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At present, in the area of Upper Silesia there are no 
large natural water reservoirs, i.e. reservoirs that were 
created by tectonics or post-glacial lakes. In the past, 
natural reservoirs were present, mainly oxbow lakes, 
ponds and small lakes which were, however, destroyed as 
a result of industrial activity, mainly coal mining. An 
intensive influence of the industry on the environment 
through a relining of the Earth’s surface brought about a 
change in catchment’s area. One of the methods increas-
ing the possibility of using water supplies in a given area 
is the storage of water in retention reservoirs. 

Parameters characterising the reservoir Kozłowa Góra 
are presented in the Table 1. These data were taken from 
Sokół (2001), Stonawski (1997) and Ryborz-Masłowska 
et al. (1997). The surface area and the volume of the 
reservoir depend on the setting of the release mechanism 
– the table shows surface area and volume for maximal 
filling (water surface at the height of 278.99 m a.s.l.) and 
for normal filling, when the water surface is at 278.58 m 
a.s.l. The reservoir Kozłowa Góra was built in years 
1935-1938 and taken to use in 1939. It was aimed at use 
for strategic military purposes. The reservoir was created 
from damming the river Brynica at the 28th km of its 
course with a soil dam of a height of 7 m and length of 
1400 m. The dam is made of local material and it consists 
of sands and sandstone debris. 

3. METHODS 

The research presented here included sampling of 
cores from the reservoir. A total of 16 cores were taken 
from 13 locations from the reservoir – locations of sam-
pling sites are presented in Fig. 2. The cores were taken 

to ensure a uniform distribution of the sediments in the 
reservoir; however the northern part of the lake did not 
have any sediment. 

Two methods of taking lake sediment cores were used 
– freezing in situ method or 5 cm diameter piston corer 
method. The first method allows obtaining large samples 

Fig. 1. Map of Kozłowa Góra region. Lo-
cation of the examined site (source: 
www.zumi.pl). 

Table 1. Parameters characterising the reservoir Kozłowa Góra.

Reservoir 
Surface area 

(km2) 
max./min. 

Depth 
(m) 

max./aver. 

Length 
max. 
(km) 

Width 
max. 
(km) 

Volume 
(mln m3) 

max./min. 
Catchment area 

(km2) 

Kozłowa Góra  6.3 / 4.6 5.6 / 2.3 3.6 2.0 16.8 / 14.3 184  

 
Fig. 2. Location of cores taken from the lake Kozłowa Góra. 
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Table 3. The results for specific activity of 210Pb, 214Pb, and 214Bi in sediment samples from the Kozłowa Góra reservoir. 

 Activity 
 α method γ method Position of layer 
 Allochthonous 210Pb Allochthonous 210Pb  Average activity 

214Pb and 214Bi 
Sample No 

Depth (cm) Mass depth 
(g/cm2)  A 

(Bq/kg) 
A 

(Bq/kg)  A 
(Bq/kg) 

core 1           
KG01/9901 4.0 8  220±11      
KG01/9902 12.0 17  171.1±6.9      
KG01/9903 20.0 25  108.3±4.7      
KG01/9904 28.0 34  87.6±8.9      
KG01/9905 36.0 42  67.8±4.5      
KG01/9906 44.0 51  99±11      
KG01/9907 52.0 59  83.3±6.0      
KG01/9908 60.0 68  61.9±8.8      
KG01/9909 70.0 86  153±24      

core 2         
KG02/9901 4.0 9  64.2±3.1 70±30  11.4±3.8 
KG02/9902 12.0 17  57.9±2.9 56±28  12.2±3.8 
KG02/9903 20.0 26  48.9±2.1 51±29  7.4±3.7 
KG02/9904 28.0 34  40.7±1.0 52±29  15.3±3.7 
KG02/9905 36.0 43  62.9±3.2 50±29  19.5±3.7 
KG02/9906 44.0 52  48.8±2.6 41±29  16.7±3.7 

core 3         
KG03/9901 4.0 8  64.2±4.0 81±29  16.0±3.7 
KG03/9902 12.0 17  73.2±3.4 50±28  21.3±3.7 
KG03/9903 20.0 26  55.9±1.8 44±29  12.0±3.7 
KG03/9904 28.0 34  32.3±2.3 54±28  16.1±3.7 
KG03/9905 36.0 43  43.4±2.1 28±20  7.6±3.8 
KG03/9906 44.0 52  23.0±1.6 42±28  11.4±3.7 
KG03/9907 52.0 60  22.6±1.4 34±28  11.2±3.7 
KG03/9908 60.0 69  23.1±1.2 28±21  11.0±3.7 

core 4         
KG04/9901 1.8 4  72.3±4.0 53±27  9.7±4.6 
KG04/9902 5.3 8  57.2±2.9 36±28  14.3±3.6 
KG04/9903 8.8 12  30.6±2.5 46±28  11.1±3.7 
KG04/9904 12.3 16  29.3±2.1 45±29  8.2±3.8 

core 5         
KG05/9901 1.8 4  50.6±4.7 27±29  9.2±3.8 
KG05/9902 5.3 7  57.1±4.9 42±35  26.7±4.6 
KG05/9903 8.8 11  27.7±1.7 47±28  11.2±3.7 
KG05/9904 12.3 15  24.1±0.9 45±28  10.4±3.7 
KG05/9905 15.8 19  23.9±1.1 39±33  11.7±4.4 
KG05/9906 22.4 34  19.9±0.8 26±27  8.3±3.7 
KG05/9907 32.8 45  17.9±0.7 19±17  6.3±3.7 

core 6         
KG06/9901 2.0 4  28.1±3.4 42±28  15.5±4.7 
KG06/9902 6.0 8  31.9±2.4 29±29  9.6±3.8 
KG06/9903 10.0 13  18.2±1.4 54±28  12.5±3.8 
KG06/9904 14.0 17  24.7±2.2 25±28  8.5±3.8 
KG06/9905 18.0 22  18.8±1.9 29±28  8.2±3.7 
KG06/9906 22.0 27  14.8±1.2 15±29  6.2±3.7 

core 7         
KG07/9901 2.0 4  92.8±5.3 100±35  32.9±4.0 
KG07/9902 6.0 9  56.2±2.7 64±30  11.3±3.6 
KG07/9903 10.0 13  48.2±2.5 63±30  25.8±4.6 
KG07/9904 14.0 17  52.9±3.6 59±29  12.7±3.7 
KG07/9905 18.0 21  58.4±3.4 51±32  25.2±4.6 
KG07/9906 22.0 26  35.5±1.2 31±29  33.5±4.5 
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Table 3. Continuation. 

 Activity 
 α method γ method Position of layer 
 Allochthonous 210Pb Allochthonous 210Pb  Average activity 

214Pb and 214Bi 
Sample No 

Depth (cm) Mass depth 
(g/cm2)  A 

(Bq/kg) 
A 

(Bq/kg)  A 
(Bq/kg) 

KG07/9907 26.0 30  20.9±0.9 36±28  13.4±3.7 
KG07/9908 34.0 42  20.9±0.9 38±35  22.7±4.5 

core 8         
KG08/9901 5.0 15  24.4±1.9 17±29  4.1±3.7 
KG08/9902 15.0 33  25.8±0.8 23±30  6.5±3.6 
KG08/9903 25.0 51  23.8±2.0 25±29    

core 9       14.2±3.7 
KG09/9901 5.0 10  43.7±3.7 29±29  15.2±3.7 
KG09/9902 15.0 21  56.2±5.0 52±28  14.7±3.7 
KG09/9903 25.0 32  37.1±2.8 45±29  12.9±6.3 
KG09/9904 35.0 43  58.4±4.2 41±28  12.6±3.7 
KG09/9905 45.0 55  35.8±3.4 24±29  18.2±3.6 
KG09/9906 55.0 66  39.4±3.3 37±28  10.1±3.7 
KG09/9907 65.0 77  35.0±3.0 29±29  10.7±3.7 
KG09/9908 75.0 88  37.7±4.5 32±28  15.3±3.7 
KG09/9909 85.0 101  41.6±3.9 54±28  10.4±3.7 
KG09/9910 95.0 112  39.7±4.6 41±28  12.7±3.8 
KG09/9911 105.0 123  44.1±2.0 49±30  10.6±3.7 
KG09/9912 115.0 135  38.7±1.7 30±30  14.2±3.7 
KG09/9913 125.0 152  55.3±2.2 49±30  14.4±3.6 

core 9a        
KG09a/9901 44.0 8  45.5±3.2 44±29  12.6±4.2 
KG09a/9902 52.0 17  44.2±3.4 49±28  15.3±3.6 
KG09a/9903 60.0 25  48.4±3.7 65±27  12.0±3.4 
KG09a/9904 68.0  34  55.6±3.7 41±31  10.4±3.6 
KG09a/9905 76.0 43  45.9±2.8 54±29  16.3±3.5 
KG09a/9906 84.0 52  44.1±3.3 29±28  11.9±3.5 

core 10         
KG010/9901 20.0 11  55.1±5.2 53±29  14.1±3.7 
KG010/9902 30.0 22  43.2±2.6 46±28  15.6±3.7 
KG010/9903 40.0 32  52.4±4.0 56±30  11.0±3.6 
KG010/9904 50.0 43  49.5±3.7 44±27  11.8±3.5 
KG010/9905 60.0 53  50.6±3.4 58±28  13.4±3.8 
KG010/9906 70.0 64  61.7±4.2 44±27  14.2±3.6 
KG010/9907 80.0 75  53.0±4.1 51±30  12.0±4.0 
KG010/9908 90.0 86  44.5±3.6 58±27  13.2±4.2 
KG010/9909 100.0 103  36.2±2.8 50±28  14.7±5.3 
KG010/9910 110.0 114  57.5±3.6 59±28  10.4±3.8 
KG010/9911 120.0 124  49.4±3.5 41±24  12.6±4.1 

core 10a         
KG10a/9901 45.0 10  45.1±2.7 59±30  11.7±3.8 
KG10a/9902 55.0 20  46.5±2.4 45±27  15.6±3.6 
KG10a/9903 65.0 31  52.6±1.7 46±30  13.8±3.4 
KG10a/9904 75.0 41  51.6±2.3 46±27  12.9±3.8 
KG10a/9905 85.0 52  48.7±2.1 60±29  12.5±3.7 
KG10a/9906 95.0 62  36.8±1.8 42±27  15.4±3.7 
KG10a/9907 105.0 73  51.2±3.3 49±30  13.8±3.4 

core 11        

KG11/9901 15.0 10  78.2±7.0    
KG11/9902 25.0 21  51.1±5.5     
KG11/9903 35.0 32  51.3±3.1     
KG11/9904 45.0 43  58.2±3.9      
KG11/9905 55.0 54  57.1±4.3      
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Fig. 3. The age of the layers of the cores spanning 30 years. 

Table 3. Continuation. 

 Activity 
 α method γ method Position of layer 
 Allochthonous 210Pb Allochthonous 210Pb  Average activity 

214Pb and 214Bi 
Sample No 

Depth (cm) Mass depth 
(g/cm2)  A 

(Bq/kg) 
A 

(Bq/kg)  A 
(Bq/kg) 

KG11/9906 65.0 65  53.4±3.7      
KG11/9907 75.0 75  28.3±3.1      
KG11/9908 115.0 87  34.0±2.8      
KG11/9909 125.0 104  28.6±2.0      

core 11a          

KG11a/9901 25.0 10  79.2±6.6      
KG11a/9902 35.0 20  55.3±4.4      
KG11a/9903 45.0 31  64.0±5.7      
KG11a/9904 55.0 42  45.5±3.7      
KG11a/9905 65.0 53  55.2±4.0      
KG11a/9906 75.0 63  42.9±3.3      

core 12          

KG12/9901 34.0 9  78.8±7.2      
KG12/9902 42.0 18  50.2±3.8      
KG12/9903 50.0 26  46.1±3.4      
KG12/9904 58.0 34  58.3±4.3      
KG12/9905 66.0 43  65.3±3.7      
KG12/9906 76.0 54  35.9±3.4      
KG12/9907 86.0 68  24.4±2.1      

core 13          

KG13/9901 3.8 8  68.2±5.5      
KG13/9902 11.3 16  53.3±3.8      
KG13/9903 18.8 23  60.7±5.8      
KG13/9904 26.3 31  62.8±4.0      
KG13/9905 33.8 40  43.2±2.8      
KG13/9906 41.3 48  36.1±2.6      
KG13/9907 48.8 57  53.3±2.9      
KG13/9908 56.3 65  65.3±4.4      
KG13/9909 63.8 73  43.8±3.0      
KG13/9910 71.3 81  32.4±2.1      
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Fig. 4. The age of the layers of the cores spanning 60 years. The dot indicates the CRS model and the square the CIC model. 
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- the sediment flux was constant during first 30 years 
and then suddenly grew by a factor of 2; 

- the lead flux was constant during the whole time; 
- the CRS model was used. 

The results of the calculations are shown for chosen 
cores in Fig. 5 (dashed lines). Kozłowa Góra is a young 
reservoir. Even the oldest sediments contain allochtho-
nous 210Pb, therefore the standard CRS model should be 
modified. For the oldest sediments of each core, the value 
of accumulated surface activity of the allochthonous 210Pb 
was established to provide condition that the age of layer 
directly over the bottom is 60 years. The ages of higher 
layers were calculated according to this condition (see 
Sikorski and Bluszcz, 2003).  

For cores 11, 11a, 12 the youngest sediment’s layers 
were not collected. Values of specific activity for top 
layers were approximated on the base of activity of 
deeper layers and from known amount of missing sedi-
ment. For shallow reservoir (mean depth 2.5 m) it was 

possible to determine the location of the corer in the 
sediment on the ground of height of water column over 
the corer, knowledge of sediment’s bottom location and 
bathymetry of the reservoir. 

The agreement of fitted lines to measurement points 
and coming from simulation testify the validity of choice 
of CRS model and correctness of measurements. Re-
ceived results are also in good agreement with described 
below historical facts. 

CIC model is particularly useful in cases where con-
stant accumulation rate can be assumed (based on the 
earlier investigations and history of the water reservoir). 
For Kozłowa Góra reservoir this assumption does not 
fulfil. It is reservoir of rather small dimensions, but with 
significant fluctuations of the water level (Fig. 6). Flora 
and fauna occur for its whole volume. Therefore the 
growth of organic material – the main component of 
sediments – is proportional to the reservoir volume; and 
the volume depends on water level. 
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Fig. 5. Concentration of allochthonous 210Pb in sediment sample vs. mass depth for choosen cores (2, 3, 7 and 13) from Kozłowa Góra. Solid lines –
regression lines fitted to results of measurements; dashed lines – simulations lines. Results for cores 2 and 13 were presented earlier (Sikorski and 
Bluszcz, 2003). 
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During the investigations of the reservoir in Kozłowa 
Góra it was found that its northern part is devoid of sedi-
ments. The greatest amount of sediments is located close 
to the dam. The length of the taken sediment cores de-
creases with the distance from the dam. The analysis of 
the short cores allows drawing the conclusion that the 
sedimentation of cores 4 and 7 started 30 years ago  
(Fig. 3) and the sedimentation in the northern part  
(core 8) had not started yet. These phenomena can be 
explained by the different water depth and changing ve-
locity of the bottom flow. This flow is normal for a flow-
through reservoir and it takes place all the time, therefore 
despite the differences in the average rate of sedimenta-
tion in the various parts of the reservoir (see Table 4), the 
conducted research does not point to the possibility of 
violent event of redeposition. 

The cores 9, 9a, 10, 10a (Fig. 7) represent locations 
near the dam, which contain mixed sediments probably as 
a result of large water turbulences.  

The analysis of data from the daily reports describing 
the water management in the reservoir (see Fig. 6) re-
veals that in August 1966 and in February 1967, two 
large floods took place (the water discharge noted at the 
measurement point was 20 and 12 m3/s respectively). In 
addition, as a result of the floods the structure was dam-
aged and in year 1969 the dam was renovated. The reno-
vation of the dam is often connected with removing the 
sediments. From the historical records and information 
from people worked during dam renovation, in the case 
of Kozłowa Góra there was none cleaning of the bottom 
of reservoir, and only the dam height was increased. Of 
course it can not be excluded that some removing of the 
sediments was a result of large foods. 

After renovation water level of the reservoir was 
raised. In this way, the volume of the reservoir was in-
creased by about 80%. The mentioned events explain a 
sudden increase of the sediment influx.  

5. CONCLUSIONS 

The paper describes research which allowed determin-
ing of the 210Pb activity in the sediments in the artificial 
reservoir in Kozłowa Góra. As a result it was possible to 
date the layers of the sediment and to calculate the rate of 
sedimentation and on their basis to create a sedimentation 
model for this reservoir. 

The determination of the activity of authigenic 210Pb 
in the sediments of the reservoir was possible only thank 
to gamma spectrometry. For a young lake it is impossible 
to calculate this activity only with the application of alpha 
spectrometry because even the oldest sediments contain 
allochthonous 210Pb.  

The analysis showed that on the confidence level 0.05 
results of measurements of allochthonous 210Pb by α and 
γ spectrometry are fitted.  
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Events which took place 40 years ago (renovation of 
the dam, development of the industry and farming) 
brought about a doubling of the amount of material trans-
ported to the reservoir. The increased flux of material had 
been taking place until the core taking. The increase of 
the reservoir volume is the cause of an increased water 
exchange time in the reservoir which can lead to the in-
tensification of biological processes. The assumption of 
an increased sedimentation rate as the result of the in-
creased height of the water table is further supported by 
the observed correlation between water depth above the 
bottom of the reservoir and the quantity of sediment in 
the place of the depth measurement (Sikorski, 2003).  

The change of the level of the water table was the 
cause of starting the sedimentation in the central part of 
the reservoir. The deposition of material in the northern 
part of the reservoir has not started yet because of the 
bottom flow. 
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