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Abstract: The influence of Nuclear Power Plant Krsko on the level of radionuclides 90Sr and I37Cs in
the water of the Sava River and in ground water has been examined in this paper. According to the
measurement results, it can be seen that the normal operation of NPP Krsko does not cause any in-
crease of the above mentioned isotopes. Furthermore, the measurement results have shown that in case
of a larger release, a pollution of ground and drinking water may occur rather soon, which in turn may
threaten the human existence in that specific area for a longer period of time.

1. Introduction
90Sr and l37Cs are radiotoxic long-life isotopes, dangerous for human health. For this reason, the
obligatory control of radioactive strontium and caesium concentrations has been introduced within the
monitoring of environmental radioactivity, particularly within the control of nuclear power plants re-
lease.

The city of Zagreb is situated on the Sava River banks. In the vicinity of the city there are the aquifers
which are exploited for drinking water supplies of its inhabitants.

Nuclear Power Plant Krsko, situated on the Sava River, some 60 km north-west of Zagreb, takes the
river water to be used in its cooling system and releases the water back into the river. Since the waters
of the Sava River are connected with the aquifers, which are exploited for drinking water supplies, it is
necessary to conduct constant monitoring of the radioactivity level in the river and ground waters in
order to estimate the risk to the population.

In this paper the results of 90Sr and l37Cs concentration measurements in surface and ground waters in
the surroundings of Zagreb will be presented, with regard to possible impacts of Nuclear Power Plant
Krsko on the environment, particularly on the population of Zagreb.

2. Methodology

K r § k o a n d I o c a t i o n
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The isotopes 90Sr and 137Cs were determined within the
monitoring of Nuclear Power Plant Krsko in the ground g '
water samples taken on the locations Sibice and Medsave,
as well as in the water of the Sava River on the location
Jesenice.

All three locations are situated downstream from NPP
Krsko and were marked on the map shown in Figure 1.

The Sava River water samples are taken continuously, 24
hours a day, throughout the month, in order to obtain a
representative composite sample. Ground water samples
are taken on a monthly basis. The drilling depth on the lo-
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cations Sibice and Medsave was 10 m. The isotope Sr
1 "3*7

was determined by a standard method (1), and Cs
gamma-spectrometrically in monthly samples. The average mean values were calculated and the results
were presented in tables and graphically.
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3. Results and discussion

NPP Krsko is situated 60 km north-west of Zagreb, on the Sava River, and was put into operation in
1981.

The riverbed of the Sava River in a broader area of Zagreb is hanging and superficially cut in the wa-
ter-bearing horizon with a high permeability coefficient, so that an intensive infiltration of the river
water into the ground occurs (2). In this area the ground water flow velocity amounts to 36 m/day on
the observed location Sibice and 150 m/day on the location Medsave. These are the average values of
flow velocity and they change with the change of river water levels. These relatively high velocity val-
ues are the consequence of the terrain structure that is largely composed of gravel layers deposited
during previous geological periods. Such velocity values have an impact on the rapid transport of radi-
onuclides into the ground water and, consequently, represent a threat of radiocontamination. However,
one should take into account that the layer composition - that is their sorption properties and the ex-
change capacity of the soil - play a decisive role in the radionuclides transport (3,4,5).

The city of Zagreb is supplied with water from alluvial aquifers of the left and right river bank areas
and the above mentioned impact of the Sava River on ground water represents a high level of risk for
the population supplied with drinking water from such sources.

For that reason the control of the radiocontamination levels in the Sava River and ground water is con-
stantly conducted. Within that procedure the isotopes 90Sr and 137Cs are measured.

The measurement results from 1983 (the start of operation of NPP Krsko) until 1995 on the mentioned
locations are presented in Tables 1 and 2.

The results presented in Table 1 showed that the level of 137Cs in the Sava River water was the highest
in the first couple of years of the NPP Krsko operation after which it declined to the zero level which it
had in 1981. The level of 90Sr was in the range 2-6 Bq/m3 and also reached almost the zero level that
was an average of 3 Bq/m3.

Table 1. The average annual activity values of 90Sr and I37Cs in the Sava River

Y E A R

1983
1985
1986
1989
1991
1993
1995

S A V A R I V E R -
J E S E N I C E / D O L E N J S K E M

90Sr

Bq/m3

3.75 ± 0.50
5.60 ± 2.50
9.44 ± 8.52
3.40 ± 0.65
4.20 ± 1.20
2.80 ± 0.60
2.40 ± 0.40

137Cs

Bq/m3

28.5 ± 14.1
4.9 ± 5.8

36.8 ± 57.3
2.7 ± 2.0
1.4 ± 0.6

< 1
< 1

Furthermore, the results presented in Table 2 showed that until 1986 the isotope 137Cs could not be
90rdetected in the ground water. From 1987 until 1995 its level was very low. The level of Sr was 3-

7 Bq/m3 which was also within the zero level.
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Table 2. The average annual activity values of Sr and Cs in the ground water

Y E A R

1983
1985
1986
1989
1991
1993
1995

6.00
5.74
6.35
5.30
4.60
3.30
3.40

90Sr

±
±
±
±
±
±
±

M E

1.74
0.50
1.58
1.77
1.40
1.30
0.30

D S A

Bq/m3

V E

8.02
3.00

1.56

137Cs

-
-
±
±
<
<
±

5.08
1.76
1
1
0.20

6.44
4.20
4.10
3.60
3.30

90Sr

-
±
±
±
±
±

S I

1.17
1.21
0.50
1.50
1.00

B I C

Bq/m3

E

9

1

137Cs

-
-

0 ±
<
<
<

.4 ±

7.7
1
1
1
0.3

The exceptions were the results for 1986 when the values were increased both in the river water and in
the ground water, as a consequence of the Chernobyl accident. The results are presented in Figures 2.a
and 2.b, where the average monthly values for 1986 are given. It should be pointed out that a detailed
interpretation of the obtained results would require a more thorough knowledge of the hydrogeological
structure and the hydrological situation in the observed period. Generally one can say that the Sava
River has a direct impact on the ground water and that the contamination of the Sava River largely re-
flects on the ground water.

4. Conclusion

The above results show that under the conditions of normal operation the release from NPP Krsko has
an insignificant impact on the ground water and ground layers. However, the Chernobyl accident
showed that in case of a larger emission of radionuclides it would soon come to a large-scale contami-
nation of the ground and drinking water, which would in turn constitute a threat to the entire popula-
tion for a longer period of time.

Fig 2a. The average monthly activity values of Sr and Cs in the Sava River
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Fig 2b. The average monthly activity values of 90Sr and 137Cs in the ground water
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