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Abstract. The paper deals with the state of solution ofwaiter management in the urbanized
area. The paper describes development and basities of rainwater management, analysis
of current state, climate change and last but east| possible ways of rectifying and
streamlining the current, nowadays inconvenientjlifees with an emphasis on their easy
sustainability.

1. Introduction

Due to the global climate change caused by theromuce of extreme meteorological phenomena in
the Czech Republic, today's urbanized areas anegfacdrought on the one hand and an enormous
amount of torrential rainwater on the other. Thesgeme climatic situations bring water scarcity,
drought, heat waves and flash floods, all of whialke a significant impact not only on the quality o
life of the population, but also on the functiohalof the infrastructure, natural ecosystems, etc.
where it is further enhanced by an ever-increadegyee of urbanization. Especially the cumulative
rainfall water, which arises as a result of insuéint natural infiltration of these waters into the
subsoil, is most active here. Urbanized environnoérgettlements is usually made up of enormous
number of impermeable areas, which are often unaled due to urbanization, causing overflow of
sewer system, sewage treatment plants, distribugbnsmaller watercourses and subsequent,
increasingly frequent, lightning floods. For thesasons, it is necessary to streamline the manageme
of rainwater, which has become an inevitable astiin recent years due to the changing climate
environment and adaptation to it. Although someidasys of water management are known to
mankind today, their logical use in practice sd thay operate in a complex way and with a link to
their surroundings is still absent.

2. Current state of solution in the Czech Republic

From the current state of knowledge of this issnd the current state of approach to rainwater
management in urbanized areas in the Czech Remrai@abroad, the main four obstacles to this issue
in the Czech Republic have been defined [1]:

* legidation - non-conceptual approach in introducing rainwatenagement into Czech
legislation, which can lead to distrust in the whsystem,

» technical regulations - at present, technical regulations concerningwater management are
intended only for water managers,

e awarenessraising - Rainwater management as one of the appropoate for adaptation of
cities to climate change is not systematically poted among the professions that are closely
concerned,

e communication and cooperation - there is no interdisciplinary communication and
cooperation.
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Rainwater Management (RM) objects must be desigméecome a natural part of the environment in
which they are applied, as they are mostly realmedhe surface and directly affect the appearance
and use of the site. It is important to set theedlgj sensitively into the surrounding environmerd a
determine the priorities and benefits that we ekfreem the measures. Not to limit RM only to a tool
designed to ‘alternative' land drainage, but toituge an effective means of adapting cities tmate
change with all the opportunities it offers. ExigtiTechnical Regulation TNV 75 9011 Rainwater
management, which is currently the only officiakisafor designing RM objects, is too one-sided
(water management) and the objects it defines@reasy to apply in conditions that are not modelle
(ie enough space, new development, flat surface), [df. When designing the infiltration device,

it is important to take into account the potenpiallution of rainwateas shown in Table 1.

Table 1. Indicative classification of precipitation watesliution in terms of pollution by soluble
substances, heavy metals and hydrocarbons [2].

Type of drainage area Degr ee of pollution of

rainwater
Vegetation
Roofs Made of inert materials
With untreated area up to 5¢ m
. . Low
For pedestrians and cyclists
Road Low traffic parking
Low communication
Roofs With untreated area up to 506 m
Intermediate parking lots Medium
Road Medium traffic
Roofs With untreated area over 50¢ m
High Frequency (all)
Road Warehouse areas High

Agricultural areas
Parking of trucks and machines

3. Basicdivision into primary and secondary Rainwater Management aobjects

The existing system of demarcation of objects aqdipment of RM, which is specified in the
technical regulation, is difficult to grasp for theeeds of branches outside water management.
Therefore, the work listed in the above-mentiondidard has been categorized in a way that should
better reflect the dual nature of the measuresafiond/ a wider use of the RM system and its benefits
for the urbanized environment.

In practice, we encounter the fact that it is veifficult, even impossible to apply RM measures in
meeting the criteria and design parameters giveiNy 75 9011 Rainwater management - such as
maintaining the prescribed ratio between redutgddrainage area arils infiltration area, abilities

of the designed objecA(q is determined according to CSN 75 9010), frequerfagongestion of the
retention volume of objects expressed by periogigi{in most cases retention objects with regulated
outflow are expected to have five years of preatpn with the most unfavourable intensity) surface
retention volume of the retention volumeTgf objects (for objects with controlled outflow thenjgty

time should be less than 24 hours, for infiltratadjects the empty time is governed by CSN 75 9010)
and the infiltration outflow for the infiltrationayice Qusa. Problems with the location of objects are in
most cases in the existing buildings. Therefore,dtticle proposes the division of measures into so
called primary and secondary measures [3].

Primary measures and objects. Objects are designed according to the criteriacisign parameters

of the relevant standards. The definition of candg for the application of primary measures may be
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part of the urban drainage master plan. Based erstédndard, primary objects can include objects
used for infiltration without and with controlleditfliow and retention objects with controlled outfio
Namely, these are infiltration holes with surfacatev supply, infiltration tanks, infiltration trehes
with surface area inflow, infiltration trenches wisubsurface inflow, infiltration trench - contiexd
drainage, infiltration trench with subsurface infl@and controlled drainage, dry retention rainwater
tank ), retention rainwater reservoir with storagace and artificial wetland [4].

Secondary measures and objects. There are support measures that may not medieairiteria and
parameters of standards, as set out in the regogatallowing a more creative approach to theirghes
and bringing the issue closer to other disciplitieg will be able to better grasp it. It is prinfamsed

to reduce or prevent precipitation. They can beagdes separately or in series and complemented
with primary measures. They can be dimensioneddtiisions of lower periodicity and intensity than
prescribed by the standard, so they are smallsizin and act as a buffer zone for the first rainfal
They are suitable for application in more compkchatonditions, eg in existing buildings. Based on
the standard, secondary objects include surfadtratibn (surface infiltration without retention
space), unpaved surfaces, permeable paved surfegesation roofs and gravel roofs and objects for
accumulation and use of rainwater.

4. Primary measures - objects and equipment

The gaps and bioretency objects (rain gardens) are shallow grassy terrain depmessivith a
horizontal bottom (see Figure 1). If the drainagénpis not in the plane and the bottom of the
passageway cannot be flat, the object is dividemldaveral units, which are separated by dikes.

>1,0m

Figure 1. Wicking pattern with surface water supply ( 1 s§ing; 2 -
Road with curb; 3 - Inflow through reinforced chahrt - Earth dam;
5 - Stone throw; 6 - Flat inflow; 7 - Recessed cwohd; 8 - Max.
retention level; 9 - Grassy humus layer of the pgeway; 10 -
Permeable soil environment; 11 - Max. underwatezl)g2].

They are mainly used to contain the design rairdall slow down the precipitation runoff from the
drainage area. After retention in the above-graosud, the water is further filtered through thedoip
layer either into the underground trench or, ursdgtable soaking conditions, directly into the saibs
Another equally important benefit in terms of wategime is the support of natural evapotranspinatio
of steam back to the atmosphere. In addition, asveder passes through the grassy humus layer,
suspended solids are filtered, ion exchange andrpiiisn of heavy metals and hydrocarbons, and
biodegradation of degradable contaminants [2].

Trenches - The infiltration trench is a linear device thsdrves for underground infiltration of
rainwater. It is an underground space filled witlcaherent gravel material (washed river gravel)
covered with geotextile that separates gravel filoensurrounding environment. The water supply to
the building can be realized as surface or sutasarf



Advances in Environmental Engineering IOP Publishing
IOP Conf. Series: Earth and Environmental Science 444 (2020) 012052  doi:10.1088/1755-1315/444/1/012052

In the case of a subsurface inflow, a drainage @peart of the trench, which ensures better water
distribution in the body. It must also be ventedtsat the air in the pores of the gravel fillingedanot
prevent the water from spreading [2]. It is bettepreclude coarse and fine suspended solids before
inflow into the groove to prevent clogging of susged solids [2]. Surface inflow is preferable from
the nature-close drainage point of view. It is raotended to drain the rainwater into the trench
through the grassy area. The precipitation effligattenuated, partially pre-cleaned of solidipkas

and is further filtered through a gravel layer. Tager on the trench surface should also be segghrat
from the underground by geotextile to prevent Isallparticles from entering and the gravel to
collapse. The top layer must be cleaned or replaegdlarly to avoid losing its filtering ability.he
infiltration grooves perform their function bestliley are sequenced together with other measures.
Retention rainwater reservoir (water square) - Retention rainwater reservoirs are terrain
depressions used to capture rainfall runoff fromairtaige area (see Figure 2). They reduce the
culmination flow and are supplemented with a theottevice to control their emptying. For most of
the year, the reservoir is dry (in the case of @dy water only appears temporarily during and
immediately after the rainfall.

Retention rainwater reservoirs are usually desigaedrassy objects, and the rain can naturally seep
through a layer of grassy topsoil. In less heauys;ahe grassy area naturally slows downfall dred t
water partially absorbs into the soil or evapordt@sk into the atmosphere. The advantage is algain t
cleaning ability of the object. Nevertheless, ia TNV 75 9011 standard, it is recommended to create
a smaller, separate settling space at the poirdiofvater inflow into the reservoir, from which eat
purified from suspended solids and sediments ifaitsthe main retention space [2].

]
:

k|
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e%e 107 e L Qo o )
o e M

Figure 2. Diagram of dry retention rain tank (1 - Inlet odije
2 - Part of the sediment collection tank; 3 - Dyke;
Permeable material / aggregates; 5 - Main retersjace; 6 -
Greening; 7 - Space with water level; 8 - Safetgréiow; 9 -
Max. retention level; 10 - Drain regulator; 11 -t@aw
object) [2].

5. Secondary measures - objects and equipment

Green measures - Vegetation and other roofs. Vegetation and gravel roofs primarily reduce the
volume of surface runoff, but also fulfill many aoepanying functions. They have good insulating
properties, especially on hot summer days theye¥tdy prevent overheating of the under-roof areas
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[5]. The vegetation layer promotes evapotranspraliut also captures dust particles containedan th
urban environment. These properties increase wighintensity of the greening of the roof. The
construction of the vegetation roof consists ofesallayers (see Figure 3) and it depends on what
option we choose. The general composition is shiaviiigure 3 [4].

g ey Figure 3. Schematic section of the structure of the
vegetation roof (1 - Planting; 2 - Substrate; 3eo@xtiles;
( 4 - Drainage layer; 5 - Waterproofing) [4].

Green measures - permeable unpaved surfaces (flat surface, however). The standard does not
directly define the object of permeable unpavedases, but recommends to keep them as much as
possible and minimize the amount of impermeableegasurfaces. Surface infiltration through the
grassy humus layer could also be included in thisgory. Its disadvantage is the high space demand,
as it requires at least 20% of the total area efdtainage area. Therefore, in practice, its userig
limited and is feasible rather in the built-up @ e#linear buildings or parking lots. Another reass

the fact that this object is usually designed psegedent to another object and is mainly usegrier
treatment of precipitation runoff [4].

Green measures - trees. Trees have several very beneficial functions fie€i They contribute to the
efficient management of rainwater, beautify andagle the urban environment and increase the value
of residential and commercial zones, reduce thearemergy consumption of buildings by mitigating
the local climate (providing shade in the summed anoling their surroundings) air, trees create
oxygen, act as a noise barrier, provide habitalizitty organisms and increase biodiversity [6].

Grey measures - permeable paved areas - These are paved areas, e.g. roads, sidewalids, paths,

car parks, etc., which are adapted or selectetaahe rainwater falling on their surface is absor

as far as possible into the structural layers sertend further into the subsoil. The permeable gpave
areas serve mainly to slow down the precipitatiomoff and reduce its volume. In cases where the
structural layers of the surface are adapted & theaning processes can also take place heridgrsim
to, for example, grooves. When introducing RM paaticular site, there should always be an effort t
replace all impermeable hard surfaces with a pebfeeariant, which makes it possible to effectively
reduce the surface runoff of rainwater [2].

6. Conclusion

The paper is focused on the formulation of priresphnd procedures of designing RM objects and
their integration into the urbanized space stréctdrhe result of the research is an overview of
measures, which are based on the knowledge ofahtemporary view of the issue of near-natural
drainage of built-up areas in the world, with rebtr the adaptation of settlements to climate chang
and their sustainable development. A major beigeftie division of RM measures into two categories
(primary and secondary measures). Such a dividiensoa greater range of options for the applicatio
of RM objects in design. Primary objects are thiisted by TNV 75 9011 as objects and equipment
for rainwater accumulation and use, in additiontheir other variants and examples. Secondary
objects are composed of objects listed in the alnoeetioned standard as objects and equipment for
reducing or preventing the occurrence of preciigitatat source, and at the same time they are
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supplemented with other measures not mentionedhenstandard. In contrast to the conventional
design of RM, where in practice only primary obgeate used for the system, the work emphasizes
the use of a combination of primary and secondaggsures, which makes it easier to achieve a more
compact solution [7].
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