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Abstract: Hydrological and hydraulic analysis of
a small lowland watercourse flow capacity and its
functioning in the region of Silesian Lowlands in
the context of rainfall water management. The
built-up areas in the catchments of small lowland
watercourses faced with the risk of particularly
devastating natural hazards. This risk is especial-
ly prevalent in the mouth reaches. The increasin-
gly intense extreme natural phenomena, such as
violent floods and long lasting droughts, increase
the importance of irrigation, drainage and hydrau-
lic structures. This paper presents the results of
a comprehensive hydrological and hydraulic
analysis of the functioning of a small lowland
watercourse flow capacity in the context of wa-
ter management in its catchment. The case study
discussed below is a proposal that could be used
by both the specialists and the designers working
in the field of water management. Methods are
proposed for the determination of heavy rainfall
in small ungauged agricultural catchments for the
purpose of rainfall water management. The area
under study consists of the lower reaches of R-4,
a watercourse located in the agricultural village of
Dobrzen Wielki in the Opolskie province, the Up-
per Odra river basin. The authors have assessed
the flow capacity of R-4 based on EN 752:2008
and carried out hydrological calculations for the
area being analysed as well as hydraulic calcu-
lations for R-4. It was concluded, that the small
lowland watercourse and the communication
structures (culverts and pipelines) on its way indi-
cated low flow capacity. Consequently, a rainfall
water management concept was proposed for the
water flowing in the watercourse. A small reten-
tion reservoir with a total capacity of 3,132 m®
and a surface area of 2,088 m? was also proposed
to be constructed. In order to calculate the water

inflow to the reservoir the Bogdanowicz and Sta-
chy formula was used. This model was selected
because the maximum rainfall on agricultural
land calculated from this formula meets the requ-
irements of EN 752:2008. Moreover, this formula
produced the highest runoft values compared to
other models. The research carried out is in line
with the goals of water management in rural areas,
where the management model has changed.
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INTRODUCTION

The changes in the usage of land, the rise
in the density of population and build-
ings and the climate change result in
a space- and time-related change in the
nature of river runoff (Banasik and He-
jduk 2012). The densely populated areas
in the mouth reaches of rivers on low-
lands, which are hubs of agricultural
production, are particularly vulnerable
to the devastating effects of natural haz-
ards. The small slopes of terrain character-
istic for lowland catchments increase the
susceptibility to flooding on considerable
areas (Brauer et al. 2014). Over the last
20 years, the extreme natural phenom-
ena of increasing intensity, such as the
heavy or long lasting rainfall lead to
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considerable economic losses (Kotowski
et al. 2010). The risk and hazard related
to extreme weather condition events re-
sult both from the probability of their
occurrence for a given region and from
the negative effects on the environment,
society and agriculture (Labedzki 2006,
Kuchar et al. 2014). The principles of di-
mensioning of soil drainage systems,
including the principles of dimension-
ing of drainage, irrigation and sewer sys-
tems should be improved (Przybyta et al.
2011a, Brauer et al. 2014).

In view of the increasingly violent
abnormal weather conditions and in-
creasingly frequent extreme phenomena
(violent floods or long lasting droughts)
the role and importance of irrigation
and drainage structures is bound to in-
crease in the coming years (Marcilonek
etal. 1995, Nyc and Poktadek 2007,
Rutkowski et al. 2011). Unused opportu-
nities for small retention in rural areas are
identified as dangers in flood and drought
prevention (Mrozik and Przybyta 2013).
According to Przybyta et al. (2011b), the
upkeep of irrigation and drainage struc-
tures and systems consists in mainte-
nance, repairs and possibly restoration to
keep them operational as required. Ap-
propriate maintenance allows the usage
of structures in decent technical condi-
tion for as long as possible and prevents
them from deteriorating too fast. Mosiej
et al. (2011) indicates, that on the one
hand there is a number of contemporary
conditions which limit the improvement
of poor water infrastructure, on the other
hand there are conditions that force a
positive change in this feature.

This paper aims to provide a hy-
drological and hydraulic analysis of
the functioning of a small lowland wa-

tercourse flow capacity denoted R-4
(Zydéwka river tributary) in the village
of Dobrzen Wielki (south of Poland, the
Opolskie province) in the Upper Odra
river basin against the context of rainfall
water management. The paper presents
a methodology for the determination of
heavy rainfall in small ungauged agricul-
tural catchments for the purpose of rain-
fall water management.

MATERIAL AND METHODS

Characterisation of the subject
of research

The catchment of the small lowland wa-
tercourse R-4 is located in the villages
of Dobrzen Wielki and Brzezie in the
Dobrzen Wielki commune, Opolskie
province, in the water region of Middle
Odra (Fig. 1). The catchment of R-4 is
ungauged. The catchment area of this
watercourse is 0.829 km?. The catch-
ment is visibly asymmetrical in shape
and its southern part is more devel-
oped. Most of the catchment surface is
covered with meadows and arable land
(84.3%), the second largest part — with
forest (1.2%) and the rest of the surface
(16.9%) is covered with the built-up ar-
eas. The lower part of the catchment is
covered mostly with built-up areas.

The division of Poland into cli-
mate regions presented by Alojzy Wo$
(1999) locates the catchment of R-4 in
the Southern Lower Silesian Region
(R-XXV). Over the years 1951-1980
there were on the average 162 days with
precipitation in the area under study (Wos
1999). However, this classification does
not include the period of huge floods
triggered by rainfall, which occurred in
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FIGURE 1. Catchment of the small lowland watercourse R-4

the Odra river basin area in 1854, 1903,
1997 and 2010.

The development of small villages
means that land is required for residen-
tial housing and services and this in turn
increases the overall area of paved sur-
faces. Consequently, the existing wa-
tercourses in the built-up area are being
modernized. This is exemplified by the
watercourse section providing drainage
in Dobrzen Wielki, which was modern-
ized through the construction of com-
munication structures (culverts and pipe-
lines).

The watercourse is 2.15 km long and
flows into the Zydéwkariveratkm 12,642
of'its course. The area of the watercourse
was developed by constructing nine road
culverts and four pipelines under access
drives to private properties and parking
lots. Additionally, the biological rein-
forcement of banks was replaced with
a technical reinforcement system — grid
pavers. At km 0,000-0,400 both the bed
and the embankments of R-4 are protect-

ed with grid pavers. Above this section,
the channel is protected only with turf.
The bottom width of the watercourse is
variable and ranges from 0.6 to 0.8 m at
km 0,000-1,277 (the land of Dobrzen
Wielki) and 0.9 m at km 1,277-2,150
(the land within the local administrative
unit of Brzezie). In the area under study
heavy fen soils occur (mapa.opolskie.pl,
Programme for Environmental Protec-
tion 2005).

Scope of work

The scope of work includes: determin-
ing the catchment area (the surface area
of the drainage basin), analysing the
structure of land use in the catchment,
hydraulic field measurement of the wa-
tercourse and of the structures located on
it, determining the flow capacity of the
watercourse channel, calculating the dis-
charge of the communication structures
built on the watercourse, calculating the
intensity of design storm with a given
exceedance probability (%) and a given
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duration time (), determining the runoff
of precipitation from the catchment un-
der study, selection and dimensioning of
the small retention reservoir.

Determination of the drainage basin
area and of its structure of land use

The surface area of the catchment was
determined based on the topograph-
ic maps inascale of 1:10 000, in the
“1992” coordinate system. We analysed
the topographic profile presented in the
numerical model of terrain available at
http://mapa.opolskie.pl. Theoretical re-
sults were validated by field work. More-
over, the usage of the catchment of R-4
was determined and the surface runoff
coefficient was calculated.

The flow capacity of the channel at
10 cross sections of R-4 was calculated
from the low water level and the high wa-
ter level of the communication structures

FIGURE 2. Location of cross sections on R-4

(Fig. 2). The total flow was determined
using Manning’s formula (EN 257:2008,
Sobota 2003).

The discharge values for the commu-
nication structures (culverts and pipe-
lines) were determined for entirely sub-
merged (filled up) channels. The velocity
coefficient (C) was calculated from the
Kutter relationship and the roughness co-
efficient (m) was assumed to be the one
for concrete pipes (m = 0.35).

In order to determine the character-
istics of rainfall for the assumed dura-
tion times (15, 30, 60 and 120 min),
three precipitation models were used
by Bogdanowicz and Stachy, Lambor,
Woloszyn (Ciepielowski and Dabkowski
2006, Kotowski et al. 2010).

In order to determine the runoff of
precipitation water from the catchment
under study, the European standard EN
752:2008 was used. According to this
standard, the recommended frequency of
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== water divide gardens
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I forests == gravel roads
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— cross section P-1cross section number



design storm to be used in the design of
systems intended for evacuation of rain-
water in rural areas should be once every
10 years (p = 10%).

After calculation of the rainfall char-
acteristics, the precipitation runoff of the
analysed catchment (Q) was determined
according to the rational equation:

0 = kCIA

where:

k — units conversion factor;

C — dimensionless runoff coefficient;
I — rainfall intensity (mm-min');

A — area receiving rainfall (km?).

A rainfall reservoir with restricted
outflow capable of holding an appropri-
ate amount of water was designed. The
calculations for the designed reservoir
were carried out according to the German
standard ATV-A117 (1977) and in line
with the guidelines presented by Geiger
and Dreiseitl (1999) and Sty$ (2008).
In order to calculate the discharges, the
highest calculated values of rainfall in-
tensity for various rainfall duration times
(four variants) were used. The highest
value of flow allowed us to calculate the
time of inflow of water to the reservoir.
The depth and the slope of embankments
were assumed in accordance with the
design principles. When assuming the
outflow from the reservoir, the lowest
value of discharge for the channel and
for the communication structure on the
section “watercourse mouth — designed
reservoir” was accounted for. This small-
est value was assigned to be the value of
outflow. It was assumed that this value
would not cause damage downstream
of the reservoir.

The time of inflow of water to the
reservoir was determined as the ratio
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between the watercourse length on the
section “reservoir dam — source” and the
flow rate. From the relationship: time of
inflow of water to the reservoir and the
coefficient of flow reduction (#) the di-
mensioning coefficient Br was read from
the nomogram.

The capacity of the reservoir was de-
termined as the product of reservoir’s vol-
ume and the dimensioning coefficient Bz

RESULTS AND DISCUSSION

Based on the analysis, itis clear that ground
cover of the catchment under study is vari-
able, hence a dimensionless runoff coef-
ficient was determined: C = 0.14.

The inventorying of structures locat-
ed on small watercourse R-4 has showed
that the mouth of R-4 where it enters
the Zydowka river consists of a pipe-
line denoted r-I, which has the smallest
diameter (0.4 m) of all the average di-
ameter values of other communication
structures. Also the diameters of the two
structures located in the built-up area, i.e.
the culvert 2P and the pipeline r-1I with
diameter of 0.45 m, are smaller than the
other diameters. The locations and pa-
rameters of structures are given in Table 1
(Wiatkowski et al. 2012).

The calculated values of the flow ca-
pacity of the small lowland watercourse
R-4 upstream and downstream of the
communication structures are presented
in Table 2. The highest flow capacity
was measured at the cross section P-7
(2.768 m*-s™") and the lowest value was
recorded at P-10 (0.513 m>s71).

The calculated discharge values for
culverts and pipelines are given in Ta-
ble 3. The smallest discharge in all the
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TABLE 1. Structures located on the watercourse R-4 within the village administrative units of Dobrzen
Wielki and Brzezie

Parameters
Location Type of structure Structure number diameter or cross
and symbol section dimen- Length (m)
sions h x b (m)

District of Dobrzen Wielki
hm 0.00-0.20 pipeline -1 0,4 20,0
hm 0.41 culvert 1P 1,4 x1,0 16,0
hm 1.49 culvert 2P 0,45 4,0
hm 2.38-2.70 pipeline r-11 0,45 32,0
hm 2.84 culvert 3P 0,6 10,0
hm 3.35 culvert 4P 0,6 4,0
hm 3.90-4.30 pipeline r-111 0,5 50,0
hm 5.31 culvert 5P 0,5 4,0
hm 6.21-7.26 pipeline -1V 0,5 105,0
hm 8.23 culvert 6P 0,5 25,0
hm 9.58 culvert 7P 0,6 4,0

District of Obreb Brzezie
hm 17.30 culvert 8P - -
hm 17.40 culvert oP 1,00 2,5

TABLE 2. Flow capacity of R-4 calculated at 10 cross sections

Cross section number Watercourse (km) Cross section3 dislcharge B
Q(m’s™)
P-1 0.023 1.108
P-2 0.060 0.809
P-3 0.140 0.709
P-4 0.160 1.373
P-5 0.230 2.364
P-6 0.300 0.901
P-7 0.380 2.768
P-8 0.450 1.120
P-9 0.600 1.032
P-10 0.750 0.513
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TABLE 3. Discharge values of the communication structures in district of Dobrzen Wielki

Location Type of structure Stmcmg;‘é?lber and Discharge — Q (m*s!)
hm 0.000-0.020 pipeline -1 0.071

hm 0.041 culvert 1P 1.717

hm 0.049 culvert 2P 0.098

hm 0.238-0.270 pipeline r-11 0.098

hm 0.284 culvert 3P 0.215

hm 0.335 culvert 4P 0.215

hm 0.390-0.430 pipeline r-111 0.131

hm 0.531 culvert SP 0.131

hm 0.621-0.726 pipeline -1V 0.131

hm 0.823 culvert 6P 0.131

hm 0.958 culvert 7P 0.019
surveying area of Dobrzen Wielki is The hydrological calculations of

that of pipeline r-I (0.071 m*s™!) which
constitutes the mouth of R-4, the highest
value of discharge is that of culvert 1P
(1.717 m>s7™).

The hydrological calculations of rain-
fall intensity which were carried out us-
ing three precipitation models allowed us
to obtain the maximum catchment runoff
value for the rainfall duration time of 15,
30, 60 and 120 min and the probabil-
ity of occurrence of 2, 5, 10, 20, 50 and
100% (Fig. 3). The highest rainfall inten-
sity with p = 1% and D = 15 min was ob-
tained using the Wotoszyn formula. For
the duration time of 30, 60 and 120 min,
the highest values were those obtained
from the Bogdanowicz and Stachy for-
mula. The results for the rainfall intensity
with the probability of occurrence of 2, 5,
10, 20 and 50% and the duration time of
15, 30, 60 and 120 min indicate that the
highest values are those obtained from the
Bogdanowicz and Stachy formula. How-
ever, the highest rainfall intensity with
p = 100% was obtained using the Lam-
bor formula.

rainfall intensity which were carried out
using the three precipitation models al-
lowed us to obtain the catchment runoff
values for the rainfall duration time of
15, 30, 60 and 120 min and the probabil-
ity of occurrence of 1, 2, 5, 10, 10, 20
and 100%.

In the analysis of flow capacity of
R-4 and of its structures we used the val-
ues of runoff corresponding to p = 10%
determined with the Bogdanowicz and
Stachy formula, this is because these val-
ues are higher than those obtained from
the Lambor and Wotoszyn formulae.

By comparing: (a) the values of inflow
of water to the channel of R-4 obtained
from the Bogdanowicz and Stachy for-
mula for p = 10%, and (b) the discharge
of the channel of R-4, we established
that for a rainfall lasting 120 min the
channel is able to convey an inflow of
0 =0.600 m*s™! of water over its entire
length except for the cross section P-10.
However, the shorter the rainfall dura-
tion time, the smaller the amount of sur-
face runoff water that can be accommo-
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FIGURE 3. The curves of probability of maximum precipitation with the duration time (D) of 15, 30,
60 and 120 min, determined according to selected precipitation models

dated in the channel. When the rain lasts
60 min (and the inflow to the channel is
0 = 1.160 m*s™"), the channel capacity
is sufficient only on some sections of the
watercourse: at hm 1.49-2.38 (the cross
sections P-4 and P-5) and at hm 3.35—
—3.90 (cross section P-7). When the rain
lasts 30 minutes (and the inflow to the
channel is O = 1.934 m*s™), the chan-
nel capacity is sufficient only for cross
sections P-5 and P-7. If the rainfall in the

catchment lasted only 15 min, the inflow
value wouldbetoohigh(Q=2.900m?s™)
to be accommodated by the channel.
Similar to the rainfall determined from
the Lambor formula with the duration time
of 15 min and the probability of occur-
rence of 1 and 2%, the intensity of rainfall
with the duration time of 15 min and the
probability of occurrence of 1, 2, 5% de-
termined from the formulae of Bogdano-
wicz and Stachy and Wotoszyn would yield



a runoff in excess of the channel discharge
at the calculated cross sections. For the
duration times under study (60, 120 min),
only the inflow of water to the channel with
p = 100% is smaller than the discharge of
the channel of R-4.
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channel of watercourse R-4 unchanged.
The authors propose to construct a reten-
tion reservoir with the surface area of
2,088 mz, which could hold water during
floods. Other parameters of the reservoir
are given in Table 4.

TABLE 4. Dimensions of the retention reservoir being designed in four variants

Variant number 2 3 4
Rainfall duration time — ¢ (min) 30 60 120
Water inflow to the reservoir — O (m>-s™") 2.900 1.934 1.160 0.600
Coefficient of reduction — ) 0.03 0.04 0.07 0.13
Inflow duration time — ¢ (min) 43 43 43 43
Dimensioning coefficient — Br (s) 1,080 1,020 980 620
Volume of the reservoir — V., (m?) 3,132 1,972 1,137 360
Surface area of the reservoir — F (m?) 2,088 1,315 758 240

The calculations of discharge carried
out for pipelines and culverts indicate
that for a rainfall lasting 60 and 120 min
and p = 10% calculated from all the three
models only culvert 1P has a diameter
sufficient to evacuate water. For rain-
falls lasting 15, 30, 60 and 120 min and

It was assumed that the reservoir
would be 1.5 m deep and that the slope
ratio of embankments would be 1 : 2. The
calculated duration of water inflow to the
reservoir would be 43 min. The maxi-
mum inflow of water to the reservoir was
assumed to be the values of inflow with

p = 10%, the parameters (diameters) of p = 10% for various rainfall duration

all other structures are too small to evac-
uate water.

In order to calculate the param-
eters of the small retention reservoir,
the runoff with p = 10% obtained from
the Bogdanowicz and Stachy formula
was used. The model was selected be-
cause the maximum rainfall on agricul-
tural land calculated from this formula
meets the requirements of EN 752:2008.
Moreover, this formula produced the
highest runoff values compared to other
models.

The rainfall management concept
developed by the authors would allow
to keep the existing parameters of the

times. The outflow from the reservoir
was assumed to be the value correspond-
ing to 0 =0.071 m*s™!. Figure 4 shows
the location of the reservoir.

The main goal of the proposed small
reservoir is flood protection. As con-
firmed in the literature (Mioduszewski
and Los 2002, Wiatkowski 2016), any
reservoir, regardless of its type and size,
contributes to curbing the flood risk,
simply by accumulating the excess of
rainfall or meltwater. When designing
a reservoir, one must above all else ac-
count for the amount of water that will
be stored in it and for the reservoir loca-
tion. In the case under study it is possible
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FIGURE 4. Location of the designed reservoir

to find a suitable location for a reservoir.
It is also extremely important to remem-
ber that any reservoir is a technical struc-
ture and requires conscious exploitation,
maintenance and repair (Wiatkowski
2015, Mioduszewski 2016).

CONCLUSIONS

Analyses prove that the watercourse
R-4 will not be able to accommodate
in its channel the inflow of water deter-
mined based on the Bogdanowicz and
Stachy and Wotoszyn formulae with the
following characteristics: rainfall dura-
tion time of 15 min, probability of 1, 2,
and 5%. Neither will it be able to accom-
modate the inflow determined based on
the Lambor formula with the rainfall du-
ration time of 15 min and the probability
of occurence of 1 and 2%. For the du-
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== gravel roads
== asphalt road
P-1cross section number

== Watercourse
= water divide
[ arable lands
B forests

[ buildings

— Cross section

ration times under study (60, 120 min),
only the inflow of water to the channel
with p = 100% is smaller than the dis-
charge of the channel of R-4.

The values of runoff obtained from
the Bogdanowicz and Stachy formula,
determined for p = 10% and compared
to the channel discharge of R-4 show
that the flow capacity of this channel is
too small to accommodate the runoff re-
sulting from a 15 min long rainfall. This
may create a risk of floodings. Only for
a rainfall lasting 120 min the runoft will
be smaller than the discharge values de-
termined for almost the entire length of
the watercourse (except for cross section
P-10).

The rainfall lasting 15 min with the
probability of occurrence of 1, 2 and
5% determined from the formulae of
Bogdanowicz and Stachy and Woloszyn,
similarly to the 15 min rainfall deter-



mined from the Lambor formula with the
probability of 1 and 2% would produce
a runoff exceeding the channel discharge
at the calculated cross sections.

As proved by a field survey, there are
several culverts and pipelines on the wa-
tercourse. The parameters of these struc-
tures (length and diameter) are varied.
The calculated discharge values of the
culvert and pipeline cross sections were
compared with the obtained runoff val-
ues calculated for p = 10% (using all
the three models). These values indicate
that only the discharge of culvert 1P is
high enough to evacuate water when the
rainfall duration time is 60 and 120 min.
All other communication structures are
too narrow (the diameters are too small).
The precipitation resulting from a 15 or
30 min long rainfall will exceed the dis-
charge of all the communication struc-
tures located on the watercourse. The
fact that the discharges of the communi-
cation structures are so small increases
the risk of flooding on the land adjacent
to the watercourse. The watercourse R-
4 and its structures within the adminis-
trative area of Dobrzen Wielki require
a reconstruction. However, in some cas-
es reconstruction may turn out to be un-
justified either economically or socially.
One might also consider construction of
a reservoir.

In order to calculate heavy rainfall
in agricultural areas according to EN
752:2008, it is recommended to use the
Bogdanowicz and Stachy formula, since
the maximum rainfall obtained from it
is in line with the requirements of this
standard. Moreover, this formula pro-
duced the highest runoff values com-
pared to other models.
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The initial concept of handling the
rainfall water evacuated through R-4
water course in Dobrzen Wielki is based
on the construction of a small retention
reservoir with a capacity of 3,132 m> and
a surface area of 2,088 m?. This reservoir
should hold enough water during floods.

The methodology proposed in this
paper for a hydrological and hydraulic
analysis of the functioning of a small
lowland watercourse R-4 flow capacity
is an interesting concept that might be
used in a practical way as a component
of a reasonable water management.

The research carried out are consist-
ent of the problem and consistent in line
with the goals of water management
in rural areas, where the management
model has changed.

It should be noted that the upkeep of
valley drainage and irrigation systems
and the watercourses both as recipients
of water from drainage structures and as
channels allowing flood water evacua-
tion in a manner safe for the inhabitants
is paramount for a rational and efficient
management of water resources as well
as for safety.
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Streszczenie: Analiza  hydrologiczno-hydrau-
liczna przepustowosci i funkcjonowania matego
cieku nizinnego na Nizinie Slgskiej w aspekcie
zagospodarowania wod opadowych. Zabudo-
wane obszary zlewni matych ciekow nizinnych,
zwlaszcza na odcinkach ujsciowych, sa szczegol-
nie narazone na dziatanie niszczacych sit natury.
Nasilajace si¢ ekstremalne zjawiska przyrodni-
cze, takie jak gwaltowne powodzie i dlugotrwate
susze, powoduja, ze budowanie urzadzen melio-
racyjnych oraz hydrotechnicznych staje si¢ ko-
niecznos$cia. Niniejsza praca prezentuje wyniki
kompleksowej analizy hydrologiczno-hydraulicz-
nej przepustowosci funkcjonowania matego cie-
ku nizinnego w aspekcie zagospodarowania wod
w zlewni tego cieku. Przedstawione studium
przypadku jest propozycja do wykorzystania,
zarowno przez projektantow, jak i specjalistow
z zakresu gospodarki wodnej, metod wyznaczania
opadow nawalnych w matych niekontrolowanych
zlewniach rolniczych na potrzeby zagospoda-
rowania wod opadowych. Analizowany obszar
matego cieku R-4 jest zlokalizowany na terenach
uzytkowanych rolniczo, w miejscowosci Dobrzen
Wielki (wojewodztwo opolskie, w dorzeczu gor-
nej Odry). Autorzy zweryfikowali przepustowo$¢
istniejacego cieku R-4 wedtug normy europejskie;j
EN 752:2008 oraz wykonali obliczenia hydrolo-
giczne dla analizowanego terenu oraz obliczenia
hydrauliczne cieku dla R-4. Stwierdzono, ze maty
ciek nizinny oraz zlokalizowane na nim budow-
le komunikacyjne (przepusty i rurociagi) maja
mala przepustowos$¢ hydrauliczna. W zwiazku
z powyzszym przedstawiono koncepcj¢ zago-
spodarowania wod opadowych odprowadzanych
omawianym ciekiem. Zaproponowano wykona-
nie zbiornika matej retencji o tacznej pojemno-
$ci 3132 m? i powierzchni 2088 m?. Do obliczen
doptywu wody do zbiornika zastosowano model
Bogdanowicza i1 Stachego, poniewaz obliczona
wedhug tej formuly maksymalna wielko$¢ opa-
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dow deszczu na terenach rolniczych jest dostoso-
wana do wymagan normy EN 752:2008. Dodat-
kowo stosujac t¢ formulg, uzyskano najwigksze
wartosci odplywu w poréwnaniu z pozostalymi
modelami. Przeprowadzone badania wpisuja si¢
w zadania stawiane obecnie gospodarce wodnej
na obszarach wiejskich, gdzie nastapity zmiany
zagospodarowania.
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