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Abstract
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Polders show an important water-management function in the flood-control protection of watersheds.
The course of actual floods in recent decades and effects of the water works on flood flows have proved
the suitability of the construction within integrated flood-control measures in particular watersheds of
the Czech Republic. To determine the transformation effect of flood-control measures in watersheds
mathematical modelling is an important method, which is used not only in the preparation and design
of retention areas but also in dealing with the flood protection of towns and villages. Easy verification
of other measures in watersheds is also useful. Their implementation can be thus prepared for the fu-
ture or it is possible to back off the intentions. In our case, a fact is advantageous that the model is ope-
rated in the workplace of the Elbe Basin water-management dispatching centre, which is compatible
with assessed polders in the partial Elbe watershed, namely in the Tichd Orlice watershed and its par-
tial TFebovka watershed. The polders assessed are situated on the TFebovka stream, which is the lar-
gest tributary of the Tichd Orlice river. These dry reservoirs and the increased protective function of the
Hvézda pond affect runoff from about 80 km?2. Within research activities, possibilities were studied to
obtain necessary retention areas in existing small water reservoirs. It became evident that the only rea-
listic solution was to increase protective functions of the pond Hvézda. Its present total retention space
of 1.4 million m? can be increased only by 0.35 million m?, however, in combination with the sophisti-
cated lay-out of anew emergency spillway and outlet the whole retention space can be used much more
effectively. To obtain other retention areas localities were found out in the whole upper watershed of
the T¥ebovka stream, which fulfilled requirements for placing the adequate capacity of polders. Subse-
quent modifications of the Tfebovka channel in the most endangered villages and towns and their ca-
pacity design according to transformation effects of selected reservoirs and measures, determination of
their effect and comparison with profiles on the Ticha Orlice are the content of the paper.
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In recent years, high waters caused extensive
floods and damages on the large part of our territory.
In 1997 and repeatedly in 1998 and 2002, the most
extensive floods and thus also damages occurred on
estates occurring in the watershed of the Tichd Orlice
river, aleft-hand tributary of the Elbe river in Hradec
Kralové. In a number of profiles, particularly in the
watershed of the Ticha Orlice, hundred-year flows
were reached or even exceeded, the passage of which
through the territory showed the vulnerability of the
urban and village built-up area inducing an appro-

priate response of inhabitants aimed at the increased
flood-control protection of towns and villages.

Immediately after the floods, restoration of the
river channels damaged by the floods was started as
well as the preparation of system flood-control mea-
sures. The study results in the proposal of integrated
measures including, among others, the creation of
retention areas for the transformation of flood flows.
In the upper part of the river watershed, the system
of dry reservoirs (polders) with an important tran-
sformation effect for the whole watercourse has
been designed.
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MATERIAL AND METHODS

In the TFebovka watercourse, the largest tribu-
tary of the Tich4 Orlice river, four dry reservoirs and
the increased protective function of the existing
pond “Hvézda” affect runoff from an area of about
80 km?.In Fig. 1, the Tich4 Orlice watershed with se-

lected profiles is demonstrated. The following regu-
lations of the Tfebovka river bed in the most endan-
gered villages and towns were dealt with according
to transformation effects of the polders and just de-
scription of these measures, determination of their
effects and comparison with profiles on the Ticha
Orlice river are the content of this paper.
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1: A scheme of the Tichd Orlice river showing selected comparative profiles (N1 - the Hvoézda pond,
polders: N5, N6, N7, N8. Profiles:, 1 - Hylvdty, 2 - Ceskd Trebovd, 3 - Tiebovka below Hoéxda,
4 - Hoézda dam, 5 - the mouth of the Détfichovsky potok stream, 6 — the mouth of the Mikulecsky

potok stream, 7 - Tiebovka nad Opatovem)

Within the study, a possibility was monitored to
obtain necessary retention space in existing ponds. It
has appeared that the only realistic solution consists
in the increased protective function of the Hvézda
pond (Hydroprojekt, a. s., Praha, 2001). Tts total re-
tention space 1.4 million m? can be increased only by
0.35 million m?, however, in combination with the
sophisticated lay-out of a new emergency spillway
and outlet it is possible to use the whole retention
space more effectively.

This design will provide a marked transformation
effect without major negative impacts on the built-
up area of Opatov occurring up the river. To obtain
other retention areas, suitable localities, which ful-

filled requirements for placing polders of adequate
capacity were found out in the whole upper water-
shed of the TFebovka stream. Four polders were de-
signed, namely two on the T¥ebovka stream (N, and
N,) (Hydroprojekt, a. s., Praha, 1999) and two on its
right-hand tributary, the Dét¥ichovsky potok stream
(N, and N,), In Tab. (I), (Hydroprojekt, a. s., Praha,
2000). Through these measures, the total retention
capacity of 3.2 million m*is created in the polders in-
cluding the reconstructed pond Hvézda. At present,
all polders are already in operation. Activities asso-
ciated with adjustments of the pond Hvézda have
been also finished.
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I: Main parameters of polders in the upper watershed of the Tebovka stream
Polder N Polder N, Polder N, Polder N, | Pond Hvé¢zda
earth-fill earth-fill earth-fill earth-fill earth-fill
Dam type h h h h h
omogenous | homogenous | homogenous | homogenous | homogenous
a‘;‘?:ﬁ“ clevation 469.00-469.10 | 455.50-455.60 | 442.50-442.60 | 456.50-456.60 | 424.50-424.60
Level elevation 468.32 455.04 442.09 456.13 422.30
Volume (10° M3) 618 422 258 176 3502
Emergency spillway
elevation (bezpeénostniho 467.70 453.90 441.20 455.10 420.40
pielivu
Polder bottom elevation 460.30 447.60 434,00 446.60 -
g’lmm“m height of the 8.8 8.5 9.5 9.6 9.0
am (m)
Dam crest length (m) 290 153 92 80 190
Bottom outlet diameter (m) 1 0.5 0.8 0.8 2x0.6
Length of the crest of weir
of the emergency spillway 9 9 8 8 15
emergency spillway (m)
Outlet intake clevation 461.00 448.00 43550 449.10 414.85
(ma.s.l.)
Slope gradient -upstream 1:37 1:3.4 1:3.4 1:3.4 1:2.5t03
- downstream 1:2.2 1:2 1:2 1:2 1:2.2
Maximum inflow (10* M3) 18.1 9.7 16.5 16.6 36.0
Transformed runoff (10* M3) 8.7 93 15.1 16.3 15.75

All polders mentioned above were designed by
the HYDROPROJEKT, a. s. consulting company.
Inevitable engineering/geological surveys proved
that the selected profiles fulfil requirements for the
construction of homogenous earth-fill dams. Func-
tional structures and the dam body are designed al-
most identically in all polders with minor modifica-
tions according to specific conditions and required
transformation effects.

The dam body - ahomogenous earth-fill dam from
local materials with 0.1 m elevation in the highest
place to eliminate expected settling. Compaction
was carried out at prescribed layers and by means of
the prescribed number of passages. The upstream
face of the dike is lined by stone pavement above
the level of permanent damming up and then cove-
red with humus and sown. The downstream face is
covered with humus and sown from the level of a toe
drain up to the dam crest.

Bottom (flood) outlet - the intake part created by
a concrete-steel shaft with a crest of weir on the level
of the permanent damming up is placed in the lo-
west point at the upstream heel of a dam. The whole
intake part is protected by a steel rack catcher. The
intake part is connected with a downpipe, which
leads in a stilling basin. In walls of the basin a regu-
lating steel plate is inserted.

Safety spillway and a chute — the concrete structure
of a side emergency spillway is lined by stone. The
spillway is connected with the chute bed. The trape-
zoidal chute bed is lined by quarry stone with trans-
verse stabilization concrete sills.

RESUILTS

Transformation effects of proposed measures

The system of retention reservoirs situated in the
upper part of the Tfebovka watercourse brought
a certain transformation effect, the size and range of
which were treated locally for particular reservoirs
in the course of preparation and designing work.
Moreover, in case of the Tfebovka stream, with the
estimation of transformed flows downstream the
watercourse (a tributary to the reservoir Hvézda).

Results of the hydrotechnical assessment of the
system of polders on the T¥ebovka stream show
that the culmination flow Q, can be significantly
reduced only by polder No. 1 (Hydroprojekt, a. s.,
Praha, 2000), while effects of other polders are neg-
ligible. Considerable reduction of the volume of
a flood wave occurs, however, in the intake to the
Hv¢zda pond (Dolezal 2001), which is a very impor-
tant effect of the system of polders. Therefore, it was
possible to reduce design parameters of the pond in
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a plan for its reconstruction as compared with out-
puts from research results, particularly retention
volume necessary to achieve the target transforma-
tion effect. Transformation effects of the system of
polders and of the reconstructed pond Hvézda are

evident from diagrams in Fig. 2. Thus, due to the sys-
tem of retention reservoirs in the watershed of the
upper Tiecbovka, it is possible to reduce the Q,,,
flow by more than 40 m’. s* and to catch virtually
the whole wave volume.
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60,0 ~--—- Lipkowsky poldr
— ——-bez iprav{i bez Lichkowv. poldru}
----- peldr ped Suchym potok
. »e—podr pod Suchym a na Hef
e tRElIZOVANR VEechna opatient
40,0 e proldlr Lipkowsky a pod Suchym
....... pouze wsatba vidoinici
30,0 >
20,0
100 :\\
. ‘-Q}\
JE S vt e
a0 T » B = i
-10,00 -500 0,00 500 1000 1500 20,00 2500 30,08 3500 40,00 4500 50,00 5500 60,00 6500 700

2: Transformation effects of polders on the Tiebovka stream

By means of the HYDROG (STARY, M., 2002)
mathematical distributed model compiled by Doc.
Ing. Milo§ Stary, CSc., determination of effects was
dealt with in selected river profiles (ie, particularly in
villages lying on the Tfebovka stream) on the basis
of comparing the simulated courses of flood waves
without the intended reservoirs and simulated
courses of flood waves considering all already con-
structed or really intended new reservoirs.

The mathematical model HYDROG (STARY, M.,
2002) is suitable for continuous simulation, opera-
tional predictions and the operative control of run-
off from a watershed (reservoirs can occur in the wa-
tershed) from rainstorm or regional precipitation or
runoff caused by meeting the snow cover. The HY-
DROG program models a precipitation/runoff proc-
ess. It means that the only input (at the given initial
condition of the system) is the time and area distri-
bution of precipitation over the watershed. These
data serve for modelling the whole process and hy-
drographs of floods in the arbitrary selected flow
profile are an output of the process in the stream
network. A flood situation in July 2001 was used as
an calibration episode for the Ticha Orlice river. At
that time, most part of the automatic measuring net-
work of rain-gage stations necessary for the model
operation was already available.

At the TFebovka stream, the transformation ef-
fect of the existing Hv€zda reservoir became mar-

kedly evident and culmination flows in profiles be-
low the pond ranged about Q.. In 1997, an automatic
rain-gage network of the present type did not ex-
ist. Therefore, it was necessary to carry out replace-
ment by other stations in a number of cases and to
perform hour distribution of these totals according
to the nearest stations where these data were availa-
ble. Calibration coefficients remained the same as in
the calibration flood situation. Fig. 3 shows the com-
parison of measured and modelled flows in selected
specific profiles.

Tt was proved that if precipitation fell in central or
lower parts of the watershed precipitation in upper
parts of the watershed was not markedly preceded,
the transformation effect of reservoirs propagated
downstream was evident in central and lower parts
of awatershed. Results obtained proved quite unam-
biguously the high transformation effect of the set of
proposed measures, which resulted from the fall of
culmination flows in the set of selected profiles si-
tuated in the river network (see Fig. 4).

In the T¥ebovka stream, increasing the capacity of
the natural or modified bed was gradually designed
virtually in all villages and towns occurring along the
watercourse. Above the pond Hv&zda, it is in Opa-
tov, downstream in T¥ebovice, Rybnik, Ceska Tre-
bové and Dlouhd T¥ebova. In all cases, designs were
carried out for flows obtained from transformation
effects of all measures in the watershed.
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DISCUSSION

Operation experience with newly constructed pol-
ders are minimal so far. It refers mainly to operation
maintenance because marked increasing the water
level in reservoirs has not occurred yet. Most of dry
reservoirs cannot be subject to check operation be-
cause damming up the reservoirs isnot realistic from
technical (bottom outlet without a closure) and hy-
drological (flows) aspects. Implementation of tech-
nical-safety supervision is the special part of ope-
ration activities. Tt is a complex of activities, which
should reveal possible disorders in their initial stage
and thus prevent the origin of disorders of serious
character. Fitting up the dams corresponds to their
construction, importance and information potential
of a quantity measured. In earth-fill dams, it mostly
means only the measurement of deformations. In-
tensive fluctuation of the water table, namely up to
extreme values appears to be the most unfavourable
loading of the dam body as well as the zone of foot-
ing bottom and its effects on the water work will be
possible to evaluate only in the realistic situation.
Polders are special-purpose technical facilities to
retain certain part of the flood wave volume, to de-

crease culmination flows or at least their time shift.
They are very important from the point of view of
reducing flood damages, which has been proved by
this study.

CONCLUSION

Tt is possible to say that polders satisby their basic
flood-control water-management function and pur-
pose. The course of actual floods and affecting the
water flow by these water works have confirmed jus-
tification and suitability of the polder construction
within integrated flood-control measures in special-
interest localities.

Present experience from the several-year use and
operation of the water works proves, however, im-
portant, permanent and extensive operational de-
nands. They withdraw considerable part of working
capacities of the watercourse manager. Moreover,
a fact that it refers to water works where there is only
minimum stable damming-up, a certain rate of un-
foreseeable behaviour of the water work occurs
when, in the course of time, various changes can ap-
pear due to biological, geological, hydrological and
other factors.

SOUHRN
Vliv poldrti na pribéh povodni v povodi Tiché Orlice
Poldry maji v protipovodiiové ochrané vyznamnou vodohospodaiskou funkci. Pritb&h dosavadnich

povodni v poslednich deseti letech a ovlivnéni povodiiovych pratokd t€mito vodnimi dily potvrdil
opravnénost a tcelnost vystavby v rimci komplexnich protipovodriovych opatieni v jednotlivych

povodich Ceské republiky.

Pro stanoveni transformaéniho t¢inku protipovodiiovych opatieni v povodich je vyznamnym pro-
stfedkem matematické modelovani, které se uplatiiuje nejen pf¥i p¥ipravé a navrhovani reten¢nich
prostort, ale také feSeni povodriové ochrany sidelnich dtvard. Vyhodou je rovnéz snadné ovéfovani
dalsich opatieni v povodich, jejichz realizaci je tak mozné do budoucna pfipravovat nebo od t&€chto

zaméru ustoupit.

V nasem piipadé je vyhodou skute¢nost, Ze model je operativné provozovéan na pracovisti vodohos-
podarského dispe¢inku Povodi Labe, coZ je kompatibilni s posuzovanymi poldry v diléim povodi
Labe, konkrétn& v povodi Tiché Orlice a jejim dil¢im povodi T¥ebovky.

Posuzované poldry lezi na Tiebovce, kterd je nejvétsim pFitokem Tiché Orlice. Tyto suché nadrze
a zvy3end ochrannd funkce stavajiciho rybnika Hv&zda ovliviiuji odtok z cca 80 km?. V rdmci stu-
dijnich praci byla nejprve sledovana moznost ziskani potfebnych retenénich prostort ve stavajicich
malych vodnich nadrzich. Ukdzalo se, Ze jediné redlné fe3eni je zvy3eni ochranné funkce rybniku
Hvézda. Jeho stavajici celkovy retenéni prostor 1,4 mil. m’ Ize zv&tsit jen o 0,35 mil m?, aviak v kom-
binaci s damyslnym uspofadanim nového bezpe¢nostniho pielivu a vypusti lze mnohem efektivnéji
vyuzit cely retenéni prostor. Pro ziskani dalich reten¢nich prostorti byly vyhledany lokality v celém
hornim povodi T¥ebovky, které spliiovaly pozadavky na umisténi pfimé&rené kapacity poldra.
Nésledné tipravy koryta Tfebovky v nejohrozené&jsich obcich a jejich kapacitni Feseni podle transfor-
macnich t¢inkd vybranych nadrzi a opatient, nasledné stanoventi jejich i€inku a porovnani s profily

na Tiché Orlici, jsou obsahem tohoto p¥ispé&vku.

povodné, protipovodriové ochrana, transformace povodni, poldry
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