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Introduction
The development @himplementation of small capacity wastewater treatrdesigrs is
regulated by NCM G.03.62012 A Smal | capacity wastewater

The purpose of this Code of practice is to help the technical experts (designers, construction
contractors, opators, supervisors of compliance with the requirements related to environmental
protection, public health, quality in construction, public-selministration of rural areas, etc.) to
ensure treatment of wastewater in agglomerations with the conventionbenofresidents

under 5000, according to the European Council Directive no. 91/271 of 21 May 1991 concerning
urban wastewater treatment and Government Decision no. 950 of 25.11.2013.

This Code of practice is focused on one of the relatively new temfiesland techniques of
naturalextensive treatment of wastewatéreatment systems gonstructedvetlands and, in
particular, macrophytes planted filtershmrizontal and vertical floyhytofilters (reed bed
filters).

Extensive systems are based elf-purification in aquatic and soitg/stemsmainly by sedimentation,
filtration and biological and sunlight degradation/decomposition. The biological processes of self
treatmenbf wastewater arpossibledue to the vital activity of microorganisms, peularly bacteria
attached ofixed on a solidnedia

Biotreatment in constructed wetlands reproduce thetrgglfment processes of natural ecosystems, which
involve a number of possible means, taking into account the diversity of macrophytes and soils:

- openwaterpondsystems, such as natural biological ponds;
- energetiglansirrigation systems;

- soil subsurface wastewater flow systenfidters planted with macrophytes with horizontal and vertical
flow T reed bedilters (phytofilters), whicharethe main focusof this Code.

Extensive biological wastewater treatment systems by definition occupy larger areas than the intensive
ones (activated sludgeactos, biological filters and various modifications and combinations thereof,
systems which usartificially grown suspended and/ixed microflora), which areapplied to large

urban agglomerations. However, the extensive treatment procedures usually require lower investment
costs, and the operating conditions are lightemeflexible andenergécally economical. Finally, these
systems do not need a large number of highly qualified workers and techreorpsred to intensive
systems.

This document describes the extensive treatment systems, in particutdnytihéilters and the
recommendegrocedures fodesign, implementation and operation of their components.

Along with other sources of information, thixde takeinto account thadapted to the conditions of
Kaliningrad region of the Russian Federatide r man st andar d plBswicaldlatdrs,2 i P
construction and operation of biological treatment of municipal wastewatechophyte planted filters"

(Akut Umweltschutz Burkard Ingenieure und Partner. Berlin/Biesental, 2015)

CODE OF PRACTICE IN CONSTRUCTION

Works and networkef water supply and sewerage systems.



Systems of communal wastewater natural biological treatment in reed bed filters.

1 Scope

1.1 This Code of Practiaversthe natural biological treatment mfunicipalwastewater in reed bed
filters (phytofilters), in particulamplantedwith reedtane or cattail; itefers to individualunits, located
both, in and outsideural areasfarms, private homes, summer camps, nursing homes, schools,
kindergartens, social and administrative buildings etc., as wellsggteamentswith conventional
populationof up to 5000 inhabitantin case of availability ofavorableconditions anéppropriate
technical and economground superior capacities can also be accepted [3, 6, 12, 16, 20-22].28

1.2 The technical recommdations of this Code of Practice cover phgtofilters designed for
autonomousiological treatmenodf domestiovastewateand possiblyof a mixtureof this with industrial
wastewater with similar organamntent loadoriginating mainly from food indisy.

1.3 Phytcfilters may serveitheras autonomous treatment facilitiasdistinctfacilitieswithin a
treatment plant and/pif necessaryas final or additional treatmeannits, if high qualitystandards of the
effluent are required

1.4 Thephyto-filters can remos of suspended solid§$) and organic pollutantexpresseéh BOD,
from wastewaterand under favorable conditions (wastewater temperatures of over 2% t4n
performnitrification of ammonia nitrogen.

1.5 Thephytofilters can als perform disinfection of wastewatethe destruction of pathogenic
microorganisms, viruses and parasite eggs, but at present no specific recommendations can be submitte
on disinfection efficiency because of lack of date94,

Also, the use gphytofilters cannot guarantee the elimination of phosphorus compounds from the
wastewater in order to prevent eutrophication of surface waters. This requires an additional treatment
phase preferablyof chemical precipitation, but this process does not fallinitie scopeof this Code.

2 Regulatory references
NCM A.01.0496 Rules for drafting regulatory documents

NCM A.07.022012 Procedure of developing, endorsing, approving and the framework content of
design documents in constructions. Main requirement@endsions

NCM G.03.012012 Small capacity communal wastewater plants

NCM G.03.022015 Exterior sewerage networks and facilities

g1 )] 2804 .I0RHtsMdzOBY Jdedj. 1 OQtekzydgr j Mild d MmMststolzy
SM SR EN 752:2011 Swererage networks outside the buildings

SM SREN 1085:2011 Wastewater treatmevibcabulary

3 Terms and definitions

The terms and definitions used in this Code referr to in the standard SM SR EN 1085: Wastewater
treatment. Vocabulary.



4 General provisions

4.1 This Code of Practice is developed madditional material to NCM G.03.01, chapter 7.2.

ABi ol ogical treatment of wastewaterf, and cover
This Code of Practice is based on the recent results of scientific research and practicabapylicat

natural wastewater treatment systemghmgto-filters (reed bed systemis) the world and in the country

referred to in Engliskanguagditerature as "constructed wetlandahd contains the necessary
methodological guidance for the design, impdetation and operation of this type of autonomous

facilities.

4.2 The Code of Practice covers the extensive biologiaatewatetreatment, which have the advantage

of reduced capital costare easier to operat@more flexible and insome casesnoreenergyefficient
Thesesystemgdo not need a large number of highly qualified workers and techniciampared to
intensiveones The described systems are recommended for treatment systems the capacity of which doe
not exceed 5,000 conventional inhabt& with very rare, exclusive exceptions.

4.3 The design aked bedifters will consider the groundwater level, the floodability of the area, the soil
permeabilityand the geotechnical conditions¢ky soils, areas with landslides, etc.).

4.4 The deign of reed bedilters shall also consider the topography andavelahlity of land The two
stepverticalflow phytofiltersrequire a level difference of at least 4 m between the point of entry into the
treatmenplant and the point of discharge inte water bodyThis difference may reach even 6 m for
largerunits. On the other handh case ohorizontalflow filters, including a series of a grille followed by

a settler and a filtel level difference of at least 1 m can be provided.

4.5 The reommended shape of filtetsp viewis close to the square. Thwximalareaof a filter must
not exceed 500 Af1, 2] to avoid shortcomings in the distribution of wastewater on the surfatey/iof
filters.

The following describes the autonomous systehextensive biological treatment usipgyto-filters and
the recommended procedugg giverrelated to design, construction and operation of their components.

5 Phyto-filters. Concept and practical application

5.1 The biological treatment systems witb-bilters/constructed wetlands reproduce titgatment

processes of natural ecosystems. The high heterogeneity and diversity of plants and soils, the types of
wastewater flow involve a wide variety of possible means, of which the systems with watenderw u

the aerial surface gfhytofilters - horizontal and vertical flow reed planted filters are preferable.

5.2 Phytofilters involve various treatment mechanisms, such aphagical by filtering through the

porous material in the filter and its rogstem (removal of suspended sohdsS); b)chemical through
precipitation, absorption, ultraviolet radiation (death of pathogenic viruses and bacteria) and redox
reactions (removal of metals); loiplogical due to development of free fix ed bacteriawhich
decomposeorganic matter (BOD), nitrification in aerobic zones and denitrification in anaerobic zenes [3
5].

5.3 The treatment of wastewater in phiitters is performedhroughaerobic biological treatment, which
takes place in the filter mediumdo renewal obackvashing of the filtering layer is performed. Instead,
the sludge accumulated on the surface of the filters must be periodicaited

5.4 The wastewater treatment plants with pHilters are a set of beds/platforms arranged in palrall
and/or inseries



5.5 The phytdfilters are the most reliable method of natural biological treatment of wastewater from rural
areas with small agglomerations. Two types of plijters/reed bed filters are distinguished according to
the direction of bbow of treatedwastewater:

a) vertical flow filters;
b) horizontalflow filters.

5.6 The most suitable option for the design is selected after a preliminary analysis, with the following
starting points:

a) the purpose and the extent of water treatment;

b) where wll the treated wastewater be discharged,;

c) climate conditions;

d) topography;

e) soils,geolodcal andhydrogeolodcal characteristicef thelocation forthe treatment plant.

The economic, institutional and political, environmental, sacilbural and landailability issues will
also be taken into account. Finally, the esf§ectiveness analysis should also be a selection oniteri
selecting the best option according to SM SR EN 752.

5.7 When determining/establishing the feasibility for implementati@designof wastewater treatment
plant with phytdfilters, the following should be taken into account [6]:

- reaching a consensus among stakeholders on the need to develop the project;

- thorough analysis of the situation in order to identify any prodlestated to implementation of phyto
filters;

- developing solutions to the identified problems, setting the design criteria, design of the treatment plant
components taking into account previous experience and knowdédggearchers and expeitshe
field;

- assessing the developsalution optionsn order to select the besheand implemerdtion ofthe
concept;

- developing the regulation for acceptance of wopkstocols for startupndexploiation(operation and
maintenance) of the treatmenapt [%-11];

- developing the monitoring program to assesogherational condition angerformance of the treatment
plant;

5.8 The following criteria shall be considered when selecting the site for thefjtey®[2, 1214]:

- distance and access t@tbewerage system;

- the flowrateof wastewater to be treated;

- distance to the electricity grid;

- access to transport;

- distance to the settlement;

- soil structure;

- theeffluentdischargepointand the distance to it;

- public health status;



- the legal conditions etc.
5.9 The basic data characterizing the treated water to be considered in the design are summarized as
follows [6, 12, 15, 17, 18]:

- meteorological data: in dry conditions, during rainfall;

- population: total and connected to #everage system;

- organic load (BOD) of wastewater from industry or econampierators and other parametgduding
COD, SS, N (total nitrogen), P (total phosphorus), variation in concentrations of pollutants.

5.10 In order to define the initial ddiar the design of the treatment plant, a campaign of sampling and
testingof wastewater samples should be carried out, determining at least the following indicators [2, 16,
18-20]:

- temperature (0C);

- pH;

- electroconductivity (mS/cm);

- suspended sol&(SS, mg/l);

- chemical oxygen demand (COD, mg/l);

- biochemical oxygen demand (BOD5, mg/l);

- total nitrogen(TN, mg/l);

- Ammonianitrogen (NH4N, mg/l);

- Total phosphorus (TP, mg/l).

To evaluatethe negative impact of industrial wastewater, the Yailhg additional indicators are
recommendetb be included

- oils and fats;
- heavy metals such as Cd, Cr, Pb, Hg, Zn, etc.;
- other metals such as Al, Cu, Fe, etc.;

- otherindicators, such as NO2, NO3, sulfides, sulfates, cyanides, etc.

6 Wastewater tr eatment technological shemes

6.1 Thetechnologicabchemeof the wastewater treatment plant within the pHiters (Fig.1) must
contain a preliminarphaseof coarsepre-treatmentconsisting ofdensescreensind greaseraps. For the
dense screelif used one unjta bypass channshoudbe providedn orderto prevent clogging of the
grille and allow any inspections and repairs.
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Wastewatesource---Mechanical prareatment-- Equalizationtank----Wastewatedistributionsystent
---Extensivebiological treatment systergphytofilter) ---Treated wastewater collection/drainage chamber
----Flow meter-----Discharge/use

Fig. 1 Technological chart of extensive biological wastewater treatment in reed bed filters
(macrophyte planted filters)

6.2 An equalkationtank forleveling theflow and concentraticnmust be added to the schemerder to
cope with big daily fluctuationer in case of periodioverloadof verticalflow phytofilters.

6.3 Primarysettles may not be included in thhechnological charof the treatment plant if the efficiency
of primary settling by gravitational sedimentation is below 40% [4, 19] and treatment in vertical flow
phytofilters is expected.

6.4 The wastewater treatment consists of several technolstagalthat musensirethe discharge of
effluent which qualityis in accordance witthe currentlegislation.

6.5 Wastewater treatment consistsemoving suspendethd normisciblewith watersolids, separable
by gravity, in a first phase, followed by removal of collojdiitsolved biodegradable organic matter by
the process of biological treatment in phfitters while partially removing bacteriological pollutants
(pathogens).

6.6 Thetechnologicalnits alongthe wastewater flow of the reed bed plant can include(alart of):

- screens
- by-passchanelfor thewholetreatment plant dior aspecifictechnologicalnit, if deemed necessary;
- wastewater flow meter

- greasdrap

- flow distribution chambers;

- primarysettler

- equalizationank;

- wastewater pmping station;

- reed bedifters with corresponding vegetation;

- intermediary pumping station for the wastewater partially treated in theliase if the phytofilters
are provided with two or monghases

- technological pipelines and connectittannels;

- treated wastewater collection chambersp{ts);

- pipelines (or channel) for transportationtioé effluento the receiving water
- effluentdischargeoulet into thereceiver

6.7 Thetreatment uniteind related auxiliary facilities of aw capacity wastewater treatment plant may
alsoinclude:

- administratiorbuilding, which may include the laboratory for chemical and biologestingin the
treatment plant;

- sanitary, heating, ventilation facilities;

- mechanical workshop;



- acces road;

- roads, alleys and interior platforms;

- fences and gates;

- electricity supply;,

- electric power, lighting and protection utilities;

- automation facilities and measurement and control devices;
- power generator&@s a backup for electricigource);

- telephone/telecommunication facilities:

- embankments, bank protection works, riverbed works, if the site is located in the floodplain etc .;
- green spaces;

- guardiancabines

6.8 The number dimilar or identicatechnologicalinits is recommended to be a minimum of 2. If n=1,
a bypass shall be provided [2, 17].

6.9. The greaseapand the primargettlerare in some cases independent technologitits. They can
be grouped into one technological object such as, for example, achauttber septic tank. There are
also compacscreening facilities (screens and sievesiat retain solids and separgrease

6.10 The list of technologicainits presented in 6.6presenta generaset of components ofteeatment
plant. Depending on theeculiarities of theéechnologicaschemeone or several facilities may not be
included, but also others may be added. Thus, depending siopitethe pumping station may not be
included in the scheme, if theastavaterflows through theplantunits by gravity.

7 Application of wastewater treatment systems in phyto  -filters

7.1 The phytdilters are designed and constructed so thahyfieophytic vegetatiartypical for

"wetland® contributes to wastewater treatment in a more efficient manner thamlnaétlands. They
represent an environmentally friendly alternative for secondary and tertiary biological treatment processe:
for communal waters [18].

7.2 For municipal wastewater the phyilters may follow afterconventonatreatment processes as
sugdimentary postreatment of wastewater. Different types of phfitters can effectivelyreatthe
wastewatent primary, secondary or tertiaphass. The phytdilters may also be providessone, two or
moresplit units which increases both the degoddreatment and the safe operatioritbé plants (see

Fig. 2 and 3). Through the phytitters organic pollutants (COD, BOD), suspended solids (SS), nutrients
(nitrogen and phosphorus compounds), pathogens, heavy metals and other toxic and hazatalocesssubs
are removed from the wastewater [21].
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Fig.2. Technological chamf natural/extensive biological treatment in @tesephytofilters
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Fig. 3. Technologicaschemeof natural/extensive biological treatment in tploasegphytofilters

7.3 The mayr difference between phyfdters and other filtering systems is that ph¥itters in the
filtering mediunilayerareplanted withhydrophites withdense rootswvhich serves as a way for the
transfer of oxygen from the atmosphere.

7.4 Depending on theoafiguration andhe slopeof thetreatment plarst 6  hitafikers may or may

not require pumping of wastewater. They can be provided for secondary or tertiary treatment after a
preliminaryphaseof mechanical treatment in septic tanks or other sgttirmentation utilities and after
compact modular biological/artificial intensive treatment facilities.

7.5 Of the many types of natural/extensive biological pffilfteering facilities, which are divided

according to thélow paths two main categoriesan be mentioned: free water surface systems and
subsurface systems. The second category of facHipbgtofilters with wastewater flow through the
filtering layerbelow the surfacehas become the most popular in the practice of wastewater treatment.
These, in their turn, are subdivided into 2 types, which differ in terms of direction of movement of the
water flow through the porous environment of the filter lalailt of gravel and sand where the water
loving plants are rooted. Thus, horizontal aedical flow filters are distinguished (Figahd5) [20, 22].
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7.6 The suksurface filters are more suitable for the autonomous treatment of wastewater as there is no
direct contact between the water column and the atmosphere and there is no dangglyihginsects,
which does not affect public health. Tinsideenvironment of the filtering layer of horizontal flow
phytofilters is predominantly anoxic or anaerobic. Oxygen is provided/supplied through the root system
of emerging plants and consutesed by the biofilm developed/fixed directly to the roots and rhizomes,
and is thus unlikely to get/to spread largely into the water column itself. As a consequence, such phyto
filters are better suited for removal of nitrates (denitrification) anddlelesto oxidize the ammonia

nitrogen (nitrification) because oxygen availability is a limiting condition for the nitrification.
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Fig.5. Horizontal flow phytdilter: 1 - facility for uniform distribution ofraw wastewaterdravel or
stonegabion; 2 - waterproofing; 3-f i | t er | ayer combi ne-édmewing h pl an:
macrophytes (reeds);-Sewage level; 6 gabiondrainageor uniform collection of treated wastewater

(gravel or stongs7 - discharge pipe; 8flexible hose for adjusting ghwater level.

7.7 Most phytefilters are composed of the followirzgpnegalso see Tab.1):

Zone Components Functions

\Wastewater inlet Inlet infrastructure, raw Distribution of water flow over the entire width
wastewater distribution at a minimum distance/range of 3-5m
chambers

Macrophyte area Porous filter layer, water, To provide a filter layer with a high hydraulic
\vegetation, islands, diverting  [conductivity; to provide an area for biofilm
baffles, flow dividers growth/development; help remove fine particles

by sedimentation and/or filtration; provide
adequate/favorable/suitable support for
development of the root and rhizomes system
of the emerging plants

Deep water area (from Vegetation free water (non- To reduce short-circuiting through reorientation
saturated filter layer) vegetation area) of water flow routes; to reduce stagnant/dead
areas; enable Ultraviolet disinfection of bacteria
and pathogens; to ensure water flow habitat

Littoral zone Littoral area The littoral vegetation protects the
embankments from erosion, coastal vegetation
serves for sinking/breaking the wave action

Treated effluent Collection device, outlet, \Water depth control in phyto-filters; effluent
discharge area embankment (shoulder), collection without creating dead zones;
discharge infrastructure ensuring access for sampling and monitoring of
water flow

7.8 The goal/task of the biological treatment of wastewater is to optimize the contact of

microbial species with the solid support (filter material), with the ultimate awgect

bioconversion of pollutants into carbon dioxide, biomass and water. Thefiter®mhave a
number of characteristics making them attr a
characteristics include the high productivity of plants, the higds me nt s6 absor pt
high microflora oxidation speed associated with plants biomass and the large buffer capacity for
nutrients and pollutants (see Tab. 2) [19, 23].



Table 2. Main pollutants removed in the phfitters

Pollutants Removal processes

Biodegradable organic matter (expressed in CBO) [Biological degradation/decomposition,
sedimentation, microbial assimilation

Persistent organic pollutants (including pesticides) |Absorption, volatilization, photolysis, biotic/abiotic
decomposition/degradation

Suspended solids Sedimentation, filtration

Nitrogen Sedimentation, nitrification/denitrification, microbial
and plant assimilation, volatilization

Phosphorus Sedimentation, filtration, absorption, microbial and
plant assimilation

Pathogens Natural death, sedimentation, filtration, predation,
UV irradiation, adsorption

Heavy metals Sedimentation, absorption, assimilation by plants

7.9 Biological processes involved inphyftoi | t er s6 performance i ncl

respiration, fermentatn and microbial removal of nitrogen and phosphorus.

7.10 Precipitation of metals from wastewater in the form of insoluble comp@ipeldormed

through chemical processes. Exposure to light and atmospheric gases may lead to destruction o
organic pestides orpathogeniorganisms. pH of the water and filter mateabphyto-filters

strondy influence the direction of many reactions and processes, including biological
transformations, partition of the ionized and fionized forms of alkalis and acidsation

exchange, leaching of solids and gases [23].

7.11 The most important physical processes that lead tert@valof pollutants from
wastewater are sedimentation and filtration.

7.12The speed offeemical and biological processes depend onrenmiental factorgjch as
temperature, dissolved oxygen and pH. The capacity of glitgis is limited both in terms of

the wastewateftow and the totaload ofpollutants. The efficiency of all these processes
(biological, chemical and physical) variéspending on the temperature andttlizaulic

retention time A longer retentionime increases the removal of many impurities, although long
retention times can haweme drawbacks he efficiency of treatment processes is higher at high
temperatures (@r 15C).

7.13 Horizontal flow phytdilters are compatible with a moseveréharsher climateyhile the
vertical flow ones are more sensitive to cdltle previous experience shothst the firspphase
of vertical filters continues to properly/effeatly treat the suspended matter and organic
pollutants BOD) during several weeks of coldl6’C), while the seconghasereezes
Thereforethe discharge of wastewater into tleeeiving watemustbe dondrom the firstphase
bypassing the second phaBeeezing during low temperatures can be prevented by leaving
mowed plant®n the surface tiorm an insulating layer.

8 Vertical flow phyto -filters. Mode of operation and construction

peculiarities

8.1 Vertical flow reed bed filtering systems are ugualade up of at least 2 steps in series, each
consisting of two or three parallel phyfitiers, which operate in alternating mode. The purpose
of this alternation is to minimize clogging of filtdsg mineralization of the accumulated organic
matter dumg the time of rest. Thesttime required for the firgphasds about 2 times the



operating/supply time, which requires 3 beds in parallel. For the spbasethe operating and
theresttime are equal and thus two parallel beds are required (see Bigurhe rotation of
phytofilters usually takes place after eacHd 8lays. Firsphasdilters are filled exclusively with
gravel/pebbles, where the aeration processes by diffusion from the atmosphere are more
intensive than in the sand [4, 9, 21].

8.2 The intermittendiscontinuouferiodic andalternatve supply of phytefilters improves the
efficiency of wastewater treatment and helps increase the permeability of the filter material. In
this respect the use pborly pervioussoils as filtering matéal is not suitable due to hydraulic
considerationsVertical flow phytofilters are supplied from the surface by uniform dispersal

over the entire area and the wastewater enters by slipping through the filter layeinwhere

first phasethe suspendesblids are physically removedthe filter surfacéy filtration. A

biological decomposition/degradation of soluble organic pollutants is performed by aerobic
microbial biomass fixed on the solid support/unsaturated filtering layer and at the same time on
the sludge | ayer deposited/ accumuphaseteed on t
BOD removal, but also some partial nitrification take place. The squuemkcompletes the

BOD removal and the nitrificatiotakes placéo the extent that gigenation conditions, the pH

and the temperature allow it.

8.3 Oxygenation, the matriver of an aerobic treatment, is ensured through regular supply due
to the convection phenomenon by water movement through the filtering layer and atmospheric
gaseousitfusion through air surface, when the filtering layer pores are empty/water free. In
addition, an important role in oxygenation of filtering mass through diffusion is playtz by
drainage pipesyvhich are in contact with the atmosphere via the vertitagiystem (see Figure

4).

To enhance oxygenation and ensure the optimum use of the whole set dilfgrgtceach

portion of wastewater must lostributedevenly over the surface of the filters. The aerobic
conditions do not contribute to denitrificatiof these vertical phytéilters. Removabf
phosphorous is not fully achieved both because of the weak absorption capacity of the filter
material (which is essentially of silica) and the negligible/low level of assimilation by plants,
taking into accounthe applied loads. Decontamination/disinfection is also low due to reduced
retention time of wastewater in vertical flow phiiiters.

8.4 Clogging of the filter layer by the excessive increase of the bacterial biomass is prevented
throughautoxidationduring the rest phasehib is whythe vertical flow phytefilters consist of
several beds: usually three in the fpbiaseand two in the secornghase placed in parallel and

fed through alternation.

8.5 The role of macrophytes/reed in vertical flow foHlters in the firstphases mainly a

mechanical one. Tlygarticipate in the dense developmentaiwts starting from the nodes of
rhizomes (underground stems) and piercing the layer of sludge on the surface of the filters. In
addition, the stems antlizomes create paths that extend to the root system and from there
further to the filtersdé draining | ayer. Due
even when they are fed from raw, unsettled wastewater.

8.6 In the sludge accumulated tve surface of vertical flow phytfiiters a microbial biomass is
developed, contributing to the mineralization of organic component in a proportion of about
65%, generatingoil layerwith a thicknesgirowth rateof about 15 mm per year, whichatsoa
good biofilterthatretains good permeability. The cleaning action of this laysoibf

complements the one of the basic filtration layer, creating the trend of increasing efficiency of
treatment while the facility gets older.



9 Horizontal flow phyto -fil ters Operation and construction

9.1 The horizontal flow phytdilters have a filter layer completely saturated with water due to a
siphon system located at tbatlet which allows adjusting the height of the aquifer in the filter
body. Some gabieshapedstructures located in inlet and outlet areas allow the uniform (almost
homogeneous) allocation/distribution and collectiotheftreatedvastewater. This type of
phytofilters is more susceptible to clogging than those with vertical flow, hence theyeust
fed with wastewater with a prior removal of suspended solids in sefigiingentation facilities
located upstream or by providing a fiptaseof vertical flow phytefilters.

9.2 In horizontal flow phytdilters oxygenation only takes place with t@ntribution ofoxygen
broughtinbythenacr ophyt e pl antsdé root system and,
from the atmosphere through the uppesaturated layeiThus, the intake of oxygen per unit of
surface of the horizontal flow filters )much smaller than that of vertical flow phyfitiers. This
surface must be determined and modulated depending on the tasks and objectives assigned to
horizontal flow phytefilters, taking into account the degreetifatmentachieved in upstream
facilities.

9.3 The relativly low oxygenintakein horizontal flow phytefilters limits the development of
aerobic, heterotrophic and autotrophic bacteria, and consequently, the elimination of the BOD
and, in particular, oxidation of nitrogen compounds. Theeegfoorizontal flow filters are
recommended as the secqithse after the vertical flow phytdilters.

10 The role of the macrophytes

10.1 In addition to the aesthetics and mechanical role, macrophytes indirectly contribute to the
degradation of organjgollutants contained in the raw wastewater: the growth of roots and
rhizomes allows maintaining or adjusting the initial hydraulic conductivity of the filtering layer

of the phytefilters; the amounts of oxygen introduced by plant photosynthesis arestraqisto

the root tips, ensuring an aerobic environment in the surrounding areas; the growth of the root
system increases both the fixing area of mmmganisms (biofilms) and the precipitation

reactions; the root tissue and the exufiaten some favorael ni ches f or micr o
mobility, a phenomenon related tavall-knownconcept in agronomy referred to as
"rhizosphereo; the plant metabolism related
depending on the areas involved; the decidumver protects the surface from drying up in
summer, thus contributing, through the developing bacteria, to organic matter mineralization; the
summer evapotranspiration leads to a significant reduction in the flow of treated wastewater
effluent/discharge into the receiving environment; in winter, the deciduous sheath mitigates the
negative impact of low temperatures in the cold season.

10.2 Due to the root system of macrophytes in a more general manner the filtering medium of
the phytefilters has a hily diversity of species (bacteria, protozoa, invertebrates) whose activity
depends on the load of waste water and oxygen balance. All these organisms also participate as
competitors and predators in reducing the pathogenic population, but this reductidepseds

on the wastewatdrydraulicretention timeinthephytb i | t er s6 body.

11 Technological design and sizing of the phyto -filter treatment plant
buildings and facilities

The sizing of naturadkntensivebiological treatment plants is performexking into account the
maximum daily flow of wastewater. The maximum hourly flow rate of wastewater is only used
for pretreatmenunitssizing.



The capacityf the treatment units expressed in terms of mass loadinghdahe number of
inhabitants conected to the sewerage. In the absence of measured data, the specific amount of
pollutants reported per connected resident will be used, according to NCM G.03.01:

- COD- 120 g/(marday);

-BOD5160 g/ ( manAday) ;

- Suspended solids (S95 g/ ( manAday) ;

-Nitrogen(N)-8 g/ ( manAday) ;

- Phosphorus ()3 . 3 g/ ( manAday) .

For guidance purposes, the characteristics of wastewageingntito biological treatment

plants indicated inAnnexl to the Regulation on the requirements for collection, treatment and
discharge of wastewater into the sewage system and/or in water bodies for urban and rural
areascan be used [24].

The quality of the treated waste water varies depending on the seasahe temperature
conditions respectively. The treatmemits of phyto-filters allow obtaining a treatment
efficiency according to the requirements [25] (also see Annex 3 [24]) expressed by effluent
concentrations equal to:

- COD- 125 mgl/l;
-BODs T 25 mg/l;
- SS- 35 mgl/l.

The actual performance of tpaytofilters is higher, but the removal of nitrogen and
phosphorous, especially at temperatures beld\€ 15 not guaranteed. The decrease of the
pathogenic microflora is also limited, especiatiyertical flow phytefilters because of rapid
transit of wastewatahrough the filter layerbut in any case a reduction of 2 log units is realistic.
In horizontal flowphytofilters a reduction of Coli bacteria by 2 log units in winter antbup

log units in summer is possible.



Pretreatment is an important component of natural biological treatment process because it
allows the mairphase of biological treatment to wororrectly anceffectively. Anyway,

regardless of the type of phylitters, thecoarsescreeningf wastewater is compulsory, while

for vertical flowphytofilters fed by raw wastewater, other methods oftpeatment (de

sanding, fat separation) in most cases can be omitted. If wastewater flows by gravity, the
roughing must be perfored in the adduction channel. When the treatment plant is fed by
pumping, under pressure, it is recommended to install a bagleetat thepump® r ecept i
tank, and have it equipped with surface lift mechanisms.

11.1 Preliminary mechanic treatment (pr e-treatment) of wastewater

11.1.1 General issues
11.1.2 The preliminary mechanical treatmphésencludes thenstallations and deviceshich
help retain coarse solids, suspended matter and floating matter (fats, oils, hydrocarbons, etc.).

11.1.3 Tocatchcoarse solids from the wastewater entering the treatment plant (branches, leaves,
pieces of paper, textile, etcsigreensnd/or sieves must hesed.In order to deal with eventual
clogging of the screens or sieu®gpass mechanisms should be prodide

11.1.4 To retain coarse suspended solids (coffee grounds, remains of seeds of fruits and
vegetables) and floating matter (grease, oil, petroleum substances, etc.){rgpsag®nerin
combinationwith septic tanks aresed

11.1.5 When designingre-treatmenfacilities and devices fonatural biologic treatment plants,
therespectiveecommendations and prescriptions for conventional treatmens (tiaat
mechanicaphase shall be complied with.

Screensand sieves

11.1.6 Thescreensand/or seves are placed at the inlet of wastewater into the treatment plant. If
the wastewater is to be pumped, skeees and sieveshouldbe put upstream of the pumping
station.

11.1.7Treatment plants for settlements with less than B0@&bitantsfine sceengb = 2+3
mm) are usually provided with automated and mechanical cleaning and no service staff.

11.1.8Whencalculating the amount of matter retained onstreen specific average values
shown in Table 3 shall be taken into accobntalsoto admt that these amounts may be several
times higher; thus, a daily variation ratio of k = 2+5 shall be considered [26].

Table 3. Specific average values of retained matter amounts

No. Distance between the screen bars Specific amount of retained matter, U, I/(oman) in
(interspaces), mm mechanical treatment

1 0.5 25.0

2 3 20.0

3 4 18.0

4 6 15.0

5 10 12.0

6 16 8.0

11.1.9 If the water must be pumped, "basket" ggreensan beused which should be operable
vertically for cleaning and located aktkntrance to the pumping station or inelealization
tank.



11.1.20 The mechanicaleaningdevices for matters retained on sweensan be automated
depending on the loss of loading admitted at the passage of water through the bassretthe
(7+25 cm). This is carried out through level sensors.

11.1.21 The matters retained on Hoeeensre discharged in order to be buried, stored,
fermented, composted with household waste or incinerated. They can be chopped or grinded
using special mechanicdévices located outside ttechnological flow(shredders) and e
returnednto wastevater upstream or downstream of Hueeen

11.1.22 shreddingcreensan beusedinstead okimple screener sieves.

11.1.23 To reduce the amountremoved from screessolids, it is recommended to pressd
washthem in special facilities (inclinecbmpactoy. The humidity of pressed retained solids
decreases from 80% to 55 + 60%.

11.1.24 To achieve highefficiency in removing coarse and suspended solids, fixeabbile
screen®r sievegrovided with inclineccompactorwith continuous and automated functioning
are preferredThey shoulgerform four important operations:

- retaining coarse bodies;

- extracting water from thecreerand washing them of finerganicsubstanceand particles

- pressing the retained mattdecreasing their volume and humidity;

- transporting thenoff the treatment flovand storing in containgr

11.1.25 Depending on the daily amounts of retained matter, at least 2 bins or contdibers w
provided for the collection of these materials. The duration of accumulation of material retained
in the container between two discharges shall not exceed 2 days to avoid their acid anaerobic
fermentation, which causes smelly gas generation.

Equalizing of pollutants and loadings

11.1.26 The hourly variation of wastewater flows entering the treatment plant (influent) grows
when the community from which these flows come is smaller. The hitomhywariation ratio
can vary between between 3 anddd€gording to [26].

11.1.27 Because the operation of the treatment plant and in particular of the bigibgsml
(phytofilters) is inadequate in the event of variations (shocks) of flow and pollutant
concentrations, the equalization basin is absolutetgessarily.

The equalization tank is also necessary when bypassing of the treatment plant is not allowed, in
order to accumulate wastewater during the revisions and repairs. The existence of the
equalization tank allows first of allsingof less powerfupumps with a smaller flowate and
secondly, the supply of phyfdters with a virtually constant flow rate.

11.1.28 Usually, the average daily maximum flow of wastewater through the equalization tank is
comprised between 5 and 8 hours.

11.1.29 To pevent production asedimentsn the equalization tank and achieve a good mixture,
suitable for theperationalvolume of the tanknixing machines are provided; aeration devices
fixed on the foundation plate of the tanks can be used for mixing (compeesbethbling).

11.1.30 Equalization tanks are usually plaa#tdrthe screens

Greasetraps



11.1.31 An important condition for the proper functioning of pHifters is the preliminary
mechanical clearing of wastewater in order to remove/capturecbatie and fine suspended
matter, to prevent clogging of the filter material, which could cause both odors and
decommissioning of phytblters. Grease and oil separators and septic tanks can be used to this
end.

11.1.32 Greastwapsare designed to captithe floating materials with lower density than the
density of the water and to discharge them into containers or pits located in places adjacent to
separators.

11.1.33 Greastwapsare placed before the primary settlers or prior to biological treajohaise
if primary settlers are nancluded in its technological scheme. Grease traggalsobe integral
with the primary settlers, for example, septic tanks.

11.1.34 The concept of greasapsmust allow efficient and safe extraction of separatedisoli
grease and oils. These separators must be provided with devices for dischardieatine
matterlayer, which isformed at the liquid surface, but also with the meansxtactingof
settledsolidsfrom the foundation plate

11.1.35 Foextractel from the tragrease and floating matersgparate storage tanks must be
designéed with a capacity for 3+7 days, which can be discharged once or twice a week to

authorized landfills. If the separated grease and oils are recoverable, they must be stored
special containers arnmkriodicallytransported to the nearest recovery entity.

11.1.36 Grease and oils extracted from wastewater minstrabedunder conditions complying
with safety and hygiene rules.

Primary settlers

11.1.37 The primary settleare degjned to capture thaispended solids from wastewater.
Primary settlers are placed after #ueeeningtep and prior to the biological treatment step.

11.1.38 In some tecbiogically and economically justifiedasesprimary settlers magotbe
included inthe technologicaschemeof thetreatment planthamely thos@hytofilters with
vertical flow.

11.1.39 Primary settlers must be present in the technological chart where biological treatment is
performed in horizontal flow filters.

11.1.40For small and very small capacity treatment plants, the following types of primary
settlers should be used:

- septic tanks;

- multi-storied settlers (Imhoff type);

- vertical settlers;

- natural aeration clarifiers coupled with primary sludge fermenter

11.1.41 The number of settler sections must
independently. If a single section is necessary, a bypass shall be provided.



11.1.42 Primary settlers for small and very smblhtsare designed accordj to NCM 03.01.
The main design parameters for primary settlers are:

- wastewater flow (@ max M/s);

- solids sedimentation speedsed mm/s);

- water flow rate through the poolg¢ mm/s);

- settling times for the calculation flow %, h) and the control flow {ges h).

11.1.43 The particle sedimentation speed is selected from Tat#pending on concentration
of suspendeg sol(SS)at theentrance tahe treatment plant arah the requiredsS removal
efficiency( USS, %), according to [26].

Table 4. Efficiency of SS retention in the settler

SS retention efficiency [Initial concentration of SS, mg/l

in the settler, U, % MS < 200 |200 <MS < 300 |MS > 300
Sedimentation speed, vsed, mm/s

40-45 0.64 0.75 0.83

46-50 0.5 0.64 0.72

51-55 0.33 0.42 0.53

56-50 0.2 0.28 0.42<

11.1.44 In the design of vertical settlers, the superficial loadiag WQor, max/ Ao IS assumed to
be equalto the current sedimentation speggiindicated in Table 4 for the considereabe.

11.1.45 Where longitudinal horizontal settlers (tiered sdtteigls), the maximum water flow
through the useful crossection is 5 mm/s.

11.1.46 The recommended settling times corresponding to the calculation and check flows are a
follows:

a) calculation flowi min. 1.5 hours;
b) check flowi min.1 hour.
Septic tanks

11.1.47 Septic tanks are tanks used for mechanical treatment of wastayratese separation
and settling from a small number of households, with usually up to 100 curorel
inhabitants.

11.1.48 There are several types of septic tanks, depending on their construction particularities:
with one, two or three sections, rectangular or circular. The recommended minimum capacity of
a septic tank built on site, i.e. whichnet manufactured in factory, is 300 liters (one section).

11.1.49 The treatment efficiency of septic tanks can be considered:
- for suspended solids: 60+70 %;

- for BODs: 15+25 %;

- for faecal coliforms: 90 %.

11.1.50 The following parameters aseommended for sizing septic tanks:
- Hydraulic retention timeTs = 3+4 days;



- Specific volume: Vs = 225+600 I/man;

- Minimum volume (first section): Vmin = 300 I;

- Safety height (distance between the water level and the tank cover): sh = 50 cm;

- The water depth in the tank: h = 1.2 + 2.5 m (optimal 1.5 m);

- Height of the clarified water layer: ha = 0.5 + 0.7 m (can reach up to 1.0 m);

- The number of dischargeshptying n = 1 + 2 times/year,

- Fresh sludge moisture: Wn = 95%;

- Fermented sluge moisture: Wn = 90 %;

- The specific amount of dry matter in the deposited sludge: p = 0.1 kg SUdemsn

- Number of served people: N =5 + 100 people;

- Specificweighbf t he sl udge: o9n = 1200 kg / m3;
-Daily volume of deposits-WnfdA/dajay = p A N
- The volume of deposits that must be ensured betweearnwtyings Tev = 183 + 365 days, Is:
Vd = Tevm8 VdA day,

For septic tanks wht2 and 3 sections, the following are recommended:

- the first section (fermentation chamber): V1 = min 2000 |; T1 = max 2 days; (V1 = 67% for
septic tanks with 2 sections and V1 = 50% for septic tanks with 3 sections);

- the second section: V2 =%, V12 E 1 day;

- the third section: V3 =% V1, T2 = 1 day.

11.1.51 The reduction in the volume of deposits by anaerobic fermentation in septic tanks is
about 25 30%.

11.1.52 The amount of fresh deposits formed in the fermentation chamber (first section) i
considered a = 70 g / (matays) at a humidity of 95%.

11.1.53 The maximurfiow rateis 0.05 m/s.

11.1.54 Septic tanks must be fitted with vpiptesin order to avoid accumulation of
fermentation gases.

11.1.55 Septic tanks abaiilt with 2 or 3 charberssectiongFig 6 and 7). In Zections septic

tanks the volume distribution is 2/3 and 1/3, and in those with 3 sections the distribution is Y2, ¥
and Y. The holes for wastewater passing between the chambers are placed at a third of the dep
of the cetral volumeof clear liquid.

AV
B

7/

Fig.6. Two-sections septic tank:Tltube for wastewater discharge from householdscl2ared
liquid; 37 gases released from fermentation




The outlet tubesetthe the level of wastewater in the whole taflkis tube mushave its vertical
partimmersedo thethird of thedepth

The slopingoottomof the last sections favors and hefiding of depositedsludge to the first
section, where anaerobic fermentation takes place.
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Fig.7. Threesections septic tank:ilwasewater inlet zone; R cleared liquid; 3 gases
released from fermentation

11.1.56 In terms of construction particularities, there are there types of septic tanks applied as
appropriate:

a) Qylindrical septic tank of monolithic concrete; applies and with the groundwatésevel

close to that of thbottom of theank (Fig. 8);

b) Septic tank of precast concrete tubes/ringpplied when the ground water level is under the
level of excavation (Fig. 9);

c) Rectangular brick stone or stone tanglegal in dry soil (fig.10).

If the foundation is on macroporousdse soily foundation, the soil must be treated as indicated
in the geotechnicalpproval It is recommended to perform mechanized excavation, usually
without usinghorizontal stabilizerswith slopes up to the platform for casting the foundation
plate. The slope angle is determined by the nature of the soil/land.
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Fig.9. Septic tank of ofthe shelf rings: 1 inlet, cast iron drain pipe; 2outlet, cast iron drain
pipe; 3i cleaning basket; @ reinforced concrete or cast iron tagd; Boncrete tube; 6 precast
concrete tubes B250;i7cement mortar; 8 concrete B90; 9 compacted clay ground boundary
layer

Fig.10.Brick stone rectangulaeptic tank: I inlet, cast iron drain pipe; 2outlet, cast iron
drain pipe; 3 cleaning basket; # reinforced concrete or cast iron tag; passage hole 20 x 20
cm; 6- trowel plastering of 2 cm thick cement mortar;, @aperboard insulation; -8einforced
concrete B140; 9brick wall; 10- Concrete B90

11.1.57 After execution ofiorks urgenmeasures must be taken for commissioning and filling
of the tank with water, so as to avoid keeping the sections dry for more than 10 days after
terminaton.

11.1.58Inlet and outletnto and from the septic targhould be donthrough tubesthe moutls
of whichare0.70 m below the water level in order to avdidggingof the hole by théloating
sludge and oiformed on the water surface.

11.1.59 Afte completion of construction and its verification, the tank is filled with water up to

the channel level. Thereafter, 3,3,00 m3of sludge from anotheseptictank orfrom a simple
cesspools inoculaed 3-5 kg of lime is then added in lumps, to endtme production of

methane fermentation (alkaline) in the beginning, avoiding the production of hydrogen sulphide.
If inoculationof sludge is nobeingperformedwhen comntting it should be considered that the
startuptime to normal operation may takeB@nonths. To make this time shorter, it is
recommended to commission the tank in the warm season.

11.1.60 Emptying of sludge from the septic tank is performed once a year, preferably in summer
During the emptying, 2:20% of deposited, fermented sludgasnbe left in the septic tank, in
order not to interrupt the methane (al kalin



fermented sludge is removed through the manhaewga vacuum facility yacuum truck and
transported to the field or will deuried.

Imhoff tank ;

11.1.61 Primary settling of wastewater in small and medium settlements or isolated spgects (
resorts, sanatoriums, etc.) that do not exceed 10 thousand m3/day can be carried out in multilev:
settlers (also referred to as ImhoffEmscher). In these welis, the uppechamber withtwo V-

shaped wallsedimentationakes place, and at the inferior chambemanaerobic fermentatiaf
sedimented sludgaccursat ambient temperaturedld fermentation). Thaolidsfrom the settler
reaches the fermenter througB,a25 mwide slot at the bottontroughof the upper chamber

11.01.62 The settling troughs in cross section are formed of a rectangular cross section with b x
h1l (Figure 11) and a triangular cressction at the bottom, dhe h2 depth. The walls of

triangular section are designed with an inclination of 1.2: 1 for a quick slip of deposits to the
lower floor/space through the slot from the top of the triangle. The lower edge of one of the
inclined walls of the trough outrurnise edge of the other inclined wall by 0.15 cm so that sludge
particles and gas bubbles that rise from the fermentation process do not reach the settling space
(trough). The width of the trough shall not exceed 3.0 m, and the depth (h1 + h2) is
recommendedf 1.2- 2.0 m in order to achieve a uniform flow of the wastewater throughout the
entire crosssection.

Theenteringof wastavater in and the clarified wateut of the tanlare performed in the same
manner as in horizontal settlers through the champmelsded across the width of the trough. In
front of the intakdroughat a distance of 0.50.7 m semisubmerged screens are provided to
ensure uniform distribution of wastewater in the settler. At the end of the sedimentation zone a
semisubmerged islso provided for capturing floating matter. On theletvertically adjustable
sluices are provided to ensure a perfect horizontality for a uniform discharge of settled water.

hs
-

Fig.11.Imhoff tankwith two settling

11.1.63 The constructive elementssettling troughs are determined based on the following
formula:

Naec= L%/ 1 ; Vi = Qe Agect Lj= Vi Aj; Aj= by + 8,3t

where:

Vj is the volume of settling troughs, m3;

Q. - calculation flow, high time, m3/h;

tgeci Settling time in settling troughs; the recommended time is min. 1.5 hours;

AT crosssection area of a skiig trough, m2;



L1 total length of the settling troughs, m;

l; - the length of the trough from one tank with the diameter D, m; in tanks with diameters up to 6
m a single trough is provided, ile= D, and in tanks with diameters up to 10 m twaughs are
provided and thereforg, 2D;

bi the width of the trough, m;

NgecT NUMber ofimhoff tankswith the diameter D.

11.1.64 The sedimentable suspended solids reaching the lowertdeptibeiundergo an

anaerobic fermentation process. Tldume of fermentation space determined by the tank
foundation plate placed 0.5 m below the lower edge of the settling trough is calculated using the
equation:

Vierm = C conA{ 1080, I’ﬁ,

where: Nonyi conventional number of residents covered by teatinent plant;

C-specific fermentation capacity, |/ manAyea
5.

Table 5. Specific fermentation capacitiedrahoff tank

Average winter temperature of wastewater, °C Specific fermentation capacity, I/man-year

6 110

7 95

6.5 80

10 65

12 50

15 30

Since fermentation spaces are not heated, the fermentation time |a220108ys.

11.1.65 When operatirtge Imhoff tank the environmental conditions required for methane
fermentation must be permankgonitored. Thismply the following measures: to maintain a
constant inside temperature, the tiered settlerbuileentirely or partially underground, and the
height difference is protected by earth filling; at the beginning of fermentation thesprocst

be primed with fermented sludge or other type of inoculum in an amount25%f the

volume of fermentation area; periodic destruction of the crust on water surface, formed of risen
sludge particles together with fermentation gas, in orderdml abstruction of the slots of

settling troughs.

11.1.66 The fermented sludge is discharged through pipes with a diameter of 280th@m
hydrostatic pressure of the water column in-123 min the tank The sludge is conducted to a
neighboring pit ith 2 compartments: one dry compartment, where the maneuvering valve is
located, and a wet one, where the fermented sludge is discharged antbttehydration or
transportation. For a smooth sliding of fermented sludge to the central part, whekeetherd

of the sludge pipe is located, thettomof the fermentatiomhambeshould beat an angle of at
least 30.

11.1.67 The total deptimhoff tanksestimated at-40 m is determined by:

Hiota = hs + h +hy + hg, m
where:
hsT height of the safetgpace, above the tank water level, estimated at 0,80m;
hj - height of the trough (i hy+ hy), under 2,0 m;
h, - height of the neutral area, under 0,5 m;
hq - height of deposits in the fermentation space.



11.2 Design of vertical flow phyto -filte rs

11.2.1 To achieve a uniform distributioninEomingwastewater all over the surface of vertical
flow phytofilter units, the supply must béonewith a net flow rate much higher than the one
entering the treatment plant. This requires supply throwgibrageaccumulation tank of a
relatively long duration, followed by short periods of high feed rfatethe filters The filter
supply by accumulation tanks connected by gravity or by means of a pumping station must
produce an instantaneous floenoughto provide a uniform distribution of wastewater and
suspended matter contained therein over the entire surface (within the limits of #dmdihg

of these beds and salfeaning of distribution pipelines. Indicatively, a flow rate equal to or
greatetthan 0.5 nivh for 1 nf of a supplied filter can ensure proper distribution provided that the
wastewater distribution system is properly designed. The higher the specifioflasguare
meterof surface, the better the distribution, as long as the (mpaeimum flow rate of the

supply flows does not exceed 1.8/(m?A) [1]. Such a uniform distribution can be achieved by
providing a large number diispeses(at least one point of the dispersioer50 nf of filter
surface).

11.2.2 As for the volume supplied by edugich it must provide a layer of water with the

thickness between 2 and 5 cm distributed as evenly as possible all over the surface of the phyto
filter/bed powered or operated. The instantaneous flow and the volume of bafihigsare

mutually related: the lower the supply volume, the greater the tasemus flow in order to

"soften” or wet the entire surface of the filter supplied in a short time.

11.2.3 A system of manual or automatic control valves must ensure the alternation of
instantaneous flownd rest phadeatcheof each vertical flow phytdilter unitin the first phase.
This system is placeagpstreamof the intermittent supply unit (ibatche¥

11.2.4 The treatment system must be fitted with wastewater gauging/meters to allow assessing
both the flow rates and the volumesaastevaterwhich is distributed to thphytofilters. In the
gravity supply system one metering devicedounting butches sufficient. When

pumping/draining the wastewater, the duration of pumps operation ntagtbesd provided

that they are calibrated correcttytheir actual operating conditions.

11.2.5 The supplipy gravityto vertical flow filters should be providextcording tahe
following conditions and incorporating the following components:

- using ofsmall diameter pipes and valves that caeventudly clogged/obstructed by
suspended solids and greasksuld be avoided

- the need to empty the storage tanks at a speed sufficient to drive the suspended solids;

- mechanical equipment to be providedch asselfpriming siphons, on/off valves, vas with
swinging flaps.

This equipment is typical for large instantaneous flow rates (calculated based on the loss of load
in downstream wastewater distribution devices) and by consistency/stability of flow rates
during/between emptying of the tank, espkyg towards the end of the operation of galiming
siphons. The emptying must be complete to avoid accumulation of suspended solids and
formation of sludge in the tank. Between the supply phases (during the rest phase) the
wastewater flow should be rul

11.2.6 In the supply of phyfiters by means opumping/pressure the pumps and connecting
pipes must be adapted to tigpe ofwastewater carried in them. The minimum nominal diameter
of pumps and pipes is DN 60 mm [2]. At the same time, securiigeiemust be available to



protect pumpg$rom hydraulicshocls, wastewateshortage overpressurer obstruction/blockage
due to cloggingThermal insulation of hydraulic systems must be provided to avoid their
freezing.

11.2.7 Pumping statiorierm an integrated body with theatchintermittent supply systems, and

the pumping rate must be as independent as possible of the waste water level in the catchment
tank. The pumping station is equipped with at least two pumps, each of which is sized for
differentdesignsupply flowrequirementsThe wastewater storage/accumulation tank should be
equipped with an efficient ventilation to avdadildup of gas, mainly hydrogen sulfide £5).

The foundation plate of the catchment tank of the pumping station must begarevith a slope

to the sludge vessel.

11.2.8 As mentioned before, the distribution/allocation of raw wastewater should be done so that
it occupies the entire surface of the vertical flow pHiiter supplied by the fethatchand be
uniform/homogeneoud.he pipeline network that supplies the distribution points should be
designed so as @dlow full empting andexcludng stagnation of water in,itn order to avoid

the deposition of suspended solids, odors and the possibility of frost. The set of edqaipche

fittings must be accessible for inspection and cleaning. The wastewater distribution system must
operate at a setfleaning rate of not less than 0.7 m/s of water discharge/transport.

11.2.9 For the supply of raw wastewater to vertical flow piijters overflowing spillage
distribution troughs or point/concentrated dispecser be usedlhe troughs require a high
supply flow rate ands a system adapted to small areésp to 50 M. Their disadvantage is the
risk of accumulation of suspended teatn the vicinityat the entrance ahe trough.

The raw wastewater distribution system with point/concentrated disperser is preferable if the
number of supply/injection points is high enough. These are distributed in an accurate and
symmetricmanner tgrovide a uniform/homogeneous distribution. The system is calculated
based on the thickness of the water layer andirtbaof filters to be suppliedAt least one

injection point for about 50 frof filter surface will be considered. Argrosion devices il also

be provided, such as plates resistant to erosion or gabions at the level of the point/concentrated
dispersers.

To facilitate the drainage of the deposits/sludge layer accumulated on the surface-6iftphgjto
when its thickness hinders a normgkration, it should be possible to temporarily dismantle the
distribution pipes and the dispersers.

11.2.10 The distribution of wastewater on the surface of vertical flow filteéheisecond phase,
where appropriate, just like in the first phase, stidad made in a similar manner in order to
ensure a uniform/homogeneous coverage of the entire filter surface for each portion. Given the
low concentration of suspended solids in the wastewater that feeds the second phase and
although the filter material somposed of sand and the filtration rate is lower, the number of
dispersers/injection points in thpasemust be increased compared to the fitsise

A homogeneous dispersion of partially treated wastewater can be provided by a network of
unburied peorated pipesgiven the risk of obstruction/plugging of holes by the plant roots and
rhizomes of reeds.

The punctual/concentrated dispersers system is recommended if the number of injection points i
rather high and if the flow of each disperser is sigfit to ensure a uniform/homogeneous
distribution. In this case at least one injection point must be provided ao5the filterarea



11.2.11 As mentioned earlier, the number of parallel filters is determined by the ratio "supply
phase/rest time", wbh ismanagedy alternationof supply to thdilters. The firstphasds
generally composed of 3 filters, and the second-amdy 2 filters.

The basic values of ttereaecommended by specialized literature for designing vertical flow
phyto-filters ae as follows:

- total area- 2 + 2.5 nf/resident, including
- first phase surface (3 parallel filters).2 + 1.5 M /resident

- second phase area (2 parallel filtér€),8+1,0 ni/resident.

These values apply to permanent population. They were esablishas to achieve necessary
performance in the winter season, which is less favorable for biological treatment. Performances
in summer season prove that the plants can withstand much larger loads, with the surface area
reduced to 1 Afresident.

11.2.12 he first phase of the vertical flow phyfitters consists of 3 layers of filter material
gravelpebbles

- The30 cmupper filtering layer of fine gravel with granules of 20 to 80 mm;

- The10-20 cmintermediate/transition layer of gravel with granu¢$8 - 20 mm and a
thickness of 10;

- The10- 20 cmdrainagdayer of gravel with granules of 260 mm.

The thickness of the first layer of 30 cm may be increased depending on the teatradnt
degree.

11.2.13 The material of the upper layer & #econd phase phytitter consists of sandts

function is to retain suspended matter. If a high degree of nitrification is wanted, an additional
layer of 30 cm of fine gravel with a particle size of 2 to 8 mm can be provided. The composition
of siliceaus sand must be predominantly of alluvial origin and it should contain particles not
small er than 80 em to avoid the risk of <clo

Thus, the following composition of second phase pffijter filling is recommended:

- The upper filter lagr of alluvial sand with particle sizes of 0.25 mm <d10 <0.40 mm, the fine
material content should not exceed 3% of mass, with the minimum thickness @ 8t,
depending on the desiré@atmentegree, with the content of limestone (Ca’ibt exceedig
20% by mass;

- The intermediate/transition layer of gravel with the grain size from 5 to 10 mm and a thickness
of 10 to 20 cm;

- The drainage layer of gravel with a grain size of 20 to 40 mm and a thickness of 10 to 20 cm.
The data on the composition @fyto-filters are shown in Table 6.

11.2.14 For the filling of phytdilters in both phases, alluviataterials(smooth, roungbarticleg
are preferred. Whatever the granulation of alluvial material (gravel, gasiduld be thoroughly
washed and contaless than 3% by maséf i ne mat er i al (d <80 e&m).













































