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Abstract

In Rwandait is nearly impossible to collect domestic wastewater with centralized systeento
the lack of financial investmentnd the sanitation chainkowever, orsite systemsuch as
constructed wetlandway befeasible for wastewater treatment ifgols and othesimilar sized
institutions Constructed wetlandsire an alternative technologyto conventional wastewater
treatmentto exploredue to their operational simplicity and requiremeftis projectprovides
technical informatiorand review ofwo constructed wetland designsrface flowand subsurface
flow constructed wetlandisind proposesa horizontalsubsurface flow constructed wetlafat

|l ndat wa n 0 | Th&teatdd afflusnwilhmeettheregulatory targets ddwanda Utilities
Requlatory Authority for domestic wastewatelischarge and could be redsa agriculture It is
expected thahe adoptiorof constructed wetlantchnologiesn Rwandawill depend ortheland
availability, sanitation chaingnd safetyfactors. Further studs are required to understand the

viability of this technologyandto providemonitoringdataabout thé long-termperformance
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Chaptlerrdduction

The discharge aintreatedlomesticwastewatecanlead tohealth andcologicalproblemqTable

1). TheMinistry of Infrastructureof Rwandarecognize that wastewater should be treated prior to
surface discharger reuse,andt h at Rwa n dshdulsl bepowitm gontrollyazardos
materialswith technologies that the country can afford to fmyand maintainUnfortunately it

is nearly impossible to treat domestic wastewater with centralized wastewater treatment systems
due to the lack of financial investment and the sanitati@insn Rwandawastewateirs managed
onsite mostly with septic tankssoak pits and only selecthotels and some hospitals have
wastewatetreatmensystemg{MININFRA, 2014).

Schools and othegimilar sizednstitutionshave difficulties managing thewastewatewith soak

pits or septic tankslue to itshigh volume the overflows areeusedor discharged untreated
polluting the receiving ecosystenia. Rwanda wastewaters fronschoolsare mainly greywater
(mostly from kitchens, washrooms and clothesshing due to the use of dipit latrines the
production of black water (water from toilets) is limited\n alternativeon-site technoloy such

as constructed wetlands is required to trga¢ywater fromschools and other similar sized
institutions in Rwanda in orderto align with Rwanda Utilities Regulatory Authority (2009)
directivefor tolerancdevels of contaminants mhomestic wastewater dischamyed tosafelyreuse

the treated effluest

Constructed wetland&CWs) aremanmade feates developed to mimithe functions ofnatural
wetlands to mprove water qualitf{ITRC, 2003) In CWSs,the pollutants are removed through
physical, chemical and microbiological proces8ased on the flow regimeonstructed wetlands

can be classified to surface flowCWs and subsurface flow CWsachone having its own
advantageand disadvantagesoFexamplesurface flow CWs are associated with lower cost but
require large surface area and can prowseding ground foinsectvectors while subsuréice

flow CWs require smadlr surface area and can avoid the problem of insect vectors of surface flow
constructed wetlandsut require high capital investment

The use of constructed wetlafdr wastewater treatment is not a new idea; by 1994, there were
already more than 500 in the USA and 65 in Canada used for municipal, stormwater and agriculture
wastewater management (Kirby, 200@).Tanzaniathe use otonstructed wetlandsakgained
popularity for wastewater treatment in schogilsce 1995Kimwagaet al, 2013. Financially,



CWs have a significant lower total lifetime cost and often lower capital cost thaentmmal
treatment (ITRC, 2003jue totheir simplicity and often due trero energy and zero chemicals
usaggMara 2003).

This projectasesseshe feasibilityof constructed wetlands technology for wastewater treatment
in schools and other similar sized institutiam&®wandait proposes aonstructed wetlandesign
for |l ndat wa nbéchusethe suiireateds grdyweates channelied into banana
plantation around thischod and can increaghe risks ofhumars and ecologicatontamination.
The local topography and the constarlimate of Rwanda are ideal for the use bist type of
technology however, land availabilityral insect vectors such mostps couldbetherestricting
factors. Thus an ideal constructed wetlahot Rwanda shouldrequireminimum operationatosts

and maintenance actiigs with lower risks of human anecological toxicitieswhile providing

high perfornance for pollutant removal.

In this document, the words contaminant and pollutet used interchangeably.oWever,
according to Chapman (2006), contaniimia means the presence of a substance where it should
not be or at concentration higher thanckground concentrationwhile pollution is a

contamination resulting in adverse biological effects to resident communities.

1.1.0Objectives

The generalobjective ofthis projectis to assess the poteatiof using constructed wetland
technologyfor the treatment of wastewater frosthools and other similar sized institutions in

Rwanda Specifically, this project aim$o provide technical informatioio fill the gap of limited

knowledge about this type of technology in Rwaridaaise awarenesdoutthe use of tlis type

of technologyfor domestic wastewater treatmémtschoolsand other similar sized institutioins

Rwanda to proposea constructed wetlandesignfor|l ndat wa n 6 |, ankl toexplae s c h oo

options for howoutlet wate can beeused, osafely discharged
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2.1.Scopeof the project

This projectfocuses on theuse of constructed wetlands fihe treatmentof wastewater from
ingtitutions in Rwanda,in order to meet the refaiory targets of Rwanda Utilities Regulatory
Authority for domestic wastewater discharg€his is not a design manual buoan serve @ a
reference document for furthdetaileddesignof constructedvetlands in Rwandand in other
countries with similar conditiondr'he targetaudience includg butis not limited to wastewater
engineersschoolsand similar sized institutionand government institutiomssponsible fowater
resource managementsuch asRwanda Utilities Reguatory Authority (RURA), Rwanda
EnvironmentalManagemenAuthority REMA), RwandaWater andForestAuthority (RWFA),
andWater andsanitationCorporation Ltd(WASC).

2.2 Data sourcesand discussion

This project usedecondary information sourcéisroughaliteraturereview, andest managenme
practicecaseqTanzania andUSA). The gathered information discussed in the context tafcal
challengesand opportunitiegsand he Rwanda Utilities Regulatoruthority directives(2009) is

used as the basis for acceptable levetoafaminats in domestic wastewatér.n d at wa n o6l n k e
schoolhas be selected asase studjor CW designdue tathe amount of wastewatiigenerats,

land availability, and opportunities for wastewater reus@iven the scarcity of systematic
wastewatedata in Rwandagertainassunptions weremade about thpresent contaminants and

their concentrationsased on thgenerakharacteristics ahedomestic wastewater.

2.3 Overview of the ountry 6 grofile

Rwarda is a landocked country 026,338 km, located in CentraEast Africa,anda few degrees
south of theEquator with four administratre provincesand the City of Kigali(Map 1). The
population igpredominantly rurabnd pastoral farmengith more than 47%eopleper square
kilometer(REMA, 2011).

Geographicall, Rwanda is dominated by mountaifddap 1) the entire country is at a high
elevation, characterized by lowlands in the Eaglateaun Centre,and the Congdile watershed
ridge in West (REMA, 2011)


https://en.wikipedia.org/wiki/Equator

Map 1: The pbpographic mp of Rwanda
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Thetropicalclimateof Rwandas characterized by two rainy and two dry seasons each year, with
minor variatiors in the local microclimate conditions duettee mountainous terrain;ékecan be
classified into the dry and hot lowland zandcast, the urban climate zone in Kigali, the temperate
zone of the central highland, the sea climate zone around Kivu lake, and the mountain climate in
the highelevationsof the CongeNile watershed ridge (Henninger, 2013)

With little variation throghout the year, thiemperaturén highregions varies between 15 °C and

17 °C, and 19 °C to 29 °C in the intermedidtvation. The average annual rainfall exceeds 750

mm (REMA, 2011).
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3.1.Domestic wasteater characteristics

revi ew

Domestic wastewater is the water that hasilsed by a community agdntainsvaste materials;
according to Mara (2003), it is generatiymposed 099.9% water and 0.1% solidgléra, 2003)

and t can be classified into greywateavdter that have not be@m contact with toilet waterdnd

black water (wastewater from toileter sewage Table 1 summarizethe chemical and

microbiological compositionof domestic wasteater based on 24050 L/capita/day water

consumptionand greywater from bathtubs, showers, hand basins, washing machines and

Kitchen)

Tablel: Thecomposition otintreateddomestic wastewatétypical) and greywater (measured

in German househao§)l

Major p arameters

Greywater
(mg/L)

Domestic

wastewvater (mg/L)

Health and ecologicakisks

Can lead to the developmer

Suspended solids, total (TSS) 30-70 120-400 of sludge deposits and
anaerobic conditions in the
aguatic environment

Biochemical Oxygen Demand (B@P| 250-550 110-350 Can lead tdhedepletion of

- natural oxygen in aquatic

Chemical Oxygen Demand (COD) | 400-700 250-800 environment.

Nitrogen (total as N) 10-17 20-70 Can lead to eutrophication
and ground water

Phosphorus (total as P) 3-8 4-12 contamination

Total coliform (No./100r) 10%-10° 10°-10% Can lead taransmission of

Faecal coliform (No./100ml) 10%-10° 10%-10° pathogenialiseases

Source:Adapted fromSrivastava2014), Nolde (1995)

In Rwanda96%of the population usson-site dry pit latrineswhile few people (1.4%ise flush

toilets only 76% of the population have access to improved drinking water sanctése average
water consumption isround 20 L/capita/day(WHO/UNICEF JMP, 2015) Wastewater is

managed osite by the property owngmostly usingeptic tanks andsk pits however, shools

and othesimilar sizednstitutionsgenerate high volume of gnegter which idifficult to manage

with soak pis andseptic tankssoinsteadheymayreuse itin agriculturebecause oits fertilizing

quality or discharge ituntreated althoughit may contain contaminant levelexceeding the

RURAOG tlerant leved for domestic wastewatelischarggTable 2)
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Table2: RwandaUltilities RegulatoryAuthority (2009),contaminantolerarcelevek for
domestiovastewatedischarge

Parameters Limits
TDS, mg/L 01500
TSS,mg/L 050

N (total), mg/L 030

P (total),mg/L 05

BOD, mg/L 050
COD, mg/L 0400
Coli forms, No/100mL {04 0 0

The discharge of untreated domestic wastewater can lead to vagaltisand environmental
problems(Table 1) According toRwand® Ministry of Health(2012) water borne anéxcreta

related diseasesich asliarrheaEscherichighistolytica,Escherichiacoli and &cariasisaccoungd

for nearly two thirdsof all theneglectedrppical disease(& 7 DF0case¥in 2012 It is crucial

for a highly populated country like Rwandath economic water scarcityo treat the domestic
wastewater before its discharge or reuse in order to reduce human and ecological contamination,

while redugng the stressmthe available freshwater.

3.2.Constructed wetlands

3.2.1. Introduction

Constructedvetlands arenanmade featuredevelopedo utilize thenatural functions of wetland
vegetation, soiland their microbial populatioin a controlled manneo treatwastewate(ITRC,
200). Constructed wetlands can providdditional benefits includingabitants for wildlife and
plants, recreational and aesthetic benefits (IRTC, 2080&)ording to UNHABITAT (2008),
constructed wetlandsire thealternativetechnologyfor wastewater treatmenh developing

countries but their adopon rates areslow dueto thelimited technical capacitgnd awareness

Constructed wetlands can be classified basatieflow regime or the type of the plants as shown
in Figure 1 Theflow regime can be classified inBurface Flow (SF) and Subsurface Flow (SSF)

constructed wetlanddiscussed in the following sections



Figure 1. Classification of constructed wetlands

(Adapted fromMuench et al, 2011
Constructed wetlands

Surface Flow Hybrid systems Subsurface Flow

Horizontal flow bed Vertical flow bed

Emergentplants Downflow  Up flow Tidal

Submerged plants

Free floatingplants

Floatingleaved plants

3.2.1.1.Surface flow constructed wetlands

Surface flowconstructedvetlandsconsist of surface water exposed to the atmos26r&40 cm
deeyp), containing often 2@0 cm ofrooting soils and the intended flow path through the system
is horizontal(Figure 4) (Vymazal, 2010)Surface flow CWsprovide greatewater flow contral

and her water budget can kestimated using thedguation 1 (USER, 2000)

:_T:: Qii Qo+ Qc-Qb+Qsm+ (PET-)A  Equationl

%ﬁl(rate of change in water volume) Qsm (snownelt)

Qi (input wastewater flow rate) P (precipitation)

Qo (output water flow rate) ET (evapotranspiration)

Qc (catchment runoff rate) | (infiltration to ground)

Qb (bank loss rate) A (wetland top surface area)



Figure 2: A typical section of a surface flamonstructed wetlan¢adapted from USER2000)
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3.2.1.2. Subsurface flow constructed wetlands

Subsurface flowconstructedvetland consist ofa substrateof porous media to keep the water
level totally below the surfacéheycan even be walked @ndtheyavoidthe mosquitgroblems
of surface flow CWUSEPA, 2000) Depending on th8ow direction, subsurface constructed
wetland can be classified into verticdlow bed CWs and horizontal flowbed or vegetated
submergedbedCWs (Figure 3&4) (Wallace,2005)

In general, he subsirface flow constructed wetlds have little oxygen transferthough the
vertical flow bedCWs are far more aerobic and require less ldrad horizontal flow CWs
(Vymaazal, 2010) The useof vertical flow bed CWs did not gamuchpopularitylike other types
of CWsdue tothe higher perationalrequirements anthe necessityo punp the wastewatesn
the wetland surfac@/ymazal, 2010)

Figure3: A typical sectiorof a verticalflow bedconstructed wetland
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Figure4: A typical sectim of a horizontal flow bed constructed wetland
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As a secondary treatment technology, constructed wetland treasyairts the pretreatment of
wastewatelprimary treatment) to increase tperformance and to reduce the required surface
area, regardlessf the type of CW usedKirby, 2002) The pretreatment requirements defer
depending on the wastewater sources; black water may require higgbgireent than greywater

In addition, me or more types of constructed wetlands can be combined to fornmic ydtem

in order to exploit the spdic advantages of each systéfable 3)(Muench et al, 2011)

Table3: Summary of advantages and disackzmes of different constructektland types

CW types | Advantages Disadvantages
Surface High removal rates of pathoger| Large areabreeding grounébr vectors,
flow Aestheticsandwildlife habitat. | odor problers, high water lossexposure to

surface wastewater

Horizontal | High denitrification, lowcosts, | Clogging problemslower pathogenic and

flow bed smallarealow oda and vectors| nutrient removatate

Vertical High nitrification, smakkrarea | Expertise and pumps requiremghigh
flow bed low odor and vectors. capitalcost and maintainance. Low

pathogenic and nutrient rewal rate

3.2.2. Contaminant removal processes in constructed wetlands
In general, the processes that contribute to pollutant removal in a constructed wetland are physical
filtration and sedimentation; biological uptake and transformation of nutrients by ihaeer

plant roots, and chemical precipitation, absorption and decompadSiabie 9.
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Table4: Pollutant removal mechanisms in constructed wetlands

Parameter Removal processes

Suspended solidl Sedimentation and filtration.

Soluble organics| Aerobic and anaerobic microbial degradation

Nutrients Volatilization, absorption, denitrification, matrix sorption, plant uptake,

ammonification and nitrification

Pathogens Sedimentation and filtration, natuidie-off, predationUltraviolet
radiations and antibiotics of macrophytes roots.
Source:Adapted fromUN-HABITAT (2008)

Wastewater is treated by supplying it with oxygen, so that bacteria can utilize the wastewater
contents as foo@ara, 2003).The microbiological activies involved in constructeavetland
processesretypically temperature dependentherefore, constructedetland efficiencies may

vary seasonallyout the average performaaover the yaas acceptablé-igure 5) (Kedlec, 2001)

If the effluent has to ne¢ stringent discharge standards at all times, tertiary treatment will be
required(Kirby, 2002)

Figure 5: Typical contaminantemoval ratios %o) for different types of CWs.

100
=
90 X
. = x 5
o &

Z
c>3 60 B HFB
S 50
§ 40 B vrB
X 30 M sF

20

10

0

BOD TSS TN (Total)

Source: Adapted from Muench, et2011

Today, various methods have been proposed to compheepollutant removal and to predict
different eadcions 8 OD, T S S), eachrfethodbBavingits own strengtls, weaknesssand
assumptions becauserse parameterare difficult to measur@USEPA, 1999 The volumdric

10
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equation (Equation 2)y Reed et al. (1995), and tlaeealequation(Equation4) by Kadlec &
Knight (1996)are among theundamentallymethodscommonly useUSEPA, 1990)

— = exp(-Kut) Equation2

Where t = theoretical hydraulic detention timeaggl
Co = effluent target concentratiomg/L)

o ) Kwt = temperaturalependent firsorde rate
Ci = influentpollutantconcentrationrfig/L)

volumetric reaction rate constautaf?)

The wastewater detention timean ke estimatedusing theEquation 3, withwetland porosity

representinghe ratio ofthe actual volume available for water and the theoreticah hasime.

t=— Equation3
Where t= hydraulic detention time (days), e= wetland porosity
V= volume ofthewetland basin (), Q= average flow rate (ffday).

The Kadlec & Knight (1996method introducedhe cacept ofbackground concentration of
pollutants (Equation 4)when the pollutant concentration is less dh the background
concentrationwastewater is not in the treatability range of constructed wetldheiefore, an

alternative treatment technologyreqjuired.

z

—=exp(—) Equation4
Where:
Ci = influentpollutantconcentrationrig/L) * = pollutantbadkground concentration
Co = effluent target concentratiomg/L) (mg/L)
Kia = temperature dependent famtder areal g = hydraulic loading rate (m/day)
rate congant (m/day)
Kta= Kyo* &9 Equation5

WhereK 2o = first-order areal rate constant at 20(f@day)
T = operatbnal temperature of the system (°C)

€ = temperature coefficient for rate constant

q= Equation6

11



WhereA= surface area (f

Q = average flow rate (ffday)
Table 5 summarizes different model paraengfor the Kadlec & Knight (1996) method.
Table5: Constants for Kadlec and Knight method (1996).

Parameters K2o0(m/day) é C* (mg/L)
SF HFB |SF |HFB | SF HFB
BOD 0.1753| 0.3205| 1.00 | 1.057 | 3.5+0.053Ci 3.0
TSS 2.7397/ 0.1189| 1.00 | 1.00 | 5.1+0.16Ci 6.0
N (total) 0.0673] 0.0274] 1.05 | 1.05 | 1.5 1.5
P (total) 0.0328| 0.0249| 1.00 | 1.097 | 00.2 0.0
Fecal Coliform| 0.2055| 0.274 | 1.00 | 1.003 | 300 (cfu/200ml) | 200 (cfu/200ml)

Source: Adapted from Wallace (2005).
SF= Surface Flow, and HFB = HorizahFlow Bed

3.2.3. Constructed wetlandconfiguration

3.2.3.1.Constructed wetlands dimensioning

The design of constructed wetlands is governed bstemater characteristics and treatment
targetshowever, onstructed wetlandshould be designed for mininralaintenane, fosteringthe
pollutantremoval process andkeeping the design simple because complex designs are more
prone to failurgITRC, 2003.
While the dimensions and hydraulic parameters (surface area, volume, detention time, loading
rat e, € ) ted usingonethemstical eg@atiortse shape oé surfae flow constructed
wetland isoftenafunction of the site characteristildSEPA, 2000)Thelengthand the width of
a sulsurface constructed wetland are oftce t er mi ne d u skEqunagon/P(WIECA, 6 s | av
2000)

Q=Ks Ac S Equation7

Where Q= average flow rate fd),
Ks = hydraulic conductivity of a unit area of the medium perpendicular to the flow
direction (nm¥/m?/d),

A. =Total crosssectional areg@erpendicular to the flow (#
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S= hydraulc gradient of the water surface.

The waterdepth can bestimated based on tineed tokeep the wasteater in contact with the

plant roots depending on the design guidelinds the UK, a water depth of 580 cm is

recommended whilewaterdepth of 95cm is recommended in Australf@/allace, 2005).

The surface area of a constructed wetland required for the removal of a given pollutant can be
obtaired from rearranging the pollutant removal equasighe firule of thumin methodor from
theareal loading rate methethere a maximum loading rate per unit area is spegitiedxample:
V After rearranging Buation 4andsubstituting thdnydraulic loading rate witkEquation 6,
the required surface area for the removal particular contaminanisingthe Kadlec &
Knight (1996) method can be obtaingsing Euation 8:

z z z

A= Equation8

V Thefrule of thumld has been used for long time, settthg horizontal lbw bed CWs
between 310 n? PE! (populationequivalentyWallace, 2005)thevertical flow bed CWs
betweer-5 n? PE?, and thesurface flow CWs betweek0-20 n? PE? (Deun, et al., 2016).

V TheUSEPA(2000)methodsuggestshe area loadig rates (Table § that canbe usedo
determine theequiredsurfacearea(Equation 9. Unfortunately, no criteria are provided

for the required i@a for the removal of pathogen
A=—— Equation9

Where A= surface area fin
Ci = influentpollutantconcentrationrg/L)
ALR= area loading rate (mg/aay)
Table6: Area Loading rates for USPA method

Parameters | Area loading (mg/n?. day) | Effluent concentration (mg/L)
HFB SF HFB SF
BOD 6000 4500 30 <20
6000 <30
TSS 20000 3000 30 <20
5000 <30

Source: USEPA (2000)
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According to the USEPA (2000) guidelindet design of surface flow CWs withea USEPA
method § ideally baseadn a3-zonemodel(Figure 3, while the surfacearea ofa vegetated flow
bedCW is dividedinto a primary treatment zone (30%) asdcondaryreatment zone (70%lt
also recommends using 1% of the clean hydraulic condycti/the bed in the primary treatment
zone, 10% in the secondary treatment zone,kaeging water depth at least at 5 cm below the

ground level.

3.2.4.1.Constructed wetlandsubstrates
Constructed wetland substrates filter and trap particles, 46ese as a madn for plant and

microbial growth, and facilitate the distributioof wastewater through the depth of the bed
(Buckley & Arumugam, 2016)The substrasare typicallysand, gravel, or crushed stoff@ble

7), due to their availability and lower castmost placesAccording to Vohlaet al., (2009), these
substrates are not particularly effective at removing Phosphdrmu$o their coarsenessther
substrates such as clay aggregates and steel slag have beeto foemdfective for itsemoval

To reduce th potentiatlogging risksover the yearsafety factors should be applied to the naedi
hydraulic conductivitfWallace, 2005and the substrates in inlet zone should be checked regularly
or changed accordingly

Table7: Hydraulic conductivity aluesof substrate materials commonly available in Rwanda.
Substrate Hydraulic conductivity (clean), m/d

5-10 mm gravel 34 000
14 mm fine gravel | 15 0000

22 mm coarse graveg 64 000
19 mm rock 120 000
Adapted from USEPA (2000)

3.2.4.2. Constructed wetland vegetation
Constructed wetland vegetation candbessified intoemergent, submergedndfloating plants

usually 46 plants per square metae plantedVymazal, 2010)Thevegetatios must be able to
withstand waterlogged conditionsadingentering the systenthe substrate type usednd the
climate of he areanative speciearetypically recommende@uench et al, 2011)n addition to
nutrientuptake wetland plart stabilize substrateaterialsproviderootssurface area for bacte
to grow on, andprovide oxygen to the area around the rootsicreasing hie diversity of plant

communitiescan impove the efficiency of the constructed wetlandBuckley & Arumugam,
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2016, although itis difficult to keep the polyculture unless theraighysical barrieiso the plats
do not overgrow each oth@USEPA, 200). Table 8highlights potential plants for constructed

wetlandscommonly used ithe East African region

Table8: Potential plants forsubsurfacdlow CWs, commonly used in East Africaegion

Plant names Common names | Uptake capacity (kg/ ha. Year)
Nitrogen Phosphorous
Cyperus papyrus Papyrus 1100 50
Phragmitesnauritianus Reed 2500 120
Typhasp. Cattail 1000 180
Scirpussp. Bulrush - -
Vetiveria zzanoides Vetiver - -

Source:Adapted fronKimwagaet al. (2013); Kivaisi (2001)

3.2.5. Constructed wetland goeration and maintenance

Constructed wetlands require simple but regular maintenance; the hydraulic and organic load
should be checked regularly arftbsld not exceed the design valuasl proper management of
organic loadings caalso help to control thenosquito population (IRTC, 2003)Vhile single unit
constructed wetlarsdcan achieve the desired treatment level, incorporating multiple cells
facilitates maintenancectivities(GEPD, 2002)Whether CWPlant should be harvested or rist

still a debate, buccording tdNVallace 2005) plants need tbe harvested if they affect operational
and maintenance activitieaccording to Kimwaga (2013, the common mblemsrelated to
constructed wetlargdn sanitation chains in Tanzanrecludel thefailure to address clogging and
flooding leakagepverloading and stormwater runoffigy can allbe addressed through proper
planningby incorporating safety factoedregular monitoring

3.2.6. Treated effluent management

Constructed wetlarglcan be designgd meet regulatory targes® that water cabe reused or
safelydischarged into the receiving water bodies. According$&PA (2012), treated effluent
has the poterdl for agricultural reuserecreationateuse environmentateuse industrialreuse

and groundwater redrge.The reuse of treatedomesticwastewatelis a great opportunityo
reduce the demarmh municipal drinkng water used in garden wateriagd otler activities hat
require lower water qualityn Tanzania,lte effluent ofa constucted wetland at Raha secondary
schoolis used to grow elephant grdestheir cows whilethe wetland isised instudentducation
(Kimwaga, et al, 2013)
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Chaptlkirsduosnisamucded ed wetl ands in Rwanda.
4.1. Intr oduction

In 1990, Rwandawas categorized amongountries experiencing water scarcity basedthan
available renewable water per person per year (<100ahereforethere is a need to protect and
properly manage the available water resource through saving, recycling and pollution control
(Kivaisi, 2001) Unfortunatelyjt is nearly immssibleto control pollutants illomestiovastewater

with centralized wastewater treatment systelms to the lack of finacial investment Only on-
sitesystems such as constructed wetlands can betaseght wastewatdrom schools and other
similar sized institutioebased on the wastewater productids there arenot yetthe guidelines
governing the use of constructedtfandsn Rwandatheadopton ofthis type of technology may
follow thedecision tree ifrigure 6

Figure 6: Adoption of constructed wetlands decision tree

(Adapted fromTRC, 2003) ]
Determine the wasewater

characteristics, and the water budget

No

Conduct a + Are there sufficient inforration?
feasibility study.

Are the discharge within An alternative treatment
wetland treatability range ? technology is required.

Set treatment objectives & Provide gireatment

Is human or ecological
toxicity a concerfd

Subsurface flow CWs

Surface flow CWs

Calculate requiredrea, hydraulics
and dimensioning parameters .

+ Are there sufficient Iands?+

Construction and stattp

Monitoringand maintenance
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4.2.Case studyDesigningaconst uct ed wetl and for I ndatwa nol nkes
| ndat nkeshars@hdak a secondary boarding schotdcated inthe Southern province of

Rwanda (Map 1), witlaround1200 students and staffhey generatd2 m®/day of wastewater

during weekdays and 24 tfday during weekends(due to clothes washingjhe lower water
consumptioncan be associated withe use of dry pit latrineand clothes hand washinghe
wastewater i n | ndat wa grey@atenfiom kifcreers, washramrasl andi s ma
clothes washing)and itis drectly channelized intagriculturalfields (bananglantatiors) around

the sclool, as it is considered to hatertilizer quality.

4.3.Designconsiderations

4.3.1. Selection of the constructed wetland type and designing parameters

The teatment targetor theCW forl nd at wa n 6 | anekoensedt RURZZ00Optardets

for domestic wastewater discharge, and to reuse the treated effluent in agriculturebiSE®A
(2012) guideline (Table9), as there is rtoyet a national guidelineor domestiovastewater reuse

in agriculture In addition the constructed wetland will serve as an instructional tool to teach
wetland processes, wastewater treatmant water conservation practicesonsidering the
treatment targetssafety factorgdue to theproximity of the site to the schoand potential
mosquito problemf&rom stagnant watgrandthe needo develop a system witlitle operational

and minimum maintenancactivities (sing gravitational flow and zero energg) decision was
madeto design @orizontalflow bed CW for this schoal Wastewatedischarge is assumed e

the man contributor to the systedue to the lack of required data to determine the water budget.
In addition, wastewatds assumed to hawgreywater characterissdased on its main sources
(kitchen, washrooms and clothes washing), however, themecertainty abouthe contaminants

levels

Table9: Design objectives for selectedntaminants

Pollutants Discharge | RURA (2009) | USEPA (2012)
TSS(mg/L) 85 050 030
BOD (mg/L) 110 050 030
N (total) (mg/L) | 20 030 025

Additional design parameters are assumel&asws:
Maximumdischarge flow(Q): 24 m*day Substrate: @mm gravel bed
The bottomgradent 1%,
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Hydraulic conductivity:340,00 m/day, Depth:80cm.

Safetyfactors: 1% (primary treatment zone), = Water level’5 cm below the ground
and 10% (secondary treatment zone) Plant:Cyperus papyru-6 plantsim?)

4.3.2. Horizontal flow bed configuration using USEPA (2000) method.

The first step to determirtee dimensions of laorizontal flowconstructedvetland is to determine
the suface aregTable 10) requiredo meet the design targets (Tablg he USEPA(2000)
methodwasuseddueto its simplicityusingthe propsed area loading rates (Tab)e&ddue to

limited data éuch as water temperatiure

Tablel10: Sizing of the horizontdlow bedf or | ndat wa ndél nkesha school
Parameters | Wastewater (mg/L) | Area (m?) | Width (m) | Length(m)
TSS 85 102 10.2
BOD 110 440 10 44.0

The suface area required for BO2moval isenough to remay suspended solids as welhdthe
nitrogen level is already below the allowable limihefefore the surface area requirear BOD
removal(440 nt) is consideredsthe designsurfacearea.Other dimesions (widthand length)
u s iquetpn T) Bhe USEBAsmethad wugdess 2 mirdét zone

and 1 m of outlet zonendthe ground water will be protectedth an impervious stone pavement

weredet er mi ned
due to its local availabilityCyperus ppyruswas chosen assuitableplant typedue to its local
availabilityand the difficulties associated with maintaining polyculthigh capacity for nutrient
uptake, and the ability to regrow and replenish quickly after harvesting (Vymaza), Reidled
design planare presented iappendix A, one cell unit was proposed but for maintenance purpose,
this canbe dividedinto twoidenticalunits.

4.3.3. Operational and maintenance

To increase the performance and to reduce the potential risk of clogg#tgeatment system

such as a standard septic tank is requiceceduce the amount of sediments and solids entering
the systemAs discussed in the previous sections, the wetland vegetation should be harvested if it
affects maintenance activities and faxilitate visual checking of the systerfihe hydraulic
loading, the inlet and outlet zones as well imfluent and effluent water quality should be

monitored regularlythe hydraulic loading should not exceed the design valiressdhooshould
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take adantage of tbse monitoring activitiedo teach studentsabout constructed wetlands
technology and to involve them into maintenance activities will help to develop their capacity

and to reduce the gap of limit knowledge about this type of technology.

4.4 Uncertaintiesand limitations

The lack of a common design methodhishallenge for the use of this type of technolagyen
theassumptionsnade in the developmeot different method translocating them aynotalways

be feasibleTherefore,hecost r uct ed wetl and designed for | nd
revised based on primary datareduce uncertaintie addition, pathogens removal and viability

of CW in Rwanda were not assessed due to limited. datad availability and wastewater

discharge disruption during holidayer dry seasonsnay be a restricting factofor the use of
constructed wetlands isome schoolsn Rwanda further studes should look at how long

constructed wetlandsuld survive without inflow water
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Chapt@Gmuw8iaoond recommendati ons

5.1.Conclusion

Constructed wetlands aeepotential technlogy for wastewater treatment gthoolsand other
similar sked institutionsn Rwanda Their operations are possible with locally available resources
and their efflues met RURAGs r e gul While they overalh pegf@nasce dhe
horizontal fl ow bed CW de si$agaoemathle, thectaimédwdtert wa
should only be usedhere there is no direct contact with human or livestock prefefablyrip
irrigation of food crops,otherwise a tertiary treatment is required to remove pathogens that are not
removed through the wetland processk®e land availabilityand safety factors are expected to
govern the use of constructed wetlamlBwandahowever, further researds required to collect
systematic data about CW governing factors in Rwandaconstructed wetland at Indatwa
nol nk e s wikhcorgributeto ariproveal water qualityand itcould be used as an instructional
tool for students

5.2.Recommendations

Further research should be conducted to understatzhtipeermperformancef CWs in Rvanda
their economic viabilityand the sociatultural acceptancef this new type of technologyn
addition, here is aneed tounderstand how long constructed wetlan@ould survive without
inflow wastewater given that wastewater discharge in schools depends on the acadefieyear.
Rwanda Water and Forest Authoritiye RwandaEnvironmentaManagemenfuthority, andthe
Water and Sanitation Corpai@n Ltd shouldpromote the useonstructed wetlandérough the
development ohational guideline to provide systematic data dasign parametets facilitate
theuseof this type of technology. In addition, they should promote the use of construttaadse
not only for domestic wastewater treatment but tdseduce pollutants entering freshw&tem
point and nofpoint sources.
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Appendices

Appendix A: Detailed plansforlor i zont al fl ow bed CW for I ndatwa nélnkesha school

Figure 7: Plan view
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Figure 8: Section view
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Appendi x B: Proposed site plan for CW at Indatwa nélnkesha school

Figure 9: Indatwa n'Inkesha school and its neighborhood

Adapted fronGoogleMaps, 2017
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