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Abstract 
In recent years, the treatment of phosphorus in Nyland's water treatment 

plant (located in Åre municipality) has been substandard. The problem has 

persisted despite attempts to lower the concentration to meet the emission 

requirements. A desire to find alternative, more environmentally friendly 

treatment methods has therefore been expressed from the municipality. 

Aside from the requirements, there is a desire to keep nutrient levels in the 

recipient (Indalsälven) low to preserve its natural state. A recognized 

method for treating wastewater is the use of constructed wetlands, where 

the characteristics of a natural wetland are enhanced and taken advantage 

of. 

The assessment of which type of constructed wetland that would be most 

beneficial to apply, was done by rating and weighting a number of 

characteristics of importance for lowering the phosphorus concentration. A 

first-order area-based model was used to estimate the size of the wetland. 

This report found that there is a suitable site to build a free water surface 

wetland in the vicinity of the water treatment plant. The wetland would act 

as a polishing step in the treatment train. As there is an element of 

uncertainty in treatment performance when a living ecosystem as wetland 

is used, it is advised to enlarge this study and include more design aspects 

to refine the layout and configuration.  

Key words: cold climate, ecological engineering, free water surface wetland, 

horizontal subsurface wetland, phosphorus treatment
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List of definitions 
 

Definition Description 

Aspect ratio A measure of the shape of a constructed wetland, calculated as the ratio of length to 
width. 

Background 
concentration 

The naturally occurring or baseline concentration of a substance or pollutant in an 
environment.  

CW Constructed Wetland. A constructed wetland is a man-made system designed to 
replicate the treatment processes of a natural wetland.  

Detention time The length of time that water remains in a constructed wetland. A longer detention 
time can allow more time for pollutants to be removed from the water. 

FWS Free Water Surface. A type of constructed wetland with areas of open water. 

Sorption The process by which pollutants are removed from water through the physical or 
chemical attachment of the pollutant molecules to a surface. 

HSSF Horizontal Subsurface Flow. A type of constructed wetland that have a horizontal 
water flow below the bed surface. 

Hydraulic condition The state of flow within a constructed wetland. Proper hydraulic conditions are 
important for achieving efficient pollutant removal. 

Rate constant A measure of the rate at which a substance is removed from water. 

SSF Subsurface flow. Indicates that the water flow (of the wetland) is below the bed 
surface. 

TP Total Phosphorus. A measure of all phosphorus found in a water sample. 

Treatment 
efficiency 

A measure of the effectiveness of a constructed wetland in removing pollutants from 
water, often expressed as a percentage of the pollutant concentration removed. 

Treatment train The sequential arrangement of treatment processes used in wastewater treatment 
systems. 

TSS Total Suspended Solids. The dry-weight of suspended particles in a water sample. 

VF Vertical Flow. A type of subsurface flow wetland with a vertical flow of water. 
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1 Introduction 

1.1 Observation and problem description 
Since 2022, there is an act containing emission requirements for phosphorus that apply to 

Nyland's water treatment plant (Åre kommun, 2022). These requirements have not been met, 

despite attempts to lower the concentration below the limit value1 (Åre kommun, 2023). 

Aside from the requirements in the act, there is a desire to keep nutrient levels in the 

recipient (Indalsälven) low to preserve its natural state (Indalsälvens vattenvårdsförbund, no 

date; Directive 2000/60/EC, 2000; United Nations, 2015). 

There is a wish to explore alternative ways to treat wastewater that are more 

environmentally friendly than the methods of today, such as a constructed wetland2. 

In a larger context, a radical change in energy and resource use is essential for a sustainable 

future on earth (Steffen et al., 2015; Dixson-Decléve et al., 2022). A water treatment plant is 

dependent on cement, steel, chemicals and a constant supply of energy. The use of 

constructed wetlands is in line with the necessary transmission to a society that use less 

energy and resources. 

1.2 Background 
A wetland can be defined in many ways. The definition from the Ramsar Convention on 

Wetlands (1971) is internationally recognized and widely accepted. In summary, a wetland 

can be described as land where water is found just below, in or just above the ground surface 

for a large part of the year. It is known that natural wetlands can be one of the most 

biological productive ecosystems on earth (Kadlec and Wallace, 2009). The high biological 

activity in a wetland allows for transformation processes of many man-made pollutants. The 

by-products from the processes can be nutrients or compounds that the wetland can take 

advantage of to enhance the biological productivity (Kadlec and Wallace, 2009).  

Constructed wetlands (CWs) are systems designed to make use of the treatment 

characteristics of a natural wetland. Often the treating properties are enhanced depending on 

the type of pollutants a wetland is designed to treat. Constructed wetlands can sometimes be 

referred to as treatment wetlands (Kadlec and Wallace, 2009). 

The use of CWs to treat wastewater can be beneficial for both the natural environment and 

human society if the design of the wetland follows the principles of ecological engineering. A 

sound ecological design of a CW can not only solve the problem with polluted water for the 

society and enable healthy ecosystems, but will also provide a number of ecosystem services 

 

1 Jonas Tollgren, engineer at the technical department of Åre municipality, interview 17 February 2023. 
2 ibid. 
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(Kangas, 2004; Millennium Ecosystem Assessment, 2005; Jorgensen, 2008). One of the most 

important principles is to reduce the use of fossil energy, which is critical in order to stay 

within the planetary boundaries (Bolton, 2008; Steffen et al., 2015). The energy utilization can 

be considerably smaller in a CW compared to a conventional water treatment plant (Kadlec 

and Wallace, 2009).  

1.3 Principles of ecological engineering 
Ecological engineering recognizes that human well-being is interconnected with the health of 

the natural environment (Jorgensen, 2008). The overall design principle for the ecological 

engineer is to create and manage ecosystems that benefits both the natural environment and 

human well-being. The ecosystems should be sustainable and resilient: the aim is to 

minimize external input (energy and other resources) and waste production, and the 

ecosystems should be able to adapt to changing conditions (over time). This means that a 

well-designed and functioning ecosystem doesn’t produce any waste; the waste is 

assimilated by the system and utilized by other processes (Bolton, 2008). Ecological 

engineered design – in contrary to traditional engineered design – works with natural forces 

and let the designed system self-organize over time, allowing nature to finalize the outcome 

(Table 1) (Kangas, 2004; Bolton, 2008). 

Table 1: Examples of concepts and characteristics of traditional versus ecological engineering designs (Bolton, 

2008). 

Traditional engineering Ecological engineering 

Efficiency of function Persistence of function 

Resists disturbance Absorbs and recovers from disturbance 

One equilibrium point Multiple, nonstable equilibria 

Tries to control natural forces Works with natural forces 

Single acceptable outcome More than one acceptable outcome 

 

Ecological engineering can be divided into four classes of which the use of constructed 

wetlands applies to the second class: “Ecosystems are imitated or copied to reduce or solve a 

pollution problem, leading to constructed ecosystems. Examples are fishponds and 

constructed wetlands for treating wastewater or diffuse pollution sources (Jorgensen, 2008, 

p. 1026).” 

A CW is often used in combination with a conventional treating method as a water treatment 

plant, especially when municipal wastewater is treated (Kadlec and Wallace, 2009). The 

treatment is often divided into steps: the first steps are mechanical, biological and chemical 

treatment in the treatment plant followed by a polishing process, or post-treatment, in the 

CW.  
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1.4 Constructed wetland types for wastewater treatment 
There are a range of different variations and combinations of CWs used to treat wastewater 

today (Vymazal, 2008b). CWs for wastewater treatment are often divided into two main 

groups (Figure 1), according to the characteristics of the waterflow: CWs with surface flow 

(sometimes referred to as free water surface, abbreviated as FWS) or subsurface flow (SSF). 

FWS CWs have areas of open water and a surface flow (Kadlec and Wallace, 2009). In SSF 

CWs the water runs below the bed surface through a filter media. 

 

Figure 1: Basic types of constructed wetlands for wastewater treatment (inspired by Kadlec and Wallace, 2009; 

Vymazal, 2008b). 

Both CWs with surface flow and subsurface flow (and combinations of the two, so-called 

hybrid systems) can advantageously be used to treat wastewater (Vymazal, 2008b). Which 

system is most efficient depends on a number of factors: type and composition of pollutants 

in the wastewater, climate, volumes of wastewater, location of CW, to mention a few main 

factors. All these parameters, and more, have to be evaluated in a design process (Kadlec and 

Wallace, 2009). 

1.4.1 Surface flow wetlands 

This category of constructed wetlands is similar in appearance to natural wetlands. They 

contain areas of open water, floating vegetation and emergent plants (Kadlec and Wallace, 

2009). Because of the resemblance to natural wetlands, it is not unlikely that they will attract 

many forms of wildlife such as insects, fish, mollusks, amphibians, birds and mammals 

(Kadlec and Wallace, 2009). The main flow of water is horizontal (Figure 2). 
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Figure 2: Cross-section of FWS wetland with basic elements (inspired by Kadlec and Wallace, 2009; Vymazal, 

2007). 

The configuration and composition of a FWS CW allows for several treatment processes of 

the water: sedimentation, filtration, oxidation, reduction, sorption and precipitation (these 

processes are explained in chapter 1.6 Phosphorus processing) (Vymazal, 2007; Kadlec and 

Wallace, 2009). 

FWS CWs are most commonly used for advanced polishing of water from secondary (or 

tertiary treatment) processes (Figure 3). Primary and secondary treatment processes are often 

included in water treatment plants (Kadlec and Wallace, 2009). This sequential arrangement 

of treatment processes can be referred to as a treatment train (Kadlec and Wallace, 2009). 

 

Figure 3: Typical application of a treatment train with a FWS wetland (inspired by Kadlec and Wallace, 2009). 

The use of FWS CWs can be applied in all climates, including the far north. Ice formation 

might temporarily alter the hydraulic conditions and hinder the use during winter (Kadlec 

and Wallace, 2009). This has a negative effect on the retaining processes, especially oxygen-

dependent processes (Vymazal, 2007; Kadlec and Wallace, 2009). 

Several cultural ecosystem services are associated with this category of CWs (Millennium 

Ecosystem Assessment, 2005; Kadlec and Wallace, 2009). Ecosystem services refer to the 

benefits and values that humans derive from ecosystems (including both natural and 

human-managed systems) (Millennium Ecosystem Assessment, 2005). The wetland can be of 

interest for outdoor recreational purposes such as bird watching and other leisure activities. 
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The level of maintenance and management for FWS CWs is fairly low (Kadlec and Wallace, 

2009). They cannot be left unattended for prolonged periods, even if they are operator-

friendly. Sampling needs to be executed on a regularly basis to make sure that the treatment 

processes are on an acceptable level. The water control structures (inlet and outlet, pumps 

and other mechanical features) needs to be checked and cleaned regularly. Sediment in the 

inlet zone have to be dug out when it’s filled to facilitate sedimentation and accretion 

treatment processes, and to prevent solids to accrete in the vegetated zones (Kadlec and 

Wallace, 2009).  

1.4.2 Horizontal sub surface flow wetlands 

The category of SSF CWs can be further split into two subgroups, horizontal subsurface flow 

(HSSF) and vertical flow (VF) CWs. 

HSSF CWs (Figure 4) are commonly used for secondary treatment of wastewater in the range 

from single-family homes to small communities (Kadlec and Wallace, 2009). This type of CW 

can also be applied to treat discharge from the secondary treatment of a water treatment 

plant. The CW would in this case act as a tertiary treatment or post-treatment system. 

 

Figure 4: Cross-section of HSSF wetland with basic elements (inspired by Kadlec and Wallace, 2009; Vymazal, 

2008a). 

There are two elements that should be paid extra time and thinking when the design of a 

HSSF CW is planned (Vymazal, 2008a). These two elements are pretreatment and vegetated 

beds. The most important function of the pretreatment is the mechanical removal of 

suspended solids, and larger objects. A main disadvantage of HSSF CWs is the clogging of 

the bed media that over time renders the wetland ineffective or even hinders its treatment 

properties (Kadlec and Wallace, 2009). A well-functioning pretreatment will delay the 

clogging of the media and extend the time that the wetland functions according to the 

intended design. 
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The choice and composition of substrate in the vegetated beds is crucial for the wetlands 

possibility to work properly (Vymazal, 2008a). The substrate will act as a filter for the water 

and a growing media for the plants. The hydraulic conductivity of the substrate will have a 

direct impact on the flow of the water and hydraulic retention time in the CW. A low 

hydraulic conductivity can lead to surface flow and thereby a shorter retention time. Efficient 

treatment is dependent on long enough retention time and water flow through the bed 

media (Kadlec and Wallace, 2009). The substrate that acts as filter media should be made up 

of coarse material (crushed rock or gravel) in the size range of 5-20 mm (Vymazal, 2008a). 

The substrate must support plant growth, allowing the roots to penetrate the growing media 

(Vymazal, 2008a). Most often a liner, made of geotextile or plastic, is placed underneath the 

substrate to prevent leakage to the surroundings (Vymazal, 2008a). 

The main operational issue of an HSSF CW is the inevitable clogging of the bed media 

(Kadlec and Wallace, 2009). During a 20-year period for a HSSF wetland, declogging needs 

to be performed at least once. There are only two sensible ways to deal with bed clogging; 

either remove the bed media and replace with new material, or remove the bed – wash it – 

and return it to the wetland (Kadlec and Wallace, 2009). 

 

1.5 Constructed wetlands in cold climates 
The use of constructed wetlands for water treatment is not as widespread in cold climates as 

in relatively warmer climates (B. Ji et al., 2020). One of the reasons for this can be that CWs 

are more efficient in warmer climates (tropical or subtropical should be best) with longer 

vegetation periods (Wittgren and Mæhlum, 1997; B. Ji et al., 2020). The treatment efficiency in 

a CW is partially dependent on biological and biochemical processes which are slowed down 

or halted during the cold and dark periods of the year (M. Ji et al., 2020). Another issue in 

cold climates can be ice formation and freezing of the bed that can stop or alter the water 

flow and change the hydraulic conditions (B. Ji et al., 2020). Several studies on different types 

of CWs have been done in cold climates. CWs in cold climates are feasible but extra 

insulation during the winter should be considered (Wittgren and Mæhlum, 1997; Kadlec and 

Wallace, 2009). HSSF CWs are preferred to FWS CWs in cold climates since they don’t have a 

free water surface which are more prone to freeze than the unsaturated surface layer of a 

HSSF system (Wittgren and Mæhlum, 1997). There are several ways to insulate a HSSF to 

prevent the water from freezing: standing dead plants combined with mulch and/or snow, 

lowered water levels or an ice layer on top of the bed surface (Kadlec and Wallace, 2009). 

There are examples were greenhouse-like structures have been used for insulation (B. Ji et al., 

2020). Shallow geothermal energy can be used by adding a “heating section” to the system of 

a HSSF CW (Liang et al., 2020). This can prevent the water from freezing and keep the 
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removal rates for nitrogen, ammonium ion and phosphorus at relatively high levels during 

the winter. 

When FWS CWs are used in cold climates they can be operated in three different ways 

(Kadlec and Wallace, 2009): 

• Full discharge every day of the year, allowing ice to form 

• Reduced discharge in the winter together with pond storage 

• No discharge in the winter, only storing in ponds 

Prior to periods with temperatures below freezing, the water level in a FWS CW can be 

raised. When an ice layer thick enough has formed, the water level can be lowered again. 

Now there is an insulating air layer between the ice and the water. Snow on top of the ice, 

further adds to the insulation. When this approach is used, the wetland is often designed 

with extra embankments to keep the ice in place (Wittgren and Mæhlum, 1997; Kadlec and 

Wallace, 2009). 

 

1.6 Phosphorus processing 

1.6.1 Phosphorus as a pollutant 

Since phosphorus is essential for the growth of autotrophs like algae, the reduction of 

phosphorus in wastewater can limit or restrain algal bloom. This is in line with Liebig’s law 

of the minimum, i.e. the availability of phosphorus is a limiting factor (Allaby, 2019); if the 

amount of phosphorus is reduced, the chain of events that leads to eutrophication and 

oxygen depletion in lakes and other water bodies can be stopped. The water in Indalsälven, 

just downstream from the discharge of the water treatment plant, can be defined as 

oligotrophic, which means that the waterbody has low nutrient levels (particularly low 

concentrations of nitrogen and phosphorus) (OECD, 1982; Indalsälvens Vattenvårdsförbund, 

2023). The yearly average of total phosphorus (TP) has been 4.7 µg L-1 from 2018 to 2022 at 

the Kullenbron measuring location (Indalsälvens Vattenvårdsförbund, 2023). This means 

that there is no pending risk for algal bloom and eutrophication. But there is a will to keep 

the water low in nutrients, and ensure that it maintains drinking water quality (Indalsälvens 

vattenvårdsförbund, no date). This is in line with EU policies and the sustainable 

development goals (Directive 2000/60/EC, 2000; United Nations, 2015). 

1.6.2 Treatment of phosphorus in wetlands 

In the phosphorus cycle there is no gaseous form. Phosphorus enters a wetland as phosphate 

(PO43-) dissolved in the water, dissolved organic particles or particulate phosphorus (organic 

and inorganic) (Leonardson, 2002). The environment in a wetland enables the transformation 
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of the different forms of phosphorus in several ways (Figure 5): Peat and soil accretion, 

sorption, uptake by plants and microbiota, precipitation, mineralization and burial. All these 

components are of use for a treatment wetland and should be evaluated in the design 

process of a CW (Vymazal, 2007). 

 

Figure 5: Phosphorus transformations in an aquatic environment (modified from Leonardson, 2002). 

Peat and soil accretion is the most important transformation in order to achieve long-term 

sequestration of phosphorus (Vymazal, 2007; Kadlec and Wallace, 2009). Peat is largely made 

up of plant residues that has not been completely decomposed due to lack of oxygen. The 

accumulation of peat in a wetland is relatively slow, the average increase is only 1-2 mm per 

year. The design of a HSSF CW does not allow for notable peat accumulation (Vymazal, 

2007, 2008a). 

Sorption of phosphorus in a wetland is the adhesion of soluble inorganic phosphorus to the 

surface of a soil particle (Vymazal, 2007). This bonding is important for the sequestration of 

phosphorus in wetlands (Vymazal, 2007). But there is a drawback in the fact that the sorption 

processes are saturable and are therefore not providing a sustainable removal in the long run 

(Kadlec and Wallace, 2009). The capacity for a CW to adsorb phosphorus depends on the 

composition of the bed media: More clay and mineral particles increase the capacity. 

Sedimentation is important to facilitate sorption and some of the other transformation 

processes (Leonardson, 2002); the decomposition of organic particles releases phosphorus to 
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the porewater of the sediment. The dissolved forms of phosphorus can then be taken up by 

plants and bacteria, or form mineral complexes and become part of the sediment itself. The 

sorption can be enhanced by the right choice of bed media; LECA or blast furnace slag is 

advised in HSSF CWs to optimize the phosphorus retention (Kadlec and Wallace, 2009). The 

sorption is also dependent on the hydraulic loading rate: The contact time between the 

phosphorus and the bed media has to be sufficient in order for the process to be efficient 

(Kadlec and Wallace, 2009). A too high hydraulic loading rate may lead to short contact time 

and ineffective removal. 

Precipitation of phosphorus occurs when phosphate reacts with a cation such as iron (Fe), 

aluminum (Al), calcium (Ca) or magnesium (Mg) (Vymazal, 2007). The process occurs when 

the concentrations of either phosphate or cation are high. The compounds that forms are 

found in the water or at the top of the bottom sediment. 

Dissolved phosphate and organic particles work as nutrients for the plants during the 

vegetation period when their biomass is increasing (Leonardson, 2002). The uptake of 

nutrients is largest during spring and summer. In the autumn the plants wither and some 

nutrients are again released in the decay processes. Perennial plants with extensive root 

systems are favorable for phosphorus retention, since they store nutrients in the roots during 

the cold and dark parts of the year (Leonardson, 2002). As long as the biomass of the plants 

are increasing, there is a net-uptake of nutrients as phosphorus. This net-uptake should be 

enhanced and maintained with the help from pruning and harvesting of the plants in order 

to ensure phosphorus removal (Vymazal, 2007). Plants also have the advantage of regulating 

and slowing the speed of the water (i.e., the hydraulic conditions), thus promoting 

sedimentation (Leonardson, 2002). This is of extra importance in FWS CWs. 

Phosphorus can also assimilate in microbiota (bacteria, fungi, algae, microinvertebrates etc.) 

as biomass (Vymazal, 2007). This form of phosphorus storage and treatment is only 

temporary. When microbiota dies, they decay and end up as part of the sediment at the 

bottom of the wetland (Leonardson, 2002). In the decay process phosphorus will again be 

released to the water. The capacity for storage in biomass is important but do not contribute 

to the long-term removal (Leonardson, 2002). Treatment systems that use algae (algal ponds) 

to remove phosphorus can be very efficient but is not part of a CW (Vymazal, 2007). 

The treatment of other nutrients and compounds may also favor from the design primarily 

made for phosphorus treatment. The plants and its decaying parts can be a pleasant 

environment for denitrification bacteria that favors the conversion of nitrate to nitrogen 

(Kadlec and Wallace, 2009). 

If phosphorus removal is the primarily goal in the design of a CW, FWS wetlands are 

preferable to HSSF wetlands (Kadlec and Wallace, 2009). This is mostly because the process 
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with the highest potential for retaining phosphorus (sorption) in a HSSF is not long-term, 

and therefore not sustainable. If a HSSF design is chosen, the bed media has to periodically 

be dug out and replaced (Kadlec and Wallace, 2009). 

1.6.3 Phosphorus treatment efficiency 

There are a number of different conditions in a wetland that have an impact on the binding 

of the various forms of phosphorus: the presence of other chemical compounds that compete 

with phosphates, pH levels, the availability of oxygen and detention time. This makes it hard 

to predict the phosphorus treatment efficiency before a CW is in use (Leonardson, 2002). But 

it’s known that the potential for the treatment mechanisms is dependent on the wetland 

(Table 2). The phosphorus removal rates for CWs in northern regions are highest during 

spring (Kadlec and Wallace, 2009). 

Table 2: Potential effectiveness of five phosphorus transformation processes in two different types of constructed 

wetlands (Vymazal, 2007). 

Type of CW FWS HSSF 

Soil accretion High None 

Sorption Low Sorptiona 

Precipitationb Very low Very low 

Plant uptakec Low Low 

Microbial uptake Low Low 

a When special filtration materials are used. 

b When gravel or crushed rock is used.  
c With harvest. 

  
 

  

1.7 Basic layout and configuration for FWS CWs 
The channel or specific route of which the water flows within the wetland system is called a 

flow path (Vymazal, 2008b). All constructed wetlands should have at least two independent 

flow paths (Kadlec and Wallace, 2009). Two parallel flows allow for redundancy and 

flexibility. Structural failure, plant die-off, maintenance etc. may require shut down of the 

flow path. If not all of the flow paths have to be taken out of service, the whole CW doesn’t 

have to be bypassed. 

A flow path can be divided into individual compartments, with its own inflow and outflow 

points (Kadlec and Wallace, 2009). Compartmentalization or division of a flow path into cells 

are of large importance for the aspect ratio (length-to-width, L:W) and by that the hydraulic 

conditions and detention time (the length of time that the water remains in the wetland) 

(Tonderski et al., 2002; Kadlec and Wallace, 2009). In cases where the effluent target is close to 
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the background concentration (natural or baseline concentration), it is suggested to use cells 

in series. More than three cells in series are usually not meaningful, since that has a limited 

added effect on the treatment. 

In general, cells with higher aspect ratio are better for treatment than cells with a lower 

aspect ratio (Tonderski et al., 2002; Kadlec and Wallace, 2009). Higher aspect ratios (long and 

narrow cells) tend to facilitate plug flow conditions, which increase treatment efficiency. An 

aspect ratio should be in the range 2:1 < L:W < 10:1 (Vymazal, 2008b; Kadlec and Wallace, 

2009). 

Sites with a gentle slope or a flat topography are preferred for FWS CWs (Vymazal, 2008b; 

Kadlec and Wallace, 2009). A low inclination allows a consistent flow and a detention time 

that is long enough to ensure sufficient treatment of the pollutants. A site with a steeply 

sloped ground can be used but will require cut and fill excavation to create terraces and 

decrease the steepness (Kadlec and Wallace, 2009). A design with cells in series, connected 

via drop structures between the terraces is then required. 

 

1.8 Water treatment plant in Nyland, Åre municipality 

1.8.1 Climate 

Åre municipality is located in the western part of Jämtland county, bordering to Norway 

(Figure 6). The climate in Åre can be categorized as “continental subarctic” (Allaby, 2008; 

SMHI, 2009). This means that the coldest month has a mean temperature below -3 °C and the 

warmest a mean above 10 °C. 

 

Figure 6: Map of western Jämtland (created using QGIS 3.26 software). 
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1.8.2 Nyland water treatment plant 

As described in an email from Jonas Tollgren3, the treatment in the water plant in Nyland is 

performed by physical, biological and chemical processes. This includes filtering, 

sedimentation, biological treatment with bacteria and chemical precipitation. The filtering 

and the first sedimentation are part of the primary treatment, where larger solids are 

removed from the wastewater to prevent abrasion on mechanical equipment, clogging of the 

system and sedimentation in pipelines. The sludge in the sedimentation pond is dug out 

continuously to avoid resuspension. Included in the secondary treatment are biological 

treatment, chemical precipitation and a last step of sedimentation. Here the concentration of 

total suspended solids (TSS) is further reduced; primarily organic particles through microbial 

uptake. At this stage, the flocculant PAX-XL100 is added to precipitate phosphorus. Before 

the water exits the treatment plant, there is a last step for sedimentation, where the now solid 

phosphorus is collected as sludge. The concentration of total phosphorus is measured at two 

points in the plant: the incoming water is sampled in the biological treatment step and 

outgoing water is sampled after the second sedimentation. The effluent water is discharged 

into Indalsälven. 

1.8.3 Wastewater volumes and phosphorus concentrations 

The number of households connected to the water treatment plant equals about 170 persons, 

which qualifies the plant for the category “smaller treatment plants” (Havs- och 

Vattenmyndigheten, 2016; Åre kommun, 2022). The limit for TP in the outgoing water is 0.5 

mg L-1 on a yearly average, or 90% reduction in concentration (calculations based on 

sampling of incoming and outgoing water) (Åre kommun, 2022). From 2019 to 2022, the early 

average of TP in the effluent water was between 1.4 and 2.2 mg L-1 (Table 3). According to 

the numbers in Table 3, neither of the two alternative emission requirements are achieved. 

Table 3: Early average phosphorus concentrations (TP) and treatment efficiency in the Nyland water treatment 

plant 2019 to 2022 (Åre kommun, 2023). 

Year Incoming water (mg L-1) Outgoing water (mg L-1) Reduction 

2019 1.8 1.4 21% 

2020 1.8 1.7 8% 

2021 3.0 2.2 27% 

2022 2.1 1.8 15% 

 

According to Jonas Tollgren4 there is no flow meter at the water treatment plant that keeps 

track of the water volumes (flow rate) that pass through the system. A generic number of 170 

 
3 Jonas Tollgren, engineer at the technical department of Åre municipality, email 9 Mars 2023. 
4 Jonas Tollgren, engineer at the technical department of Åre municipality, interview 17 February 2023.  
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liter wastewater produced by every person per day can be used to assess the flow rate in the 

water treatment plant (Havs- och Vattenmyndigheten, 2016). According to this, about 28 900 

liter of water will pass through the system during a 24 hour period. 

1.9 Aim 
The aim of this study is to learn more about post-treatment of wastewater with constructed 

wetlands in order to find out which type of CW is best for treating the elevated levels of 

phosphorus in Nyland (keeping in mind its northern geographical position and cold 

climate). The intention is also to provide a proposal for a type of CW that can be applied. 

That includes to make an initial assessment on basic layout and configuration of the CW, and 

selection of site. 

1.10 Research question 
To fulfill the aim, to find information and make a proposal for a CW, the following questions 

have been used: 

• What type of CW is best applied to treat the elevated levels of phosphorus in Nyland? 

• Does the topography in the vicinity of the water treatment plant allow to build a CW? 

• What would the basic layout and configuration of a suitable CW be? 

 

2 Method 

2.1 Delimitation 
The report is limited to the subject of post-treatment of wastewater with constructed 

wetlands. That includes the gathering of relevant information in order to choose a CW 

suitable for the site in Nyland and treatment of the identified elevated levels of phosphorus. 

Essential elements of a wetland like the choice of plants and water level control have been 

neglected, along with important design aspects as vegetation patterns, inlet water 

distribution, bottom structure, erosion control etc. 

This report has solely investigated the application of FWS CWs with emergent plants and 

HSSF CWs. 

2.2 Identification of important characteristics 
A list of key characteristics, or criteria, for the potential CW was made. The list contained 

characteristics that were important for reducing the phosphorus concentration in the 

outgoing water below the limit value (0.5 mg L-1). Definitions of the characteristics are 

presented in Appendix A. 
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Each listed criteria were rated and assigned a number from 1 to 5. The number indicated the 

importance of the characteristic, 5 showed that the characteristic was essential for the CW, 

and 1 was of minimal importance (Olsson, 1997; Englund, 2018): 

5 = essential 

4 = major importance 

3 = great importance 

2 = small importance 

1 = minimal importance 

The selection of characteristics for the list, definition of the characteristics and the rating was 

made based on the literature presented in the introduction. The criteria were subsequently 

weighted in a criteria weighting matrix. 

2.3 Criteria weighting matrix 
The characteristics that were listed as important were weighted in a criteria weighting matrix 

(Appendix B). In the matrix, each characteristic was compared with each other in order to 

find out which criteria should be prioritized (Olsson, 1997; Englund, 2018). This helped to 

further understand which type of CW was best suited to meet the described objective. 

2.4 Selection of type of CW 
The two wetland types (FWS and HSSF) were graded based on how well they matched all 

listed characteristics: poor, adequate or good. The characteristics that were found to be 

prioritized in the criteria weighting matrix were given extra importance. From this grading, 

the wetlands were compared. From the result of this comparison, type of CW and basic 

configuration of the wetland could be decided. 

2.5 Sizing and layout 

2.5.1 Sizing calculations 

The Area of the FWS CW was calculated according to the first-order area-based model 

(Vymazal, 2008b): 

A = Q · ln[(Ci - C*) / (Ce - C*)] · 1/k  (Eq. 1) 

Where 

A = wetland area, m2 

Q = flow rate, m3 d-1 

Ci = influent concentration, mg L-1 

C* = background concentration, mg L-1 

Ce = effluent target concentration, mg L-1 

k = first-order rate constant, m d-1 
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For simplicity, a steady-flow situation was assumed. Meaning that the flow rate (Q) was set 

equal to the estimated flow in the water treatment plant (neglecting rainfall, 

evapotranspiration and infiltration). The influent concentration (Ci) was the yearly average 

(from 2019 to 2022) phosphorus concentration measured in the outgoing water from the 

water treatment plant (Åre kommun, 2023). Phosphorus background concentration (C*) was 

a generic number (Kadlec and Wallace, 2009, p. 378, table 10.11). The effluent target 

concentration (Ce) was set to the limit criterion for the water treatment plant (Åre kommun, 

2022). The rate constant (k) was derived from a table of mean values for FWS CWs in cold 

climates (Kadlec and Wallace, 2009, p. 379, table 10.12). 

To calculate the size of the CW was a prerequisite to be able to choose a suitable site for the 

wetland, but also to be able to determine its configuration. 

2.5.2 Site selection 

Geodata (elevation data) was gathered from the Geodata Extraction Tool (GET) provided by 

The Swedish University of Agricultural Science (SLU) (SLU, no date). The data was analyzed 

in QGIS 3.26 software to be able to choose a suitable location for the CW in the closeness of 

the water treatment plant in Nyland. Consideration was given to find a large enough area to 

accommodate the wetland and suitable terrain with respect to height difference. A map was 

generated, using QGIS 3.26 software, that showed the suitable area.   

2.5.3 Layout and configuration 

The basic layout (spatial distribution) and configuration of an FWS CW that would fit the 

suggested site in Nyland was made based on the literature presented in the introduction and 

the sizing calculation. Number of independent flow paths with cells, as well as the aspect 

ratio of the cells were investigated. 

The aspect ratio was calculated by dividing the length (L) of the cell by the width (W) of the 

cell (Kadlec and Wallace, 2009): 

Aspect ratio = L / W   (Eq. 2) 

A map was generated, using QGIS 3.26 software, that showed the spatial distribution of the 

FWS CW in the suitable area. 
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3 Results 

3.1 Identification of important characteristics 
The characteristics that were identified as the most important in order to reach the set limit 

for phosphorus concentration are displayed in Table 4. 

Table 4: List with grading of important characteristics for a CW in a cold climate to effectively reduce phosphorus 

concentrations. 

List of key characteristics   
Characteristic Rating (1-5) 

Applicable with climate 5 

Phosphorus retention 5 

Long term function 4 

Easy to maintain 3 

Inherent insulation 2 

Possibility to add insulation 3 

 

Applicable with climate and Phosphorus retention are rated as the most important characteristics 

followed by Long term function. Inherent insulation is the least important characteristic.  

3.2 Criteria weighting matrix 
The weighted result of the important characteristics is shown in Table 5. The full criteria 

weighting matrix is found in Appendix B. 

Table 5: Weighted result of important characteristics. 

Characteristic V 

Prioritized characteristics  

Applicable with climate 0,28 

Long term function 0,19 

Phosphorus retention 0,28 

Important characteristics  

Easy to maintain 0,11 

Inherent insulation 0,03 

Possibility to add insulation 0,11 

 

The criteria Applicable with climate, Long term function and Phosphorus retention are recognized 

as prioritized when the type of CW is selected. 
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3.3  Selection of type of CW 
The two different types of CWs (HSSF and FWS) and how well they match (poor, adequate 

or good) the prioritized and important characteristics are shown in Table 6. 

Table 6: Comparison of HSSF and FWS CWs relative of how well they match the important characteristics. 

List of characteristics 
CW type 

HSSF FWS 

Prioritized characteristics   

Applicable with climate adequate adequate 

Long term function poor good 

Phosphorus retention adequate good 

   

Important characteristics   

Easy to maintain adequate good 

Inherent insulation good poor 

Possibility to add insulation adequate adequate 

 

According to this comparison, FWS CW better match the prioritized characteristics 

compared to HSSF CW. 

 

3.4 Sizing and layout 

3.4.1 Sizing calculations 

Using equation 1, the assessed area required for the FWS CW is approximately 490 m2. The 

calculations are found in Appendix C. 

3.4.2 Site selection 

The site is sufficient both in area and height difference. The suggested area to build a CW is 

shown in Appendix D.  

The total area of the proposed piece of land is about 4000 m2. The largest height difference in 

the area is about 4 meters.  

3.4.3 Layout and configuration 

The FWS CW should have two parallel flow paths. Each flow path should be 45 meters long 

and 5.5 meters wide. Each flow path is divided into two equally large cells (22.5 by 5.5 

meters). Using equation 2, the cell aspect ratio is 4.1. A figure displaying the configuration of 

the flow path and the aspect ratio calculation is found in Appendix E. 
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The CW should be built in the flat section of the previous recognized area (Figure 7). The 

water flows through the wetland from northwest to southeast. 

 

Figure 7: Map of the suggested area to build a CW and spatial distribution of the wetland. 

 

4 Discussion 

4.1 Discussion 
It has to be kept in mind that there is no set form for how a wetland should be designed due 

to the complexity of wetland behavior. Therefore, recommended design principles have to be 

weighed against local conditions when a CW is planned, as in this study. The fact that a 

wetland is a living ecosystem, the outcome and the degree of treatment is not always easy to 

predict and has to be measured when the CW is in service. With that said, the choice of CW 

and design cannot be fairly evaluated until the CW has been in use for some time. The 

methods and design aspects included in this study are sufficient in order to make an initial 

assessment if it is feasible to use a wetland, according to some given stipulations and local 

conditions. That is the reason for the limited scope of this study. Since the construction of a 

wetland requires a lot of resources (money, materials, working hours, etc.), should this study 

be expanded and include/deep dive into other important aspects such as maintenance, costs, 

and land use. By this, the design can be improved and uncertainty in the performance of the 
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CW can be further limited. This in turn will provide a basis that can be used if a decision is to 

be made about building a wetland or not. 

Some more thinking should be done on how the wetland are to be operated in the winter: 

• It should be considered to store water in ponds in the event of the freezing of the 

wetland. The removal rates are higher in the spring compared to the winter, meaning 

that it would favor the treatment to store water during the winter and discharge as the 

days are warmer. 

• Some sort of external cover for the CW should be used during periods with 

temperatures below freezing. This is to add extra insulation which could prevent the 

wetland from freezing. 

As the use of constructed wetlands has its point of departure in ecological engineering, 

methods and design that are sustainable and persistent in function should be favored. If 

principles like this were to be included in the method, the use of a FWS CW would probably 

have been even more in favor since it requires less maintenance and lacks the short term 

sorption process of a HSSF CW. On the other hand, it would be of interest to find a system 

which requires even less man-made inputs, and produce less waste than the described FWS 

CW. Even if sedimentation probably is a minor problem in Nyland (due to the prior 

processes in the treatment plant), at some point, excavation (waste disposal) of sediment and 

accreted soil will be needed. The optimal system treats the phosphorus without waste 

disposal and notable maintenance efforts for a foreseeable period of time. This would be 

closer to the idea of a system that doesn’t produce any waste and has solar energy as the 

main driver (aside from other forcing functions as wind, rain, nutrients etc.). 

 

4.1.1 Discussion of results 

Due to the advocacy of using HSSF CWs (because of its inherent insulation properties) in 

cold climates it was assumed that it would be the choice of wetland. However, the diversity 

of important characteristics of the FWS CW outweighed its inferior winter performance 

(compared to the HSSF CW). The FWS CW had an equal or better match on all characteristics 

except for Inherent insulation. The fact that it’s practically feasible to add insulation to an FWS 

CW during periods of freezing and operate it in alternative ways, means that Inherent 

insulation is a relatively low priority characteristic. The FWS CW had a better match on one of 

the most prioritized (Phosphorus retention) and second most prioritized (Long term function) 

characteristics. All this put together, favored the choice of FWS CW.  

From a first look, it was expected that a wetland would fit in the area between the water 

treatment plant and Indalsälven. This would have simplified the connection of treatment 
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plant to wetland and benefited from the topography, as the water flow had followed the 

natural path (the lowest point) towards the river. What was found is that the expected area 

was too steep and would have required major excavation work. The suggested site is 

preferable since it is naturally flat and still close to the water treatment plant. If the wetland 

would be placed in the suggested spot, it means that the effluent water from the treatment 

plant would need to be pumped through new pipes to the wetland, and partially new pipes 

would need to run from the wetland to Indalsälven. The result (large enough area) allows 

additional flow paths to be constructed and connected to the proposed system should the 

need arise due to increased population. 

The layout and configuration of the CW fits the site well and allow for efficient treatment in 

respect of phosphorus removal. The dividing of the flow path into two cells is a good way to 

control the water flow and increase treatment efficiency. The relatively narrow design may 

also facilitate the placement of any added insulation. The same applies to the distance 

between the flow paths, it will ease maintenance. 

 

4.1.2 Discussion of method 

The methods used in this study are chosen for the purpose of making an initial investigation 

as to which CW is best applied in Nyland and how it should be laid out. However, some 

criticism may be suitable: 

• As it is impossible to know when the list of important characteristics is complete, there 

is a risk that important characteristics have been left out. There is also a possibility that 

the importance of some characteristics has been overestimated; HSSF CW might have a 

more efficient phosphorus retention in the short run compared to a FWS CW. When 

the sorption processes are saturated in a HSSF CW, the FWS CW is probably more 

effective. The importance of Long term function is thus dependent on the time horizon 

and how much time and money is willing to be invested in maintenance (i.e., digging 

out and replacing the bed media in the HSSF CW). 

• If it is desired to improve the sizing calculation, the following should be done: 

 A flow meter can be installed in the water treatment plant to measure the actual 

flow rate (Q). 

 The rate-coefficient (k) has a large impact on the product (A) of the equation. The 

k-value can be further investigated to see if it is possible to find a more accurate 

number. 

• More factors for choosing wetland site can be included to provide a stronger support to 

the design proposal: examine soil and bedrock, the municipality's authority to use the 
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land for the intended purpose, regulatory concerns as endangered species and cultural 

resources. 

• The method used to decide the basic layout and configuration can be improved by 

adding design issues as how the inlet water is distributed, the inclusion of berms, and 

vegetation patterns. All the mentioned parts affect flow patterns and thereby the 

treatment efficiency (Kadlec and Wallace, 2009). 

 

4.2 Conclusion 
Compared to a HSSF CW, a FWS CW is the best type of wetland to apply to treat the 

elevated levels of phosphorus in Nyland; the long term functioning of phosphorus treatment 

and the diversity in phosphorus retaining processes of a FWS wetland was decisive for the 

outcome. 

An area that is both suitable in size and topography have been identified in the closeness of 

the water treatment plant; the suggested site can fit a CW large enough to potentially treat 

the elevated levels of phosphorus. 

The proposed configuration of the wetland consists of two flow paths that are 45 meters long 

and 5.5 meters wide. Each flow path is divided into two equally large cells that are 22.5 

meters long and 5.5 meters wide. 

 

4.3 Perspective 
If a wetland would be constructed in Nyland and put into use, it could act as a pilot project 

and be an object for studies. This could help to understand how the intended design of the 

CW will behave in practice and real data could be collected. The data can be interpreted and 

compared with other studies, and above all be used if new wetlands are planned in the 

municipality (or other areas with a similar climate). It would be of interest to include 

treatment of other pollutants as nitrogen, BOD, metals and pathogens in the design to widen 

the use of the CW. 

In perspective (of the principles) of ecological engineering, this can be noted: 

• If the use of a wetland is successful in Nyland, it can be applied in more places in Åre 

municipality. This should not only help to keep a good water quality in Indalsälven 

and its associated water bodies. But, a more extensive use of CWs might in the long 

run, if not replace a whole water treatment plant, so replace certain processes in the 

plant and by that reduce the use of chemicals and auxiliary energy. 
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• A CW is not as vulnerable as a water treatment plant – it is not sensitive to a cut off 

access to energy or lack of chemicals; the treatment function will persist. This favors a 

CW in case of a crisis or war.  

• The wetland will act as a barrier in case the treatment plant floods or breaks down. 

If a CW would be approved as a part of a water treatment train (i.e., a part of the “closed 

system” that today only includes the water treatment plant), the wetland could be used as a 

final step in the treatment train without being seen as an addition to the plant. The location 

of sampling of the effluent water could be moved to the outlet of the CW. This could change 

the view of CWs to a natural step in the treatment process of wastewater.  
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Appendix A: Definitions of characteristics

List of recognized important characteristics with definitions 

Applicable with climate 

Provides efficient treatment (of phosphorus) in cold climates.  

Long term function 

The function of (phosphorus) treatment is a minimum of 20 years if regular and normal 

maintenance is done, without any major reconstruction.  

Phosphorus retention 

Total ability to treat the water from phosphorus (including all phosphorus retaining 

processes).  

Easy to maintain 

The effort required, through regular and normal maintenance, to keep the (phosphorus) 

treatment processes to function on an acceptable level. 

Inherent insulation 

Insulating properties that are a natural part of (inherent in) the design.  

Possibility to add insulation 

The feasibility to add external insulation during periods with temperatures below freezing.



 
 

Appendix B: Criteria weighting matrix 
A matrix where the identified important characteristics, or criteria, are weighted is displayed 

in Table 7. The weighting was performed as follows (Englund, 2018): 

• Every criteria were assigned a letter from (A-F) 

• The criteria were compared in pairs: If criteria X was more important than Y, the 

number 2 was put in the cell. If X and Y were equally important, 1 was put in the cell. If 

Y was more important than X, 0 was put in the cell. 

• All criteria were compared in this way. 

• A column with a correction factor (K) was added. This factor is comprised of a number 

series of uneven numbers (1, 3, 5, 7 etc.). The factor is necessary so that none of the 

criteria will have a greater weight in the final calculation. 

• The numbers in the vertical rows (A to F) were added together. A minus (-) was put in 

front of each sum total. 

• The numbers in the horizontal rows (A t o F) were added together (including the 

correction factor). The sums were put in the cells of column P. 

• The weight factor (V) for each criterion was calculated: V = P / sum of P (36) 

• It was controlled that the sum of V was 1.00. 

The three characteristics with the largest weighting factor are highlighted in green. These 

characteristics should be prioritized in the design of the CW. 

Table 7: Criteria weighting matrix. 

  A B C D E F K P V 

Applicable 
with climate 

A 0 2 1 2 2 2 1 10 0,28 

Long term 
function 

B - -2 0 2 2 2 3 7 0,19 

Phosphorus 
retention 

C - - -1 2 2 2 5 10 0,28 

Easy to 
maintain 

D - - - -6 2 1 7 4 0,11 

Inherent 
insulation 

E - - - - -8 0 9 1 0,03 

Possibility 
to add 
insulation 

F - - - - - -7 11 4 0,11 

 36 1,00 



 
 

Appendix C: Sizing calculations 
Flow rate 

For simplicity, a steady-flow situation was assumed. Meaning that the flow rate (Q) was set 

equal to the estimated flow in the water treatment plant described in the introduction 

(neglecting rainfall, evapotranspiration and infiltration) (Havs- och Vattenmyndigheten, 

2016). 

Q = 28 900 L d-1 = 28.9 m3 d-1 

Influent concentration 

The influent concentration (Ci) was the yearly average (from 2019 to 2022) phosphorus 

concentration measured in the outgoing water from the water treatment plant (Åre kommun, 

2023). 

Ci = 2.175 mg L-1 

Background concentration 

(Phosphorus) background concentration refers to the natural or baseline concentration of 

phosphorus that exists in a particular environment (such as a water body). The background 

concentration (C*) used was a generic number (Kadlec and Wallace, 2009, p. 378, table 10.11) 

C* = 0.002 mg L-1  

Effluent target concentration 

The effluent target concentration (Ce) was set to the limit for the water treatment plant (Åre 

kommun, 2022). 

Ce = 0.5 mg L-1 

Rate constant 

The rate constant (k) was derived from a table of mean values for FWS CWs in cold climates 

(Kadlec and Wallace, 2009, p. 379, table 10.12). The mean value was 32 m year-1. If that 

number is divided by 365, that gives an approximate rate constant of 0.088 m d-1. 

k = 0.088 m d-1  

Using Equation 1 gives: A = Q · ln[(Ci - C*) / (Ce - C*)] · 1/k = 483.3 m2 

The assessed area required for the CW is 490 m2.



 
 

Appendix D: Site selection 
The total area of the proposed piece of land is about 4000 m2 (Figure 8). The largest height 

difference in the area is about 4 meters. The water treatment plant is situated just outside the 

west corner of the circled area. 

 

Figure 8: Map of the suggested area to build a CW. 



 
 

Appendix E: Configuration of FWS CW 
The aspect ratio (L:W) is calculated by dividing the length of the cell by the width of the cell. 

Each cell is 22.5 meter long and 5.5 meter wide. A sketch of a flow path is displayed in Figure 

9. 

 

Figure 9: Dimensions and configuration of a flow path (bird’s-eye view). 

Using Equation 2 gives: Aspect ratio = L / W = 22.5 / 5.5 = 4.09 ≈ 4.1              
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