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Abstract. In many parts of Europe water use is unsustairefdietherefore is desirable to provide recommendatio
for a new approach to managing water resourcesaictipe. Overexploitation has a heavy impact onqunaity and
quantity of the remaining water as well as the gst@ns which depend on it. Enlargements of setileds, in
consequence of urbanization and industrial acisjtinstead of greenery prevent from rainwatedtiafion and
temperature around the countryside is increasingroblem of settled areas is to sustain comfortatitroclimate
especially in the summer. Dense urbanization charagere water regime of the natural ecosystemleSetireas
prevent rainwater infiltration and resupply of gnodwater. Sewage systems of residential units wemnstoucted as a
single system in the past. There are strong pressor limit the runoff of rainwater from the newdpnstructed
buildings at the edges of cities. Therefore thehiijgated use of alternative supplies of watechsas the purified
waste water from households and capture rainwatessential, to help reduce water consumption.ptinpose of
the paper is to solve possibilities of rainwatemagement and about what can be done to reduceitisérgction of
water runoff from the territory to avoid compromigithe building's own water. The concept of dramagcities,
which aims to mitigate the impact of urbanization the hydrological regime of the country and on aiipu
ecosystems, come from our experiences and knowlefdgerrent method of sewerage. New concept ofurapand
use water from surface run-off provides a platfdoma new technical and non-technical measures) iootrained
on each property, as well as the public part o&nnthrainage area.

Keywords: drainage, rainwater, infiltration, drainage wefisrcolation shaft

1. Introduction congested today. New urban development penetrates t
larger distance from the historic centre. Recowsion of

"We are living beyond our means when it comes tghe sewers is cost demanding. Thus, there is agtro
water. The short-term solution to water scarcity heen Pressure to reduce rainwater runoff from newly
to extract evergreater amounts of water from oufase ~ constructed buildings in the surroundings edge hef t

and groundwater assets" said Professor Jacquelifdies. A sophisticated use of alternative wateppdies
McGlade, Executive Director of EEA (Europeansuch as cleaned waste water from the households and

Environmental Agency). collecting rain water would be useful with the airhelp
In many countries, water is used in unsustainablgeduce water consumption. . . o
way, and therefore it is desirable to put into fisecthe The concept of urban drainage, which aim is to

recommendations for a new approach to managingrwatéeduce urbanization impact on hydrological regirhiéhe
resources. According to (Za 2005) the increasing country and water ecosystem is based on the expgerie
power of hard surface at the expense of the gree?nd knowledge of former method of sewage. The new
prevents infiltration of rainwater from surface afinand ~ concept of capture and use of water from surfaceffu
the temperature increases around the built up aséas Provides space for new technical and non-technical
settlements. The preservation of pleasant micratm measures for the drainage of the property, as ain
especially in summer is a major problem of urbarthe public part of urban drainage area. The common
development. Dense urban development has changed fenominator is seeking high energy and material
natural water regime of the original ecosystemefficiency. There are some examples that were foily
Reinforced and built-up areas prevent resupplyrofigd ~ into practice. Such a concept of urban drainagebeas
water. It is necessary to think about what theding documented in case studies from Switzerland, Japan
industry can do to reduce water runoff from tersitn ~ Germany (Kreji 2002). Although in recent years
order to avoid flood danger of the own buildings. realization of several different types of infiltiat
Sewer network of residential units were set uphin t facilities have occurred in Europe and overseasetare
past as a unified system. Sewers of most cities a®@@me errors caused by underestimating of the
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professional claims at their planning and operation
areas where the impervious or poorly permeable srock
are, it is necessary to proceed very carefully regt t
infiltration of the subsurface water. At its futfient of
requirements for rainwater capture on the land @ryp
should be exercised with due care in order notatmape
the objects (Zabka 2005). A great worldwide attention
is given to the harmony of capture and use of wiaten
surface runoff with the principles of the sustaieab
development.

Water scarcity is an increasingly severe problene?s 2
worldwide due to factors such excessive consumgifon :
raw water, climate change, water pollution and
unsustainable water resource consumption. Undeqethel
conditions, traditional or alternative forms of et
resource such as rainwater are being considered as Fig 1. Experimental Sewer System (ESS) in Tokyo
attractive options to reduce potable water consiompt (Fujita, 1987)

Roof water harvested onsite from buildings is usutle

cleanest alternative water source available, reylittle

treatment before being suitable for a wide varaftyses 3. Objectives of the planned drainage project in
(Apostolidis and Hutton 2006) Kosice City, Slovakia

The potential benefits that accrue from rainwater
harvesting are a decrease in demand for potablerwat At Civil Engineering Faculty, Technical University
from centralized water sources, reduction in rumatii to ~ of KoSice has been established Centre of collalworat
urban stormwater system and a reduced risk of lowerf TechAqua - in 2009. The Centre solve the project

strom events (Zhangt al 2009). supported by the Slovak Research and Development
Agency in program Support of collaboration between
2. Drainage in Tokyo City universities and private sector SUSPP-0007-09 titid

- Increasing of the rainwater management efficiefury
Experimental Sewer System (ESS) is the mosthe purpose of energy demand minimization. The oble
systematically studied drainage system. The essefice the Centre is to stimulate research collaboratign b
this system is the most possible infiltration (peaile business environment and encourage investments from
communications, infiltration pits, ditches, etc.nda the private sector to research and education.
retention of the rain runoff (retention in infilttan  Main targets are the following
devices, route choice and link sewers and sewer
retention). The rain runoff from the roofs and read
firstly reduced in infiltration pits (2). These pitare 3.1. Target - Monitoring of rainfall intensities and
interconnected through infiltration channels (3)dan precipitations and derived realistic calculation of
infiltration pipes (4). The rain runoff is fallenroim  values for the conditions of the region
infiltration pits (6), ended in a single sewer (by the
lack of rate infiltration. The permeable surface Solution methodology will be based on analysis and
communications (5) contribute to the reduction ainr evaluation of the current state of discharges ofage
runoff. Wastewater from the households (7) is asllg ~ Systems during rain in Slovakia and abroad, as eell
connected to the single sewer (Fig 1). specific knowledge of measuring the qualitative and
In 1980, this system was implemented in own plot ofjuantitative indicators of rain water. When plamgnia
the urban drainage administration in Tokyo and esincrain water drainage system it is necessary to uhixer
then it has been continuously distributed mainlytie  the volume of rainfall, depending on the duratioh o
north-eastern part of Tokyo, in river basins Shalad  rainfall and its intensity. For practical use theie
Shirako. available statistical data of the rain intensitynfr period
For the first six years, 450 ha with more than 86 0 of about ten years. There are large discrepaneitecen
inhabitants have been drained in this way, and®Bi7lits  the intensity of rainfall for the drainage desigh o
future expansion was estimated at 100 ha per yedpuildings and intensity of rainfall values for the
Gradually, 33294 infiltration objects, 285 km of dimensions of the public sewer system. Precipitat®o
infiltration galleries and 49.4 ha of permeablefste monitored at the area of Technical University ofSie
roads and other communications were built (&rgp02).  (Fig 2) since 2010 by rain gauge.
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3.3. Target - Modelling and validation of the resuk
obtained on selected objects in practice

At the beginning of the year 2011, devices for
measuring fluctuations of groundwater (Leveloggar)
for pressure measurement (Barologger) (Fig 3.) were
placed in percolation shaft in the figure 4, which
located in area of Technical University in KoSidée
measuring channel is also placed there with the @im
monitoring quantity and quality of rainwater. UM#016
with modem with UZV sensor is used for subtractidn
values. The final results from this unit will meesuhe
level [mm], flow rate [I/s], flow rate [ff}, temperature
[°C] (Fig 5.). The values of precipitation measiitey
Fig 2. Placement of the rain gauge on the roof of thera-lin gauge which 'is Ioc':at('ad onvt'he ropf of theding of
building of Library of the Technical University ioSice lergry of the. Unlvers.lty N KOSICe will .be usedrithe

design of drainage of infiltration system in thear

We will find out how the groundwater moves by
means of measured values and we will be able to
determine the status of groundwater based on Bedes
results by the program HYDRUS (Pc-progress) where
a geological profile is needed. HYDRUS-1D numetical
solves moisture transport for a given soil. Thedgtu
system will be simulated based on measured or atdin
parameters. Input requirements for HYDRUS included
rainfall and soil properties including field capgci
wilting point, density, and sand, silt, and clagdtions

3.2. Target - Establish rules for the design of rai
water infiltration. Create a national rule which would

take over certain procedures for the experimental
verification of in-situ from German AVT, or from

other European national legislation

The issue of water from surface runoff is not
explicitly addressed in the legislation at all. THEeropean
standards describe mainly wastewater from popuiatio, .
industry, but not so specifically the water fronrfage (Hilten et al 2.008)' . .
runoff. Water in SR is protected under the Watet Ka. . The de3|gn of drainage and the es}abhshmgnt of
364/2004 Z.z. and wastewater law under the Waterpatlonal regulations are the results at which thecsic
Supply and Sewerage No. 442/2002 Z.z.. Treatmetfit wi procedures would be 'taken from the German AVT or
the surface water runoff is governed by differentother European regulations are the expected results
regulations. In case of rainfall infiltration is wa
interpretation ambiguous - regarding groundwater
management - the artificial enrichment of undergu
water resources by surface water, for which is s&mey
an authorization of the competent bureau.

We increasingly need to address problem of
overloading sewage systems with urban development i
large cities and their surroundings. Operators are
reluctant to do it and allow only the constructioh
sewage water connections so they need to address th
management of rainwater separately, mainly by
infiltration. Result of this is that it is proposég various
designers in completely different ways, indicating
different amounts of water. An important preregeigor
infiltration is hydro-geological survey, which isften
restricted to a minimum or only to the reading daten
maps and hydrological data in Slovak republic. dckle
rainfall infiltration from surface runoff into theoil, there
should be a new standard / technical advice, wiichld
take care of setting the conditions of rain water
infiltration. Infiltration of rain water is not adessed in
any standard or regulation in Slovakia.
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the field of sewage management. Implementation of
selected proposals will enable in situ monitorirfgtiee
proposed theoretical solutions in real terms.

4. Conclusion

Best management practises that reflect the natural
process of infiltration can be found in not urbaasibs.
Infiltration practises belong to one of the best
management practises that are able to effectivedyae
the overloading sewage systems in case of rainwater
drainage. If local conditions allow, part of urbamoff
will be controlled by infiltration.

A new challenge for management of rainwater and
groundwater requires a fundamental change in thg wa
we think about it. Rainwater should be regarded as
Fig 4. Percolation shaft in the area of the Technicalalternative, sustainable strategies and as retwdluih of

University in KoSice rural and urban settlements in aspect of environaten
economic and social criteria.
Water level [mm] Percolation shaft is one of the possible alterestiv

that are able to reduce the risk of floods, regulat
groundwater quantity and quality.

The Centre was supported by the Slovak Research
and Development Agency under the contract No. SUSPP
0007-09.
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