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Abstract: Typical industrial stormwater treatment facilities are
characterized by high costs for construction and maintenance in cold
conditions. A good alternative is bioengineering facilities,
particularly rain gardens. Furthermore, rain gardens can be used to
store stormwater and snowmelt with a view to further use.
Technology for treatment and use of stormwater and snowmelt in
cold climate conditions, based on a rain garden, has been developed
by the author. Several variations of the rain garden model for
industrial, municipal and residential areas are shown. Main
principles of calculations of rain gardens for treatment and use of
stormwater are presented.

Around the world today, much attention has been paid to the ecology of
urban areas. One of the topical issues is the treatment of stormwater and
snowmelt from municipal and industrial areas. Reducing the use of energy and
resources required by water supply and sewage systems is important too.

Typical industrial facilities providing mechanical and physics-chemical
stormwater treatment are often used in Russia. These facilities are characterized
by high costs for construction and maintenance in cold conditions. The aim of
the research is to propose an alternative concept of the stormwater treatment
system. A literature review of the bioengineering facilities, particularly rain
gardens, used for stormwater treatment was undertaken. They do have not the
construction and technological disadvantages of typical industrial treatment
facilities. For stormwater, they can reduce the total amount of suspended solids
by up to 98 %, petroleum hydrocarbons by 95 %, nitrogen by 73 %, phosphorus
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by 90 %, heavy metals by 90 % and pathogens by 80 % [1 — 3]. Rain gardens
can be used to store stormwater and snowmelt with a view to further use.

Technology based on the use of rain garden has been developed by the
author for treatment and use stormwater and snowmelt. The rain garden
(Fig. 1) is a shallow surface depression with filtration media (4) containing
zeolite and planted with specially selected vegetation (5) to capture and treat
stormwater runoff. When it rains, a water layer (/) is created, which exists until
full infiltration. After percolating through the top of the rain garden, the water
enters the tank, which contains poured bulk deformable media (6), where the
treated water is stored. Coarse sand, gravel and crushed stone can be used as
poured bulk deformable media.

This construction is not affected by freezing because it is deformable. It
can store a high volume of water. The use of deformable media allows year-
round storage and the water can be harvested in a warm period. Stored water
can be removed using the pump (&) submerged in the well (9). Between
rainfalls, the rain garden looks like a green area in the urban landscape.

Zeolite is added to the filtration media to treat the water during non-
vegetative periods in the spring and autumn. Stormwater pollutants, such as
heavy metals, nutrients and petroleum hydrocarbons, accumulate in the zeolite
during that time. The uptake, transformation and destruction of pollutants from
the zeolite by plants and soil microorganisms occur during the vegetative
period. Application of the zeolite as meliorative material to the filtration media
can be explained by its moderate price with high adsorbtion and ion exchange
ability to petroleum hydrocarbons and heavy metals [4 — 6]. Zeolite addition has
a positive influence on plants growth in consequence of soil air-water balance
sustentation [7]. The novelty of the model of a rain garden for treatment and use
of stormwater is confirmed by Patent for invention No 2540620 (RU). Several
variations of the rain garden model have been developed, which are suitable for
industrial, municipal and residential areas.

Water

Surface
to consumers:
stormwater —_—

Fig. 1. Rain garden for stormwater treatment and use:
1 — raingarden bowl; 2 — treatment module; 3 — storage module; 4 — filtration media;
5 — vegetation; 6 — poured bulk deformable media; 7 — impermeable liner;
8 — submerged pump; 9 — well
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Harvesting and storing of stormwater and snowmelt in industrial areas
(Fig. 2, a) are with a view to using the water for processing, territory washing
and green watering. Soft stormwater can be used for various processes. The
problem of discharging stormwater where there is no drainage system has been
solved. In residential areas near houses (Fig. 2, b), stormwater can be used all
year for household needs.

On average, every person in Russian Federation uses around 200 — 250 liters
of water per day. The elements (micro components) of the average demand for
water in measured households are: 30 % Toilet flushing, 35 % Personal
washing, 20 % Clothes washing, 5% housecleaning and only 10 %
dishwashing, drinking and food concoction [8]. Also water can be used for car
washing and green irrigation. Thereby stormwater harvesting for domestic uses
could potentially reduce the amount of average daily tap water demand up to
90 %.

Potential water quality issues include atmospheric pollution, bird and
possum droppings, insects e.g. mosquito larvae, roofing material, paints and
detergents. The rain garden can reduce concentration of roof pollutants down to
accepted for technical water value. As part of maintenance, an annual flush out
(to remove built up sludge and debris) and regular visual inspections should be
carried out [9].

b)

Fig. 2. Rain garden for stormwater treatment and storage in industrial (a)
and residential (b) areas
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Fig. 3. Rain garden for stormwater treatment and storage in parks and squares

In cities, rain gardens in parks and squares can be combined with fountains
(Fig. 3). This technical solution has several advantages: it is highly decorative,
it allows supporting a filtration media moisture, Water is removed from the
system by evaporation and water is entrained in the form of spray.

Methods of the rain garden design have been developed. The size of the
tank with poured bulk deformable media definition is based on monthly water
balance of the rain garden during a year. The monthly water balance can be
defined

W=0-Ew—Eey +V, (D)
where W — stormwater runoff volume during a month, m’; ¥ — accumulated
stormwater volume in tank, which contains poured bulk deformable media, m’;
O — water use, m’; Ey — vegetation transpiration water loss, m’; Ee, — surface
evaporation water loss, m’.

The stormwater runoff volume W is defined according to methods [10], by
monthly precipitation layer taking into account general runoff coefficient of
catchment basin y

FeatchMnV
=, 2
" 1000 2)

where W, — stormwater volume during n-th month, M3; Featen — catchment area,
m’; h, — n-th month precipitation, mm [11]; y — general runoff coefficient, that
can be defined as follows:

Catchment basin surface type:

Impermeable areas (roofs, 10ads €tC.) .....cceverrverierienierieeeeee e 0,6...0,8
Pavement roads and SIAEWAIKS ........cccooiivviiiiiiiiiieciee et 0,4...0,6
Square, avenue, PArks .........coocoiieieiieiee e 0,2...0,3
GTASS, GTECI ...vieueieeiiiieeiiieiitieeiteesiteesteesebeesiteesabeessseesaseessseesnseensseesnseenaneens 0,1

Total evaporation (sum of the surface evaporation £, and the vegetation

transpiration Ey) is defined by monthly potential evaporation maps shown in
[12].
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Presence of water for every month is ensured when is satisfied.
Vi =Vpa1 +W, _Qn _(Etr+Eev)>0’ (3)

where V, — water volume remain after n-th month, m’ ; Vuo1 — water volume
remain after (n — 1)-th month, m*; O, — water use during n-th month, m”>.

Maximum water volume that must be stored Vi is defined by difference
between V™ and ¥™" during a year.

Then volume of poured bulk deformable media is defined by its
hollowness

V.
Vmedia = sz)'( 5 (4)
media

where Vmedia — media volume, m®; W — stored water volume, m’; P — media
hollowness (packed), %. Hollowness of sand, gravel and crushed stone [13] are
presented below:

Media type:
S SANA ..viiieiiiiiii et ettt eta e e be e eraeereeen 29
RIVET SANA ..ot 28,75
MoOUNLAIN SANA ....vvvviiiiiiiieceee et e e e e et ee e e e e 32,75
RIVET GIAVEL ..ot 28,8
CrUSREd STONE ....vvvieiieeie et 32,5

The area of the tank with poured bulk deformable media is defined

Vmedia ( 5)

Fiank = >
o hmedia

where Amedia — height of the tank, 2 — 3 m.

After defining the size of the tank it is necessary to check the hydraulic
conductivity of the rain garden with predicted maximum stormwater flow,
which should not be less than 12.5...50.8 mmhr', according to
recommendation of guidances [14, 15].

Conclusion

The technology for treatment and use of stormwater and snowmelt in cold
climate conditions has been developed by the author. Stormwater storage and
use may be appropriate for industrial, municipal and residential consumers.
Methods of the rain garden size calculation are based on monthly water balance
during a year. The main advantages of the methods include using reliable and
available initial data, which based on long-term meteorological observations
results.

The main technical issues preventing the widespread use of rain gardens
for treatment of stormwater in Russia include estimating the treatment and
hydraulic load given the climate, defining the optimal filtration and storage
media composition and parameters, and selecting plants suitable for cold
regions that can survive in a rain garden.
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TexHo10THSI OYMCTKH M UCII0JIb30BaAHUS MOBEPXHOCTHOI'O CTOKA
C ypﬁaﬂn3npOBaHme TeppMTopm‘/i B YCJI0BUSAX XO0J0AHOI'0 KJIMUMaTa

. C. lllyxkun

@I'BOY BIIO «Ilepmckuii HAYUOHAILHBLI UCCTIEO08AMENbCKULL
noaumexHuyeckuti ynugepcumemy, 2. Illepmo

KaioueBbie ciioBa: HCHONIB30BaHNE JIMBHEBBIX BOJI; OYMCTKA TIOBEPX-
HOCTHOTO CTOKa; (PUTOPUIBT.

AHHOTAanus: TpagulMOHHBIE COOPYXEHHS OYMCTKU JHMBHEBBIX BOJ
XapaKTepU3YIOTCS BBICOKOH CTOMMOCTBIO CTPOUTENLCTBA M OKCILTyaTalluu
B YCJOBHSIX XOJIOJHOTO KIMMaTa. XOpollel aJbTepHATUBOM 11 HUX MOTYT
CIIy’)KUTh OWMOWH)KCHEPHBIC OYUCTHBIC COOPYXKCHHs, B TOM YHUCIE (HUTO-
(UIBTPBI, KOTOPBIE MOTYT OBITH UCIIOJIE30BAHBI JIJISI HAKOTUICHUS IMBHEBBIX
¥ TaJlBIX BOJ B IENIAX JaNbHEHIIero Mcroik3oBaHus. Pazpaborana TexHo-
JIOTHSI OYMCTKU U WCIIOJIG30BAHUS JTUBHEBBIX M TANBIX BOJ C YpOaHHU3HPO-
BaHHBIX TEPPUTOPHHA, OCHOBaHHas Ha (uroduinbTpammu. [lokasaHpl BO3-
MOJKHBIC BapHaHTHl pealM3alliil YKa3aHHOH TEXHOJOTWH Ha TOPOACKHX,
MIPOMBIIICHHBIX M YaCTHBIX TePPUTOPIsIX. [IpHBeneHBI OCHOBHBIE MpPHH-
LIMIIBI pacyeTa COOPYKEHUM 110 NpeularaeMoi TEXHOIOTHH.

© W. C. lyxkwuH, 2015

40 BOMPOCKLI COBPEMEHHOW HAYKW 1 MPAKTUKN.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


