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Abstract: The paper presents an analysis of' hydrochcmical conditions of' the Stobrawa River - the right tribu­
tary of the Odra River. The aim of' the analysis was lo assess the possibility of' storing the Stohrawa water in
Kluczbork storage reservoir. A preliminary assessment of the reservoir water quality mid its usability was made.
The quality or water in the reservoir is particularly important as the main functions of the reservoir arc flood 
protection, agricultural irrigation and recreation. The following physicochernical parameters of' the Stohrawa
River were analyzed: NO_i', NO,·, NH;, PO/, BOD,, COD, dissolved oxygen (DO), water temperature, pH,
electrolytic conductivity and total suspended solids (TSS). Main descriptive statistical data were presented for
the analyzed water quality indicators and loads. A statistical analysis of' the correlations among all investigated
water quality indicators and water flow was performed. The analysis showed that some of' the indicators were
mutually correlated with water flow at a significance level ofp < 0.05. The carried out research showed signifi­
cant contamination of the Stobrawa River in the cross-section of the planned reservoir, which indicates that the
Stobrawa water could deteriorate the quality ofwater in the reservoir. Some reparatory actions to improve water
quality in the reservoir were presented. One of them is rearrangement of water and wastewater management in
the reservoir catchment. This must precede the construction of the reservoir. Another solution is construction
ofa pre-dam which will contribute to the improvement of water quality in the reservoir and extend its lifetime.

INTRODUCTION

Small water reservoirs, such as Kluczbork reservoir, constitute the basic elements of the
so-called "small retention" and improve water balance. They are built mainly for storing
water in the period of its overflow and for providing it in the low-flow periods. They have
also some economic functions (agricultural irrigation, watering place, water supply for
villages) and can be used for energy, natural and recreational purposes [20, 24, 26, 29, 31,
37]. They can also contribute to flood protection [27]. Moreover, quite significant is their
impact on the adjacent areas (25]. Since in the upper and middle Odra River basin the
possibilities for constructing big retention reservoirs are rather limited due to location and
costs, the construction of smal I retention reservoirs seems to be justified.

When building a water reservoir one should take into consideration not only the
quantitative aspect but also the quality of water to be stored in the reservoir. There are
various opinions on water quality and the impact of water storage in the reservoir on wa-
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ter quality changes. According to the prevailing opinion this contributes to intensification 
of a self-purification process [21, 43, 48-50]. However, in small reservoirs the quality of 
heavily contaminated water deteriorates [49, 51, 53]. Changes caused by damming up 
water in dams in water environment are rather complicated and may vary in time, depend­ 
ing on the use and age or the reservoir. Very often contaminants tł owing to the reservoir 
with water and bed load can jeopardize the use and existence of the reservoir [I, 19, 23, 
28]. 

What is important here is providing monitoring in river basins, in which small water 
reservoirs are to be built. These basins are usually not controlled hydrological. No water 
quality analyses are carried out. Therefore, contamination of planned and constructed 
reservoirs is one of the key issues [6, 16, 33, 34, 48, 52-54]. 

As far as water quality in the reservoir is concerned a significant role is played by the 
quality of water feeding the reservoir, which usually results from water and wastewater 
management in the basin [9, 52]. Phosphorus and nitrogen compounds are the key factors 
having an impact on the quality of water in the reservoir. The effect of nutrition of surface 
water is excessive growth of plant communities, mainly plankton. 

This can be easily noticed in summer in the form of"water blooms" covering small 
water reservoirs [ 11, 15, 51]. This eutrophication process should be taken into account 
already in studies and at the stage of designing of water reservoirs so that after their con­ 
struction no unfavorable biochemical processes causing eutrophication would develop in 
the reservoir bowl. 

This must be carried out in compliance with the Water Act [ 45], which says that "at 
designing, construction and maintenance of water devices one should follow the principle 
of sustainable development, preserving good ecological state of water". For many years 
people have been looking for methods to prevent eutrophication. One of them is based on 
the use of pre-dams [3-5, 30, 36, 49, 51]. 

The aim of this study is to analyze hydrochemical parameters of water in the Sto­ 
brawa River to evaluate the possibilities of storing it in the planned Kluczbork water 
reservoir. A preliminary assessment of the reservoir water quality and its usability was 
made, as well as some actions to improve the quality of water feeding the designed reser­ 
voir were presented. Construction of a pre-dam in the backwater of Kluczbork reservoir 
was proposed. 

CHARACTERISTICS OF KLUCZBORK RESERVOIR AND THE STOBRAWA 
RIVER CATCHMENT 

Kluczbork reservoir will be located at the 61.5 km of the Stobrawa River (right 
tributary of the Odra River), about I OOO m eastwards, above the town of Kluczbork. From 
the administrative point of view it will be situated in Opolskie Voivodeship (Southern 
Poland), Figure I. 

Kluczbork reservoir will be used for the following purposes: irrigation, reduction of 
flood wave, electric energy generation, fire protection for rural areas and forests, sports 
and recreation [32, 44]. 

The area where the reservoir is to be constructed is tlat, covered with meadows, 
scrubs and fallow lands. On the right and left sides of the bowl there are gravel pits (old 
and new gravel pit) filled with water [44] (Fig. I). 
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fig. I. Location of the planned Kluczbork storage reservoir on the Stobrawa River 
A) reservoir catchment. 13) reservoir bowl with hydrochemical measuring point 

In the reservoir catchment there are Quaternary formations, mainly sand and gravel, 
accumulated on Tertiary silts. The area of the valley is covered with organic soil, alluvion 
and peat [44]. The depth of the permeable layer at the front dam varies from 3.7 to 10.5 
m. Such geological structure imposes the necessity of constructing a tight, deep barrier 
reaching the impermeable layer [32]. In the vicinity of Kluczbork reservoir surface wa­ 
ter a Main Groundwater Reservoir (GZWP) called Dolina Kopalna Stobrawy is located. 
These are four groundwater intakes providing water for the town. A part of the bowl of 
the future reservoir will be situated in the area of indirect protection of groundwater in­ 
takes, the northern border of which is formed by the Stobrawa River [38]. In this context 
the sealing must be made very carefully so that no exchange of surface- and groundwater 
would occur. 

In 2007 a sewerage system was provided to the villages in the direct catchment of 
the constructed reservoir. Other villages and towns of the reservoir catchment are to be 
provided with sewerage system from the Cohesion Fund to the year 2013. 

The main elements of Kluczbork reservoir are: front dam, spillway-discharge sys­ 
tem and small water power plant. To improve the quality of water feeding Kluczbork 
reservoir the construction of a pre-sedimentation tank is planned. The area of the reservoir 
at a normal water lifting level will be 55.7 ha and at a maximum lifting level - 56.7 ha. 
The water lifting ordinate at the normal lifting level will be 186.00 m a.s.l., and at the 
maximum lifting level - 187.00 111 a.s.l. The reservoir volume at the normal lifting level 
will be 1.1 mln 1113 and at the maximum level - 1.683 mln 1113. The average depth at the 
normal lifting level - 2 111 and at the maximum level - 3 111. The length of the reservoir 
will be about 1400 111 and its width - about 400 m [32]. 

The Stobrawa River in the planned reservoir cross-section is not controlled hydro­ 
logical. The catchment area in the dam profile is 126 km2• Characteristic flows in this 
section are the following: average discharge SSQ = 0.574 m ':s', average low discharge 
SNQ = 0.08 m+s' and inviolable flow Q

0 
= 0.04 m+s'. Average annual precipitation in 

Kluczbork in the period of 1971-2000 is 650 mm and the average air temperature - about 
8°C [22]. There are many fish ponds and hydrotechnical structures in the catchment. 
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METHODS 

Water quality assessment in the Stobrawa River at the outlet to the planned reservoir 
was carried out based on the hyclrochemical analyses performed at the measuring point 
located at the 63 .5 km of the river course (Fig. 1 ). 

The analyses were macie from May 2005 to April 2008. Thirty four water samples 
were collected. Water was collected from the subsurface river current. The following in­ 
dicators were taken into consideration in the water quality assessment: NO

3
·, N02·, NH/, 

PO/, 8OD5, COD-Cr, water temperature, dissolved oxygen (DO), water pl-I, electrolytic 
conductivity and total suspended solids (TSS). Laboratory tests were performed in com­ 
pliance with Polish standards [ 14]. Apart from water quality analyses also hydrometrie 
measurements were macie. Flow rate curve was determined. Based on the obtained water 
quality values and hydrometrie measurements loads of contaminants carried out from 
the Stobrawa River catchment in the cross-section of the designed Kluczbork reservoir 
[kg] were calculated. Due to variable meteorological conditions two seasons were distin­ 
guished: the winter season ( 1 November - 30 April) and the summer season ( l May - 31 
October). Physicochemical indicators were determined both for the whole year and for 
the above-mentioned seasons. 

A statistical analysis or concentrations or particular physicochemical water quality 
indicators was performed. For the obtained results location measures (average measures) 
and dispersion (variability) values were calculated, which allowed to present differences 
in the values of the analyzed indicators. 

As a location measure an arithmetic mean was assumed and as a dispersion measure 
- interval and standard deviation [ 18]. Moreover, average monthly loads and their ranges 
for nitrates, nitrites, ammonium and phosphates were compared. Correlations between 
flow rate and the Stobrawa water quality indicators were also analyzed. A statistical pres­ 
entation of the correlations was macie using a Pearson's linear correlation coefficient [47]. 
It was assumed that the correlation was statistically significant in the case of p < 0.05. 

The quality of the Stobrawa water was assessed according to the Ordinance of the 
Minister of the Environment establishing way of classifying the state of uniform parts of 
surface waters [ 40] and water eutrophication process was assessed according to the Or­ 
dinance [ 41 ]. Water usability in the context of the possibility of its li fling in the designed 
reservoir was determined by comparison of the analyzed indicators with limit values for 
water suitable for fish [39] and bathing [ 42]. 

RESULTS AND DISCUSSION 

In the investigated period the discharge values in the analyzed cross-section varied from 
0.150 to 1.880 1113-s-1• The average discharge value was 0.446 m+s' and was lower than 
the one assumed in [32]. The highest discharge value was recorded in March 2006 and 
the lowest one in July 2006. 

The analyses of the selected physicochemical indicators in the Sto brawa water were 
carried out in the cross-section of the designed reservoir from May 2005 to April 2008. 
The characteristic of these parameters is presented in Table 1. 
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Table I. Water quality of the Stobrawa River in the cross-section of the designed reservoir (63.5 km of the 
river course) 

Pollution indicator Period 
Value Standard 

Min. Max. Average 
Range 

deviation 

Nitrates 
year O.JO 44.00 13.95 43.70 10.14 

[mgN03 -dm'] summer O.JO 27.00 10.58 26.70 7.90 
winter 0.68 44.00 17.12 43.32 11.18 

Nitrites 
year 0.07 3.40 0.24 3.39 0.61 

[mgM\·dm3] 
summer 0.02 0.36 0.09 0.34 0.09 
winter 0.16 3.40 0.34 3.38 0.77 ------ 

Ammonia 
year 0.002 2.70 0.57 2.69 0.58 

[mg NH;·dni-3] 
summer 0.002 1.76 0.38 1.75 0.43 
winter 0.05 2.70 0.75 2.65 0.66 

Phosphates 
year O.IO 0.82 0.46 0.72 0.17 

summer O. IO 0.70 0.48 0.60 0.18 
[mg PO/·dni-3] 

winter 0.22 0.82 0.44 0.59 O. 18 

BOD 
year 0.55 I0.00 3.07 9.45 2.99 

[mg 0,dni-3] 
summer 0.55 8.14 2.46 7.59 2.70 
winter 1.00 10.00 3.46 9.00 3.23 

COD 
year 3.70 66.00 23.89 62.30 17.91 

[mg Oidrn'] summer 3.70 63.00 18.45 59.30 16.68 
winter 7.20 66.00 28.49 58.80 18.24 

Water temperature 
year 0.50 20.30 9.56 19.80 5.73 

summer 6.00 20.30 14.33 14.30 4. 10 [OC] 
winter 0.50 14.50 5.90 14.00 3.75 

Dissolved oxygen 
year 7.00 10.90 8.49 3.90 1.24 

[mgO,·d111·11 summer 7.00 9.60 8.04 2.60 0.98 
winter 7.20 10.90 8.94 3.70 1.39 

Reaction 
year 6.13 8.20 7.22 2.07 0.62 

pH 
summer 6.13 7.70 6.81 1.57 0.51 
winter 6.42 8.20 7.53 1.78 0.56 

Electrolytic conductivity 
year 155 803 394.57 648 114.25 

summer 268 422 374.16 154 44.30 
[µS·cnr'] 

winter 155 803 409.87 648 16.53 

Total suspended solids 
year 1.00 316 46.74 315.00 68.66 

summer 1.00 120 35.33 119.00 36.99 [mgdrn'] 
winter 3.00 316 55.86 313.00 86.49 

Table I shows that average concentrations of the analyzed physicochemical indi­ 
cator s were the highest in the winter season. The only exceptions were: concentration 
of phosphates and water temperature. Higher average values corresponded with higher 
intervals and deviations, which indicates higher variability of results. Concentrations of 
the main biogenes in the water of the Stobrawa River are presented in Figures 2 and 3. 

Nitrate concentrations in the investigated period varied significantly (Fig. 2). The 
highest values were observed in the winter season (14 January 2008)-44 mg N03··dnr

3• 

It can be assumed that the high concentrations of this indicator came from area flows. The 
lowest concentrations of nitrates were recorded in s umrner, when the concentrations of 
this indicator were regulated by vege. 
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Fig. 2. Changes of nitrate concentrations in the Stobrawa River in the cross-section of the designed Kluczbork 
reservoir (May 2005 - April 2008) 
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Fig. 3. Changes of phosphate concentrations in the Stobrawa River in the cross-section of the designed 
Kluczbork reservoir (May 2005 - April 2008) 

The highest concentrations of nitrites were observed in spring and winter (Tab. I). 
The highest content of nitrite nitrogen was recorded in December 2006 (3.4 mg 
NO

2
··dnr3). The occurrence of this form of nitrogen in water testifies to penetration of 

household contaminants from villages located in the Stobrawa River catchment. 
Ammonia concentrations in the Stobrawa River varied from 0.002 do 2.70 mg 

NH/·dnr3, and the average value of this indicator in the entire research period was 0.57 
mg Nl-l.tdm' (Tab. l ). Just like in the case of nitrite concentrations, the concentration of 
ammonia in winter season was higher than in summer. The ammonia content in water is 
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an important indicator of contamination with albuminous substances which usually occur 
in great amounts in wastes. 

As far as phosphates are concerned (Fig. 3), the lowest concentrations were ob­ 
served in September 2006 (O. I mg PO/·drn·1). The highest concentrations were recorded 
in March 2007 (0.796 mg PO/·dni-3) and December 2007 (0.82 mg PO/·dni-3). This 
may have resulted from the release of this chemical to water through the frozen land cover 
and from household wastes. Another reason for the increase of these compounds is aging 
and dying of macrophytes, which only in spring and summer take up nitrogen and phos­ 
phate compounds. Biogenes are nutrients for them [ 17]. In winter and spring the increase 
of phosphate, nitrate nitrogen and ammonium nitrogen loads can be observed, which in 
turn begin to decrease in summer due to macrophytes. 

BO Ds concentration in the Stobrawa River varied from 0.55 to I 0.00 mg 02 -drn' 
(Tab. !). Higher BOD5 values were observed in the winter season (the highest recorded 
value was on 16 March 2008). Higher water contamination with easily degradable organic 
matter and higher BODs values could be observed. COD-Cr concentration in the Sto­ 
brawa water during the investigated period varied from 3. 70 to 66.0 mg O,· dm' (Tab. I). 

The carried out research showed that the Stobrawa water temperature in the period 
2005-2008 varied from 0.5°C to 20.3°C (Tab. I). 

Oxygen concentration in the Stobrawa River ranged from 7.00 to 10.90 mg 02-dni-
3. 

The average content of DO at the measuring point in the investigated period of 
2005-2008 was 8.49 mg 02 -dm' (Tab. I). Higher DO values were observed in months of 
lower temperatures (February, March, April) than in summer and autumn. 

Water pH in the Stobrawa River varied from 6.13 to 8.20. The lowest pl-I was ob­ 
served in September 2007 and the highest pH values - in March 2008 (Tab. I). 

Electrolytic conductivity of water depends on the content of dissolved ions and wa­ 
ter temperature [ I OJ. Electrolytic conductivity of the Sto brawa River ranged from 155 to 
803 ~tS·cm·1 (Tab. I). 

The highest concentration of the total suspension (316 mgdnr') was recorded at a 
high water stage in the Stobrawa River catchment in March 2006 (Fig. 2). Therefore, it 
can be concluded that in the Stobrawa River catchment higher values of suspension were 
caused by spring thaw rather than by rainfalls. Higher concentrations were observed in 
the winter season (Tab. I). 

Graphic comparison of average values and load ranges of the selected indicators for 
the Stobrawa River is presented in Figures 4-7. 

From the graphic analysis it can be concluded that the highest values of average 
monthly loads of nitrates, nitrites, ammonia and phosphates were observed in the winter 
period. In each analyzed case higher values of the interval and deviation corresponded 
with the higher average. 

In Table 2 statistical significance of the correlation between water flow rate and wa­ 
ter quality indicators in the Stobrawa River in the cross-section of the planned reservoir 
is presented. 

The analysis of the linear correlation between the above-mentioned water quality in­ 
dicators showed that some of them were significantly correlated. A statistically significant 
negative correlation was found between nitrates N0

3
· and BOD

5
• A positive significant 

correlation was observed between ammonia and COD. In the case of COD a positive 
significant correlation was also found in the case of TSS. Water flow was positively cor­ 
related with COD, water temperature and TSS. 
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Fig. 4. Graphic comparison of average monthly loads of nitrates and their ranges in the Siobrawa River water
in the cross-section of the designed Kluczbork reservoir (May 2005 -April 2008)
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rig. 6. Graphic comparison of average monthly loads of ammonia and their ranges in the Stobrawa River 
water in the cross-section of the designed Kluczbork reservoir (May 2005-April 2008) 
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Fig. 7. Graphic comparison of average monthly loads of phosphates and their ranges in the Stobrawa River 
water in the cross-section of the designed Kluczbork reservoir (May 2005 -April 2008) 



Table 2. Statistical significance of the correlation between wa ter tlo« rate and water quality indicators in the Stobrawa River in the cross-section of the planned reservo ir 
(63.5 km of the river course), correlation coefficient significant for p < O.OS is balded 

Indicator 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

N0
3
· 

1.00 
p=- 

N02 
0.06 1.00 

p = 0.749 p=- 
O. 10 0.12 1.00 

NH,· 
p = 0.575 p = 0.529 p=- 

PO/ 
0.04 0.00 O.I I 1.00 

p = 0.833 p = 0.995 p=0.518 p=- 

BOD 
-0.47 -0.17 0.03 0.18 1.00 

p = o.oso p = 0.506 p = 0.911 p = 0.469 p=- 

COD 
O.I I -0.08 0.46 O. 19 -0.09 1.00 

p = 0.593 p=0.713 p = 0.025 p = 0.383 p = 0.764 p=- 

Temp. 
-0.08 0.03 -0.30 0.39 -0.11 O. I 3 1.00 

p=0.717 p = 0.903 p=0.162 p = 0.068 p = 0.714 p = 0.652 p=- 

DO 
0.23 0.24 0.42 0.54 0.09 -0.22 -0.32 1.00 

p = 0.469 p = 0.460 p = 0.178 p = 0.068 p = 0.798 p = 0.491 p = 0.373 p=- 
0.27 0.14 -0.18 -0.31 -0.19 -O.Ol -O.SO -0.20 1.00 

pH 
p=0.167 p = 0.529 p = 0.373 p = 0.104 p = 0.472 p=0.961 p=0.015 p = 0.557 p=- 

Conductivity 
-0.16 0.21 -0.24 0.03 -0.19 -0. I 9 O.OS O. li 0.22 1.00 

p = 0.416 p = 0.336 p=0.219 p = 0.880 p = 0.480 p=0.472 p = 0.808 p = 0.753 p = 0.266 p=- 

TSS 
0.36 0.06 0.14 0.17 -0.18 0.57 0.22 O. I 5 0.32 0.08 1.00 

p = 0.064 p=0.772 p = 0.495 p = 0.398 p = 0.482 p = 0.006 p = 0.442 p = 0.653 p=0.172 p = 0.726 p=- 

Discharge 
0.14 -O.O I 0.23 0.02 -0.05 0.58 -0,55 0.12 0.29 0.32 0,64 1.00 

p = 0.431 p = 0.959 p=0.176 p = 0.916 p = 0.833 p = 0.003 p = 0.007 p = 0.710 p=0.135 p = 0.093 p = o.ooo p=- 

l,J 
co 



HYDllOCHEMICAL CONDITIONS f'OR LOCALIZATION or SMALL WATER RESERVOIRS ... 139 

PRELIMINARY ASSESSMENT OF WATER QUALITY IN KLUCZBORK 
RESERVOIR 

Out of 11 investigated indicators of the Stobrawa River quality 9 were considered in 
water quality classification (40]. The analysis of the water quality showed that water tem­ 
perature, dissolved oxygen, pH and conductivity did not exceed the limit values for class 
I. However, concentrations of N-NO;, N-NI-1;, BOD5, COD and total suspended solids 
were higher than the limit values for water quality indicators for uniform parts of surface 
waters in natural watercourses such as rivers, typical of class I I [ 40]. 

Waters in the Stobrawa River in the cross-section of the designed Kluczbork reser­ 
voir were classified as eutrophic waters. At this point the average annual concentration 
of nitrates exceeded the limit value ( 1 O mg NO3 -drn') for this indicator defined in the 
Ordinance [ 41 ]. It was found out that the Sto brawa River waters were not sensitive to 
contamination with nitrogen compounds from agricultural sources as the annual average 
concentration of nitrates was lower than the value recommended in the Ordinance (50 mg 
NO3··dm·3) ( 41]. 

From the performed analysis it can be concluded that Kluczbork reservoir will be af­ 
fected by large biogenie contaminants carried by the Stobrawa River. As presented in (53] 
the quality of contaminated water flowing through such a small reservoir may get worse. 

The analyses of the Sto brawa River showed that such indicators as water tempera­ 
ture, dissolved oxygen and pH met the requirements for inland waters constituting natural 
habitat for salmon- and carp-like fishes. The most unfavorable conditions for fish are 
caused by: nitrites, which exceed the value of O.Ol mg NO2··dm·3 for salmon-like species 
and 0.03 mg NO2··dm·3 for carp-like species, as determined in [39], ammonium nitrogen 
N-NH;, which exceeds the value of0.78 mg N-Nl--14~·dm·3 for salmon- and carp-like fishes, 
BOD which exceeds the value of 3 mg O2 -drn' for salmon-like and 6 mg O2 -drn' for 
carp-like fishes and total suspended solids exceeding the annual average value of 25 
mgdm' defined in (40]. 

Taking into account BOD, suspended solids and phosphate values the quality of the 
Stobrawa River does not meet the requirements for bathing in inland waters, either [42]. 

If compared with water quality results for the Stobrawa River in the cross-section 
of the planned reservoir which were presented in [ 48], some lower concentrations of ni­ 
trates, phosphates and slightly lower nitrite values can be observed. However, values of 
ammonia, BOD, water temperature and electrolytic conductivity increased. 

Calculations were made to assess to what extent Kluczbork reservoir would be af­ 
fected by eutrophication. Based on Yollenweider's criterion [46], in Benndorfs modifica­ 
tion [2] and taking into account that the concentration of phosphates in the cross-section 
of the designed reservoir was 0.46 mg PO/·dnr3 (Tab. I), it was found out that the phos­ 
phorus load was 2.06 Mg P-PO4·a·

1. The amount of phosphorus per 11112 of the reservoir 
was 3.7 g P-PO4·111·

2-a·i, whereas the ratio of the reservoir average depth of2 m (assumed 
according to [32]) to retention time was 0.078 a·1 ( calculated based on data provided in 
[32]). Inorganic nitrogen load flowing to the reservoir is 76.3 Mg N·a·1 Therefore, the 
designed Kluczbork reservoir was classified as an polytrophic reservoir. There is no doubt 
that at this biogene load and the reservoir parameters the polytrophic process will occur. 
Similar conclusions were presented in (38]: "significant deterioration of the water quality 
will occur in the reservoir". The content of dissolved oxygen in water will decrease and 
the increase of water temperature and pH will be observed". 
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PROPOSAL FOR WATER PROTECTION OF KLUCZBORK RESERVOIR 
USING A PRE-DAM 

Since the calculated biogene loads are too high and the reservoir will undergo eutrophica­ 
tion it would be advisable to increase its morphometric parameters, volume or depth. The 
only difficulty may be a too flat valley of the Stobrawa River at the place of the future res­ 
ervoir. In this context all options for improvement of water quality of the Stobrawa River 
must be considered. The improvement can be achieved by reduction of point, diffuse and 
area pollution sources in the catchment. The main task herc is rearrangement of water and 
wastewater management in the catchment. So far a sewerage system has been provided 
to villages adjacent to the future reservoir. Another option for water quality improvement 
is construction ofa pre-dam with a macrophyte filter. There are several arguments for the 
construction of the pre-dam. First and foremost - low cost and short construction time. 
The pre-dam should be located at the inlet to the reservoir, in its backwater part. The qual­ 
ity of water in the reservoir should improve as all contaminants flowing with the river will 
accumulate in the pre-dam. According to the literature survey a properly built and used 
pre-dam can extend the lifetime of the reservoir and its proper operation [3, 4, 8, 49, 51 ]. 

Dimensions of the pre-dam suggested by the investor, area - ca. 2 ha and average 
depth - ca. 0.5 m, seem to be too low for the biogene loads flowing with the Stobrawa 
River [48]. Therefore, construction of a bigger pre-dam should be taken into considera­ 
tion. Its dimensions should be selected very carefully so that it could function properly 
throughout the whole exploitation period. Based on the criteria described in [5, 7] draft 
working dimensions of the pre-dam were calculated. The average discharge (SQ) in the 
Stobrawa River is 0.446 m+s:' and assuming the water retention time in the pre-dam Lit= 
5 days, the required volume of Kluczbork pre-dam should be: 

vp,c-dam-5 = 86400-MSQ = 0.1927 mln m1 (I) 
Assuming the retention time in the pre-dam Lit= 11 days: 

vp,c-dam-11 = 86400·1'.it·SQ = 0.4239 mln m' (2) 
Another criterion determining the operating volume of the pre-dam refers to high 

flows. In order to store a 2 years' high flow Q
50

% in the pre-dam (without the volume of 
the assumed sediments) for 12 hours, and assuming : 

- volume of the main reservoir V = 1.100 m In m1, 
n::- 

- high flow Q
50

% = 5.33 1111-s-1 [32], 
volume of accumulated sediments V = O.Ol ·V = O.Ol !OOO mln m1 

s res 

then the volume of the pre-dam should be: 
vp,dam = QS0¾·0.5 ·86400 + v, = 0.230256 mln m1 (3) 

The volume of the pre-dam, calculated according to equations 1-3, should be 0.2- 
0.4 mln m1. It should be stressed here that constructing a too big pre-dam is not advisable 
as the planned rearrangement of the water and wastewater management in the catchment 
will reduce the amount of contaminants flowing to the reservoir. To ensure proper control 
of flood waters in the pre-dam (which are usually quite contaminated) a by-pass channel 
should be constructed. 

At the above-mentioned parameters of the pre-dam a preliminary reduction of in­ 
organic nitrogen can be determined. It depends on ratio N:P (inorganic nitrogen to phos­ 
phates) at the inflow to the pre-dam and 011 the average water retention time. Functional 
dependencies describing this process were presented by Putz and Bcnndorf [35, 36]. The 
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relationship between reduction of inorganic nitrogen and the average retention time (N:P) 
can be widely applied in determining average reductions of nitrogen for future pre-dams.
Based on the data obtained from Kluczbork reservoir, the ratio between inorganic nitro­
gen and phosphates N:P = 25: I and retention time t = 7.8 clays (at the volume 0.3 mln 1113),

a significant reduction of inorganic nitrogen (by ca. 20-30%) can be expected in the pre­
dam. According to the available literature, additional biological barriers and plant filters
can contribute to the increased efficiency of the pre-clam. From [51] it can be concluded
that in water flowing through the pre-dam that consists of a sedimentation tank and a
plant filter, nitrate values decreased by 66.5% and phosphates by 52.8%. Similar results
were presented in [8, 12, 13]. Authors of[43], however, found out that a pond located on
a watercourse decreased concentrations and loads of phosphorus in the A owing water.

CONCLUSIONS

Hydrochemical conditions occurring in the cross-section of the designed Kluczbork res­
ervoir are unfavorable for it. From the point of view of eutrophication process water of
the Stobrawa River flowing to the reservoir shows high content of biogenes: nitrates -
13.95 mg NO3··dnr3, phosphates - 0.56 mg PO/·dnr3.

Among the investigated indicators the concentrations ofnitrate nitrogen, ammonium
nitrogen, BOD,, COD and suspension exceeded the limit values defined for water quality
indicators for uniform parts of surface waters in natural watercourses, typical of class Il.
A negative impact on the life of salmon- and carp-like fishes is exerted by nitrites, ammo­
nia, BOD, and total suspended solids. The water quality of the Stobrawa River does not
meet the criteria established for bathing due to the content of BOD5, TSS and phosphates.

In order to avoid eutrophication it is necessary to reduce the content of biogenes in
the water flowing to the reservoir. One of the basic solutions is rearrangement of water
and wastewater management systems in the reservoir catchment, which must be com­
pleted before the construction of the reservoir. Another solution is construction of the
pre-dam with a macrophyte filter, which will facilitate the improvement of water quality
in the reservoir and extend its lifetime. These solutions should be considered both while
designing new reservoirs and in the existing ones (if location permits).

Due to great importance of small water reservoirs in regional water management
monitoring of water purity in the river feeding the reservoir, both at the stage of planning,
construction and operation, seems to be essential.

More regular research, extended by analyses of other water quality indicators,
should be continued in the catchment of the designed Kluczbork reservoir so that it could
contribute to a more detailed water quality assessment.

REFERENCES

fl] Bednarczyk T., 13. Michalec, M. Tarnawski: lntcnsywnosć za11111/a11ia się małych zbiornikow wodnych,
Zcsz. Nauk. AR w Krakowie, 393, Inż. Środ., 23, 275-282 (2002).

f2] Bcnndorf .I.: A co111rih111i11n to the phosphorus loading concept, Int. Revue Ges. Hydrobiol., 64, 177-188
( I 979). 

(3] Bcnndorf .I., K. l'litz: Control ofciurophication oflakes and reservoirs by means ofpre-dams - I. Mode
ofoperation und calculation uf/he nutrient cliniination capacity, Wal. Res., 21, 829-838 ( 1987). 

f4.J Bcnndorf .1.. K. Putz: Comm/ ofcutrophication o/lakes and reservoirs hy 111ea11s ofpre-dams - li. Valida­
lion o/the phosphate removal model and size optimization, Wal. Rcs., 21, 839 - 842 ( 1987 ).



142 MIROSLAW WIATKOWSKI

[5] Benndorf J., K. Putz, 1-1. Krinitz, W. Henke: Die Funktion der Vorspcrren :::11111 Schutz der Talspcrren vor
Eutrophicrung, Wasserwirtschatt - Wasscrtcchnik, 25. I. 19-25 ( 1975).

16] Bernhardt I·!., J. Clasen: Anfordcrungen on die Qualita: der Zufliisse von Trinkwassenalspcrren, DVGW­
Schri ttenrcihc Wasser. 22, 183-215 ( 1979).

171 Ciepielowski A., K. Garbulcwski, P. Król. E. Kubrak, A. Żbikowski: Retencyjne zbiorniki rolnicze, [in.]
Podstawy Melioracji Rolnych, t. 2., P. Procha! (cd.), l'WRiL. Warszawa I 987. pp. I 07-206.

[8] Czamara W., A. Czamara, M. Wiatkowski: The use ofpre-dams with plantfilters to improve water quality
in storage reservoirs, Archives or Environmental Protection. 34, SI. 79--89 (2008).

[9] Czamara W.. M. Wiatkowski: Dopływ ghi,vnych substancji biogennych do zbiornika wodnego "'
Msciwoiowie. Zesz. Nauk. AR we Wrocławiu. 502. Inż. Środ.. XIII. 43-50 (2004).

11 O] Dojlido J.R.: Chemia wód powierzchniowych, Wyd. Ekonomia i Środowisko, Bialystok 1995.
I 11] Gleisberg D., .I. Kandler, 1-1. Ulrich. P. I lartz: Eutrophierung und Abwasscrrcinigung, Angew. Chem.. 88, 

11, 354-365 ( 1976 ).
112] Goldyn R.: The role ofpreliminary reservoirs in the protection of the Mohanski Reservoir. Arch. I lydro­

biol. I3eih. Łrgebn. l.imnol., 40, 253-262 ( 1994 ).
1131 Goldyn R.: Zmiany biologicznych ifizyczno-chemicznych cech [akosc! wody rzecznej pod wplvwcm je/

piętrzenia we wstępnych. nizinnych zbiornikach zaporowych, Wyd. Nauk. UAM w Poznaniu, Poznań
2000.

[ 14 I Hermanowicz W.. J. Dojlido, W. Dożańska, B. Koziorowski, J. Zerbe: Fizyczno-chemiczne: badanie wody
i scickow, Arkady, Warszawa 1999.

[ 15 J Ilnicki I'.: Przyczyny. irodla i przebieg eutrofizacji wod powierzchniowych, l'rzegl. Korn .. 2, 125. 35-49
(2002).

I 16] Jankowski W.. I. Chmielewska: Niektorc problcnry budowy i wykorzystania zbiornikow wodnych, Gosp.
Wodna. 8. 323-327 (2008).

1171 Kajak Z.: Hydrobiologia - Li111110/ogia. Ekosystemy wód srodlqdowych, PWN, Warszawa 200 I.
118] Kala R.: Statystyka dla przyrodnikow, Wyd. AR w Poznaniu, Poznań 2002.
I 19] Kasperek R .. M. Wiatkowski: Prognoza dopływu rumowiska do zbiorniku retencyjnego Włodzienin na

rzece Troi. Infrastruktura i Ekologia Terenów Wiejskich - Infrastructure and Ecology of Rural Areas.
PAN o/Kraków, 4/2, 61-68 (2007).

1.20] Koc J., I. Cymes. I. Skwierawski, U. Szperek: Znaczenie ochrony malvch zbiornikow wodnych w kro/o­
brazie rolniczym, Zesz. Prob. Post. Nauk Rol., 476, 397-407 (200 I).

[21 J Kowalewski Z.: Jakosć wod powierzchniowych na kaskadzie zbiorników rzeki Do/ny. Zesz. Nauk. AR
Kraków. 393. Inż. Środ., 23, 149-158 (2002).

[22] Lorenz 1-1. (ed.): Atlas klimatu Polski, IMGW. Warszawa 2005.
1231 Łoś M.J., A. Żbikowski: Wyhrane zagadnienia ochrony srodowiska w rejonie zhiornikow wodnych, Gosp.

Wod., 8, 183-186 (1990).
[24 J Mander O., A. Jarver: B11(/eling role ofsmall reservoirs in agricuhural catchment, Int. Rev. I Iydrobiol.,

83, 639-646 ( 1998).
[25] Mioduszewski W.: lniiucnce ofsma/1 water reservoirs 011 groundwater level, Teka Kom. Ochr. Kszt. Środ.

Przyr., 3, 136-140 (2006).
[26] Mioduszewski W.: Rola malci retencji w kszralrowaniu i ochronie zasobow wodnych, Zesz. Nauk. AR we

Wrocławiu, 502, Inż. Środ. XIII. 293-305, (2004).
(27] Mioduszewski W., M.J. Loś: Mala re/enc/a w systemie ochrony przeciwpowodziowej kroju, Gosp. Wod­

na, 2, 69-73, (2002).
[ 28 J Mokwa M.: Sterowanie procesamifluwialnymi w korytach rzek przeksztalconych antropogcnicznie, Z.esz.

Nauk. AR we Wrocławiu. 439, Rozprawy CLXXXIX. Wydział IKSiG, Wroclaw 2002.
1291 Nye K., R. Pokladck: Rola mulej re/encji w ks:::1C1l!owani11 i/ofri i jakofri wód. Zcsz. Nauk. AR we

Wroclawiu, 502. Inż. Środ. XIII, 343-352 (2004).
1301 Paul I .. · N11rrie111 eliminalion in pre-dams: res11/is o(long-rerm s111dies. 1-lydrobiologia, 504, 289-295

(2003)
[311 Pływaczyk L.: 1Hala re/encja ll•odna i/ej 1nvan111kowania lcchniczne, [in:] Ekologiczne aspekty melio­

racji wodnych, L. Tomialojć (ed.), Wyd. Instytut Ochrony Przyrody PAN, Kraków 1995. pp. 141-148.
132] Pro/ekty. dok11111elllacja zhiomika 1l'od11ep> Kluczbork na rzece S1ohrawie "' km ó / ·, 500, \\'yk. A. Dziuba,

Budopol P.B., Namysłów. 2004-2007.
[33] Piitz K.: Die Bedeut11ngder Wassergiirewir!sclw/i hc:im Bau ei11er Trinkwasserralsperre. Wasscrwirtschaft

- Wassertcchnik. 24. 209-213 ( 1974).
l 34 J Piitz K.: Die Prognosc der Wasserheschaf/e11chcil einer gep/anten Talsperre, dargestelt am Beispiel der

Talsperre ł"ihenslock, Wasserwirtschali - Wassertechnik 31, 406-41 O ( 1981 ).



HYDROCHEMICAL CONDITIONS FOR LOCALIZATION OF SMALL WATER llESERVOIRS ... ]43 ·

135 J l'lilz K., J. Benndorf: Die zielgcrichtetc Wassergiitchewinschaftung 1·011 Talspcrrcn 111/i.l Spciclicrn !n­
[onnation zutn Fachbercichsstandord TGL 27 885103, Acta I lydrochim. et Hydrobiol., 9. 25-36 ( 1981 ).

136J Putz K .. J. Bcnndort: The importance ofpre-reservoirsfor the comm/ of cutrophication of reservoirs,
Wat. Sci. Tcch., 37, 2, 317-324 ( 1998).

[37 J Radczuk L., D. Olearczyk: Male zbiorniki retencyjne juku element poprawy bilansu wotlneg«) zlewni
uźytkowanc] rolniczo, Zesz. Nauk. AR w Krakowie, lnż. Środ., 393, 23, 39-148 (2002).

138J Raport oddzialvwania inwestycji 110 srodowisko. zbiornik retencyjny Kluczbork ,w rzece Stobrawic ,v km
61 , 500. wyk. A. Dziuba, 13udopol l'.13., Namysłów 2005.

J39] Rozporzqdzenic Ministro Środo\Visko z dnia 4 października 2002 roku ,v sprawie 1n•mugwi. jakim powin­
ny odpowiadać wody srodlqdowe bcdqcc srodowiskiem życia ryb H" warunkach noturol nych, Dz. U. Nr 
176, poz. 1455. 2002.

(40] Rozporzqdzenie Ministra Śroclmrisk" z dniu 2/J sierpni" 2008 roku w sprawie sposobu klasyfikuc]! s1w111
jednolitych czcsc! wod powierzchniowych, Dz. U. Nr 162, poz. I 008, 2008.

141 J Rozporzqdzenie Ministru Śmdmvisku z dnia 23 grudnia 2002 roku w sprawie krvteriow wvinaczunio wod
wrażliwych ,w zanieczyszczenie zwiqzkami a::0111 ::<! źrodc! rolniczvch, Dz. U. Nr 241, poz. 2093, 2002.

1421 Rozporzqdzcnic Ministra Zdrowia z dnia /6 października 2002 roku 11· sprawie "'J"nag111i.joki1111imvinna
odpowiadać woda wkopieliskach.Y)«. U. Nr 183, poz. 1530. 2002.

143] Skonicczek I'.. J. Koc: Role ofpreliminary reservoirs in reducing phosphorus inllowfrorn agricultura!
und ajjorcs1a/ catchment ureus to the lake. Hcologicnl Chemistry and Engineering. 15 ( 12). 1347-1357
(2008)

{44J Studium .. Budowa zbiornika relem,.yjne}.!.O Kluczbork no r::.ece Stobrawic nu terenie ;:miny Kluczbork i
Lasowice Wielkie .. , Budopol l'.13 .. Namysłów 2004.

[45.1 Us/(111'0:: dnia /8 lipcu 20011: Prawo wodne, Dz. U. z dnia 11 października 2001 r., z późn. zm,
l46j Vollenweider R. A.: Advances in defining critical fowling levelsfor phosphorus in lake eutroplricotion ,

Mem.1st. Ital. ldrohiol. 33, 53-83 (1976).
147] Wątroba J. (ed.): Statystyka i data miting w badaniach naukowych. StatSoti Polska, Kraków 2006.
[48] Wiatkowsk i M.: Charakterystyka warunkow hydrochemicznych ,v przekroju planowanego Zbiorniku

Kluczborskiego, Przegląd Naukowy Inżynieria i Kształtowanie Środowiska, Rocznik XV. 2 (34), 189-
198 (200ó).

149] Wiatkowski M.: Poprawa jukosci 11•1id 11· zbiornikach malej retencji za pomoce osadnikow 11·s1,,:JJ1l)'Ch.
I in: I Zapobieganie zanieczyszczeniu, przekształcaniu i degradacji środowiska, 11. Kasza (ed.), Zesz.
Nauk. i\Tl I - Inż. Włók. i Ochr. Środ., 24 (7), 326-335 (2006).

[50] Wiatkowski M.: Wyniki budwijakofri wody cloplywaj,,1cej i od1Jlywa/qcej:: mil/ego zhiorniko wodnego
Mlvny nu rzece ./11/ianpolku, lnli-astruktura i I:::kologia Terenów Wiejskich, PAN, o/Kraków. Nr 9, 307-
318 (2008).

[511 Wiatkowski M., W. Czamara, K. Kuczewski: Wpływ ::hiomikri11· ll'sl,,:pnych no zmiunyjoku.fri w,id re/en­
cjunoivunych 11• zhiornikach gifi11,11ych, Works & Studies - Prace i Studia. 67, Instytut !'odstaw Inżynierii
Środowiska PAN, Zabrze 2006.

[52 j Wiatkowski M., L. Paul: S11rfi1ce 1rnter q11ali1y assessment in the Tm/u river catchmenl in 1he con1ex1 uf
IV!odzienin reservoir cons1mclion, Polish .I. Ellviroll. Stud., 18, 5, 923-929 (2009).

[53 J Żbikowski A .. .I. Żelazo: Ochrona .i:rodo,visku 11· l,udownicnric 1rndny111, MOŚZNiL, Materiały ill forma­
cyjne, Warszawa 1993.

[ 54] Żelazo .I.: Jak pogodzić imres1_,•cje ivodne i ochron9 frodowisku przyrodniczego, I X Kon tcrcncja Techn icz­
ncj Kontroli Zapór - Rytro, IMGW, Warszawa 200 I, pp. 171-189.

Received: March 25, 2009; accepted: September 22, 2009.

UWARUNKOWANIA HYDROCI-IFMICZN[ LOKALl1ACJI MALYCH ZBIORNIKÓW WODNYCH
NA PRZYKLADZIL Zl3l0RNIKi\ KLUCZBORK

W pracy przedstawiono analizę warunków hydrochemicznych wody rzeki Stobrawy (prawostronny dopływ
Odry) dla okreśie!lia możliwości jej rctencjonowania w planowanym zbiorniku retencyjnym Kluczbork. Przed­
stawiono wstępną occllęjakości wody zbiornika i ocenionojej wa\01y użytkowe. Podstawowe funkcje zbiornika
to ochrona przed powodzi~, nawodnienia rolnicze i rekreacja, dlatego ważnym zagadnieniem jest jakość wody
zbiornika. Scharakteryzowano jakość wody rzeki Stobrawy pod względem wskaźników fizyko-chemicznych:
NO;, NO,-, NI-I,'. PO/, l3ZT

5
, ChZTc, tlenu rozpuszczonego, temreratury wody, pH, przewodności elcktroli-

1ycz11cj i zawiesiny ogólnej. Obliczono podstawowe statystyki opisowe dla badanych wskaźników jakości wody
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i ładunków. Analizie statystycznej poddano związki korelacyjne pomiędzy wszystkimi badanymi wskaźnikami
jakości wody i przepływem wody. Analiza ta wykazała. że niektóre wskaźniki są ze sobą wzajemnie i z
przepływem skorelowane na poziomic istotności p < 0,05. Przeprowadzone badania wykazały, że zanieczysz­
czenie wody rzeki Stobrawy w przekroju planowanego zbiornika jest znaczne, w związku z czym woda la może
pogorszyć jakość wody zbiornika. W pracy przedstawiono propozycje zabiegów, które mogą się przyczynić
do poprawy jakości wody w zbiorniku. Jednym z podstawowych rozwiązań jest uporządkowanie gospodarki
wodno-ściekowej w zlewni zbiornika. Musi ono poprzedzać budowę zbiornika. Drugim rozwiązaniem jest bu­
dowa zbiornika wstępnego, który będzie wpływał na poprawę jakości wody w zbiorniku i wydłuży czas jego
istnienia.


