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foreword
In a rapidly urbanizing world, poor environmental sanitation has emerged as a major 

challenge, threatening the health and livelihoods particularly of the poor. It is also now 

clear, that if business continues as usual, the sanitation related MDG to halve by 2015, the 

proportion of people without sustainable access to basic sanitation will not be met.  

Mere provision of toilets is not enough to ensure good environmental sanitation. Excreta 

from toilets needs to be transported and disposed of safely without creating an environmental 

health hazard. While in the large cities of industrialized countries this is usually achieved 

through  centralized wastewater management systems with advanced treatment technologies, 

such systems tend to be expensive and diffi  cult to operate. 

Smaller, decentralized, wastewater management and treatment systems such as constructed 

wetlands can be a viable alternative for many urban areas in developing countries. Constructed 

wetlands are relatively inexpensive to build where land is aff ordable and can be easily 

operated and maintained even by the community. 

Th is manual, drawing upon a number of examples in Nepal, provides basic guidance on the 

design, construction and operation and maintenance of constructed wetlands and also 

indicates situations where this may not be a feasible alternative. 

I believe that the experiences and the case studies described in this manual can serve as 

useful reference material for municipal offi  cials and water and sanitation professionals and 

hope that it will stimulate local action for aff ordable and simple wastewater management 

systems and technologies.   

Anna Kajumulo Tibaijuka

Executive Director, UN-HABITAT
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Preface
With support from the Water and Sanitation Trust fund, UN-HABITAT is implementing the Water 

For Asian Cities Programme (WAC) which is currently operational in India, People’s Republic of 

China, Nepal, Lao PDR and Vietnam and is being extended to Cambodia, Indonesia and Pakistan.

With the overarching goal of creating an enabling environment for pro-poor investments in cities, 

the WAC programme is demonstrating innovative approaches for improving access to water and 

sanitation for the poor. Th ese pilot and demonstration projects usually aim to tackle diffi  cult water 

and environmental sanitation problems through practical community based approaches. One such 

problem confronting the rapidly urbanizing cities in Asia is the safe treatment and disposal of 

wastewater. Conventional solutions using advanced technologies are simply not aff ordable or are too 

complex to maintain in most small and medium sized towns.        

Under the WAC’s “normative” work programme, lessons learnt through pilot projects are documented 

for wider dissemination. Th is publication on the design, construction, operation and maintenance of 

constructed wetlands was prepared under the WAC programme on the basis of experiences in Nepal 

and in recognition of the need for a viable alternative to conventional wastewater treatment and 

disposal technologies. It should however be noted that constructed wetlands have their limitations- 

the unavailability or the cost of land can make them unviable; and climatological aspects and 

wastewater parameters can aff ect their proper functioning.  

Th e preparation of the manual was coordinated by Dr. Roshan Shrestha, Chief Technical Adviser, 

WAC, Nepal. Th e WAC programme also appreciates the contribution of Mr. Shirish Singh, Dr. Guenter 

Langergraber and Dr. Elif Asuman Korkusuz of the University of Natural Resources and Applied 

Sciences Vienna in the development of this manual.  

Andre Dzikus

Chief

Water and Sanitation Section II

Water, Sanitation and Infrastructure Branch

United Nations Human Settlements Programme (UN-HABITAT)
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Less than 50%

50% to 75%

76% to 90%

91% to 100%

Insufficient data

Percentage of population
using improved sanitation

FIGURE 1 Improved sanitation coverage in 2002 (WHO/UNICEF, 2004)

introduction

ALMOST all of the world’s major cities have gone in to the 21st Century facing an 

environmental crisis. Th e world’s cities not only face the challenge of supplying adequate 

sanitation facilities to its residents (Figure 1), but must also ensure that the available water 

resources are not contaminated. Th e discharge of untreated wastewater is a major contributor 

to deteriorating health conditions and pollution of nearby water bodies. Th e problem is 

expected to increase due to rapid pace of urban growth, unless measures are taken to control 

and treat effl  uents. 

Th e approach of centralized, water-based sewer systems was applied to attain considerable 

public health improvement in urban areas of industrialized countries. However, the cost of 

such a sewer-based system is enormous and is unaff ordable to many of the developing 

countries. Centralized systems require conventional (intensive) treatment systems, which 

are technologically complex and financially expensive, so many communities of the 

developing countries cannot aff ord the construction and operation of conventional treatment 

systems. For these communities, alternative natural treatment systems, which are simple 

FIGURE 1
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in the construction and operation, yet inexpensive and environmentally friendly, seem to 

be appropriate.

Constructed Wetlands (CWs) are a natural, low-cost, eco-technological biological wastewater 

treatment technology designed to mimic processes found in natural wetland ecosystems, 

which is now standing as the potential alternative or supplementary systems for the 

treatment of wastewater. 

Th is manual is not a plea to implement constructed wetlands for wastewater treatment but 

aims at providing a comprehensive description of the issues related to wastewater treatment 

through constructed wetlands. Th is manual has been prepared as a general guide to the 

design, construction, operation and maintenance of constructed wetlands for the treatment 

of domestic wastewater as well as introduction to the design of constructed wetland for 

sludge drying.

Chapter 2 presents an introduction of the constructed wetlands and its development. 

Chapter 3 describes the confi gurations of constructed wetlands and gives insight of the 

horizontal and vertical fl ow constructed wetlands. Chapter 4 aims at providing an overview 

of working principle of constructed wetlands and describes the removal mechanisms of 

specifi c pollutants. Chapter 5 illustrates the various aspects to be considered during the 

design of a subsurface fl ow constructed wetland. Th e constructional aspects of the wetland 

are illustrated with pictures in Chapter 6. Chapter 7 states the operation and maintenance 

of wetlands for smooth functioning and Chapter 8 gives an introduction on the design of 

constructed wetlands for sludge drying. Six case studies of constructed wetlands in Nepal 

for the treatment of diff erent types of wastewater are described in Chapter 9. Th e case study 

describes the technical details, performance of the wetland, its operation and maintenance 

as well as associated costs.
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what is a 
constructed wetland?

A CONSTRUCTED wetland is a shallow basin fi lled with some sort of fi lter material 

(substrate), usually sand or gravel, and planted with vegetation tolerant of saturated 

conditions. Wastewater is introduced into the basin and fl ows over the surface or through 

the substrate, and is discharged out of the basin through a structure which controls the 

depth of the wastewater in the wetland.

A constructed wetland comprises of the following fi ve major components:

Basin• 
Substrate• 
Vegetation• 
Liner• 
Inlet/Outlet arrangement system.• 

Substrate Vegetation

Outlet

BasinLiner

Inlet

Components of a constructed wetland FIGURE 2
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Th e excavated basin is fi lled with a permeable substrate (rock, gravel, sand and soil have all 

been used), and the water level is maintained below the top of the substrate so that all fl ow 

is supposed to be subsurface. Th is substrate supports the roots system of the same types of 

emergent vegetation, which are planted in the top surface of the substrate. Th e equal 

distribution and collection of wastewater is achieved by inlet and outlet arrangement 

systems. A liner is used, if the protection of the groundwater is important.

Since the 1950s, CWs have been used eff ectively to treat diff erent wastewaters with diff erent 

confi gurations, scales and designs throughout the world. Existing systems of this type range 

from those serving single-family dwellings to large-scale municipal systems. Nowadays, 

constructed wetlands are common alternative treatment systems in Europe in rural areas 

and over 95% of these wetlands are subsurface fl ow wetlands. In the following years, the 

number of these systems is expected to be over 10,000 only in Europe (Platzer, 2000). 

Even though the potential for application of wetland technology in the developing world is 

enormous, the rate of adoption of wetlands technology for wastewater treatment in those 

countries has been slow. It has been identifi ed that the current limitations to widespread 

adoption of CW technology for wastewater treatment in developing countries is due to the 

fact that they have limited knowledge and experience with CW design and management. 

Due to the enormous potential of constructed wetlands for wastewater treatment, a number 

of international conferences are organized for the dissemination of the new developments 

in this fi eld. Apart from other international conferences, the International Water Association 

(IWA) organizes the International Conference on Wetland Systems for Water Pollution 

Control every two year. The list of the IWA international conferences are shown in 

Table 1.

TABLE 1 Major international conferences

CONFERENCE DATE VENUE

1st International Conference on Wetland Systems for Water Pollution Control 1988 Chattanooga, USA

2nd International Conference on Wetland Systems for Water Pollution Control 24 to 28 Sept 1990 Cambridge, U.K.

3rd International Conference on Wetland Systems for Water Pollution Control 30 Nov to 03 Dec 1992 Sydney, Australia

4th International Conference on Wetland Systems for Water Pollution Control 6 to 10 Nov 1994 Guangzhou, P.R. China

5th International Conference on Wetland Systems for Water Pollution Control 15 to 19 Sept 1996 Vienna, Austria

6th International Conference on Wetland Systems for Water Pollution Control 27 Sept to 02 Oct 1998 Sao Pedro, Brazil

7th International Conference on Wetland Systems for Water Pollution Control 11 to 16 Nov 2000 Florida, USA

8th International Conference on Wetland Systems for Water Pollution Control 16 to 19 Sept 2002 Arusha, Tanzania

9th International Conference on Wetland Systems for Water Pollution Control 26 to 30 Sept 2004 Avignon, France

10th International Conference on Wetland Systems for Water Pollution Control 25 to 29 Sept 2006 Lisbon, Portugal

11th International Conference on Wetland Systems for Water Pollution Control 01 to 07 Nov 2008 Indore, India

4
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2.1 Advantages of constructed wetlands
wetlands can be less expensive to build than other treatment options• 
utilization of natural processes,• 
simple construction (can be constructed with local materials),• 
simple operation and maintenance,• 
cost eff ectiveness (low construction and operation costs),• 
process stability.• 

2.2 Limitations of constructed wetlands
large area requirement• 
wetland treatment may be economical relative to other options only where land is • 
available and aff ordable.

design criteria have yet to be developed for diff erent types of wastewater and climates.• 
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confi gurations of 
constructed wetland

THERE are various design confi gurations of constructed wetlands (Haberl, 1999) and they 

can be classifi ed according to the following items:

Life form of the dominating macrophytes (free-fl oating, emergent, submerged),• 
Flow pattern in the wetland systems (free water surface fl ow; subsurface fl ow: horizontal • 
and vertical),

Type of confi gurations of the wetland cells (hybrid systems, one-stage, multi-stage • 
systems),

Type of wastewater to be treated,• 
Treatment level of wastewater (primary, secondary or tertiary),• 
Type of pretreatment,• 
Infl uent and effl  uent structures,• 
Type of substrate (gravel, soil, sand, etc.), and• 
Type of loading (continuous or intermittent loading).• 

Among the various classifi cations listed above, only subsurface fl ow constructed wetlands 

have been considered in this manual. Th ere are mainly two types of fl ow directions used in 

these wetlands. Th ese are horizontal fl ow (HF) and vertical fl ow (VF). 

3.1 Horizontal fl ow (HF)

Figure 3 shows schematic cross section of a horizontal fl ow constructed wetland. It is called 

HF wetland because the wastewater is fed in at the inlet and fl ow slowly through the porous 

substrate under the surface of the bed in a more or less horizontal path until it reaches the 

outlet zone. During this passage the wastewater will come into contact with a network of 

aerobic, anoxic and anaerobic zones. The aerobic zones will be around the roots and 

rhizomes of the wetland vegetation that leak oxygen into the substrate.  During the passage 

of wastewater through the rhizosphere, the wastewater is cleaned by microbiological 
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Schematic cross- section of a vertical fl ow constructed wetland (Morel & Diener, 2006) FIGURE 4

degradation and by physical and chemical processes (Cooper et al. 1996). HF wetland can 

eff ectively remove the organic pollutants (TSS, BOD5 and COD) from the wastewater. Due 

to the limited oxygen transfer inside the wetland, the removal of nutrients (especially 

nitrogen) is limited, however, HF wetlands remove the nitrates in the wastewater.

3.2 Vertical fl ow (VF) 

VF constructed wetland comprises a fl at bed of sand/gravel topped with sand/gravel and 

vegetation (Figure 4). Wastewater is fed from the top and then gradually percolates down 

through the bed and is collected by a drainage network at the base.

Dristribution Pipes

Impermeable Liner

Gravel

Sand

Drainage Pipes

Schematic cross- section of a horizontal fl ow constructed wetland (Morel & Diener, 2006) FIGURE 3

Water level

Vegetation

Inlet Pipe

Impermeable liner

Distribution
Zone (gravel)

Collection Zone
(gravel)

Adjustable
standpipe

Treatment
Zone (sand)
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VF wetlands are fed intermittently in a large batch fl ooding the surface. Th e liquid gradually 

drains down through the bed and is collected by a drainage network at the base. Th e bed drains 

completely free and it allows air to refi ll the bed. Th e next dose of liquid traps this air and this 

together with aeration caused by the rapid dosing onto the bed leads to good oxygen transfer 

and hence the ability to nitrify. Th e oxygen diff usion from the air created by the intermittent 

dosing system contributes much more to the fi ltration bed oxygenation as compared to oxygen 

transfer through plant. Platzer (1998) showed that the intermittent dosing system has a 

potential oxygen transfer of 23 to 64 g O2.m-2.d-1 whereas Brix (1997) showed that the oxygen 

transfer through plant (common reed species) has a potential oxygen transfer of 2 g O2.m-2.

d-1 to the root zone, which mainly is utilized by the roots and rhizomes themselves. 

Th e latest generation of constructed wetlands has been developed as vertical fl ow system 

with intermittent loading. Th e reason for growing interest in using vertical fl ow systems 

are:

Th ey have much greater oxygen transfer capacity resulting in good nitrifi cation;• 
Th ey are considerably smaller than HF system,• 
Th ey can effi  ciently remove BOD• 5, COD and pathogens.

3.3 Hybrid

HF wetland is approved well to remove BOD5 and TSS for secondary wastewater treatment 

but not for nitrifi cation due to the limited oxygen transfer capacity. As a result there has 

been a growing interest in VF wetland because they have a much greater oxygen transfer 

capacity and considerably less area requirement than HF. But VF wetlands also have some 

limitation like less effi  cient in solids removal and can become clogged if the media selection 

is not correct. Due to these reasons, there has been a growing interest in combined (hybrid) 

wetlands. In these systems, the advantages and disadvantages of the HF and VF can be 

combined to complement each other. 

Depending on the purpose, hybrid wetlands could be either HF wetland followed by VF 

wetland or VF wetland followed by HF wetland.
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how does a constructed 
wetland function

A CONSTRUCTED wetland is a complex assemblage of wastewater, substrate, vegetation 

and an array of microorganisms (most importantly bacteria). Vegetation plays a vital role 

in the wetlands as they provide surfaces and a suitable environment for microbial growth 

and fi ltration. Pollutants are removed within the wetlands by several complex physical, 

chemical and biological processes as depicted in Figure 5. 

Th e pollutant removal mechanisms in constructed wetland are presented in Table 2.

Marsh Plants

Volatilization

Pollutant

Sediment

Filtration & Adsorption Sedimentation, 
precipitation & Adsorption

Plant metabolism Bacterial
Degradation

Wastewater
Infl ow

Pollutant removal mechanism (modifi ed from Wetlands International, 2003) FIGURE 5
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TABLE 2 Pollutant Removal Mechanisms in Constructed Wetlands (Cooper et al., 1996)

WASTEWATER CONSTITUENTS REMOVAL MECHANISM

Suspended Solids
Sedimentation • 
Filtration• 

Soluble organics
Aerobic microbial degradation• 
Anaerobic microbial degradation• 

Phosphorous
Matrix sorption• 
Plant uptake• 

Nitrogen

Ammonifi cation followed by microbial nitrifi cation• 
Denitrifi cation• 
Plant uptake• 
Matrix adsorption• 
Ammonia volatilization (mostly in SF system)• 

Metals

Adsorption and cation exchange• 
Complexation• 
Precipitation• 
Plant uptake• 
Microbial Oxidation /reduction• 

Pathogens

Sedimentation• 
Filtration• 
Natural die – off • 
Predation• 
UV irradiation (SF system)• 
Excretion of antibiotics from roots of macrophytes• 

Settleable and suspended solids that are not removed 

in the primary treatment are eff ectively removed in 

the wetland by fi ltration and sedimentation. Particles 

settle into stagnant micropockets or are strained by 

fl ow constrictions.

Attached and suspended microbial growth is 

responsible for the removal of soluble organic 

compounds, which are degraded biologically both 

aerobically (in presence of dissolved oxygen) as well 

as anaerobically (in absence of dissolved oxygen). 

The oxygen required for aerobic degradation is 

supplied directly from the atmosphere by diff usion 

or oxygen leakage from the vegetation roots into the 

rhizosphere, however, the oxygen transfer from the 

roots is negligible (Figure 6).

The mechanisms for phosphorus removal in 

constructed wetlands are adsorption, complexation 

and precipitation, storage, plant uptake and biotic 

assimilation (Watson et al., 1989).  

Reduced 
Zone

New Shoot

Root

Oxidised Zone

Root Hair 
Enlarged

Oxygen

Rhizome

Oxygen transfer from roots
(modifi ed from Wetlands 

International, 2003) FIGURE 6
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Th e removal mechanisms for nitrogen in constructed wetlands are manifold and include 

volatilization, ammonification, nitrification/denitrification, plant uptake and matrix 

adsorption (Figure 7). Th e major removal mechanism in most of the constructed wetlands 

is microbial nitrifi cation/denitrifi cation. Ammonia is oxidized to nitrate by nitrifying 

bacteria in aerobic zones. Nitrates are converted to dinitrogen gas by denitrifying bacteria 

in anoxic and anaerobic zones. 

Th e process of metal removal in wetlands include sedimentation, fi ltration, adsorption, 

complexation, precipitation, cation exchange, plant uptake and microbially-mediated 

reactions especially oxidation (Watson et al., 1989). Adsorption involves the binding of 

metal ions to the plant or matrix surface, whereas the presence of bacteria causes the 

precipitation of metal oxides and sulphides within the wetland. Some wetland species have 

a well-established ability for direct uptake of metals.

Pathogens are removed in wetland during the passage of wastewater through the system 

mainly by sedimentation, fi ltration and adsorption by biomass. Once these organisms are 

entrapped within the system, their numbers decrease rapidly, mainly by the processes of 

natural die-off  and predation (Cooper et. al, 1996).

N2 ' N2ON2 ' 

N2O gas
Biomass
uptake

Biomass uptake

Nitrogen transformations in a constructed wetland (Cooper et al., 1996) FIGURE 7

Volatilisation Matrix absorption Biomass uptake

Aerobic ZoneAnaerobic Zone

Ammonifi cation

Nitrifi cation

Denitrifi cation Nitri
fi cation

NH4
+

Organiv N

NO3
-

NO2
-
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design of 
constructed wetland

BEFORE designing a constructed wetland, it should be borne in mind that the substrate 

of the wetland can be rapidly fi lled up with debris, grit, and solids from raw wastewater if 

these materials are not removed prior to the wetland. Th erefore, a minimum preliminary/

primary treatment should be provided to remove the settleable solids.  However, some 

systems in France have avoided the primary treatment units and used staged vertical fl ow 

constructed wetlands, that are operated in parallel, instead (Molle et al., 2004). Th ese systems 

are out of the scope of this manual. Please refer to the research paper “How to treat raw 

sewage with constructed wetlands: An overview of the French Systems” presented as 

Annex–A of this manual. 

5.1 Preliminary treatment

Preliminary treatment mainly separates the coarsely dispersed solids out of the liquid phase. 

Th e preliminary treatment prepares wastewater infl uent for further treatment in wetland 

by reducing or removing problem wastewater characteristic that could otherwise impede 

operation or unduly increase maintenance of the wetland and pumps (if any). Th e typical 

problem characteristics include large solids and rags; grit; odours etc.

Th e preliminary treatment of wastewater comprises of mainly screen and grit chamber. A 

screen is a device with openings, generally of uniform size, that is used to retain solids found 

in the infl uent wastewater to the treatment plant, which removes coarse materials from the 

wastewater. Grit chamber remove grit, consisting of sand, gravel, or other heavy sold materials 

that have specifi c gravities much greater than those of the organic solids in the wastewater. 

(Th e Reader is recommended to follow standard text books for preliminary treatment of 

wastewater.)

chapter
FIVE

Co
ns

tr
uc

te
d 

W
et

la
nd

s M
an

ua
l

15



5.2 Primary treatment

Primary treatment separates the suspended matter by physical operations mainly 

sedimentation. Raw wastewater contains suspended particulate heavier than water; these 

particles tend to settle by gravity under quiescent conditions. Primary treatment reduces 

suspended solids, organic load to the wetland and also equalises raw wastewater quality and 

fl ow to a limited degree. 

5.2.1 Septic Tank

Th e septic tank is the most common primary treatment used in small-scale constructed 

wetland worldwide. A two-compartment septic tank will remove more solids than a single 

compartment tank (Loudon et al., 2005). Figure 8 depicts a schematic cross-section of a 

typical double-compartment septic tank. 

Septic tanks will generally need to be desludged, otherwise they produce very poor effl  uents 

with high suspended solids content, which can be detrimental to the constructed wetland 

(clogging of beds). To ensure continuous eff ective operation, the accumulated material 

must therefore be emptied periodically. Th is should take place when sludge and scum 

accumulation exceeds 30 percent of the tank’s liquid volume. Th e basic design criteria for 

a two-chambered septic tank is shown in Table 3.

Table 3 Basic design criteria for two-compartment septic tank

Hydraulic retention time > 12 hours at maximum sludge depth and scum accumulation

Sludge accumulation rate Depending on TSS removal rate and wastewater fl ow (70 – 100 litres/person/year)

Sludge and scum accumulation volume Sludge accumulation rate multiplied by sludge accumulation rate 

Desludging interval > 1 year

Volume of fi rst compartment Two-third of the entire tank volume

Scum

Sludge

Schematic cross- section of a two-compartment septic tank (Morel and Diener, 2006) FIGURE 8
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Scum

Further information on septic tank design is available from Mara D. (1996), Crites and 

Tchobanoglous (1998), Sasse L. (1998) or any other standard references.

EXAMPLE 

The example presented here is a general case. Let us calculate the sizing of a two-chambered septic tank for a population of 400 
with specifi c wastewater fl ow of 80 litres per person per day.

Average volume of wastewater (Q) = 400 x 80 / 1000 = 32 m• 3/d
Hydraulic Retention time (HRT) = 1.5 day = 36 hours (assumed)• 
Required volume of septic tank = Q x HRT = 32 x 1.5 = 48 m• 3

Volume of 1• st compartment = 2/3 of required volume = 2/3 x 48 = 32 m3

Volume of 2• nd compartment = 1/3 of required volume = 1/3 x 48 = 16 m3

Depth of septic tank = 2 m (assumed)• 
Width of septic tank = 4 m (assumed)• 

Then,
Length of 1• st compartment = Volume/(Depth x Width) = 32/(1.7* x 4) = 4.7 m
Length of 2• nd compartment = Volume/(Depth x Width) = 16/(1.7* x 4) = 2.35 m

* Please note that the depth of septic tank is taken as 1.7 m after deducting a free board of 0.3 m)

Check the HRT after sludge accumulation:
Sludge accumulation rate = 70 litres/person/year• 
Desludging interval = 1 year• 
Sludge volume = sludge accumulation rate x number of users x desludging interval = (70 x 400 x 1)/1000 = 28 m• 3

Available volume for wastewater in septic tank = Total volume – sludge volume = 48 – 28 = 20 m• 3

HRT after sludge accumulation = Available volume for wastewater in septic tank/Average volume of wastewater = 20/32 = • 
0.625 days = 15 hours (Since HRT > 12 hours, the design is OK)

5.2.2 Anaerobic Baffl  e Reactor (Improved septic tank)

In recent years, anaerobic baffl  e reactor (improved septic tank) designs have been developed 

to enhance removal effi  ciencies of solids and organic pollutants. Th e basic principle of such 

systems is to increase contact between the entering wastewater and the active biomass in 

the accumulated sludge. Th is is achieved by inserting baffl  es into the tank and forcing the 

wastewater to fl ow under and over the baffl  es as the wastewater passes from inlet to outlet. 

Wastewater fl owing from bottom to top passes through the settled sludge and enables 

contact between wastewater and biomass. 

Scum

Sludge

Schematic cross- section of an up fl ow anaerobic baffl  e reactor (Morel and Diener, 2006) FIGURE 9 Co
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Th e basic design criteria for an anaerobic baffl  e reactor are shown in Table 4.

Table 4 Basic design criteria for an anaerobic baffl  e reactor

Hydraulic retention time > 24 hours at maximum sludge depth and scum accumulation

Sludge accumulation rate Depending on TSS removal rate and wastewater fl ow (70 – 100 litres/person/year)

Sludge and scum accumulation volume Sludge accumulation rate multiplied by sludge accumulation rate 

Desludging interval > 1 year

Number of upfl ow chambers > 2

Maximum upfl ow velocity 1.4 – 2 m/h

Further information on anaerobic baffl  e reactor design is available from Sasse (1998), 

Wanasen (2003), Foxon et al., (2004) etc.

5.3 Sizing of the wetland

5.3.1 Sizing based on equation 

Th e wetland might be sized based on the equation proposed by Kickuth:

    

A• h = Surface area of bed (m2)

Q• d = average daily fl ow rate of sewage (m3/d)

C• i  = infl uent BOD5 concentration (mg/l)

C• e  = effl  uent BOD5 concentration (mg/l)

K• BOD = rate constant (m/d)

KBOD is determined from the expression KTdn, where,

K• T   = K20 (1.06)(T-20)       

K• 20   = rate constant at 20 ºC (d-1)

T    = operational temperature of system (• ºC)

d = depth of water column (m)• 
n = porosity of the substrate medium (percentage expressed as fraction)• 

KBOD is temperature dependent and the BOD degradation rate generally increases about 

10 % per ºC. Th us, the reaction rate constant for BOD degradation is expected to be higher 

during summer than winter. It has also been reported that the KBOD increases with the age 

of the system. 

Ah = Qd (ln Ci – ln Ce)

KBOD
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5.3.2 Sizing based on specifi c area requirement per 
Population Equivalent (PE) 

Th e specifi c area requirement per PE holds true where there is uniformity in the specifi c 

wastewater quantity and quality. In general, the rules of thumb suggested by several works 

can be served as a safe bed (depending on the climatic conditions). However the investment 

costs tend to be higher due to conservative aspects of this approach. 

Specifi c area requirement for HF and VF constructed wetland has been calculated for various 

specifi c wastewater discharges for a certain population. Th e BOD contribution has been 

taken as 40 g BOD/pe.d, 30% BOD load is reduced in the primary treatment and the effl  uent 

concentration of BOD is taken as 30 mg/l. Th e KBOD for HF and VF wetlands are taken as 

0.15 and 0.20 respectively. It is seen that a specifi c area requirement of 1 – 2 m2/pe would 

be required of HF constructed wetlands where as a specifi c area of 0.8 – 1.5 m2/pe for the 

VF wetland. 

Taking into considerations of the cases in Nepal, it is to be noted that the specifi c area 

requirement presented in the graph is less than the specifi c area requirement given in various 

literatures because the KBOD used in the literatures are lower and the specifi c wastewater 

discharges are high. 
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