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This paper presents a method for assessing the retention capacity of a floodplain in the course of flooding
and for estimating the significance of its water storage for transforming a flood wave. The method is based
on two-dimensional numerical modeling of the flood flow in a river channel and in the adjacent floodplains,
and is suitable for cases when the morphology of the flooding area is variable and complex, e.g. broad
inundation areas with meandering channels. The approach adopted here enables us to quantify the retention
capacity for inundation areas of various characters and with various land uses, and provides a tool for
estimating the efficiency of possible measures for increasing the water storage capacity of a floodplain. The
retention capacity is estimated using an evaluation of a series of detailed flood flow modeling results; the
flood wave transformation effect is predicted with the aim of creating a non-linear reservoir model.
A parametric study of the floodplain retention capacity for the upper branch of the Luznice River is
presented here, and the results for the current state and for various hypothetical scenarios of changes in
geometry and land use are evaluated and compared.
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POMOCI 2D NUMERICKEHO MODELU. J. Hydrol. Hydromech., 58, 2010, 4; 20 lit., 7 obr., 2 tab.

V piispévku je prezentovana metodika pro stanoveni retencni kapacity inundacniho uzemi pfii
povodiovych pritocich a jeho vyznam pro transformaci povodiiové viny. Metoda vyuziva dvourozmérny
numericky model proudéni vody korytem a pfilehlym inundacnim Gzemim a je vhodna pro piipady, kdy
charakter nivy je proménlivy a velmi komplikovany, napi. Sirokd inunda¢ni Gizemi s meandrujicimi toky.
Navrzeny zpusob feSeni umoznuje kvantifikovat retencni schopnosti niv rizného charakteru pii riznych
zpisobech vyuzivani a umoziuje pfipadné navrhnout upravu inundac¢niho uzemi tak, aby transformacni
ucinek pii prichodu povodiové viny byl co nejvétsi. Retencni kapacita inundac¢niho uzemi je stanovena na
zaklad¢ vysledkli podrobného modelovani proudéni vody pfi riznych priatokovych stavech a transformace
povodiové viny je feSena pomoci iteracniho postupu zaloZzeného na Bratrankové metodé. V prispévku je
uvedena parametricka studie kvantifikace retencéni kapacity nivy na zékladé vyhodnoceni a porovnani
transformaéni schopnosti pro nivu LuZnice v jejim hornim tseku pro soucasny prirozeny stav a pro rizné
teoretické scénaie zménéného charakteru a zplisobu vyuzivani nivy.

KLICOVA SLOVA: Dvourozmémé numerické modelovani, retentni kapacita nivy, transformace
povodnové viny.

Introduction

Due to the frequent occurrence of flood situa-
tions in recent years, a lot of attention is now dedi-
cated to flood protection issues, especially to pro-
posals for measures that might reduce the adverse
impacts of floods. In addition to technical mea-
sures, such as the construction of reservoirs and dry
polders and the implementation of flood control

measures in urban areas, it is also possible to im-
plement measures in the landscape that will restore
or increase the retention capacity of floodplains.
The goal of these measures is to increase the accu-
mulation of water in the area, to reduce the peak
flow and delay the peak time of the flood wave.
The rate of transformation depends on the shape,
the character and the land use of the floodplain area
— on its retention capacity.
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Many authors have pointed to the significance of
flood water inundating the floodplain for natural
transformation of the flood wave (Vopdlka and
Parizek, 2000; Kvét et al., 2002; Pithart et al.,
2003, and others). Qualitative estimates of this ef-
fect based on an analogy with the estimated volume
of water running in the floodplain during a flood
with the retention capacity achievable by construct-
ing water reservoirs and dry polders are, however,
only indicative. A quantitative evaluation, including
an assessment of the measures implemented in the
floodplain area for restoring or increasing the natu-
ral retention of floodplain area, has to be based on
hydrological and hydraulic models (Kreis, 2003).

In order to evaluate the magnitude of floodplain
retention effects and to assess the effects of various
types of measures in a floodplain area (revitaliza-
tion, changes in geometry, changes in land use)
leading to an increase in retention capacity, it is
necessary to quantify the retention capacity using
flood wave transformation analysis in a given river
branch.

Ways of assessing the floodplain retention effect

Solutions to the problem mentioned above can
generally be founded on two basic principles — the
use of hydrological flood routing models, or the
application of hydrodynamic models. Hydrological
flood routing models are based on the continuity
equation and on a simplified parametric formula-
tion of the flow dynamics in the analyzed stream or
river branches (linear or nonlinear reservoir meth-
ods, the multilinear Kalinin-Miljukov method, the
Muskingum and Muskingum-Cunge methods, and
others). Examples of applications are given in
Pekar et al., 2001 and in Szolgay et al., 2008). Us-
ing an appropriate method, and provided that his-
torical hydrographs are available for model verifi-
cation, these models can be used not only for a
quick analysis of various flood scenarios for the
current state, but also to assess the impacts of vari-
ous measures (construction of retention reservoirs
and polders, stream revitalization) on transforming
the flood wave (Szolgay et al., 2006). The hydro-
logical approach to a more detailed evaluation of
various types of revitalization adjustments is how-
ever limited by the schematisation of the flow dy-
namics that is adopted, and by the fact that lower
model resolution provides a less detailed geometric
description of the stream channel and the floodplain
(Bayerisches Landesamt fiir Wasserwirtschaft,
2005).

Hydrodynamic models appropriate for studying
the water flow in floodplain areas can be catego-
rized according to spatial schematisation, the for-
mulation of the governing equations or according to
the numerical method that is applied. An overview
of existing methods is given in Valenta (2004).
One-dimensional (1D) hydrodynamic models based
on the solution of the Saint-Venant equations and
using discretization of the real geometry with a set
of cross-sections are the most widely used models
for solving the passage of the flood flow through
the inundation area of interest. This type of model
was applied e.g. by Swiatek et al. (2003) and by
Zezulak (2006) for determining the retention poten-
tial of a floodplain. A recent development of 1D
models focuses on complicated cases of highly
unsteady problems with singularities and changes
in flow regimes, such as the solution of dam break
waves and hydraulic shocks (Link and Donoso,
2008 and others).

In the case of complicated flow situations in a
floodplain, the theoretical conditions and limita-
tions for the application of a 1D model may not
always be met. In addition, the representation of
some types of particular revitalization measures and
land use changes may not be sufficiently accurate
in a 1D model. In these cases, it is appropriate to
apply a two-dimensional model (2D) for a detailed
analysis of the flood flow conditions. A solution of
the transformation of a flood wave in real complex
floodplain geometry using an unsteady 2D model is
given by Bates et al. (1996), and an application of a
2D model for determining wave retention in a me-
andering stream is shown by Watanabe and Fu-
kuoka (2002). On the basis of 2D model simula-
tions, the study by the Bayerisches Landesamt fiir
Wasserwirtschaft (2005) offers a parametric study
of various theoretical adjustments in an imaginary
floodplain area (slope changes using bottom drops,
meander restoration, changes in land use taking into
account full and partial afforestation, and various
combinations). The study also includes an example
of a practical application of the model for a real
inundation area with a complex geometry.

Simulating the routing of a flood wave by an un-
steady two-dimensional model poses special de-
mands on computing time, often leading to the need
for compromises in model resolution and detail. In
complicated models with real geometries, there are
numerical difficulties as a consequence of alternate
drying and wetting of the terrain edges. In the
methodology presented here, we have therefore
used a simplified approach, consisting of separate
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simulation of flood flow in the floodplain with a
detailed 2D model for substitutive series of quasi-
steady states. This was followed by an evaluation of
the relations between the discharges and the spatial
characteristics of the flooded inundation area (water
depths, flooded areas and retention volumes) and
by subsequent simple analysis of the flood wave
transformation using a nonlinear reservoir method.
The underlying assumption is that the method can
be applied only for relatively short river sections.
The approach used here is a 2D analogy to the
method of Sartor (2005), which uses a quasista-
tionary 1D model for determining the discharge-
retention volume relation.

Solution methodology using a 2D model
Determining the water flow characteristics

The method presented here is based on detailed
modeling of the water flow in a channel and the
adjacent floodplain using the FAST2D two-
dimensional numerical model. Our version of the
model (Valenta, 2004) starts conceptually from the
original methodology developed by Wenka and
Valenta (1991), and enables very detailed numeri-
cal modeling of flood situations in complicated real
geometrical conditions of open channels with
floodplains, including urbanized areas (Valenta and
Valentova, 2003).

The model is based on a set of depth-averaged
Reynolds equations consisting of the continuity
equation and two momentum equations for the
horizontal velocity components. It can be written in
the following form (1) :
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The equations contain the horizontal axes of the
Cartesian coordinate system, ¢ is the time [s], & —
the water depth [m], z, denotes the vertical coordi-
nate of the bottom level [m], p — the water density
[kg m™], and g is the acceleration due to gravity
[m s?]. The velocities u; and u, [m s'] are the
depth-averaged velocities in the x; and x, directions.
The source term S; [m s*] in the momentum equa-

tions includes the influence of external forces and
stresses, such as the bed shear stress, the stress due
to wind on the water level, and the Coriolis accel-
eration.

The depth-averaged components of the effective
stress tensor 7;; are defined as the sum of the lami-
nar stresses, the turbulent stresses and the stresses
resulting from the non-uniform velocity distribution
in the vertical direction. The effective stresses 7;;
are modeled by the eddy viscosity approach in the
FAST2D model. The eddy viscosity is calculated
with the aid of a depth average version of the k-¢
turbulence model (Rodi, 1980).

The partial differential equations are solved nu-
merically with a control volume procedure. The
method employs non-orthogonal curvilinear grids, a
non-staggered variable arrangement.

The numerical flow simulation results consist of
the components of depth-averaged velocities, water
levels and turbulence parameters defined in the
centre of each control volume.

The input data necessary for assembling the
model of the flood flow in the channel and in the
adjacent floodplain includes hydrological, topo-
graphic and land surveying data, land use data and
data for model calibration, if available.

During practical application of the model, the
particular domain of interest has to be covered with
the computational grid representing the channel and
the floodplain. The grid has to be sufficiently dense
to allow detailed modeling of all flow obstacles,
e.g. various road embankments, levees or protective
dikes, as well as structures in urban areas.

In the next step in the model building procedure,
it is necessary to specify the terrain elevation for all
grid points using digital terrain model data obtained
by land surveying, aerial photogrammetry or laser
scanning. The roughness values are an important
model input that have a significant effect on the
flow characteristics. These values depend on land
use, and can be specified with the aid of aerial pho-
tographs of the modeled area. To calculate the wa-
ter flow characteristic in the modeled area for each
simulated state, it is necessary to define the corre-
sponding boundary conditions. This involves speci-
fying the discharge distribution along the inlet
boundary and in most cases the water level at the
outflow boundary.
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Evaluating the floodplain retention capacity
and transforming the flood wave

For the purposes of this study, the floodplain re-
tention capacity is understood as the volume of
water that can be held in a flooded area. To quan-
tify the floodplain retention capacity during the
course of the flood wave, a quasi-steady approach
was applied. Particular 2D water flow simulations
were performed for a set of selected discharge val-
ues providing a stepwise approximation of the
simulated flood hydrograph. The water flow char-
acteristics were acquired from the simulation re-
sults, and the flooded areas and flooded volumes
were evaluated on the basis of the spatial distribu-
tion of the calculated water depths for all simulated
flow rates. This data was used for assembling the
functional dependency of the flooded area 4 [m’]
and the flooded volume ¥ [m’] on the flow rate O
[m®s™].

Due to numerical problems arising from the ap-
plication of a 2D unsteady model in the compli-
cated geometry of real inundation areas (especially
wetting and drying of the model elements), we
sought a simpler alternative method for quantifying
the retention effects associated with the evaluated
retention capacity which would allow an approxi-
mate but rapid assessment of the flood wave trans-
formation based on the results of 2D modeling. The
flood wave transformation was solved using a
nonlinear reservoir method (Bratranek’s variant),
which can be used for flood wave transformation in
a reservoir and also in a river floodplain (Kemel,
2000). The method is based on the nonlinear bal-
ance equation:

V=r©Q)

The solution proceeds as a successive numerical
integration in time with time step Afr [s]. The
nonlinear relationship between the unknown value
of outflow Q,, [m’s] at the end of the time interval
and the known values O,, O,, of the inflow at the
beginning and at the end of the interval, the known
value of the outflow at the beginning of the previ-
ous time step (O, and the nonlinear dependency
V'=1(Q) is solved by successive approximation in
each integration step. Unlike the solution of the
flood wave transformation in a reservoir (assuming
a horizontal water level) the relation V= 1{(Q) re-
sults from the variable spatial distributions of the

2)

water elevation in the analyzed branch of the flood-
plain that were calculated in the previous step with
the detailed two-dimensional model. The result is a
hydrograph of the transformed flood wave at the
outflow boundary of the model.

The usability of the method presented here and
the limiting conditions were tested in the following
case study by comparing the results with the flood
wave transformation obtained with the unsteady 1D
hydrodynamic model.

Case study — influence of the character
of a floodplain and the land use in the floodplain
on the flood wave transformation

Area of interest — model preparation

This method for determining the retention poten-
tial of a floodplain was applied practically to the
upper section of the Luznice River, between the
villages of Novd Ves nad Luznici and Halamky.
The area of interest is a part of the Ttebonsko na-
ture reserve. In this section, the LuzZnice River has a
small bottom slope, and the river bed meanders
freely across a wide floodplain bordered by river
terrace slopes, and there are abundant terrain de-
pressions, blind stream branches and pools of vary-
ing depth. The floodplain has a natural character
with minimum agricultural adjustments. The flood-
plain sites were previously managed as meadows
and pastures, and they are currently left to natural
evolution. The river banks are densely willowed
and the floodplain margins are locally wooded.

The modeled area is about 6 km x 1.7 km, while
the length of the meandering stream exceeds 10 km.
The upper model boundary is located in the bridge
profile, enabling appropriate assignment of flow
boundary conditions. The lower model boundary
condition (water level) was specified by the dis-
charge curve for the expected water level slope
consistent with the bottom slope. Due to the com-
plicated geometry, the computational grid was de-
signed very densely, with an average cell size of 2.5
x 2.5 m. A digital terrain model was created using
data obtained from aerial photogrammetry in com-
bination with land surveys of the river cross sec-
tions. A visualization of the terrain model imple-
mented in the numerical model is shown in Fig. 1.
In the area of interest, ten different types of land
use with different roughness coefficients were iden-
tified on the basis of aerial photography, a field
survey and other data. They characterize the stream
channel, cutoffs, pools, meadows and fields, woods,
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Fig. 1. Visualization of a terrain model for the current state — Scenario A.
Obr. 1. Vizualizace modelu terénu pro skutecny stav nivy — scénaf A.

Fig. 2. Visualization of a terrain model for the modified state — Scenario D.
Obr. 2. Vizualizace modelu terénu pro upraveny stav — scénar D.
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urban areas, etc. Unfortunately, no calibration data
was available in the area of interest, and the values
of the roughness coefficients had to be estimated by
analogy with the calibration results for other similar
localities.

Evaluating the retention capacity and verifying
the flood wave transformation

A numerical model of the flood flow in the se-
lected branch of the Luznice was used to verify the
practical applicability of the methodology for de-
termining the retention capacity of a floodplain and
its impact on flood wave transformation. The 2D
flow simulations and the evaluation of the flow
characteristics were performed for a selected set of
quasi-steady flow states, and the simulation results
were used as a basis for evaluating the floodplain
retention capacity expressed as the dependency of
the flooded areas and volumes on the discharge (see
Fig. 5, Scenario A). Subsequently, the transforma-
tions of theoretical flood waves with peak dis-
charges Q100, 020 and Qs (peak discharges with 100,
20 and 5 year return periods) were calculated using
the procedure described above. Theoretical flood
wave hydrographs were obtained from the Czech
Hydrometeorological Institute.

The transformation of the flood hydrograph was
calculated in two variants. In the first variant, the
entire floodplain was considered as one total bal-
ance unit (by analogy with one reservoir). The sec-
ond variant was considered as a multi-sectional
model composed of five successive sections (simi-
lar to a cascade of reservoirs). The simulation time
step was 30 minutes for each variant.

In the area of interest (a nature reservation), no
time records of real flood waves are available for
the calibrating of the model. A comparison of the
results with the simulations obtained with a refer-
ence hydrodynamic model was used to verify the
flood wave transformation method that was applied.
The HEC RAS unsteady 1D model (USACE, 2001),
based on the solution of the Saint-Venant equa-
tions, was applied for this purpose. Cross sections
for a 1D model were created as cuts across the digi-
tal terrain model, identical with the terrain model
for 2D modeling. The model consisted of 160 cross
sections at average distances of 160 m. For the
simulations, the model was loaded with flow hy-
drographs consistent with cases simulated with the
quasistationary approach. All unsteady simulations
were performed with a two-minute time step.

A comparison of the results for theoretical flood
waves with peak discharges Qjo9, 02 and Qs ob-
tained with these two approaches is documented in
Fig. 3. The curves marked A correspond to the in-
put hydrographs. Other curves represent the trans-
formed waves at the outflow boundary of the
model. Curves B were obtained using the reference
1D hydrodynamic model, and curves C and D are
the results of the solution approach described
above. Curves C were obtained by using the one-
sectional model, while curves D resulted from the
multi-sectional model.

On the basis of the qualitative comparison, it can
be stated that the wave hydrograph shapes obtained
by the different methods agree quite well, espe-
cially in terms of the time lag of the transformed
wave. For the C curves (one-sectional model), there
are noticeable differences in the absolute peak dis-
charge values, while the results of the multi-
sectional model are practically identical with the
referential results of the 1D hydrodynamic model.

An important factor affecting the choice of an
appropriate method for calculating the flood wave
transformation is the steepness of the hydrograph.
Fig. 4 documents an example of a hypothetical
wave which was obtained on a basis of a hydro-
graph with peak discharge 0o by threefold reduc-
tion of the duration of the flood wave. For such a
steep wave, the results of the one-sectional model
(curve C) are no longer satisfactory. The solution is
to apply a multi-sectional model (curve D) or some
other more appropriate approach to wave transfor-
mation.

Choosing scenarios and simulations

The aim of this study was to access the influence
of various theoretical variants of changes in geome-
try and in land use on the retention capacity of a
floodplain. The simulations of the flood flow and
the evaluation of the flow characteristics were real-
ised for the current state in the domain of interest
and also for a total of six different scenarios of ter-
rain modifications and changes in land use. A
summary of the scenarios is shown in Tab. 1.

The current natural state of the floodplain is de-
scribed by Scenario A. In comparison with the cur-
rent state, Scenario B assumes a considerable in-
crease in roughness in the floodplain due to total
afforestation. By contrast, Scenario C describes the
situation if the whole floodplain area were to be
cultivated as arable land and if the surface were
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Fig. 3. Comparison of flood wave transformation results for various peak discharges; (A — inflow flood wave, B — 1D hydrody-
namic model, C — one-sectional model, D — multi-sectional model).
Obr. 3. Porovnani vypoctu transformace povodiovych vin s riznym kulmina¢nim pritokem; (A — vstupni vina, B — hydrody-
namicky 1D model, C — jednosekéni model, D — vicesekéni model).
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Fig. 4. Comparison of flood wave transformation results for a steep flood wave and for a flat flood wave; (A — inflow flood wave,
B — 1D hydrodynamic model, C — one-sectional model, D — multi-sectional model).

Obr. 4. Porovnani vypoctu transformace viny pro strmou a plochou povodiiovou vinu; (A — vstupni vina, B — hydrodynamicky 1D
model, C — jednosekéni model, D — vicesekéni model).
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Table 1. Summary of scenarios.

Tabulka 1. Souhrn zkoumanych scénati.

. . Roughness
Scenario  Floodplain ~ Channel Land use channel/floodplain
A original modified original 0.08/0.08-0.14
B original original forestation 0.08/0.14
C original original deforestation 0.08/0.05
D modified  modified arable land 0.02/0.05
E modified  modified forestation 0.02/0.14
F modified original active zone 0.08/0.08-0.14
G dikes modified arable land 0.02/0.05

smoother than it is at present. The modifications in
Scenarios D, E and G assume changes in geometry,
including improvements to the river channel and
changes in the shape of the terrain in the floodplain.
Channel improvement is characterized by changing
the river line together with a corresponding reduc-
tion in channel length and increase in the longitudi-
nal bottom slope. The natural cross section is im-
proved to a trapezoidal channel shape with protec-
tion of the bottom and the slopes with low rough-
ness, having flow capacity values of about Os—Q,.
Field engineering is assumed in the floodplain; the
floodplain surface is adjusted and aligned to the
edge of the river terrace. In variant D, land use as
arable land with no bank vegetation is assumed,
while variant E considers surface roughening due to
floodplain afforestation. Scenario G originated
from Scenario D, with the adjusted floodplain sup-
plemented by three cross dikes on both sides of the
river with a view to increasing the water storage
and thus improving the retention capacity of the
floodplain. Finally, Scenario F is based on the cur-
rent state and assumes parallel floodplain area dik-
ing at the so-called "active zone" boundaries — with
this, a part of the floodplain behind the dikes is
removed from the flood flow passage. The "active
zone" assessment methodology used in the Czech
Republic considers the active zone to be the river
channel and the adjacent parts of the floodplain
transferring at least 80% of peak discharge Qg
with a 100-year return period. The specification of
this zone was based on analyses of the 2D simula-
tion results (flood flow pattern, streamlines).

Necessary simulations were performed and flood
flow characteristics including water elevations,
water depths and flow velocities with streamlines
were evaluated for particular variants.

A comparison of the flow characteristic evalua-
tions confirms a significant influence of floodplain
roughness on the velocity and water depth values.
The rougher the surface of the floodplain area is,
the lower the velocities are, and the water depth

increases. The flow velocities evaluated for variants
involving arable areas are about 40% higher than
the velocities calculated for scenarios with the
original vegetation. Changes in terrain and channel
improvement also have a great impact on the mag-
nitudes of the velocities. There are noticeable dif-
ferences in the flow velocities between Scenarios B
and D, and in the adjusted flat and smooth flood-
plain the velocities are twice higher than in the
natural floodplain, which is forested, while the wa-
ter is only half so deep. The greatest depths of wa-
ter are present in Scenario F, where a part of the
floodplain has been excluded by dikes.

Evaluating the impact of changes in the floodplain
on flood wave transformation

On the basis of a detailed evaluation of the reten-
tion capacity, the dependences of the flooded areas
and the flooded volumes on the discharge values
were determined for particular scenarios, and trans-
formations of theoretical flood hydrographs with
peak discharges Qip, 020 and Qs were calculated
using the procedure described above (a multi-
sectional model). Fig. 5 shows clearly that the in-
undation area in its natural state has a more signifi-
cant storage capacity than the modified floodplain
represented by Scenarios D, E and G. In the case of
a natural channel and floodplain, the retention ef-
fect already begins to apply at relatively low flow
rates, while in the case of a modified channel with
improved flow capacity, the inundation does not
start until the flow rate exceeds the Qs discharge
value. Most water is retained in the floodplain in
Scenario B — a natural floodplain, completely for-
ested. By contrast, the least amount of water is re-
tained in Scenario D — a modified channel and
floodplain, with arable land use.

Figs. 6 and 7 show the input wave with peak dis-
charge Qi at the inflow boundary of the model,
along with the transformed flood hydrograph at the
end of the domain for each particular scenario. The

228



Assessing the retention capacity of a floodplain using a 2D numerical model

maximum transformation of a one hundred year An evaluation of the transformation effect for
flood (reduction of the peak discharge and culmina-  particular variants of the character of the channel
tion time lag) occurs in Scenario E — a modified and floodplain and the three modeled flood waves
channel and a modified floodplain with full flood-  with return periods of 100, 20 and 5 years is sum-
plain afforestation. A similar transformation occurs  marized in Tab. 2. The table shows the peak time
in Scenario G — a modified smooth floodplain with  delay and the transformation rate (the percentage
cross dikes, which are gently overflowed in the case  ratio of the reduced peak discharge to the peak dis-
of a one hundred year flood. The least wave flatten-  charge of the input wave). For each theoretical
ing and culmination time lag is observed in Sce- flood wave, the scenarios are sorted according to

nario C — a modified, smooth floodplain. their transformation effect. The table shows that
45 |
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Fig. 5. Discharge — total storage volume relation for particular scenarios.
Obr. 5. Zavislost celkovych zatopenych objemt na pritoku pro jednotlivé scénafe.
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Fig. 6. Transformation of a flood wave with a 100-year return period for the current natural state (Scenarios A, B, C, F).
Obr. 6. Transformace povodiové viny Qg pro pfirozeny stav toku a nivy (scénaie A, B, C, F).
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Fig. 7. Transformation of a flood wave with a 100-year return period for the modified state (Scenarios D, E, G).
Obr. 7. Transformace povodiiové viny Q;qo pro upraveny stav toku a nivy (scénaie D, E, G).

Table 2. Evaluation of flood wave transformation in particular scenarios.
Tabulka 2. Vyhodnoceni transformace povodiovych vin pro jednotlivé scénaie.

Input wave Qs

Input wave Q,

Input wave Qg

Scenario peak time transformation Scenario peak time transformation Scenario peak time transformation

delay rate delay rate delay rate

[hours] [%] [hours] [%] [hours] [%]
B 8.5 95.4 B 5.5 95.8 E 5.5 95.9
A 7.5 96.0 E 4.5 96.5 G 5.5 95.9
F 7.5 96.4 A 4.5 96.6 B 4.5 96.7
C 6.5 96.5 F 4.5 96.8 A 4.5 97.0
D 0.0 100.0 C 4.0 97.1 D 3.5 96.9
E 0.0 100.0 G 3.5 97.0 F 3.5 97.4
G 0.0 100.0 D 3.5 97.1 C 2.5 97.6

inundation with large surface roughness — i.e. a
wooded area — is the most suitable scenario for
flood wave transformation (with both high and low
peak discharge) is an inundation with large surface
roughness — i.e. a wooded area. A comparison with
other channel improvement scenarios and/or land
use changes shows that the floodplain has consid-
erably higher flood mitigation effects in its current
natural state.

Conclusion

The paper describes a method for determining
the retention capacity of floodplains with complex
geometry using a detailed two-dimensional numeri-
cal model. The main advantage of applying two-
dimensional modeling is the possibility to take into
account particular changes in terrain geometry and

land use in the area of interest and to study their
impact on the retention capacity of the floodplain.
The method can be used to assess the retention
capacity in inundation areas with different charac-
teristics and land use, and it also enables us to test
the effectiveness of various measures that can be
used to increase the storage capacity and thus con-
tribute to slowing down the water runoff from the
landscape. Changes in geometry are correctly re-
flected in the detailed two-dimensional numerical
results, and yield high-resolution input data for
subsequent simulation of the flood transformation.
For this purpose, a simple hydrological method
based on a non-linear reservoir model was applied
in the study presented here. However, due to the
simplifications that were adopted, it has to be pre-
sumed that the simulation method in its basic form
is applicable only for relatively short river
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branches. Especially in cases of steep flood waves,
it is preferable to design the model as multi-
sectional (by analogy with a cascade of reservoirs).
The practical applicability of the proposed
method was tested in a parametric study of the
floodplain retention capacity of a 6 km long upper
branch of the Luznice River, and the results for the
current state and for various hypothetical scenarios
of changes in geometry and land use have been
evaluated and compared. Some of the scenarios
under consideration are only theoretical for the
given territory, as the area of interest is located in a
nature reserve. However, the results of the study
show the impact of various adjustments on the
floodplain retention capacity, and may be useful for
other inundation areas, where some of the measures
may be feasible.
Acknowledgement. This paper was created within
the NIVA project on Water Retention in Flood-
plains and Ways of Increasing Water Retention,
and within Research Programme no.
MSM6840770002.
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KVANTIFIKACE RETENCNI SCHOPNOSTI
NIVY POMOCI 2D NUMERICKEHO MODELU

Jana Valentova, Petr Valenta, Lenka Weyskrabova

V souvislosti s ¢astym vyskytem povodiiovych situaci
v poslednich letech je mnoho pozornosti vénovano prob-
lematice ochrany pied povodnémi a zejména ndvrhu
opatfeni, kterd by mohla zmirnit nepiiznivé dopady po-
vodni. Kromé technickych opatieni, spocivajicich ve
vystavbé nadrzi a suchych poldri a v realizaci protipo-
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vodiiovych opateni v zastavénych tzemich, je také
mozné uskuteCnovat opatieni v krajiné sméfujici
k obnové ¢i zvySeni retencni schopnosti ficnich niv.
Cilem téchto opatfeni je zvysit akumulaci vody v Gzemi,
snizit kulminacni pritok a oddalit dobu kulminace. Mira
transformace pfitom zavisi na tvaru, charakteru a zpiso-
bu vyuzivani inundacniho izemi — na jeho retencni
schopnosti. Ke kvantifikaci reten¢ni kapacity inundacni-
ho tizemi a k posouzeni G¢innosti navrhovanych uprav
terénu nivy ¢i zplsobu jejiho vyuziti je zapotiebi pouzit
vhodné numerické metody.

Metoda prezentovand v prispévku je zaloZzena na de-
tailnim dvourozmérném numerickém modelovani prou-
déni vody za povodné v ficnim koryté a prilehlém inun-
daénim uzemi. Pifimé feSeni transformace povodiové
vlny pomoci nestacionarniho dvourozmérného modelu
klade mimoifadné naroky na vypocetni Cas, coz Casto
vede k nutnym kompromisim v pouzité podrobnosti
modelu. Ve slozitych realnych geometriich pak muize
dochazet k numerickym obtizim v disledku stfidavého
zatapéni a obnazovani terénnich hran. V piipadé zde
pouzité metodiky byl proto pouzit zjednoduseny pifistup,
spocivajici v oddéleném feseni proudéni vody v inundaci
pro ndhradni sérii kvazistacionarnich stavli pomoci de-
tailniho 2D modelu, ve vyhodnoceni zavislosti prostoro-
vych charakteristik nivy na priitoku a v nasledném vypo-
¢tu transformace povodilové viny pomoci nelinedrniho
bilanéniho modelu. Simulace proudéni jsou uskuteciio-
vany s vyuzitim numerického modelu FAST2D, jehoz
matematicky zaklad tvofi soustava Reynoldsovych rov-
nic pro turbulentni proudéni. Reten¢ni kapacita je urco-
vana na zakladé podrobného vyhodnoceni charakteristik
proudéni (prubéht hladin, hloubek vody, zatopenych
ploch a zatopenych objemt) pro vSechny feSené prito-
kové stavy.

Utinky retenéni kapacity na transformaci povodiiové
viny jsou feSeny v nasledném vypoctu pomoci nelinear-
niho bilanéniho modelu zalozeného na Bratrankové
metod€, s vyuzitim vyhodnocené zavislosti mezi prito-
kem a objemem vody rozlité v inundaci podle vysledkii
2D simulaci.

V piispévku je uvedena parametricka studie kvantifi-
kace retencni kapacity nivy, kterd se zabyva vyhodnoce-
nim a porovnanim transformacni schopnosti pro nivu
Luznice v jejim hornim useku pro soucasny piirozeny
stav a pro rizné teoretické scénare zménéného charakte-
ru a zpusobu vyuzivani nivy. Zajmova oblast (zahrnujici
meandrujici tok Luznice v délce 10 km s pfilehlou inun-
daci délky 6,5 km a v Sifce 1,7 km) je soucasti chranéné
krajinné oblasti Ttebonsko a predstavuje pfirodni inun-
daci s minimem antropogennich vlivii a tudiz s velkou
prirozenou retenc¢ni kapacitou. Na zakladé porovnani s
dalsimi teoretickymi scénafi uprav v nivé a zmén zpuso-
bu hospodateni studie ukazuje, ze souCasny pfirozeny
stav ma pozitivni dopad na snizeni u¢inkd povodni.

Studie ukazuje praktickou pouzitelnost navrzené me-
tody, ktera je vhodna pro ptipady, kdy morfologie inun-
da¢niho Gizemi je variabilni a slozitd, jako naptiklad
ptipady udolnich niv s meandrujicimi toky. Zmény v
tvaru terénu jsou dostatecné vérné postizeny ve vysled-
cich dvourozmérnych simulaci, které poskytuji detailni
vstupni data pro feSeni transformace povodnovych vin.
V prezentované studii byla k tomuto ucelu pouzita jed-
noducha hydrologicka metoda podle Bratranka, kterou je
v jeji zakladni podobé nicméné zapotiebi povazovat za
pribliznou a aplikovatelnou pouze pro kratké useky tokt.
Zejména u strmych povodiovych vin je pfitom vhodné
pouzity model koncipovat jako vicesekéni (analogie
kaskady nédrzi).
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