Abstract: A dedicated system capable of measuring concentrations of four anthropogenic 
gaseous tracers (SF6, SF5CF3, CFC-12, H-1301) in air and water is presented, with the 
precision and accuracy sufficiently low to employ them for groundwater dating. The system 
can also analyze the concentrations of Ne and Ar in the same sample of water. This allows 
corrections for excess air and calculations of recharge temperatures to be made. 

1. INTRODUCTION 

Groundwater is an important source of potable water in many countries. Nowadays, this 
strategic resource is at risk due to anthropogenic contaminants of various nature entering 
shallow aquifers. Proper management of groundwater resources requires precise 
understanding of groundwater dynamics on time scales characteristic for the history of 
anthropogenic pollutant input to groundwater systems. Therefore, quantification of mean 
transit times and transit time distributions of water in aquifers is gaining in importance [1-3]. 

The bomb-tritium has been used for several decades now as tracer of choice to detect recent 
recharge and to quantify groundwater residence times on time scale extending from several 
years to several decades [e.g. 4, 5]. The lumped-parameter modeling was the most often 
employed approach in this context [6]. Nowadays, atmospheric concentrations of tritium are 
approaching natural levels in most parts of the world and its usage is becoming more and 
more problematic. Therefore, there is a growing interest in alternative indicators of 
groundwater age in shallow aquifers. Anthropogenic trace gases present in the atmosphere, 
such as freons and sulfur hexafluoride, have been applied in numerous case studies as 
substitutes of tritium [7, 8]. 

 

Figure 1. Equilibrium concentrations of SF6, SF5CF3, CFC-12 and H-1301 in the infiltrating 
water at three different temperatures as a function of time (lower dotted line - 12°C, solid 
line 10°C, upper dashed line - 8°C). 
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Here we present a dedicated analytical system capable of analysing concentrations of four 
anthropogenic gaseous tracers simultaneously (SF6, SF5CF3, CFC-12, H-1301) in air or 
water, with the precision and accuracy sufficiently low to employ them as quantitative 
indicators of groundwater age. Time histories of equilibrium concentrations of those tracers 
in the infiltrating water, calculated for three recharge temperatures, are shown in Figure 1.  

METHODS 

The field sampling system developed in the framework of this study is based on the concept 
of dynamic head-space. The analysed water is pumped continuously through the extraction 
device where a dynamic head-space is created (Figure 2a). Approximately 100 L of water has 
to be pumped through the system before dynamic equilibrium is reached in the head-space 
volume. Then, gaseous sample (ca. 200 mL) is collected from the head-space volume and 
transferred to a glass bottle filled with the sampled water (Figure 2b). In the laboratory, the 
mixing ratio measurements of SF6, SF5CF3, CFC-12 and H-1301 are performed by a 
dedicated gas chromatograph (Agilent 6890) equipped with μ-ECD detector (Figure 3). 
Gaseous samples are enriched in the analysed trace compounds prior to detection using a 
specially designed, automatic cryogenic trap.  

 

Figure 2. Extraction of dissolved gases in the field (a) - dynamic head-space extraction 
device, (b) - transfer of the collected gases to the  sample container, (c) view of the extraction 
system.   

 

Figure 3. Schematic view of the GC-based analytical system to measure mixing ratios of 
anthropogenic trace gases (SF6, SF5CF3, CFC-12 and H-1301) and  the concentration of Ar 
and Ne in air and water. 
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3. RESULTS 

The constructed system was thoroughly tested both in the laboratory and in the field. The 
analytical performance of the system is summarized in Table 1. 

Table 1. Analytical performance of the measurement system    

Parameter                                                            Air                                 Water 
Reproducibility (%) *:                                                   
SF6                                                                         0.5                                     2.0 
SF5CF3                                                                   1.7                                     2.5 
H-1301                                                                   1.5                                     1.7  
CFC-12                                                                  0.6                                     1.8   
Detection limit (ppt):                                                    
SF6                                                                         0.04                                    0.4 
SF5CF3                                                                       0.032                                  0.01 
H-1301                                                                   0.06                                    0.15 
CFC-12                                                                  4.0                                    25.2     
Volume of the sample:                                          200 cm3                             100 dm3   
Duration of measurement:                                 45 min (lab)                     40 min (field) 

* the reported values represent repeated measurements of present-day (2014) atmospheric samples 
(air) and measurements of water samples in equilibrium with present-day atmosphere (water). 

It is apparent from Table 1 that the constructed system allows to measure the concentrations 
of the analyzed trace gases in water with the precision in the order of few percent. The 
minimum detectable concentration in water amounts to 6% of present-day equilibrium 
concentration for SF5CF3, 4% for SF6, 5% for CFC-12 and 4% for H-1301. Those 
performance indicators make the constructed system suitable for field applications. The 
system was employed for groundwater dating in two aquifer systems in Poland. Table 2  
shows selected results. The piston-flow ages derived from measurements of gaseous tracers 
in the investigated water-supply wells are compared with the mean tritium ages derived from 
lumped-parameter modeling.  

Table 2. Comparison of groundwater ages in shallow aquifer in southern Poland derived 
from measurements of tritium and anthropogenic gaseous tracers.  

Well 
No. 

Tritium mean ages * (years) Piston-flow age ranges** (years) 
SF6 SF5CF3 CFC-12 H-1301 

451/5 61 (EPM:  = 1.2); 21 (DM: PD = 0.5) 32-37 34-39 34-38 31-35 
451/6 54 (EPM:  = 1.2); 22 (DM: PD = 0.3) 30-36 32-38 cont.*** 32-36 
451/7 75 (EPM:  = 1.0); 91 (DM: PD = 0.3) 38-46 37-41 42-50 34-42 
451/9 89 (DM: PD = 0.05) 42-48 37-41 48-56 35-46 
451/39 45 (DM: PD = 0.021) 31-35 31-37 cont. *** 28-32 
451/40 60 (DM: PD = 0.016)  36-41 36-40 47-54 31-35 

* - Mean ages derived from lumped-parameter modeling of tritium time series available for the 
sampled wells. EPM: Exponential-Piston Flow Model; : the ratio of the total volume of the system 
to the volume with the exponential distribution of transit times. DM: Dispersion Model; PD - 
dispersion parameter.    
** - The age ranges calculated for measured trace gases assuming piston flow of water 
*** - Contamination - measured concentrations higher than the maximum concentration in the 
infiltration water expected from the input functions (cf. Figure 1).    
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4. CONCLUSIONS 

A dedicated, GC-based analytical system was developed which allows the measurements of 
four anthropogenic gaseous tracers (SF6, SF5CF3, CFC-12, H-1301) in single water sample 
with the precision and detection limit sufficiently low to employ them as quantitative 
indicators of groundwater age. The system can also analyze the concentrations of Ne and Ar 
in the same sample of water which allows corrections for excess air to be made and 
calculations of recharge temperatures. 

Piston-flow ages of groundwater in the intensively exploited shallow aquifer in Poland 
obtained for the four measured gaseous tracers revealed their internal consistency. However, 
those ages appeared to be substantially lower than the mean ages derived from lumped-
parameter modeling of tritium time series available for the sampled wells. This difference 
stems from significantly longer long travel time of tritium through unsaturated zone when 
compared to the gaseous tracers. 
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Abstract: This study was carried out in an attempt to identify the origin and the different 

processes of recharge of one of the largest confined aquifers of the world, Continental 

Intercalaire (CI), at its outcropping part in southern Tunisia (Eastern piedmont of Dahar). 

Environmental isotopes (
2
H, 

18
O, 

3
H) and geochemical processes occurring within 

groundwaters were investigated to give an assessment of mineralization and recharge 

conditions.  

1. INTRODUCTION 

In southern Tunisia the sandstone formations of the CI aquifer, outcrop along the eastern 

piedmont of the Dahar uplands, which is located between the plain of El-Ouara to the East 

and the Dahar plateau to the West (Fig.1). In the study area the CI reservoir is composed of a 

bilayer aquifer system (the upper Albian level and the lower wealdian: Lower Cretaceous-

upper Jurassic level) separated by a clay reference strata (Douiret formation). In this region 

the CI is one of the most important natural groundwater resources for water demand supply 

with depth ranging from 21 to 160 m. The objective of this study consists in studying this 

aquifer aptitude to be actually recharged under predominant arid conditions (precipitations 

mean values varying between 120-150 mm/yr).  

2. METHODS 

Thirty samples from the two aquifer horizons were collected for geochemical analysis. The 

major elements concentrations were determined by liquid-ion chromatography (HPLC 

Beckman type) at the Laboratory of Radio-analyses and Environment (LRAE) of the National 

Engineering School of Sfax (Tunisia). Stable isotopes (
2
H, 

18
O) and tritium (

3
H) contents 

were measured in the LRAE using respectively a laser spectrometry DLT 100 LGR analyzer 

and electrolytic enrichment following a scintillation counting. The analytical precision is 

0.1‰ for oxygen-18 and 1‰ for deuterium. For tritium analysis the error estimation is 

0.3 TU. 
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Figure 1. Location of the study zone. 

3. RESULTS 

A preliminary characterization, carried out using the trilinear piper diagram shows the 

different geochemical water type of the sampled waters (Fig. 2). The lower part, wealdian 

aquifer , groundwater shows  a predominant chemical facies (Cl
-_

SO4
2-

/Na
+
) with high EC 

(2 000-7 000 µS/cm) and a minor chemical facies (SO4
2-

/Ca
2+

) characterizing mainly waters 

with the lowest electrical conductivities (EC) (1100-1250 µS/cm). For the upper part, albian 

aquifer, groundwater shows a more homogeneous composition of SO4
2-

/Ca
2+

 and low to 

moderate EC (1 450-2 300 µS/cm), except a particular sample of El-Achouch spring (which 

appears at the bedrock outcrop of the wealdian aquifer in Remada region) showing  a Cl
-
/Na

+
 

facies with higher EC (4220 µS/cm).  

 

 

Figure 2. Piper diagram.  
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The measured stable isotope contents range from -8.20 to -5.75 ‰ vs V-SMOW for δ
18

O 

(-69.0 to -39.7 ‰ for 
2
H) and with mainly low deuterium excess for samples from the 

Wealdien aquifer which also shows the most depleted values in relationship with well depth. 

Compared with current annual isotopic precipitation signatures of the nearest stations such as 

Sfax (-4.60 ‰ vs V-SMOW for δ
18

O for the period 2012-2013) and Kairouan (-4.52 ‰ vs V-

SMOW from 2008 to 2012), only the most enriched points of the aquifer system could 

present a process of current recharge.  

 
Figure 3. 

2
H/

18
O diagram. 

Samples from the Upper Albian aquifer are located on or slightly below the world meteoric 

water line. This stable isotope enrichment suggests the contribution of these outcrops (Albian 

sandstones) to the actual recharge of the aquifer system through the infiltration of rainwater. 

However, because of the small amounts of the rainfall and their irregularities, inputs to 

groundwater remain relatively low. 

Analysis of some tritium samples show low values, below the level of detection for the most 

points, however, some shallow wells from the Wealdian aquifer showed values of 
3
H> 1TU. 

We can suppose that the origin of this component comes from recent precipitations on the CI 

outcrops in the eastern piedmont of Dahar or other processes like recharge from river, as the 

well of Salem Ben Salem Dabbabi (Wealdian aquifer) which shows a tritium content of 

1.03 TU, the weakest EC (1 116 µs/cm), enriched stable isotope of -6.03‰ vs V-SMOW for 

oxygen 18 and which is close to the ‘oued’ of Tataouine controlling the piezometric level. 

4. CONCLUSIONS 

The sandstone deposits of the Continental Intercalaire (CI) constitute the principal aquifer in 

southern Tunisia. This reservoir is composed of two aquifers (upper Albian and lower 

Wealdian) separated by a clay reference level of the Douiret formation. Waters chemical 
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composition from the Wealdian aquifer is of Cl
-
_SO4

2-
/Na

+
 for most samples with the SO4

2-

/Ca
2+

 water type as a minor facies. From the Albian aquifer, the water composition is of SO4
2-

/Ca
2+

. Variation of the mineralization seems to result from the lithology of the host rock and 

mainly the dissolution of evaporitic minerals.  

Isotopic approach was applied to study the recharge processes of the CI aquifer in the eastern 

piedmont of the Dahar. Indeed, the stable isotope contents vary from -8.2 to -5.75 ‰ vs V-

SMOW for 
18

O and from -69.03 to -39.7 ‰ vs V-SMOW for deuterium. These signatures 

show an enrichment of the shallowest waters from the Wealdian aquifer (depth around 50m), 

however the deepest waters display the most depleted stable isotope contents (-8.2 ‰ vs V-

SMOW for 
18

O for water sampled from the Mazraa Hmam well having a  total depth of 

160 m). Tritium analysis show significant contents for some water samples (>0.5 UT) 

indicating the presence of recent recharge within the CI aquifer. 

Future work will be focused on the assessment of the recharge amount in the study zone and 

the characterization of the different processes of infiltration for enriched stable isotope water 

samples showing a potential recharge and a part of the mixing between (very?) old and recent 

water. The use of radiocarbon allows identifying the average age of water, characterizing 

therefore the oldest water and the mixing processes. 
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Abstract: Classic hydrogeological and isotopic data of surface and groundwater were used to 

understand the groundwater flow patterns in the transboundary Iullemeden basin in its 

Benin’s part known as Kandi basin. Classic hydrogeological approach helped generate a 

piezometric map which shows that groundwater circulation in the basin is basically from the 

southern toward the northern of the basin, following the geomorphology, with a groundwater 

divide corresponding to the horst of Gbezé-Lété from which groundwater flows diverge. 

Tritium data indicate that groundwater in the basin recharged from post nuclear period (about 

1965) to recent period. A combined use of 
18

O and 
3
H helped detect regions located in the 

northern basin where relatively ancient groundwaters dischage into Sota river. Carbon-14 data 

show that the most recent groundwaters are found basically in the southern basin and the 

relatively ancient groundwaters are found in the northern basin around Sakaoun and 

Garoutedji townships. This quite logical organisation of groundwater age pointed out by 

isotope techniques confirms the groundwater flow parttern indicated by the obtained 

piezometric map in the Kandi basin. 

1. INTRODUCTION 

The transboundary Iullemeden sedimentary basin, shared between Niger, Nigeria and Benin 

belongs to the semi arid zone where people mostly depend on groundwater as their main 

source of water supply. This study targets its Benin’s part known as Kandi basin, where the 

climate is characterized by a unique rainy season from Mai to October, with a mean annual 

rainfall of 973 mm [1]. The annual mean potential evapotranspiration is 1668 mm and 

exceeds by far the annual rainfall [2]. So far, strategic importance of groundwater in Africa 

has grown, in particular its significance for community water supply. However, this is 

threatened by poor understanding and mismanagement of groundwater supply sources. A 
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better knowledge of groundwater resources in this shared basin is fundamental to ensure the 

integrated management of groundwater resources. In this way, this study has been initiated. 

We present the preliminary results of a complete study which aims at improving the 

understanding of the geohydrologic framework of the Kandi basin. A combined classic 

hydrogeological and isotopic approach has been used.  

2. METHODS 

A field campaign, performed in March 2013 in the basin of Kandi (Iullemeden in 

Benin), allowed for the collection of 75 water samples from different aquifers (wells and 

boreholes) and surface water for stable isotopes (
2
H and 

18
O) and tritium (

3
H) analysis. In 

detail, 9 samples from rivers, 7 from the quaternary aquifer, 19 from the terminal Ordovicien 

to Silurian aquifer, 28 from the Cambro Ordovician aquifer and 7 from the Panafricain 

basement rocks surrounding immediately the basin. A second campaign (between November 

and December 2013) was conducted on the basis of the results of the first campaign and 

allowed for the collection of 8 new samples for 
14

C, 
13

C and stable isotopes analysis. 

Electrical Conductivity, pH, temperature, alkalinity as HCO
-
3 and static water levels 

were measured directly on site. A GPS was used to record the coordinates and altitudes of the 

sample points. Stable isotope ratio and tritium analysis were performed at the Laboratory of 

Radio-Analysis and Environment of the National Engineering School of Sfax (Tunisia) using 

the Laser Absorption Spectrometry measurements LGR DLT 100 [3]. 
14

C and 
13

C analysis 

were performed at Laboratory of Groningen University (Germany). 

The water table elevations were derived from the static water level and altitude 

measured on the field (and verified thanks to google earth). Geostatistical analysis was 

applied to determine the suitable variogram [4] to be used to generate piezometric contour 

lines. Isotopes bivariate diagrams were plotted to understand the hydrogeological functioning 

of the basin. 

3. RESULTS 

Classic hydrogeological results show that groundwater flows in the basin follow 

basically the surface geomorphology. The piezometric surface shown by the contour lines in 

figure 1.a demonstrates that considerable recharge occurs in the southern basin, mostly in 

Cambro-Ordovician aquifer where that aquifer outcrops and groundwater flows toward the 

northern and eastern basin, following the geomorphology, with a clear groundwater divide 

corresponding to the horst of Gbezé-Lété from which groundwater flows diverge. 

The tritium content (Figure 1.b) ranges from 0.02 to 5.12 TU with more than 80% of 

samples characterized by a value above 0.5 TU. Values such as 0.02 TU indicate the presence 

of ancient recharge in the basin system and relatively high values like 5.12 TU is a sign of 

recent water [5]. It means that groundwater in the basin recharged from post nuclear period 

(about 1965) to recent period. Surface waters are generaly more enriched in 
18

O, except two 

samples points located in the northern basin that tend to behave as ancient water (Figue 1.b). 

Besides, these two surface water samples are the most depleted in tritium among all measured 

surface water samples. This means that the region corresponding to these two samples are 

regions where relatively ancient groundwaters probably dischage into sota river.  

The 
14

C and 
13

C with stable isotopes analysis were performed on all groundwater 

samples characterized by a value of tritium less than 0.5 TU. Figure 1.c shows that these 

groundwaters are classified into two distinct groups. Groupe 1 represents groundwaters that 
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are relatively recent with carbone-14 activities ranging from 80 to 103 pmc. Groupe 2 

represents relatively ancient groundwaters with carbone-14 activities ranging between 16 and 

50 pmc. An important remarque is that recent groundwaters are found basicaly in the southern 

basin and the relatively ancient groundwaters are found in the northern basin around Sakaoun 

and Garoutedji townships. This quite logical organisation of groundwater age pointed out by 

isotopic techniques confirms the groundwater flow pattern indicated by the piezometric map 

in the Kandi basin. 

 

Figure 1: Location and potentiometric map of the study area (a), Plot of 
3
H vs. 

18
O (b), Plot 

of 
18

O vs. 
14

C (c) 

4. CONCLUSIONS 

In this study, a combined classic hydrogeologycal and isotopic approach was used to 

understand the groundwater flow pattern in the Iullemeden basin in its Benin part. A 

potentiometric map where designed thanks to hydrogeology approach and shows that 

groundwater circulation in the basin is from the south toward the north following the surface 

geomorphology. A clear groundwater divide was denoted and corresponds to the horst of 

Gbezé-Lété from which groundwater flows diverge. Stable and radioactive isotopic approach 

helped identify relatively recent recharged groundwaters in the southern basin and ancient 

groundwaters in the northern around Skaoun and Garoutedji townships. Such a logical 

groundwater age distribution definitely confirms the groundwater flow pattern indicated by 

the potentiometric map. 
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Abstract: The Gacka River basin aquifer is a highly-developed karst system, located in the 

Croatian Dinarides. It is mostly composed of permeable Jurassic and Cretaceous carbonate 

rocks, and clastic sedimentary rocks of Paleogene age. Gacka River provides high quality 

water for the entire region. About 10 perennial and over 20 seasonal springs are located at 

450 to 460 m a.s.l. (above sea level). Three major springs (Pećina, Majerovo and Tonkovića) 

provide 57 % of the mean annual river flow. Similarities between the average groundwater 

temperatures as well as between the average specific electrical conductivity values of the 

springs imply that they are fed from aquifers with similar mean residence times (MRT). The 

mean δ
18

O contents of Majerovo, Tonkovića, and Pećina are around -10.1‰, -9.2‰ and -

8.9‰, respectively, revealing differences in the mean recharge area elevations. Compared to 

the temporal amplitude of the
 18

O signal of precipitation, the 
18

O signal variations of the 

springs are substantially attenuated because the recharges occurring at different times are well 

mixed within the aquifers. This indicates MRTs of more than just a few years. Serially 

connected exponential-plug type unsteady lumped-parameter models run on an annual time 

scale resulted in rather satisfactory matches between the observed and calculated tritium 

contents for the springs studied. The models revealed similar MRTs (and corresponding 

reservoir volumes) for Pećina, Tonkovića and Majerovo of 12 years (470 Mm
3
), 12 years 

(1190 Mm
3
), and 12.2 yr (1210 Mm

3
), respectively. Plug flow conditions dominate in about 

90 % of the total aquifer volumes.  
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Abstract: Environmental isotopes (
18

O, 
2
H and 

14
C) are applied to identify possible recharge 

processes and inter-aquifer mixing in the Complexe Terminal system of the southern Tunisia. 

The different isotopic signatures of water samples indicate different climatic events and the 

predominance of paleorecharge with the existence of a slight modern recharge. The isotopic 

enrichment of groundwater also indicates the evaporative effect of rainfall before or during 

recharge. 

1. INTRODUCTION 

The Complexe Terminal (CT) aquifer system is the main water supply of remote areas of the 

southern Tunisia. The CT multi-layer aquifer is represented by both Nefzaoua and Djerid 

basin (Figure.1 and Figure.2). 

 

 

 

 

 

 

 

 

 

 

 

In the first one, the CT aquifer includes Senonian and Turonian carbonate aquifer levels of 

Kebili region. In the second one, Mio-pliocene sands of Redjime Mâatoug, Tozeur, and of the 

Chott Gharsa plain constitues the main aquifer levels. Lithological logs from water and 

petroleum wells were studied to define the layering of aquifers and their connectivity by 

considering lateral facies changes and local tectonism. As shown in figure 2, the CT aquifer 

Figure 2. Hydrogeological cross 

section of CT aquifers 
 

Figure 1. Map of the study area 

showing sample locations. 
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system is characterized by large changes in facies and thickness that vary widely from the 

north to the south and from the east to the west. 

2. METHODS 

A total of 104 groundwater samples were collected from the main hydrogeological units of 

the survey area during March 2010 and March 2011 (Figure 1). Stable isotope composition of 

water samples (δ
18

O, δ
2
H) was determined at the Laboratory of Radio-Analyses and 

Environment (LRAE) by Laser spectrometry measurement. The results are expressed as 

relative deviations δ (in per mil) from the Vienna Standard Mean Ocean Water (VSMOW). 

The analytical precision of stable isotope analyses (1σ) was in the order of 0.1‰ for δ
18

O and 

1‰ for δ
2
H. Radiocarbon analyses were also done at LRAE. Dissolved inorganic carbon was 

precipitated in the form of BaCO3 in the field from 160 L of water. The 
14

C content in 

BaCO3 samples was determined using benzene synthesis and liquid scintillation 

spectrometry. 

3. RESULTS 

The δ
18

O and δ
2
H data are presented in Figure 3 in relation to the global meteoric water line 

(GMWL) and the Sfax Meteoric Water Line (SMWL) [1]. The isotopic signatures of the CT 

groundwaters are depleted with respect to modern precipitation with the exception of three 

samples from the Tozeur and Chott Gharsa Mio-Pliocene sands that lie on the local meteoric 

water line. 

 

Figure. 3. Relation between δ
18

O and δ
2
H (‰ VSMOW) in the CT groundwaters 

Samples from the Mio- Pliocene aquifer of Chott El Gharsa and from the Turonian layer of 

the Nefzaoua basin defined the most depleted end-member. The Mio-Pliocene samples from 

the Tozeur and Redjime Mâatoug areas overlap on the most enriched values. The Senonian 

samples of Nefzaoua region are in intermediate position between these groups. Most of 

samples that plot well below the two Meteoric Water Lines reveal that significant evaporation 

occurred during water infiltration, especially in the Mio-Pliocene sands of Redjime Mâatoug 

and Tozeur regions and in the Senonian carbonates of Nefzaoua basin. 
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The deuterium-excess (d-excess), defined as d = δ
2
H − 8⋅δ

18
O [2] is a useful proxy for 

identifying secondary processes influencing isotopic composition of water in the 

evaporation–condensation cycle in nature [3, 4]. The d-excess values of groundwater range 

from -14.38 to 13.95‰. Relatively high d-excess values indicate rapid infiltration of 

rainwater and absence of evaporation processes. In contrast, low d-excess values point to the 

dominant evaporation process during infiltration. The large variability of d-excess values may 

partly stem also from spatial and temporal changes of this parameter in precipitation.  

In this study, radiocarbon activity and δ
13

C values of DIC have been determined for 37 

boreholes. The 
14

C activities and δ
13

C values of DIC cover a wide range of values, from 

5.8±1.8 pmc to 37±1 pmc and from -3.7‰ to -10‰, respectively. Radiocarbon ages have 

been calculated with different models. For this study, the model taken into account is the 

Fontes and Garnier [5] that gives coherent corrected values for all the waters (Figure 4). 

 

Figure 4. Spatial distribution of 
14

C- ages 

The corrected ages according to this model range from 2 ka to less than 18 ka. Spatial 

distribution of radiocarbon ages, suggests the existence of slight recent water (age<2ka). 

These water are found in the eastern of Nefzaoua, in the recharge area of Dahar Mountain, 

near the northern uplands of the Chotts and close to the Metlaoui highlands  

The existence of groundwater with residence time higher than 5 ka in the recharge areas can 

be explained by mixing between waters having different isotopic signatures. As shown in 

figure 5, groundwater are recharged during the Holocene defined in the region by a high 

climatic instability compared to the present day, from arid droughts to equatorial wet 

conditions [6, 7]. Significant changes in the isotopic composition are observed for rainfall 

and therefore for groundwater. Considering stable isotope data together with Noble Gas 

Temperatures [8] and with 
14

C data that constrain CT groundwater ages to be younger than 

15 ka, we infer that the recharge of CT groundwater started during the deglacial period and 

occurred during the Holocene Climatic Optimum. 
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Figure 5. Frequency of ages. The chronological limits of climatic events are adopted based 

on the literature. 

4. CONCLUSIONS 

The CT aquifer in Southern Tunisia has been investigated by Environmental isotopes (
18

O, 
2
H 

and 
14

C) tools to characterize isotopic fingerprints of groundwater and to determine sources 

and mechanisms of groundwater recharge. Dataset interpretation highlighted that most 

groundwaters have a 
2
H/

18
O fingerprint that plotted below the global meteoric water line in a 

domain indicating paleo-recharge and/or enhanced evaporation effect. Consistently with 

available NGT data and 14C ages, we infer that most of the paleo-recharge of the Tunisian 

part of the CT aquifer occurred during the early- to mid-Holocene. 
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Abstract: Groundwater resource is the main water resource for agricultural and forestry uses 

in the United Arab Emirates.  Surface water resources are limited, where about 120 dams 

exist in the United Arab Emirates, mostly in the Northern Emirates, These dams are 

important in terms of improving the groundwater recharge and prevention from floods.  Total 

groundwater recharge is estimated to be about 330 Mm
3
, of which direct natural recharge 

mainly from Oman Mountains is about 140 Mm
3
, recharge from 120 dams with total of about 

100 Mm
3
, and recharge from irrigated water under irrigated areas of 50 Mm

3
.  

Water sampling from monitoring and agricultural wells is conducted during two separate 

periods; December and March. About 30 samples were collected and analyzed in the 

laboratory. Geochemical and isotopic data is used to assess the mechanism and effectiveness 

of the Ham dam in recharging groundwater in the Ham catchment area. In addition, the 

chemical and isotopic data is used to assess the pollution from agricultural areas, and the 

seawater intrusion at the coastal part of the catchment. The results of analysis revealed better 

understanding about the different groundwater mechanisms. Recommendations to efficiently 

manage the water resources system are included.  
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Abstract:The groundwater areas considered in this study of Shabestar, Azarshar and 

Shiramin are situated in Northwestern Iran in East-Azerbaijan province near Tabriz, capital 

city. This area is subject of environmental threats, since not only the Urmia Lake surface is 

shrinking and its salinity increasing in the last two decades, but also the groundwater of the 

adjacent catchment areas shows trends of increasing salinity (dissolved solids) . In order to 

study this ongoing salinization process of the groundwater, chemical and isotope analyses of 
2
H, 

18
O and tritium of selected groundwater, river, lake and precipitation water were 

performed. The identification of this ongoing salinization process is quite difficult. Since the 

evolution of liquid water phase (with its inherent isotopes of 
2
H, 

3
H and 

18
O) is not coupled to 

the evolution of the chemical composition (dissolved chemical constituents) the interpretation 

of the groundwater samples provides no unique fingerprint of their origin. However, based on 

the results of chemical and isotope investigations the following initial characterization is 

possible:  i) Brines resulting from boreholes far distant to the Urmia Lake may be related to 

upwelling fluids from salt plugs or the overall present deep seated brine below the freshwater 

interface. ii) Saline water with low tritium concentration of less than 5 TU to 0 TU are of 

deep origin. iii) saline water samples which contain tritium of recent precipitation of more 

than 5 TU and up to a concentration of 11 TU, a mixing and or evaporation process is 

probable. To assess the origin of the observed salinity of groundwater especially in boreholes 

near the Shore of Urmia Lake, a combined interpretation involving hydrodynamic processes 

must be made.  

1. INTRODUCTION 

Lake Urmia with a surface area of
 
5 470 km

2
 is the largest lake inside Iran. It is located in 

northwest of Iran within three provinces namely; East Azerbaijan, West Azerbaijan and 

Kordestan. The water of Lake Urmia is hypersaline (lake level at 1280 m.a.s.l) with a salinity 

of more than 300 g/L. The groundwater areas considered in this study of Shabestar, Azarshar 

and Shiramin are situated in East-Azerbaijan province in vicinity of Tabriz (capital city). This 

area is subject to environmental threats since not only the Urmia Lake surface is shrinking 

and its salinity increasing in the last two decades, but also the groundwater of the adjacent 

catchment areas shows trends of increasing salinity (dissolved solids). The Water Research 

Institute Tehran initiated this presented study (supported by IAEA Technical Expert 

Missions) in order to identify the processes and sources of this ongoing salinization of the 

groundwater within these 3 areas based on chemical and isotope methods.  
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Figure 1.  Investigated groundwater areas around Lake Urmia: 1 Shiramin, 2 Azarshar, 3 

Shabestar (after [1]). 

2. METHODS 

In the investigated areas 2 sampling activities in September 2012 (characterized as “dry 

season sampling” with 65 samples) and in June/July 2013 (named as “wet season sampling” 

with 84 samples) were carried out. In order to allow a fast and effective interpretation, mainly 

the data of the second sampling were used for the interpretation of the main aspects. The 

chemical data were analyzed in the laboratory of WRI Tehran and Engineering Geology ETH 

(Dry season samples of 2012), the Isotope data partly at IAEA in Vienna, in Atomic Energy 

Organization of Iran (AEOI) and at the PINSTECH Lab in Pakistan.  

3. RESULTS 

Based on the chemical and isotope data of the analyzed groundwater samples the following 

characterization of the main components according to ion-equivalent proportions (Figure 2 

for groundwater of Shabestar- Sofian area) and ion equivalent concentrations (Figure 3 of 

Shabestar- Sofian area) is possible: Waters vary from Ca-Mg-HCO3 to Ca-SO4 to Na- (Ca)-

Cl type. Higher mineralized waters are mainly of Na-Cl to Na-Ca-Cl type. As demonstrated 

in Figure 4, there is no direct relationship or dependence between residence times derived of 

tritium concentrations (application of Piston Flow Model and total mineralization of the 

considered groundwater. 

 

4. CONCLUSIONS  

According to the results of chemical and isotope analyses of the groundwater of the 

investigated areas of Shabestar-Sofian, Azarhsar and Shiramin, no unique fingerprint of 

origin is deduced because the liquid water phase (with the inherent isotopes of tritium, 
2
H and 

18
O) is not dependent of the composition of the dissolved chemical constituents. According to 

the observed hydrogeological setting and the result of chemical and isotope composition, the 

following origins of salinity are observed:  
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Figure 2: Groundwater of Shabestar Sofian Area(Sampling 2013, wet season), relative 

concentrations of anions and cations in meq% 

  

Figure 3: Groundwater chemical composition in absolute concentrations meq/L of of 

Shabestar Sofian area (in linear scale and ranked according to increasing TDI) of 2013 

sampling (wet season) 

 

i) Saltwater springs of shallow origin evolved by leaching of salt of outcropping evaporate 

formations; ii) Upwelling deep fluids in diapir structures of salt or mud plugs (containing no 

tritium), iii) trapped saline water (and brines of Lake Urmia) intruding into fresh water 

aquifers in shore areas due to over-pumping and lowering the hydraulic head of the shallow 

aquifer. This process of induced sea (salt-water intrusion) occurs in not only costal marine 

areas but also where continental inland salinity exists. Such processes are studied in detail in 

the Murray-Darling Basin in South Eastern Australia [2] 
 

The prevalence of such conditions with respect to groundwater explains the resulting 

chemical water composition and tritium and stable isotope concentrations, as well as the 
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observed areal distribution patterns which look like mosaics on the aquifer maps of the 

Shabestar Sofian, Azarshar and Shiramin area. 
 

Figure 4: EC versus Residence Time according to decay corrected input function of 

descending limb (Piston Flow Model) and decay of underground produced contribution 

(criteria: samples with 3H < 5 TU) 
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Abstract: The zone of study is about 300 km² and seems to be an individualized 

hydrogeologic unit (Figure 1). It is limited in West by the ocean, in the south by an 

intermittent river, in North by the Ksob river which is perennial in its downstream part, and 

in the East by the diapiric accident. The zone of study belongs to the large secondary basin 

of Essaouira made by a succession of synclines and anticlines, disturbed locally by Triassic 

diapiric formed by clays and salts. The secondary deposit do not totality show on the 

surface of the basin, since a band of marine Plioquaternary deposited hides them in the 

western part. 

 

The two aquifers are being recharged by water of the same river. The distinction between 

water of the two aquifers by using the classical hydrochemistry proves to be unfruitful, and 

consequently the request of the isotopic tool seems more suitable. Some water points were 

carefully selected for isotopic deuterium analyses, the points concerned are the Ksob river 

upstream springs of Sidi Yassine in the bed of the Ksob river, a drilled well, a Turonian 

spring, an athor spring whose origin is unknown and a well located in the southern part. 

The results of the analyses are distributed according to two groups, turonian and 

Plioquaternary, this difference made it possible on the one hand to confirm the 

communication between the two parts of the Plioquaternary aquifer and to allow a 

Turonian origin to the springs of Sidi Yassine and the second spring whose origin was 

unknown too. 

 

The contribution of this tools used in this study leads to confirm the diagram suggested of 

the circulation of groundwater in the Plioquaternary aquifer and to specify the Turonian 

origin of the Ksob river’s springs downstream. 

 

The work undertaken in the zone of study made it possible to improve our state of 

knowledge of the aquifer system which has leads to the development of a conceptual 

model. Such a document is useful for mobilization of new water resources, but raises also 

other questions on certain aspects, such relations between the two aquifers in the zones 

where they come into contact. 
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Abstract: Oil sands mining is occurring along the Athabasca River, northern Alberta, 

Canada on a reach of the river that is an active discharge zone for saline, organic-rich 

formation water. The objectives of this work are to better understand the interaction of 

groundwater and the river, including (i) to establish evidence for groundwater/surface 

water mixing in the hyporheic zone and impacts on water quality, (ii) to better understand 

how oil sands development in the area may also be influencing water quality, and (iii) to 

develop potential methods for partitioning natural versus anthropogenic impacts. 

 

The Athabasca River is over 1200 km long, originating in the glacier-rich Rocky 

Mountains and flowing to Lake Athabasca, with an elevation drop of over 1300 m. Basin 

area is 95,000 km
2
. Discharge in the river, which is strongly driven by seasonal changes in 

snowmelt contributions, ranges from 75 to 4700 m
3
/s, averaging 620 m

3
/s. The lower 

reaches of the river are very flat and terrain is dominated by wetlands consisting mainly of 

boreal bogs and fens. Detailed electromagnetic surveys of the hyporheic zone focused on a 

125-km reach of the river in the zone of active oil sands mining. Precipitation in the region 

is about 450 mm/year with evaporation from lakes being equal to or slightly exceeding 

precipitation.  Mean annual temperature near Fort McMurray is close to 0 degrees C. 

 

A variety of isotope tracers were measured including oxygen-18 (δ
18

OH2O) and deuterium 

(δ
2
HH2O) in water, enriched tritium (e

3
H) in water, carbon-13 in dissolved organic carbon 

(δ
13

CDOC), carbon-13 and carbon-14 in dissolved inorganic carbon (δ
13

CDIC, 
14

C), sulfur-34 

in dissolved sulfate (δ
34

SSO4), chlorine-37 in dissolved chloride (δ
37

Cl), and strontium-87 

versus strontium-86 (
87

Sr/
86

Sr) and boron-11 (δ
11

B) in dissolved solids. Geochemical 

analyses included major-, minor- and trace elements, a range of metals, nutrients and total 

organic carbon, as well as 113 priority pollutants and naphthenic acids. Fourier transform 

ion cyclotron resonance mass spectrometry (FT-ICR MS) was also used to scan for 

thousands of organic compounds in the water samples.  

 

Several lines of evidence indicate saline groundwater is discharging to surface water 

through the river bed along a 125-km reach of the lower Athabasca River in the oil sands 

mining region. Based on observed evidence of springs and seeps, water quality data from 

the Athabasca River above and below the study reach, a geophysical survey that enabled 

detection of saline water, and geochemical and isotopic analysis of water samples collected 

from the river bed, we establish the basic setting of groundwater discharge and some of its 

important characteristics. Geochemical and isotopic properties of the water are compared 

to likely sources of the water including local bedrock formations (Figure 2). Overall, the 

occurrence of groundwater seeps in the region and their pronounced impact on salinity and 

organic composition of the river needs to be considered when developing monitoring 

programs for the region which include oil sands mining activities.   
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Efforts to establish unique tracers or suites of tracers  

 

A multi-tracer toolkit was tested. Consistent signatures were found between formation 

water and hyporheic zone groundwaters that confirm their presence in the river bed. 

Relative to local surface waters and groundwaters, oil sands process waters were found to 

be somewhat enriched in selected metals (Co, Sb, U, Mo), ammonium, TOC, SO4, and Fl. 

They are also typically enriched in δ
18

O and δ
2
H due to evaporation; they are tritiated, and 

have older carbon-14 DIC signatures than other surface waters, and are depleted in 

carbon-13 in DOC and DIC. They have sulfur-34 and strontium isotope signatures 

consistent with Devonian evaporate sources, similar to local formation water.  PCA 

analysis based on a combined suite of tracers also showed some ability to label surface 

waters, groundwaters, hyporheic zone waters and process-affected waters. Caution should 

be used when applying individual tracers or suites of tracers due to pronounced variability 

in the system. Further work is warranted to identify the most useful subset of tracers. 

 

The survey demonstrates the complimentary use of various fingerprinting techniques to 

confirm that surface/groundwater interaction is occurring in the hyporheic zone of the 

river. This verifies the occurrence of widespread seepage of groundwaters in the oil sands 

mining region which has been estimated to account for 1-3% of river discharge based on 

chloride mass balance, and has a significant impact on water quality in the river. 

While organic and inorganic tracers were capable of fingerprinting process-affected water 

sources from different operators, identification of seep sources along the Athabasca River 

much more challenging due to the presence of complex water mixtures including 

groundwater and significant river water. The presence or absence of process-affected water 

in seeps along developed portions of the river remains to be verified and will require 

further baseline surveys. 

 

Overall, while selected isotopic and geochemical tracers were found to be definitive for 

labelling groundwater and surface water sources in various locations, it is unreliable to 

attempt any universal regional-scale labelling of oil sands water sources based solely on 

individual tracers or simple combinations of tracers tested due to pronounced spatial 

variability in natural and anthropogenic waters in the region.  Understanding of the local 

hydrogeological systems and interpretation of tracer variations in the context of a 

physically-constrained system on a case by case basis offers the greatest potential for 

comprehensive understanding and labelling of seepage waters from tailings ponds. Lack of 

pronounced differences between water quality of tailings pond waters and local 

groundwaters suggests that environmental impacts may be limited. 
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Abstract: This study focuses on a multi-level aquifer system located in Úbeda (Jaén, SE 
Spain). The system consists of aquifers and aquitards of ages ranging from Triassic and 
Jurassic to Miocene. The Jurassic formation constitutes the major aquifer in the region. The 
tectonic structure and the modification of the flow network by the intense exploitation of the 
Jurassic aquifer favor the lateral and vertical mixing of waters from different compartments 
and ages. 222Rn concentrations in groundwater combined with hydrochemical data have been 
used to trace groundwater flow and groundwater mixtures. In order to achieve this, we 
focused on: i) identifying the relationships among hydrochemical parameters and 222Rn 
activity to allow a better understanding of the chemical and radioactive contents in 
groundwater of the different lithologies present in the system; and ii) estimating mixing ratios 
of groundwater from the different formations in samples from the irrigation wells, using a 
maximum likelihood method (MIX [1]). 

1. INTRODUCTION 

222Rn is a natural radioactive noble gas of lithological origin that is chemically inert. It has a 
half-life of 3.82 days, and is produced in the 238U decay series, in which its immediate parent 
is 226Ra. In the environment, 222Rn concentration in waters is highly variable due to 
differences of rock characteristics and flow distribution. 222Rn generated in the bedrock is 
dissolved in groundwater and its concentration in solution depends on various geological and 
hydrogeological factors that control the processes of emanation [2] and transport [3]. 
However, assuming that the 222Rn concentration in groundwater is in equilibrium with the 
surrounding rocks or sediments, a given concentration of 222Rn can be attributed to each type 
of lithological/hydrogeological unit. Thus, the spatial distribution of 222Rn and major ion 
concentrations in groundwater provides significant information on flow distribution 
[2, 3].The combined variability of 222Rn activities and hydrochemical parameters in 
groundwater has been used to test if 222Rn is useful to trace groundwater flow in a multi-level 
aquifer where there are mixtures of groundwater from different formations. In order to 
achieve this, we aim to i) identify the relationships among hydrochemical parameters and 
222Rn activity to allow a better understanding of the chemical and radioactive contents of the 
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different lithologies of the aquifer system; and ii) estimate mixing ratios of groundwater from 
the different lithological formations in samples from the irrigation wells, which exploit a 
complex aquifer system, using a maximum likelihood method [1] and 222Rn as a tracer.  

 
2. STUDY AREA 

This study focuses on a multi-level aquifer system located in Úbeda (Jaén, SE Spain), which 
has been intensively exploited in the past decades for irrigation of olive trees. The study area 
occupies 1100 km2 consisting of aquifers and aquitards of ages ranging from Triassic and 
Jurassic to Miocene. The Triassic aquifer has a thickness of some 300 m and is characterized 
by Buntsandstein (conglomerates, clay with abundant organic matter, and sandstone) and 
Keuper facies (gypsum and clays). This aquifer crops out in the northern part of the study 
area, and to the South is confined under Jurassic and Miocene materials (Fig. 1). The Jurassic 
aquifer, which also crops out in the northern area, is confined under Miocene marls to the 
South and consists of Liassic dolostones, limestones and marly carbonates dipping to the 
South (Fig. 1). This formation constitutes the major aquifer in the region [5]. Both aquifers 
are known to be affected by faults of NE-SW direction, with fault slips over 100 m, which 
plays an important role in the hydraulic connectivity of the formations [4]. The Miocene 
materials mainly consist of marls, siltstones and calcarenites with a total thickness varying 
between 200 and 500 m [4]. The presence of fractures affecting the Miocene formations may 
facilitate their hydraulic connection with the Jurassic carbonates underneath [6, 7]. Overall, it 
is assumed that the tectonic structure and the modification of the flow network by the intense 
exploitation of the Jurassic aquifer favor the lateral and vertical mixing of waters from 
different compartments and ages, though most probably the mixing processes are increased in 
the pumping wells.  

 

 

 

 

 

 

 

 

 

 

Figure 1. Location and geology of the study area with location and identification of the 

sampled points. “Operative aquifer limit” refers to the extent of the Jurassic aquifer.  

3. METHODS 

222Rn measurements and hydrochemical sampling of wells and springs were performed from 
September 2011 to November 2013 within the MICIN-REDESAC project. Water samples for 
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chemical analysis were collected at each location after measurement of 222Rn activity (1 hour 
pumping), and were determined by ion chromatography at the Geological and Mining 
Institute of Spain (IGME, Madrid). The isotopic analysis (18O and 2H) were performed in the 
laboratory of Centre for Studies and Experimentation in Public Works (CEDEX). Additional 
hydrochemical data was acquired from previous works undertaken in the study area by 
CEDEX during 2002 and 2006 [6, 7]. Moreover, in situ measurements of electric 
conductivity (EC), pH, total alkalinity (TA), water and air temperature (ºC) were performed. 
A total of 133 groundwater analyses were used. 222Rn activity was measured in 24 samples 
using a RAD7 monitor (Durridge Co.) and its accessory RADAQUA. In some locations an 
AlphaGuardTM coupled to a degassing unit (AquaKITTM) was also used. 

To estimate the mixing ratios of groundwater from the different formations in the samples we 
used the code MIX [1], which utilizes a maximum likelihood method.  This method allows 
the user to acknowledge uncertainty in end-member concentrations, which is often a source 
of error in this type of estimations [1]. Based on the study of groundwater hydrochemistry 5 
end-members were defined, which included the 5 main lithologies found in the aquifer 
system. Those lithologies and the samples representing them (between brackets) are (Figs. 1 
and 3): i) Triassic Keuper facies (49 G), ii) Triassic Buntsandstein facies (10 G), iii) Miocene 
marls (25 G), iv) Miocene calcarenites (32 G), and v) Jurassic carbonates (22 G). The  
variables used for the study included: EC, pH, TA, Cl-, SO4

2-, NO3
-, Ca2+, Mg2+, Na+, K+, Br-, 

δ
2H, δ18O, and 222Rn. A total of 133 groundwater samples were selected, although Br- 

concentration was only measured in 40 samples and 222Rn activity in 24 samples. In order to 
compare the results, three analysis were performed, identified as: Run 1 (including 133 
samples), Run 2 (including 40 samples), and Run 3 (including 24 samples). 

4. PRELIMINARY RESULTS AND CONCLUSIONS 

Objective 1: 222Rn activities measured in groundwater from the unconfined Jurassic aquifer 
are around 2000 Bq m-3 (22 G in Fig 2). Similar values were measured in groundwater from 
the Miocene (calcarenites) aquifer (32 G). Groundwaters with high SO4

2- and Ca2+ content, 
which are attributed to Triassic formations [6, 7], have 222Rn concentrations ranging from 
2000 Bq m-3 in Buntsandstein facies to 4500 Bq m-3 in Keuper facies (10 G and 49 G, 
respectively).  

 
Figure 2. a) 

222
Rn activity vs. chloride concentration, b) 

222
Rn activity vs sulfate 

concentration in borehole and spring samples. See location in Fig.1.  

As depicted in Fig. 2, increasing 222Rn concentrations are associated with increasing Cl- 
content, suggesting that higher 222Rn concentrations (in relative terms) in groundwater can be 
attributed to a vertical contribution from the Miocene aquitard (marls)  to the confined 
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Jurassic aquifer, possibly induced by intensive pumping of the last and may be facilitated by 
local fractures.  This is in agreement with the result of previous studies [6, 7] that suggested 
that higher Cl- contents in wells of the SE confined sector obey to the contribution  of connate 
marine water from the Miocene (marls) formation overlying the Jurassic aquifer. However 
this hypothesis has to be checked with additional studies.  

Objective 2: Fig. 3 shows the mixing proportions calculated with MIX [1] for Run 1 (133 
samples without 222Rn measured) and Run 3 (24 samples with 222Rn measured). The good 
agreement of the results of both runs suggest that 222Rn can be a good tracer for groundwater 
provenance.  However, further work is required to confirm that the higher 222Rn activities are 
linked to the Miocene marls porewater, and thus its suitability as groundwater flow tracer. 

 

Figure 3. Pie diagrams showing groundwater mixtures in the system. a) Results from Run 1 

without 
222

Rn, and b) results from Run 3 with 
222

Rn. The colors of the Stiff diagrams identify 

the five end-members and are used in the Pie diagrams to represent their contribution (%) to 

each mixture. 
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Abstract: This paper presents explanation the result of research study which has 

implemented in depression of South Gobi region of Mongolia for determination of 

groundwater dynamics and groundwater recharge in Sain-us Gobi and Bor huuvur Gobi of 

Dornogobi province Altanshiree soum by using isotope techniques. We have implemented 

field sampling work in study area and collected totally 100 water samples from 18 points for 

isotope analysis of 
18

O, 
2
H, 

3
H, CFC, 

14
C. During the field study work the foreign expert, Dr. 

Azam Tasneem, Pakistan’s Nuclear Energy Institute guided and assisted to the researchers on 

topic of field sampling procedures. 

 

1. INTRODUCTION 

 

The water resources are uneven in whole territory of Mongolia as the water resources 

distributed sufficient in north part of Mongolia and in South part Gobi desert area relative 

less and water quality is not so good. The source of water supply and its water consumption 

trend will be increase in the future. Due to the mining industry for utilize the natural 

resources and thermo power industries are increased in South Gobi region of Mongolia in last 

decades. 

Though we have rich mineral resources, so necessary to develop in advance carry out clear 

specific method and structures of water resources management for that region on 

establishment of industrial complex and mining industry by the concept of sustainable 

development in very dry desert Gobi of Mongolia. 

 

The depression and valley which is located between Gobi’s mountain and 33 Gobi becomes 

the detection zone of groundwater, the herders used various type of the well which drilled in 

this region for conducting nomadic livestock. The geological structure in South region of 

Mongolia is the hydrogeological massive and basin which divided in multiple deep and local 

tectonic fractures along the Altai mountain ranges and those hydrogeological massive and 

basin has not any hydraulic connection each other.  

 

2. METHODOLOGY 

 

We have implemented field sampling work in study area and collected totally 100 water 

samples from 18 points for isotope analysis of 
18

O, 
2
H, 

3
H, CFC, 

14
C. During the field study 

work the foreign expert, Dr. Azam Tasneem, Pakistan’s Nuclear Energy Institute guided and 

assisted to the researchers on topic of field sampling procedures. In addition we have 

measured TDS, pH, temperature, electro conductivity and some parameter of the well 

(dynamic level and water table and depth of the well) by using potable tools during the field 

work. 
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                                      Figure-1. Sampling work of 
14

C by using BaCl2  

3. RESULTS 

The plot of 
2
H and 

18
O is compared to the global meteoric water line (GMWL), which is 

defined as δ
2 

H = δ8
18 

O + 10 ‰ VSMOW (Craig, 1961). The result of the δ
18

O δ 
2
H  contents 

are shown that the content of δ
18

O δ
2
H in the groundwater of Sain-us Gobi and Bor huuvur 

Gobi was close to fossil water and the recharge is very low further the recharge of 

precipitation is lower too.   

 

Figure-2.
 
Isotopic composition of 

18
O and 

2
H of Sain-us Gobi and Bor huuvur Gobi’s 

groundwater, 2013 

Due to the light and short term precipitation does not contribute to groundwater recharge in 

arid Gobi desert area as evaporation exceeds infiltration rate. We have used radioactive 
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isotopes 
14

C method on determination of groundwater age. The groundwater age of deep well 

and artesian wells was old as 11-26 kyr in the Sain-us and Borhuuvur gobi and the 

groundwater recharge was lower whereas the groundwater age of shallow well was young. It 

means that may be possible the rain water percolated in to the soil then to recharge to 

groundwater aquifer. Due to the quaternary lake, lake alluvial rock consists from clay, clay 

loams, sandy loam spread in the center part of Sain-us and Bor huuvur Gobi of Dornogobi 

province Altanshiree soum of Mongolia.  
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Abstract: In the Estoril region (Portugal), existing thermo-mineral waters have temperatures 
up to 40°C and highly mineralization of Na-Cl type which salinization origin is still not clear. 
A significant positive correlation between sodium and chloride concentrations, water 
temperature, salinity and stable isotopes enrichment has been identified. The geochemical 
and isotopic analyses obtained suggest that a progressive mineralization process with 
extensive groundwater circulation into the rock matrix, rich in evaporate minerals and ancient 
seawater, is the most probably origin of salinity in Estoril waters. 

1.  INTRODUCTION 

In the Estoril region, near Lisbon (W of Portugal), existing thermo-mineral waters have been 
related to deep circulation in limestone and sandstone formations from Lower Cretaceous 
and/or Jurassic [1-3]. The Estoril waters have temperatures up to 40°C and highly 
mineralization of Na-Cl type [1-4]. Some authors supported on the waters chemical 
composition [1-2] pointed out this highly mineralization is due to mixing processes with 
(ancient or modern) seawater and/or dissolution of evaporitic rocks. Provided that stable 
isotopes can help tracing the path of waters composition acquisition, in this study a combined 
isotope and chemical approach was used to identify and quantify the processes related to the 
salinization of Estoril thermo-mineral waters. 
 
2. GEOLOGICAL SETTING 
 
The study region is located in the Cascais council (near Lisbon), on the north bank of the 
Tagus River Estuary (Fig. 1). This region is into the southernmost sector of the Western 
Meso-Cenozoic Basin (WMCB), a normal sequence of >3 km thickness of Triassic to 
Holocene sediments, with two regional igneous formations from Upper Cretaceous: Lisbon 
Volcanic Complex (LVC) and Sintra Sub-Volcanic Massif (SSVM) [2]. Mesozoic formations 
are folded and affected by several faults and volcanic dykes. Despite evaporitic formations 
never have been observed in the Estoril region, such formations have significant 
representation in diapiric structures in the WMCB [1]. However, evaporate minerals, as halite 
and anhydrite, are dispersed in Mesozoic carbonated rocks of the study area [3-4]. 
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3. METHODS 

A total of eight groundwater samples were collected between March and December of 2013: 
seven thermo-mineral waters (6 wells and lspring, ETS) and cold water (PS1) assumed as 
representative of a regional groundwater [4]. The sample location and references are in Fig. 1. 
Physical-chemical parameter as temperature, electric conductivity, salinity, and redox potential 
were measured in situ. Chemical analyses of major elements were performed by ion-
chromatography at the National Laboratory of Energy and Geology (LNEG) (accuracies 2-
3%). δ2H and δ18O values were obtained by continuous flux mass spectrometry (CF-IRMS) at 
the Stable Isotopes and Instrumental Analysis Facility (SIIAF) of Lisbon University 
(accuracies ±1.0 ‰ and ±0.05 ‰V-SMOW, respectively). The 3H content was determined by 
electrolytic enrichment and liquid scintillation counting method using a Packard Tri-Carb 
2000 CA/LL. The error associated (usually around 0.6 tritium units (TU)) varies with the 3H 
concentration in the sample. The determinations were performed at C2TN/IST. 
 

 

4. RESULTS AND DISCUSSION 
 
Water temperature, total dissolved solids and concentration of major ions are plotted in a 

Figure 1. Geological map modified from [2] with the sampling sites location (top); a 

cross-section showing the major geological structure and the depth of the wells 

(bottom); J
3

B, J
3
~

4
, J
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 and J
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: limestone of Malm; C
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Be, C

]
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]
H, C
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HBa, C

J
Ba, C

]
A and 

C
]
AS: limestone, marls and sandstones of Lower Cretaceous; C

2
ac: limestones of Upper 

Cretaceous; r and y: granite and gabbro rocks of Upper Cretaceous from SSVM, 

respectively. 
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Durov diagram (Fig. 2). The water temperature ranges from 19.9 to 39.2°C. The hottest one 
is being exploited in the well FCB. A roughly distribution between the cold and fresh HCO3- 
Ca-Mg water type (PS1) and warm and saline Cl-Na water type (FCB) has been identified 
(Fig. 2). Assuming that the sampled waters belong to the similar flowpath, the positive 
correlation between sodium and chloride concentrations, water temperature and salinity 
suggests a progressive mineralization with extensive groundwater circulation into the rock 
matrix. NO3 concentration in water samples ranges from 0.1 to 8.5 mg/L, excluding a 
significant anthropogenic contribution for the groundwater mineralization process, except for 
ETS spring water with 15.3 mg/L of NO3. This reflects the possibility of mixing with shallow 
meteoric waters during the ascent towards the surface. 

 

 

 
Figure 2. Durov diagram showing major ions concentrations, water temperature (T) and total 

dissolved solids (TDS) of sampled Estoril waters. SEA: sea water composition [7]. 
 
The δ2H and δ18O content in thermo-mineral waters varies from -3.2 to -4.2 ‰ and -15.4 
to -26.8‰, respectively. The δ2H-δ18O ratios in thermo-mineral waters follow a mixing line 
(blue lines in Fig. 3), defined between a rain water from Lisbon region [8] and seawater [7]. 
The warmest water (FCB), however, its isotopic composition is plotted on the Global 
Meteoric Water Line (GMWL) but with an enrichment in heavy isotopes when compared 
with the other regional thermal water. The δ2H-δ18O composition of the FCB water suggests 
a distinct origin for its salinization. This FCB signature is also identified in a plot Cl-δ2H but 
indistinguishable in a plot Cl-δ18O where all thermo-mineral waters are plotted on a seawater- 
rainwater mixing curve (Fig. 3), in agreement with their physical-chemical composition. 
 
Almost all thermo-mineral waters are 3H-free, suggesting a limited contribution of modern 
recharge, as usually occur in deep sedimentary aquifers [e.g. 6]. This is not consistent with 
the hypothesis of thermal water mixing with actual sea water, pointing out a progressive 
mineralization with extensive groundwater circulation into the rock matrix, rich in evaporate 
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minerals and/or ancient seawater. Only ETS spring has 1.2±0.4 TU, once again showing the 
occurrence of mixing processes. 
 

 

5. FINAL REMARKS 
Chemical and isotope δ2H-δ18O composition of the thermo-mineral water of Estoril region 
suggest progressive mineralization as result of rock-water interaction in carbonated and 
detritic formations and different degrees of mixing with ancient seawater trapped in the 
sediments. 
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Figure 3. δ2H-δ18O (left) and Cl δ18O (right) scatter diagram of sampled Estoril waters. SEA: sea 

water composition [7]; GMWL: Global Meteoric Water Line [9]; Weighted Mean Local Rain 

from the nearby Lisbon region (WMLR-LX) [8]. 
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Abstract: The confined aquifer systems (CAS) in the South of Córdoba province, which 
present variable extension, are multilayered and formed by thin (4-6m) sand-pebble lenses 
(K∼1 a 30 m/d). They are all linked to Neogene fluvial palaeosystems. These layers are 
situated at different depths (120- 400 m) and are interbedded with thick clay strata which 
generate different confinement grades.The interpretations made from stable isotopes results, 
hydraulic calculations and the absence of 3H in the CAS, suggest that groundwater is old and 
that there is an age gradient increasing with depth and from West to South-East. The obtained 
14C ages for CAS A2 (4,000-1,000 BP) and CAS C (10,000 BP) indicate groundwater 
recharged during Holocene cold periods, between the "Little Ice Age" and the ending of 
"Holocene Climatic Optimum" and during the last glaciation, respectively. CAS D (40,000 
BP) presents palaeowaters that could have been recharged during the Pleistocene (Würm 
glaciation). 

1. INTRODUCTION 

Water can become a finite resource on a human scale in deep unconfined or confined aquifers 
in arid and semi-arid environmentsbecause water turnover times can be of several thousands 
of years. In the South of Cordoba province (Argentine), groundwater resources support all the 
human activities. Consequently, more comprehensive studies are necessary for the planning 
of a more sustainable use considering groundwater renewal times in the different aquifer 
systems. The objective of this research study is to develop a hydrogeological model that 
explains groundwater dynamics and quality mainly of confined aquifers of the South-Central 
area of Cordoba province. The focus was on the geochemistry and isotopic analysis to 
determine groundwater age and origin (Figure 1). Also, the link between atmospheric, surface 
and groundwater systems was investigated in order to provide guidelines to optimize the 
planning and management of water resources.  

2. METHODS 

Conventional geological-geomorphological and hydrogeological methodology was used, 
including analysis of stable (2H and 18O) and radioactive (3H and 14C) isotopes. Routine 
chemical analyses were made at the National University of Rio Cuarto, stable isotope 
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analyses at Instituto de Geocronología y Geología Isotópica (INGEIS) and radioactive isotope 
analyses at Waterloo Laboratory (Canada). For 14C dating, 7 samples corresponding to the 
identified confined aquifers were selected. In those samples the percent of modern carbon 
(pmC) was determined to estimate groundwater ages using the Pearson-Gonfiantini correction 
approach [1]. 

 

3. RESULTS 

The area under research (11,000 km2) is predominantly rural, situated in the middle of Chaco-
Pampean plain in which groundwater supplies agricultural activities and several cities and 
villages.The regional tectonic design (an arrangement of blocks gradually descending 
eastwards) has influenced the sedimentation processes that gave rise to the different aquifers. 
This feature and the Quaternary climatic changes have affected the dynamic and geochemical 
processes of these water systems. 

The unconfined aquifer consists of fine Quaternary sediments (hydraulic conductivity K∼10-3 
to1 m/d) and exhibits shallow groundwater levels, NW-SE water flow direction, hydraulic 
gradients of 0.2% and flow velocity up to 0.1 m/d. The geochemical evolution shows a 
salinity increase (Electric Conductivity- EC- from 777 µS/cm to 15,600 µS/cm) along the 
flow path and, also, the change of geochemical type from sodium bicarbonate and sodium 
sulfate, to sodium sulfate and sodium chloride. 

The confined aquifer systems (CAS), which present lateral variable extension, are 
multilayered and formed by thin (4 m-6 m) sand-pebble lenses (K∼1m/d to 30 m/d) linked to 
Neogene fluvial palaeosystems. These layers are situated at different depths (120 m-400 m) 
and are interlayered with thick clay strata (40 m-80 m) which generate different confinement 
grades. Nodules of calcium carbonate can be observed in some layers. Four principal confined 
aquifer systems were identified: CAS A1 and A2, CAS B (not used for agricultural and urban 
activities, thus not considered for this study), CAS C and CAS D. The CAS groundwater flow 
is NW-SE, with varying hydraulic gradients (0.13% to 0.35 %) and flow velocities (0.01m/d 
to 0.40 m/d), being CAS D (the deeper system) the one presenting lower hydraulic gradients 
and flow velocities. The CAS groundwater, with lower salinity (EC 546 µS/cm to 
4,000 µS/cm) than the overlying unconfined aquifer, also shows a geochemical evolution in 
the flow direction, with fresh sodium bicarbonate water in the West to brackish sodium 
sulfate water in the East. Groundwater in CAS presents moderate dissolved oxygen values (2 
mg/L-4 mg/L) and low nitrates values (2 mg/L-10 mg/L). The CAS present thermal 
groundwater with temperatures of 22ºC -33.6ºC, which slightly exceed those expected for 
normal geothermal gradients considering the aquifer depth.The areal distribution of 
geothermal gradients is related to the regional geotectonic model, with the highest values 

Figure 1. Location of the study area 
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associated with the Cretaceous depocenters of General Levalle and Chacoparanaense basins 
[2,3].  

The CAS are more depleted in 2H and 18O than the unconfined aquifer, especially CAS A2, C 
and D (Figure 2). They have similar isotopic signatures to the rivers located in 
Comechingones Mountains and piedmont western areas (outside the study area), which are 
fed by depleted Atlantic rain, resulting from fractionation processes produced by continental 
and altitude effects [4]. Furthermore, the depletion in 2H and 18O in CAS D (Figure 3) 
suggests that groundwater can be very old. 

 
Figure 2. δ

2
H vs δ

18
O diagram for surface water and aquifer systems 

 
The interpretations made from stable isotopic results, hydraulic calculations and the absence 
of 3H in the CAS (Figure 3), suggest that groundwater is old. An age gradient increase from 
West to South-east and in depth can also be interpreted. Different 14C ages are shown in Table 
1 and Figure 3. The calculation was made using the Pearson Gonfiantini mixing model [1] 
which takes into account the chemical and isotopic samples composition.  

Taking into account the geochemical features of these confined systems, despite of being 
geothermal waters, methanogenesis, sulfate reduction, denitrification or anaerobic oxidation 
of organic matter evidence was not found. Therefore, it is assumed that the applied mixture 
model takes into account dead C from carbonate dissolution as the main cause of decreased 
14C activity. Furthermore the ages have also been estimated by hydraulic methods and 
resulted consistent with those of 14C. 

4. CONCLUSIONS 

Groundwater geochemistry of confined aquifer systems in the South of Cordoba province 
shows a dominance of sodium sulfate geochemical type, with variable salinity, which 
determines low to high aptitude for diverse uses. The geochemical features are related to 
geomorphological, lithological and climatic characteristics. The anomalous temperatures were 
associated to the geotectonic regional model. 

14C ages obtained for CAS A2 (4,000 BP-1,000 BP) and CAS C (10,000 BP) indicate waters 
recharged during Holocene cold periods, between the "Little Ice Age" and the ending of 
"Holocene Climatic Optimum", and during the last glaciation, respectively. CAS D (40,000 yr 
BP) presents palaeowaters that could have been recharged during the Pleistocene (Würm 
glaciation). The proposed hydrogeological model demands attention in relation to the present 
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mismanagement of CAS groundwater. What is more, it alerts about the need for more rational 
and sustainable uses of these aquifers taking into account their aptitude for different uses, 
their thermalism and their very high renewal rates. 

Figure 3. a) 
3
H concentration in different water systems. b) 

14
C diagram isochrones. 

Table 1. δ
13

C and 
14

C results and 
14

C ages reported from Canada laboratory and calculated 

ages with Pearson-Gonfiantini model.  

Samples CAS 
δ

13
C  

(‰) 

14
C  

(pmC) 

14
C Age  

(BP) 

Pearson-Gonfiantini 

(BP) 

EC6 A2 -7.27 32.8±0,13 8.900 ± 33 3.700 

P115 A2 -7.38 45.2± 0,18 6.400±31 1.100 
P131 C -9.09 17.2±0,26 14.100±124 10.800 
SC2 D -8.84 36.4±0,28 8.100±62 4.400 
P112 D -9.26 0.48±0,02 42.900±429 40.500 
P126 D -11.08 0.36±0,02 45.100±526 44.400 
SC4 D -10.12 0.27±0,02 47.500±751 46.100 
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Abstract: Human activities such as uranium mining have a high potential to impact the flow 

system and to contaminate groundwater, drawing the attention of scientific community and 

regulatory authorities. Several uranium mines are located in semi-arid regions where 

groundwater is the most important water resources. This is the case of Caetité uranium 

production center in Brazil, where both the local community as the nuclear facility depend 

heavily on groundwater availability. Although several studies have been conducted to 

characterize the hydrological system of the region, the groundwater flow regime in this 

watershed remains poorly understood. The purpose of this paper is to characterize chemically 

and isotopically the rainfall, groundwater, and surface water, in order to gain insight on the 

groundwater flow regime and recharge processes in the watershed that comprise the nuclear 

installation - Caetité Experimental Basin (CEB). Conventional (hydrochemistry, 

hydrogeology, and mineralogy) and isotopic techniques (δ
18

O and δ
2
H) were used to 

characterize the waters in the CEB. A total of 170 samples consisting of groundwater (127), 

surface water (29), and precipitation (14) were analyzed for chemical and isotopes during the 

period from 2012 to 2013. δ
2
H and δ

18
O results show that most of the groundwater and 

surface water are evaporated, and the evaporation lines suggest the existence of preferential 

flow paths. However, EC values show that although fast flows through fractures may 

transport saline groundwater from shallow layers to depths close to 100 m, most of the 

shallow saline groundwater do not reach these depths. The stable isotope, chemical and 

hydrological data suggest that the main fractured aquifer in the CEB is recharged by local 

precipitation and lateral flows should be considered in the groundwater flow regime. 
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Abstract: Groundwater is the sole irrigation water resource in many of the agricultural lands 

of the coastal plains in arid and semi-arid regions. Therefore, the long term food security in 

these regions depends on sustainable groundwater use policies. Improved water management 

policies should be based on robust analyses of irrigation water demand and, the factors 

affecting water availability and its quality. In many cases, environmental isotopes play a 

crucial role in achieving this target. Demre Plain located in the southwestern Turkey is a 

typical coastal plain where the entire socio-economy is based on farming with groundwater as 

the sole source of irrigation water. Environmental isotope (O-18, H-2, H-3) and specific 

conductance data were used to establish a reliable conceptual model of the hydrogeological 

system. This model will serve as a basis for a numerical flow/transport model to be used to 

test various water use scenarios. The data revealed three distinct groundwater facies 

representing, i) fresh ground water fed by local recharge and by surrounding carbonates, ii) 

saline groundwater formed by the combination of seawater and deep-seated groundwater fed 

by carbonate mountains.  Results show that while a quasi-steady equilibrium between 

groundwater recharge and use exists in the plain, there is still a need for testing the effects of 

various groundwater use scenarios based on short term climate fluctuations and different 

plant and land use patterns.  

1. INTRODUCTION 

Most of the groundwater resources have been used for irrigation at global scale. Therefore, 

sustainable food security depends of the availability of fresh groundwater resources. Realistic 

characterization of groundwater resource is crucial for adapting good groundwater 

management policies in agricultural lands. While geological, hydrogeological and 

hydrogeochemical observations are fundamental in characterizing a groundwater flow 

system, environmental isotopes (O-18, H-2, H-3) are crucial in determination of different 

groundwater facies.  

During the last forty years, a great majority of vegetable production in Turkey has been 

realized in greenhouses located mostly in the coastal plains along the Mediterranean coast 

where the groundwater is the sole resource for irrigation water. As a result of increasing 

irrigation water demand and loose water management policies, coastal groundwater resources 

are faced with severe problems such as groundwater level decline and sea water intrusion. 

Furthermore, processes associated with climate change, like increasing temperature and 

evapotranspiration, have also started to adversely affect the irrigation water availability and 

food security. Demre Plain located in the southwestern Turkey is selected as a case where 
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factors affecting sustainable irrigation water use are will be analyzed from a sustainable 

groundwater management point of view.  

2. METHODS 

Demre Plain is located in the province of Antalya in the Western Mediterranean region of 

Turkey (36 ° -16 '/ 36 ° -13' latitudes and 30 °-18 '/ 30°-13' longitudes, Figure1). Demre Plain 

covers an area of 50 km
2
, 80% of which is occupied by greenhouses whereas citrus and 

orchard plantations cover the rest. Greenhouses are used to produce vegetables like pepper, 

tomato, cucumber. Since late 1970’s, more than 200 deep and shallow wells have been used 

to abstract groundwater for about 11 months in a year. The aquifer in the plain comprises of 

Quaternary alluvium which is in contact with karstic carbonates on the land side. Plain 

aquifer is recharged by infiltration from precipitation and, lateral seepage from the karstic 

carbonate aquifer. Regional groundwater flow is from NW to Mediterranean Sea at SE [1].   

 
Figure 1.  Sampling points on the geological map of Demre Plain. 

About 50 deep and shallow wells are used for groundwater level measurements and for 

sampling for chemical-isotopic characterization. Seawater, saline springs with deep 

groundwater circulation and surface water bodies had been also sampled to determine the 

likely groundwater “end members” in the plain. Besides continuous groundwater level 

measurements, water samples collected for the analyses of major ions, trace elements, 

pesticides, stable isotopes, and tritium contents.  
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3. RESULTS 

Some statistics of the observed specific electrical conductivity (SEC) and measured 

environmental isotope data are given in Table 1. Water samples cluster in three groups which 

are subjectively separated based on their SEC. The 1st group (seawater, deep-circulating 

saline groundwater) is represented by SEC >14000 microS/cm and, the 2nd Group (fresh 

groundwater affected by evaporation) is represented by SEC from 1100 to 3700 µS/cm and, 

the 3rd Group (fresh groundwater) is represented by SEC < 1100 µS/cm. Corresponding 

statistics of the environmental data for each group is also shown in Table 1.  

Table 1.  Some statistics of SEC and environmental isotope data. 

 Maximum Minimum Average 

SEC (microS/cm) 57,788 493 3786.8 
3
H (TU) 4.8 1.1 3.4 

δ
18

O(‰, VSMOW) 1.3 -6.2 -5.2 

δ
2
H(‰, VSMOW) 9.3 -34.4 -26.4 

 

In the scatter plot of stable isotope (i.e. δ
18

O vs. δ
2
H) data, most of the samples are located 

along the typical Mediterranean meteoric water line which is characterized by a deuterium 

excess value of +18‰ (Figure 2). This number is slightly above the deuterium excess value 

(+14.3‰) previously determined in a neighboring basin located 50 km to the west [2]. Many 

of the Group 3 groundwater samples that represent the fresh groundwater end member are 

isotopically depleted compared to other groups. The Group 1 waters include a seawater 

sample and several deep circulation groundwater samples are seawater end member and 

mixing deep saline groundwater samples. This 2nd Group represents fresh groundwater partly 

affected by evaporation from water table.  

 
Figure 2. δ

18
O-δ

2
H graph of water samples of Demre Plain. 

Tritium contents of groundwater in Demre Plain vary between 1.1 TU and 4.8 TU. Seawater 

and saline deep-circulating groundwater samples that form Group 1 are characterized by 3H 
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contents less than 2.5 TU whereas, the samples belonging to Group 2 (partly evaporated fresh 

groundwater) and Group 1 (fresh groundwater) have 
3
H contents more than 2.5 TU. A SEC 

vs. 3H plot of samples helps to separate different groups (Figure 3).  

 
Figure 3. SEC vs.

3
H content plot of water samples of Demre Plain. 

4. CONCLUSIONS 

Preliminary assessment of environmental isotope data reveals three distinct groundwater 

including, i) fresh groundwater fed by local precipitation and neighboring karst aquifer, ii) 

partly evaporated shallow groundwater along the coastal zone and, iii) deep-circulating saline 

groundwater. Contrary to expectations, seawater extrusion along the coastal zone is not 

observed whereas, deep-circulating groundwater appear to gain some salinity during its 

upwelling along the seawater-fresh water interface. On the other hand, a salinity increase in 

groundwater occurs due to evaporation from water table along the coastal zone where the 

water table approaches ground surface.  
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Abstract: Knowledge of residence time is an important parameter for understanding aquifer 

recharge and dynamics, as well as provides important insights on water quality issues. 

Although the hydraulic parameters of a fractured aquifer under semi-arid conditions can be 

obtained by field tests, the characterization of the groundwater flow, including residence time 

and recharge rates is still limited due to the heterogeneity of the fractured rock and water 

scarcity. The Caetité Experimental Basin (CEB), located in semi-arid conditions of 

Northeastern Brazil, faces not only the challenges associated with water scarcity, but also 

potential contamination processes due to uranium mining and milling activities. This paper 

describes the characterization of the flow system of the fractured aquifer of CEB and its 

implication on water quality. Isotope techniques (radioactive tracers 
14

C and 
3
H) combined 

with hydrochemistry were used to understand the aquifer dynamics and groundwater 

dating.The results from 
3
H in groundwater varied from -0.01±0.27 to 1.29±0.28 T.U, while 

the 
14

C content varied from 72.8±0.33 to 104±0.43 pcm. 
13

C data show small variation with 

an average value of -12.2 ‰. Due to the low content of carbonate minerals in aquifer rocks, 

we considered that the dissolution processes did not modify 
13

C and 
14

C values. Therefore, 

groundwater residence times were estimated based on the 
14

C activities measured without any 

correction, ranged from modern (few decades) to about 2000 years. The results of 
3
H and 

14
C 

were consistent with each other, suggesting mixtures of waters with different residence times. 

Nitrate concentrations in some wells attest the presence of fast groundwater flows. We 

suggest that the CEB fractured aquifer is characterized by two flow systems: one 

characterized by fast recharge and short residence times (more vulnerable to contamination), 

and another characterized by a slower recharge and longer residence times. 
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Abstract: 81 groundwater and surface water samples were analysed for composition of major ions 

and 
18

O, 
2
H, 

14
C/

13
C and 

3
H in the Alazani-Iori area, eastern Georgia. Three groups of groundwaters 

were identified, revealing the dominant evolution in mineralization from Northwest to 

Southeast, with major increase in the Shiraki syncline. Almost all aquifers in the study area 

contain admixture of older waters with no Tritium and low δ
18

O values between -11 and -13 ‰ 

VSMOW. Whereas the groundwaters in the Alazani artesian aquifers are of a good quality for 

drinking, it is recommended to enhance the use of waters from the karstic formations such as 

the Dedoplitskaro Plain for alternative drinking water sources in the Shiraki syncline basin. 

 

1. INTRODUCTION 

Whereas the aquifers of the Alazani and Iori basins in eastern Georgia are abundant in 

artesian groundwater due to recharge from Cretaceous and Jurassic formations of the 

southern e Greater Caucasus and Khakheti range [1], the adjacent Shiraki Plain encounters 

water quality problems due to limited regional recharge, elevated evapotranspiration-induced 

salinity and high content of sulphates. The GEO7001 project “Supporting Environmental 

Isotope Assessment to Improve the Sustainable Management of Groundwater Resources” has 

therefore addressed evaluation of recharge conditions, hydrochemical and isotopic evolution 

along flowpaths, identification of main hydrogeological units and possible alternative sources 

of drinking water in the entire complex Alazani-Iori-Shiraki target area. This study contains 

the first isotopic assessment of one of the most important groundwater resources  in the 

Caucasus countries. 

 

2. METHODS 

81 water points were sampled (5 surface waters and 76 groundwaters) for major ions, 
18

O, 
2
H 

and 
3
H, and selected 27 points were sampled also for 

14
C/

13
C. Temperature, pH, DO, EC were 

obtained in the field. Monthly monitoring of 
18

O, 
2
H and 

3
H in rainwaters and stream waters 

belongs to the IAEA networks GNIP and GNIR [2]. 
18

O and 
2
H analyses were performed in 

the Institute of Geophysics, of the Ivane Javakhishvili Tbilisi State University, by the Picarro 

Laser Water Isotope Analyzer L2110-I purchased in the framework of the IAEA project.  

 

3. RESULTS 

Three types of groundwater were derived from the hydrochemical and isotopic patterns [3]. 

The most mineralized group (more than 2 g/L) is dominantly of Na-Cl type, with low tritium 

(0.1-1.8 TU) and 
14

C concentrations, indicating old groundwaters. This type of water is 

typically located in the Shiraki Plain area. The increased mineralization can be explained by 
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saline Quaternary sediments as a result of intense evaporation, with a minimum amount of 

precipitation. The second type has a total mineralization 1-2 g/L, and is represented by 

proportions of (Na, Mg)/ (Cl, SO4 
2-

) and Tritium concentrations up to 3-6 TU. These types of 

waters are distributed in parts of the Telavi and Kvareli aquifers. The third type of 

groundwater has a mineralization up to 1 g/L, and is represented by proportions of Ca (Na, 

Mg)/ HCO3
- 
(SO4

2
) This group has 7-11 TU, indicating waters recharged after 1960, partly 

with admixture of old components. This groundwater covers most of the area of Kvareli 

aquifers, Cretaceous and Jurassic sediments. Tritium concentration is decreasing from West 

to East on the territory, with lowest values observed on the Shiraki Plain (Fig. 1b). Fig. 1a 

reveals that waters in almost all samples are located along the global meteoric water line. 

Values of two samples deviate from the global meteoric water line, indicating evaporation 

under semiarid climate conditions and water-rock interactions in geothermal environment. 
18

O values between -11 and -13 ‰ VSMOW indicate palaeorecharge conditions. 
 

 
Fig. 1 – a) Plot of 

18
O-

2
H in waters in the study area, b) Distribution of 

3
H in waters in the study area  

 

4. CONCLUSIONS 

The study has revealed the evolution in mineralization from Northwest to Southeast, with less 

mineralized groundwaters in the Kvareli and Telavi aquifers andmajor increase in the Shiraki 

syncline area. Isotope investigations have confirmed the entirely modern groundwater origin 

of the Kvareli aquifer and admixture of pre-1960 waters or paleorecharge in all other 

aquifers. Waters on the Shiraki Plain are characterized by high content of SO4 and Cl and 

therefore lower quality for drinking. It is recommended to enhance the use of waters from the 

adjacent Dedoplitskaro karstic formations for alternative drinking water sources in the 

Shiraki region. The conjunctive use of hydrochemical and isotopic approaches demonstrates a 

high potential for future water resources studies in Georgia. 
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Abstract: The water level of Urmia Lake has experienced a dramatic drop in last decade. 

Although more studies were focused on climate and land use changes, but groundwater 

resource especially around the lake is one of the most important issues, which was neglected. 

In the other hand the number of wells and groundwater withdrawal has increased because of 

the growth of population and agricultural activities. The continuing decline of water levels in 

aquifers can cause saltwater intrusion, reduce stream discharge near the outcrop areas, and 

threaten the quality of the groundwater supply. The aquifer within the Shiramin plain presents 

one of the lakeshore aquifers, which was been derogated by saltwater. From 2000 to 2010, 

the electrical conductivity of the Shiramin aquifer increased from 4500 µS/cm 

to12000 µS/cm respectively. It is therefore essential to determine the origin of salinity. 
Generally, high salinity could result from several sources. These include pollution from 
various origins, such as industrial and agriculture and also from salty geological 
formation or intrusion from the sea. To find it out, in the present research, 1) groundwater 

contours used for evaluation of the Lake’s groundwater inflows 2) changes of aquifers’ 
salinity 3) isotopic analyses were assessed for water interactions in two periods over 
one decade in order to identify the specific sources of salinity. In isotopic part of research, 

the ratios of  
2
H/H and also 

18
O/

16
O were measured on samples of wet and dry season  of 

different types of water sources such as rivers, springs, wells and also Qanats. According to 
measured ground water levels, the groundwater contours near the outflow area are due 
to continuing over exploitation of groundwater resources gradually deformed to a 
semicircle and, which progressed from 2000 to 2010 to a discharge zone. In this 
situation, groundwater does no longer recharge the lake. But in contrary to these results 
of hydrogeological investigations this mixing theory with Urmia Lake water to Shiramin 
groundwater is not supported by the results of stable oxygen and hydrogen isotope 
analyses. These results indicate that, in most cases the source of the salinity in the 
Shiramin coastal aquifer is due to the salty geological formation namely Qom strata.  

1. INTRODUCTION 

The main purpose of this paper is to investigate the groundwater level changes, brine 

aggregation position, and its effect on water interaction in one of groundwater catchment 

areas near the lake. As the water of Lake Urmia is hypersaline (lake level at 1280 m.a.s.l) 

with a salinity of more than 300 g/L, the hydrodynamic processes around this lake are 
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considered as similar to the process of seawater intrusion into coastal aquifers. Most recent 

studies of this phenomenon of [1-3] are using numerical models to assess seawater intrusion 

problems and to design optimal groundwater resources management schemes [4-6]. Other 

authors [7, 8] published investigations of the response of coastal aquifers to potential sea-

level changes or changes in recharge, or applied a three-dimensional variable density of 

model of groundwater flow in porous media and multispecies solute transport (SEAWAT) to 

simulate seawater intrusion into the coastal aquifer of the Northern part of the Gaza Strip.  

Therefore, qualitative and quantitative changes in the aquifers around the lake in a specific 

period is considered. Therefore the following aspects are studied  in the present research: 

1) groundwater contours used for evaluation of the Lake’s groundwater inflows 2) changes of 

aquifers’ salinity were assessed for water interactions in two periods over one decade 
3) isotopic analyses in order to identifying the specific sources of salinity. The Electrical 
conductivity of the saline groundwater, as well as the isotope composition, were 
measured and compared to that of (Urmia Lake water) in order to track its sources in 

order to lead to a better understanding of how the ground-water supplies crucial to populous 

coastal regions can be managed and sustained. Such research is only part of the required 

research to protect people’s lives and property from geologic and environmental hazards in 

the coastal zones of the Iran. 

2. METHODS 

2.1 Study area 

The Urmia Lake basin is located in north-west of Iran (42º52' to 44º13' E and 35º39' to 
38º30' N). This area has cool winters and mild summers. The annual rainfall average in 
this area is about 350mm. The average temperature varies from 6.5ºC to 13.5ºC. The 
Urmia Lake basin is about 51,950 km² and it is divided into 25 study areas presented in 
Figure 1. 
 

 
Fig1. Main study areas in Iran with aquifers boundary in Urmia lake basin 
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2.2 Salt water intrusion  

To evaluate saltwater intrusion to Shiramin aquifer, groundwater direction and its salinity 

were investigated.  In this investigation, average annual groundwater level and electrical 

conductivity (EC) were selected to represent the quantity and quality of the groundwater in 

aquifer, respectively.  In natural condition, the groundwater level isolines are parallel to the 

lake boundary.  When groundwater flow is towards the lake, then groundwater level is 

lowered when it gets closer to the lake.  Major pumping water near coast leads a cone of 

depression in the water table.  This can be seen in groundwater contours and shows the 

reduction of fresh water flow towards the lake.  The change in groundwater levels during a 

10-year period (2000-2010) was studied.  The fluctuation of these water levels can indicate 

the reduction or increase of fresh groundwater flow to the lake. In addition, EC within this 

10-year period was investigated to show the quality deterioration over time.  Electrical 

conductivity has direct relationship with water salinity and it can be a suitable indicator for to 

investigate the saltwater intrusion. 

2.3 Isotopic analysis 

In this study interpretation of achieved results of two sampling sessions (Dry season 

September 2012 and Wet season in June/July 2013), including isotope date of 
2
H and 

18
O and 

tritium is carried out. This interpretation of isotope and chemical data oriented towards origin 

of salinity, interaction and evolution of main water bodies named Urmia Lake and 

groundwater of Shiramin aquifer. All samples have analyzed for determining in Iran and 

PINSTECH Lab in Pakistan. During this research different groundwater resources were 

sampled. Moreover, two samples of Urmia lake samples and one rainwater sample were 

included for interpretation.   

 

3. RESULTS 

3.1. Aquifers salinity 

One of the most important factors to investigate qualitative status of the coastal aquifers is 

salinity. The trend of quality changes in Shiramin aquifer analyzed by comparing the EC 

distribution in years 2000 and 2010.  Base on result, the EC has been increased significantly 

in the coastal area and a noticeable part of the aquifer became saline.  Additionally, the flow 

direction was reversed in 2010 and it supports this intrusion idea. By comparing, the amount 

of saltwater volume (EC is more than 4.5 dS/m) in 2000 accounted for about 10% of the 

aquifer area, where as it is covered most part of the aquifer area in 2010.  The salinity was 

changed from its maximum of 4.5 ds/m in 2000 to more than 17ds/m in 2010 at outflow 

section.   

3.2. Aquifers and lake interaction 

To investigate interaction between the Urmia Lake and groundwater, coastal Shiramin aquifer 

around the Lake was studied so this critical aquifer could be recognize in terms of salt water 

intrusion.  In this study, groundwater contours show the groundwater flow direction.  

Overlaying these contours with the EC distribution in aquifers at the same period of time, one 

can conclude and recognize the trend in saltwater intrusion in this coastal aquifer.  

3.3. Chemical and isotope composition of investigated groundwater 

According to the results of chemical and isotope analyses of the groundwater of the 

investigated areas of Shabestar-Sofian, Azarhsar and Shiramin, no unique fingerprint of 

origin is deduced because the liquid water phase (with the inherent isotopes of tritium, 
2
H and 

18
O) is not dependent of the composition of the dissolved chemical constituents. 
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4. CONCLUSIONS 

Shiramin aquifer which is located around the Urmia Lake in the coastal sedimentary basins 

became salt dramatically in last decade. Mapping of the EC distribution and groundwater 

level in surrounding aquifers in this basin is carried out. Monitoring and management of salt 

water intrusion is also not done. The results of the study can be summarized as follows: In 

terms of water interaction one of the sources of groundwater around the Lake were studied in 

two periods in this research. Based on the results, the groundwater entrance of Urmia Lake is 

reduced drastically in the past decade in comparison with Shiramin adjacent aquifer because 

of groundwater over extraction. In Addition, isotopic analyses were used as a tool for 
identifying the specific sources of salinity. The results indicate that diverse sources of 
salinity occur, such as:  

1. Saltwater springs of shallow origin evolved by leaching of salt of outcropping 

evaporate formations  

2. Upwelling deep fluids in diaper structures of salt or mud plugs (containing no tritium) 

3. Trapped saline water (and brines of Lake Urmia) intruding into fresh water aquifers in 

shore areas due to over-pumping and lowering the hydraulic head of the shallow 

aquifer.  

4. This process of induced sea (salt-water intrusion) occurs in not only costal marine 

areas but also where continental inland salinity exists.  

5. In most cases the source of the salinity in the Shiramin coastal aquifer is a salt 
containing geological formation namely Qom strata. Finally, successful 

management in coastal ground water sources depends not only upon planning and 

regulation, but also on the accurate assessment and prediction of the behavior of the 

saltwater interface to both natural conditions and man’s activities. 
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Abstract: Groundwater geochemical and isotopic investigations were performed in 
Slovenian aquifers, among which also the isotopic composition of dissolved inorganic carbon 
(δ13C-DIC) was studied in detail. Groundwater δ13C-DIC at higher altitudes with carbonate 
rocks in the recharge areas is mostly influenced by atmospheric CO2 dissolving carbonate 
rocks in the form of carbonic acid, whereas in the recharge areas at lower altitudes dissolution 
of carbonate minerals and cement is influenced by CO2 formed by degradation of organic 
matter. In the recharge areas of silicates and less permeable/impermeable rocks groundwater 
is influenced by the degradation of organic matter due to thicker soil layer and absence of 
carbonate rocks. 

1. INTRODUCTION 

Geochemical and isotopic study of Slovenian groundwaters has been conducted (2009-2011) 
in the aquifers composed of the most representative lithological units in Slovenia. The 
analyses of groundwater isotopic composition of dissolved inorganic carbon (δ13C-DIC) were 
made in order to identify various sources of carbon, e.g. from atmospheric CO2, degradation 
of organic matter in soil, and carbon derived from dissolution of carbonate rocks. 

2. METHODS 

The study area, Slovenia, has very diverse geomorphological, geological, pedological, 
hydrological and climatic characteristics. The sampling covered three annual seasonal cycles 
in the way that groundwater at each sampling location was sampled twice (spring and 
autumn). Water samples were collected from 87 sampling locations (springs, piezometers or 
wells, surface waters) which were evenly distributed throughout the country. 

The physico-chemical parameters in the water were measured in the field. The groundwater 
was sampled for various chemical (cations, nutrients) and isotopic analyses. For δ13C-DIC 
analyses three replicate samples (12 mL) of groundwater were taken and stored in septum 
vials (Exetainer, Labco Ltd., U.K.). δ13C-DIC values were determined on CO2 released after 
the reaction with 100 % H3PO4 [1] using a continuous flow Europa 20-20 IRMS with an 
ANCA-TG separation module (Europa Scientific, U.K.). Measurement uncertainty was better 
than 0.2 ‰ [2]. Analyses were performed at the Jožef Stefan Institute (Ljubljana, Slovenia).  
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3. RESULTS 

The δ13C-DIC values in groundwater vary between -20.6 ‰ and -0.7 ‰, with a mean 
of -12.1 ‰ and median -12.9 ‰ (n=173). According to prevailing rock type in the recharge 
areas of sampled groundwater (Fig. 1), the most depleted in 13C-DIC (~ -18.0 ‰, p<0.05) is 
the groundwater DIC in the recharge areas of silicate igneous and metamorphic rocks, 
whereas groundwater in the recharge areas of carbonate and clastic sedimentary rocks is 
enriched in 13C-DIC (~ < -12.0 ‰). 

 

A = clastic sedimentary rocks (n=51) 
B = carbonate rocks (n=10) 
C = igneous and metamorphic rocks (n=12) 

Figure 1. Box and whisker plots for groundwater δ
13

C-DIC in the recharge areas of major 

rock types. 
 

Based on a simple isotopic mass balance calculation [3] and modelling using the PHREEQC 
[4] we have quantified different sources of DIC: dissolution of carbonates (DICcarb), biogenic 
soil CO2 (DICorg), and the atmospheric CO2 (DICatm). The calculated share (molar %) of 
DICcarb (δ

13CCa ~ 0 ‰; [5,6]), DICorg (~ -22 ‰; measured in the soil atmosphere), and DICatm 

(~ -7 ‰; [6]) is shown in the Table 1. 

Table 1. Calculated proportions of DICcarb, DICorg, and DICatm for selected sampling 

locations. 

Sampling  

location 

Mean altitude 

of recharge 

area (m a.s.l.) 

Measured 

δ
13

C-DIC 

(‰) 

Calculated 

δ
13

C-DIC 

(‰) 

DICcarb 

(%) 

DICorg 

(%) 

DICatm 

(%) 

Soča 1749.3 -1.0 11.1 49 50 1 
Krka 493.2 -13.2 -12.6 42 57 0 

Kamniška Bistrica 1534.1 -3.1 -11.2 49 51 1 
B-9 Brestovica 247.1 -10.5 -12.2 45 56 0 

 

The comparison between measured and calculated groundwater δ13C-DIC concerning 
recharge areas at ~ 250 – 500 m a.s.l. (Krka and B-9 Brestovica) show similar values, 
whereas measured δ13C-DIC values in groundwater recharge areas at ~ 1500 – 1800 m a.s.l. 
(Kamniška Bistrica and Soča) were much more positive than calculated ones. This could be 
due to soil CO2 which is at higher altitudes mostly derived from the atmosphere and is 
enriched in 13C-DIC compared to the lowlands because of lower temperature and relatively 
scarce vegetation composed mostly of grasses [7]. A certain influence at higher altitudes 
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could be also related to a longer retention time of groundwater in carbonate aquifers and the 
isotopic exchange between carbon from HCO3

- and carbon from the atmosphere during 
groundwater flow towards the spring. 

For additional deciphering of contributions of organic matter decomposition, carbonate 
mineral dissolution, and equilibration with atmospheric CO2 to the DIC, a comparison 
between groundwater δ13C-DIC and HCO3

- (Fig. 2) was made. The red line indicates an 
open-system equilibration of DIC with soil CO2 originating from degradation of organic 
matter (~ -25 ‰) which is according to Mook [8] enriched by 9 ‰ with corresponding value 
of -16 ‰. Non-equilibrium dissolution of carbonates with one part (50 %) of DIC originating 
from soil CO2 and the other (50 %) from carbonates (~ 0 ‰) produces an intermediate 
δ

13C-DIC value of -12.5 % (yellow line). The blue line indicates dissolution of carbonate 
rocks without considering any isotope fractionation. Given the isotopic composition of 
atmospheric CO2 (~ -7 ‰) and the equilibration enrichment of DIC in 13C by 9 ‰, the DIC in 
equilibrium with the atmosphere should have a δ13C-DIC value of about +2 ‰ (green line).  

 

 

Figure 2. Comparison between groundwater HCO3
-
 and δ

13
C-DIC. 

According to the assumptions above, the groundwater δ13C-DIC in the recharge areas of 
carbonate rocks at higher altitudes is mostly controlled by the carbonate dissolution and 
greater relative contribution of atmospheric CO2.The contribution of soil CO2 is rather low or 
negligible since the soils are usually thin (or non-existent); further, because of the steep 
slopes and high amount of precipitation, the direct infiltration of precipitation is small 
compared to the surface run-off. In the lowland carbonate recharge areas groundwater is more 
enriched in dissolved carbonate content, i.e. influenced by both carbonate dissolution and the 
degradation of organic matter.  

In the recharge areas dominated by clastic sedimentary rocks, groundwater has generally low 
HCO3

- concentration and is enriched in 13C due to carbonate rocks dissolution.  

Finally, in the recharge areas dominated by silicate and less permeable/impermeable rocks at 
higher altitudes, groundwater HCO3

- concentrations are low and the biochemical process of 
degradation of organic matter and leaching from soil layer strongly dominate over carbonate 
dissolution because of thick soil layer and forest vegetation cover. 
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4. CONCLUSIONS 

Based on the δ13C-DIC measured in Slovenian aquifers we were able to identify the main 
sources of carbon in the groundwater, as well as the prevailing factors controlling 
groundwater isotopic composition in the aquifers composed of various lithological units in 
the recharge areas at higher and lower altitudes. 
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Abstract: Arid and semiarid regions are characterised by their very low precipitation and 

extremely high evaporation. High evaporation frequently leads to increased groundwater 

salinity, seriously limiting freshwater resources. To identify and quantify the impact of 

processes contributing to salinity increase, the hydrochemical evolution of groundwater needs 

to be described and the major sources of solutes contributing to salinity increase determined. 

The Hamersley Basin of northwest Australia has a semiarid and sub-tropical climate and 

hosts some of the largest iron ore deposits on the planet. Understanding natural conditions 

prior to anthropogenic impact is, therefore, critical. The groundwater salinity of the alluvial 

and meta-sedimentary fractured rock aquifers of the Basin range from fresh (~ 50 mg/L) to 

brines (>150,000 mg/L). The groundwater has acquired unique strontium isotope signatures 

due to interaction with exceptionally old aquifer matrix (2.8Ga). A combination of classical 

major ion chemistry, δ
2
H, δ

18
O and δ

87
Sr isotope analyses was used to constrain the 

hydrochemical evolution model and to identify sources of solutes in groundwater [1]. The 

δ
87

Sr signature in groundwater in major aquifer types ranged from 11.8‰ to 40.6‰ and 

reflected the mineralogy of aquifer matrix. Groundwater in the Fortescue Marsh, the terminus 

of the Basin, had a constant δ
87

Sr signature of 36.6±1.4‰ irrespective of salinity levels, δ
18

O 

and strontium concentration. This groundwater can be considered as mature in a geochemical 

sense, representing the final stage of water evolution on the Basin scale. The Sr isotope mass 

balance calculation shows the contributions of dissolved ions from three major sources: 

>92% from precipitation, ~7% from carbonate rocks and <1% from rocks with highly 

radiogenic signatures (shales and clays). These results confirmed that water salinity is 

primarily driven by rainfall chemistry in floodwaters rather than water-rock interactions. 

Moreover, ion transport due to horizontal groundwater inflow to the Basin terminus is 

negligible relative to the vertical infiltration of direct precipitation and fresh flood water. The 

cyclic wetting-drying and de-dolomitisation, the only locally significant geochemical 

processes influencing groundwater hydrochemistry, have no significant influence on δ
87

Sr 

values, which are primarily reflecting solute origin [1]. 
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Abstract: The littoral of the Benin is facing to an increased groundwater demands and 

suffers of the saltwater intrusion. The study area is located in this littoral part and is 

composed of a lower aquifer (Continental Terminal aquifer) and an upper aquifer (Quaternary 

aquifer). Two field campaigns during the dry and the rainfall season were carried out on 13 

piezometers, 41 boreholes, 44 wells with large diameter and 7 lakes. The data from 2008 to 

2012 of the IITA rainfall station (GNIP network) were used to define the recharge and 

mixing processes. The hydrochemical and isotopic results highlight the sensibility and the 

vulnerability of the littoral of the Benin facing to the saltwater intrusion. 

1. INTRODUCTION 

On the African continent, water needs have been increased during the last 40 years and 

mainly in the coastal regions where the demography and the urbanization have an explosive 

growth. The aquifers begin to suffer of seawater intrusion with a degradation of the water 

quality [1-4]. Nevertheless, groundwater is recognized as a water resource with a high quality 

contrary to the low quality of the surface water and the high cost for their treatment. The 

study area is located in the littoral part of the Benin. It extends from the Atlantic Ocean to the 

latitude 6°30 in the north with an area of 500 km² (Figure 1). More 50% of the population of 

the Benin lives in this region. In a geomorphological point of view, the site is delimited by: in 

the south part, the low littoral plain of the coastal sedimentary basin and towards the north, by 

the south boundaries of the meridional plateaus. The study zone is covered by many lagoons 

and 2 small lakes with brackish waters, the Nokoué lake and the Ahémé lake. The geological 

layers are composed of sand, clay or a mixed of the both with various proportions. The 

studied zone has two aquifers: at the base, the Continental Terminal aquifer (Mio-Pliocene) 

and above the Quaternary aquifer (upper aquifer). The lower aquifer is mainly unconfined 

towards North meridional plateaus and becomes confined to the littoral plain in the south part 

(Figure 1). The Quaternary aquifer is principally localized in the littoral plain and is fully 

unconfined. 

The majority of the water supply of the people living in this area comes from of these two 

aquifers [5]. Unfortunately, with the increasing water demand of the population, many 
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pollution problems have arisen, especially the seawater intrusion detectable in the pumping 

wells. Concerning the well field of Godomey which is used for the water supply of the 

Cotonou City (around 1 million of inhabitants), this saltwater intrusion seems to provide 

mainly of the Lake of Nokoué located at the East of the City. This seawater intrusion is 

detected by the high chloride concentrations in the boreholes placed in the eastest part of the 

wells field. The vicinity of the salted lakes, and the intense groundwater pumping, requires a 

correct understanding of the hydrodynamic and hydrochemical functioning of the aquifer 

system, to contribute to a sustainable management of the exploited resources. This is the aim 

of this study with used the isotopic methods to understand the recharge mode of the two 

aquifer and the mixing processes which interact. 

2. METHODS 

Two sampling campaigns were carried out in January 2012 (dry season) and the second in 

August 2012 (rainfall season). The sampling was realized on 13 piezometers, 41 boreholes, 

44 wells with large diameter and 7 lakes. In addition, the rainfall data of the station on the 

IITA (2.35° E latitude and 6.45°N longitude) from the GNIP network were collected during 

the period 2005-2012, with a rainfall event sampling from 2005 to 2007 and a monthly 

rainfall sampling from 2008 to 2012. Field parameters (electrical conductivity, temperature 

and pH) were measured with a WTW 340i and alkalinity was determined in the field using a 

Hach digital titriator. Major ions (Ca
2+,

 Mg
2+,

 Na
+
, K

+
. Cl

-
, SO4

2-
, NO3

-
,) and Br

-
 were 

analysed by ionic chromatography (Dionex IC 1100) at the Hydrogeology Dept. of the 

University of Corse and isotopes stables (
18

O,
2
H) with a liquid-water analyser LGR DT-100 

at the same department. 

3. RESULTS 

The electrical conductivity measured in situ showed low mineralization in the lower aquifer 

(EC < 100µS/cm) and a moderate mineralization in the upper aquifer (100<EC <1000 µS/cm) 

as shown in Figure 1. Otherwise, the results of the major ions show a Na-Cl type and a HCO3
-
 

type for the sampling water and allow determining many processes for the origin of the 

mineralization.  

 

Figure 1. Spatial repartition of the electrical conductivity on the study site. 
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Figure 2. δ
18

O vs δ
2
H contents of groundwater in the study area. 

Figure 2 shows the relation 
18

O vs 
2
H for all the water samples (groundwater, surface water-

lakes, lagoons and rivers). These results show an actual recharge for the upper and lower 

aquifers and a hydraulic connectivity between the both. Nevertheless, some water samples 

from the quaternary aquifer are aligned along the evaporation/mixing line, suggesting a 

mixing between a surface water and/or seawater with an evaporation effect. 

4. CONCLUSIONS 

The hydrochemical results show a Na-Cl type, HCO3-Ca and Cl-Ca type for the two coastal 

aquifers and these chemical signatures reveal different mineralization processes. The 

electrical conductivity ranges between 500 and 1000 µS/cm and shows an influence of the 

brackish water (lakes and lagoons) or of the sea on the aquifer recharge. The isotopic 

approach was used to understand the actual recharge of the two aquifers and the mixing 

processes between the both. The stable isotopic composition has shown an actual recharge 

with a hydraulic connectivity and an influence of the brackish water or salted evaporated 

water on the Quaternary aquifer. This study highlights the sensibility and the vulnerability of 

the littoral of the Benin facing to the saltwater intrusion. 
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Abstract: Shallow groundwater aquifers are often influenced by anthropogenic contaminants 

or increased nutrient levels. In contrast, deeper aquifers hold potentially pristine paleo-waters 

that are not influenced by modern recharge. They thus represent important water resources, 

but their recharge history is often unknown. In this study groundwater from two aquifers in 

southern Germany were analysed for their hydrogen and oxygen stable isotope compositions 

[1]. One sampling campaign targeted the upper aquifer that is actively recharged by modern 

precipitation, whereas the second campaign sampled the confined, deep Benkersandstein 

aquifer. The groundwater samples from both aquifers were compared to the local meteoric 

water line to investigate sources and conditions of groundwater recharge. In addition, the 

deep groundwater was dated by tritium and radiocarbon analyses. Stable and radiogenic 

isotope data indicate that the deep-aquifer groundwater was not part of the hydrological water 

cycle in the recent human history. The results show that the groundwater is older than 

20.000 yr and most likely originates from isotopically depleted melt waters of the Pleistocene 

ice age. Today, the use of this aquifer is strictly regulated to preserve the pristine water. Clear 

identification of such non-renewable paleo-waters by means of isotope geochemistry will 

help local water authorities to enact and justify measures for conservation of these valuable 

resources for future generations in the context of a sustainable water management. 
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Abstract: The Region of Antofagasta, located in northern Chile, presents extreme aridity and 

water scarcity. This situation has increased during the last decade, particularly with the 

growth of the productive sectors, especially because of mining development. It is for this 

reason that the main aquifer has been depleted in the amount of available resource. 

In the middle part of the Loa River, in the vicinity of the city of Calama, two aquifers are 

presented; a shallow one, with a thickness of 50 m, conformed by carbonate rocks, and a 

deeper one, below a confining layer of fine sediments of approximately 100m thick, formed 

by gravels, of approximately 150m thick.  

The Loa River receives an important contribution from the Salado River aquifer; however, 

there is no clarity as to where this contribution is directed, toward the upper or the lower 

aquifer.  

For this reason and by an agreement between the CCHEN (Chilean Nuclear Energy 

Commission) and DGA (General Direction of Water) set out to study the connection between 

aquifers using isotopic tools under the RLA 7/016 project.  

During 2013 and 2014 monitoring campaigns were conducted in the Loa and Salado basins, 

collecting groundwater, superficial and springs samples. Cations and anions were analyzed, 

as well as isotopic parameters such as deuterium and oxygen-18.  

Isotopic and hydrochemical analysis allowed us to establish the possible connection between 

the aquifers of the Loa river, as well as knowing which of these two aquifers recharge the 

Salado river aquifer, improving environmental management instruments, considering the 

importance of using isotope techniques in tools and control variables for a better management 

of the basin which conditions of groundwater extraction .  

Furthermore, the results obtained in this study will be important for making decisions and to 

give the authorization for using and extraction groundwater. If there is connection between 

aquifers and hydrologic common characteristics would be an important indicator to give the 

permission for extraction of groundwater.  
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Abstract: Regional isotopic assessment of three major aquifer systems – Guarani, Bauru and 
Urucuia Aquifer Systems – was performed, covering the south-central region of Brazil. A 
total of 745 samples of shallow unconfined aquifers, distributed over 12 states, have been 
analyzed for δ18O and δ2H. Stable isotope ratios of groundwater were analyzed using cavity 
ring-down laser absorption spectroscopy. δ18O varies from -9 ‰ to -2.4 ‰ and δ 2H varies 
from -63.8 ‰ to -12.6 ‰. The isotopic signatures of the samples are clearly of meteoric 
origin, clustering along the Global Meteoric Water Line. δ 18O map furnished a well-defined 
pattern with the central portion characterized by more depleted values (< -5.5 ‰ VSMOW). 
This portion of more depleted δ 18O correlates with the position of the South Atlantic 
Convergence Zone, a predominant precipitation zone extending from the Amazon Basin into 
Southwest Atlantic Ocean. 

1. INTRODUCTION 

18O and 2H compositions of groundwater has proven to be very useful in hydrogeological 
studies, helping to interpret the origin, mixing and paleoclimate at the time of recharge. 
Regional isotopic assessment of three Mesozoic sedimentary successions in two Brazilian 
sedimentary basins – Sanfranciscana Basin and Paraná Basin – was recently performed, 
covering 12 states (Fig 1a). Sampling program for δ18O and δ2H analysis covered the Bauru 
and the Urucuia Aquifer Systems, which are regionally classified as unconfined aquifers, and 
the unconfined portion of the Guarani Aquifer System. 

The Guarani Aquifer System (GAS) is one of the most important groundwater reservoirs in 
South America, shared by Argentina, Brazil, Paraguay and Uruguay. The unconfined portions 
of the GAS in Brazil, which encompasses Mesozoic sedimentary units of the Paraná Basin, 
extend over 90 000 km2. Unconfined GAS occurs in the states of Rio Grande do Sul, Santa 
Catarina, Paraná, São Paulo, Minas Gerais, Mato Grosso do Sul, Mato Grosso and Goiás. 
Maximum depth of the sampled wells varied from 50 m to 200 m. 

The Bauru Aquifer System (BAS) occupies an area of approximately 120 000 km2 in the São 
Paulo state and corresponds to the Cretaceous Bauru Group of the Paraná Basin. The BAS 
encompasses four stratigraphic units – Marília, Adamantina, Santo Anastácio and Caiuá 
Formations – and is best classified as multi-layer aquifer, overlying Cretaceous Serra Geral 
basaltic aquitard. Maximum depth of the sampled wells in the BAS varied from 50 m to 
250 m.  
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The Urucuia Aquifer System (UAS) represents a strategic water source in central Brazil, 
particularly in the Bahia state. UAS baseflow is responsible for over 30% of the São 
Francisco River total runoff. The aquifer is composed of Cretaceous fluvial-aeolian 
sandstones of Urucuia Group of the Sanfrasciscana Basin. The aquifer occupies an area of 
140 000 km2 encompassing Minas Gerais, Bahia, Tocantins, Piauí and Maranhão states. 
Maximum depth of the sampled wells varied from 50 m to 280 m.  

The South Atlantic Convergence Zone (SACZ) is a meteorological system of predominant 
precipitation zone extending from the Amazon basin into southwest Atlantic Ocean. SACZ is 
oriented northwest-southeast, running through the southeastern part of South America (Fig 
1b). The location of the SACZ is strongly controlled by the elevated topography and narrow 
valleys of Brazilian Plateau, which occurs on the central-southeast region of Brazil [1]. 
SACZ is maintained by the humidity generated locally through evapotranspiration and by 
moisture flux brought from northern and central South America carrying Atlantic Ocean 
humidity [2]. 

 

 

Figure 1. (a) Location map of 745 wells sampled for δ18
O and δ2

H analysis. Urucuia Aquifer 

System is located in the Sanfranciscana Basin, whereas Bauru and Guarani Aquifer Systems 

are located in the Paraná Basin. (b) Long-term averaged precipitation over South America 

continent [2]. Red dashed lines delineate the South American Convergence Zone (SACZ). 

Because only a limited number of meteorological stations have isotopic analysis of rainwater, 
an integrated picture of isotopic signature distribution of recharge waters across the 
continental Brazil has not yet been produced.  This paper presents an integrated map of δ18O 
of shallow groundwater obtained from three major aquifer systems, showing 18O content 
distribution consistent with the Present atmospheric circulation pattern over the south-central 
region of Brazil.   
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2. METHODS 

A total of 745 shallow groundwater samples were collected for δ18O and δ2H analysis from 
three aquifer systems – UAS (198), BAS (344) and GAS (203). Samples were collected in 
polyethylene bottles during three campaigns, following the sampling protocol of the IAEA. 
Samples from UAS were collected in 2013 and those of BAS and GAS were collected in 
2014. Stable isotope ratios of water were analyzed in the Laboratory of Basin Studies – 
LEBAC of the Applied Geology Department and Environmental Study Center – CEA 
(UNESP- Campus Rio Claro) using laser absorption spectroscopy (LWIA-24d – LGR Inc). 

3. RESULTS 

An integrated plot of the samples shows clearly the meteoric origin of the sampled waters as 
they all cluster along to the Global Meteoric Water Line (Fig 2a). δ18O values fall within the 
interval of -9 ‰ and -2.4 ‰, whereas δ 2H varies from -63.8 ‰ to -12.6 ‰. Despite of 
geographic distance, different geological setting and groundwater age the isotopic 
compositions of groundwater of the different aquifer systems overlap. However, the spatial 
distribution of the isotope values shows clearly a well-defined pattern of δ18O value 
distribution (Fig 2b).  The δ18O map shows clearly a central portion of more depleted values 
(δ18O < -5.5 ‰), running NW-SE, in contrast with predominance of more enriched 18O 
waters towards both north and south regions. 

 

Figure 2. (a) Plot of δ
18

O vs. δ
2
H for groundwater samples collected in shallow unconfined 

aquifers. (b) δ
18

O distribution map across south-central Brazil. 

The more depleted zone is coincident with the occurrence of the samples belonging to BAS 
and to Northern GAS. The more enriched samples of the Southern GAS and of the UAS fall 
southward and northward, respectively. Comparing the occurrence of more depleted 18O 
shallow groundwater (Fig 2b) with the present precipitation map (Fig 1b), it is evident its 
correspondence with the South American Convergence Zone. This correspondence is 
consistent, in first instance, with the so-called amount effect first proposed by Dansgaard [3]. 
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Because of the shallow nature of groundwaters, in addition to few age dating results 
indicating waters younger than 3000 years BP, it is likely that the present atmospheric 
circulation pattern has been active for at least several thousand years (Mid-Holocene). 
Evidences obtained from studies performed in speleothems suggest that climate conditions in 
the last few thousand years did not differ substantially from the Present [4-6] 

4. CONCLUSIONS 

The integration of shallow groundwater isotopic analysis – δ18O and δ2H – of three major 
aquifer systems in Brazil produced a very clear trend in the 18O content which reflects the 
influence of the South American Convergence Zone. The results obtained in the present study 
suggest that regional shallow groundwater isotopic studies can be very useful to characterize 
major meteorological/climatic features, particularly those related to the precipitation.   
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Abstract: Groundwater in large aquifers constitutes one of the most important archives of 
continental stable isotope contents in paleo-precipitation, due to the control of climate on the 
stable isotope composition of precipitation. Groundwater from the confined zone of the 
Northeastern sector of the Guarani Aquifer System, mostly recharged during the Pleistocene, 
presents δ18O contents ranging from -7.0 to -10.5‰ VSMOW, significantly more depleted 
that the common isotope values found in recently recharged groundwater (~ -7‰ in δ18O). 
Past climatic recharge conditions during the most part of the Quaternary in the area remain a 
controversial theme. In order to compare the isotopic composition of recently-recharged 
groundwater and precipitation, groundwater samples were collected from three shallow wells 
in the unconfined portions of the Guarani, Rio Claro and Bauru aquifers in Sao Paulo State, 
SE Brazil. A GNIP station monitoring isotopes in precipitation on monthly composite 
samples in Rio Claro provided information on the isotopic composition of present-day 
rainfall. Monthly composite rain samples in Rio Claro collected from February 2013 to May 
2014, present δ18O contents ranging from -0.57‰ to -7.88‰ V-SMOW (arithmetic 
mean -4.1‰ ) and for δ²H from +10.0‰ a -52.1‰ V-SMOW (arithmetic mean -20.7‰), 
while the annual weighted averages were -4.7‰ and -25.9‰ V-SMOW for δ18O and δ²H, 
respectively. On the other hand, significantly more depleted δ18O and δ²H contents are 
observed in recently-recharged groundwater (-6.7‰ to -7.1‰ in δ18O V-SMOW and -43.4‰ 
to -46.6‰ δ²H V-SMOW), indicating the seasonal character of groundwater recharge in the 
area. The differences in the isotopic contents of precipitation and recent groundwater were 
larger than anticipated, but these preliminary results indicate the recharge origin is highly 
seasonal, related to the rainiest periods during the South America Summer Monsoon. These 
observations may contribute to better understand past climatic conditions in the tropical 
regions of South America. 

1. INTRODUCTION 

The relationship between stable isotopes in precipitation in mid- to high latitude regions are 
relatively well understood, where temperature seems to play a major role [1]. These 
relationships have been largely used, coupled or not with GCM’s, to interpret climatic 
constraints on stable isotopes in precipitation over tropical regions [2-6]. The combination of 
stable isotopes in precipitation and atmospheric circulation models have facilitated to 
improve significantly the knowledge about the factors controlling δ²H and δ18O variability in 
tropical precipitation. 
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In tropical and subtropical South America the major component of the climate system is the 
South America Summer Monsoon (SASM), responsible for more than 50% of the annual 
precipitation over the continent. It is mostly controlled by a large scale land-ocean 
temperature gradient, and an intense moisture influx towards the continent at low levels, 
responsible for strong seasonal precipitation changes. On interannual and longer timescales, 
changes in sea surface temperatures (SST), responsible by the El Niño Southern Oscilation 
(ENSO), are responsible of the intensity and spatial extent of precipitation [5]. 

The Guarani Aquifer System constitutes one of the most important groundwater reservoirs in 
South America, extending for about 1,100,000 km², representing a typical transboundary 
aquifer. The spatial distribution of δ18O and δ2H contents of GAS groundwater shows a large 
variation between different sectors of the aquifer, delineating zones of the GAS with 
particular origin and dynamics. In the recharge areas, stable isotope contents in groundwater 
match the stable isotope values found in present-day precipitation. However, in the confined 
part of the aquifer, more negative isotope contents than present-day precipitation (up to 3‰ 
in δ18O) are observed. These unusual isotope values are still a topic of debate in terms of 

palaeoclimatic significance, as 
proposed by several authors [7]. 

The main purpose of this project is 
to establish a relationship between 
isotopic content in precipitation 
and groundwater from unconfined 
aquifers in São Paulo State, 
situated in tropical region of 
Southeastern of Brazil (Fig. 1). 
Employing the Hybrid Single 
Particle Lagrangian Integrated 
Trajectory (HYSPLIT) model [8], 
back trajectories of average 
precipitation of each rainy day 
were calculated, and variations on 

the isotopic composition of precipitation was compared with the deduced source of water 
vapor. 

2. METHODS 

Since March 2013 a GNIP Station is operating in Rio Claro, installed at UNESP Campus 
(GNIP Station nº 8374701), collecting monthly composite rainfall samples, according to the 
IAEA procedures for the operation of GNIP stations, using a rain collector designed to 
prevent evaporation [9]. Meteorological and climatic data are acquired from a meteorological 
station installed at the UNESP Campus in Rio Claro. Stable isotope contents of precipitation 
and groundwater were analyzed at the Hydrochemistry Laboratories of the Department of 
Applied Geology at UNESP – Rio Claro, using a Laser Analyzer Systems Los Gatos. 
Precision of these determinations are ±1.2‰ V-SMOW for δ2H and ±0.2‰ V-SMOW for 
δ18O. 

 

 

 

Figure 1. Location map of GNIP Station and monitoring wells 
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3. RESULTS 

The isotopic composition of precipitation 
during the period February 2013 to May 
2014 ranged from -0.57‰ to -7.66‰ V-
SMOW for δ18O and from +10.0‰ 
to -52.1‰ V-SMOW for δ²H (n=13 
samples). Rainfall amount along this 
period has varied from 291.7 mm 
(November) to 4.3mm (August), while 
temperature has ranged from 16.5ºC in the 
coldest month (July) to 24.9ºC in the 
hottest month (January 2014). Variations 
observed on humidity are from 83% (July 
2013) to 62% (September 2013 and 
February 2014). 

The observed negative correlation between δ18O and the amount of precipitation is (Fig. 2) is 
the consistent with other observations in tropical areas. Values of δ18O are more depleted for 
samples collected during the hottest and wetter months, while isotopically enriched values are 
observed during the driest and coldest season. This behavior of isotopic composition of 
precipitation agree the results obtained by [5], which indicate a decrease on isotopic ratios 
related to increase on precipitation amount in GNIP stations located at the North of 20ºS. 

The Local Meteoric Water Line 
(LMWL) presents a slope of 8.5, 
and intercept of 14. The weighted 
average mean values for 
precipitation isotopic composition 
are -4.56‰ V-SMOW 
and -24.74‰ V-SMOW for δ18O 
and δ²H, respectively. 

Deuterium excess values range 
from 8.5‰ (February 2014) to 
15.5 ‰(October 2014). Higher 
values are observed during driest 
season (JJASO) while lower 
values of deuterium excess are 
related to wet season (NDJF). As 

expected, these values are correlated to the sources of vapor obtained using the HYSPLIT 
model. While during driest season main source of vapor is located over the continent, 
resulting in values of δ18O more enriched and higher values for “d” excess, reflecting 
recycling of water over the continent. During the summer season source of vapor is mostly 
located over the Atlantic Ocean, resulting in precipitation more depleted than during winter 
season. 

Groundwater isotopic composition falls along the LMWL (Fig. 3). In the case of well CRP-
P01, isotope values range from -6.92 ‰ to -7.58 ‰ V-SMOW (δ18O) and from -43.6 ‰ 
to -48.3 ‰ V-SMOW (δ²H), with more depleted values in December 2013 and January 2014, 
while during the dry season (July 2013 to November 2013) groundwater presents more 

Figure 3. Correlation between δ18O and δ2H for precipitation 
and groundwater 

Figure 2. Correlation between δ18O and rainfall 
monthly amount 
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enriched isotope values. Variations up to -1.0 ‰ V-SMOW for δ18O were recorded in CRP-
P02 during November 2013, while during the monitored period the isotopic composition of 
groundwater was constant (δ18O ≈ -6.58±0.2 ‰ V-SMOW), as well as observed at CRP-P03, 
where the isotopic values for δ18O are about of -6.70 ‰ V-SMOW. 

4. CONCLUSIONS 

Despite the short period covered by the monitoring program on the isotopic composition of 
precipitation and groundwater, variations on the isotopic composition of precipitation have 
been observed related to important features of atmospheric circulation patterns in the 
Southern Hemisphere. The correlation between δ18O and the amount of precipitation is fair 
(r²  = 0.14). More deplete values for δ18O in precipitation are related to the wet season, up 
to -7.0 ‰ V-SMOW, and the evaluation of particle trajectories using HYSPLIT model 
indicates that the origin of vapor sources are located over the Atlantic Ocean as well as over 
continental area, and effects of recirculation are responsible by a constant depletion in 
isotopic composition of vapor. Isotopic composition of groundwater was almost constant 
along the period monitored, presenting always more depleted values than the average isotope 
content of the precipitation. These observations allow us to infer the origin of recharge, 
characterized by isotopically more negative precipitation, related to seasonal recharge during 
the warm/wet season. 
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Abstract: Aquifers hosted in basaltic rocks represent an important source for groundwater in 
many parts of the world, among them the Cretaceous Serra Geral Aquifer (SGA) in 
Northeastern portion of São Paulo state (Brazil). This unit represents one of the largest 
continental flood basalts in the world. SGA tholeitic basalts reach a thickness up to 1,700m in 
the center of the Paraná Basin. Groundwater flow conditions in fractured basaltic aquifers are 
difficult to define because flow occurs through rock discontinuities. In order to evaluate the 
geochemical and isotopic evolution of groundwater of SGA along flow paths defined by the 
discontinuities, we carried out a groundwater sampling campaign between January 2013to 
April 2013, over the extension of Serra Geral Aquifer in São Paulo state (Brazil). Samples 
were collected to characterize the hydrochemistry, stable isotope composition and 
groundwater ages using 14C activities. Two main hydrochemical facies were recognized: Ca-
Mg-HCO3 and Na-HCO3, related to water-rock interaction reactions, dissolution of minerals 
and cation exchange. Stable isotopes indicate meteoric origin for groundwater. δ18O and δ2H 
isotopic ratios range from -5.32‰ to -8.87‰ V-SMOW and -31.64‰ to -61.31‰ V-SMOW, 
respectively, closely following the GMWL. Values for δ13C vary from -21.53 ‰ to -7.11‰ 
VPDB, while 14C activities vary from more than 100 pcm to 1.2 pcm. Most part of recent 
groundwaters have δ13C ratios contents mostly consistent with C4 plants (δ13C≈-15‰ 
VPDB). 

1. INTRODUCTION 

Basaltic rock aquifers represent an important groundwater resource, constituting excellent 
aquifer units, hosting water supply in several parts of the world. Basaltic lava flows present 
geologic structures that provide discontinuities responsible for groundwater storage and flow 
in these units [1-3]. Due to heterogeneities associated with groundwater flow in basaltic 
aquifers, mainly related to discontinuities in the lava flows, isotopic and geochemical 
approaches have been used to deduce groundwater flow regimes [2, 4, 5]. 

In the southeastern portion of South America, basalts from the Serra Geral Formation cover 
an area of over 1,200,000 km², representing one of the largest observed continental basaltic 
floods. Lava flows comprise up to 1,700 m towards the center of the Paraná Sedimentary 
Basin, mostly basalt and andesite [6]. This stratigraphic unit represents an important aquifer, 
responsible for public supply, irrigation and industrial uses, largely in the states of Paraná, 
Santa Catarina, Rio Grande do Sul and Mato Grosso do Sul, Brazil, where most part of 
hydrochemical studies of groundwater in the SGA were carried out. These studies allowed 
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groundwater chemical characterization and the establishment of the hydraulic relationship 
with the underlying unit, the Guarani Aquifer [7-9]. 

Due to the importance of the Mesozoic sedimentary aquifers for water supply in the western 
portion of São Paulo state (Bauru and Guarani Aquifer), their hydrodynamics and 
hydrochemistry have been studied since the 1970’s [10-12], and several conceptual models 
for groundwater flow and hydrochemical evolution have been formulated. However, the 
hydrochemical and isotopic composition of the SGA in São Paulo state have not been studied 
extensively. 

The main purpose of this project was to evaluate groundwater evolution in the Northeastern 
portion of the Serra Geral Aquifer (São Paulo state) based on chemical and stable isotope 
composition, in order to give constrains on the groundwater flow regime. 

2. METHODS 

An extensive groundwater sampling campaign was carried out covering wells used for water 
supply in São Paulo state. One 
hundred eight groundwater samples 
were collected between January and 
April 2013 for cation and anion 
determination in the Hydrogeology 
and Hydrogeochemistry Laboratory 
of the Department of Applied 
Geology IGCE/UNESP Rio Claro. 
Eighty-two samples were collected 
for determination of their stable 
isotope ratios (δ18O and δ2H), while 
twenty samples had their δ13C and 
14C content on DIC analyzed. Stable 
isotope, δ13C and 14C activities were 
determined at the Environmental 
Isotope Laboratory of Waterloo 
University and Hydrogeology. The 
location of the sampled wells is presented on Figure 1. 

3. RESULTS 

The electric conductivity of SGA groundwater varies from 27.2 µS.cm-1 to 1297 µS.cm-1 
(arithmetic mean of 218.5µS.cm-1), reflecting their low content of solutes. Lowest values for 
electric conductivity are observed in basalt outcrop areas, located at North and South, 
increasing toward Tietê river. pH values range from 5.7 to 10.2 (arithmetic mean of 8.3 
units). Groundwater sampled along the outcrop zone has pH values about 7, however in the 
region where basalts are covered by sandstones rich in carbonate cement of Bauru Group, an 
increase in pH values is observed. Groundwaters of SGA in outcrop zones are predominantly 
Ca-Mg-HCO3 type, rather than Na-HCO3 type observed in the zone where the aquifer is 
covered by sediments of Bauru Group. These compositions reflect water-rock interaction 
characterized by mineral dissolution and cation exchange.  

Values of δ18O and δ2H isotopic ratios for SAG groundwater vary, respectively from -5.32‰ 
to -8.87‰ V-SMOW and -31.64‰ to -61.31‰ V-SMOW aligned according to GMWL 

Figure 1. Location of SGA and sampled wells 
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(Figure 2). Enriched groundwaters 
(δ18O≈-6.0‰ V-SMOW) are found in the 
Southern portion of São Paulo state. In the 
Northern outcrop zone, isotopic ratios are 
slightly lighter, than in the Southern zone. 
This could indicate the occurrence of a 
latitude effect on precipitation. Toward the 
Tiête river, which represents the base flow 
for SGA groundwater in São Paulo state, 
depleted values for stable isotopes are 
observed. 

δ13C contents and 14C activities were 
determined for 20 samples, distributed 

along the Serra Geral Aquifer in São Paulo state. Values for δ13C vary from -21.53‰ 
to -7.11‰ VPDB, while 14C activities vary from more than 100pcm to 1.2pcm, indicating a 
wide range of groundwater 14C ages, and an 
evolution related to water-rock interaction 
and calcite dissolution (Figure 3). Recent 
groundwater δ13C content reflects mainly 
C4 plants (δ13C≈-15‰ VPDB). 

Modern groundwaters are more enriched in 
δ18O meanwhile groundwater with low 14C 
content is more depleted (Figure 4), 
directly reflecting the paleoclimatic 
evolution of the southern portion of the 
South American continent during the 
Pleistocene. 

4. CONCLUSIONS 

Geochemical evolution of Serra Geral 
Aquifer groundwater is related to water-
rock interactions, associated with mineral 
dissolution from basaltic rocks, as well as 
ion exchange, related to clay minerals resulting from weathering of basaltic rocks. These 
processes result in two main hydrochemical types for SGA groundwater: Ca-Mg-HCO3 type 
and Na-HCO3 type. 

Stable isotope composition of SGA groundwater indicates a meteoric origin and enriched 
values are observed in outcrop zones, while depleted values are observed towards the Tietê 
river. SGA groundwater present a wide range of residence time, based on C-14 activities, and 
the groundwater evolution is related to water-rock evolution. 

 

 

 

 

Figure 2 Correlation between δ18O and δ2H for SGA 
groundwater 

Figure 3. Correlation between δ13C and C-14 for 
SGA groundwater 

Figure 4. Correlation between δ
18

O and  
C-14 for SGA groundwater 
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Abstract: Radiocarbon correction models are revisited in this study. We measure carbon 
signatures and concentrations of groundwater, river water, soil, calcrete, soil gas and 
vegetation samples. This approach was found to be the most effective way of capturing the 
complex carbon isotopic systematics in the various soil-water-plant components that 
influence the geochemical evolution of groundwater. This study provides insight into the 
errors that can result from using standard correction models with no supporting data in arid 
zone environments.  

1. INTRODUCTION 

Radiocarbon (14C) dating is one of the most widely used isotopic tracers used to date 
groundwater. Estimating groundwater ‘age’ is important for any groundwater resource 
assessment to provide information on groundwater replenishment rates. This information 
offers guidance on the sustainability of a groundwater resource. However, the calculation of a 
14C groundwater ‘age’ still has many challenges associated with it because of the many 
complex hydrogeochemical reactions and/or physical processes that can dilute the initial 14C 
activity of the dissolved inorganic carbon after recharge and flow through the aquifer ([1]; 
[2]; amongst many). 

Numerous radiocarbon correction models have been developed over the past ~50 years aimed 
at correcting for 14C dilution processes (e.g. [2]; [3]; [1]; amongst many). There are a 
multitude of reasons why these correction methods cannot be transferred to current 
groundwater research projects, not only because of inherent uncertainties associated with the 
assumptions imbedded in the calculations but studies typically do not measure all of the 
carbon components of an environmental system.  

The groundwater systems found in arid and semi-arid zone regions, such as inland Australia, 
can pose particular difficulties to the application of radiocarbon dating. In this study, we 
measure groundwater, river water, soil, calcrete, soil gas and vegetation samples in the 
attempt to capture the complex carbon isotopic systematics displayed in all the various soil-
water-plant components that influence the geochemical evolution of groundwater in an arid 
zone environment. 

2. METHODS 

Groundwater samples were collected from nested monitoring wells over an 8 year period 
along a 7 km transect from the Darling River in northwestern New South Wales, Australia. 
For full details of the methodology for groundwater sample collection and analyses, readers 
should refer to [4]. Vegetation, soil gas and sediment samples were collected in close 
proximity to the wells.  
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3. RESULTS  

At first inspection of the data, it appeared that carbonate dissolution was the primary 
hydrochemical process relating to the high concentrations of dissolved inorganic carbon and 
low 14C activity of shallow groundwaters (<20 m below ground surface). And indeed was the 
original hypothesis of this study but when all the environmental components were measured, 
the complexity of the carbon cycle was revealed. The stable carbon isotopes (δ13CDIC and 
δ

13CDOC) of groundwaters were found to be influenced by the source of carbon, recharge 
mechanisms and subsequent evaporative enrichment with increasing distance away from the 
river channel.  

4. CONCLUSIONS 

This study highlights the importance of measuring and capturing the entire carbon cycle. It 
also provides insight into the errors that can result from using standard correction models 
with no supporting data. It also raises the question as whether the current radiocarbon 
correction models are representative for arid environments, while there are still knowledge 
gaps in arid zone hydrology.  
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Abstract: The study of the Continental terminal and Eocene multi-layer aquifer system of 

West Mauritania was based on the interpretation of geochemical (major elements) and 

isotopic data (
18

O, 
2
H, and 

3
H). The determination of the origin of groundwater 

mineralization and the understanding of geochemical process, were investigated by the study 

of the correlations established between the major elements and total dissolved solid (TDS). 

The use of the isotopic tools shows that the water of CT and Eocene aquifer are recharged by 

direct infiltration of rain water and surface water near to the Senegalo-Mauritanian River. The 

contribution of the river water to the recharge of the aquifer was estimated using oxygen-18 

mass balance.  The calculations show that the influence of surface water could reach a 

distance of 40 km from the river. 

1. INTRODUCTION  

The Senegal-Mauritanian basin is located in the southwestern Sahara in northern Africa 

(Figure1). The climate of the region is predominantly arid to semi-arid, where rainfall is irregular 

and less than 300 mm per year. The available surface water is irregular in quantity and the quality and 

depends on the Senegal River, which is shared by Guinea, Mali and Senegal. 

 

This coastal basin is composed of three geological sets that are characterized by complex 

multilayer aquifer with thickness varying between 50 and 150 m. The aquifer formations are 

constituted by the clayey-sandstone of the Continental Terminal Mio-Pliocene and Eocene 

deposits [1]. These formations extend over more than 25,000 km
2
.  These water resources are 

very unevenly distributed in space and suffer the increasingly growing of human pressure. 

Renewable resources are affected by an arid climate and is likely to become even more with 

climate change. For supply water, the country highly depends on groundwater since surface 

water is suspected to be affected by pollution and salt intrusion. However, in recent decades, 

a qualitative degradation of groundwater resources is observed, in particular in Idini region 

which considered as important resources of potable water of Mauritania.  This investigation 

consists on use of the chemical and isotope tools to better understand the recharge mode of 

the geochemical process occurring through the different aquifers of the Senegalo Mauritanian 

basin. The obtained information will helps to improve the management of the Continental 

terminal and Eocene aquifer system, located in the Mauritanian coastal basin.  
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2. METHODS  

A total of 100 water samples were collected in January 2008, from the different aquifers and 

surface waters of this project study area: 13 samples from surface water (lakes and rivers), 22 

wells from the shallow groundwater, 65 samples from deep aquifer. These samples were 

subjected of chemical (Cl
-
, SO4

2-
, HCO3

-
, CO3

2-
, NO3

-
, Na

+
, Ca

2+
, Mg

2+
, K

+
), and isotopes 

analysis (
18

O, 
2
H and 

3
H 

1
). These analyzes was realized at the Laboratory of Radio-Analysis 

and Environment of the National School of Engineers of Sfax in Tunisia, and supported by 

the technical cooperation project of the International Atomic Energy Agency (IAEA) 

MAU8002. 

 

Figure1. Study area and location of water samples [2]. 

3. RESULTS AND DISCUSSIONS  

The majority of surface water samples are fresh with TDS values less than 1 g/L, with the 

exception of two points located downstream the river that display high salinity values 

(Figure 2). The increase of the salinity in downstream of Senegal River could be by mixing 

effect with the saline waters of the Atlantic Ocean. The seawater intrusion in the Senegal 

River is confirmed also by the variation of the chemical composition of surface water. In fact 

Piper diagram shows that fresh surface waters are characterized by HCO3-Ca-Na water type. 

However the most saline waters are Cl-Na water type which is typical of seawater (Figure 2) 
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Figure 2. TDS spatial distribution map and Piper Diagram of Surface water. 

The measured TDS values of groundwater are generally below 1.4 g/L. The freshest 

groundwaters are located close to the Senegal River. The most saline groundwater 

characterizes the Carbonate Eocene aquifer. The use of chemical tracers and ratios show that 

the local increase of salinity is mainly related to dissolution effect of the aquifer rock. 

Surface water samples, plot below the Global Meteoric Water Line (GMWL) [3] according 

to the stable water isotope slope (δ
2
H/δ

18
O) of 5.2. These water sample points display a 

positive correlation between the values of TDS and δ
18

O suggesting evaporation effects. The 

tritium contents in surface water vary between 1.81 to 5.23 TU). The lowest values are 

measured near the coast, possibly due to the mixing effect with the Atlantic Ocean water. 

 

The δ
2
H vs δ

18
O diagram for shallow groundwater shows two groups. The first group found 

slightly below the GMWL (Group A) suggests an important contribution of rainwater to 

direct recharge of the groundwater. This recent recharge is correlated to the high tritium 

contents of these shallow wells, which varied from 1.66 to 5.07 TU. The other group (Group 

B) is overlapping the stable water isotope values of surface water. The similarity of stable 

water isotope values of Group B to those of surface water may be due to the infiltration of 

river and lake evaporated waters. 

 

The estimation of the contribution of the surface water in the recharge of the shallow aquifer 

was based on the δ
18

O mass balance between two members 1 and 2, [4] as defined by Clark 

and Fritz (1997): 

 

δ
18

O sam = X. δ
18

O1+ (1-X) δ
18

O2  

 

X: Contribution rate of the river water to the recharge, 

 δ
18

O1: isotopic contents of river water (-0.15 ‰ vs. SMOW),  

δ
18

O2: isotopic content of rain water (–5.18‰ vs. SMOW) and  

δ
18

Osam: isotopic content of groundwater samples. 

 

The application of this equation shows that the contribution of the surface water is variable 

from one region to another (Figure 3). For shallow groundwater, the contribution of surface 

water to recharge the aquifer is high near the River (wells Tachtayat, Tounguène and Dar 

Salam), where it reaches 100%, the influence of surface water infiltration could reach a 

distance of 40 km from the River (to R'kab). 
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.  

Figure 3: Contribution des eaux de surfaces à la recharge de la nappe phréatique 
 

4. CONCLUSION  

Stable and radiogenic isotopes measurements of have been made to provide basic information 

on the origin, sources, ages, migration pathways and recharge pattern of the different aquifer 

levels of Continental Terminal Aquifer in the Senegalo-Mauritanian Basin. The 

mineralization of surface water and shallow groundwater is mainly acquired by evaporation. 

However, the dissolution of aquifer formations dominates the mineralization of deep waters 

of Eocene. The isotopic data helped to quantify the recharge of shallow groundwater from the 

Senegal River which could extends to 40 km from the river. 
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Abstract: Geochemical science explores the processes leading to chemical composition of 
groundwater and it´s generally used to identify and describe recharge areas, surface water-
groundwater interactions and groundwater flow directions. The combination of 
hydrochemical with isotopic tools allows the coupling of hydrogeological knowledge with 
hydroecological systems, necessary for the adjustment and test of conceptual hydrogeological 
models. One of the cases in which the combination of tools is necessary is rapidly urbanizing 
areas, where land use change and pressure translates potentially to the quality and dynamics 
of hydrogeological systems. Therefore, tools are needed to inform urbanization and 
development policies to minimize the impact on water resources. To illustrate this, we 
studied groundwater dynamics in the Aburrá Valley in Colombia (where the city of Medellín 
and its metropolitan area is located). The existence of groundwater in the valley is related to a 
complex geological and structural system with igneous and metamorphic fractured rock, 
debris flows and alluvial deposits in a narrow valley limited at the top by two plateaus from 
which recharge and groundwater regional flows occur (Campillo et al., 2014), potentially 
crossing great distances. Groundwater in the Valle de Aburrá -Colombia- are related to a 
complex geological and structural system in which there are igneous and metamorphic 
fractured rock, debris flows and alluvial deposits. The geomorphological conditions 
correspond to a narrow and deep valley limited at the top by two plateaus from which 
recharge and groundwater regional flows could be crossing great distances. 

The Piper diagram (Figure 1) shows the hydrochemical facies for 90 groundwater samples in 
the study area. The most representative group is the Ca-Mg-HCO3 type, the second group has  
Mg-Ca chemical composition, the third group has a composition Cl-Na-SO4, a fourth group 
belongs to the Ca-Mg-Na-HCO3 type and the fifth group has a Na-HCO3 composition. The 
results are consistent with the geology and flowpaths defined by the potential surface (Ossa et 
al., 2014). 

Between 2012 and 2013, 90 water samples were analyzed for δ18O and δ2H. More 
specifically, 24 rain water samples collected in two locations at 1,450 and 2,600 meters above 
sea level); 8 samples directly from the Medellín river; 17 samples from springs; and 40 
groundwater samples (Figure 2). The results from the isotopic analysis validate the flow 
conditions in the hydrogeological system, recognizing distant recharge areas (Universidad de 
Antioqia y Area Metropolitana del Valle de Aburrá, 2013). A first approximation to the local 
meteoric line (δ2H = 8.24 δ18O + 13.7) records a lag to the global meteoric line. Groundwater 
taken in most deposits recorded an average isotopic composition between the average rainfall 
of Santa Elena (2,600 m) and the University of Antioquia (1,450 m), that confirms that the 
recharge of the hydrogeological system,  has mixed water composition between rain of top 
and bottom of the Aburrá Valley. Two springs and a well presented more enriched 
composition; according to the δ18O vs Cl relation possible evaporation processes are 
discarded as a cause of this enrichment. The origin of this water could be associated to 
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different processes, such as: temporal or local hydrological conditions, or a different recharge 
source, all of those processes will be realized to give information to a future study. Poorest 
points suggest a source of recharge located at altitudes above 1,900 meters. These sites 
correspond to some springs located on the right bank of the Medellín River and some wells 
which has depth of 48 m. An analysis of the isotopic characteristics of groundwater samples 
through various flow lines shows identical isotopic signature (Figure 3). 

 

 

Figure 1. Piper diagram with hydrochemical facies to groundwater in Aburrá Valley 
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Figure 2. Local Meteoric Line and groundwater isotopic composition in Aburrá Valley 

 

 

Figure 3. Isotopic signature in a groundwater flow path in Aburrá Valley. 
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Abstract: This contribution will present the results of a 5-year screening campaign of 
Slovene ground waters from shallow and deep aquifers. The results came from the 
cooperation between Jožef Stefan Institute and Geological Survey of Slovenia. The analyses 
were carried out on ground water from 120 locations across Slovenia for the following 
radionuclides 3H, 40K, 210Pb, 226Ra, 228Ra, 228Th, and 238U. Additionally, tritium in 
precipitation was measured in Ljubljana and from 2012 at three additional locations, for the 
purpose of ground water mean residence time determination.  

The research is focused mainly on the determination of the relationship between the activity 
concentrations of specific radionuclides and aquifer properties such as the depth of the 
sampling, the porosity type of the aquifer, the lithological properties of the aquifer and the 
mean residence time of the ground water. The continental effect reflected in increasing 
tritium activity concentration with the distance from the sea was studied in ground waters as 
well as in precipitation. A similar trend in both, precipitation and ground waters was 
observed.  
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Abstract : Diffa region (ca. 150 000 km
2
), located in south-eastern Niger and in the north-

west of Lake Chad, groundwater is an important water source for the local population, 

together with surface water from Lake Chad and less importantly from the Komadougou 

Yobé River. A decreasing trend in rainfall, and hence shrinking of the area around Lake Chad, 

and irrigation development proposed by Nigerien authorities to meet growing food demand 

have led to actual and potential increases in groundwater exploitation. The Komadougou 

Yobe River is the main source of recharge for the Manga sandy quaternary aquifer which is 

used both for irrigation and for drinking water supply. The borders of the Komadougou Yobe 

in Niger are subjected to an agricultural development involving intensive irrigated cropping 

mainly of sweet pepper. Irrigation waters are mainly extracted from the Komadougou Yobe, 

and therefore irrigation must stop when the River runs dry, but irrigation from wells is now 

developing with an increased risk of soil salinization. To improve groundwater resource use 

and management of the potable water supply in the Diffa region, isotopic and hydrochemical 

tools helped country to assess contamination patterns and water quality, as well as to 

determine the age and origin of groundwater. Results of tritium and carbon 14 revealed that 

presence of significant impact of the surface water and rain water to the recharge for the 

quaternary aquifer and also a low part of old water located in the western and eastern study 

region.  

 

1. INTRODUCTION 

Niger, the largest nation in West Africa (with 1.26 million km
2
), is located between the 

Sahara and sub-Saharan regions (Figure 1). The big part of the country is covered by desert 

with Low precipitation (around151 mm/year) and recurring drought periods. Groundwater 

resources constitute an essential source of water of the region. This is the case of  Diffa region 

(ca. 150 000 km
2
), located in south-eastern Niger and in the north-west of Lake Chad where 

groundwater together with surface water from Lake Chad and less importantly from the 

Komadougou Yobé River are exploited is for the local population needs. A decreasing trend 

in rainfall, and hence shrinking of the area around Lake Chad characterized with high salinity 

contents, and irrigation development proposed by Nigerian authorities to meet growing food 

demand have led to actual and potential increases in groundwater exploitation. 

 

Groundwater resources in the region are located in several aquifer systems: (i) the Manga 

Quaternary aquifer covering nearly the whole Diffa region at 20 m to more than 50 m depth, 

except in a central part of the region (less than 10 m depth); (ii) the alluvial aquifer situated in 
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the Komadougou valley and in topographic depressions of the region at a shallow depth (less 

than 10 m); (iii) the sandy and silty Pliocene aquifer, covering the total region at around 

300 m depth (or at about 200 m in the central sector); (iv) the Continental 

Intercalaire/Hamadien aquifer, covering the entire region at 40 to 60 m depth with a very low 

recharge. 

 

To get better information about the groundwater resource management in the Diffa region, 

isotopic and hydrochemical investigation was implemented during the last few years. 

 

  
Figure 1 : Location map of Diffa basin and sampling points 

2. METHODOLOGY 

Isotopic and chemical analysis were conducted on 84 ground water samples collected during 

August 2010 and June 2011 from different types of water including cemented wells (72), 

traditional wells (3) and operating (4) and artesian wells (5), in addition to rain and surface 

water samples. All water samples were analyzed for stable water isotopes (
2
H, 

18
O), tritium, 

carbon 14 and carbon 13 (for about ten samples), major cations and anions, and some trace 

elements. Chemical and isotopes analyses were performed at the Laboratory of Radio-

Analysis and Environment of the National Engineering School of Sfax (Tunisia).   

 

Major chemical elements (Cl
–
, SO4

2-
, NO3

-
 , HCO3

-
, Ca

2+
, Mg

2+
, Na

+
, K

+
) were analyzed by 

ion liquid chromatography with an analytical precision of 5%. The ionic balance for all 

samples is within±5%. Stable isotope contents of the groundwater samples were measured by 

laser spectrometry. The isotope contents are reported in the usual δ notation relative to the 

Vienna standard mean ocean water (V-SMOW) standard. Typical analytical uncertainty of the 

reported values is about±0.2‰ for δ
18

O and ±1.5‰ for δ
2
H (one-sigma level). Tritium (

3
H) 

contents were measured using electrolytic enrichment following a scintillation counting 

(analysis the error estimation is 0,3UT). The 
14

C content in BaCO3 samples was determined 

using benzene synthesis and liquid scintillation spectrometry. 

 
3. RESULTS 

Groundwater salinity, which is highlighted by the TDS values, varies largely from 0.5 to 1g/L 

in the region, except the area around Chad Lake where the salinity reached 2.5 g/L. The low 

values are recorded in some points located mainly in the central part of the basin and around 

the Komadougou Yobé River. The chemical composition of these points is characterized by 

HCO3
-
 Ca water type (Figure 2). The most saline TDS values (TDS>2 g/L) characterize the 
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shallow groundwater of aquifer, located near Chad Lake showed  a HCO3
-
 Na water type very 

close of the water lake facies. SO4-Ca facies characterized the water in the depression area of 

the basin. The mineralization process is investigated through binary diagram and the 

calculation of saturation index. Relation Na/Cl shows a clear excess of sodium that could not 

be related to a simple dissolution of halite. The non contribution of halite dissolution to 

groundwater salinization is confirmed by the very negatives values of halite saturation index. 

Plotted on Ca/SO4 diagram, some groundwater samples plot according the line slope 1 

suggesting that the dissolution of gypsum and anhydrite contribute partially to the 

mineralization. However the excess of calcium in some well is related to other geochemical 

process ad cations exchange reaction occurring through clay minerals.  

 

 
Figure 2: Piper Diagram of Analyzed water samples  

The measured stable isotope ratios were used as conservative tracers to delineate groundwater 

recharge mode. The δ
18

O and δ
2
H contents of  analyzed water samples are plotted on Figure 3 

in relation to the Global Meteoric Water Line (GMWL) [1].The measured stable isotope 

composition of the samples representing Diffa aquifer is quite variable (Figure 3).  

 

The δ
18

O / δ
2
H diagram shows that most of Diffa groundwater sample plot slightly below and 

according to a parallel tendency to the GMWL, proving the absence of any evaporation effect 

on these water points. Moreover, groundwater samples collected from the western area 

showed the most depleted stable isotope contents comparing to the rainwater composition. 

Based on their tritium contents, which suggest recent recharge (superior to 1TU); the depleted 

stable isotopes composition is probably due to the altitude effect, not due to a paleoclimatic 

effect. In fact the main recharge of the aquifer is occurring in north and western parts of the 

basin. The altitude effect could be explained by geological and geographical characteristics 

(the presence of massive Mounio granite in the west and the massive Termit Cretaceous in the 

north-west, and Agadem and and Koutous Cretaceous in the north and the west).  

 

However, the paleo-recharge effect is clearer in the central area, where δ
18

O and δ
2
H values 

are decreasing with depth suggesting an upward leakage from the deep Pliocene aquifer to the 

upper groundwater layers. This hydraulic communication is supported by piezometric 

depression in Hadzall zone and confirmed by 
14

C activities.  
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Nevertheless, water samples collected in the eastern area around Tchad Lake are enriched in 

stable isotopes contents with δ
18

O values ranging between -1 to 8.7‰ V-SMOW, suggesting 

an evaporation effect and the contribution of lake water to the recharge. The contribution of 

lake water to the Quaternary aquifer in this zone was estimated using stable isotopes mass 

balance [2]. The calculated values indicate that the contribution of lake water in most sites is 

higher than 50% close to the lake. Moreover, the enriched stable isotopes contents observed in 

the central and southern zones at shallower depth suggest an evaporation effect and recharge 

by Komadougou Yobé river water. The assessment of the recharge by river water, using 

the
18

O values range between 3% and 42%, with higher contributions near the river. 

 

 
 
Figure 3: δ

18
O/ δ

2
H diagram of the Diffa aquifer system. 

4. CONCLUSION 

Detailed hydro-geochemical investigation made in Diffa system aquifer in Niger allowed to 

delineate the main the main processes of water salinization in this region. The isotopic 

investigation contributes to identify the origin of the groundwater and helps to assess the 

interaction between surface and groundwater.  The radioactive isotopes (
3
H and 

14
C) confirm 

the contribution of rain water and surface water to the recharge mode in the northwestern, 

southern and eastern parts. However, the central part of the basin is received upward leakage 

from the deep system characterized by depleted stable isotope values and low 
14

C activities.  
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Abstract: The Gulf of Morrosquillo Aquifer provides water to one hundred thousand people 
of the coastal zone of the Department of Sucre in the Northwest of Colombia. Major ions and 
some isotopes (deuterium, oxygen-18, tritium and radiocarbon) have been used to better 
understand the chemical evolution of groundwater, test the hypothesis on the charging 
mechanisms suggested by previous studies, and obtain a qualitative estimation of the age of 
groundwater. The chemical signature of water is ruled by marine aerosols, dilution of calcite, 
dolomite and gypsum, and cationic exchange. In addition to the Montes de Maria, the lower 
part of the basin seems to play also an important role in the recharge of the aquifer. In 
general, groundwater is modern, but towards the coast line it is possible to have mean 
residence times of more than five hundred years. Follow-up is required to better understand 
the carbon cycle and thus have better tools for a more accurate estimate of the ages of 
groundwater 

1. INTRODUCTION 

The intense agricultural development and the growth of tourism and population in the 
Caribbean coast of Colombia have caused great stress to the coastal aquifers, forcing local 
authorities to make greater efforts for the regulation and protection of this water resource. 
However, the degree of knowledge about these aquifers in the North of Colombia remains in 
general very low since the majority of studies conducted so far only use a very low number of 
research tools. For example, isotopic techniques have been rarely incorporated into the 
routine assessments for these aquifers. 

This article presents the main results obtained in the first phase of the hydrochemical-isotopic 
research of the Gulf of Morrosquillo aquifer (GMA). The specific objectives have been better 
understand the processes that govern the chemical composition of groundwater, test the 
hypothesis on the recharging mechanisms suggested by previous studies, and obtain the first 
qualitative estimation of the mean residence time of groundwater. 

The study area is located in the Northwest of Colombia, between the coordinates 9.3 - 9.8 
North latitude and 75.3 - 75.7 West longitude, and covers an approximate area of 600 km2 
(Figure 1). The GMA is made up of Quaternary deposits of fluvial and transitional origin, 
which can reach a maximum thickness of 100 m towards the centre of the basin. This aquifer 
is limited on the East by the ridge called Montes de María, where the formations Toluviejo 
(mainly Eocene limestones) and San Cayetano (mostly Upper Paleocene – Lower Eocene 
mudstones) crop out. The San Cayetano formation underlies the GMA and is considered its 
basal sedimentary unit. The piezometric levels in the Quaternary deposits decrease from East 
to West. The hydraulic conductivities and transmissivities are in the range of 0.2 to 25 m·d-1 
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and 7.5 to 200 m2·d-1, respectively (Martinez, 2009). The mean temperature of the study area 
is 28 °C, the annual precipitation varies between 1152 mm in a dry year and 1824 mm in a 
wet year, with a monomodal distribution, being April-October the rainy period (Gutierrez, 
2004). 

2. METHODS 

Two streams, 21 wells (two of them multi-piezometers) and 22 springs were sampled on at 
least two occasions during three sampling campaigns carried out between March 2009 and 
August 2012. Monthly composite samples of precipitation were obtained from a collector 
installed on the lower part of the basin, in the period August 2009 - July 2010. Since 
significant differences between different campaigns were not found, in this article only the 
results of the fieldwork carried out in 2012 are presented. 

In situ measurement involved pH, Electrical Conductivity and groundwater temperature. 
Chemical analyses of water samples (major ions) were performed at the laboratory of 
CORANTIOQUIA, using ion chromatography. Deuterium and oxygen-18 were measured in 
laboratories of the Chilean Commission of Nuclear Energy (CCHEN) and International 
Atomic Energy Agency (IAEA) by means of mass spectrometry after balancing with CO2 
(Epstein & Mayeda, 1953) and reduction by zinc (Coleman et al., 1982). The tritium was 
analyzed in the IAEA through after enrichment samples electrolytic Liquid Scintillation 
counting (Thatcher et al., 1977). The carbon-13 and radiocarbon were analyzed at the 
University of Groningen (Netherlands) by Isotope- Ratio Mass Spectrometry (IRMS) and 
Mass Spectrometry with Accelerator (AMS), respectively. 

3. RESULTS AND DISCUSSION 

From the hydrochemical point of view, it is possible to split the samples into four groups 
according to their location and chemical signature, here referred to as A, B, C and D groups 
(Figure 1). Table 1 presents some descriptive statistics of these groups. Samples of groups A 
(Formation San Cayetano) and B (mainly Formation Toluviejo) are located in the hills of 
Montes de Maria, considered in previous studies as the main recharge area of the GMA. The 
waters in both groups are predominantly calcium-bicarbonate type, but the first group is more 
mineralized and have a greater presence of magnesium and sulphate. The major geochemical 
process that drives the composition of groundwater seems to be the dilution of minerals such 
as calcite, dolomite and gypsum. The relationship between sodium and chloride is similar to 
the sea, which suggests that the deposition of marine aerosols could be the starting point for 
the chemical evolution of the groundwater. 

Samples of groups C and D are located in the plain (lower part of the basin). Their 
mineralization is higher than the previous two groups and the most outstanding feature is the 
increase of the relative concentration of sodium, as groundwater flows approach the coastline. 
The presence of fine sediments in the Quaternary deposits increases close to the coastal area, 
and clearly the cation exchange is the main process governing the increase of sodium in this 
part of the aquifer (Figure 2). 

In relation to the deuterium and oxygen-18, most of the groundwater samples are close to the 
local meteoric water line (LMWL, δ2H = 7. 9δ18O + 8.6) which means that 1) the local 
precipitation is the main source of recharge of GMA and 2) evaporation does not play an 
important role during infiltration. The weighted composition of rain during one year of 
observation was δ2H = - 40.0 ‰ and δ18O = - 6.21‰. 

The most remarkable aspect is the existence of two groups called E and F in Figure 3. The 
first one is isotopically depleted respect to the second one. In between, some samples seem to 
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correspond to a mixture of the two mentioned groups. The presence of groups E and F give 
the impression to result from isotopic differentiation of the precipitation in two recharge 
areas: the first in Montes de Maria, where the altitude can reach 400 meters above the sea 
level (masl), and the second on the plain, with an average altitude of 30 masl. The 
concordance of the isotope signatures among the group F and the weighted rain obtained in 
this study seems to confirm this hypothesis. 

 

Figure 1. Geology and location of sampling points, Gulf of Morrosquillo aquifer (GMA) 

 

Figure 2. Ionic relations in the GMA, showing excess sodium due to cation exchange 

processes 
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Figure 3. Geology and location of sampling points, Gulf of Morrosquillo aquifer (GMA) 

 

Figure 4. Conceptual hydrogeological model showing the flow patterns and the main water 

types present in the Gulf of Morrosquillo Aquifer (GMA), Colombia 

The average of the maximum depth of the wells of Group E (68 meters) is bigger than Group 
F (30 meters). Deeper wells could intercept regional flows coming from the further east part 
of the study area. Although it is generally considered that the GMA aquifer has modern 
waters, the partial radiocarbon results obtained in this study suggest that group E captures 
waters relatively older than the waters captured by Group F, being the non-corrected 
radiocarbon activities of 39.1 - 86.8 pMC and 76.2 - 103.5 pMC, respectively. Three of four 
tritium data obtained for the group E are below the detection limit (0.3 TU). Two data 
obtained for the intermediate group reported recent water (0.97 and 1.14 TU) and only one 
data was obtained for the Group F, and was below the detection limit. 

Also, only one data of deuterium and oxygen-18 was obtained for the sampling points of 
Group A. Its value is more enriched than the weighted rain value obtained in this study, 
although it is close to the LMWL (Figure 3). It is possible that these waters belong to other 
hydrogeological system. A multi-piezometer drilled in the coastal area, and a 126-meter-deep 
well located on the plain (the deepest of all sampled wells), have behaviours not in 
accordance to the general trends described in this document. It will be necessary to expand 
the sampling in the second phase of this study to better understand these exceptions so far 
detected. 

4. CONCLUSIONS 

The chemical and isotopic information suggests that the Toluviejo formation and the 
Quaternary sediments correspond to the same hydrogeological unit (Figure 4). The 
mineralization of groundwater appears to be related to the presence of marine aerosols, 
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followed by dilution of calcite, dolomite and gypsum, and completed with cation-exchange. 
In general, groundwater evolves from calcium-bicarbonate type to sodium-bicarbonate facies. 
The stable isotope contents confirm the existence of an important recharge mechanism in 
Montes de María ridge, but also it is clear the active role in present-day recharge of the lower 
plain area of the basin. Direct infiltration from streams appears to be of minor importance, 
and the springs located on the San Cayetano formation seem to correspond to other 
hydrogeological system 
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Abstract: The semi-arid Cuvelai Etosha Basin of northern Namibia is characterised by loamy 
to sandy soils, a short rainy season with precipitation between 250 and 600 mm/a, frequent 
alternation of droughts and flooding, high evapotranspiration rates and typical vegetation of 
mopane savanna and Zambezian dry deciduous forest. Groundwater is found in shallow 
perched aquifers and deeper multi-layered aquifers. 
 
The aim of this project is to better understand spatial and temporal variations of groundwater 
recharge from precipitation and surface run-off, evaporation from the soil and the shallow 
perched aquifers, and clarify if there is a significant inflow from the perched aquifers into the 
deeper aquifers.  
 
In order to reach these objectives a broad variety of investigation approaches is combined, 
e.g., time series of hydrochemistry, stable isotopes, soil moisture and groundwater level, as 
well as chloride mass balance, pumping test and geophysical investigations to characterise 
the properties and the extend of the perched aquifers. 
 
Currently some first isotopic data was obtained for precipitation for two stations in the basin 
(Eenhana and Oshanshiwa) with monthly rain collectors. There, δ18O ranged from -7.78‰ to 
-1.78‰ and δ2H ranged from -50.9‰ to -19.6‰ for the rainy season 2013/2014. Event 
samples were taken sporadically during the rainy seasons 2012/2013 at Outapi and Etope 
(δ18O ranged from -18.69‰ to +1.2‰ and δ2H ranged from -136.6‰ to -0.2‰) and also 
from 2008 to 2010 at various places in the basin (δ18O ranged from -11.98‰ to +5.94‰ and 
δ2H ranged from -88.6‰ to +42.8‰). A surface water sampling campaign in May 2014 (just 
after the end of the rainy season) along the ephemeral flood courses in the Cuvelai Etosha 
Basin revealed δ18O from -3.9‰ to +22.75‰ and δ2H ranged from -24.4‰ to 104.8‰ and 
the data are plotting a long an evaporation line (δ2H = 4.38 x δ18O + 3.96; with R2=0.96). 
Groundwater from the perched aquifer was sampled from hand dug wells in 2014. During 
and shortly after the rainy season δ18O ranged from -6.89‰ to +9.4‰ and δ2H ranged from 
-53.8‰ to 31‰ and the data are plotting along a line given by δ2H = 7.5 x δ18O + 3.96 
(R2=0.89) which is relative close to the meteoric water line for the study area. During the dry 
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season δ18O contents ranged from -8.12‰ to +13.6‰ and δ2H ranged from -55.8‰ to 45‰. 
The data are plotting along a line given by δ2H = 4.57 * δ18O + 16.7 (R2=0.97) and resemble 
an evaporation line. 
 
Based on the lines for the two different seasons an evaporation rate has been estimated. 
To represent the deeper groundwater, a database has been compiled based on data from Geyh 
(1997), Margane et al. (2005), Lindenmaier & Christelis (2012) sampling campaigns by the 
BGR and MAWF and some additional sampling within this project. For the deeper 
groundwater, overall δ18O ranged from -9.52‰ to +1.4‰ and δ2H ranged from -67.6‰ 
to -42‰. The variance of these data cannot be explained by a single regression line but rather 
by various recharge areas, times and processes. However, the considerable difference in the 
isotopic composition of the deep groundwater and the shallow groundwater in the perched 
aquifer supports the idea different recharge ages. 
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Abstract: Rapid expanding and intensifying urban, industrial and agricultural activities have 

significantly increased the extraction and use of groundwater in Puttalam; one of the driest 

area in Sri Lanka. Water quality of some of the tube wells are drastically deteriorated 

according to the recent reports in Puttalam and it raised the necessity of understanding the 

root cause for water quality deterioration for any preventive measures. During the current 

study, environmental isotopic (
18

O, 
2
H and 

3
H) and chemical compositions of different waters 

were used to study the recharge mechanism, the recent trends of groundwater chemistry, 

quality and salinization of groundwater in Puttalam. The isotopic data suggest that the 

groundwater in the project area can be recharged by three different processes; i) recharged by 

direct rain, ii) recharged by evaporated surface waters and iii) recharged by a mixture of both 

direct rain and surface waters. Most shallow groundwater samples show their recharge from 

surface water through shortest flow paths while most of the deep groundwater shows a long 

residence time with longer flow paths. The area is characterised by single compositional 

water type (sodium-magnesium, chloride type). The rainfall occurs on the unconsolidated 

alluvium and dissolves salts and flows as surface water and infiltrates to shallow and deep 

groundwater aquifers. The longer the flow path with longer residence time, more is the 

dissolution of salts in groundwater. Dissolution of salts in groundwater also depends on the 

chemistry of geological formation along the flow path. Dissolution of salts into infiltrated 

water from the geological matrix seems to be the mechanism for the salinization of deep 

groundwater while the evaporation causes to increase the salinity of surface waters.  Isotopic 

and chemical data clearly indicate that there is no sea-water intrusion to both deep and 

shallow groundwaters in the study area 

 

1. INTRODUCTION 

 

Puttalam is one of the driest areas located in north-western coastal area of Sri Lanka. The 

people in the area mainly depend on groundwater. Due to rapid expanding and intensifying 

urban, industrial and agriculture activities, groundwater extraction and use are significantly 

increased in reason past in Puttalam District. It is reported that the water quality of some of 

the tube wells are recently been changed significantly by increasing salinity level (NWS&DB 

2008). Considering the trends of salinity in borehole waters, pumping of several wells were 
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stopped and some were controlled by reducing the pumping rates. Therefore, it is emphasized 

that the necessity to conduct detail hydro-geological and hydro-chemical assessment aiming 

to identify the recharge mechanism of groundwater and also possible mechanism for 

increasing the salinity level in groundwater. Salt water intrusion in to groundwaters in 

Puttalam was noticed by Kimarasinghe and Rajapakse 2013 and Jayasekara et al. 2010. 

Stable isotopes can be successfully used to access the origin of salinity and identify the 

mechanism of groundwater salinization (Kattan and Najjar 2004; Schiavo et al. 2009).It is 

noticed that salinization due to leaching of salts is independent of the stable isotopic 

composition (IAEA, 1983).  

 

2. METHODS 

 

Sampling locations (n > 50) were 

selected among the pre-existing tube 

wells, dug wells and surface water 

bodies (Figure 1). Field water 

parameters such as pH, electrolytic 

conductivity (EC), temperature, 

alkalinity, TDS and dissolved oxygen 

of water samples were measured in the 

field. Rain water was collected 

monthly in the study area over a period 

of 10 months. Isotope (
18

O,
2
H and 

3
H) 

and chemical analysis of collected 

water samples representing pre and 

post monsoon periods (March 2011 to 

March 2012) were carried out.  

Measured cations and anions in water 

are Na
+
, K

+
, Ca

2+
, Mg

2+
, Cl

-
, NO3

-
, 

SO4
2-

, F
-
, PO4

2-
, and Total Iron.  

 

3. RESULTS AND DISCUSSION 

The average values of δ
18

O and δ
2
H of rainfall collected over a period of 10 months are -5.98 

‰ and -34.75 ‰ respectively and their correlation represents the Local Meteoric Water Line 

(LMWL); δ
2
H = 7.8 δ

18
O + 12.1 ‰ (r

2
 = 0.97) for Puttalam (Fig 2). The average tritium 

content in surface waters is 1.6 TU and it can be considered as the average value of rain 

in the study area. There is a seasonal variation in the stable isotopes of rainfall and surface 

water samples. Most of the shallow groundwater samples also exhibit seasonal variations 

(Table 1) showing quick recharge and less residence time. Almost all the surface waters and 

most of the shallow groundwater samples are deviated from the LMWL indicating intensive 

evaporation during both pre and post monsoon periods (Cappa et.al. 2003, Fig.2). This shows 

arid or semi-arid climatic conditions (Schiavo et al. 2009). The shallow groundwaters 

showing evaporation effect do not show significant correlation with Cl
-
 (Fig. 4(a) and 4(b)) 

and it implies that evaporation has taken place before rainwater infiltration (Zakhem and 

Rania 2007). These sampling points may be getting recharged from nearby surface waters. 

Further all these evaporated shallow groundwatres have tritium values corresponding to 

surface water showing quick recharge and very short flow path. The average δ
18

O and δ
2
H of 

surface waters are -1.9 and -14.1 ‰ respectively and they are -4.7 and -31.0 ‰ for shallow 

groundwaters during the current study. The average δ
18

O and δ
2
H of deep groundwaters are 

 

Figure 1. Sampling locations in Puttalam (North-Western 

Coast of Sri Lanka). 
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-5.8 and -35.4‰ respectively. The spread of isotopic data of deep groundwater along local 

meteoric water line suggest that the deep groundwater is recharged by rainfall directly with 

few exceptions (Fig. 2). Few deep groundwater samples indicated evaporation and they may 

be connected to the nearby surface water bodies. Some of them have comparatively low 

electrical conductivity (EC) and high tritium (> 1.3 TU) values corresponding to rainfall, 

indicating quick recharge and short flow path. Deep groundwater samples mostly with no 

seasonal variation (see Table 1) in stable isotopes show relatively longer residence time with 

slow movement and that is also evident by low tritium values (< 0.5 TU). These waters 

remain in contact with geological matrix for a longer period and dissolves salts raising its EC 

to high values.  

 

 

 

 

 

 

 

 

The shallow and deep groundwater can be grouped into different types according to the 

relative concentration of cations and anions, using Piper diagrams shown in Fig.3. Most 

frequent dominant cations in groundwaters are Na
+
 and Mg

2+ 
as compared to other cations in 

both shallow and deep zones. The Na
+
 and Mg

2+ 
are most often balanced by Cl

- 
and

 
SO4

2-
 ions 

with a very few exceptions resulting into the formation of sodium-magnesium chloride type  

 

of waters. Both the dominant cation and anion (Na
+
, Mg

2+
, SO4

2-
 & Cl

-
) are seen to be 

distributed over the whole area.  Sodium-magnesium chloride waters are dominant in the 

entire EC range of shallow as well as deep groundwater. Stable isotopic contents of δ
18

O 

have been plotted against Cl
-
 in Fig. 4(a) and 4(b). Figure 4(a) does not show any correlation 

among the isotopic and chloride species and they vary regardless of each other. Further, the  

data points do not lie on a mixing line, which would have been expected in case of mixing 

with marine water. The correlation of δ
18

O or δ
2
H with Cl

-
 is insignificant for deep 

groundwaters (Fig. 4(b)). The lack of significant correlation between these species suggests 

that increase of salt concentrations in deep groundwaters is not accompanied by an isotopic 

enrichment. Hence, evaporation of water or mixing with marine water does not seem to play 

Table 1.The range of δ
18

O and δ
2
H (‰ values) in different 

water bodies. 
Time 

δ
18O (‰ values) δ

2H (‰ values) 

Surface Shallow  Deep Surface Shallow Deep 

Mar. 

2011 

-4.95 to 

-2.20 

-7.11 to  

-1.91 

-7.17 to      

-4.31 

-31.57 to  

-14.50 

-44.03 to  

-14.29 

-43.64 to  

-27.81 

Aug. 

2011 

-2.86 to 

3.65 

-6.39 to  

-0.39 

-7.02 to    

 -2.93 

-16.72 to 

17.52 

-38.0 to  

-2.65 

-42.45 to  

-18.27 

Mar. 

2012 

-3.71to  

-1.33 

-5.96 to  

-0.02 

-7.17 to  

-2.54 

–25.0 to  

-10.55 

-36.27 to  

-6.44 

-43.64 to  

-21.04 

 

 
Figure 2. Isotope plot (δ2H vs δ18O) of 
different waters in Puttalam (after the 

monsoon) (S-Surface, SL-Shallow, D-Deep). 

 

 

 

δ2H = 7.8 δ18O + 12.1
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Figure 3. Piper plot for all the samples 
collected after the monsoon rain   
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any important role in salinization of deep groundwaters in Puttalam. Hence the reason for 

salinization of deep groundwater would be dissolution of salts from the geological matrix as 

describe above with low tritium values in deep groundwaters. When salinity is derived from 

the dissolution and flushing salts, the resulting isotopic composition will not show any 

change in function to the increasing salinity (IAEA, 1983). The positive correlation between 

negative ions (eg: Cl
- 
in Fig 4(b))

 
and isotopic values of surface waters during dry period 

(before monsoon; Sep-11) imply that the increase of the salinity of surface waters is by 

evaporation (Kattan and Najjar 2004). 

  

4. CONCLUSIONS 

The isotopic data suggest that the groundwater in the project area can be divided into three 

groups. The depleted isotopic values represent direct recharge of groundwater from the rain. 

Enriched isotopic values may have resulted from the high evaporation of surface water bodies 

which recharge some aquifers. The intermediate isotopic values show a mixing of both 

sources. Isotopic and chemical data show that there is no seawater intrusion to the deep as 

well as shallow groundwater in the study area. Dissolution of salts into infiltrated water from 

the geological matrix seems to be the mechanism of salinization of deep groundwater. Also 

high evaporation of surface water bodies causes for the high salinity levels in surface waters 

in the study area. The rainfall occurs on the unconsolidated alluvium and dissolves salts and 

flows as surface water and infiltrates to shallow and deep aquifers. The longer the flow path 

with longer residence time, more is the dissolution of salt with high EC values. The area is 

characterised by single compositional water type (sodium-magnesium, chloride type). About 

50 percent of shallow wells are recharged by nearby surface water bodies while rest of them 

are recharged by direct rainfall. Almost all the shallow groundwaters are young and have 

very short flow paths. Deep groundwaters in Puttalam are recharged by the local rains 

directly except in few locations. 
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Abstract: Nubian Sand Stone Aquifer (NSSA) is considered as the sole water resource 

available for life at the Western Desert of Egypt, which occupies about 68% of Egypt’s 

Territory. NSSA is shared by Egypt, Libya, Chad and Sudan. In all previous publications, the 

NSSA borders in Egypt was believed to extend till the saline water interface south Fayoum 

on the East and extend till North Siwa on the west and that its fresh water saturated thickness 

average is 400 meters and it is almost unrenewable aquifer. 

The Karstfied Carbonate Aquifer system overlays NSSA and occupies about 50% of the 

Western Desert area; its average thickness is about 500 meters and before this work it was 

also announced in the previous publications that carbonate aquifer was unrenewable and has 

limited groundwater potential and it is only saline groundwater. 

On the period of 2010– 2015 the authors participated on a project with The Ministry of Water 

Resources and Irrigation to investigate the Groundwater Potential at the Western Desert of 

Egypt, through execution of three (3) deep exploratory wells, nine (9) piezometers at south 

east Qattara Depression North Western Desert at the NSSA Salt water Interface and three (3) 

deep exploratory wells at Ain Dalla area west Al Farafra Oases Western Desert at the NSSA 

western boundary. Moreover, in this period they inventoried more than hundred (100) private 

production wells drilled on the Karstfied Carbonate Aquifer South El Fayoum and West 

Elmenia at the western fringes of the Nile Valley.  Based on the hydrogeological signs 

obtained during the above mentioned exploratory investigations the authors found the 

following: 

1) At the Northern area of South East Qattara Depression the North fresh water 

boundaries of NSSA was found to be  about 100 Km more than the previous published  

assumption and 300 Km width, which increases the groundwater potential of the NSSA for 

about 30%. 

2) At Ain Dalla area, west of Al-Farafra, the NSSA hydrogeological boundary was 

found to extend towards the west with 40% increase on the fresh saturated thickness and the 

aquifer pressure exceeds 6 ATM and its water quality is ultra-fresh and its TDS does not 

exceed 190 mg/l. 

3) The Karstfied Carbonate Aquifer South El Fayoum and West Elmenia is a promising 

aquifer with high groundwater potential and good quality as the authors found that it is 

recharged from the agriculture drainage Nile water of Al-Fayoum Depression through Wadi 

Al-Rayan lakes (Artificial recharge lakes which was activated in 1973). In addition to this 

recharge, there is an upward leakage to the carbonate aquifer from the NSSA. 

In this paper, these findings were approved using classical hydrogeological approaches, 

hydro geochemical methods, and environmental and radioactive isotope techniques and will 

include the main output of that research presented in detailed hydrogeological maps with new 

hydrogeological cross-sections, hydro-chemical and Isotope-hydrology diagrams and charts.  
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Abstract: The Cumae archaeological site is located along the Tyrrhenian coast of the southern 

Italy, in the coastal area north-west of the Flegrean Fields active volcanic system. It is the first 

Greek colony in mainland Italy, was founded in the 8
th

 century B.C., and the site remained 

continuously occupied until the 12
th

 century A.D. 

 

The coastal plain of the Cumae archaeological site is an area of relevant environmental and 

archaeological interest. During the Holocene epoch it has changed significantly, due to endogenous 

and exogenous phenomena, such as volcanic eruption and eustatic sea-level variations, associated to 

the creation of lake environments and palustrine wetlands. As a result of these natural processes, the 

coastal plain is characterized by a complex volcanic-sedimentary sequence formed by sands, silts, 

silty clays and volcanoclastic sediments, resting on a substrate of yellow tuff and trachytic laves, 

outcropping in the surrounding reliefs. 

 

The geomorphological features are typical of a coastal plain, with altitude range of 0-15 meters 

a.s.l., constituted, from the sea toward the inland, by beach-dune systems followed by a low 

inclination zone back-dune and slope areas belonging to volcanic reliefs.  The climate is 

Mediterranean type, with hot dry summers and moderately cool and rainy winters. Mean annual air 

temperatures are in the range of approximately 13–15 °C. Rainfall regime is of a coastal and 

Mediterranean type, characterised by a principal maximum in autumn-winter and a minimum in the 

summer. The average annual rainfall is about 700 mm/y. Land use of this coastal area has been 

traditionally dedicated to intensive irrigated agriculture, with use of pesticide and organic fertilizers.  

 

Within the coastal plain, in an experimental site, having an extension of approximately 0.5 km
2
, a 

well-designed hydrological, hydrogeological, chemical and isotopic monitoring program has been 

carried out, during the period November 2013-November 2014. 

 

Based on a detailed stratigraphic model of the study area, multidisciplinary investigations 

(hydrological monitoring, piezometric measurements, sampling and laboratory water analysis) were 

conducted, on a monthly basis, on a total of 13 wells and 1 spring, to analyse: i) groundwater 

quality, ii) natural and anthropogenic processes that affect the hydrochemical and isotopic 

composition of groundwater in the coastal volcanic-sedimentary aquifer, and iii) the complex 

interactions exiting between groundwater and subterranean archaeological structures and artifacts. 
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Groundwater samples were analysed to identify various physico-chemical and isotopic parameters: 

temperature, pH, electrical conductivity, total dissolved solids, major ions and trace elements, δ
18

O, 

δ
2
H, 

222
Rn, δ

15
N-NO3, δ

18
O- NO3 and some heavy metals. 

 

Hydrostratigraphic data and piezometric monitoring confirm the presence of a multi-layered system 

in a coastal volcanic-sedimentary aquifer, whereas all the hydrochemical and isotopic observations 

show that the groundwater quality is affected by: i) aquifer lithologies and localised rise of deep 

magmatic fluids highly mineralized, ii) freshwater-saltwater interactions (induced by groundwater 

pumping), and iii) contamination from non-point agricultural sources. 
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Abstract: Isoscapes are a useful tool used to describe spatial-temporal variations in stable 
isotopes composition in several environmental matrices. The use of isoscapes becomes more 
important in regions with limited isotopic exploration of water bodies.  The use of 
geostatistical tools can allow prediction of isotopic variation in hydrological systems and help 
water management decision processes. The objective of this research is to assess the 
application of the groundwater isoscape from Wassenaar et al. (2009) in the Cuchujaqui 
River Basin (CRB) in northwestern Mexico. The goal is to generate a validated tool that will 
be useful for local and regional water resources planning and management in the North 
American Monsoon region. Here the general linear model proposed by Wassenaar et al. was 
applied to generate an oxygen-18 and deuterium isoscape for the CRB using a Geographic 
Information System (GIS). The GIS model used a 30-meter resolution digital elevation model 
(DEM, GTOPO30) and mean annual precipitation from the WORLDCLIM (~1950-2000) 
dataset. The isoscape of the CRB using Wassenaar et al. was compared to ground 
observations of isotopic composition from 8 shallow wells distributed over the basin during 
spring 2014. In addition, the WORLDCLIM dataset was compared with the only available 
climatological station in the basin. The model results ranged between -43 and -53 ‰ for δD 
and between -6 and -7 ‰ for δ18O while the ground observations from shallow wells ranged 
between -40 and -44 ‰ for δD and -6 and -7 ‰ for δ18O. These results suggest that the model 
proposed by Wassenaar et al. fits tightly with the actual isotopic variation in the CRB and 
provides a good first approach to explore hydrogeological characteristics within the core 
domain of the North America Monsoon region. 
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Abstract: The mean transit time (MTT) is a fundamental property of a groundwater flow 

system that is highly related to the ratio of recharge rate to storage volume.  However, 

obtaining samples for estimating the MTT using environmental tracers is problematic as 

flow-weighted samples over the full spectrum of transit times are needed.  Samples collected 

from the baseflow of a gaining stream in the North Carolina Coastal Plain (West Bear Creek) 

that are corrected for exchange with the atmosphere yield SF6 concentrations that are very 

similar to flow weighted values from piezometers that directly sample groundwater flow 

paths.  At higher stream flow, and on the falling limb of the hydrograph, stream 

concentrations (after correction for gas exchange) are significantly higher (younger) than the 

flow-weighted mean from piezometers suggesting the dominance of shallow transient flow-

paths that are less related to the local groundwater system.  The apparent (piston flow) MTT 

derived from baseflow SF6 samples is 26 years in West Bear Creek.  When sampled under 

low flow conditions when stream flow consists of a high fraction of groundwater discharge, 

West Bear Creek appears to act as a flow weighted integrator of transit times and stream flow 

samples can provide fundamental information regarding aquifer properties.  Our study 

suggests that large-scale evaluations of some groundwater flow systems is possible without 

utilizing monitoring wells. 

1. INTRODUCTION 

Groundwater residence time in aquifers is a basic hydrologic attribute relevant to water 

quality and quantity.  The arrival and persistence of groundwater contaminants in streams is 

directly related to the residence time distribution.  From a water quantity perspective, fluid 

residence time is related to both the flow into or out of a reservoir (e.g., recharge rate) and the 

volume of water stored.  Small flow rates into a large reservoir give rise to long residence 

times.  From the perspective of water resources, the throughflow and the storage volume are 

two very fundamental parameters. 

159



2. METHODS 

In order to quantify stream discharge and groundwater inflows, we performed Br tracer tests 

in July 2012 and March 2013.  A concentrated solution of NaBr was injected at a constant 

rate into the stream.  We also performed gas tracer tests to determine gas transfer velocities 

by flowing pure Kr and Xe through silicone rubber tubing that was submerged in the stream.  

Stream samples for noble gas analyses were collected in copper tubing sealed with metal 

pinch clamps.  In the lab, dissolved gases were extracted under high vacuum into stainless 

steel flasks that were then installed onto a cryogenic cleanup system.  The heavy noble gases 

were then measured using a quadrupole mass spectrometer (SRS, RGA300) under static (non 

pumping) conditions. 

Stream samples for SF6 analyses were collected in glass bottles by submerging them in the 

stream and then using a submersible pump to flush water through the bottles.  Groundwater 

seepage samples for SF6 were collected from a temporarily installed piezomanometer with a 

5 cm long screen that was pushed into the sandy stream bottom to a depth of 36 cm.  SF6 

samples were analyzed by the Reston Groundwater Dating Laboratory using a custom-built 

purge and trap GC system with an electron capture detector. 

3. RESULTS 

Once the Br tracer had been injected at a constant rate for at least 24 hours, the stream was 

sampled every 100 meters in order to quantify the dilution of the tracer by groundwater 

inflow.  In July 2012, stream flow was about 50 L/s at the injection site and increased to more 

than 100 L/s at the distal end of the test.  In March, the flow increased from about 475 L/s to 

575 L/s over the study reach.  While the absolute amount of seepage into the study reach was 

greater in March, as a fraction of the total stream flow at the distal end of the study reach it 

was only 17% compared to 50% in July. 

A modified version of the RADIN13 spreadsheet was used to evaluate the injected Kr and Xe 

in terms of the gas transfer velocity between the stream and the atmosphere.  We utilized 

stream flow and groundwater seepage estimates from the Br tracer test along with 

measurements of the stream depth and width.  We then minimized the misfit (∑�measured −

simulated��) between measured and simulated concentrations using the Solver ® in Excel to 

obtain spatially-averaged estimates of the gas transfer velocities for Kr and Xe.  For the July 

test we obtained gas transfer velocities of 1.5 and 1.2 m/day for Kr and Xe and for March a 

value of 1.1 m/day for Kr (the Xe injection tank leaked and was depleted before sampling 

could be completed in March). 

Using values of stream flow, groundwater inflow rate, and gas transfer velocity as previously 

described, we used RADIN13 to simulate the concentration of SF6 in West Bear Creek for 

both the July and March data sets.  The primary unknown parameter in these simulations is 

the flow-weighted mean concentration of SF6 in groundwater inflow.  We used the Solver® 

in Excel to minimize the sum of squared residuals between observed and simulated values to 

arrive at a groundwater inflow concentration of 0.55 fmole/L that best fits the observed 

stream concentrations.  This corresponds to an apparent (piston-flow) recharge year of 1986 

for the July 2012 campaign.  This value is very close to the flow-weighted value obtained 

from directly sampling groundwater seepage using the piezomanometer.  In March, 2013 the 

stream SF6 concentration was close to the atmospheric solubility value.  Under the July 2012 

flow conditions, the stream concentration of SF6 is sensitive to the concentration in 

groundwater discharging into the stream and is only modestly affected by exchange with the 

atmosphere.  In March 2013 total stream flow at the start of the study reach was 10 times 
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larger and the SF6 stream concentration in the study reach is rather insensitive to the 

groundwater concentration but instead mostly reflects the input of very young water after a 

storm period that is entering the catchment upstream of the study area. 

4. CONCLUSIONS 

When sampled under low-flow conditions we found that the stream concentration of SF6 in 

West Bear Creek, NC USA was significantly lower than the concentration that would be in 

equilibrium with the modern atmosphere as a result of inflowing groundwater.  By measuring 

the rate of groundwater inflow (from dilution of an injected tracer) and by measuring gas 

transfer velocities (by injecting Kr and Xe), we calibrated a stream transport model to 

observed concentrations of SF6 in the stream.  The resulting groundwater concentration of 

SF6 is consistent with an apparent recharge year of 1986 and this is similar to the flow-

weighted value obtained from directly sampling groundwater from the streambed.  When 

sampled under high-flow conditions, the stream SF6 concentration was close to atmospheric 

equilibrium and was not sensitive to local groundwater seepage.  When sampled under low 

flow conditions when stream flow consists of a high fraction of local groundwater discharge, 

West Bear Creek appears to act as a flow weighted integrator of transit times and stream flow 

samples can provide fundamental information regarding aquifer properties.  Our study 

suggests that large-scale evaluations of some groundwater flow systems is possible without 

utilizing monitoring wells. 
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Abstract: Chemical and stable isotope data were combine with hydrogeological information 
to characterize the aquifer located on the right bank of the Tempisque river in Guanacaste. A 
conceptual hydrogeological model for the study area was built using geological and 
hydrogeological information, well loggings available in SENARA's database, and 54 SVEs 
and 9 tomographies performed at the study site. Basalts of the Nicoya Complex and Potrero 
intrusive rocks are considered the geological basement of the area. Basement outcrops are 
located in the western. Fractured basalts permit limited lateral recharge to the Tempisque 
system aquifer. The upper aquifer is located in tuffs, ignimbrites and volcaniclastic sediments 
of the Bagaces Formation and the deepest one includes alluvial deposits and volcanic rocks. 
These materials do not have a continuous extension, but rather appear as sand lenses with 
variable transmissivity depending on the particle size. Groundwater flows from west to east 
and discharges as base flow in the river, there is also a regional recharge input from the 
northern that moves towards south. The potential recharge calculated for the entire study area 
(365 km2) by the soil moisture balance is 610 mm per year, which represents a rate of 
7067 L/s, which is 31% of average precipitation of the area. The hydrogeochemical data 
indicates that groundwater in the area has had little interaction with the geological 
environment, and it is classified as Ca-Mg-HCO3 type, with negligible changes along the 
flow. Stable isotope results suggest that there is an input of regional recharge and that local 
recharge, characterized by a fast circulation in the system that is affected by evaporation 
processes. 
 
1. INTRODUCTION 
 
Groundwater is the main water supply source in the Pacific north of Costa Rica. According to 
SENARA since 1990, the number of wells and the volume of extraction in the area have 
increased by 75% and 181% respectively. Communities in Guanacaste located in the North 
Pacific have experienced a boom due to tourism. During 2004 and 2005, foreign investment 
in real estate was $ 103 million. 
 
In 2006, it was invested 1 783 USD million in new construction developments in the country, 
at least 20% of this amount was designated to the Chorotegan region. The rapid growth in 
development and tourism represents an important economic boost to the region, however, this 
has an impact on water resources, specially groundwater. The most extensive and important 
hydrogeological unit is the Tempisque aquifer system, which has an area of approximately 
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926 km2 and includes an unconfined aquifer that can be confined laterally. The location of the 
study area is shown in Figure 1. Politically, the area belongs to the canton of Carrillo from 
Liberia and Guanacaste. It includes the communities of San Blas, Philadelphia, Sardinal, 
Palmira and Guardia. 
 

 
Figure 1 Site location and water sampling network 

 
2.1 Regional Geology 
The Nicoya Complex includes basalts, intrusive rock and radiolarites are part of a CLIP 
(Caribbean Large Igneous Province) related to the Galapagos hot spot (Denyer & Baumgartner, 
2006), and it is considered the basement of the area. Overlaying the basament there are rocks 
from the Bagaces Formation. The Bagaces Formation was subdivided into three members 
(Sprechmann, 1984). The lower member, mainly consisting of lacustrine and fluviolacustres 
sediments and it is located northernof Palmira town, the intermediate member, ignimbrites, 
lavas and tuffs agglutinated which crop Tempisque river near the community of Guardia in 
the San Miguel ranch at the eastern sector and it is extended to longitude 370 east, and upper 
limb that comprise tuffs, welded tuff and heterogeneous material, which covers the NW 
sector area study of Panama beach and Monte del Barco ranch.  
Covering the sequence there are recent sediments, which are best developed east-southeast of 
the study area. The thickness of these deposits is less than 10 m, in the northern part of the 
area and it increases toward the southeast.To the southwest, the deposits are narrow and 
restricted to river channels, mainly at the Sardinal river (Vargas, 2013). 
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3. METHODS 
Groundwater from wells, springs and rain water samples were collected at selected sites from 
the level monitoring network during 2010 and 2011 (Figure 1). An analytical methodology 
was implemented by CICA in order to performed 2H and 18O analyses, using an Isotope 
Analyzer, Los Gatos Research, model DLT-100 version 2, this equipment was donated by the 
IAEA as part of the national project COS/8/010. In order to collect groundwater samples, 
extraction wells were first purged and then field parameters such as: electrical conductivity, 
pH, temperature, alkalinity and dissolved oxygen were determined. Samples were collected 
and sent to the Water quality Laboratory at CICA at the University of Costa Rica to analyze 
concentrations of main ions and others selected chemical species. Ca2+, Mg2+, Na+, K+, Cl-, 
SO4

2-, HCO3
- , NH4

+, NO3
-, CO3

2 and silica were measured by ionic chromatography. Sodium 
and potassium were analyzed using a Flame Emission Photometry. Geological mapping of 
the study area was carried out at 1:50 000, in situ periodic measurements of water levels in 
wells in the network were performed and two rainwater collectors were installed in the study 
area. Subsurface geophysical evaluation was performed to provide information were no well 
logging data was available.  
 
4. RESULTS 
4.1 Hydrogeology 
The water level monitoring network includes 110 wells; monthly water level measurements 
for those sites were recorded from July to December 2010 and for January and March 2011. 
Groundwater flow direction for dry and rainy seasons do not change significantly, which 
remains constant predominantly from west to east, it was determined that the shallow aquifer 
discharges in theTempisque river as base flow. The average hydraulic gradient is 6 × 10-3. 
 
4.2 Chemical and isotopic data 
Water sampling campaigns were conducted from 2010 to 2012. In 2010, water samples were 
collected in the months of May, September and November. In 2011 two new campaigns were 
carried out in August 2012. In total 26 selected sites were sampled: twenty wells, two rain 
stations and four springs. Water was classified as calcium-magnesium bicarbonate type 
(Figure 2). No significant changes were seen in the chemical composition of water along the 
flow, but the water located at the western near the Nicoya Complex showed slightly higher 
calcium and magnesium concentrations than the ones measured on other sites, this condition 
was attributed to the basic and ultrabasic composition of these rocks. 
 
Deuterium and oxygen 18 results for the area are shown in Table 1. The values of deuterium 
in rainwater samples are highly variable (ranging between -81.6 ‰ and 31.93‰). Oxygen 18 
values show a similar tendency, ranging between -10.96‰ and -5.18 ‰. Deuterium in 
groundwater wells are in the range of -32.79‰ and -54.1 ‰. As it is shown in Figure 3, 
groundwater samples are located below the meteoric line, thus it is considered that 
evaporation during the recharge is occurring. These results agree with those reported by 
Gomez (1993) who conducted a study in a small area at the Tempisque aquifer using stable 
isotopes and concluded that rainfall in the study area show no altitude effect, however in 
some months it is possible to determine the existence and amount of effect of temperature 
variation. A trend line with gentle slope can be identify from the Figure 3, which correspond 
to the evaporation processduring the recharge, suggesting that most of the water is affected 
by the phenomenon of evaporation and that there is an important dynamic interaction 
between the aquifer and evaporated water in the unsaturated zone (vadose) or flood zones.  
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4.3 Conceptual model 
Figure 4 shows a schematic conceptual model of the aquifer Tempisque. It is clearly seen that 
the basement rocks comprise it Nicoya Complex and the Tempisque aquifer is located both in 
alluvial and pyroclastic deposits at the northern of the study area. Even though there is local 
recharge, there is an important regional input in recharge coming from the volcanic rocks 
located in the northern of the study area, and there is also a lateral recharge from the Nicoya 
Complex when these rocks are fractured. The groundwater flow in the central and south is 
predominantly from west to east. The degree of confinement of the aquifer varies from north 
to south, in the north is considered confined, this condition was also postulated Echandi & 
Schosinsky (2001), although the aquifer is unconfined in the south. 
 

Table 1 Summary of the isotopic composition determined in this study. 

Sample Type Mín.δ 2H ‰ Máx. δ 2H ‰ Mín. δ 18O ‰ Máx. δ 18O ‰ 

Wellsamples -54,1 -32,79 -7,96 -5,44 

Spring samples -56,17 -47,27 -7,61 -5,42 

Surface water -53,98 -38,61 -7,66 -5,61 

Rain  -81,6 -31,93 -10,96 -5,18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Piper diagram of the water samples. 
 

Figure 3 Stable isotope results for the water samples 
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Figure 4 Conceptual hydrogeological model of the Tempisque aquifer system. 

 
5. CONCLUSIONS 
The basement geology of the area is made up of Nicoya Complex rocks, mainly basalts and 
intrusive Potrero. The basement outcrops are located throughout the western of the study 
area.  Overlaying the basement there are volcanic rocks from the Bagaces Fm, which extends 
northern of the study area, alluvial and colluvial deposits of a variable thickness covered the 
sequence. Both formations favor the presence of groundwater, the extension and continuity of 
those materials are functions of the presence of sand lenses burdensome transmisivity 
variable depending on the particle size.  
 
There are two aquifers in the area, one composed of surface volcaniclastic sediments, which 
connects the north of the study area with the aquifer Bagaces and another located in volcanic 
rocks which are located deeper.  The potential recharge calculated for the entire study area 
(365 km2) by the soil moisture balance, has a value of 610 mm, which represents a rate of 
7067 L/s, which is 31% of average precipitation area.  
 
The hydrogeochemical data indicate that groundwater in the area has had little interaction 
with the geological environment, and it is classified as Calcium-magnesium bicarbonates, and 
not significantly different from each other. In addition, stable isotopes indicate that there is an 
input of regional recharge and that local recharge is affected by evaporation processes.  
While it is true the analyzed water met mostly with current legislation in the country in terms 
of quality for human consumption, there is specific evidence of contamination from nitrate 
concentrations reported in two wells in the area. As groundwater becomes contaminated 
proper management of land use and water resources from generating local data as monitoring 
levels and quality, and also plans should promote awareness of the public and stakeholders 
social area about the need to protect water resources.  
 
Regarding the sustainable yield of the aquifer has been calculated total recharge 13.8 m3/s, an 
extraction of 3753 L/s availability of 10064.19 L/s. This flow available it is recommended to 
exploit 40%, where you can take 4025 L/s, leaving the system flow 6038 L/s. 
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Abstract: Major element concentrations and stable (δ
18

O and δ
2
H) isotopes determined in 

groundwater from the unconfined aquifer of the Yaérés flood plain, far north Cameroon in 

the framework of the Sahel project, are used to provide initial tracers useful for understanding 

the natural and anthropogenic processes that control the groundwater mineralization as well 

as identifying pollution sources. Chemical data based on the chemistry of several major ions 

has demonstrated that the main sources of salinity in the groundwaters are related to the 

water–rock interaction. Also, groundwaters, which show HCO3-Ca and HCO3-Ca-Mg water 

facies, are influenced by anthropogenic process in relation with agricultural activities and 

sanitation. It has been revealed that denitrification occurs at depth higher than 10 m in opened 

wells. The stable isotope compositions provide evidence that groundwaters are derived from 

recent recharge. The δ
18

O and δ
2
H relationships imply rapid infiltration during recharge to 

both the crystalline and Quaternary aquifers, with only limited evaporation occurring in the 

Quaternary aquifer. Non-evaporated groundwaters that are characterized by depleted δ
18

O 

and δ
2
H contents highlight the importance of modern recharge at higher altitude. 
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Abstract 

In recent years, significant effort has been put into the extraction of shale-gas in order to 

provide an alternative source of hydrocarbons. Shale-gas is a natural gas found trapped within 

deep shale formations throughout the world. The extraction of the shale-gas involves a 

process called hydraulic fracturing or ‘fracking’. However, fracking clearly opens the 

possibility for contamination of the deep groundwater systems in the area where fracking may 

take place. The Karoo Basin has been identified as a potential shale-gas region, however, it is 

uncertain how the process of fracking will affect the surrounding groundwater sources and 

environments. Therefore, it is important to have a good understanding of the characteristics of 

the deep groundwater and how it links to the shallower groundwater systems used by the 

farmers in the area for domestic and agricultural activities. Eight locations within the Karoo 

Basin were chosen for sampling. Two samples were collected at each location, one deep and 

one shallow. Using stable and radiogenic isotopes as well as major ions and trace elements, 

the deep and shallow groundwater will each be characterised and indicators of potential 

interaction between them will be identified. The results found in this study can be 

extrapolated into the broader Karoo Basin. 

1. INTRODUCTION 

Over the last ten years considerable effort has been put into shale-gas exploration in order to 

provide an alternative source of hydrocarbons. Shale-gas is a natural gas found trapped within 

deep shale formations throughout the world. The extraction of the shale-gas involves a 

process called hydraulic fracturing or ‘fracking’. This process involves drilling of deep wells 

and pumping a fracking fluid consisting of 99% water and a proppant, usually sand, and 1% 

of chemical additives, down the well at high pressures. This causes fractures to form in the 

deep shale formations, allowing the natural gas to escape and enter into the well. Fracking 

clearly opens the possibility for contamination of the groundwater system in the area where 

fracking may take place. Steel casings and cement layers are applied to the wells for 

protection against fluid leaks into the subsurface. However, if the casings break and the fluids 

enter the subsurface it has the potential to have a profoundly negative impact on the quality of 

the groundwater [1]. The Karoo Basin in South Africa has been identified as a potential shale-

gas region. Numerous companies have expressed an interest in exploring the area for shale-

gas. However, the Karoo is a water stressed region, experiencing an arid environment. The 

main land use of the Karoo is farming, and most of the farmers are reliant on shallow 
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groundwater sources for their domestic and agricultural activities. Although there is 

significant concern regarding the fracking processes within the wider communities, we do not 

know for certain how the groundwater may be impacted [2]. The groundwater and 

surrounding environment can only be protected if we have a good understanding of what the 

characteristics of the deep groundwater are, and how it links to the shallower groundwater 

system used for domestic and agricultural activities. Possible indicators of interaction between 

deep and shallow groundwater systems will also be investigated. The information obtained in 

the target area of this project could be extrapolated into the broader Karoo Basin. 

2. METHODS 

Sampling was carried out in two field seasons. The first was in March 2014 for two weeks 

during which eleven locations were visited and 25 boreholes and eight springs were sampled. 

After analysis and processing of these samples, the number of locations and actual sites at 

each location was reduced to eight locations and thirteen boreholes and six springs. The nine 

locations were chosen as best representing possible deep groundwater with a shallow 

groundwater pair. The second sampling season was in June-July 2014 again for two weeks. 

All boreholes were pumped for at least 30 minutes prior to sampling in order to remove any 

stagnant water and to ensure that fresh groundwater was sampled. The EC was monitored 

whilst pumping took place and the sample was collected once the EC had stabilized. Once the 

EC stabilized, pH and temperature were measured. All water samples were filtered on site 

with 0.45µm cellulose acetate filters. In order to characterise the deep and shallow 

groundwater, the samples collected have been analysed for major cations and anions, trace 

elements, rare earth elements, stable isotopes (hydrogen and oxygen) and radiogenic isotopes 

(tritium, radiocarbon, chlorine 36, strontium, radon and radium).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: A) Florisbad hot spring feeding into an indoor pool; B) Leeu Gamka borehole; C) 

Fort Beaufort hot spring feeding into a borehole; D) First round sampling team at the Aliwal 

North spring feeding into an outdoor pool. 
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3. RESULTS AND DISCUSSION 

The figures below represent some of the data that has been collected. Figure 2 shows the 

stable isotope results compared with the global meteoric water line. The groundwater can be 

divided into three groups: 1) the deep water (shown in red squares) is depleted in the heavy 

isotope; 2) the shallow groundwater (shown in blue diamonds) is enriched in the heavy 

isotope; 3) a potential mixing zone of deep and shallow groundwater where this overlap 

between groups 1 and 2. This grouping suggests that the deep and shallow groundwaters are 

derived from different sources. This hypothesis is supported by Figure 3which shows the 

tritium value in TU versus the radiocarbon value in pMC. A correlation between samples with 

low TU and pMC is observed in the deep samples and the shallow samples show higher TU 

and pMC. This correlates with the assumption of deep groundwater being older than shallow 

groundwater.  Figure 4 is a piper diagram showing the dominant species of all of the samples. 

In general, the deep samples are dominated by the NaCl facies and the shallow samples are 

dominated by a variety of facies. This suggests that the deep groundwater has one source and 

the shallow groundwater has multiple sources. 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Stable isotopes of δ18O and δ2H values from deep and shallow 

groundwater samples collected at various locations throughout the main Karoo 

Basin, South Africa. 

Figure 3: TU vs radiocarbon in pMC from deep and shallow groundwater samples 

collected at various locations throughout the main Karoo Basin. 171



 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSIONS 

In summary, the initial hypothesis of the study was that warm samples reflected deeper, older 

groundwater and colder samples reflected shallow, younger groundwater. Initially it was 

thought that the differences in the chemistry of the deep and shallow samples could have been 

a function of the water temperature. However, the strong correlation between tritium and 

radiocarbon indicates that this initial assumption was justified. Using this information, simple 

geochemical proxies can be determined to allow rapid assessment and characterisation of 

interaction between deep and shallow groundwater. 

In the case of the Karoo Basin, the shallow samples, which have high tritium and high 

radiocarbon values, also appear to be correlated with high U contents. In contrast, the deep 

samples appear to be correlated with negligible U contents. This is consistent with U 

mineralization being hosted in formations above that of where the deep water originates. 

Further research is required in order to confirm this correlation and identify other clear 

indicators of deep and shallow groundwater. 
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Abstract: Groundwater, object of this research, contributes to the development of a region, 
particularly in those whose courses of surface water are scarce or nonexistent. It is widely 
known that groundwater is a fragile resource and in some regions of the world scarcity is 
increasing. The research was conducted in the region of Santa Maria, in the Republic of 
Panama. This region, like other worldwide, is located in the coastal zone, allowing to their 
economic development and improving the quality of living conditions of its inhabitants. 

The study was conducted in an aquifer through which good quality water is flowing under 
extreme aridity in the dry season. Its importance lies mainly in its expansion and intense 
human activity that takes place in this area; but above all, for its impact on the people who 
inhabit it. 

The objectives of the research are: 

a. Hydrochemical and isotopic characterization of the groundwater. 
b. To establish the dynamics of the aquifer and potential areas of vulnerability of the 

aquifer. 
c. Determining the recharge zone. 
d. To study the possible interaction of groundwater with surface water. 

This hydrogeologic research was conducted primarily with the support of stable isotopes and 
the application of geophysical, geological and aerial photographs methodologies. Its 
integration allowed the achievement of the objectives. Which in turn were supplemented with 
wells in the area? Isotopic analysis indicates no groundwater interaction with surface water. It 
is observed that during dry and rainy periods there is no interaction between surface water 
and groundwater. Is important to note that groundwater mostly discharge to the Las Macana 
swamp. This could indicate that during the rainy season discharge can be reversed; however, 
this has not been made clear by the available means. The physicochemical characteristics of 
groundwater during periods of rain and dry are kept. This methodology has determined that 
groundwater recharge in the fractured rocks that constitute the Cerro El Paso Del Rey, an 
structure of 50 m an more than a 1 km elongated. 

From the obtained resistivity values there has been recognized the existence of at least 
one aquifer. It consists of sandstone, which varies in depth and thickness at the different 
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sectors studied. It is not homogeneous, which could be indicative that it originated in 
different events. In some areas, it may contain a high percentage of clay.  

From electro-resistivity and seismic data there has been determined a considerable 
thickness of clay on top of the aquifer (10-20 m). This implies that the aquifer should not be 
vulnerable to contamination. This, however, does not rule out the fact that recharging areas to 
be protected. There are also areas where the level of clay has a high percentage of sand, 
which however has not provided evidence of vulnerability. 
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1. INTRODUCTION 
 
Salinization is a process by which salts accumulate in the soil and groundwater. This problem 
is significant worldwide as salts hinder the growth of vegetation and crops and is also 
problematic for domestic water supplies. In large parts of southern Africa, where the 
environment is arid to semi-arid, this problem is particularly pronounced. However, in some 
areas it is doubly problematic because of the presence of mineral deposits and mining 
activities in the same regions. This is the case with the Buffels River Valley where there is a 
long history of Cu and diamond mining and the deep and shallow groundwater is moderately 
to severely saline [1]. The high salt loads were attributed to either dissolution of the bedrock, 
which is dominated by granite and orthogneiss, or to the high evaporation rates 
(3500mm/year), which lead to subsurface salt precipitation [2] [3]. Along the Buffels River, 
salt loads increase towards the coast (~180 mg/L Na, 85 kms from coast to ~650 mg/L Na at 
the town of Kleinzee on the coast) [4].  
 
The town of Kleinzee installed a membrane across the Buffels River, ~5.5 km up the Buffels 
River from the coast, in the 1960’s to improve access to water in the area. The idea was that 
the membrane would dam water underground which could then be pumped to the town water 
storage facilities. However, the membrane could also act as a concentrator of: (1) dissolved 
metals that are transported down the river in the shallow groundwater; (2) dissolved salts also 
transported down the river in the shallow groundwater; and (3) heavy metal contaminated 
particulate matter and sediment during storm and other episodic flood events. This study aims 
to examine this process of concentration by collecting shallow groundwater and soil samples 
from upstream and downstream of the membrane. These results will help in understanding 
the distribution and transport of the salts and trace metals in the Buffels River and assess the 
concentration effect the membrane is having. At the moment, the pH of the shallow 
groundwater in the river bed is relatively neutral. This suggests that most heavy metals will 
be present as particulate matter rather than dissolved species. The quality of the shallow 
groundwater, in terms of the heavy metal content, is thus probably only dependent on 
potential changes in the pH of the shallow groundwater. The membrane therefore has the 
possibility of storing heavy metals as particulate matter, but would be vulnerable to changes 
in pH should acid mine drainage from the surrounding mines become a problem. In order for 
a remediation plan to be established for the area, the source and transport mechanism of the 
groundwater salt and trace metals need to be understood.  
 

2. AIMS AND OBJECTIVES 
 
This study will investigate the transport and accumulation of metals and salts in the 
groundwater of the Buffels River above and below the membrane. The following aims and 
objectives are outlined: 
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Abstract: Olkaria geothermal field reservoir is high temperature liquid dominated with 

installed capacity of 559 MWe that is equivalent to 50 per cent of the total national installed 

capacity of 1,988 MWe from a mix of energy sources. The geothermal reserves sustainability 

of future electricity production raises the origin and hydraulic dynamics of the exploited 

geothermal fluids concerns. Qualitative interpretation of the available data from production 

wells ranging from 700m to 3000 m sampled at different times and analysed in different 

laboratories were analysed for major and trace elements and isotopic elements (
2
H, 

3
H, 

11
B, 

13
C, 

14
C, 

18
O, 

87
Sr/

86
Sr) parameter. Local volcanic eruptions and tectonics could have 

enhanced fracture and fault permeabilities and accelerated geothermal reservoirs recharge. 

All the reactive components are controlled by local equilibrium with hydrothermal minerals 

but the concentrations of major reactive components (CO2) may be externally controlled by 

its flux to the hydrothermal fluid. Stable isotope compositions (δ
18

O–δD) of the geothermal 

brine indicate mixing between meteoric water and a minor magmatic component. The 

ascending deep liquid water to the surface causes boiling from pressure drop, which favors an 

increase in the steam phase within the brine. The fluid becomes steam-dominant in the 

shallowest zone, and mixes with meteoric water in perched aquifers during this ascent. The 

high temperatures at depth in the geothermal fields affect the isotopic exchange reactions 

between the fluids and the reservoir rocks. The fractionation factors between the compounds 

that coexist in the fluid permit many isotopic geothermometers to provide useful indications 

on the temperatures of the main reservoirs. The isotopic and chemical compositions of 

geothermal fluids were compared with surface waters and Olkaria host rocks to define 

primary provenance as well as type and degree of hydrothermal alteration and to determine 

the geothermal water evaluation and sources. Changes with time in fluid compositions 

provides valuable information production load factors requiring continuous isotopic reservoir 

monitoring for rates of depletion or recharge. 

 

1. INTRODUCTION 

 

Volcanic activity progressed from Miocene to present with eruptions of rocks ranging from 

intermediate to acid with minor basic eruptions. Major volcanic activities of caldera and 

fissure controlled eruptions resulted in fresh lava rocks and pyroclastic uneven covered 

surfaces. Occurrences of trachytic and basaltic formations indicate the area is within a graben 

that may have extruded during the Pliocene lavas formation. The extensive highly 

differentiated pyroclastics either indicate a large evolving magmatic body or fractures and 

faults reactivation caused by enhanced heat flow and vertical permeability. Rejuvenated 

fractures during the recent volcanic and tectonic activities control secondary permeability, the 

main reservoir characteristics to influence the geothermal potential. Enhanced secondary 

permeability may be found at the faults intersection. The Bulk permeability decreases with 
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depth. The distribution of the narrow upflow zones accounts for the variation in the output of 

the production wells.  

 

Our understanding of hydrological process in the subsurface must be obtained indirectly. The 

variations in the 
18

O/
16

O, D/H, 
13

C/
12

C, 
34

S/
32

S isotopic ratios of several components of 

geothermal fluids have been used in study of thermal systems. Oxygen and hydrogen isotope 

properties of hydrous silicate mineral formed by weathering, hydrothermal, metamorphic and 

igneous process retain a record of the fluids involved in their chemical evolution, and can be 

used to characterize fluid rock interaction. The anomalously low hydrogen isotope 

composition of fluids is not due to mixing or boiling process. Deuterium values of 

hydrothermal epidote retain an isotopic signature of derived ice age fluids that existed early 

in evolution of the geothermal system, which diffussionally exchanges with modern 

geothermal fluids, lowering the fluid hydrogen isotope compositionally by as much as 20‰ 

(Pope, 2011). Isotopic measurements of deuterium content in thermal waters of local 

meteoric origin in hydrothermal discharges are close to that of local groundwaters. The 

isotopic composition of the geothermal water shows a large distribution of the enriched lake 

water (Naivasha 6.6 ‰ 
18

O and 35 ‰ 
2
H). The unmodified groundwater forms a cluster with 

a mean isotopic composition of (-4.6 ‰ 
18

O and -28 ‰ 
2
H) (Ojiambo and Lyons, 1996; 

Ojiambo et al., 2001). The enrichment in δ
18

O is due to the rock–water interaction at 

relatively high temperatures. δ
13

C stable isotope data show a magmatic source with a minor 

meteoric contribution for CO2. The same fractionation tendencies are observed for fluids in 

the reservoir for δ
18

O. The evaporation from the hot underground reservoirs (fumaroles) and 

variation of the isotopic composition of the local rainfall may equally affect the isotopic 

composition of the deep rift valley groundwater. 

 

The assimilation and homogenization of Sr and B isotopic signature between Olkaria 

geothermal field and reservoir rocks as well as fluid enriched in K, Li, and SiO2 suggest a 

mature degree for hydrothermal alteration, mainly by desorption of exchangeable B in clays, 

albitization of K-feldspars, chloritization and interaction with siliciclastic rocks. More 

controlled sampling and seasonal variation monitoring of the stable isotopes is required to 

enable quantitative evaluation of the evolution of the Olkaria geothermal fluids. 

 

Ojiambo et al. (2003) suggest that Stable O and H isotopes revealed much of the groundwater 

south in the Olkaria geothermal field consists of lake water. Ojiambo et al. (2003) further 

state that the 
87

Sr/
86

Sr ratios are similar to peralkaline rhyolites of the Olkaria geothermal 

field exhibit the most radiogenic Sr isotope signature of all rocks exposed within the 

Naivasha watershed (
87

Sr/
86

Sr ranges from 0.70607 to 0.711891). The agreement between the 

qualitative observations using these tracers and the mixing proportions previously defined 

with 
2
H is compelling to the use of these tracers in future groundwater-lake studies applicable 

to geothermal management (Ojiambo et al., 2003). 

 

In the Olkaria West and Domes sectors, the CO2 aquifer fluid concentration is controlled by 

its flux from the magma heat source, but in other parts of the Olkaria field, it closely 

approaches equilibrium with the epidote–prehnite–calcite–quartz hydrothermal mineral 

assemblage (Karingithi et al 2010). Hydrothermal solutions is explained largely in terms of 

magmatic contributions limited to the supply of heat at elevated temperatures that enable 

interaction of meteoric waters with crustal rocks (Hedenquist, 1987; White and Hedenquist, 

1990). Fractionation produces very useful Boron isotopic variation in hydrologic systems 

during mineral crystallization (Oi et al., 1989) and hydrothermal alteration of rock (Spivack 
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et al., 1990; Leeman et al., 1992). Chloride and boron levels define recharge areas and up 

flow zones in a geothermal prospect (Opondo, 2006). 

 

2. METHODOLOGY 

 

Qualitative interpretation of the available data from production wells ranging from 700 m to 

3000 m sampled at different times and analysed in different laboratories were analysed for 

major and trace elements and isotopic elements (
2
H, 

3
H, 

11
B, 

13
C, 

14
C, 

18
O, 

87
Sr/

86
Sr) 

parameter. 

 

3. RESULTS AND DISCUSSION 

 

Results show Olkaria northeast and Olkaria domes samples plot within the same range. 

Olkaria west and central plot together ranging from -0.75 to -5.4‰, the D from 0.38 

to -14.92‰. Depletion of 
18

O could be due to high CO2 in the geothermal system in Olkaria 

west and it vicinity. There is a preferred uptake of 
18

O atoms, thus depleting the reservoir 

fluid of the same. 

 
Figure 1: Stable isotope composition of samples from Olkaria geothermal field (Source: 

Karingithi, 2000). 

 

Water from the eastern Olkaria sector is enriched in both deuterium and 
18

O relative to local 

precipitation and as this water falls on or close to the local meteoric line, this indicates that 

the water evaporated before infiltrating into the bedrock of the geothermal system. 

Olkaria geothermal waters are composed of mainly deep hot waters with some shallow 

groundwater's from the Rift Valley flanks and evapo-concentrated water from Oloidien Bay. 

The flashed water discharged from wells is of the Na–Cl or Na–HCO3 types (Ojiambo, 1992). 

Despite the agreement between the qualitative observations using these tracers and the 

mixing proportions previously defined with 
2
H the conclusions are contradictory in the sense 

of exclusivity of long residence time to enable water rock interactions Sr exchange compared 

to the short-term residence of the lake water contribution to the Olkaria geothermal system. 

The substantially lower Sr concentrations of the thermal waters compared to mean Sr 
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concentration of comendite may reflect Sr removal during carbonate mineral precipitation in 

these fluids. 

 

4. CONCLUSION 

 

The relationship between concentrations of elements can be used to identify particular waters 

in a geothermal system and to predict rock type with which the waters have been in contact. 

The water rock interaction can indicate flow paths and residence times. Changes with time in 

the fluid compositions provide valuable information on the response of exploited reservoir to 

cold recharge and production load factors. In Olkaria west and central the isotope 

composition D varies from -18 to 0‰, while 
18

O varies from -6 to 1‰. Water in Olkaria east, 

Olkaria northeast and Olkaria domes the D varies from 0.2 to 20‰. Fracture and faults affect 

recharge as revealed by the major difference 
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Abstract: The Dhofar Mountains in southern Oman are a monsoon affected region every year 
between June and September. The Asian summer southwest monsoon is the major source of 
groundwater recharge. Increasing spring discharge at the foot hills of the mountains and 
subsurface inflow from the mountains into the coastal plain indicate the role of the monsoon 
precipitation for the water availability in the plain. 14C activities and stable water isotopes (H, 
O) of spring and groundwater were analyzed to assess the residences time of groundwater in 
this southern mountain range. In a first assumption the 14C activities between 51.2 and 
72.5 %MC point to a mixture of modern to young aged groundwater. Based on the δ2H and 
δ18O values ranging from 0.27 to 1.40‰ in δ18O and -0.6 to 7.3‰ in δ2H, respectively, the 
origin of the groundwater is clearly monsoon water. However, mixing processes along the 
subsurface water divide as well the karstic flow regime has to take into account when 
concluding residence times based on the 14C activities.   
 

1. INTRODUCTION 
The Sultanate of Oman on the southeastern coast of the Arabian Peninsula belongs to the most 
arid areas in the world. The southernmost governorate Dhofar is one of eight main 
administrative regions of the Sultanate with Salalah in the center of the coastal plain (about 
65 km long and 15 km wide). Adjoining to the plain are the Dhofar Mountains with elevations 
more than 1,000 m amsl (Figure 1 A). 
 
The Dhofar Mountains divide the semi-arid coastal plain from the arid interior area, the Najd  
Annual average temperatures are 26°C for the coastal plain and 21°C for the mountains [1], 
and the yearly amount of rainfall is 104 mm a-1 in the plain and 299 mm a-1 in the Dhofar 
Mountains. The most reliable source of precipitation is the monsoon [2] consisting of ongoing 
light rain, drizzle and mists, and can last from days up to months. Under today’s climatic 
conditions, the monsoon does not reach the interior area of Dhofar and mainly affects the 
south side of the mountains. A special feature of the Dhofar Mountains is the cloud forest 
which improves recharge of monsoon moisture. Other weather systems delivering rainfall to 
Dhofar are frontal systems originating in the Red Sea or the Mediterranean Sea and cyclones 
coming from the Arabian Sea [3]. Increasing groundwater levels in the coastal plain and 
increasing spring discharge during and after the monsoon indicate that Groundwater recharge 
takes place at the south side of the mountains whereas a monsoonal source was identified by 
stable isotopes of the water [4].  
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Figure 1: Study area with coastal plain and Dhofar Mountains. A) The Dhofar Mountains divide the 

coastal plain from the interior area, the Najd. Blue points: spring locations. B) Schematic structure of 

the monsoon induced flow system at the south side of the Dhofar Mountains 

Four springs and two groundwater wells were sampled in the present study aiming on 
understanding of the groundwater flow regime and residence times by 14C and stable water 
isotopes. The elevation of the springs is between 120 (Garziz, Sahalnout, Tabrok) and 140 m 
amsl (Arzat). Only the Arzat spring is active throughout the year, the other springs discharge 
water some weeks after the beginning of the monsoon and fall dry the following spring. 
Error! Reference source not found. shows a schematic cross-section for the subsurface flow 
system at the south side of the Dhofar Mountains.  
 

2. DATA AND METHODS 
Four springs and two groundwater wells were sampled in January 2012 for the analysis of 14C 
activity, of stable water isotopes and dissolved inorganic carbon (DIC), and of water 
chemistry. 14C activities were measured by AMS organized by the Institute for Environmental 
Physics of the University of Heidelberg. Stable isotopes (H, O) and water chemistry were 
analyzed at the Helmholtz Centre for Environmental Research UFZ [see 4]; δ13C-DIC values 
were measured at the Institute for Environmental Physics, Heidelberg, using IRMS. 
 

3. RESULTS AND DISCUSSION 
The measured 14C-DIC activities in the groundwater and spring water range from 51.2 to 
76.9%MC, with uncertainties below 1%MC (Table 1). The relatively high 14C activities from 
the spring waters can in general be attributed to modern or young groundwater components, 
most likely as admixtures of groundwater of different origin. Under pH conditions the HCO3

- 
concentrations are assumed as DIC with δ13C values ranging from 0.57‰ to - 11.58‰.  The 
low δ13C value in Sahalnout spring water points to an influence of soil organic carbon 
whereas Arzat spring and groundwater seems to be effected by the carbonate matrix 
(limestone-dolomite) of the karst system showing the lowest 14C activities. 
 

Previous investigations have shown already that the Arzat spring differs from the other 
springs. Stable isotopes of the water and water chemistry data indicate a different behavior of 
the Arzat spring [4]. Our 14C-data confirm these previous investigations. One reason for the 
different flow conditions at Arzat is probably due to different geologic conditions which 
influence the hydraulic connection between the main mountain aquifer (Umm Er Radhuma 
(UER)) and the aquifer in the plain (Fars). Around the Arzat spring the formations are 
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elevated to a point that only UER and Fars are directly connected, leading to higher inflow of 
water from the mountains to the plain. Other reasons for higher discharge at Arzat could be 
areal variations in recharge, size of catchment areas or varying aquifer storage characteristics. 
 
Table 1: Hydrochemical and stable and radioactive isotope data from the spring and groundwater 

Spring/Well EC T pH HCO3
- δ13C-DIC 14C 

  µS cm-1 °C mmol L-1 ‰ VBDB %MC error 

Garziz1-X 
    

-4.74 72.5 0.21 

Garziz Spring 693 29.1 7.43 4.08 -3.43 69.3 0.19 

Tabrok Spring 683 
 

7.20 4.75 -3.94 76.9 0.2 

Arzat1-X 675 25.0 7.36 
 

-1.29 52.9 0.17 

Arzat Spring 795 29.7 7.44 4.30 0.57 51.2 0.16 

Sahalnout Spring 688 29.9 6.84 4.03 -11.58 69.9 0.19 
EC = electrical conductivity, HCO3

- = DIC  
 

Based on these assumptions of the flow regime of the four main springs, we used the 14C 
activities and additionally stable water isotopes [4] to understand on the flow regime and the 
recharge process. We calculated 14C ages using the general 14C decay relation with the 
measured 14C activity At and the initial activity A0 (in%MC). 
 
For the everlasting problem of the A0 correction, we used the mixing assumptions for the 
carbon components by Fontes & Garnier [5] and the A0 correction constant by Tamers [6]. 
The δ13C-DIC values were analyzed directly from the groundwater samples (Table 1 & 2). 
Limestone from cores (UER aquifer) has a mean δ13C value (3 samples) of 2.6‰, and the 
δ13C of soil gas CO2 is -19.7‰ [7]. The isotope enrichment factor ε for DIC-CO2 at 30°C was 
set to -9.5‰. Using the Fontes & Garnier [5] approach we calculated the A0 correction q1 as 

q1 = (δ13C-DIC - δ13C-soil gas) / (δ13C-soil gas - εDIC-CO2 - δ
13C-carbonate), 

Table 2: Calculation of 
14

C ages based on different approaches 
Spring/Well δ13C-DIC 14C 14C Age (1) q1 14C Age (2) 14C Age (3) 

 ‰ VBDB %MC error  a a a 

Garziz1-X -4.74 72.5 0.21 2664 1,169 3955 modern 

Garziz Spring -3.43 69.3 0.19 3030 1,271 5015 modern 

Tabrok Spring -3.94 76.9 0.2 2175 1,231 3892 modern 

Arzat1-X -1.29 52.9 0.17 5257 1,439 8263 314 

Arzat Spring 0.57 51.2 0.16 5529 1,584 9331 586 

Sahalnout Spring -11.58 69.9 0.19 2966 0,635 modern modern 
Age(1): uncorrected age, A0=100%MC; Age(2): corrected age by q1 after [5], A0=100%MC; Age(3): corrected 
after Tamers, A0=55%MC 

 
The calculated 14C ages with the Tamers’ constant yielded ages being too low because of 
underestimation of A0 to At. The correction of A0 by q1 resulted in the highest 14C ages 
considering isotope fractionation between the carbon components. The q1 values increases the 
A0 values significantly expressed in those high ages. Uncorrected 14C ages are lying in 
between the corrected ones. Although the measured 14C activities are relatively high in 
relation to groundwater from the northern Najd aquifers [7] they differ significantly within the 
spring locations. The calculate 14C ages from Arzat are considerably higher compared to the 
other samples. The lower 14C activities at Arzat result in considerably longer groundwater 
residence times compared to the samples taken at the other locations. Strauch et al. [4] 
showed that the Arzat spring water differs from the other springs by a stronger depletion in 
18O and 2H, but still clearly resembles monsoon precipitation as the source of the water. 
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Paleoclimate studies have shown that monsoon has been the source for precipitation in the 
Dhofar Mountains also in the distant past [8]. Since the precipitation source (and with that the 
source for groundwater recharge) did not change, we interpret the data as an admixture of 
modern and (different) old groundwater components. The presence of modern water is 
confirmed by nitrate contents in all spring waters between 10 and 16.4mg L-1 [4]. Thus, the 
calculated 14C ages are mixing ages. 
Our interpretation is that the reservoir in the mountains was initially filled during more humid 
times in the distant past. The inflow from the mountains to the plain depends on the local 
conditions, such as connection of the aquifers, subsurface catchment or interconnectivity of 
the reservoir behind. Before the development of the coastal area started (and with that the 
abstraction of large amounts of groundwater from the coastal aquifer), the system was in a 
nearly steady state. Inputs to the system (monsoon recharge) were in balance with outflows 
from the system (inflow to the coastal plain). The lower 14C activities, pointing to longer 
groundwater residence times are an indication for the drainage of older groundwater 
components. In summary, all water flowing from the mountains into the coastal plain is of 
monsoon origin, but can have quite different groundwater residence times.  
 

4. CONCLUSIONS 
The measured 14C activities presented in this study and stable water isotopes confirm the great 
importance of the monsoon for the groundwater system of the Dhofar Mountains and the 
adjoining coastal plain in the past and today. Fresh monsoon precipitation infiltrates at the 
higher elevations into the ground, fills the underground reservoir and pushes the (older) water 
downstream into the coastal plain and the springs at the foot of the mountains. Due to heavy 
abstraction the coastal aquifer is under pressure. Results from previous ecohydrological 
studies on the Dhofar The cloud forest hydrology suggest that the forested regions have 
substantially recharge potential. Future activities should therefore concentrate on the effect of 
re-forestration on the groundwater resources. 
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Abstract: Abaya geothermal prospect is one of the geothermal fields in Ethiopia that were 
recommended for further study by the UNDP (1973). It is located about 500 km south of 
Addis Ababa in the southern part of the Lakes District, Main Ethiopian Rift. It is named after 
the Abaya Lake, which is 6º 15`N 37º 55`E, that occupies a tectonic depression in the Rift 
floor because most of the thermal springs are located around the lake shore.  Twenty water 
samples, most of which are near neutral to slightly alkaline in pH, that include thermal 
springs, cold springs, a lake and rivers, were collected in the area of study. According to the 
Langelier Ludwig diagram, the water chemistry suggests the existence of NaCl-HCO3 and 
NaHCO3 water types. The reservoir temperature, as shown in the Giggenbach ternary 
diagram, indicated an equilibrium temperature of 250ºC and 180ºC for Wache and Bolocho 
hot springs respectively. Furthermore, the ternary diagram has indicated that Wache and 
Bolocho are in the quasi equilibrium zone. Soluble constituents, in association with Cl, may 
be used to determine whether the system contains one or several aquifers. Therefore, from the 
Cl versus B, Cl versus Na and SiO2 versus TºC plots, it was possible to observe the existence 
of two types of aquifers. The δ2H versus δ18O plot has revealed “18O-shift’ of 1.5‰ for 
Wache spring which might indicate higher circulation period and longer residence time. 
Others are shown to cluster in the GMWL (Global Meteoric Water Line) showing that they 
are meteoric in origin, which implies that they were recently involved in the hydrologic 
circulation. 
 
1. INTRODUCTION 

This paper mainly focuses on deep temperature determination and water type identification of 
the Abaya geothermal prospect, figure 1. The thermal springs emerge close to the permanent 
water bodies i.e., Lake Abaya and Bilate River. The most spectacular hot springs are located 
on the North West shore of Lake Abaya, where north-north east trending regional faults 
border the lake (UNDP 1973). For the purpose of geochemical and isotopic investigation of 
the area twenty water samples were collected in duplicate for chemical and isotopic analysis. 
These samples include thermal springs that have temperatures (37 - 95ºC) and medium to 
high flow rate. The cold spring has a temperature of 19ºC and having variable flow rate that 
is high during the rainy season and low during the dry season. The rivers sampled are all 
perennial and having good flow rate. The lake sample was collected from Abaya Lake, the 
largest of all the lakes in the Lakes District, Main Ethiopian Rift. 
 
2. OBJECTIVE OF THE STUDY  
The objective of the geochemical study is to investigate the geothermal potential of the area 
in order to supply geochemical information that helps in selecting sites for future drilling of 
exploration wells together with geological and geophysical information. 
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3. SAMPLING TECHNIQUES AND ANALYTICAL METHODS   
 
3.1 Sampling Techniques 
The nineteen water samples that were collected in the study area include 15 thermal springs, 
one cold spring, 3 rivers and one lake water sample as well. Spring samples were collected 
from relatively appreciable flows that remain constant throughout the year. River samples 
were collected from the central portion of the channel. The lake sample was collected by 
deepening the sample vessel to approximately 50 cm, and at a distance of 10 meters from the 
lake shore. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Location map of Abaya geothermal prospect 
 

3.2 Analytical Methods 
The isotopic ratios 18O/16O and 2H/1H were analyzed at the Isotope Hydrology Laboratory, 
IAEA, in Vienna. The isotopic results are reported in per mill (‰) deviation with respect to 
the Vienna Standard Mean Oceanic Water (VSMOW), with uncertainty levels of ±0.1 and 
±1.0‰ for 18O and 2H respectively, IAEA (1981). Chemical analysis of the major and minor 
ion compositions were carried out in the Geological Laboratory of the Geological Survey of 
Ethiopia and reported in parts per million (ppm). 
 
4. CHEMISTRY OF THE SAMPLED FEATURES 
The assessment of the chemistry of the thermal and cold water features helps in 
understanding the water type as well as the deep temperature of the system. The water 
features sampled in the area of study are near neutral to slightly alkaline in pH. Wache is the 
most vigorous hot spring in the area, located on the north-west shore of Lake Abaya. Its pH is 
alkaline, 9.6. It has comparatively high Cl (762ppm), and high TDS (total dissolved solids) 
value (2860mg/l), Its SiO2 content (433ppm) is the highest in the Lakes District (UNDP-
1973). The Bilate hot springs have relatively low Cl (50-55ppm) and low SiO2 (130-
150ppm). Where as Bolocho spring has relatively higher Cl (126ppm) and SiO2

 (251ppm). 
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The cold spring, the river samples and the lake sample have low ion composition, but Abaya 
Lake has rather higher HCO3 content (477ppm). Soluble constituents in association with Cl 
may be used to determine whether the system contains one or several aquifers, Ellis and 
Mahon (1977). Therefore from the Cl versus Na, Cl versus B and SiO2 versus TºC plots it 
might be possible to observe the existence of two types of aquifers, see figures below (figure 
2). Besides the F versus Cl plot indicates that there is a good correlation of the respective 
constituents, see figure below. 

Figure.2. Hydrochemical plots 
 
5. WATER TYPE IDENTIFICATION 
5.1. Langelier Ludwig Diagram 
According to the Langelier Ludwig diagram fig. 3 the water chemistry suggests the existence 
of two major water types, in the Abaya geothermal prospective area, namely: NaCl-HCO3 
and NaHCO3 waters. 
 
5.2. Cl-SO4-HCO3 Diagram 

This is mostly applied to geothermal waters in relation to the application of geothermometers, 
as shown in figure 4 below. 
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1) The near neutral to slightly alkaline in pH waters with relatively high Cl content that plot 
along the Cl-HCO3 axis close to the Cl quadrant are favored in the application of 
geothermometers. 

Fig. 3: Langelier Ludwig plot for Abaya water samples 
 

2) The waters that are more alkaline in pH and with high HCO3 content are not important in 
the application of geothermometers. As a result only the thermal springs are used in the 
application of geothermometers. 

 
Fig 4: Cl-SO4-HCO3 plot for Abaya water samples. 

 

6. DEEP TEMPERATURE DETERMINATION   
One of the important parameters to know in the assessment of thermal systems for practical 
use is the actual temperature of the reservoir, (Giggenbach and Goguel 1989). For doing so 
the application of chemical geothermometers is inevitably very essential. 
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The high Na/Ca (6850), (1154) and low Na/k (7.8), (19.2) ratio for Wache (Sp-5) and 
Bolocho respectively, qualitatively indicate high reservoir temperature. The graphical 
presentation of the Giggenbach geothermometer Na/1000-K/100-√Mg, figure 5, has indicated 
equilibrium temperature of 250ºC for Wache (Sp-5) hot spring and 180ºC for Bolocho hot 
spring. The SiO2 geothermometer (quartz) with no steam loss, D’Amore (1999) has also 
given 220ºC for Wache which might suggest that there is no sea water interference. 
Furthermore the ternary diagram has shown that Wache and Bolocho are in the quasi 
equilibrium zone.    

 

Fig 5: Na/1000-K/100√Mg plot for Abaya water samples 
 
7. ISOTOPIC COMPOSITION OF THE SAMPLED FEATURES  
The δ18O versus δ2H plot for the water samples collected from the Abaya geothermal 
prospect is given in figure 6. The isotopic composition shows that the water features have not 
been subjected to evaporation effect. As a result they are all shown to cluster along the 
GMWL, revealing that they are meteoric in origin which implies that the waters have been 
involved recently in the hydrologic cycle. 

Figure 6: δ18O versus δ2H plot for Abaya water samples 
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The isotopic composition of Lake Abaya shows surface evaporation effect, resulting in 
disequilibrium enrichment of δ18O and δ2H content. Wache spring has shown 18O-shift which 
probably indicates an exchange of 18O with rocks having higher 18O/16O ratio with respect to 
the original source water. The 18O-shift is in the order of 1.5‰ which might indicate higher 
circulation period and longer residence time as well.  
 
8. SUMMARY OF RESULTS AND RECOMMENDATIONS 
 
The main results of the geochemical and isotopic studies of the water features of Abaya 
geothermal prospect can be summarized as follows: 
 
1) Using the Langelier Ludwig diagram the water chemistry suggests the existence of NaCl-
HCO3 and NaHCO3 water types in the area of study. 

2) The deep temperature determination using the chemical geothermometers and the 
Na/1000-K/100-√Mg ternary diagram have shown 250ºC for Wache (Sp-5) thermal spring, 
The SiO2 geothermometer (quartz with no steam loss) has given 220ºC for Wache (Sp-5) 
which implies that there is no sea water interference. Furthermore the Na/1000-K/100-√Mg 
ternary diagram has indicated that both Wache and Bolocho thermal springs are in the quasi 
equilibrium zone.  

3) The different plots such as Na versus Cl, Cl versus SO4, and Cl versus B have shown a 
clue of the possible existence of two different aquifers.   

4) Wache (Sp-5) thermal spring has shown 18O-shift in the order of 1.5‰ which might 
indicate higher circulation period and longer residence time. 

5) Therefore as far as the above results are considered it might be possible to recommend 
that further geophysical and drilling of TG-well (Temperature Gradient) to focus on Wache 
area followed by Bolocho. 
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Abstract: Chloride results show a high contrast between low salinity river water and highly 

brackish groundwater. These data have been used effectively to estimate mixing proportions 

between recycled water and groundwater. Estimating the extent of mixing between water 

types using δD and δ
18

O could be achieved for short-term events but the high variability of 

stable isotopic compositions of rain/recycled water makes it less useful than chloride. 

Nevertheless, for long-term, spatially averaged information, chloride ion data is preferred. 

The surface water evaporation line and groundwater show some overlap. The overlap may be 

caused by (1) evaporated surface water used as an irrigation source recharging the aquifer 

locally; (2) evaporated groundwater providing baseflow to the rivers. 

1. INTRODUCTION 

In many urban centres of the world, rapid urbanization and population growth placed serious 

constraint on the available water resources. Urbanization also results in degradation of the 

surface and groundwater, further threatening the availability of the existing resources in many 

cities. The current state and emerging trends in urban hydrology across Australia is linked 

with increasing development and population growth in large cities and urban centres. These 

have implications on hydrological processes and water resources management especially the 

use of aquifers in and near urban areas.  

The Werribee Delta in the western fringes of Melbourne metropolitan area represents one of 

those challenging groundwater management areas of Australia. Groundwater is used for 

irrigation supporting a major horticultural industry on the eastern portion of the delta (east of 

the Werribee River). The delta to the west of the Werribee River, used for land treatment of 

sewage, has extensive sewage treatment lagoons. Water stress rapidly increased during the 

drought years (1997-2007) mainly due to increasing agricultural production and population 

growth. Therefore, a proper understanding of flow and hydrological processes of the 

catchment that define the relationship between river water, shallow groundwater and 

precipitation is an essential requirement for groundwater-resource management of the district. 

Such understanding has the potential to contribute to water-management strategies in other 

similar semi-arid regions of the world. This study demonstrated tracing of flow and recharge 

using chloride and stable isotope tracers in the Werribee Irrigation District. The objectives 
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include: (i) tracing of physical water movement and mixing using conservative environmental 

tracers (Cl, δD and δ
18

O), (ii) evaluating the various reactions induced by mixing of 

contrasting water types and (iii) understanding the connectivity of surface and ground water 

resources. 

2. METHODS 

The vegetable growing Werribee Irrigation District (WID) lies on Melbourne’s rapidly-

developing western urban fringe underlain by shallow Delta aquifer; a part of the metropolis 

declared as a Water Supply Protection Area (WSPA, i.e. Deutgam WSPA). Deutgam WSPA 

is located around the Werribee South irrigation area (Figure 1). The Werribee Delta aquifer 

system is unconfined to semi-confined; consisting of sand and gravel lenses situated within 

clays and groundwater depth varied between 4-7m below ground surface. The Delta aquifer is 

linked to both Port Phillip Bay and the tidal extent of the Werribee River [1].  

Chemical parameters were monitored throughout the study period (2007-2010) in 25 State 

Observation Bore Network (SOBN) and 11 private bores, whereas isotopic measurements 

were made primarily to target the seasons (i.e. summer and winter). Sea, river, recycled and 

rain waters were also sampled in the study period. Sea water was sampled at the delta coast 

while the Werribee River and its surrounding river waters were sampled along their courses. 

Recycled waters were sampled from irrigation supply channels and drains in the delta. Rain 

water was sampled at Werribee town. Samples for anion and cation analysis were filtered 

through 0.45 µm filters and were measured using liquid ion chromatography (DIONEX, DX-

ICS, AQ-1,500 and ICS-1,600). The oxygen and hydrogen stable isotope ratios of water 

samples were measured using a mass spectrometric system (Finnigan Mat Delta Plus), 

followed by the CO2-H2O and H2-H2O equilibration technique using platinum catalyst. The 

measured oxygen isotopic ratio was calculated using equation (1).  

σ (‰) = (Rx/Rst-1) x 1000                                                                          (1) 

where Rx is the stable isotopic ratio of x, sample and Rst the stable isotopic ratio of st, 

standard. This conventional notation as per mil (‰) deviations from the International Atomic 

Energy Agency (IAEA) Standard Mean Ocean Water (SMOW)/Standard Light Antarctic 

Precipitation (SLAP) reference standards. Analytical precision is ± 0.2‰ for δ
18

O and 

± 2.0‰ for δD. 
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Figure 1.  Location of the Deutgam WSPA, western fringe of Melbourne. Inset: map of 

Australia with the Deutgam WSPA (red spot) in Victoria (grey shade). 
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3. RESULTS 

Chloride results show a high contrast between low salinity river water and highly brackish 

groundwater, providing data used to estimate mixing proportions between recycled water and 

groundwater. Estimating the extent of mixing between water types using δD and δ
18

O could 

be achieved for short-term events but the high variability of stable isotopic compositions of 

sampled rainwater/storm water runoff (Table 1) makes it less useful than chloride. The use of 

both tracers yield valuable hydrological information useful for environmental and resource 

management. For long-term, spatially averaged information, chloride ion data is still a 

preferred option, provided there is sufficient chloride contrast between recharge waters and 

groundwaters in the various aquifers. Where chloride levels are similar, specific information 

on the fate and mixing of waters, stable isotopes of water molecules may be more 

appropriate. The Cl
-
 together with δ

18
O/Cl

-
 and Cl

-
/Br

-
 ratios imply that evaporation (e.g. 

from shallow watertable) and transpiration (e.g. from the all-year-round cropping) during 

recharge represent the most important geochemical processes controlling groundwater 

composition, in addition to mineral weathering, based on a comparison between 

concentrations expected via conservative mixing of waters, and actual concentrations 

measured. The possible sources of recharge of the shallow aquifer are rainfall, Werribee 

River, and water from irrigation canals. Isotopic data of rivers are shown in Fig. 2 (δD and 

δ
18

O range from -30.9 to -0.8 ‰ and -4.0 to 0.4‰ respectively for River Werribee). All 

irrigation canals flowing through the WID originates from Werribee River mixed with 

groundwater in varying proportions. Their δD ranges from -22.2 to -13.2‰ with mean of -

17.7‰ and δ
18

O from -3.8 to -2.0‰ with average value of -2.8‰. Deep groundwater, data 

points of the river/canals lie at the lower end with high Ca and low Na. Groundwater with 

δ
18

O depleted than -8‰, indicating major contribution from river system, make a trend which 

start from river points and indicates increase of Na with decrease of Ca. this trend confirms 

the recharge from river system previously identified [2]. The groundwater having δ
18

O more 

enriched than -7‰ (mainly recharged by rainwater), lie in the upper part (high Na and low 

Ca) and slope of trend becomes slightly high, indicating water that evolved after travelling 

longer distance. This seems like baseflow mainly recharge by distant rains. The data 

belonging to the middle group (mixed type of water) is scattered showing different 

contributions of both sources. Shallow groundwater (Fig. 5) also show similar trend to that of 

deep groundwater but the data points are much more scattered, especially the samples with 

high δ
18

O, indicating that shallow groundwater is not recharged in a regular manner like the 

deep groundwater and various local sources are possibly contributing.  

Table 1.  The δ18O and δD compositions of rainfall sampled at Werribee during the study period (2007-2010). 

Sample Period 
Rainfall 

(mm) 

Temperature 

(°C) 

Humidity 

(%) 

δ
18

O 

(‰) 
δD (‰) 

December 2007 69.8 41(26) 48.0 -3.70 -14.15 

September 2009 58.8 31(19) 53.0 -6.85 -43.50 

October 2009 33.8 30(19) 54.0 -8.13 -57.56 

February 2010 27.2 35(27) 50.0 -3.60 -20.7 

April 2010 19.2 31(23) 55.0 -1.10 6.70 
Note: Temperature indicated is monthly maximum while the mean of maximum temperatures for the month is in parentheses. 

There is evidence of vertical mixing based on the TDS distribution, Cl
-
 and elevated NO3

-
 

concentrations up to 70 m depth below ground surface [2]. However, TDS and NO3
-
 contents 

generally decrease and homogenizes with depth. These are consistent with gradual vertical 

mixing from between saline shallow delta and lower salinity deeper groundwater in the 

Brighton Group aquifer. The highest concentrations are found in shallow groundwater 
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samples of bores screened in the delta aquifer; however elevated concentrations also occur in 

deep bores (Brighton Group), particularly along the same flow path in the NW end of the 

Deutgam WSPA, indicating downward leakage of shallow water and vertical mixing 

confirming results in [3]. The surface water evaporation line plotted on the same graph with 

groundwater show some overlap (Fig.2). The overlap may be caused by (1) evaporated 

surface water used as an irrigation source recharging the aquifer locally; (2) evaporated 

groundwater providing baseflow to the rivers. 

 

Figure 2. Overlap of Werribee Delta groundwater with evaporated surface waters. 

4. CONCLUSIONS 

Overall the data presented shows extensive recharge by rainfall, but the surface water leakage 

could be an additional source as evident in mixing proportions. The δD and δ
18

O values in 

shallow saline water being similar to recent precipitation are more consistent with this 

mechanism. The fact that shallow groundwater has a significant modern precipitation 

component and that irrigated agriculture has been practiced in the region for several decades, 

means that a large proportion of shallow groundwater would have recharged since intensive 

cropping of shallow rooted crops began. The high groundwater TDS and NO3 concentrations 

in this water may also indicate a component of irrigation returns (e.g. surface water, recycled 

water) that have undergone transpiration and dissolution of N from fertilizer applications. 

Using isotope geochemistry to identify recharge sources is an important contribution to 

protecting valuable groundwater resources within the metropolitan city of Melbourne. 
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Abstract: Establishing comprehensive chemical quality data of water, and in particular in 

arid climate regions, is becoming an essential issue for future development. Radioactivity 

characterization is one axis of the components commonly used for the quality assessment of 

water resources. Despite the huge cultural development in the Gulf Cooperation Council 

(GCC) countries, systematic data on the radioactivity of the naturally occurring radium-226 

(
226

Ra), a daughter nuclide of the 
238

U decay series is almost missing. In this investigation, 
226

Ra activity was measured in groundwater sampled from wells commonly used for domestic 

and agricultural purposes and are distributed in many places in the United Arab Emirates 

(UAE). The results indicate large scatter in the range of 
226

Ra activity where most of the 

groundwater samples have values < 1 Bq/L, but some samples exceed this value to reach up 

to 17 Bq/L. The permissible level for 
226

Ra activity in drinking water recommended by the 

WHO is < 1 Bq/L.  In most of groundwater, 
226

Ra is in equilibrium with 
238

U, but in some 
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samples, excessive 
226

Ra was observed. At the same time, it is observed that the highest 
226

Ra 

values occur in carbonate rock aquifers compared to other types of aquifers such as the 

Quaternary clastics, the sand dunes and igneous-metamorphic complexes. This first data set 

on 
226

Ra will form a seed for building up a country-wide natural radioactivity base line data, 

which will include as much as possible reservoirs and other nuclides such as uranium and 

thorium isotopes and their decay products. 
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Abstract: The Foussana Basin is located in the arid zone of northwestern Tunisia and is a 

typical closed inland basin surrounded by high mountains where theprecipitation varies over 

space and time as a resultof topography and seasonality. Foussana basin is a typical semi arid 

area where groundwater is very important for both domestic and agricultural uses. In the 

present study, the relationships of major elements(Na
+
, Ca

2+
, Mg

2+
, HCO3

−
, SO4

2−
 and Cl

−
) 

and environmental isotopes (δ
18

O, δ
2
H) in groundwaterwere analyzed to investigate the 

evolution of the regional hydrochemistry within the Foussana Basin. The 

hydrochemistryresults demonstrate two water typesThe SO4-Ca-Na-Mg water type is 

dominant in the PlioQuaternary aquifer, while SO4-Ca-HCO3-Na composition appears in the 

Miocene aquifer(typically from near mountain areas).The evolution ofgroundwater 

hydrochemistry within the Foussana Basin is a result of calcium carbonate precipitation, 

evaporationconcentration, cation exchange and dissolution of evaporites (i.e. halite, anhydrite 

and gypsum). Furthermore,evaporite dissolution associated with irrigation practice plays a 

key role in the groundwater salinization, especially inthe central part of the basin.  

Environmental isotopes reveal that the groundwater is recharged by precipitation in 

themountain areas.Waters from the Miocene aquiferwells have relatively depleted stable 

isotope compositions, however, in the central part of the plain groundwater of PlioQuaternary 

aquifer presents a stronger evaporativesignature. This support the hypothesis attributing a 

major role to evaporation processes in theformation of piezometric depressions in the central 

part of the study area. 
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1. INTRODUCTION 

 

The study area is located in the western part of central Tunisia [5]. It is limited in the east by 

Kasserine region, Algeria in the west, Sidi Bouzid region in the south and Siliana region in 

North. The sector is marked by large depression that collapsed due to extensional tectonic 

events in the boundary of this basin [1].This basin is surrounded by folded structures: Jebel 

Semmama, Jebel Biréno, Jebel Hamra in the West [2], and Jebel Chambi in the East [4] (Fig 

1). 

The main outcrop that marks the watershed of Foussana is the quaternary alluvium which is 

surrounded by Cretaceous reef of deposits covering folds Mountains bounding [6]. 

The Foussana basin constitutes a well-delineated hydrogeological basin of 650 

km
2
representing the main groundwater reservoir of the region in terms of availability and 

quality.This basin lodges a multilayered aquifer system constituted by the Plio-Quaternary 

deposits with two permeable levels (PlioQuaternary Aquifer (PQ1)and Pliocene Aquifer 

(PQ2) and by the Miocene Aquifer. 

 

The Foussanabasin is mainly occupied by agricultural areas with intensive use of chemical 

fertilizers, which represent, in addition to domestic and industrial discharges, a permanent 

risk to groundwater quality.The water in the Foussana basinrepresentsa priority economic 

resource because it is used in the irrigation of fields and domestic consumption. These water 

resources are becoming increasingly scarce, overused and poorly distributed, and especially 

more polluted.However, very little research has focused on evaluating the hydrochemical and 

physical processes in the basin through analysis of hydrochemical and isotopic data, 

including the impact of irrigation on groundwater. To address this, the present paper 

characterizes groundwater flow and analyzes major elements and environmental isotopes in 

the groundwater to provide information about the factors controlling groundwater salinization 

in the basin. 

 

2. METHODS 

More than 100 water samples were collected during 2010–2012 as follow: Mio- Plio-

Quaternary aquifer (50), Miocene aquifer (44), 6 hill dams storage. In addition samples were 

taken from local rivers in the basin. . Electrical Conductivity, pH, Eh and groundwater 

temperature were measured directly in the field. Water samples were analyzed for chemical 

and isotopic compositionsat the Laboratory of Radio-Analysis and Environment of the 

National Engineering School of Sfax. 

 

3. RESULTS 

The TDS values of groundwater samples range from 1à 5. g l
-1

, low TDS values (lower than 

1 g l
-1

) located in the level of borders of the plain. This may reflect a dilution effect at shallow 

aquifer levels by a local recharge through hills.The TDS increases gradually towards the axis 

of the plain where it exceeds 4g l
-1

. The mineralization of groundwater increases 

alsodownstream of the plain towards the discharge areas of theaquifer, reaching values 

between 2.5 and 5g l-1.This can be attributed to a contamination of shallow aquiferlevels by 

the evaporatedsurface water in theSouth East of the basin (depression area).  

The salinity of the Miocene aquifer is generally low subordinate in 2g l
-1

in the quasi- totality 

of the basin. The mountain of Nguiza and el Hamra and the zone of Zelfène (between 

Semmama and Biréno) constitute the recharge areas. The TDS values for groundwater exhibit 

a clear increase along the flow path from the mountain frontrecharge areas to the discharge 

areas in the central part of the basin; accordingly, the highest TDS values tend to occur in the 

southern east basin around the depression area. 
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Groundwater samples with low TDS values, which typically correspond to Miocene aquifer, 

are typically of SO4-Ca-HCO3-Na type water. In contrast, groundwater samples with high 

TDS values, most of which were collected in the PlioQuaternary aquifer, are typically of 

SO4-Ca-Na-Mg type water. The Na/Cl ratios of all water types are lowerthan 1,This canbe 

explained by dissolution of evaporites followedby ion exchange, which replaces Na
+
 with 

Ca
2+

 and Mg
2+ . 

 

The role of halite dissolution as one of the process contributing to thegroundwater 

salinization (Appelo and Postma, 1993),thisdissolution is verified throughthe inverse 

parabolic correlation between (Na +Cl)and the negative saturation indexes(Fig2), which 

indicates an undersaturationstate of groundwater with respect to the halite.Most waters show 

saturation with carbonate minerals (calcite,dolomite and aragonite),however all waters 

present an under-saturation state with respectto gypsum, anhydrite and halite minerals. To 

test the hypothesis that cation exchange significantly affects groundwaters compositions, 

relations were examined between Na-Cl and Ca+Mg-SO4- HCO3. Na-Cl (meq/l) represents 

the amount of Na gained or lost relative to that provided by halite dissolution whereas 

Ca+Mg-SO4-HCO3 (meq/l) represent the amount of Ca and MG gained or lost relative to 

that provided by gypsum calcite and dolomite dissolution. If cation exchange is a significant 

composition –controlling process, the relation between these two parameters should be linear 

with a slope of -1. (Fig 3) sows that all groundwater samples PlioQuaternary 1, 

PlioQuaternary 2 and Miocene water define a straight line (r
2
= 084) with a slope of – 084. 

In the Foussana basin PlioQuaternary aquifers, the majority of samples have nitrate 

concentration thatexceeds the drinking water standards of 50 mg/l (WHO2006). These high 

nitrate concentrations provide evidence for the significance of the returnflow waters 

contribution in the recharge of the PlioQuaternary aquifer. Indeed, ammonium nitrate, liquid 

fertilizer andother commercial complex nitrogen fertilizers are usedin large scale in the 

agricultural regions. In these area (PQshallow aquifer), NO3 contents are up to 150 mg/l. 

The isotopic composition of δ 
18

O and d δ 
2
H of all groundwaters in the study area ranges 

from -8.87‰ to -2.55‰ and from -19.36‰ to -57.62, respectively. The plots of δ 
18

O versus 

δ 
2
H fall both above and below the GlobalMeteoric Water Line (GMWL) of Craig (1961) 

 (GMWL: δ 
2
H = 8 δ 

18
O + 10) (Fig4)[3] 

 

Waters from the PlioQuaternary aquifer, which consists of wells from PlioQuaternary (PQ1) 

and Pliocene aquifers (PQ2), exhibit the more enriched δ 
18

O and δ 
2
H contents. These 

contents scatter over a relatively wide range, from-3.58‰ to -5.92‰ VSMOW for δ
18

O and 

from-29.87‰ to -57.32‰ VSMOW for δ 
2
Hrevealing enrichment through direct evaporation 

from these wells (PQ1, PQ2 and some Miocene samples located in the discharge area).This 

evaporation lends support to the modern origin of these waters. 

 

Waters from the Miocene aquiferwells have relatively depleted stable isotope compositions, 

its range between -6.05‰ to -8.87‰ for δ 
18

O and from –36.37‰ to -57.62‰ for δ 
2
H, this 

depletion may stem from altitude effect, but in major part it is most probably induced by 

selection of heavy, isotopically depleted rainfalls in the infiltration process. Indeed, rainfalls 

occurring in small amount in dry and hot seasons are strongly affected by evaporation process 

and thus they are enriched in heavy stable isotopes. These rainfalls did not contribute 

significantly to the groundwater recharge. It also could be attributed to a palaeoclimatic effect 

(recharge under colder climatic conditions than at present). 

 

Same samples of PlioQuaternary (PQ1) and Pliocene PQ2 groundwaters at the Foussana 

basin are isotopically similar to those from Miocene aquifer, plot above the GMWL and are 
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isotopically more depleted, this trend is likely to represent the mixing process between waters 

of these aquifers. The difference in δ 
18

O and δ 
2
H values between PlioQuaternary 

(representing ambient isotopic compositions of the upper aquifer) and some Miocene samples 

indicates differences in hydrostratigraphy and climate of the recharge areas of the two aquifer 

system. 

 

4. CONCLUSIONS 

A combination of hydrochemical and environmental isotope analysis has provided insights 

into theevolution of regional hydrochemistry within the Foussana Basin. The TDS values for 

groundwater increase along the flow path from the mountain recharge areas to the discharge 

areas. In particular, groundwater with high TDS values is found to consist primarily of SO4-

Ca-Na-Mg type water, which are located inthe central part of the basin (depression area). 

Dissolution of evaporites (particularly halite and gypsum), cation exchange and precipitation 

of calcium carbonate are found to be the primary contributors to hydrochemistry evolution 

within the basin. The relationship between δ
18

O vs.δ
2
H shows that groundwater in the 

Foussana Basin appears to be recharged by precipitation in mountain areas. Waters from the 

Miocene aquifer wells have relatively depleted stable isotope values; however, in the central 

and southern east part of the plain groundwater of PlioQuaternary aquifer presents an 

evaporativesignature. 

 

 
Fig 1 Study area. 
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Fig. 2 (Na + Cl)/SIhalite relationship  

Fig.3 Relation between Ca+Mg-SO4-HCO3 and Na-Clin GW of the Foussana basin. 

 

 
Fig 4 δ

18
O/δ

2
H diagram. 
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Abstract: A comprehensive isotope hydrogeochemistry of groundwater around Lake Nyos 

(Cameroon) was conducted for the first time. In August 1986 the lake emitted a large amount 

of CO2 that suffocated about 1800 people and 3500 cattle. Our study clarifies isotope 

geochemical characteristics of the lake water, groundwater, spring water, river water and rain 

water in the Lake Nyos catchment. The origin and recharge mechanism of groundwater were 

discussed based on the isotopic and chemical data. Evaluation of water quality was also 

carried out for people who were displaced after the disaster. The results are one of the 

important outcomes of the bilateral cooperative research project between Japan and 

Cameroon called SATREPS-NyMo which focuses on understanding and mitigating the Lake 

Nyos type disaster in Cameroon. 

 
1. INTRODUCTION 

Lake Nyos is a volcanic crater lake in Northwest Cameroon. In 1986 the lake suddenly 

released a huge amount of dissolved gas (mainly CO2 gas) killing approximately 1800 people 

by asphyxiation. The follow-up studies indicated that the CO2 gas was of magmatic origin 

and that the amount of CO2 in the lake kept increasing even after the gas release due to 

continuous supply of CO2 from magma through the bottom of the lake. Artificial degassing 

operation started in 2001 to make the lake safe, and the current amount of CO2 in the lake has 

decreased to ~25 % of the maximum value in 2001. However, a possibility of recurrence of 

the gas burst still remains because of the continuous supply of the gas. Thus, it is imperative 

to understand the current CO2 level in the lake and recharge mechanism of CO2. To this end 

groundwater system in the Lake Nyos catchment needs to be well understood. To accomplish 

this goal we have undertaken a hydrogeochemical study of the area. In the present paper we 

report the isotopic and chemical compositions of lake water, groundwater, surface water, and 

rain water to characterize (1) catchment scale water flows, (2) hydraulic connectivity, (3) 

recharge mechanisms, (4) residence time of groundwater, (5) mineralization processes, and 

(6) usability of groundwater for domestic purposes. 

2. METHODS 

We collected >50 samples of groundwater and surface water from the Lake Nyos catchment. 

Rain water was also collected monthly near the lake during the rainy season (March to 

October 2013). The samples were subjected to isotopic analysis (δD and δ
18

O) using infrared 

laser spectrometry and isotope ratio mass spectrometry. Chemical analysis for major cations 
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and anions was made using ion chromatography. Some groundwater samples from the area 

were analyzed for CFCs and SF6 using gas chromatography to estimate the residence time. 

3. RESULTS 

The δD-δ
18

O relationship of the waters from the lake, rivers and streams, groundwater 

(springs and shallow wells) and rain collected near the lake is shown in Fig. 1. The samples 

used in this study plot along the Global Meteoric Water Line [1]. The isotopic values of rain 

water vary with season. The pre-monsoon rains (March, April and May) were enriched in δD 

and δ
18

O, and monsoon rains (June to October) were relatively depleted with the lowest value 

in July. In Fig. 1, the isotopic values of the lake water, groundwater and surface water 

occupied a limited range of -25 ~ -10 ‰ in δD and -4.5 ~ -3 ‰ in δ
18

O. The lake water, 

however, is slightly more enriched than the other waters, and the delta values showed a 

narrow variation along the depth transect (δD= -13 ± 1 ‰ and δ
18

O= -2.8 ± 0.1 ‰) [2]. These 

results suggest that the lake water may be isotopically isolated from the surrounding 

groundwater and surface water. A well stratified nature of the lake water indicates that 

vertical mixing is limited [3]. 

The chemistry of groundwater and surface water showed that the waters had a mixed 

signature of Ca-Mg-HCO3 type with TDS values ranging from 28-489 mg/kg in dry season 

and 15-294 mg/kg in rainy season. The water type resulted from silicate weathering. The lake 

water is also of the Ca-Mg- HCO3 type, but enriched in ferrous iron. The Fe concentration 

increases drastically toward the bottom where the maximum TDS of ~2500 mg/kg is reached. 

This result indicates that ferric minerals like hematite is reduced to ferrous iron in an organic 

materials-rich anoxic environment. 

Figure 2 shows the variation with time in δ
18

O of rain water, air temperature, and 

precipitation amount. The δ
18

O of rain water showed a minimum in July and returned 

gradually to a higher level in the monsoon period. The relatively low isotopic ratios of the 

monsoon rains may be indicating predominant contribution of atmospheric moisture that 

comes from the Gulf of Guinea [4, 5]. The high δ
18

O values of rain water in the pre-monsoon 

period were around -1 ‰, reflecting the different source of water vapor and different process 

of rain formation in this period. The observed isotopic trend is consistent with the 

contemporary temperature changes (Fig. 2b). 

      

 
Fig. 1 δD-δ

18
O plot of rain water, lake 

water, groundwater and surface water 

from the Nyos area. 

Fig. 2 (a) Variation with time in rain δ
18

O 

and the precipitation depth at Nyos. (b) 

Monthly temperature change in 2013. 
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We estimated the residence time of groundwater using CFC11, CFC-12, CFC-113 and SF6 

concentrations. After careful examination of contamination during sampling or storage and 

different susceptibility to degradation of the four gases, we inferred that CFC-113 gives the 

residence time of the groundwater ranging from 19 to 32 years.  

Based on the isotopic, chemical and age tracer information, a conceptual model of 

groundwater flow system in the Nyos catchment is presented in Fig. 3. Water vapor 

responsible for rains in this area is derived from the Gulf of Guinea during the monsoon 

season and that for the pre-monsoon period from evaporated inland water bodies [6]. In the 

Nyos catchment, groundwater generally flows from the south to north following the 

topographic gradient. To the south of the lake, the fractured granitic cliff face favors a piston 

flow model. Approximately 1/3 of the annual precipitation (~3000 mm/yr) infiltrates through 

the fractures to form shallow aquifers. The rates of recharge (940 mm/yr), runoff 

(1900  mm/yr) and evapotranspiration (100 mm/yr) were estimated using the chloride mass 

balance technique [7]. To the north of the lake where altered rocks and pyroclastic deposits 

dominate, the flow may be controlled by exponential mixing. In the area, interaction between 

surface and groundwater takes place [6], and surface water infiltrates through lava channels 

and subsequently discharges as springs. 

 

Fig. 3. Conceptual flow model of shallow groundwater in the Lake Nyos catchment. 

The water quality of the Nyos groundwater is generally good and suitable for drinking and 

agriculture, for they are low in salinity and free of anthropogenic contamination. 

4. CONCLUSIONS 

Under the disaster mitigation project named SATREPS-NyMo between Japan and Cameroon, 

a detailed study of hydrogeochemistry was undertaken at the Lake Nyos catchment for the 
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first time. The δD and δ
18

O values of rain water collected monthly for a year indicate that the 

delta values are high in the pre-monsoon period (March to May), whereas they are relatively 

low during the monsoon season (June-October). The isotopic difference between the pre-

monsoon and monsoon rains reflects the different sources of water vapor. Groundwater is 

mainly charged in early rainy season in a high rate. The groundwater generally flows from a 

high land in the south of the lake to a low land in the northeast of the lake. The water 

residence time is short (24±3 years). Groundwater is abundant to sustain the life of local 

people. The lake is strongly stratified due to high concentration of dissolved CO2. The lake 

water is slightly more enriched in heavy isotopes (isotopically isolated) than the surrounding 

groundwater, suggesting recharge of water to the lake took place in older time than the 

groundwater ages. 
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1. INTRODUCTION 

The Euganean Geothermal Field (EGF) extends on a plain band of 36 km
2
 in the north 

eastern Italy near Venice (Fig. 1) [1, and references therein]. Thermal waters (65°C to 86°C) 

are exploited from about 250 wells for a total flow rate of 17 Mm
3
/y. The Euganean thermal 

waters are of meteoric origin and infiltrate 80 km to the north of the EGF in the Veneto pre-

Alps. The geothermal reservoir is situated at a depth of 3 km in Mesozoic carbonate 

formations, while the regional Schio-Vicenza fault system and its permeable damage zone 

enhance the thermal fluid flow in the subsurface. In the EGF area, the hot waters intercept an 

interaction zone between faults of the fault system and rise quickly to the surface through the 

local fracture mesh. In order to constraint the upwelling time of this thermal water from the 

deep reservoir, an isotopic study on stable (oxygen, hydrogen, carbon) and radioactive 

isotopes (radium, radon, actinium) has been carried out. In this paper we will report on the 

results of the radioactive isotopes. 

Figure 1. Location (A), structural 

sketch (B)and geological map of the 

Euganean Geothermal Field. 

Symbols indicate the sampled wells. 

Names of municipalities: Ab, 

Abano; Mt, Montegrotto; Bt, 

Battaglia; Gz, Galzignano. 
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2. METHODS 

Twenty three samples of thermal waters were collected in 2012 from wells and springs. The 

depth of the wells varies from 310 m to 1027 m. Major and trace elements analyses were 

carried out at the University of Avignon (LHA). Temperature, pH, Eh and conductivity were 

also measured in the field. Ra, Ac and Rn isotopes were measured using a delay coincidence 

counting system (RaDeCC) and Rad7 radon detectors. Mineral saturation indexes (S.I.) were 

calculated using Phreeqc [2] to assess Ra co-precipitation in barite and Fe-Mn hydroxides.  

3. RESULTS 

Time constraints on groundwater upwelling have been obtained using the 
223

Ra/
226

Ra, 
223

Ra/
227

Ac, 
228

Ra/
226

Ra and 
222

Rn/
226

Ra ratios. 
223

Ra (t/2 = 11.4 d) and 
226

Ra (t/2 = 1600 y) 

are produced by 
235

U and 
238

U (respectively) contained in aquifer minerals. Since 
235

U/
238

U in 

aquifer is constant, and 
223

Ra and 
226

Ra are produced after the same number of alpha decays, 

radium input into groundwater have the same 
223

Ra/
226

Ra isotopic equilibrium value of 0.046 

[3]. Discrepancy from this equilibrium value can be used to infer time-dependent radium 

adsorption or desorption processes in the aquifer and from that the timescales for the 

upwelling. Similar considerations are made for 
228

Ra (t/2 = 5.8 y), 
227

Ac (t/2 21.7 y) and 
222

Rn (t/2 = 3.82 d) isotopes. 

All samples are near saturation equilibrium condition (S.I. ≈ 0) in respect to barite and are 

clearly oversaturated (S.I. > 0) in respect to goethite. Therefore, both barite and goethite may 

remove radium from water. Most of the EGF thermal waters show a 
223

Ra/
226

Ra not in 

equilibrium with the aquifer. Two groups of samples can be distinguished on the base of the 
223

Ra/
226

Ra and S.I. of goethite. The first one (primarily from Abano, figure 1) is 

characterized by S.I. < 1.6, 
223

Ra/
226

Ra < 0.046 and 
222

Rn/
226

Ra ≤ 1; the second one 

(primarily from Montegrotto, Battaglia and Galzignano, figure 1) is characterized by S.I. > 

1.6, 
223

Ra/
226

Ra > 0.046 and 
222

Rn/
226

Ra > 10. 

For group 1 waters, the ratio 
223

Ra/
226

Ra suggests a two step processes: the waters should 

traverse an aquifer with minor or absent radium coating and then should pass through a zone 

where they assimilate 
226

Ra shortly before sampling. In order to explain observed ratio of 
222

Rn/
226

Ra < 1, a short time (few days) should have elapsed between 
226

Ra sorption and 

sampling. Therefore, these waters could rise quickly to the surface through large fractures 

with minor water/rock interactions. 

For group 2 waters, clearly saturated in goethite (S.I.>1.6), 
223

Ra/226Ra greater than 

equilibrium value indicate an active radium precipitation in goethite. The existence of an 

important radium coating is corroborated by high 
222

Rn and low 
226

Ra (
222

Rn/
226

Ra > 10). In 

particular, the high 
222

Rn suggests a slower groundwater upwelling in respect to group 1 

waters governed by near porous-flow condition (e.g., meshed highly fractured bedrock). 

4. CONCLUSIONS 

The results of this work highlight the existence of different rising rates in the EGF. The 

thermal waters of group 1 rise to the surface quickly through large fractures. Thermal waters 

of group 2 rise more slowly through a finely fractured aquifer yielding an enhanced 

water/rock interaction. 
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Abstract: This paper presents the first results of the RLA/7/018 Project ‘Improving 
Knowledge of Groundwater Resources to Contribute to their Protection, Integrated 
Management and Governance’ which through the application of the IWAVE methodology 
(IAEA Water Availability Enhancement Project) proposes strengthening of national capacity 
to conduct comprehensive assessments of water resources. Four Latin American countries 
(Argentina, Brazil, Ecuador and Nicaragua) began the identification of national gaps in 
hydrological understanding, data and information and prepared a work plan to address them. 
It is expected that the IWAVE approach will help countries become more efficient and 
effective to meet the different and specific problems related to the management of water 
resources. 

1. INTRODUCTION 

Latin America concentrates about one third of the world's renewable water resources, which 
should ideally meet the demand of its population, which represents about 9% of the world’s 
population. Latin American countries are located over tropical and subtropical ecosystems in 
which a significant volume of water is produced, thus large river flows are utilized for the 
purpose of domestic and industrial supply, power generation, transportation, aquifer recharge 
and as a resource for food, through products obtained from these rivers and tributaries. The 
sources of groundwater rely on rainfall, which varies from very high values in the forests 
during the rainy season, with more than 1000 mm in a month, to negligible in arid areas [1]. 
Groundwater resources in many parts of Latin America are the main or only source of water, 
providing services for urban supply, development of productive activities and maintenance of 
ecosystems.  

Water demand has increased by 76% (150-265 km3/year between 1990 and 2004) as a result 
of population growth (especially urban), the expansion of industrial activity and high demand 
for irrigation [2]. Water consumption in agriculture accounts for over 70% of total extraction 
[3]. 

The paradigms of water resources management in the region have evolved to become major 
challenges: a) water development through projects aimed at increasing the supply of water, in 
which each project seeks to maximize its own profit, b) development of separate water 
sectors, such as irrigation, energy, water and sanitation, tourism, etc., which can create 
conflicts among users, including environmental issues, and c) integrated water resources 
management defined by [4] as a process which promotes the coordinated development and 
management of water, land and related resources to maximize the resultant economic and 
social welfare in an equitable manner without compromising the sustainability of vital 
ecosystems. 
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This integrated management requires water governance, which involves the ability of society 
to mobilize energies consistently for sustainable development of water resources. That ability 
to generate adequate policies and implement them requires consensus building, development 
of consistent management systems (institutions, laws, culture, knowledge, practices and 
traditions) and the proper administration of the system (participation and social acceptance, 
and skills development). 

The International Atomic Energy Agency (IAEA) is implementing since 2012 a project called 
the Water Availability Enhancement Project (IWAVE), which aims to enhance the 
availability and sustainability of freshwater (with emphasis on groundwater) through science-
based, comprehensive assessments of national water resources [5]. The project was initially 
implemented in the Philippines, Oman and Costa Rica,  in the form of Pilot Projects, working 
in close cooperation with national experts and international partners. The experience gained 
and the achievements of the IWAVE Project in the strengthening of national capacities and in 
the assessing and managing of water resources in these countries, led to the decision to apply 
the IWAVE methodology at regional level. 

The project IAEA RLA/7/018 Project ‘Improving Knowledge of Groundwater Resources to 
Contribute to their Protection, Integrated Management and Governance’ was launched in 
early 2014 under the auspices of ARCAL, a cooperative agreement to promote nuclear 
science and technology in the region. Fourteen countries are participating in the regional 
project, namely: Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, Ecuador, 
Honduras, Mexico, Nicaragua, Paraguay, Uruguay and Venezuela. 

The aim of the paper is to present the diagnosis of the state of knowledge regarding the 
management of water resources in four countries in Latin America, as first results of the 
implementation of the RLA/7/018 Project in the region. 

2. METHODOLOGY 

The IWAVE methodology proposes: a) identify national gaps in hydrological data e 
information, b) determine the expertise, technology and infrastructure support required to fill 
identified gaps, c) formulate and implement the optimum methodology for utilizing isotope 
techniques and d) develop an approach for collaborating with other multilateral and bilateral 
organizations to address the identified gaps. 

The RLA/7/018 Project began to develop in four pilot study cases: Argentina, Brazil, 
Ecuador and Nicaragua. The first task undertaken in the framework of the project was the 
identification of key institutions should be involved in the project, through conducting 
workshops with the supervision of a regional expert in each country. The second step was the 
identification of national or provincial gaps in hydrological understanding, data, and 
information, and the preparation of the Preliminary Work plan. These tasks were held in a 
coordination meeting at the IAEA Headquarters in Vienna, which was attended by high level 
officials of institutions involved in water management from each country. 

The remaining countries participating in the project will be trained on the IWAVE 
methodology from the experience gained in the pilot study cases. 

3. RESULTS 

Water Authorities, service companies, academic institutions and agencies generating 
hydrological information were identified in each country. Other institutions able to provide 
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relevant information such as Geological Surveys, Meteorological Surveys, users associations, 
universities, etc. were also involved in the project in order to carry out joint activities.  

Argentina and Brazil focused on capacity building in isotope hydrology at national level. 
However, considering its geographical extent, identifying and filling gaps in hydrological 
data and information is performed at a lower level, the province of Buenos Aires (307571 
km2) and the Urucuia aquifer (states of Bahia, Maranhão, Piauí, Tocantins and Minas Gerais, 
325954 km2) respectively. Ecuador (283560 km2) and Nicaragua (129494 km2) implement 
the nation-wide project. 

The main gaps identified in the countries can be characterized in general form: 

a. Gaps in the hydro-meteorological knowledge: deficiencies in the capturing of existing data 
(including isotopic data) in different water bodies, insufficient training (with emphasis on 
isotopic tools) of sampling network operators, few certified laboratories, deficiencies in 
hydrological and hydrogeological conceptual models, limited use of numerical models and 
lack of unified hydrogeological maps. 

b. Gaps in knowledge of uses of water resources: deficiencies in the capture and validation of 
data. 

c. Gaps in the planning and management of water resources: institutional weaknesses, 
insufficient development of a conceptual framework linked to integrated management of 
water resources and lack of predictive models involving global change. 

The main actions proposed by countries to fill the gaps in hydrological knowledge and water 
resource management are shown in Table 1. In general, countries propose similar actions to 
address the challenge of improving hydrological knowledge; some differences in measures to 
improve the institutional aspects are appreciated. With regard to capacity building, training of 
human resources in isotope hydrology and mass balance assessment through the application 
of isotope tools is expected. 

4. CONCLUSIONS 

The fact that in some Latin American countries such as Ecuador and Nicaragua, surface water 
resources are primarily used to meet urban, agricultural and industrial demand, causing 
shortages in many places and deterioration of water quality, raises awareness in the 
institutions of the need to develop groundwater resources. Other countries such as Argentina 
and Brazil, have large territories where intensive use of groundwater is common to meet 
demand. In all cases, high level officials of the institutions responsible for research and water 
management, recognize the existence of gaps in hydrological understanding, both 
institutional and technical, and expressed their commitment to work with the RLA/7/018 
Project to improve knowledge of groundwater as part of the strategic planning of the country.  

It is expected that the application of IWAVE allows the strengthening of national capacities 
for the collection, management and interpretation of data on water resources, and help 
countries become more efficient and effective to meet the different and specific problems 
related to water resources. In this regard, a significant contribution of the project will be the 
development of a "roadmap" nationwide for water resource management. 
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Table 1. Summary of work plan proposed by countries under the IWAVE methodology  

ACTIONS 

ARGENTINA 

Buenos Aires 

Province 

BRAZIL 

Urucuia 

Aquifer 

ECUADOR NICARAGUA 

Interagency survey on existing hydrological information • • • • 

Identification of gaps in hydrological information • • • • 

Filling gaps in hydrochemical and isotopic information • • • • 

Interagency survey on water use information • • • • 

Generating a hydrological database • • • • 

Installing isotope monitoring networks (*) • • • • 

Hydrogeological map / Land use map     • • 

Development of hydrogeological conceptual model • • • • 

Development of numerical model of flow and transport • •     

Quantification of the water footprint • 

Predictive modeling involving global change • •   • 

Network of certified laboratories • • 

Training in isotope hydrology (*) • • • • 

Training on water balances with application of isotope tools (*) • • 

Training data management systems (*) •       

Creation / Implementation of the Water Agenda • • 

Training of Postgraduate Human Resources in Hydrogeology     • • 

(*) Activity undertaken at national level 

 

REFERENCES 

 
[1] OCTA. Perfil Estratégico Regional para América Latina y el Caribe 2016 – 2021. XV 

Reunión del Órgano de Coordinación Técnica de ARCAL (2014). http://www.arcal-
lac.org/index.php/es/documentos 

[2] PROGRAMA DE NACIONES UNIDAS PARA EL MEDIO AMBIENTE, GEO ALC 3. 
Perspectivas del Medio Ambiente: América Latina y el Caribe. PNUMA (2011). 
http://www.pnuma.org/geo/geoalc3/ 

[3] IICA. Promoting competitive and sustainable agriculture in the Americas. Forty-fourth 
Regular Session of the General Assembly of the Organization of American States 
(OAS) (2014). http://scm.oas.org/pdfs/2014/CP32384E.pdf 

[4] BGWP. Integrated Water Resources Management.Global Water Partnership.Technical 
Advisory Committee, Background Paper Nº 4. (2000) 

[5] DUNNING C. Water Availability to be Enhanced through Focus on National Water 
Resources Assessments. IAEA. Water & Environment News. N° 27 (2010) 
http://www-naweb.iaea.org/napc/ih/IHS_projects_iwave.html 

215



ID: 57 

GROUNDWATER RESIDENCE TIME IN THE PAMPEANO AQUIFER: 

MULTILEVEL PIEZOMETERS AND MULTI-TRACERS STUDY. 

D.E. MARTINEZ 
Instituto de Geología de Costas y del Cuaternario – Instituto de Investigaciones Marinas y 
Costeras. Mar del Plata, Argentina. 
E-mail address: demarti@mdp.edu.ar 
 
E. FOURRE 
Laboratoire du Climat et de l'Environnement, Noble gases and tritium group. France. 
 
O.M. QUIROZ LONDOÑO 
Instituto de Geología de Costas y del Cuaternario – Instituto de Investigaciones Marinas y 
Costeras. Mar del Plata, Argentina. 
 
P. JEAN- BAPTISTE  
Laboratoire du Climat et de l'Environnement, Noble gases and tritium group. France. 
 
M. GLOK GALLI 
Instituto de Geología de Costas y del Cuaternario – Instituto de Investigaciones Marinas y 
Costeras. Mar del Plata, Argentina. 
 
A. DAPOIGNY 
Laboratoire du Climat et de l'Environnement, Noble gases and tritium group. France. 
 
S. GRONDONA 
Instituto de Geología de Costas y del Cuaternario – Instituto de Investigaciones Marinas y 
Costeras. Mar del Plata, Argentina. 
 
Abstract: The Pampeano Aquifer is an unconfined hydrogeological unit covering a large 
area in the Argentine Pampas. In order to improve the groundwater residence time knowledge 
four sets of three nested multilevel piezometers were drilled in selected locations at two 
catchments in the Pampas plain. Groundwater samples at three different depths have been 
took and transit time was determined through CFCs and 3H/3He measurements.  CFCs and 
3H/3He obtained residence times are in relative good agreement, ranging between 20 to more 
than 60 years. Clear trends in residence time increase with sampling depth are observed. 
Differences among catchments and recharge or discharge areas can be recognized. It is 
noticeable that instead even at the shallowest sampling depths collected in this study, water 
residence time is in the order of 20 years.  

1. INTRODUCTION 

The Pampeano aquifer in Argentina is an example of large unconfined aquifers. It covers 
around 1.5 million km2 in the Pampa plain and 60% of the GDP of the country is related to 
this water resource [1]. Residence times in the Pampeano aquifer have not been targeted by 
previous studies, excepting some local contributions from the authors [2-3]. Many important 
conclusions about the behavior of an hydrological system can be drawn from the analysis of 
different tracers whose concentration is linked to water residence times. They can be valuable 
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inputs to models which are important tools to manage water resources, for instance to plan 
irrigation. The main objective of this paper is to obtain residence times for the Pampeano 
aquifer in order to characterize it and improve our understanding of the system. It was also an 
opportunity to focus on a more methodological aspect and assess the usefulness of different 
tracers in this specific case.  

2. METHODS 

Multilevel piezometers were drilled. In order to characterize water age distribution with 
depth, four groups of three nested wells were drilled at four different locations in the Pampa 
plain (Figure 1), close to some localities. Two nested wells in the Quequén Grande river 
Catchment, one being located close to the water divide recharge area (San Manuel site) and 
the other one towards the transit and discharge area (Lobería site). The other two nested wells 
were drilled in the Mar Chiquita lagoon catchment, one in the recharge are (INTA Balcarce 
site) and the other one in the transit-discharge area (Vivoratá site) (Figure 1.a). The nested 
wells design is shown in Figure 1.b. 

 

Figure 1. Location of the nested piezometers (a) and design of the sampling wells (b). 

Samples were taken for CFCs analyses by triplicate into 125 mL dark glass bottles [4]. For 
the 3H/3He method, 3H samples were collected in 500 ml pyrex bottle, backed at 75°C and 
pre-filled with dry nitrogen. Noble gas samples were collected using standard refrigeration 
grade 3/8” copper tubes equipped with metal clamps.  

CFCs were analyzed at the Isotopic Hydrology Division Laboratory of the International 
Atomic Energy Agency (IAEA) in Vienna by gas chromatography and electron capture 
detector (GC-ECD, Shimadzu 17A instrument). Triplicate samples were run and the results 
have been processed trough using QCFC spreadsheet (Han and Groening, 2002). Briefly, the 
tritium and noble gas isotopic analyses (3He, 4He and 20Ne, the latter considered of purely 
atmospheric origin) were performed at LSCE (Saclay, France) with a MAP-215-50 mass 
spectrometer using routine procedures. The helium and neon dissolved in the water samples 
were first extracted under vacuum into sealed glass tubes. The measurements were calibrated 
against an air standard. The water for tritium determination was degassed and stored during a 
year to allow 3He ingrowth before mass spectrometry measurement [5-6]. 
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3. RESULTS 

The residence times obtained from CFCs and 3H/3He measurements for the different locations 
and at different depths are shown in Figure 2.  

 

Figure 2. Groundwater residence times against sampling depths, from CFCs measurements 

(a) and from 
3
H/

3
He measurements (b). 

The comparison of the residence times obtained from both methods shows a relatively good 
overall agreement (Figure 3) 

 

Figure 3. Apparent ages from CFCs vs 
3
H/

3
He and their relationship against a 1:1 line. 

4. CONCLUSIONS 

The Pampeano Aquifer is a large unconfined aquifer system in Argentina. In this contribution 
its water age distribution has been studied in two catchments in the southeast of the province 
of Buenos Aires. CFCs and 3H/3He measurements were both useful in this environment and 
derived residence times mostly in agreement. Nevertheless when different results were 
obtained from both techniques, the analysis of these results led to a better understanding of 
the system. As it has been shown in many cases, the use of different tracers provides more 
reliable conclusions. The usefulness of these methods in the Pampeano aquifer is one of the 
main conclusions of the study. 
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A water age increase with depth was observed in the four groups of nested piezometers, with 
values ranging from 20 to 30 years in shallower piezometers up to 50 years or more at depth 
of about 50 m. In most cases, a vertical gradient could be determined, with an age increase of 
around 0.6 to 1.0 yr/m. This water age distribution is consistent with the conceptual model for 
unconfined aquifers. 
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Abstract: Groundwater recharge can be understood as the process where rainwater infiltrates 
into the soil, travelling through the unsaturated zone and reaching the aquifer. Identification 
and quantification of this parameter is of vital importance for planning and managing water 
resources. In order to calculate the recharge rate in the Pampean aquifer, groundwater 
samples taken at three different depths has been used, determining through 3H/3He 
measurements their transit time. Values of recharge were estimated by using interface 
method. The results were compared with the values obtained by using water table fluctuation 
methodology. The calculated recharge values range from 10 to 23 % of the total rainfall with 
a mean value of 14%. These values were coincident with recharge values previously obtained 
in the area of study applying other methodologies. 
 
1. INTRODUCTION 

Southeast of Buenos Aires Province (SEBAP) is a one of most agricultural productive area of 
Argentina. In the last years this activity has increased its dependency to groundwater 
resource, basically due to intensification of production. In this sense, recharge appears as a 
relevant variable in the aquifer dynamic, since define the aquifer rate renovation and 
therefore volumes extraction safe. This parameter is too essential for the modeling 
mathematical of groundwater, evaluate the vulnerability aquifer, establish protection zones 
and define maximum pumping discharge. The aim of this paper is to quantify the recharge 
rate in the south east of Buenos Aires Province by using methods based on water age 
measurements (3H/3He) and its comparison against a classical hydrogeological method.  
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2. METHODS 

The measures of 3H/3He were done in four different places (INTA Balcarce, Vivorata, San 
Manuel and Loberia) using nested piezometers drilled for research purposes (Figure 1), 
according to the sampling and analytical procedure described in Martínez et. al. [1]. The 
3H/3He analyses were performed at Le Laboratoire des Sciences du Climat et de 
l'Environnement  (LSCE, Saclay, France) with a MAP-215-50 mass spectrometer using 
routine procedures.  
 

The computing of recharge rate 
using environmental tritium was 
performed using the interface 
method [2], in which "interface" 
refers to the deepest point below 
the water table to which tritium at 
post nuclear-testing 
concentrations has traveled. The 
basis for the method is that the 
vertical distance downward from 
the water table that tritium at post 
nuclear- testing concentrations 
has traveled is equal to the rate of 
travel multiplied by the time of 
travel (time difference between 
tritium sampling year and 1953).  

By definition, recharge to an unconfined aquifer is the fluid flux normal to the water-table 
surface and is related to average linear fluid velocity, according to: 
 

r=Voθ   (1) 
 

Where r = recharge rate (L/T); θ= effective porosity 
(L3/L3); and Vo= component of average linear velocity 

normal to the water table (L/T). 

Vogel [3] developed a simple model based on mass balance for distribution of travel times in 

a unconfined aquifer in which recharge is spatially uniform. The relationship between travel 

time and vertical velocity at the water table is: 

�� = �
� �� �

�
�	
�                    (2) 

Where B= aquifer thickness (L), t= travel time (T); 
and z= distance below the water table (L). 

 
In the case of hydrogeological data, the Water Table Fluctuations method (WTF) was used. 
This methodology links the change in ground water storage ∆S with resulting water table 
fluctuations ∆h: 

∆S = Sy * ∆h              (3) 
 

Where Sy is the specific yield (storage) or the effective 
porosity of the unconfined aquifer and ∆h is the 
variation of water table level in a specific time. 

 
Techniques based on ground water levels are among the most widely applied methods for 
estimating recharge rates [4]. This is likely due to the abundance of available ground water-
level data and the simplicity of estimating recharge rates from temporal fluctuations or spatial 
patterns of ground water levels. The WTF method, applicable only to unconfined aquifers, is 
best applied to shallow water tables that display sharp water-level rises and declines, as is the 
case of the aquifer in the SEBAP. Three different sites were analyzed by using this 
methodology (Figure 1). For each site an automatic water level recorder were installed, two 

Figure 1. Location map of sites used in the groundwater recharge 
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of them since 2007 to the present (Loberia and La Dulce towns) and another one since 2011 
to the present (INTA- Balcarce). 
 
3. RESULTS 

The data of residence time obtained using 3H/3He is showed in the table 1. A linear Least-
Squares Regression optimization procedure was developed to obtain an optimal fit of 
measured age profile to equation (3) for each sampled site (Figure 2). Also shown in the 
figure 2 optimized values for Vo, which range from 0.89 to 1.97 m/year. The values of 
effective porosity for the study area range from 0.1 to 1.1 [5]. Using these values, recharge 
rates can be computed according to equation 1and ranged from 10.16 to 23.60 % with a mean 
of 16.3% of total annual rainfall, (table 2).  The analysis of variation of water table was made 
with a monthly interval of time. The results of calculations of recharge rate by using the WTF 
are showing in the table 2. The values obtained ranged from 11.58 to 21.76% with a mean of 
15.6% of total rainfall. These results are similar to obtained using the interface methodology. 

Table 1. Summary of groundwater ages from tritium dating. 

Site Sample 
Sampling  

depth below water table 

3H+3H3tri 

TU 

3H/3He apparent 

age (year) 

± 1 

sig 

Inta 

G793 5 3.6 12.1 2.6 
G792 15 3.0 17.6 3.3 
G794 25 1.5 46.3 9.7 

Vivorata 

G786 6.8 5.3 38.2 2.10 
G787 18.8 1.4 31.5 10.30 
G788 42.8 1.4 57.1 20.10 

San  

Manuel 

G196 8.2 3.8 33.3 2.8 
G195 20.2 1.6 60 11.1 
G194 46.2 - -   - 

Loberia 

G177 7.7 2.8 29.2 5.5 
G178 19.7 1.5 35 7.4 
G179 45.7 1.2 61.4 13.4 

4. CONCLUSIONS 

The estimated average total recharge rate in the study area is 16% of total rainfall. This value 
represent one of several components of a complex regional hydrological budget, is 
considered reasonable because it compares favorably with recharge rates in the study area 
obtained for another authors, who used different methodologies in several points of the same 
aquifer.  
The necessary uses of specific porosity for calculation of recharge rate in both methodologies 
generate a disadvantage, due to the high spatial variability of this parameter.  Perform 
activities that allowing better define this parameter will help to reduce the degree of 
uncertainty of this results. In that sense the good agreement achieved between the methods 
based on hydrological data and those using of apparent ages from 3H/3He give to recharge 
estimations a higher degree of certainty to be used in different applications.  
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Figure 2.  Profiles of observed and simulated groundwater age. 

Table 2. Summary of result of recharge rate obtained using the two methodologies 

Place 

Method 

WTF Interface method 

mm/year % mm/year % 

Inta 205.20 21.76 197.2 20.9 
Loberia 128.25 13.60 98.2 10.4 
La Dulce 109.20 11.58 - - 

San Manuel - - 222.52 23.60 
Vivoratá - - 95.79 10.16 

Mean 147.5 15.6 153.4 16.3 
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Abstract: Groundwater recharge amounts and residence times were estimated in quaternary 
aquifers and granitic structures of the Jizera Mountains, Czech Republic, using 3He/3H and 
numerical modelling approaches. The granitic structures include a 10-15 m weathered upper 
layer, recharged via infiltration and discharged in form of river baseflow or contribution to 
deeper man-made voids via rock fractures. Previous hydrochemical, geophysical and stable 
isotope studies identified a rapid soil moisture-depending infiltration through the quaternary 
sediments, however were not able to address the recharge velocity and the turnover time in 
the range of decades in the sedimentary and fractured environment.  
 
The work is being carried out at the Uhlířská experimental catchment in Jizera Mountains 
(1.78 km2, average altitude 822 m asl), located in the northern part of Czech Republic and in 
the nearby artificial tunnel in the granitic bedrock between the drinking water reservoir 
Josefův Důl and the water treatment plant Bedřichov. Three wells were drilled at the Uhlířská 
catchment outlet with different depth below surface screened at 8-9, 18-19, 28-29 m. The 
tunnel length is 2.6 km, sloping 1,54% from 697 to 657 m above the mean sea level. The 
tunnel cuts multiple deep fractures and fissures as well as near-surface weathered rock.  
 
Four sampling campaigns for noble gases (May and November 2011, May 2012, July 2014) 
were carried out.  
 
Stable isotope and tritium data from the catchment and tunnel were interpreted for the period 
2010-2014 by means of lumped-parameter models. Spectra of apparent ages from years to 
decades were determined for water in a shallow sedimentary aquifer (30 m depth) and in a 
granitic tunnel (100-200 m below the surface). Approximately 150-300 mm of precipitation 
(10-20% of annual precipitation) infiltrates to deep percolation. Estimation of mean residence 
time using the lumped approach (example well 29 m deep) revealed that the sample of 
apparent 3He/3H age of about 40 years consists of a 70% admixture of a linear-piston flow 
pattern with mean residence time of about 80 years, and an 30% admixture of exponentially 
distributed flow pattern with a mean residence time of about 4 years. This confirms that 
groundwater in the sedimentary aquifer near the Uhlířská catchment outlet includes a 
substantial portion of young components, which are presumable recharged from the adjacent 
stream. The older component includes water from various exponentially distributed pathways 
recharged on hillslopes and accumulated typically in snowmelt periods.  
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Two flow regimes were considered using linear regression model in the tunnel. Rapid regime 
affects the seepage sites in drainage 70m (V7), 120m (next to V6) and 1565m (W1565) in 
weathered unsaturated zone near surface from 0 to 18 meters and then under the near-surface 
zone with flowtimes of about 3.6 years per meter length. Second flow regime is suggested for 
sites 2313 m and 2210 m. It is slower with 1.6 year per meter length. This interpretation 
confirms the principal hypotheses – 1) the shallow part of the tunnel is probably supplied by 
inflow from the soil-bedrock interface (quick reaction to precipitation and dry conditions in 
the remaining periods), 2) water in compact rock exhibits a very stable flow and stable 
gradually changing isotopic content, 3) several seepage sites are probably supplied along fault 
zones.  
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Abstract: Recharge and discharge of young groundwater were investigated using T/
3
He 

tracer in groundwater from Maamora and Gharb aquifers, Morocco. The comparison between 

classical hydrological methods and T/
3
He investigations shows a good agreement. The 

exponential correlation between depth and T/
3
He age and/or the age and flow path showed the 

potential of using T/
3
He for the estimation of the recharge rate and GW velocity, those results 

will help to develop an improved version of the hydrologic flow model, which can be used for 

management purposes. The T/
3
He approach is very applicable to determine groundwater flow 

path and recharge rate and can be used to estimate transit time and/or horizontal and vertical 

groundwater velocity that are difficult to be derived with other methods. Finally, it is 

recommended to have a good sampling setup and/or strategy in order to capture the temporal 

variability of all involved water cycle components by increasing the frequency of sampling.  

 

1. INTRODUCTION 

 

The basin of Sebou contains high-flow springs with good groundwater potential that are 

harnessed for irrigation and drinking water supplies for large urban communities (table 1). 

Hydrotherapy is also an important use of these springs. The basin of Sebou also contains a 

Sebou river with 500 km long and has an average water flow of 137 m
3
/s. The Sebou river is 

the largest by volume and the second longest river in the country (after the Oum Er-Rbia 

River). The source is in the Middle Atlas mountains. It passes near the city of Fes and 

discharges to the Atlantic Ocean in Mehdia. Sebou is navigable for only 20 km until the city 

of Kenitra, which has the only river port in Morocco. Its most important tributaries are the 

Ouergha River, Baht River and Inaouen River. The river supports irrigation in Morocco's 

most fertile region: the Gharb. The increased demands for water have created serious needs 

for information and techniques to evaluate vulnerable hydrologic systems to assure 

sustainable water supplies and to avoid degradation of the groundwater resource. 

 

Investigating recharge and discharge of young groundwater based on the environmental tracer 

methodologies, developed in this study will be compared to the groundwater balance of the 

basin of Sebou recently completed by the SEEE (ABHS report 2006), figure 1 shows the 
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synthesis of transit flows of aquifers in the basin of Sebou. Such a comparison will indicate 

the general validity of the estimated recharge and discharge values. 

 

 

Figure 1: The synthesis of transit flows of aquifers in the basin of Sebou 

 

2. METHODS 

 

A total of 100 samples were collected from Gharb and Maamora aquifers and analyzed for 

major cations (Ca
2+

, Mg
2+

, Na
+
, K

+
) and anions (SO4

2-
, Cl

-
, NO3) by ion chromatography 

using a Dionex DX-120. Selected trace element concentrations were measured by inductively 

coupled plasma mass spectrometry (ICP-MS; ThermoElectron Series X). pH, temperature, 

conductivity and alkalinity were measured in the field using a water quality parameter field 

meter. The oxygen and deuterium isotopic composition of water in groundwater and surface 

water samples was determined using a Delta-Plus isotope ratio mass spectrometer and are 

reported in per mil (‰) values relative to the Vienna Standard Mean Ocean Water (SMOW). 

For T-3He age-dating, wells were selected based on depth profile and also along the flow path 

(Figure 2). Tritium/helium-3 samples were obtained by collecting water through a closed 

system between the well and the sampling apparatus. Copper sample tubes were flushed with 

sample water and then sealed shut while flowing to eliminate atmospheric contact. The T/He 

was analyzed by IAEA. 
 

3. RESULTS 

 

The main results obtained are:  

 

• The age T/He results increase substantially from the south to the north, these indicate 

the flow direction of the groundwater. This result was used to confirm the flow path 

obtained through hydrogeological methods (Figure 3). 

•  The Tritium results shows that the confined aquifer zone in the center of the basin is 

dominated by old water (Figure 3).  

• The Oxygen-18 vs Deuterium (Figure 4) shows four type of groundwater: old 

groundwater in the confined Gharb aquifer, mixing between surface water and shallow 

groundwater of Garb aquifer, mixing between Maamora and Gharb GW aquifers and 

evaporated water.  These results are in good agreement with the input used to calculate 

the water balance (Figure 1). 
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• The exponential correlation between depth and T/He age obtained during this work 

(figure 5) will be used to determine the rate of recharge and to compare with those 

obtained through hydro(geo)logical methods, 

•  

 
Figure 2: Study area map showing the location and water sampled for analysis. 

 

The comparison between classical hydrological methods and T/3He investigations shows a 

good agreement. The exponential correlation between depth and T/He age and/or the age and 

flow path showed the potential of using T/3He for the estimation of the recharge rate and GW 

velocity, those results will help to develop an improved version of the hydrologic flow model, 

which can be used for management purposes.  

 

Finally, T/He approach is very applicable to determine groundwater flow path and recharge 

rate and they have advantages in that they do not require special field instrumentation and can 

be used to provide estimates of groundwater age, transit time and groundwater velocity that 

are difficult to be derived with other methods. 

 
Figure 3: Tritium interpolation map of groundwater across Gharb and Maamora. 
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Figure 4: Plot of hydrogen versus oxygen isotopes. 

 

  
Figure 5: Plot of T/

3
He age vs. depth. 
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Abstract: Rashche Spring, located at the foot of the widely karstified Zeden Mountain, at an 

elevation of 300 m above sea level and in a distance of 15 km to the West from Skopje, with 

an average discharge of 5.5 m
3
/s

 
is one of the main sources for water supply of Skopje City, 

populated with about 700.000 inhabitants. In the past several research works have been 

performed all in order to define zones and the mechanism of recharge of the Rashche Spring. 

To clarify more accurately the actual mechanisms of recharge of the Rashche Spring, a 

comprehensive hydrogeological study has been performed: Analysis of environmental (O, H) 

isotopes in water samples, within the local hydrological cycle. By simulation with Tritium 

data, the recharge mechanism of Rashche Spring has been clarified and confirmed using 
3
H/

3
He dating method. In addition to this, a simple borehole dilution technique has been used 

in order to determine the filtration velocity of ground-water in the Polog Plain. In the same 

time the injected tracer helped in determination of the hydrological connection between the 

Polog ground-water and Rashche Spring and provided substantial information about the 

vulnerability and the necessity for a better conservation of the investigated spring waters. 

 

1. INTRODUCTION 

Increased pressure on the environment and natural resources all over the world threatens the 

economic potentials of the countries and hence their increased care especially for the available 

water resources in particularly on groundwater resources requiring a detailed characterization 

and quantification of groundwater dynamics, from infiltration of precipitation into the 

observed aquifer to its drainage into surface waters (rivers or accumulations). 
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In this sense, Rashche Spring that is located at the foot of the widely karstified Zeden 

Mountain at an elevation of 300 m above sea level and in a distance of 15 km to the West 

from Skopje, with an average discharge of 5.5 m
3
/s

 
as one of the main sources for water 

supply of Skopje City, populated with about 700.000 inhabitants, raise a great interest.  

 

Because of its geological formation, Polog valley as part of the supposed recharge area is a 

tectonic depression between the Mountain of Shara on one side and the Mountains of Suva 

Gora and Zeden on the other side, filled with Pliocene lake sediments (mainly coarse gravel 

sediments accompanied by a higher or lower percentage of clay) over 300 m deep and with 

direction being SW- NE [1-2].  Clay is not abundant in the surface layers, particularly in the 

upper Polog, which results in a lack of artesian waters in this area. From the central part of the 

Polog valley towards Zeden Massif, clay and gravel sediments are found alternatively with the 

clay prevailing at depths of more than 10 m. Only at the village of Jegunovce are gravel 

sediments found at lower depths. In the past several research works have been performed all in 

order to define zones and the mechanism of recharge of the Rashche Spring [3-5]. Having in 

mind that some questions (related to the recharge and discharge of the aquifer that is feeding 

Rashche Spring) still were open, we decided to perform a comprehensive study in the frame of 

the Project entitled “The influence of Vardar River to the Groundwater Recharge of Rashche 

spring”, part of the IAEA’s Coordinated Research Project (CRP):  “Estimation of Groundwater 

Recharge and Discharge using the 
3
H/

3
He Dating technique”.  

2. METHODS 

In order to define groundwater courses within the area of interest, an integral approach using 

tools and techniques from geology hydrogeology and hydrology in tracing groundwater flow 

have been applied. In this sense, parallel to the water chemistry, techniques based on the use 

of environmental (O,H,C)  tracers that are providing promising advantages compared to 

traditional hydrological methods  for tackling hydrological systems, ranging from small 

catchment areas to very large regional basins like studied Polog-Skopje Plain, supported by 

artificial one, have been applied. Analysis of environmental stable isotopes (O-18/O-16, H-

2/H-1 and tritium) in water samples, within the local hydrological cycle (precipitation, surface 

and ground-waters including springs), have been performed, to determine possible zones of 

recharge for each observed component contributing to the discharged waters of Rashche 

Spring. A simple borehole dilution technique [6] has been used in order to determine the 

filtration velocity of ground-water in the Polog Plain. For these purposes, a tracer experiment 

has been performed using the artificial tracers Na- fluorescein and Na Cl.   

In addition to this 
3
H/

3
He dating method has been applied as a support for determination the 

age of investigated groundwater. 

 

3. RESULTS 

 

3.1. Water Chemistry 

In addition to the determination of temperature (
0
C), κ, pH and dissolved Oxygen, the 

following ions: Ca
++

 Mg
++

 Na
+

 HCO
3

-

 SO
4

--

 Cl
-

 and Cr
+6

 
, have been determined. According to 

the preliminary analysis, the investigated surface and ground waters from the Polog Plane 

could be classified in several groups, with domination of bicarbonate, calcium, magnesium, 

sulphate and sodium ions. 
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3.2 Stable isotopes and tritium analyses 

Obtained results from δ
2
Η−2, δ 

18
Ο  and tritium  determinations, for observed waters from 

local hydrological cycle (Precipitation, Groundwater and Springs ) are tabulated in Table 1 as 

shown below 

Table 1.  δ
2
Η, δ 

18
Ο and tritium  values for investigated water sample 

                 observed water    δ
18

O in %o  
    v. V- SMOW 

δ
2
H in %o  

 v. V- SMOW 

3
H (TU) 

Precipitation over Tetovo.(400 m a.s.l.) - 4.8 - 23.4 6±1.0 
Precipitation over Zeden Mt.(1083 m a.s.l.) - 8.8 - 59.9 5±1.0 
Precipitation over Shara Mt. (1800 m a.s.l.)  -10.3 - 65.0 5±1.0 
Precipitation over Shara Mt. (2200 m a.s.l.)  -11.3 - 77.0 4±1.0 
Subartesian (63PO014) (400 m a.s.l.)    -10.42 - 73.6 1.3±0,2 
Artesian water (63PO040) (400 m a.s.l.)   - 11.02 -75.2 >0.5 

Rashche Spring (located at 300 ma.s.l) -10.6 - 75.0 5±1.0 

 

On the basis of the results from δ
2
Η and δ

18
Ο determinations, for local precipitation, two 

graphs were created  Figure 1-2 giving their relationship δ
18

O and δ
2
Η dependence from the 

altitude of precipitation formation, showing a decreasing of the δ
2
H values with increasing of 

the altitude of precipitation formation in an amount of -3.06 ‰/100 m. Analyzing stable 

isotope results for observed Rashche Spring waters, it is obvious that their  recharge area is 

within an elevation range between 400 and 1850 m a.s.l.  

 

 

  

Figure 1. δ
2
Η / δ

18
Ο   relationship                       Figure 2. δ

2
Η as a function of altitude 

for local precipitation.                                          of precipitation formation.          

 

On the basis of the tritium analysis and obtained so far results, see Table 1 shown above, 

observed waters were classified into three groups: Group - 1 (fresh precipitation, spring 

Rashce-1 and-2, and others with tritium concentrations of 5 ± 1 T.U.; Group - 2 (with all 

ground-waters with tritium concentrations <4 T.U., and in the same period > 0.5 T.U. such as 

mixture of subartesian and shallow ground water marked with 63PO014; Group - 3 (artesian 

waters 63PO040 with tritium concentrations < 0.5 T.U.).  
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3.3 Tritium simulation 

By simulation with Tritium data [7, 8], historically collected and analyzed so far,  the 

recharge mechanism of  Rasche Spring has been clarified. MRT (Mean Residence Time) and 

the volume of the aquifer located below the Zeden massif were calculated and respective 

values of 27years and 4,683x10
9 

m
3
 were obtained. These findings are presented in more detail 

in a separate paper/poster at this symposium. 

 

3.4 
3
H / 

3
He dating method 

Obtained results of the performed analyses (
3
He/

4
He and T/

3
He ages)* of investigated water 

samples from the Polog and Skopje Plane have contributed a lot especially in verification the 

evaluated MRT of the water within the aquifer located below the Zeden massif that is feeding 

the Rashce Spring, estimating of  53-66 years of its T-
3
He age determination.  

 

3.5 Artificial tracer experiment 

The observation of breakthrough concentrations of the injected tracers showed values of Vf   

between 2x10
-3 

and 1.64x10
-3 

cm/s. Further analyses of the collected water samples from 

Rashce Spring, following the injection of 5gr of Na-Fluorescein dissolved in 50l of water on 

the 12
th

 of November 2011 in the observation well 63PO034 (v. Raotince), we have registered 

its appearance in a concentration of 3,5x10
-2 

ppb, after 10 and 20 days of its injection.  

 

4. CONCLUSIONS 
 
Application of water Chemistry, Environmental and artificial tracers techniques, supported by 
computer simulation has been shown to be an efficient tool in characterization and 
quantification of groundwater dynamics of Rashche Spring area, from the time it recharges 
aquifers to its drainage. 
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Abstract: Although the Tritium content into the precipitation is approaching the natural level 

4-10 TU, it has been shown that it still can be used as an efficient tool in hydrological 

investigations and in particularly, for the Regions like observed (Polog-Skopje Plain) hydro 

systems where, historical Tritium data are available. In addition to the relevant chemical, 

geological, hydro-geological and hydro-meteorological data [1-5], the distribution of the 

Environmental isotopes, O-18/O-16, H-2/H-1 and Tritium concentrations in the observed 

precipitation, surface, ground and Spring waters, was determined, all in order to determine the 

mechanism of recharge of the Rashce Spring, main supplier with potable water of the Skopje 

City, Republic of Macedonia. The obtained so far results, helped in creating a relevant 

physical one cell model of two mixing components: Precipitations over Zeden Mountain and 

infiltrated surface water (Vardar River) as one component and deep artesian waters as a 

second component. Using relevant recursive equation and adequate computer program, an 

excellent approach has been performed, offering a possibility for determination of the MRT 

and the volume of the groundwater aquifer that is feeding Raschce Spring. In our case, for the 

MRT and the volume of the Zeden aquifer the main discharge of which is Raschce Spring, we 

received the following respective figures: MRT = 27 years and V=4,683x10
9
m

3
, providing in 

the same time substantial information for successful long-term usage of its available spring 

waters. These figures confirm in a reasonable way using T-
3
He dating technique, as well. 

 

1. INTRODUCTION 

In the past Rashce Spring, located at the foot of Zeden Mountain, Figure 1., has raised a great 

interest towards the determination the origin and available quantity of its water which is with a 

very high quality, positioned on the second place in the world, next to the Vienna tap water. 

Among the others [1-4], after the Skopje earth quake in 1963, the IAEA (International Atomic 

Energy Agency) through Technical Assistance (Project “Isotope in Hydrology”, YUG/8/002), 

has supported relevant investigations, as well. Some questions about the participation of the 

deep ground water (artesian), local precipitation over Zeden Massif,  as well as participation 

of the Vardar River in the recharge of the aquifer located below the Zeden Massif feeding the 

Spring, have been treated [5] and the following conclusions were drawn: Deep artesian water  
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that are gravitating from Polog Plain to the aquifer located below the Zeden  massif, with a 

relatively low  concentration  of  cca 1 ± 0,5 TU, indicating an average age of  cca 36 years) 

participate in the discharge of Rashce Spring  in an amount of not more than 70 %;  

 

 

 
Figure 1. A view on the investigated Area (Polog and Skopje Valley, R of Macedonia)   

 

Precipitation over the Zeden massif 210 TU ( 20%) and Shallow Polog ground water, 100 TU 
(10%), supported  by determination of the direction and the velocity of the shallow ground 
water  in  Polog Plane, performed by using of artificial tracers that these waters are directed to 
the Zeden massif[6]. Fortunately, having historical Tritium Data for the waters within the 
Local Hydrological Cycle and using a physical one cell model of two mixing components [7], 
a new possibility for reassessing of the mechanism of recharge of Raschce Spring has been 
evaluated. the result of which, quantification of the recharged water component, MRT and the 
volume of the stored water within the Zeden  aquifer that is feeding the Raschce Spring were 
estimated. These investigations were performed under the following Research Projects 
entitled: “Hydrological investigation on the Polog groundwater with special attention to the 
zeden massif and rschce spring”, financially supported by the City of Skopje and “The 
influence of vardar river to the groundwater recharge of Rashce spring”, part of the IAEA’s 
Coordinated Research Project (CRP): “Estimation of groundwater recharge and discharge 
using the 

3
H/

3
He dating technique”. It was shown as well that application of T-

3
He dating 

technique might be of great help in final evaluation of the recharge and discharge mechanism 
of the observed aquifer. 

 

2. METHODS 

Behind the sampling for hydro-chemical analyses, Tritium and stable (O-18 and H-2) isotope 

analyses, an additional campaign of sampling for Tritium/Helium-3 analysis was organized as 

well. In 48 copper tubes, provided by the IAEA, various samples of waters (ground and 

surface) from different profiles and depths along the Vardar River, were collected, While a 

part of the environmental isotope analyses were perform in our Laboratories in Skopje and at 

Joanneum Research Institute for Water, Energy and Sustainability, Graz, Austria, part of the 

Tritium and He-isotopes were performed at IAEA, Isotope Hydrology Section.  
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According to the geological conditions and hydro geological characteristics of the Polog-

Skopje Region, observed tritium concentration into the local precipitations, surface and 

ground waters including water of Rashce Spring, a one cell model of two mixing components: 

Precipitations over Zeden Mountain and infiltrated surface (Vardar River) as one component 

and deep artesian waters as a second component, Waters) has been proposed, Figure 2. 

 

 

 
Figure 2. One Cell mixing model of two inlet components 

 

For tritium simulations, Delphy programming language and adequate recursive equation [8, 

9], were applied, 

 

 
 

where, Sn-Simulated tritium concentration in the water of Rashce Spring for the observed year [TU], 

 Sn-1-Simulated Tritium concentration in the water of Rashce Spring for the previous year TU] . BRFi - 

Boundary Recharge Fraction consisting of, for an example: 30% of precipitation and  70% of 
groundwater; CBRFi -Concentration of Boundary Recharge Fraction; BOF-Boundary Outlet Fraction 

consisting of precipitations, surface and ground waters; CBOF  -Concentration Boundary Outlet 

Fraction, [TU] ; a-Radioactive decay constant. For tritium and for one year is equal to 0.945 were 

applied. Computer program gives the possibility to simulate the amount of Tritium given in 

TU (Tritium Units) in the Rashce spring by changing the mean residence time and the 

quantities of the participating components in the recharge of the spring. In our case we used 

tritium data (measured or estimated) for the last 60 years.  

 

3. RESULTS 

 

Balancing the isotope content in precipitations, surface and ground water, including the water 

from Rasche Spring, participation of different component in its supplying has been 

established, showing the following quantities in percentages; 58 % belong to deep artesian 

waters and the rest of 42 % belong to (precipitations and infiltrated water from Vardar River). 

Some of the collected environmental isotope data are presented in more detail in a separate 

paper/poster at this symposium. 

Comparing the simulated results and the measured ones, the possible mean residence time for 

the water accumulated within the Zeden Aquifer and feeding the Rasche Spring can be 

determined. 

It was evident that the best fitting is obtained for deep artesian water to (Precipitation and 

Vardar River water) ratio a value of 45/55  and MRT of 27 years, what correspond to a 

Volume of V=4,683x10
9 

m
3
 of stored water within the Zeden Aquifer. Obtained results of the 

performed analyses (Helium ¾ ratio & T-
3
He ages determinations) of a serie of ground water 

samples from the Polog and Skopje Plane, including the water samples from the Rashce 

Spring, have contributed a lot especially in verification the evaluated MRT of the water within 

the aquifer located below the Zeden massif that is feeding the Rashce Spring, estimating of 

53-66 years of T-
3
He age determination (for water samples from Rasche Spring), see Table 1. 
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Table-1 Results of the performed analyses (helium 
3
He/

4
He ratio & t-

3
he ages determinations) 

Seq. ID  Sample ID    He [x 104
  

STPcm
3

/g]
   3

He/
4

He [x10
-6

] [
3

He]trit[TU]   Tritium [TU] 3H-3He age [yr] 

454   MK-87  26.69 ±0.51  1.29 ±0.01 111 ±4  5.96 ±0.45  53.0 ±1.5  
483   MK-88  51.35 ±1.47  1.31 ±0.02 242 ±8  6.08 ±0.45  66.0 ±1.5  

 

4. CONCLUSIONS 

Application of environmental and artificial tracer techniques, supported by computer 

simulation has been shown to be an efficient tool in defining the recharge and discharge of the 

observed Aquifer. However, behind  the relatively long residence time of the water stored  

within the Zeden aquifer (MRT=27 years) and estimated  53-66 years of T-
3
He of its age, it 

still doesn't mean that any releases of certain  pollutant within the Zeden catchment area would 

not cause an  immediate negative influence to the safety of the water from the Rasche Spring. 

That is why; all human activities in surrounding area of interest should be kept under 

permanent sanitary control. 
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Abstract: The Cambrian-Vendian (Cm-V) and Ordovician-Cambrian (O-Cm) aquifer 
systems are part of the Baltic Artesian Basin (BAB). The groundwater of these aquifer 
systems is characterized by a strong depletion of the stable isotope composition (δ18O in the 
range of -18.5 ‰ to -22 ‰) and low radiocarbon concentration. Considering both facts, an 
origin of this groundwater from glacial meltwater during the last glaciation is indicated. An 
extensive noble gas study was conducted in these aquifer systems to investigate the noble gas 
signature of this water, which is known to be unusually gas rich. Indeed, the BAB 
groundwaters exhibit enormous excess air amounts, which could be due to trapped air in 
glacial ice that was forced into solution during recharge beneath an ice sheet. Furthermore, 
the noble gas composition of the Estonian wells clearly shows a depletion of Ne compared to 
atmospheric air, possibly due to a loss of Ne by diffusion through the ice. However, no 
conclusive scenario for the formation of the highly unusual noble gas signature is currently 
available. 

1. INTRODUCTION 

Groundwater was sampled in the northern part of the BAB, out of the Cm-V and O-Cm 
aquifer systems. A special characteristic of these aquifer systems is the stable isotope 
composition with δ18O values as low as -22 ‰, which is unique in Europe [1]. Former studies 
dated the groundwater by radiocarbon to approximately 19.000 up to 22.000 years BP [2]. 
These findings are clear indicators for a recharge during the late Weichselian glaciation. 
According to Vaikmäe, et al. [1], the recharge of the Cm-V aquifer system probably occurred 
by subglacial drainage of the Fennoscandian ice sheet through tunnel valleys. 

An extended noble gas survey was conducted to test this presumption. Dissolved noble gases 
contain information about past climate conditions, since the solubility of each noble gas in 
water is temperature dependent [3]. In contrast to surface water, groundwater is often 
equipped with a noble gas excess above the atmospheric equilibrium concentrations, the so 
called “excess air” [4]. There are several models to describe the excess air amount and 
composition in groundwater, the most straightforward explanation is the unfractionated 
excess air or UA model. It assumes a complete dissolution of entrapped air bubbles in the soil 
and implies that the excess in groundwater has the same composition as the entrapped gas 
which is assumed to be atmospheric air [4]. In groundwater infiltrated under normal 
conditions, the excess air is often fractionated with respect to air [5], because the relatively 
low hydrostatic pressure is insufficient to completely dissolve the trapped air. In contrast, for 
subglacial recharge it may be reasonable to assume that atmospheric air enclosed in the ice is 
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completely forced into solution by the high pressure load of the ice cover. We therefore use 
the UA model as a reference to compare to the observed noble gas patterns in the BAB 
groundwater. 

2. METHODS 

In total, 18 wells were sampled in the northwest of Estonia. As common for sampling noble 
gases [6], the groundwater was sampled filled in copper tubes (about 20 ml volume) which 
can be closed vacuum tight by stainless steel clamps. The groundwater samples were 
analyzed for noble gases on a GV5400 mass spectrometer at the Institute of Environmental 
Physics.  

In the UA model, the concentration of each noble gas i dissolved in the groundwater is 
described as [7]: 

�i,w = �i,w
eq	�1 + ��i	 

The model parameter A describes the volume ratio between injected air and water (A = 
Va/Vw) and Hi is the Henry coefficient for gas i.  

3. RESULTS 

All sampled wells showed an unusually high amount of dissolved noble gases. Figure 1 
shows the noble gas patterns of the Estonian wells. For this graph, the measured 
concentrations were standardized to air-equilibrated water (AEW) at 0°C. The horizontal line 
at a normalized concentration of unity corresponds to AEW. Noble gas concentrations above 
equilibrium are typical for groundwater with excess air [4], but usually Ne, which shows the 
highest relative excess, is at most doubled compared to equilibrium, corresponding to values 
of the parameter A in the UA model below 0.01. Here, however, the argon and krypton 
concentrations scatter around concentrations expected for an ideal sample according to the 
UA model with an excess air parameter of A = 0.06, as indicated by the shaded areas in 
Figure 1. Such an excess is not unrealistic for a scenario of subglacial meltwater recharge, 
considering that typical air contents of glacier ice are on the order of 90 ml per kg of ice, 
which corresponds to an air to water volume ratio of 0.09 [8,9]. The relative Ne excesses are 
higher than for the heavier noble gases, but not as high as expected for the reference sample 
according to the UA model with A = 0.06.  

Considering Figure 1, a similar noble gas pattern of all sampled wells is observable, without a 
separation of the different aquifers. Except for Xe, all concentrations lie above the 
equilibrium concentrations for 0°C (which are the highest possible equilibrium values), thus 
indicating excess air, which as usual is strongest for the lighter noble gases like Ne. However, 
despite a huge excess of Ne, a depletion with respect to the idealized sample is observable. 
This relative depletion of Ne with respect to an assumed atmospheric composition of the 
excess could be due to a loss of Ne either during bubble inclusion in ice or during the 
subglacial recharge process, because Ne unlike the heavier gases can diffuse through ice [10]. 
Conspicuous is that a depletion relative to the reference sample is also visible for Xe, for 
which most of the sampled wells are below the expected excess air amount. A diffusion 
through the ice matrix is not expected for Xe.  
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 Figure 1. Noble gas pattern of the sampled wells, ordered by aquifers (indicated by different 

colours). The measured concentrations are normalized to the concentrations calculated for 

air-equilibrated water (AEW) at 0°C. The shaded areas illustrate the composition of an ideal 

sample with an excess air component according to the UA model and A = 0.06, also 

normalized to AEW. O-Cm: Ordovician-Cambrian; Cm-V: Cambrian-Vendian; V2vr: 

Cambrian-Vendian, Voronka subaquifer; V2gd: Cambrian-Vendian, Gdov subaquifer.   

4. CONCLUSIONS 

The sampled wells are characterized by a high amount of dissolved noble gases. This is an 
indicator of recharge beneath an ice sheet, since the presence of such an enormous excess air 
amount is hardly possible only through recharge by infiltration of precipitation into soil. An 
unusual and previously not observed recharge process is further suggested by the noble gas 
pattern of the Estonian wells. All samples are characterized by a strong depletion of Ne with 
respect to an idealized UA-model excess air pattern fitted to the other noble gases. This could 
be explained by the fact that lighter and smaller isotopes are able to diffuse through the ice 
matrix. In summary, the high gas content and the fractionation of the noble gases with respect 
to air, as well as the strong depletion of the stable isotopes all clearly indicate a recharge 
under glacial conditions.    
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Abstract: The Chalk is a multi-porosity limestone aquifer with a microporous matrix. Dating 

of groundwater by T/
3
He has been used to supplement residence time information obtained 

previously from SF6. In general, borehole and spring water T/
3
He ages have been 

significantly lower than those obtained using SF6, though results from a final test using 

nested piezometers are awaited. A subsidiary research aim, a comparison between pumped 

samples and in-situ diffusion cells, revealed broadly similar results from the two methods. 
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Abstract: A VBA based excel worksheet has been developed for easier evaluation of noble 

gas data from groundwater samples. The worksheet was developed as a part of agency's 

efforts to facilitate a wider use of noble gas isotope in member states' water resource 

management, and has been distributed and tested among participating teams in the CRP 

"Estimation of Groundwater Recharge and Discharge by Using the Tritium-Helium-3 Dating 

Technique (2010-2015)". 
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Abstract: Facilitating a use of noble gas isotopes in water resource management of the 

member states has been one of the major focuses of the water resource programme of the 

IAEA. Accordingly, the isotope hydrology laboratory has been developing/improving 

analytical facility as well as implementing/developing sampling tools/devices. These efforts 

are largely made following requirements and experiences from the CRP programme 

dedicated for the noble gas technique (“Estimation of Groundwater Recharge and Discharge 

by Using the Tritium-Helium-3 Dating Technique (2010-2015)”).  In this contribution, we 

will present technical outcomes from this CRP with results of several development and test 

analysis made in the laboratory.  Those include developments of high quality water standard 

for noble gas analysis, and of the portable field gas sampling device for easier sampling. An 

update of a recently installed new generation mass spectrometer (Helix SFT) will also be 

presented. 
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