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Abstract
Tritium presents a natural radioactive isotope which can be used as a tracer in hydrology. This paper presents the usage 
of tritium in hydrogeological research of the Zagreb aquifer, which presents the country`s strategic water reserves and is 
protected by the Republic of Croatia. In the research area, higher tritium content in surface water and groundwater is the 
result of releasing coolant water from the Nuclear power plant Krško. Tritium content was measured in 13 piezometers 
and one pumping well, in the wider area of the Petruševec and Kosnica well fields. It has been shown that tritium from 
cooling water is much more pronounced than its natural seasonal variability, and it can be very useful as a tracer. Also, 
results showed that the intensity and delay of responses in the aquifer depend on their distance from the Sava River and 
piezometer depth. Furthermore, the results suggest that variable hydrologic conditions can generate rapid change in the 
groundwater flow direction and affect tritium transport through the aquifer.
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1. Introduction

Tritium (3H) is a natural cosmogenic radioactive iso-
tope of hydrogen which is created in the stratosphere by 
a reaction of thermal neutrons with atoms of nitrogen 
(14N) and then decays to 3He through the emission of 
beta particles (maximum of energy 18 keV). 3H has low 
natural activity in the hydrosphere, measuring 0.1 – 0.9 
Bq/L (Mook, 2001) and as a tracer, it became interesting 
after the introduction of a huge amount of man-made 3H 
to the troposphere due to atmospheric thermonuclear 
bomb tests during the 1950s and 1960s. The concentra-
tion of 3H increased by several thousand times and 
reached a maximum in 1963, of almost 1000 Bq/L 
(10000 TU (tritium unit); 1 TU = 0,118 Bq/L in the 
northern hemisphere precipitation. Tritium chemically 
behaves like other hydrogen isotopes (1H and 2H) and 
enters the water cycle as a part of H2O, and, as such, 
represents the ideal tracer with a broad application in 
hydrogeology (Rozanski et al., 1991; Małoszewski 
and Zuber, 1996; Cartwright and Morgenstern, 
2015; Nikolov et al., 2018). The increase of man-made 
3H activity prompted the World Meteorological Organi-
zation (WMO) and International Atomic Energy Agency 

(IAEA) to establish a world-wide network for the moni-
toring of 3H concentration in precipitation, named the 
Global Network of Isotopes in Precipitation (GNIP) 
(IAEA, 1979, 1983). Data from many meteorological 
stations are available to potential users through the IAEA 
web service WISER (IAEA/WMO, 2019). However, 
due to a short half-life of 12.32 years (Lucas and Un-
terwerger, 2000), the use of 3H as a hydrological tracer 
has become more difficult nowadays since 3H has almost 
reached its natural pre-bomb values (Krajcar Bronić et 
al., 1998; Horvatinčić et al, 2005; Vreča et al., 2006; 
Morgenstern and Daughney, 2012; Nikolov et al., 
2018). Higher summer values that result from the intro-
duction of 3H from the stratosphere to the troposphere 
(jet stream) as well as electrolytic enrichment techniques 
enable the use of tritium in some hydrogeological stud-
ies. However, for the determination of aquifer vulnera-
bility, especially in the case of riverbank filtration, sea-
sonal variation of 3H activity is not pronounced enough. 
Riverbank filtration is popularly used worldwide as a 
technique for drinking water supply, by the pumping of 
groundwater which is basically surface water that origi-
nated from lakes or rivers (Ray, 2002; Ray et al., 2002; 
Massman et al., 2008; Horvatinčić et al., 2011; Cart-
wright and Morgenstern, 2015; Gillefalk et al., 2018). 
Surface water is open to contaminants from the atmos-
phere and the surrounding area, while groundwater for 
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drinking purposes produced from pumping wells must 
be free of contaminants. This is achieved by situating 
production wells in proper positions, depending on hy-
drogeological condition of the aquifer.

Characterization of the aquifer may be conducted by 
different tracers which must be clearly visible, measur-
able and conservative. Tritium is an ideal hydrological 
tracer since it is a part of the water molecule, but its use 
based solely on natural 3H activity is very limited. As 
nuclear power plants (NPP) need coolant water, they are 
normally situated near water reservoirs such as seas, 
lakes or rivers from which water can be exploited as a 
coolant and released back to the water reservoir. Coolant 
water from NPPs is highly enriched with 3H, and it is 
carefully released into environmental water reservoirs, 
so 3H concentration in natural waters is very diluted and 
harmless for the environment (less than 100 Bq/L (1000 
TU), the maximum allowed concentration for drinking 
water in the EU), but still high enough to use 3H as an 
ideal hydrological tracer.

Croatia and Slovenia share the ownership of NPP 
Krško situated on the Sava River which is also the main 
recharge source of downstream aquifers and potable wa-
ter for the Croatian capital Zagreb and a broader area of 
the Zagreb County, with almost 1 million inhabitants. 
Water has been exploited from several main well fields 
and it is naturally filtrated (bank filtration) due to the 
geological background of the aquifer (Velić and Saftić, 
1991; Velić and Durn, 1993; Nakić et al., 2011, 2013). 
Demand for potable water in the Zagreb County has 
been constantly increasing. Due to the necessity for larg-
er pumping quantities, the Water Supply Company start-
ed with the preparation of the new well field Kosnica. 
The Zagreb aquifer is a part of the country’s strategic 
water reserves and is protected by the Croatian state. In 
such circumstances, it is very important to investigate 
the aquifer capacity and vulnerability, where 3H released 
from NPP Krško can be used as a valuable tool.

This paper presents the investigation of the Zagreb 
aquifer by using 3H released from NPP Krško, as a trac-
er. Monitoring of 3H concentration in the Sava River and 
Zagreb aquifer was conducted within two IAEA pro-
jects: in 2010-2011 and in 2016-2017. Although these 
papers present case studies, methodology can be applied 
to any investigation of bank filtrated groundwater with 
NPP upstream from the aquifer.

2. �Geological and hydrogeological 
settings

The NPP Krško lies on the gravel terrace of Krško 
polje, on the left bank of the Sava River southeast of 
Krško (Republic of Slovenia). In that area, the Sava Riv-
er presents a regional hydrologic base, or such a surface 
river, into which all of the streams and brooks accumu-
late, along with all the natural groundwater outlets and 
fluxes. In a hydrogeological sense, Krško polje forms a 
Quaternary aquifer in which the changes of the ground-

water table are related to the water infiltration from the 
Sava River. In the western part of Krško polje, up to the 
NPP dam, the Sava River recharges the Krško aquifer. 
Downstream from the dam building, the Krško aquifer 
discharges into the Sava River most of the year, however 
some flood waves recharge the aquifer and cause oscilla-
tions of the water table in a wide riverbank area. The 
Sava River emerges out a valley near Krško and contin-
ues its flow towards the Pannonian Basin across the state 
border into the Republic of Croatia and Samobor-
Zaprešić aquifer (see Figure 1). The Samobor-Zaprešić 
aquifer and Zagreb aquifer systems are located in north-
west Croatia and include urban areas and their surround-
ings. The aquifers are composed mainly of Quaternary 
sediments where alluvial parts of the aquifers are direct-
ly connected with the Sava River.

The Zagreb aquifer is composed of Quaternary sedi-
ments deposited during the Middle and Upper Pleisto-
cene and Holocene. Pleistocene deposits are lacustrine-
marshy, while Holocene deposits are alluvial. At the be-
ginning of Holocene, the Sava River started to flow and 
transport various materials from the Alps which was 
mainly carbonate. On the contrary, the Pleistocene de-
posits are mostly siliciclastic (Velić and Saftić, 1991). 
In general, Lower Pleistocene deposits are composed of 
silty clays and clayey silts with sporadic interbeds and 
lenses of gravelly sands. The lower and middle part of 
the Middle Pleistocene deposits are generally composed 
of sands, while silts and clays can occur in the upper 
part. In the Late Pleistocene, frequent lateral changes in 
gravels, sands, silts and clays can be found. On the other 
side, Holocene deposits are mainly composed of sand 
and gravels (Velić and Durn, 1993).

The Zagreb aquifer, from a hydrogeological perspec-
tive, consists of three main units: an unsaturated part of 
the alluvial deposits (overburden), a shallow Holocene 
aquifer layer and a deeper Pleistocene aquifer layer. The 
unsaturated zone thickness varies from two to eight me-
ters (Ružičić et al., 2012), while during high waters, 
some parts of the Zagreb aquifer area can be flooded 
(Huljek et al., 2019). However, it must be emphasized 
that a great part of the unsaturated zone is disintegrated 
by the anthropogenic influence, especially in the urban 
part of the City of Zagreb. The shallow Holocene aquifer 
layer is composed of gravels and sand while its thickness 
varies from 5 to 40 m. The deeper Pleistocene aquifer is 
characterized by frequent lateral and vertical alternations 
of sand, gravel and clay, and it extends up to 60 m in 
depth (Nakić et al., 2011, 2013). Groundwater generally 
belongs to the CaMg-HCO3 hydrogeochemical facies in 
the Holocene layer, while in the Pleistocene part CaMg-
Na-HCO3 facies can be additionally found. This is con-
sistent with the hydrogeochemical stratification shown in 
the adjacent Samobor-Zaprešić aquifer (Vlahović et al., 
2009; Marković et al., 2013). The Holocene aquifer 
layer is an unconfined aquifer which is in direct contact 
with the Sava River. General groundwater flow is from 
W/NW to E/SE, but it depends on the duration and inten-
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sity of hydrological conditions. It was shown that during 
low and medium waters, the Sava River drains the aqui-
fer in some parts, while during high waters it gives water 
to the aquifer (Posavec, 2006). The Sava River has more 
influence on groundwater levels in the areas which are 
located in its vicinity (Posavec et al, 2017). For example, 
in the Petruševec and Kosnica well field areas, the flow 
directions of groundwater change significantly during 
low and high water periods (see Figure 2).

The development and fast growth of the City of Za-
greb has resulted in quality and quantity groundwater 
issues. It has been shown that nitrates, pesticides, poten-
tially toxic metals, pharmaceuticals and chlorinated ali-
phatic present the main contaminants of the Zagreb aq-
uifer (Nakić et al., 2013). However, most of the research 
related to the groundwater quality issues has been fo-
cused only on nitrate contamination and potentially tox-
ic metals. It was shown that nitrate concentrations are 
below 50 mg/l of NO3

-, that nitrate origin is generally 
organic and trends are decreasing in most parts of the 
aquifer, and that the Zagreb aquifer presents an area with 
a generally high risk to nitrate contamination (Kovač et 
al., 2017a, 2017b; Kovač et al., 2018a, 2018b; Huljek 
et al., 2019). Also, it was shown that the landfill 
Jakuševec had an influence on groundwater quality due 
to increased concentrations of manganese, iron and arse-
nic (Bačani et al., 2012). Ružičić et al. (2016) have 
shown that risk of contamination with lead, cadmium 

and zinc in the area of well field Kosnica is present, es-
pecially in the case of an accidental spill. Groundwater 
levels are declining approximately 1-2 meters every ten 
years which has resulted in a decrease of permanent 
groundwater reserves of about 4%, in the period from 
1976 to 2006 (Bačani et al., 2010). Vujević and Posavec 
(2018) conducted a detailed analysis of historical 
groundwater levels in the area of the Zaprešić-Samobor 
aquifer where groundwater levels have generally de-
clined by approximately 2 m while their decline in the 
area of the Zagreb aquifer amounted to approximately 
1-2 m in its western part, approximately 2-5 m in its cen-
tral part, and approximately 1-3 m in the eastern part of 
the aquifer. The most significant decline has been ob-
served downstream from the weir of the Zagreb cogen-
eration plant TE-TO, more specifically, in the area of the 
Petruševec and Sašnak well fields and in the central and 
northern parts of the Mala Mlaka well field, where it 
amounted to 4-5 m and approximately 3 m, respectively. 
The main reasons for the decline in groundwater levels 
can be found in the deepening of the Sava riverbed, in-
creased groundwater abstraction and the construction of 
dykes along the Sava River (Posavec, 2006).

3. Sampling and methods

Well fields Petruševec and Kosnica are situated in the 
alluvial Holocene deposits (thickness 5-40 m) and are 

Figure 1: The geographical position of the Nuclear Power Plant Krško and aquifers connected with the Sava River
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Figure 2: The sampling locations of groundwater and surface water from the Sava River (Domovinski most bridge)  
with groundwater flow directions

Table 1: Sampling locations of groundwater and sampling 
periods

Piezometers
Distance from 

Sava River 
(m)

Total 
depth 
(m)

Sampling 
period

PETRUŠEVEC

2010-2012

Pumping well 
B-5A 400 38.0

PP-23/5 200 16.5
PP-18/30 500 32.0
PP-19 500 42.0
KOSNICA

2016-2017

*Screen in 
shallow aquifer

MP-5 215 40.0
ČP-101 310 12.0
ČDP-8/2 830 *56.0
PKB-1/1/3 1205 28.0
ČDP-13/1 1235 18.0
PKB-3/1/3 1275 28.5
PKB-5/1/3 1320 25.5
A-2-1 1400 *64.0
ČP-8 2100 30.0
ČP-12/3 2470 24.0

close to the Sava River so their hydrological regime is 
governed by the hydrological regime of the river (Nakić 
et al., 2011, Marković et al., 2013, Posavec et al., 2017, 
Parlov et al., 2019). The Petruševec well field is the op-
erating well field situated at the left bank of the Sava 
River and was investigated in 2010-2011 as a part of the 
project IAEA RER 8/016. Groundwater has been sam-
pled from three piezometers and one pumping well for 
two years on a monthly basis (see Table 1, Figure 2). 
The Kosnica well field (the right bank of the Sava River) 
is not in operation yet, but it is in the testing and moni-
toring phase as it is designated as a main well field for 
the City of Zagreb and a broader area in the near future. 
Sampling was conducted by the Faculty of Mining, Ge-
ology and Petroleum Engineering, University of Zagreb, 
within the IAEA TC Project CRO7001. 10 piezometers 
were sampled for one year on a monthly basis (see Table 
1, Figure 2). Sampling of the Sava River started within 
the first IAEA project, in 2010, at the location Domovin-
ski most (a bridge crossing the Sava River) and it has 
been continuing since then (see Figure 2). Precipitation 
has been sampled at the Ruđer Bošković Institute since 
1978, and since 1995 at the meteorological station Za-
greb – Grič, as a part of IAEA GNIP. The measurements 
of the Sava River water levels have been performed by 
the Meteorological and Hydrological Service of the Re-
public of Croatia (Croatian abbr. DHMZ) at the Zagreb 
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hydrological station continuously since 1849 (location 
in Figure 1).

Tritium activity was measured in the Laboratory for 
low-level radioactivity, Ruđer Bošković Institute, by the 
liquid scintillation counter Quantulus 1220. All samples 
were electrolytically enriched prior to the measure-
ments. Within the enrichment procedure, the sample 
amount reduces so the sample became enriched with 3H. 
The system for electrolytic enrichment consists of 20 
cells of 500 ml volume (stainless steel anodes and mild 
steel cathodes) purchased from AGH University of Sci-
ence and technology, Krakow, Poland. All samples have 
to be distilled prior to the enrichment procedure to re-
duce electrical conductivity to <50 µS/cm. An enrich-
ment run consists of 15 samples of unknown activity, 
three spike samples of known activity (500 – 600 TU) 
necessary for the calculation of the enrichment factor 
and two dead-water (DW) samples used for system con-
trol. The enrichment procedure takes eight days (1420 
Ah). The tritium enriched samples have been measured 
as scintillation cocktails that consist of 8 mL of sample 
and 12 mL of scintillant (Ultima Gold LLT; Perkin Elm-
er) in low diffusion polyethylene 20 mL disposable vi-
als. Each measurement run consists of 20 enriched sam-
ples plus one nonenriched spike sample, one internation-
al standard and two nonenriched background samples. 
On the basis of the initial and final mass of water in cells, 
and individual count rates of spike water before and after 
enrichment, the sample enrichment factor, ES, has been 
calculated according to Equations 1 and 2, and finally, 
the tritium activity of unknown samples (A3H) in tritium 
units (TU) has been calculated (see Equation 3) (Ro-
zanski and Groening, 2004; Stojković et al., 2018).

	 � (1)

	 � (2)

	 � (3)

Where:
Wi, Wf - initial/final effective mass of water in the giv-

en cell;
PSP - enrichment parameter of each spike cell;
ESP - enrichment factor of each spike cells;
PAV - enrichment parameter obtained as an average of 

three individual spike cells PSP values;
Q - total charge in [Ah] for the given enrichment run, 

1420 at RBI;
2.975 - Faraday constant;
A3H - tritium content in the given sample;
NSA - net count rate of the sample (counts per minutes, 

cpm);

NST - net count rate of the standard (cpm);
AST - tritium activity in the standard on the counting 

date in TU.
The average enrichment factor for the measured sam-

ples (ES) was 26±2, while the average enrichment pa-
rameter (PAV) at the Ruđer Bošković Institute is 
0.953±0.013 (close to 1) and indicates high tritium re-
tention during electrolysis.

4. Results and discussion

Tritium activity in precipitation shows a typical pat-
tern with almost natural values (3 – 10 TU) with higher 
values in warmer months with spring/summer maxima 
(14 – 20 TU at Zagreb) due to the lowering of the strato-
sphere in the spring (jet stream) and due to the breaking 
of the tropopause which happens each spring in northern 
latitudes between 30 and 60° (Gat et al., 2001; Yasu-
nary and Yamazaki, 2009) (Figure 3). Tritium natu-
rally forms in the stratosphere, and a certain amount is a 
residue from thermonuclear bomb tests. Differences be-
tween summer and winter values can hardly be used as a 
tracer tool in the case of the Sava River where several 
times a year, cooling water from NPP is being realised 
(see Figure 3). The peak from cooling water is much 
more pronounced and very useful as a tracer so tritium in 
precipitation will not be discussed any further.

During investigation of the Petruševec well field, a 
tritium peak of 198.7±20.9 TU was observed in the Sava 
River and the same peak was observed in three piezom-
eters (PP-23/5, PP-18/30 and PP-19) and in the produc-
ing well (B-5A) (see Table 1, Figure 4). The maximum 
value of tritium activity was registered in May 2010 dur-
ing average Sava River water levels without the occur-
rence of larger flood waves (see Figure 5). Peaks ob-
served in piezometers were delayed and damped, and it 
is clearly that the intensity and delay of responses de-
pend on both, distance from the Sava River and piezom-
eter depth, as shown in Horvatinčić et al. (2011) based 
on data collected within 2010.

In 2011, additional sampling was organized, and a 
tritium activity peak in the Sava River was noticed, but 
its intensity was much smaller than in the previous year 
(see Table 2, Figure 4). Peak intensities were calculated 
as a ratio of response peak observed in s piezometer and 
a peak observed in Sava River for both sampling periods 
(see Table 2), but only the results obtained in 2010 gave 
a clear time/intensity relation which was expected ac-
cording to distance/depth positions of the piezometers. 
Peak intensities calculated for the sampling period in 
2011 gave confusing results, contrary to results from 
2010 showing that a second peak of 30.9±4.1 TU (value 
close to natural tritium activities), observed in the Sava 
River was not strong enough to produce clear responses 
in piezometers. Peak activities in piezometers PP-23/5 
and PP-18/30 were barely visible (11.1±1.6 TU, 10.9±1.5 
TU, respectively), and in piezometer PP-19 and pump-
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Figure 5: Tritium concentrations and water levels in the Sava River during 2010

Figure 4: Tritium concentrations in precipitation in Zagreb (monthly samples), groundwater  
(Petruševec well field) and the Sava River (grab samples)

Figure 3: Tritium concentrations in precipitation at Zagreb (monthly samples)  
and in the Sava River (grab samples)
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Table 2: Tritium activities peaks in the Sava River and piezometers
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Sava River 198.7±20.9 30.9±4.1 168.6±20.9
PETRUŠEVEC
Pumping well
B-5A 400/38.0 29.7±3.5 5.5 14.7±2.2 3.5 14.9 49.0

Monitoring well 
PP-23/5 200/32.0 60.6±8.2 2.5 11.1±1.6 2.5 30.5 37.1

Monitoring well 
PP-18/30 500/16.4 59.1±7.8 4.5 10.9±1.5 3.5 29.7 36.3

Monitoring well 
PP-19 500/41.6 24.9±3.1 7.5 18.6±2.4 4.5 12.5 62.1

KOSNICA
Monitoring well 
Mp-5 215/40.0 31.2±4.0 2.5 18.5

Figure 6: Tritium concentrations in precipitation at Zagreb (monthly samples), groundwater  
(Kosnica well field) and Sava River (grab samples)

ing well B-5A the observed tritium activities were high-
er than expected according to results obtained in 2010 
(18.6±2.4 TU, 14.7±2.2 TU, respectively), meaning that 
in some point/moment, a peak in the Sava was probably 
much higher, but was not caught. Due to these reasons, 
the time/intensity relation for 2011 gave quite different 
results and probable results in comparison with the re-
sults from 2010 (see Table 2).

The results of A3H measurements from the Kosnica 
well field (10 piezometers), Sava River and precipitation 
for 2016 are presented in Figure 6. A3H peak (168.6±20.9 
TU) in the Sava River was observed in September 2016, 
and it was followed by a less intense peak in the piezom-

eter Mp-5 (31.2±4.0 TU) two months later. A peak in 
other piezometers was not observed by the end of the 
monitoring. The tritium peak in the Sava River was reg-
istered during low and medium river water levels with-
out major oscillations, but in less than a month, water 
levels were increased significantly (see Figure 7). These 
variable hydrologic conditions generate rapid change in 
the groundwater flow direction (see Figure 2) and affect 
tritium transport. The peak intensity for piezometer 
Mp-5 was 18.5%, similar to the intensity of the first peak 
observed in the producing well B-5A from the Petruševec 
well field (14.9%, Table 2). The distance of piezometer 
Mp-5 (Kosnica) from the Sava River is 215 m, and a 
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Figure 7: Tritium concentrations and water levels in the Sava River during 2016

peak was observed after 2.5 months. The distance of the 
B-5A well (Petruševec) from the Sava River is 400 m 
and its peak of bit smaller intensity was observed after 
5.5 months. On the other hand, a peak of high intensity 
of 30.5% was observed in a piezometer 200 m away 
from the Sava River PP-23/5 (Petruševec) with 2.5 
months delay regarding the Sava River peak.

It should be noticed that peak activity should be high 
enough to leave a response in groundwater such as in the 
case with peaks from the Sava River in 2010 (198.7±20.9 
TU) and 2016 (168.6±20.9 TU) and these activities can 
be easily measured without the time consuming electro-
lytic enrichment of samples. A small peak in surface wa-
ter such as the peak from 2011 (30.9±4.1 TU) did not 
produce clear response peaks in the monitored piezom-
eters.

5. Conclusions

The investigation presented within this paper showed 
that a release of cooling water enriched with 3H can be 
very useful for the determination of aquifer characteris-
tics in the case of using a groundwater obtained by river-
bank filtration for drinking purposes in cases similar to 
the Zagreb County. This kind of water supply is com-
mon in many cities worldwide, and it is often the case 
that NPPs have been built upstream from water well 
fields. However, investigation has to be planned proper-
ly as a 3H activity peak in surface water has a velocity of 
the river and escapes within several hours. This can be 
avoided by cooperation with the NPP authorities which 
plan and monitor the amount of releasing tritiated water 
from the plant, and the concentration of 3H in liquid ef-
fluent as well as concentrations in river/lake acceptors of 
the effluent. These types of monitoring are usually con-
ducted on a daily basis and a sample with peak activity 
can be easily caught. The next step is the sampling of 
groundwater from piezometers of interest and which can 

be done on a monthly basis since the response peak is 
dumped and visible for a longer period. It is of the ut-
most importance that the sampling period is long enough 
to catch response peaks in monitored piezometers so the 
sampling should not be stopped before obtaining meas-
urement results, or at least two years after spotting the 
peak in surface water. The responses in monitored pie-
zometers are also dependent on the hydrological regime 
of surface water and groundwater and a short observing 
period could be meteorologically extreme and the ob-
tained results could lead to a wrong perception of the 
aquifer characteristics.

The first sampling period (2010-2011) conducted at 
the Petruševec well field gave satisfying results as all 
piezometers showed time delays and peak intensities de-
pending on piezometer depth and distance from the Sava 
River. These results were obtained on the basis of the 
first peak in the Sava River (198.7±20.9 TU) while the 
second peak (30.9±4.1 TU) was not high enough to pro-
duce responses in piezometers. In the case of second 
monitored period, clear peak in Sava River was observed 
in September 2016 (168.6±20.9 TU), but the sampling 
was stopped before obtaining measurement results (Jan-
uary 2017) and only one peak response was caught in the 
piezometer closest to the Sava River (Mp-5) after 2.5 
months. However, even this short period gave prelimi-
nary information on aquifer characteristics, i.e. approxi-
mate velocities of groundwater (2.8 m/day). The results 
obtained from this research provide a good basis for the 
spatial set up and temporal monitoring network for fu-
ture investigations of the Zagreb aquifer characteristics. 
This step is necessary because only good monitoring 
plans result in precise groundwater velocities which are 
unavoidable for development of the sanitary protection 
zones of the well fields. This research confirmed that ve-
locities of groundwater could be determined by using 
isotope techniques, i.e. tritium released from NPP can be 
used as a hydrogeological tracer.
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SAŽETAK

Korištenje tricija ispuštenoga iz nuklearne elektrane kao trasera

Tricij je prirodni radioaktivni izotop koji se može koristiti kao traser u hidrologiji. Ovim radom prikazuje se korištenje 
tricija u hidrogeološkim istraživanjima zagrebačkoga vodonosnika koji je Republika Hrvatska zaštitila i uvrstila u stra-
teške zalihe vode. Na istraživanome području povišen sadržaj tricija u površinskoj i podzemnoj vodi posljedica je ispu-
štanja rashladne vode iz nuklearne elektrane Krško u rijeku Savu. Sadržaj tricija mjeren je u 13 piezometara i u jednome 
zdencu na području crpilišta Petruševec i Kosnica. Pokazano je da je tricij podrijetlom iz rashladne vode naglašeniji od 
njegove sezonske varijabilnosti te može biti korišten kao traser. Također, rezultati su pokazali da intenzitet i zakašnjenje 
reakcije u vodonosniku izravno ovisi o udaljenosti od rijeke Save i dubini piezometra. Nadalje, rezultati upućuju na to da 
promjenjivi hidrološki uvjeti uzrokuju brze promjene u smjeru tečenja podzemne vode i utječu na transport tricija kroz 
vodonosnik.

Ključne riječi:
tricij, nuklearna elektrana, traser, zagrebački vodonosnik
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