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ABSTRACT

Aim of the study

The paper presents the results of hydraulic calculations (numerical simulations), which were conducted in
order to investigate the role of floodplain (polder) adjacent to the left bank of Cisowska Struga in Gdynia
downstream of Hutnicza street in the process of retention and transformation of flood waves occurring in this
river due to heavy rainfall.

The paper also addresses the issue of the impact of potential changes in the development of the retention
area under consideration for the flood risk in Rumia.

Material and methods

In order to perform hydraulic calculations, mathematical modelling was used. All hydraulic calculations of
flood wave transformation in channels and floodplains were performed using the HEC-RAS software and the
data on characteristic flows obtained from the available hydrological calculations.

Results and conclusions

In the light of the obtained results, it should be stated that the analysed retention area between Hutnicza
street in Gdynia and the railway line is of high hydrological significance. Potential reduction of the retention
capacity of this area will negatively affect the transformation process of flood waves in the Cisowska Struga
on the analysed section. At the outlet section in the area of Dgbogorska street and further in Rumia, the water
level will be elevated, and flood waves will reach there faster. Due to the potential increase of the flood risk
in Rumia, this is undesirable.

Keywords: mathematical modelling, flood wave transformation, retention, flood risk, Gdynia, Rumia,
Cisowska Struga (stream)

INTRODUCTION

Urbanization and the threat of flooding in the city

Urbanization (from Latin urbanus) is a social and cul-
tural process expressed in the development of cities,
increasing their number, expanding urban areas and
increased share of urban population in the entire pop-
ulace. In Poland as well as throughout the world, this
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process is continuous, and it is constantly intensifying,

sometimes leading to uncontrolled spread of built-up

areas (the so-called urban sprawl) (Gutry-Korycka,

2005). The most important hydrological consequences

of urbanisation processes include:

— regulation of natural watercourses in urban areas
along with compensatory, technical measures for
flood protection of the city;
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— modification of catchment characteristics in the
form of changes to land cover and land develop-
ment.

Compared to typical catchments (agricultural and
forest areas), the urban catchment is characterized by
lower natural ability to retain water resulting from
the reduction of rainwater infiltration into the ground,
reduced evapotranspiration, and the levelling or lig-
uidation of local depressions landforms. As a conse-
quence, the culmination of the runoff from the basin
is larger and it occurs faster than in a natural basin.
Reducing the retention and shortening the time of
runoff culmination from the urbanized catchment is
also affected by the rainwater drainage system, which
significantly accelerates the process of water runoff.
It is acknowledged that the increase in the urbaniza-
tion level of the catchment shortens the reaction time
between precipitation and runoff, and it increases
flood runoff in the receiver (Fletcher et al., 2013; Szy-
dtowski, 2007; Wojciechowska et al., 2017). Invest-
ment activity in floodplain areas of watercourses and
water reservoirs on which cities are located and the
modification of hydrological processes in urbanized
catchments are the main reasons for the increased
threat of flash floods in cities. This threat is also due
to the apparent lack of integration of rainwater man-
agement and the spatial planning process in these ar-
eas (Kowalczak, 2017). The reason for the difficulties
should be seen in the boundaries of the areas of the
local development plans being defined regardless of
the boundaries of catchments of watercourses that
receive the rainwater. We should also point out the
divergence between the objectives of spatial manage-
ment focused on the economic aspect, and the objec-
tives of limiting the risk of flooding from rainwater
(Januchta-Szostak, 2017). This type of conflict is also
visible in the Tri-City area, where we constantly meet
with disputes and discussions about the possibilities
of transforming natural areas into urbanized areas,
and ways of implementing forced rainwater manage-
ment therein.

Urban floods in the Tri-City area

The Tri-City is located on the hypsometrically var-
ied areas adjacent to the Gulf of Gdansk. Terrain
elevation changes here, from values below sea lev-
el in Zulawy Gdanskie (Gdansk Marshlands), to al-
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most 200 m above sea level in the area of postgla-
cial moraines, located several kilometres from the
shoreline. The cities of Gdansk, Sopot and Gdynia
are located between these zones, where locally on the
slopes of moraine hills gradients go up to 40. This
characteristic terrain layout of the Tri-City’s towns
affects the spatial distribution and time course of at-
mospheric precipitation (Weinerowska-Bords et al.,
2012; Weinerowska-Bords, 2015; Mikos-Studnicka
and Szydtowski, 2015). For example, according to
the data collected via the Gdansk rainfall monitor-
ing system, the annual precipitation in 1971-2000
ranged from 550 mm in the Gulf of Gdansk and in
Zutawy to over 700 mm in the city districts located at
higher altitudes. This is mainly due to the orographic
mechanism of rainfall formation in the region of mo-
raine hill valleys.

Along with the development of the agglomeration
on the moraine hills, the rainwater drainage system
does not significantly expand in terms of increasing
the capacity of the collectors located on the lower
terrace, which often causes overloading and flooding
of the urban areas located lower down during rapid
rainwater runoff. This type of urban floods occurred in
Gdansk in 2001 (Majewski, 2002), and again, despite
the increase in reservoir retention capacity, in 2010
and 2016 (Wojciechowska et al., 2017). Floods also
occurred in Sopot and in Gdynia, for instance, in 2016
(Szydtowski et al., 2017; Widerski et al., 2017). The
increase of the flood hazard in the Tri-City area is also
affected by investment developments on the flood-
plains of rivers and streams on the lower terrace of
the agglomeration’s cities, which significantly reduces
their water retention capacity.

The direct cause for the increase in the flood haz-
ard within the Tri-City area lies in the visible devel-
opment of climate change, witnessed both in Poland
and throughout Europe as the observable trend of the
air temperature increase (Sulikowska et al., 2016).
They are manifested by heavy rainfall, characterized
by very high intensity and short duration, and by
an increase in the daily sums of precipitation above
100mm. At the Gdansk Regbiechowo meteorological
station, the maximum daily rainfall in 2001 was re-
corded at H= 128 mm, in 2016 at H = 140 mm, and in
2017 at H = 100 mm, whereas earlier (in the previous
century) the highest value was recorded at H = 82 mm
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in 1982 (Szpakowski and Szydtowski 2018). The in-
creased daily sums of precipitation in recent years are
also observed in other regions of the world, for exam-
ple in Georgia (Egiazarowa et al., 2017) or in France
(KERAUNGOS, 2016).

DATA MATERIAL AND METHODS

The subject of the study

The case study of the research described in the pres-
ent paper was the boundary section of the Cisowska
Struga stream, starting from Hutnicza street in Gdyn-
iaup to Dgbogorska street in the bordering city of Ru-
mia (see: Fig. 1). The Cisowska Struga catchment is
a sub-basin of the Zagorska Struga catchment, which
is one of the largest rivers in the Rumia municipali-
ty. Cisowska Struga is a borderline watercourse that
transports water from the municipality of Gdynia,
through the areas of the Kosakowo municipality to
Rumia. The total area of the Zagorska Struga catch-
ment, starting from the sources to the estuary in the
Kanat Lyski (canal), equals 14853 ha. The length of
the river is almost 29 km, and the average longitudinal
slope is 5.6 %o. Locally, in the upper course, the val-
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ue of bottom slope may even exceed 20 %o, which in
selected sections gives the river a mountainous char-
acter. Zagorska Struga flows out of Marchowo lake,
located at an altitude of 154 m above sea level in the
Szemud municipality, then it crosses the Kashubian
Lake District upland, and continues to the valley sur-
rounded by forests of the Tri-City Landscape Park
(TPK), to the alluvial fan forming the city of Rumia
and the Lyski Canal, and finally enters the Baltic Sea
in the Puck Bay.

The total length of the Cisowska Struga is 12 km.
The main tributaries of the river include Potok Demp-
towski (creek) and Potok Marszewski (creek). The
area of the Cisowska Struga catchment takes a form
of typical moraines formed by the glacier terminus.
Locally, as in the case of Zagorska Struga, the longi-
tudinal slope of the river bottom exceeds the values
of 20%o. Below the border of the forest forming the
Tri-City Landscape Park, the river flows through the
relatively flat built-up areas of Gdynia, then it flows
into the natural area of the Pradolina Kaszubska
(Kashubian Proglacial Valley) located in the Gdynia
and Kosakowo municipalities. Up to the border with
Rumia, 17% of the catchment area is urbanized, 7%
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Fig. 1. Sections of Zagodrska Struga and Cisowska Struga, against the background of hydrographic and administrative divi-
sion (own study based on Poland’s hydrographic division by PGW Wody Polskie)
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are undeveloped areas, and over 76% of the area is
covered with forest.

Considering the mountainous nature of the upper
part of the Cisowska Struga catchment and the domi-
nant urbanization in the central part, it should be not-
ed that the parts of the catchment located in progla-
cial valley region play crucial role in water retention
during floods caused by precipitation. Their largely
natural character allows for safe spillage of rainwa-
ter flowing from the Gdynia area to floodplains lying
within the boundaries of Gdynia and Kosakowo, be-
fore they enter the urban area of Rumia. This was also
noticed in the “Spatial development plan and spatial
development framework for the city of Gdynia” (see:
Fig. 2). However, the attractive location of these ar-

eas (their proximity to the Port in Gdynia) puts a lot
of pressure on transforming fragments of these zones
into industrial, which may result in the loss of a part
of retention capacity, coupled with an increase in the
flood risk.

Spatial location and elevation of the area

The digital terrain model developed for the city of
Gdynia in 2011, with a horizontal grid resolution of
5 by 5 m, was used to perform the flood wave trans-
formation analysis. In turn, the relief (terrain) model
was the basic source of information about the objects
and the obstacles including road and railway embank-
ments as well as the edges (banks) of the channels and
embankments of surface watercourses.
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Fig. 2. Part of the map showing flood risk in the Cisowska Struga catchment (marked as shaded areas),
based on “Spatial development plan and spatial development framework for the city of Gdynia”
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The location of the flooded area considered in the
present work is shown in Fig. 3. The area is located on
the left bank of the Cisowska Struga watercourse, and
it is bounded by the lines of the banks of this stream
and by two embankments — from the south, by a road
embankment of Hutnicza street, and from the north,
by a railway embankment. It is a drained area, belong-
ing to the Cisowski Row (ditch) catchment, however,
in the present work, its functions during the high-wa-
ter stage in this ditch had not been analysed; we have
only studied its retention function in the situation of
high-water stage going through the Cisowska Struga,
resulting from the rains with a 10% and 1% probabili-
ty of exceedance. During heavy rains, it is possible for
the water to exceed the left crest height of the embank-
ment, and overflow the flood plain, flooding it with the
waters of the Cisowska Struga.

The left bank of the Cisowska Struga along the
section between Hutnicza street and the railway em-
bankment is slightly elevated, and the stream bed it-
self is above the studied floodplain. The relied of the
floodplain area is shown in Fig. 3. Directly below the
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Hutnicza street, the stream flows between two indus-
trial areas on an artificial elevation exceeding 17 m
above sea level, then on the section to the railway
embankment, Cisowska Struga enters the open area.
There, the left bank of the riverbed, slightly elevat-
ed, flows irregularly and follows the ordinates from
15.8 to 16.2 m above sea level, while the bottom of
the stream drops from the ordinate of about 15.6 to
15.1 m above sea level. The left-bank flood plain is
located much lower than the banks and the bottom of
the streambed, in its lowest places, drops down to the
ordinate of 14.2 m above sea level. In the present sys-
tem, waters spilling from the Cisowska Struga river-
bed cannot return to the channel on the same section
of the watercourse, and they almost entirely have to
propagate down the catchment, below the railway line,
via two culverts under the railway embankment. These
two culverts constitute the basic drainage route, with
water accumulating on the analysed flood plain. Under
normal conditions, the culverts provide water from the
Row Cisowski ditch and its drainage system, while in
special situations they also discharge the water over-
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Fig. 3. Location and the terrain (relief) of analysed retention area (based on the 1992 topographic map in the scale of

1:10000. Map not to scale)
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flowing from the Cisowska Struga riverbed. Both cul-
verts have rectangular cross-sections, with the widths
of 1.5 and 1.2 m respectively, and heights of 1.5 and
1.7 m. The railway bridge over the Cisowska Struga
is a concrete bridge without pillars with a span of 4
m. The last hydraulic link is the culvert under Hut-
nicza street. The latter culvert provides the analysed
area with the water from the Row Cisowski catchment
located in the vicinity of Morska street. It is a small
diameter culvert, and it was not taken into account in
the hydraulic calculations.

Options of floodplain modifications

In the analysis of the flood wave transformation pro-
cesses on the Cisowska Struga, various options were
adopted, taking into account the entire right-bank
flood plain as well as the varying size of the available
flood plain on the left bank of the watercourse (see:
Fig. 4). The option corresponding to the current actual
situation was considered, as well as two hypothetical
scenarios assuming potential reduction of the left bank
retention area as a result of raising the elevations of
some parts or the entire area above the expected level
of flood waters in Cisowska Struga. In the present sit-
uation (option 1), the area of the left-bank flood plain
is about 284.300 m?, in option 2 it was arbitrarily re-
duced to 121 660 m?, while in option 3 it was reduced
down to zero.

Hydrological data

Scenarios of hypothetical rainfalls that could poten-
tially occur in the Cisowska Struga channel, with the
probability of exceedance p = 1, 2, 10, and 100%,
were taken from previous hydrological calculations

Option 1 Option 2

(Szydtowski and Zima, 2011). To compute flow hydro-
grams for selected rainfalls with different probabilities
of exceedance, the rain duration of 24 h was assumed
with an asymmetrical intensity distribution, with the
maximum intensity in the middle of the episode. Using
the SCS-CN method, recommended by the Polish Hy-
drologists Association (Banasik et al. 2017), the effec-
tive rainfall hietograms were calculated for each of the
analysed sub-catchments, and then — using the triangu-
lar unit hydrogram method, also proposed by SCS — the
corresponding discharge hydrograms were computed
for the closing cross-sections (gauging stations). In
this study, two calculated flood waves, corresponding
to hypothetical rains with the duration of one day and
a probability of exceedance (p) of 10% and 1% respec-
tively, were used to analyse flood wave transformation
in the Cisowska Struga. For the simulation, flood flow
hydrograms were used, calculated for the hydrologi-
cal cross-section (gauging station) located directly at
Hutnicza street. In the case of rain with a probability
of p = 10%, the cumulative discharge is 7.2 m*-s7,
whereas the maximum flow rate value for rain with
a probability of p = 1% is 14.8 m*-s7! (see: Fig. 5). The
total volume of outflow through the cross-section of the
Cisowska Struga directly below Hutnicza Street equals
316 thousand m?® and 688 thousand m? respectively.
The hydrological scenarios presented above were used
as the upper boundary condition at the inflow to the
analysed section of the channel (see: Fig. 3).

Hydrodynamic model

In order to perform hydraulic calculations, mathemat-
ical modelling was used. The calculations of the flow
transformation in the main channel of the Cisowska

Option 3

Fig. 4. Options of the available floodplain (the area of possible retention is marked with a transparent layer)
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Fig. 5. Hydrograms of hypothetical flood waves

Struga were made using the one-dimensional module
of the HEC-RAS model (Brunner, 2010), assuming the
conditions of unsteady flow. The HEC-RAS model is
used for mapping both steady and unsteady flow, and
it is often applied in engineering analyses of complex
hydrographic systems (Katuza et al., 2017), including
flow through polder-type retention areas (Sosnowska,
2016). In the calculation of the one-dimensional grad-
ually varied unsteady flow over time, the model uses
de Saint-Venant equation (Szydtowski, 2007):

doh  dwh) _ (1)
ot ox

du Ou

§+u§—g(So—Sf)=0 (2)

In these equations, symbol x represents spatial vari-
able, t represents time, g — gravitational acceleration,
h —water depth, u — averaged velocity in the cross-sec-
tion of the channel, and § and S -~ the channel bottom
slope, and energy grade lines slope, respectively. The
solution of the system of equations (1,2) for the giv-
en initial-boundary conditions is obtained through the
functions u (x, £), and / (x, ). On their basis, the values
of the flow rate function Q (x, #) are calculated.

However, in order to correctly represent the com-
plex water flow structure on flat flood plains, at least
two-dimensional flat horizontal water flow should be

www.formatiocircumiectus.actapol.net/pl/
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simulated. In the presented work, simulations of flows
on left-bank flood plains, above and below the railway
line, were made using the two-dimensional flow mod-
ule of the HEC-RAS model, assuming — as previously
— unsteady flow conditions. Shallow water equations
are the adopted model of two-dimensional, horizontal
free-surface flow, used in the program (Szydlowski,
2007). The basic assumption during the derivation of
model equations is the gradually varied water move-
ment. It is also assumed that the vertical component of
the velocity is negligible, resulting in a lack of vertical
accelerations, whereas the pressure distribution is hy-
drostatic and the bottom slope gradients are not signif-
icant. In the two-dimensional case, after omitting the
dissipation of the momentum, which is the result of the
turbulence, as well as the dispersion of the momentum,
which is the effect of velocity averaging, the form of
the unsteady water flow equations is as follows:

Sh Suh) 80 _ 3
5 & oy

O(uh) N 8(u’h) . gh% N S(uvh) —gh(S 3 Sf) _0

ot ox ox oy
(4)
d(vh)  8(v*h) Sh S(uvh)
— —gh(S, —-S,)=0
5 & ey o £h(Sor = 5)
(5)
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where: x and y symbols represent spatial variables,
t represents time, g — gravitational acceleration, & —
water depth, # and v are components of the flow veloc-
ity vector, averaged along the depth, whereas S and Sf
are the channel bottom slope and energy grade lines
slope, resepctively. The above system of equations
(3,4,5) is a system of partial differential equations
of the hyperbolic type, whose solution for given ini-
tial-boundary conditions lies in the functions u (x, y, ?),
v (x,y,t)and & (x, y, ). In some cases, when it is possi-
ble to omit the inertial force in the equation of motion,
the above model is simplified to the so-called diffusion
wave model, and such simplification was used in the
analysis. Furthermore, the flow modelling takes into
account the existing hydrotechnical structures in riv-

Fig. 6. Numerical mesh of the flow area in option 1

120

erbeds, that is the embankments of channels with the
possibility of water overflowing. Also accounted for
were the connections between different zones of one-
and two-dimensional flow, such as the culverts under
the embankments, which is one of the available op-
tions within the HEC-RAS system.

CALCULATIONS AND DISCUSSION OF RESULTS

Numerical simulations

In the first step, using the HEC-RAS program, a nu-
merical grid and a hydraulic connections system were
developed for individual components of the entire sys-
tem. An example of such a scheme, developed for op-
tion 1, is shown in Fig. 6. It consists of the river mod-

15590)

S floodplain |
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el, built from individual cross-sections of the channel
and the right-bank part of the valley, described with
a mileage, and two flood plains covering the areas
along the left bank of the watercourse, paced upstream
and downstream the railway embankment, respective-
ly. The inlet to the system takes place via a cross-sec-
tion located at km 5 + 360 and the outlet is at km 2 +
580. Hydrotechnical facilities that have been mapped
in the model primarily include the embankment of the
left bank of the Cisowa Struga, as well as the railway
embankment with the bridge and the culverts.

Within the analysis of flood wave transformation,
calculations of surface flow were made for three as-
sumed options of the floodplain geometry (see: Fig. 4)
and for two hydrological scenarios (see: Fig. 5). In all
cases, the duration of the modelled flows was 2 days,
assuming a rainfall lasting 24 hours.

Flood extent delineation

First, comparison was made between the maximum
ranges and depths of floods corresponding to three
available flood plain options as well as the flood waves
resulting from precipitation of p = 10% and p = 1%,
respectively (see: Fig. 7). When analysing the results,
we concluded that in the case of a flood wave for the
p = 10% precipitation, the dominant flooding path in
the current scenario (option 1), as well as in the sce-
nario where the floodplain is partly reduced (option 2),
is the area located along the Row Cisowski.

Flood waters propagating through the Cisowska
Struga channel mostly overflow the left bank on the sec-
tion upstream the railway line. The main channel, un-
der the railway bridge, provides such amount of water
that does not exceed the capacity of the watercourse on
the section downstream the said bridge, with no flood-
ing of floodplains along the Cisowska Struga. Most of
the water spills over the left bank and is retained in the
area between Hutnicza street and the railway embank-
ment, and then gradually outflows through two culverts
down to the Réw Cisowski ditch. The amount of water
flowing into the ditch exceeds its maximum capacity,
causing the flooding of areas adjacent to the ditch, be-
low the railway embankment. Afterwards, flood waters
pass down Réw Cisowski to Cisowska Struga, and
then outflow finds outlet in this watercourse through
the section in De¢bogorska street towards Zagorska
Struga. A part of surface water remains in the flood
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plains in the form of surface retention, which will later
evaporate or infiltrate into the ground. This is unlike
option 3, in which the analysed area is completely ex-
cluded from the retention function, for instance by its
backfilling or introducing a high embankment from
the side of the Cisowska Struga river bed. In such hy-
draulic system, all floodwaters must flow through the
main channel of the Cisowska Struga under the railway
bridge, which causes the overflowing of water from the
banks on the section downstream the railway bridge,
and leads to the flooding of areas adjacent to the wa-
tercourse. When comparing the results obtained for
precipitation p = 10% (see: Fig. 7), we notice how the
flooding path from areas adjacent to the Row Cisowski
changes when the flood plain below Hutnicza street is
used for retention; and flow is redirected to the areas
along the Cisowska Struga channel when the area is
completely excluded from the water retention function.

When analysing the results of the maximum flood
extent obtained for the hypothetical flood wave from
precipitation p = 1%, it should be noted that increased
flows can be expected already in option 2 — assuming
exclusion from retention of more than half of the anal-
ysed area— and these increased flows are expected both
in the Row Cisowski and the Cisowska Struga, rather
than either one or the other watercourse, as before. As
a result, in option 2, flooding of the floodplains below
the railway line along both streams can be observed.
As a consequence of such course of flooding, larger
parts of the area located below the railway embank-
ment would be covered with water.

Maximum flow rates and elevations of the water
table

In order to assess the role of the floodplain located be-
tween Hutnicza street and the railway embankment in
the process of flood wave transformation in Cisowska
Struga, apart from changes in the flooding route, some
other hydraulic parameters have been analysed, such
as maximum values of discharges (flow rates) and
water levels in the closing cross-section (at km 2 +
580 of the analysed watercourse). The results, shown
in Table 1, confirm that in the case of a flood wave
caused by the hypothetical rain of p = 10% probability,
the impact of changes in the floodplain area between
Hutnicza street and the railway embankment (options
1 and 2) on the maximum outflow parameters is not
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Option 1, p =10%

Option 2, p = 10%

Option 3, p = 10%

Fig. 7. Maximum flood extent (the darkest color of the flood zone corresponds to a depth exceeding 1 m)

Table 1. Parameters of flood waves at the outlet section (Debogorska street in Rumia at km 2+580)

Water level

Flow rate

Water level

Option Increase [%] [ma.s.l.] Increase [%] [mas.l]
(p=10%) (p=1%) (p=1%)
1 - 11.63 - 12.00
2 1.1 11.64 10.6 12.10
3 11.2 11.70 33.7 12.31
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very significant (increase in the maximum flow val-
ue around 1%). Their value is primarily influenced by
the capacity of the railway culverts, through which
the flood waters flow to the Row Cisowski and further
to Cisowska Struga. Only complete shutdown of the
analysed retention area (option 3), and directing all
waters to the Cisowska Struga channel under the rail-
way bridge causes a visible increase in the flow culmi-
nation (11%) and hence an increase in the maximum
water level elevation to 11.7 m above sea level. This
means that all the water in this cross-section is con-
tained within the main channel, as long as the bank-
full stage remains at ca. 12 m above sea level.

The situation changes when we analyse the trans-
formation of the flood wave caused by hypothetical
precipitation of p = 1%. With such a potential flood
event, it is apparent that the impact of reducing reten-
tion in the area between Hutnicza street and the rail-
way embankment is of significant importance for the
cross-section in Debogorska street in Rumia. The flow
culmination values in options 2 and 3 increase by more
than 10% and 30% respectively, compared to option 1.

In addition, in options 2 and 3, as a result of diverting
more water into the Cisowska Struga riverbed under
the railway bridge, the levels of the water table clearly
increase in option 3, and they exceed the value of wa-
ter edge, reaching an elevation of over 12.3 m above
sea level. In this region, such values of the water level
ordinates will cause the flooding of water onto the left
bank of the Cisowa Struga, which may pose a threat of
flooding the areas below D¢bogdrska street.

Flood waves propagation time
An important factor characterizing the process of flood
waves transformation is their propagation within the
hydrographic systems. As a rule, slower flow of flood
water through a given catchment results in a lower cul-
mination of flow in downstream parts of the catchment
and the closing cross-section. Among other things, this
is due to the quick outflow from the lower parts of the
basin, which do not interfere nor cumulate with flood
waves coming from upper areas.

When analysing the diagrams of flood hydrographs
on the Cisowska Struga presented in Fig. 8, we ob-
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Fig. 8. Flow hydrograms at the inlet section (Hutnicza street in Gdynia) and at the outlet section (Dgbogorska street in Rumia)
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serve that while for two different probabilities of oc-
currence of a precipitation episode, the diagrams differ
as to the flow rate in the watercourse, the time dis-
tributions (velocities) of the waves remain similar. In
both hydrological scenarios, in the inlet cross-section
to the analysed area (km 5 + 360), the beginning of
the flood wave takes place after about 3 hours from
the beginning of the rainfall. The maximum discharge
for p = 10% occurs after 9 hours of rainfall, and the
maximum wave for p = 1% occurs 10 hours into the
phenomenon. In the case of a flood wave transforma-
tion in the current state of floodplains (option 1), the
wave reaches the outlet section at Dgbogorska street
in Rumia, 12 hours after the beginning of the precip-
itation. Potential reduction of retention in subsequent
parts of the floodplain area located between Hutnicza
street and the railway embankment (options 2 and 3)
would result in shortening the time of the flood wave
arrival at the outlet section. In both hydrological sce-
narios (p = 10% and p = 1%), in option 2, the time
of the flood wave reaching the outlet cross-section is
shorter than in option 1 by about 1 hour, and in option
3, by 5 hours.

SUMMARY AND CONCLUSIONS

The main purpose of the present study was to exam-
ine the role of the flood plain adjacent to the left bank
of the Cisowska Struga downstream Hutnicza street
in Gdynia in the process of water retention and the
transformation of flood waves occurring in this water-
course. The calculations we have performed, includ-
ing different variants of flood flow simulations made it
possible to formulate the following conclusions, sum-
marizing the research we conducted.

— The flood plain analysed in the study plays an im-
portant role in the flood wave retention process
at Cisowska Struga. Although, formally, it is lo-
cated in the Réw Cisowski catchment above the
railway embankment, in the current situation it
is through this area that most of the flood waters
from Cisowska Struga flow on the cross-border
section between Gdynia, Kosakowo and Rumia.
This happens after flood waters have spilled over
through the left bank of the channel above the rail-
way embankment. The process of possible reduc-
tion in the surface of the considered retention area
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significantly changes the route of the flood surge,
increasing the flood hazard in the areas adjacent to
the Cisowska Struga
— The examined options of gradually decreasing
retention area between Hutnicza street and the
railway embankment from the retention function
affect the change of flood wave parameters at the
outflow from the analysed part of the Cisowska
Struga catchment. The reduced size, and thus the
smaller retention capacity of the analysed area,
causes elevation of the water table and the maxi-
mum flow as well as simultaneous acceleration of
the flood waters run-off in the Cisowska Struga.
Such changes may lead to a significant increase of
the flood hazard to areas downstream the closing
cross-section, that is, in Rumia below Dgbogorska
street.
Considering the presented results of the analyses as
a general example and the state of knowledge on the
changes in hydrological processes observed in recent
years, manifested primarily by the increase in the fre-
quency and amount of heavy rainfall, it should be not-
ed that the strategic action of local authorities in cities
threatened by flash floods should strive to preserve all
existing areas of natural rainwater retention. In addi-
tion, it is important to enforce administrative restric-
tions regarding the sealing of catchment areas, as well
as a continuous search for the possibility of creating
small-scale retention systems including household
retention. Moreover, it is absolutely necessary that
all activities related to spatial planning in such cities
adopt a catchment approach as a tool to increase the
chance of preventing urban floods.
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WPLYW POLDEROWEGO TERENU ZALEWOWEGO CISOWSKIEJ STRUGI NA TRANSFORMACJE FAL

WEZBRANIOWYCH MIEDZY GDYNIA A RUMIA

ABSTRAKT

Cel pracy

W artykule przedstawiono i przeanalizowano wyniki obliczen hydraulicznych w procesie retencji wod opa-
dowych i transformacji fal wezbraniowych wystepujacych wskutek nawalnych deszczy. Analizy zostaly wy-
konane na potrzeby zbadania roli terenu zalewowego (polderu), potozonego ponizej ulicy Hutniczej, przyle-
glego do lewego brzegu cieku Cisowska Struga w Gdyni.

Materiat i metody

Wszystkie obliczenia transformacji fal wezbraniowych w korycie cieku i na terenach zalewowych wykonano
w systemie symulacji numerycznych HEC-RAS, wykorzystujac dane dotyczace przeptywow charaktery-
stycznych uzyskane z dostepnych oszacowan hydrologicznych. W obliczeniach potaczono dost¢png w pro-
gramie obliczeniowym mozliwo§¢ modelowania przeptywu jednowymiarowego w korycie rzeki i dwuwy-
miarowego na terenach zalewowych. Podstawowe dane do przeprowadzenia obliczen jednowymiarowych
stanowity: pomierzone geodezyjne przekroje poprzeczne koryta Cisowskiej Strugi, przekroje przepustow
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kolejowych i drogowych oraz wspotczynnik oporéw przeptywu wg Manninga. Podstawa obliczen dwuwy-
miarowych byt numeryczny model terenu zaczerpniety z zasobow geodezyjnych miasta Gdyni oraz dane
o pokryciu i zagospodarowaniu powierzchni terenu.

Wyniki i wnioski

Obliczenia transformacji fali wezbraniowej wykonano dla przeptywoéw odpowiadajacych opadowi o praw-
dopodobienstwie przekroczenia 10% i 1%, wykorzystujac hipotetyczny hydrogram odptywu ze zlewni Ci-
sowskiej Strugi. Obliczenia wykonano dla wariantow odpowiadajgcych planowanym w koncepcjach planu
zagospodarowania miasta Gdyni zmianom funkcji badanego terenu. Wyniki obliczen wykazaty, ze uktad
przestrzenny badanego obszaru retencyjnego cieku jest istotny hydraulicznie, bowiem znacznie wptywa na
proces transformacji fal wezbraniowych na tym odcinku Cisowskiej Strugi. W wyniku zmniejszania terenu
zalewowego, stwierdzono mi¢dzy innymi szybsze przemieszczenie si¢ fal wezbraniowych wzdtuz cieku oraz
wzrost ich kulminacji i objetosci. Miedzy innymi ze wzgledu na potencjalny wzrost zagrozenia powodziowe-
go w Rumi zmniejszanie pojemnosci retencyjnej tego terenu jest niepozadane.

Stowa kluczowe: modelowanie matematyczne, transformacja fal powodziowych, retencja, zagrozenie powo-
dziowe, Gdynia, Rumia, Cisowska Struga
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