DOI: 10.2478/jwld-2018-0017

© Polish Academy of Sciences (PAN), Committee on Agronomic Sciences

Section of Land Reclamation and Environmental Engineering in Agriculture, 2018

© Institute of Technology and Life Sciences (ITP), 2018

www.czasopisma.pan.pl P N www.journals.pan.pl

JOURNAL OF WATER AND LAND DEVELOPMENT
2018, No. 36 (I-Ill): 173-181
PL ISSN 1429-7426

Available (PDF): http://www.itp.edu.pliwydawnictwo/journal; http://www.degruyter.com/view/j/jwld

Received 16.11.2017
Reviewed 12.12.2017
Accepted  16.01.2018

A — study design

B — data collection

C — statistical analysis

D — data interpretation

E — manuscript preparation
F — literature search

The use of bioretention cell
to decreasing outflow from parking lot

Andrzej WALEGA" *B°PFF & £ arta CEBULSKA? ABCPEF,
Wiestaw GADEK? ABCPEF

" University of Agriculture in Krakow, Faculty of Environmental Engineering and Surveying, al. Mickiewicza 24/28,

30-059 Krakow, Poland; e-mail: a.walega@ur.krakow.pl

? Cracow University of Technology, Faculty of Environmental Engineering, Krakow, Poland;
e-mail: marta.cebulska@iigw.pk.edu.pl, wieslaw.gadek@iigw.pk.edu.pl

For citation:

Walega A., Cebulska M., Gadek W. 2018. The use of bioretention cell to decreasing outflow from parking

lot. Journal of Water and Land Development. No. 36 p. 173—181. DOI: 10.2478/jwld-2018-0017.

Abstract

The objective of the research was to look into the role that bioretention systems play in a decentralized man-

agement of stormwater runoff from the impervious areas. The study took place at a catchment of a low permea-
bility and equipped with a combined sewer system. Two rainfall options were selected: actual rainfall intensity
g = 105.65 dm™s “ha' and a hypothetic rainfall with a probability of exceedance p = 10% and ¢ = 40.7
dm*s"-ha'. All calculations were carried out using the SWMM EPA program (storm water management model;
Environmental Protection Agency). They have shown that the bioretention system reduces the cumulative flow
rates by over 55% and the flood wave volume by over 54%. Moreover, it was found that, a precipitation pattern
significantly influences runoff from the urban catchment.
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INTRODUCTION

The human activity plays more and more im-
portant role in hydrological transformations of an-
thropogenically transformed watersheds. In the course
of history, humans have caused major disruptions in
a water circulation and a hydrological regime [BELLO
et al. 2017]. The anthropogenic changes are multidi-
mensional and very difficult to evaluate in an unbi-
ased way because there is not much information
available on the original background and the initial
conditions [WALEGA 2010]. Over the last two centu-
ries, urban development has triggered changes in wa-
tershed hydrology that included a decrease of a natu-
ral filtering capacity of river basins (e.g., channelling
of headwater streams, loss of floodplains and wet-
lands) and regulation of flows by dams and im-
poundments [O’DRISCOLL et al. 2010; RADECKI-PA-

WLIK et al. 2014]. Urban development strongly dis-
turbs many hydrological processes through alteration
of land covers, burial of streams, re-plumbing of wa-
tersheds with stormwater infrastructures and restora-
tion and re-design of streams [HALE 2016]. Social
consequences of stormwater infrastructures include
arisk of flooding and water pollution [ASHLEY et al.
2005].

The reduction of flooding in urban areas tradi-
tionally involves upgrading of the existing drainage
capacity. On the contrary, low-impact development
(LID) is focused on rehabilitation of local urban hy-
drological cycles [SURMA 2015]. These techniques are
based on expansion of pervious surfaces where
stormwater infiltration into the ground can occur
[LIZARRAGA-MENDIOLA et al. 2017; LOCATELLI et al.
2017]. Bioretention systems are landscaping features
adapted to treat stormwater runoff at retrofit sites.
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These solutions are linked in the best management
practice as non-structural methods to achieve the
overall goal of pollution prevention [FLETCHER et al.
2015]. Surface runoff is directed into a shallow land-
scaped hole that employs many pollutant removal
mechanisms, which operate in forested ecosystems.
The filter comprises a sand/soil bed of the depth of
7-19 cm, with a surface mulch layer. During storms,
runoff temporarily accumulates from 2.5 to 4.0 cm
above the mulch layer and then rapidly filters through
the bed. Normally, the filtered runoff is collected by
an underdrain and returned to the stormwater drainage
system. The underdrain consists of a perforated pipe
installed in a gravel jacket, along the filter bottom. In
other cases, bioretention can be achieved by infiltra-
tion of runoff into native soils. This can be accom-
plished at sites with highly permeable soils, a low
groundwater table, and a low risk of a groundwater
contamination. The design features a “partial exfiltra-
tion” system that promotes greater groundwater re-
charge i.e. underdrains are only installed beneath
a part of the filter or are eliminated altogether, thereby
increasing a storm-water infiltration [CWP 2007;
WALEGA 2010; WALEGA et al. 2013]. It is generally
acknowledged that bioretention systems contribute
strongly to reduction of a runoff pollution, so it is rea-
sonable to analyse whether they may bring a relieve to
stormwater drainage systems during torrential rains.
Bioretention systems have some limitations: they can
only be used to “accept” runoff from relatively small
drainage areas up to 2 ha, they should comprise about
5-10% of their contributing drainage areas and be
designed to completely drain within 48 hours after
arainfall event. Thus, bioretention areas without un-
derdrains should rather not be used at the sites with
soil infiltration rates lower than 6.35 mm per hour
[CWP 2009].

The objective of this study was to evaluate the
bioretention system and its impact on a decrease of
the peak discharge and a volume of stormwater runoff
from impervious areas. The analysis was based on
discharge flow simulations during a real and a hypo-
thetical precipitation episode carried out with the
storm water management model (SWMM).

MATERIAL AND METHODS

The actual site with 96.3% of the impervious surface
was studied. The site was located in Cracow and its
characteristic features were: a surface area = 0.784 ha
(7840 m?), an average slope = 2.80% (Fig. 1). The
growing development of the city zone affects the cli-
mate by reduction of a wind speed BLAZEICZYK
[2013] and transparency of the atmosphere (dust)
[Woikowski 2007] as well as by an increase of the
average annual air temperature by about 0.3°C [PIO-
TROWICZ 2007]. In this area also heavy rainfalls, clas-
sified as torrential rains (>20 mm), occur. On the ba-
sis of the analysis of the maximum daily rainfalls
TwARDOSZ [2000], it was found that high daily pre-

cipitations have been recorded from mid Apr. to 9™
Sept., with the highest values, reaching 80 mm, ob-
served from 25™ May to 18" July. The highest daily
precipitation measured in Krakow occurred on 9
Sept. 1963 and reached 99 mm. It amounted to 58.9%
of the monthly total and to 12.7% of the annual total.
The event occurred on a day with a cyclonic circula-
tion from the east [CEBULSKA, TWARDOSZ 2016]. Ac-
cording to the study of NIEDZWIEDZ [1989], as much
as 30 mm of rain fell during 5 min, which accounted
for nearly 50% of the average monthly precipitation
in this month. On the other hand, the height of this
precipitation reached 92 mm within 30 min, which
constituted 152% of the long-term average. During 20
min, the precipitation reached 76.5 mm, which ac-
cording to the Chomicz classification indicated the
third degree torrential rain — B3 [LEWINSKA 1964].
The reported average annual precipitation for Botanic
Garden of Jagiellonian University in Krakow (Ogrod
Botaniczny Uniwersytetu Jagiellonskiego w Kra-
kowie) station was 703 mm.

Surface runoff from the studied area, i.e. the park-
ing lot covered with a bituminous surface, is dis-
charged into the combined sewage system. The sew-
age collector is made of PVC pipes with a diameter of
0.4 to 0.5 m and it is connected to the main city sew-
er. The collector slope varies from 0.52 to 1.41%.

For the purpose of the analysis, the highest meas-
ured precipitation in the last pentad in the range of 10
min was assumed, which was registered on 16" Aug.
2015 in the botanical garden. The rain on this day
lasted from 12:50 to 15:50 and a total of 54 mm of
rain was measured [Zaklad Klimatologii UJ 2016];
during 80 min of the event a recorded sum of rain was
50.7 mm (this sum of rain comprised 94% of a daily
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Fig. 1. Layout of the analyzed catchment, as input into
the storm water management model: the catchment area
is marked with a black dotted line; source: own elaboration
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precipitation). The hypothetical precipitation with an
exceeding probability of p = 10%, calculated with the
formula of BOGDANOWICZ and STACHY [1998], was
also included in the study.

The duration of the precipitation was equal to the
critical one, at which the maximum discharge from
the entire system was obtained. The critical precipita-
tion time was determined by iteration and simulations
for a precipitation with a fixed probability but a dif-
ferent duration [MAIDMENT (ed.) 1993]. During itera-
tion, afixed precipitation distribution according to
Euler type II [KOTOWSKI 2015] was used. The precip-
itation balance and its transformation in the storm-
water drainage system was based on a hydrodynamic
modelling performed with the storm water manage-
ment model (SWMM), developed by the United
States Environmental Protection Agency (US EPA)
[JAMES et al. 2010; ROSSMAN 2015]. The input data
in the SWMM model included the routes of storm-
water collectors and combined sewer collectors to-
gether with their altitudes. The data was acquired
from the design drawings and from the Department of
Geodesy Town Hall at Krakow (Pol. Wydziat Geo-
dezji Miasta Krakowa). Discretization of the catch-
ment basin into sub-catchment basins has been carried
out and for each sub-catchment a discharge volume
was determined. The discharge from each sub-
catchment basin was directed to the manholes, in line
with the slope. The catchment area as well as the ele-
vations of manholes and inlets were determined from
the elevation maps.

The width of the surface runoff is the basic pa-
rameter used in the SWMM model; its increase, ob-
served after rainfalls of varying intensity, results in
a higher discharge and a shorter time after which the
maximum hydrograph is reached [ROSSMAN, HUBER
2016].

The width has been calculated using one of the
methods recommended by EPA:

W=L+2L(1-2) €))
Where: W = hydraulic width of a runoff route (m); L =
length of the main collector (m); Z = coefficient of
skewness (0.5 to 1) calculated from the formula:

Am
z=2n @)

Where: 4,, = larger of the two areas on each side of
the channel (ha); 4 = total area of the catchment (ha).

At the site, the average slope (weighted average)
was determined to identify runoff routes. According
to Manning, the following surface runoff coefficient
values were assumed: for asphalt pavements 0.011
and for parking concrete pavements 0.012 [MCCUEN
1989]. The surface retention was determined accord-
ing to the ROSSMAN [2015], where the surface reten-
tion rates were: 1.27 mm for roofs and asphalt roads,
2.4 mm for parking lots and 5.08 mm for green areas.

Losses due to infiltration through permeable areas
were the last parameter included in the runoff model.

They were calculated using the Green—Ampt method
[CHOW et al. 1988] while the soil characteristics were
assumed according to RAWIS et al. [1983]. Surface
runoff from the sub-catchments was determined based
on the model of a non-linear tank [ROSSMAN, HUBER
2016].

Transformation of a discharge flow inside a col-
lector was modelled as an unsteady flow using a dy-
namic wave approach. A dynamic wave routing
solves the complete one-dimensional Saint Venant
flow equations and therefore produces the most theo-
retically accurate results. The equations comprise the
continuity and momentum equations for channels and
a volume continuity equation at nodes [KOWALSKA et
al. 2013]:

8Q , & (BQ? h n? 1QlQ _
E+a(7)+9Aa+9R;/sT—0 3

%4, 50 _

5 Tox = 0 )
Where: R, = hydraulic radius (m); 4 = stream cross
sectional area (m?); O = flow rate (m*'s™'); # = dimen-
sionless velocity coefficient; #n = roughness coefficient

(sm'"?); g = gravity (m*s'); & = channel depth (m).

Based on the available literature sources — ASCE
[1982], the coefficient of roughness » = 0.013 was
assumed for a stormwater drainage system (PVC
pipes and smooth concrete ducts).

Simulation of a bioretention system was carried out
on the basis of mass balance equations, that describe
changes of a water volume in each layer in time as
a difference between the inflow and the discharge (Fig.
2). It was assumed that the surface of the bioretention
system would represent 11.2% of the parking area.

The surface layer receives both a direct rainfall
and a runoff from other watersheds. It loses water
through: infiltration into the soil below, evaporation
of any water stored in depression storage, vegetation,
and by any surface runoff that might occur. The soil
layer consists of a modified mix of soil that can sup-
port vegetative growth; it receives infiltration from
the surface layer and loses water through evaporation
and percolation into the storage layer below it. The
storage layer consists of coarse crushed stone or grav-
el; it receives percolation from the soil above it and
loses water by either infiltration into the underlying
natural soil or by outflow through a perforated under-
drain system [ROSSMAN 2014]. Due to the analysis of
single rainfall episodes, the evapotranspiration losses
have been ignored in the model calculations.

On the basis of maps showing elevation, terrain
use and collector routes a water exchange between
permeable and impermeable areas was determined.
Three scenarios were taken into account:

1) surface runoff flows directly to a collector, regard-
less whether surfaces are permeable or impermeable;

2) surface runoff from a permeable surface flows
onto an impermeable one and then to a collector;

3) surface runoff from an impermeable surface flows
onto a permeable one and then to a collector.
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Fig. 2. Bioretention cell; source: ROSSMAN [2014]

Calculations were made for two precipitation epi-
sodes: an actual precipitation, which occurred on 16"
Aug. 2015 and a hypothetical precipitation with
a probability p = 10% and a critical duration time. The
event on 16™ Aug. 2015 was considered since it re-
sulted in several floods in the analyzed area. In case
of a hypothetical precipitation, the critical duration
180 min was assumed after a series of simulations of
a system operation at different meteorological condi-
tions.

RESULTS AND DISCUSSION

The total precipitation assumed for 16™ Aug.
2015 was 50.7 mm and its duration was 80 min. The
average rainfall intensity was 0.634 mm'min’
(¢ = 105.65 dm®s "“ha™"); it corresponded to a proba-
bility of exceedance 5%, i.e. the frequency ¢ = 20,
calculated according to the formula presented by
BoGDANOWICZ and STACHY [1998]. On the other
hand, a hypothetical rainfall with a probability
p = 10% and a critical time ¢ = 180 min, as calculated
from the Bogdanowicz and Stachy equation, was 44.0
mm. This corresponded to an average intensity of
0.244 mmmin' (¢ = 40.7 dm’>s "*ha™). As a result of
simulations performed for the actual rainfall in the
real conditions, the maximum discharge from the
parking lot catchment (No. Z403) was 213.9 dm®s'
and a wave volume was ¥ =390 m’. As a result of the
actual precipitation, the maximum flow in a manhole
was 424.8 dm’s' and the discharge volume was
V =794 m’. Therefore, it can be concluded that a run-
off from the parking lot constitutes 50.3% of the dis-
charge to the combined sewage system for the maxi-
mum flow and 49.1% for the runoff volume. This sit-
uation resulted in floods and water overflows from the
drainage system, caused mainly by the intensive run-
off from the parking area. Figure 3a shows the profile
of the maximum fill level in the combined sewage
collector during an actual precipitation. Most of the
time the collector was working under pressure and 10
out of 15 wells were overflowing with water. In the
well S403, where the parking lot runoff was also col-

lected, a water overflow occurred at a maximum in-
tensity of 44.2 dm’-s ' and a volume of V=4 m’.

In the case of a hypothetical precipitation in the
real conditions, the maximum flow from the catch-
ment area of the parking lot was 323.8 dm™s ™' and the
wave volume was V= 330 m’. Higher flow rates are
observed for a hypothetical precipitation compared to
an actual precipitation intensity. In the case of a hypo-
thetical precipitation, the Euler type II hyetograph
was adopted, which results in higher precipitations in
the initial phase. As shown by the studies of OLIVEIRA
and STOLPA [2003], SZELAG et al. [2014] or WALEGA
et al. [2012], the shape of the precipitation hyetograph
plays a key role in a discharge flow resulting from
hydrological modeling. For a hypothetical precipita-
tion, the maximum flow was 437.7 dm®>-s™!, resulting
in a discharge volume of ¥ = 646 m’ in the manhole.
During both a hypothetical precipitation and an actual
precipitation a discharge from the parking lot contrib-
utes in a similar way to the total discharge from the
catchment. Figure 3b shows the profile of the maxi-
mum water level in the combined sewage system
main during a hypothetical precipitation. Most of the
time the collector was working under pressure and 11
out of 15 wells accumulated water. In two adjacent
wells S403 and S405 there was a water overflow with
the maximum intensity of 210.9 dm’s™' and a total
volume of V=47 m’.

The introduction of the bioretention system con-
tributes to reduction of the peak floods and the dis-
charge volume from the basin, as it can be seen from
the drainage hydrograph (Fig. 4) prepared for the
parking lot working with and without the bioretention
system. The shape of flooding curve did not change
significantly after the bioretention system was intro-
duced, but culmination of flooding was reduced by
55.3%. The volume of the wave was also reduced
from 390 to 170 m’ (56%). The reduction of water
volume was caused by retention of water in the soil
bed and by interception and infiltration losses in the
bioretention system; this way the sewage system
would be less burdened. The maximum flow rate to
sewerage well S405 was 311.4 dm®s™, compared to

© PAN in Warsaw, 2018; © ITP in Falenty, 2018; Journal of Water and Land Development. No. 36 (I-11)
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Fig. 3. Water elevation profile between the well S419 and the discharge point, at the maximum filling: a) on 16" Aug. 2015,
b) during a hypothetical precipitation (without bioretention); source: own study
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Fig. 4. Hydrographs of runoff from the parking lot —
the options with and without bioretention on August 16,
2015; Z403 as in Fig. 1; source: own study

424.8 dm*s™' in case without bioretention. In turn, the
discharge volume to this well was reduced by 223 m’,
and thus by 28% compared to the original situation.
The same shape of hydrograph in time, regardless of
the presence of bioretention, is probably caused by the
assumption that the excess water from the bioreten-
tion system will be drained off from the drainage ba-
sin, while the rest will undergo evapotranspiration.

Thus, the discharge from the bioretention system is
not discharged into the sewage system and lower
flows in the option with bioretention and without an
outflow delay are observed (Fig. 4). Figure 5 shows
the profile of the combined sewage system collector
with the maximum water level for an actual precipita-
tion and a bioremediation system employed. Compar-
ing to the existing conditions it is obvious that the
maximum water pressure in the collector is reduced; it
results in a smaller number of wells with observed
water accumulation (up to 7) and no water overflow-
ing from the system. In the case of a hypothetical pre-
cipitation, a similar situation was observed — Figure 6.
The maximum flow was reduced by 56% and the
wave volume was reduced by 54.5%. In the well S405
the maximum flow was 436.3 dm*s™" and was re-
duced by only 1.4 dm*s™, i.e. by 0.3%. A wave vol-
ume in the well S405 was reduced by 160 m’ or
24.8% as a result of the bioretention system. In the
case of a hypothetical precipitation, with duration of
¢t = 180 min, a small flooding the bioretention system
occurred; the system lost its retention capacity, which
resulted in a slight higher discharge from the catch-
ment in the hydrograph descent phase if compared to
the option without bioretention.
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Water Elevation Profile: Node $419 - outfall
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Fig. 5. Water elevation profile between the well S419 and the discharge point, at the maximum filling
on 16" Aug. 2015 (with bioretention); S419 as in Fig. 1; source: own study
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Fig. 6. Hydrographs of runoff from the parking lot —
the options with and without bioretention for a hypothetical
precipitation; Z403 as in Fig. 1; source: own study

It was found that in case of hypothetical precipita-
tion, the water discharged to the well S405 comes
mainly from the analyzed parking lot and is almost
equivalent to the total discharge from the upper part

Water cumulation was observed in 11 wells, as in
the option without bioretention, though the maximum
overflow 67.6 dm’s”' and a volume of ¥ = 4.0 m’
were observed in the well S403, only. The overflow
volume was reduced by 91% in this option. Therefore,
it can be concluded that the bioretention system has
brought a relief to the overloaded sewage system, sig-
nificantly reducing the risk of flooding due to the tor-
rential rain. During low-intensity rainfalls, that do not
overload the sewage system, the bioretention system
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Fig. 7. Hydrographs of runoff (Q) in selected locations of the sewer system during a hypothetical precipitation;
S405, S410, Z403 as in Fig. 1; source: own study
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Water Elevation Profile: Node S419 - outfall
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Fig. 8. Water elevation profile between the well S419 and the discharge point, at the maximum filling
during a probable precipitation (with bioretention); S419 as in Fig. 1; source: own study

withholds the entire runoff, while at high air tempera-
tures, the collected water is additionally removed
through evapotranspiration. Bioretention areas can be
used to “accept” stormwater runoff at a wide variety
of development sites, including residential, commer-
cial and institutional development sites in rural, sub-
urban and urban areas [CWP 2009]. They are well
suited to “accept” stormwater runoff from nearly all
small impervious and pervious drainage areas, includ-
ing local streets and roadways, highways, driveways,
small parking areas and disturbed pervious areas (e.g.,
lawns, parks, community open spaces). Bioretention
areas are one of the most effective low impact devel-
opments to reduce post-construction stormwater run-
off rates, volumes and pollutant loads. They also pro-
vide a number of other benefits, including improve-
ment of general aesthetics, wildlife habitat, urban heat
island mitigation and air quality.

CONCLUSIONS

1. The bioretention systems contribute to a signif-
icant reduction of runoff and a volume of floods from
low-permeable catchments. They should offer an al-
ternative to classic solutions providing a relief to
drainage systems in urbanized areas.

2. Precipitation significantly affects the drainage
system. Adoption of the hypothetical hyetograph type
I, proposed by Euler, leads to a situation where an
intense precipitation at the beginning of the episode
results in a rapid loss of retention capacity of the
catchment, which in turn increases the water dis-
charge from the catchment.

3. Application of professional computer pro-
grams, such as storm water management model, Envi-
ronment Protection Agency (SWMM EPA), enables
performing multivariate hydrodynamic calculations
that consider also the influence of local rainwater
management devices such as bioretention systems.

REFERENCES

ASCE 1982. Gravity sanitary sewer design and construc-
tion. ASCE Manual of Practice. No. 60. New York, NY.
American  Society of Civil Engineers. ISBN
0872623130 pp. 275.

ASHLEY R.M., BALMFORTH D.J., SAUL A.J., BLANSKBY J.D.
2005. Flooding in the future-predicting climate change,
risks and responses in urban areas. Water Science and
Technology. Vol. 52 p. 265-273.

BELLO A.-A.D., HAsHIM N.B., HANIFFAH R.M. 2017. Impact
of urbanization on the sediment yield in tropical water-
shed using temporal land-use changes and a GIS-based
model. Journal of Water and Land Development. No. 34
p. 33-45. DOI 10.1515/jwld-2017-0036.

Brazesczyk K. 2013. Klimat i jego lokalne zréznicowanie.
W: Srodowisko przyrodnicze Krakowa, zasoby —
ochrona — ksztattowanie [The climate and its local va-
riability. In: The natural environment of Krakow, re-
sources — protection — development]. Eds. B. Degorska,
M. Bascik. Krakow. IGiGP UJ p. 61-69.

Bogpanowicz E., StAacHY J. 1998. Maksymalne opady
deszczu w Polsce. Charakterystyki projektowe [Heavy
rainfalls in Poland. A design approach]. Materiaty Ba-
dawcze IMGW. Ser. Hydrologia i Oceanologia. Nr 23.
ISSN 0239-6297 ss. 85.

CEBULSKA M., TwARDOSZ R. 2016. Maksymalne opady
dobowe w Krakowie w latach 1863-2015 [Maximum
daily precipitation in Krakéw in the period 1863-2015].
Eds. L. Hejduk, E. Kaznowska. Monografie Komitetu
Gospodarki Wodnej PAN. Z. 39 p. 7-17.

CHow V.T., MAIDMENT D.K., MAYS L.W. 1988. Applied of
hydrology. New York. McGraw Hill Book Company.
ISBN 0070108102 pp. 572.

CWP 2007. Urban storm water retrofit practices. Ver. 1.0.
Urban Subwatershed Restoration Manual Series. No. 3.
Ellicott City, MD. Center for Watershed Protection
pp. 262.

CWP 2009. Coastal stormwater supplement to the Georgia
stormwater management manual. Ellicott City, MD.
Center for Watershed Protection pp. 542.

FLETCHER T.D, SHUSTER W., HUNT W.F., ASHLEY R., BUT-
LER D., SCOTT A., TROWSDALE S., BARRAUD S., SEMAD-
ENI-DAVIES A., BERTRAND-KRAJEWSKI J-L., MIKKELSEN
P.S., RivARD G., UHL M., DAGENAIS D., VIKLANDER M.

© PAN in Warsaw, 2018; © ITP in Falenty, 2018; Journal of Water and Land Development. No. 36 (I-11)



N

180

www.czasopisma.pan.pl P N www.journals.pan.pl

A. WALEGA, M. CEBULSKA, W. GADEK

2015. SUDS, LID, BMPs, WSUD and more — The evo-
lution and application of terminology surrounding urban
drainage. Urban Water Journal. Vol. 12. No. 7 p. 525—
542.

HALE R. 2016. Spatial and temporal variation in local storm
water infrastructure use and storm water management
paradigms over the 20th century. Water. Vol. 8. Iss. 7
(310) pp. 16.

JAMES W., RossmMaN L.E., JAMEs W.R.C. 2010. User’s
guide to SWMMS5. 13" ed. CHI Press. Ontario, Canada
ISBN 978-0-9808853-5-4 pp. 905.

KoTtowskI A. 2015. Podstawy bezpiecznego wymiarowania
odwodnien terenéw. T. 1. Sieci kanalizacyjne [Basics
for safer dimensioning drainage areas. T. 1 Sewerages
systems]. Warszawa. Wydaw. Seidel-Przywecki. ISBN
978-83-60956-44-1 pp. 399.

KowALskA B., KowALskI D., LAGoD G., WIDOMSKI M.K.
2013. Modelling of hydraulics and pollutants transport
in sewer system: with exemplary calculations in
SWMM. Lublin. Politechnika Lubelska. ISBN 978-83-
63569-60-0 pp. 131.

LEWINSKA J. 1964. Wyjatkowy przypadek opadu burzowe-
go na obszarze Krakowa [A unique case of thunder-
storm in Krakow]. Gazeta Obserwatora PIHM. Nr 3
p. 10-12.

LIZARRAGA-MENDIOLA L., VAZQUES-RODRIRUEZ G., LU-
CHO-CONSTANTINO C.A., BIGURRA-ALZATI C.A., BEL-
TRAN-HERNANDEZ R.I., ORTIZ-HERNANDEZ J.E., LOPEZ-
LEON L. 2017. Hydrological design of two low-impact
development techniques in a semi-arid climate zone of
Central Mexico. Water. Vol. 9. Iss. 8 (561) pp. 18.

LoCATELLI L., MARK O., MIKKELSEN P.S., ARNBJERG-
NIELSEN K., DELECTIC A., ROLDIN M., BINNING P.J.
2017. Hydrologic impact of urbanization with extensive
storm water infiltration. Journal of Hydrology. Vol. 544
p. 524-537.

MAIDMENT D.R. (ed.) 1993. Handbook of hydrology. New
York. McGraw-Hill. ISBN 0070397325 pp. 1424.

McCUEN R.H. 1989. Hydrologic analysis and design.
Englewood Cliffs, NJ. Prentice-Hall, Inc. ISBN
0131349589 pp. 814.

NIEDZWIEDZ T. 1989. Heavy rainfalls in Cracow. Zeszyty
Naukowe Uniwersytetu Jagiellonskiego. Prace Geogra-
ficzne. Z. 75 p. 11-22.

O’DRISCOLL M., CLINTON S., JEFFERSON A., MANDA A.,
MCcCMILLAN S. 2010. Urbanization effects on watershed
hydrology and in-stream processes in the Southern
United States. Water. Vol. 2. Iss. 3 p. 605-648.

OLIVERA F., STOLPA D. 2003. Effect of storm hyetograph
duration and shape on the watershed response. Proceed-
ings of the 82" Annual Meeting of the Transportation
Research Board (TBR). Washington DC, USA p. 3-12.

Piotrowicz K. 2007. Temperatura powietrza. W: Klimat
Krakowa w XX wieku [Air temperature. In: Climate in
Krakow in the 20th century]. Ed. D. Matuszko. Krakow.
IGiGP UJ p. 99-113.

RADECKI-PAWLIK A., WALEGA A., WOJKOWSKI J., PTANOW-
SKI J. 2014. Runoff formation in terms of changes in
land use — Msciwojow water reservoir area. Journal of
Water and Land Development. No. 23 p. 3—-10. DOI
10.1515/jwld-2014-0024.

Rawis W.J., BRAKENSIEK D.L., MILLER N. 1983. Green-
Ampt infiltration parameters from soils data. Journal of
Hydraulic Engineering. Vol. 109. Iss. 1 p. 62-70.

RossMAN L. 2014. National stormwater calculator. User’s
guide. Ver. 1.1. Washington, DC. US EPA. EPA/600/C-
13/106b pp. 58.

RoOsSMAN L. 2015. Storm water management model. User’s
manual. Ver. 5.1. Washington, DC. US EPA. EPA/600/
R-14/413 (NTIS EPA/600/R-14/413b) pp. 352.

RossMAN L.A., HUBER W.C. 2016. Storm water manage-
ment model. Reference manual. Vol. I — Hydrology
(Revised). Cincinnati, OH. US EPA pp. 231.

SURMA M. 2015. Sustainable urban development through an
application of green infrastructure in district scale —
A case study of Wroctaw (Poland). Journal of Water
and Land Development. No. 25 p. 3—12. DOI 10.1515/
jwld-2015-0007.

SZELAG B., BAK L., GORsKI J. 2014. Wptyw charakterystyk
opadowych na parametry hydrogramu odptywu ze
zlewni zurbanizowanej [The influence of rainfall cha-
racteristics on parameters of the outflow hydrograph
from urbanized catchment]. Woda-Srodowisko-Obszary
Wiejskie. T. 14. Z. 2(46) p. 103-114.

TwARDOSZ R. 2000. Wieloletnia zmienno$¢ sum dobowych
opadow w Krakowie w powigzaniu z sytuacjami synop-
tycznymi [Long-therm variability of daily sum of preci-
pitation in Krakow in connection with the synoptic si-
tuations]. Prace Geograficzne. Z. 105 p. 19-71.

WALEGA A. 2010. Watershed urbanization: influence on the
environment and possibility of counteraction. In: Cul-
tural landscapes of river valleys. Ed. A. Radecki-Pa-
wlik, J. Hernik. Krakéw. Wydaw. UR p. 225-241.

WALEGA A., DROZDZAL E., PIORECKI M., RADON R. 2012.
Wybrane problemy zwiazane z modelowaniem odptywu
ze zlewni niekontrolowanych w aspekcie projektowania
stref zagrozenia powodziowego [Some problems of hy-
drology modelling of outflow from ungauged ca-
tchments with aspects of flood maps design]. Acta
Scientiarum Polonorum. Formatio Circumiectus. T. 11.
Nr 3 p. 57-68.

WALEGA A., RADECKI-PAWLIK A., KACzOR G. 2013. Natu-
ralne sposoby zagospodarowania wod opadowych [Na-
tural ways of managing rainfall waters]. Krakow. Wy-
daw. UR. ISBN 8360633649 pp. 235.

WoJskowsKI J. 2007. Promieniowanie stoneczne. W: Klimat
Krakowa w XX wieku [Solar radiation. In: Climate in
Krakow in the 20th century]. Ed. D. Matuszko. Krakéw.
Instytut Geografii i Gospodarki Przestrzennej UJ p. 55—
75.

Zaktad Klimatologii UJ 2016. Dane archiwalne. [Archival
database]. Krakow.

© PAN in Warsaw, 2018; © ITP in Falenty, 2018; Journal of Water and Land Development. No. 36 (I-11)



www.czasopisma.pan.pl P N www.journals.pan.pl
=

The use of bioretention cell to decreasing outflow from pJﬂ&ing lot 181

Andrzej WALEGA, Marta CEBULSKA, Wiestaw GADEK

Wykorzystanie systemow bioretencyjnych do zré6wnowazonego gospodarowania wodami opadowymi
w obszarach uszczelnionych

STRESZCZENIE

Celem pracy jest ocena mozliwosci zastosowania systemu bioretencyjnego jako metody zrownowazonego
gospodarowania wodami opadowymi w zlewniach uszczelnionych. Analizy prowadzono w zlewni silnie
uszczelnionej wyposazonej w kanalizacje ogolnosptawng. Przyjeto dwa warianty opadu: pierwszy z opadem rze-
czywistym o natezeniu jednostkowym ¢ = 105,65 dm®>s "-ha™' i drugi z opadem hipotetycznym o prawdopodo-
bienstwie przewyzszenia p = 10% i g = 40,7 dm®s "*ha”'. Wszystkie obliczenia przeprowadzono w programie
SWMM EPA (storm water management model; Environmental Protection Agency). Analizy wykazaty, ze zasto-
sowanie systemu bioretencyjnego umozliwia redukcje przeplywu kulminacyjnego o ponad 55% oraz ponad 54%
zmniejszenie objetosci fali. Ponadto stwierdzono, ze przebieg opadu w istotny sposob wptywa na ksztattowanie
si¢ odptywu w zlewni zurbanizowane;.

Stowa kluczowe: hietogram Eulera, SWMM, system bioretencyjny, system kanalizacyjny, wody opadowe, zlew-
nia zurbanizowana
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