
 

SCHOOL OF SCIENCE AND ENGINEERING 

 

WETLANDS AS AN ENVIRONMENTAL FRIENDLY 

SYSTEM FOR WASTEWATER TREATMENT IN AL 

AKHAWAYN UNIVERSITY 

 

EGR 4402-Capstone Design 

 

Hala GHALI 

Supervised by: Abdelghani El Asli 

 

 

 SCHOOL OF SCIENCE & ENGINEERING – AL AKHAWAYN UNIVERSITY 



 ii  

WETLANDS AS AN ENVIRONMENTAL FRIENDLY 

SYSTEM FOR WASTEWATER TREATMENT IN AL 

AKHAWAYN UNIVERSITY 

 

_______________________________________________ 

Capstone Final report 

 

Hala Ghali 

 

 Approved by the Supervisor  

 

 

 

_____________________________________________ 

Dr. Abdelghani El Asli 



 iii  

AKNOWLEDGMENT 
 

 During this semester, I gained a valuable experience through this capstone project. It was 

enriching in so many ways, but it was also constantly challenging. This work would have not 

been achieved without the support of many people.  

I would like to express my deep gratitude towards my supervisor Dr. Abdelghani El Asli for his 

help and guidance as well as his continuous supervision all along of the semester. I would also 

like to thank my parents and family for their moral support, and encouragement during this 

journey. 

 

 

 

 

 

 

 

 

 

 

 

 



 iv  

Table of Contents 

AKNOWLEDGMENT ...................................................................................................................................... iii 

Table of figures ............................................................................................................................................ vi 

List of Tables: .............................................................................................................................................. vii 

Abstract ...................................................................................................................................................... viii 

1. Introduction: ......................................................................................................................................... 1 

2. STEEPLE Analysis: .................................................................................................................................. 2 

3. Literature review: .................................................................................................................................. 3 

3.1. Historical context: ......................................................................................................................... 3 

3.2. Wastewater Treatment in Morocco: ............................................................................................ 4 

3.2.1. Conventional Wastewater Treatment: ..................................................................................... 5 

3.2.2. The Primary Stage: .................................................................................................................... 6 

3.2.3. The Secondary Stage: ............................................................................................................ 7 

3.2.4. Tertiary Stage: ....................................................................................................................... 9 

3.2.5. Quaternary Stage: ............................................................................................................... 10 

3.3. Non-conventional wastewater treatment methods: .................................................................. 12 

2.3.1. Waste stabilization Ponds: ........................................................................................................ 12 

3.3.2. Constructed wetlands: ........................................................................................................ 14 

4. Methodology: ...................................................................................................................................... 15 

4.1. The Choice of the Wetland: ........................................................................................................ 15 

4.2. The treatment process in subsurface horizontal flow constructed wetlands: ........................... 16 

4.2.1. Biological processes: ........................................................................................................... 17 

4.2.2. Chemical processes: ............................................................................................................ 18 

4.2.3. Physical processes: .............................................................................................................. 19 

4.2.4. The removal of metals: ....................................................................................................... 19 

4.2.5. The removal of suspended solids:....................................................................................... 19 

4.2.6. Factors affecting the functioning of the wetlands treatment of wastewater. ................... 19 

4.3. Design:......................................................................................................................................... 20 

4.3.1. Design Specifications: ......................................................................................................... 20 

4.3.2. Other Design Criteria: ......................................................................................................... 24 

4.4. Operations and maintenance: .................................................................................................... 25 

4.4 SubWet: Design and simulations: ..................................................................................................... 25 

4.4.1. Introduction: ............................................................................................................................. 25 



 v  

4.4.2. Design ........................................................................................................................................ 25 

4.4.3. Results and Simulations: ........................................................................................................... 28 

4.5. Summary and Discussion of the results: .......................................................................................... 32 

5. Financial Analysis: ............................................................................................................................... 32 

6. Conclusion: .......................................................................................................................................... 35 

7. Appendix: ............................................................................................................................................ 36 

GLOSSARY.................................................................................................................................................... 40 

7. References .............................................................................................................................................. 41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 vi  

Table of figures 
Figure1: Vortex type grit chamber              Figure2: Aerated grit chamber ……………………......…. 6 

Figure3: Horizontal flow grit chamber………………………………………………………………………......……… 6 

Figure4: Trickling Filter                     Figure5: Trickling Filter ………………………………….......…….8 

 Figure6: UV Station…………………………………………………………………………………................................9 

                 Figure7: Ozonation Station …………………………………………………………………………..........................10 

Figure8: Carbon Adsorption …………………………………………………………………………..........................11 

Figure9: Reverse Osmosis Station   …………………………………………...…………….. .............................12   

Figure10: WSP     ………………………………………………………………………………………….......13 

Figure12: Free Water Surface CW          Figure13: Horizontal subsurface Flow CW …….........15 

Figure14: Vertical Flow CW ……………………………………………………………….....................................15                   

Figure15: satellite view of the location …………………………………………………………………………………..20 

 

 

 

 

 

 

 

 

 

 

 



 vii  

 

List of Tables: 
 

Table1: Types of media and their properties …………………………………………………………………………22 

Table 2: Types of vegetation and their root depth ………………………………..……….……………………..23 

Table 3: Influent and effluent concentrations …………………………………………………………………….…27 

Table 4: Cost and expenses ………………………………………………………………………………………………….31 

Table 5: O&M cost and profit ……………………………………………………………………………………………...32 

Table 5: O&M cost and profit ……………………………………………………………………………………………….33 

 

 

 

 

 

 

 

 

 

 

 



 viii  

Abstract 
 

The environment is continuously deteriorating due to the irresponsible acts of humans towards 

nature. One of these reckless actions is the discharge of wastewater without treatment. 

Wastewater encloses many toxins which represent a threat to the environment and humans as 

well. There exists a conventional method of wastewater treatment that is widely used around the 

world, however, new eco-friendly unconventional methods have been used for the same purpose 

namely constructed wetlands that will be used for this project. The objective of this study is the 

design of a constructed wetland system to treat the wastewater originating from buildings 38 and 

39 in Al Akhawayn University’s campus. The total amount of influent from the two buildings 

which host 500 residents is approximately 22.5m3 per day. The influent will be primarily treated 

by going through a septic tank and then distributed among 5 equal wetlands of 400 m2 each. 

SubWet is the software used to experiment with the different design scenarios, it also generates 

the removal efficiency of some contaminants such as BOD5, total phosphorous, and nitrate from 

the wastewater which varies between 99.5% and 100 % efficiency. Last, but not least, a financial 

study was conducted to determine the costs, and the payback period that yielded to 6 years. 

 

Keywords: constructed wetlands, subsurface horizontal flow, wastewater, SubWet, treatment. 
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1. Introduction: 
  

The treatment of wastewater has become a priority given the growing awareness of the danger of 

the discharge of untreated water. Wastewater is very rich of harmful bacteria like salmonella and 

many others that can cause serious allergic reactions or severe diseases. In addition, it contains 

high concentrations of some toxins and heavy metals. Unfortunately, 1.8 billion of the world 

population use the contaminated water daily which results in approximately 842,000 deaths each 

year. In 2017, there is over 80% of the total wastewater generated around the world that is 

dumped directly to nature with no prior treatment [27]. The main approach when it comes to 

wastewater treatment is the conventional method used by the municipal treatment which includes 

primary, secondary, and can be extended to include tertiary and quaternary treatments. The 

Quality of wastewater depends on the income of the country .For instance in developed countries 

70% of the generated wastewater is treated, however, in countries with low income only 8% of 

the wastewater is treated [28].  

Nevertheless, the last years, there has been a particular interest in experimenting with some non-

conventional methods to treat wastewater. The main advantage of these techniques is that of 

being environmental friendly unlike the conventional method. Constructed wetlands are a widely 

used ecofriendly method of wastewater treatment in developed countries .It demonstrated and 

granted a high efficiency of wastewater treatment .Its efficiency is due to the fact that it only 

relies on naturally occurring processes and reactions. In other words, constructed wetlands mimic 

the mechanism that can be found in a natural wetland. 

The objective of this project is to provide an environmental friendly system through constructed 

wetlands to treat wastewater from two residential buildings in Al Akhawayn University’s 

campus. The analysis will include a design from scratch taking into consideration all the 

specifications that could interfere with the good functioning of the project. 

This report will start off with a general evaluation of wastewater and its treatment in Morocco, 

followed by a steeple analysis of the project. The second part will be a literature review that will 

enclose the conventional wastewater treatment methods and detailed description of the different 

processes. This part will also contain the unconventional methods that have been used for 
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wastewater treatment including constructed wetlands. The third part is the general methodology 

which involve the treatment in constructed wetlands, the design specifications, the modelling 

using SubWet software. The fourth part will include the results and stimulations, as well as a 

discussion of the results. Finally a detailed financial analysis will be conducted to determine the 

feasibility of the study as well as the payback period. 

2. STEEPLE Analysis: 
 

Social Aspects: 

Socially speaking, constructed wetlands are beneficial for society as a whole, since it improves 

the quality of wastewater which can be used later on by individuals in industrial, and agricultural 

purposes. Furthermore, CW creates recreational spaces that can enhance the general view around 

it, not to mention that it can also be an educational space where students can learn more about 

green solution for every day’s issues. Therefore, it can definitely be a ground dedicated for 

research.   

Technological Aspects:  

The project itself is more of an infield type of project, and it involves hands in research. 

However, there will be a use of some technological tools, which will enable the study and 

analysis of all the variables that will help in a successful implementation of the project. Hydro 

mantis is a software that will help creating waste water treatment modelling as well as plant 

analysis. 

Ethical Aspects:  

Discharging wastewater in nature is definitely not an ethical conduct for several reasons. First, 

Wastewater contains pollutants that can destroy the environment. Whether it is dumped in 

receiving waters or in the wild, it is equally harmful to nature. Therefore, we have to be 

completely aware of the importance of treating wastewater to the best of our ability. Constructed 

wetlands present an optimal solution of this issue through a balanced and ecological method that 

can benefit the environment. 

Environmental Aspects:  

 Constructed wetlands have been approved by several environmental organizations around the 

world to be an ecologically efficient way to treat wastewater. Moreover, CW creates a great 
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environment for a variety of species which endorses biodiversity. In addition, wastewater 

treatment plants are not 100% environment friendly since a release of activated sludge of some 

remaining with high concentration of pollutants or toxic substances in ponds may occur. 

Ultimately these actions can be harmful for fish, and aquatic species. 

Political Aspects: 

Concerning the political side, Morocco has been encouraging sustainable and ecological solution 

through its plan “Maroc vert”. The concept of Constructed wetlands provides a fix for a serious 

environmental issue which makes it   a completely feasible project .Furthermore, this project can 

be a starting point for a strategy that can be implemented on a larger scale around the country. 

Legal Aspects:   

This project falls within the legal framework set by the all the implicated authorities.  In general, 

all the established legal acts encourages the protection and the enhancement of the environment 

which is exactly what the project aims to accomplish. 

Economic Aspects:  

In addition to treating wastewater naturally, constructed wetlands, can also create an economical 

profit. The treatment station will continuously produce reeds that can be sold subsequently. 

Knowing that it has a very low cost of maintenance, because it is a naturally occurring process 

the construction can generate a 100% profit. Aside from the material needed for the construction, 

there is no other related expenses. Therefore, the payback period is estimated to be very short. 

 

3. Literature review: 

3.1. Historical context: 
 

The reuse of water is a practice that existed a long time ago .In ancient Greek civilization 5000 

years ago, they reused water for agricultural irrigation. In the 19th century, they used large-scale 

wastewater carriage systems before releasing it to receiving waters. Nevertheless, the alarming 

number of epidemics such as waterborne diseases, and cholera alerted people to the danger of the 

lack of treatment of water. In the 20th century, came the first planned reuse of wastewater to 

regulate its control. This period was considered as the era of wastewater reclamation, recycling 

and reuse [1]. 
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There has been several factors that contributed positively in this so called revolution. First, there 

was a huge increase in the demand for water, accompanied with an understanding of public 

health risks. Furthermore, there was a huge technological advancement that facilitated the task 

[1]. The United States was the first country to launch different projects and reclamations in this 

context. In the states of California and Arizona, projects of wastewater reuse for irrigation started 

since 1920.In the states of Florida and Colorado, systems for urban water reuse were developed 

in the 60s.After that, the European Union acknowledged the importance of wastewater treatment 

for sustainability development [1]. 

3.2. Wastewater Treatment in Morocco: 
 

Wastewater production in Morocco is expected to be around 900 Million m³ in 2020 [5]; 48% of 

the wastewater generated is dumped in waterways like rivers and, 52% is dumped to the sea with 

no prior treatment. Normally, this water is charged with chemical and harmful substances. The 

pollutants in wastewater constitute around 131,715 tons of organic components, 42,131 tons of 

nitrogen and 6,230 tons of phosphorous in addition to suspended solids, and pathogens [4]. 

 

Being aware of the importance of wastewater treatment ,and the increasing water needs of 

Morocco, in 1950s the Moroccan authorities implemented several wastewater treatments station 

that relies mostly on biotechnologies such as activated sludge ,tricking filter ,and Bio disc . Out 

of the 100 purification systems, more than 50 were not functional due to financial, technical and 

human difficulties. The activated sludge stations in particular didn’t operate efficiently due to the 

absence of maintenance and the shortage of financial resources [4].  

 

In the 1990s, 55 new wastewater plants operated with major technologies essentially the 

stabilization ponds, natural lagoons, high rate algae ponds & sand filters. However, only 18 

plants were operating , 31 were out of service ,and 6 were not even linked to the sewerage 

system .Nowadays, most of the plants are based as natural lagoons, approximately 77% , 8%  

operates with activated sludge,2% work with the trickling filters, 3% with aerated lagoons and 

10% using other techniques.[4] 
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In spite the poor performance of Morocco in wastewater treatments. There is some remarkable 

efforts that has been done in the kingdom and if generated can promote the development of the 

country in so many ways.  

 

The first successful example , is situated in Marrakech and it is considered as the first waste 

water treatment plant in North Africa that relies on air treatment and water reuse, along with 

biogas recovery from sludge, it also generates heat and electricity. The plant regrouped many 

stations, mainly the pretreatment, followed by the primary treatment through the sedimentation 

tank. The other stations is the secondary treatment which consists the activated sludge through 

the aerobic treatment. For a higher quality of water the tertiary treatment is conducted  using 

microfiltration which relies on sand filtration, and light disinfection by the means of UV lights 

.The station generates almost 10.5 GWH per year of electricity while it use up to 30 GWH of 

electricity for the UV lamps .[4] 

 

In the city of Benslimane, another fruitful experience was implemented. This project was created 

in 1977 and it was the first initiative which used all the treated water for the irrigation of the Golf 

Course in Benslimane [4].   

In the region of Ifrane, a big step was taken in the wastewater treatment domain.A tertiary 

treatment plant was implemented in Zawiat Sidi Adbesslam. This initiative is considered among 

the first in Morocco. 

 

3.2.1. Conventional Wastewater Treatment: 
Wastewater is all water that has been polluted generally by the human activity. Its pathogenic 

nature can be due to domestic, industrial, or commercial use of water. The wastewater generated 

by the domestic uses includes black water that is generated from toilets and grey water which is 

generated from kitchen and bathing use. However, wastewater can also originate from storm 

water and various urban run-off. 

Over the past, wastewater used to always be dumped into waterways like rivers and canals with 

no prior treatment. Given that wastewater have a pathogenic nature, it represents a threat to the 

environment. Usually, the sheer volume of the clean water dilutes the waste, the bacteria and 
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small organism are capable of consuming the organic matter in order to turn it into new bacterial 

cells, Carbone dioxide, and other products. However, this process can be very slow and 

inefficient. Therefore, now there is an obligation to treat it before releasing it as part of the 

responsibility towards the environment.  

Nowadays, the natural occurring process for treating water is sped up. The main stages that 

wastewater go through to improve its quality are primary, secondary, tertiary, and quaternary. In 

some cases primary and secondary treatments can be combined. These four phases are primarily 

relying on biological, physical, chemical, and light treatments.  

3.2.2. The Primary Stage: 
The primary stage is mostly a physical treatment. The physical treatment is all about the 

elimination of substances by the means of naturally occurring forces mainly; gravity, electrical 

attraction, Vander Waals forces, and physical barriers. [3] 

In the primary stage, waste passes through different station. The first one is the screen which 

creates a barrier to exclude large floating objects such as sticks. If not removed these elements 

can eventually damage or clog the equipment. Therefore it’s safer to remove them in the 

beginning of the process [2]. 

The second station is the grit chamber which comes in three different types; horizontal flow type, 

the aerated grit chamber, and the vortex type. Working with approximately the same basis the 

grit chamber us velocity in order to eliminate any grit like eggshells or sand that settles in the 

bottom and can be removed later using conveyors with buckets [2].  

 

Figure1: Vortex type grit chamber                               Figure2: Aerated grit chamber 
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Figure3: Horizontal flow grit chamber 

 

The next station is the primary sedimentation tank, also called the primary clarifiers. At this 

stage wastewater passes slowly through the tank to allow the sludge to settle at the bottom of 

the tank while the floating elements like oil and grease would be skimmed from the surface 

[2]. The sludge that results of this stage contains raw primary bio solids which is removed 

using pumps to be used later. 

 The water that is collected after the primary phase can’t be considered as fully treated. Thus 

it needs to be subject to further treatment, in order to be able to use it afterwards. 

3.2.3. The Secondary Stage: 

 

This phase relies mainly on the biological treatment. The biological treatment involves the 

bacteria and all the microorganisms to dissolve the organic matter. The removal of these 

substances can be up to 85%. Therefore, many countries use this method as a part of their 

wastewater treatment process. The techniques used during the secondary phase are the 

trickling filter, and the activated sludge [2]. 

The trickling filter is a bed of stones of 3-6 feet deep that allows the effluent to passes 

through and settles. The bed can also contains rigid forms of plastic, ceramic, slag, or even 

coke. It represents an aerobic medium which involves filtration, adsorption, and assimilation 

in order to eliminate the impurities that are still in the effluent. The bed gets covered by a 

slime of aerobic bacteria, fungi, algae, insect larvae, protozoa, and worms. As mentioned 
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previously this slime helps with the degradation of organic matter. Trickling filters have a 

relatively high performance with a BOD of 65 to 90 %, a low TSS removal, a total 

Coliforms of 1 to 2 log units, N of 0 to 35%, and P of 10 to 15 % [13].Directly after this 

step, the effluent is then pumped into another sedimentation tank called secondary 

sedimentation tank in order to remove the bacteria. 

 

Figure4: Trickling Filter                     Figure5: Trickling Filter                      

 

 

There exist an alternative to the trickling filter which is the activated sludge. After, the 

primary stage, the sewage is pumped into aeration where it is mixed with the sludge and the 

air. The activated sludge accelerate the treatment process by bringing the air and the sludge 

together to start the aerobic treatment. Similarly to the trickling filter, this step is followed 

by the secondary sedimentation tank to remove the bacteria [2]. 

 

The last part in the secondary phase is disinfection using chlorine. Chlorine is known to kill 

up to 99% of pathogenic bacteria. However, it’s essential to remove excess chlorine before 

discharging the resultant to surface water. This process is called dechlorination, and most of 
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the time Sulfur Dioxide is used in this technique. Chlorination and dechlorination are both 

part of the chemical treatment [2]. 

3.2.4.  Tertiary Stage: 

 

This stage of treatment is devoted to further disinfection using UV light. This method is not 

widely used mainly because it’s costly given the high amount of electricity needed. 

However, it grant an advanced disinfection of the waste water. The process starts by an 

adjacent filtration station which consists of removing particles larger than 15 microns before 

beginning the UV treatment. The effluent passes through a large container with concrete 

blocks of approximately 2m of depth, and fine layers of garnet and granular anthracite which 

is a hard form of coal [10]. 

 The UV station consist of high performance mercury vapor lamps that are covered with 

hard quartz tubes. The UV light penetrate the microorganisms and destroy their cellular 

material that is represented in DNA & RNA which result in inability to reproduce or death 

[10]. 

 

                         Figure6: UV Station 
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3.2.5.  Quaternary Stage: 

 

Similarly to the tertiary treatment, the quaternary treatment is extremely pricey .Thus it’s 

not as widely used as the previous treatments. Its process relies primarily on the chemical 

treatment. The chemical treatment of wastewater is mainly about disinfection through a set 

of chemical reaction. 

 

The quaternary treatment is usually done by the mean of one of the following processes: 

ozonation, carbon adsorption, chemical precipitation, reverse osmosis. 

 

3.2.5.1. Ozonation:   

Ozone has been proven to be effective in disinfection. It is able to remove viruses, bacteria, 

iron particles, Hydrogen Sulfide, and manganese. In addition to that, Ozone showed 

impressive results in removing odors and taste issues. The figure below shows in details the 

ozonation process for wastewater [6]. 

 

Figure7: Ozonation Station 

 

 

3.2.5.2. Carbon adsorption:  

As it name may indicate, carbon adsorption works on the concept of the adsorption of 

pollutants from wastewater. However, this method is not effective in removing heavy metals 
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and nitrate and inorganic matters in general. The adsorption in this process also relies on the 

type of the Carbone filter used. Carbon adsorption goes through adsorption and regeneration 

modes as shown in the figure below [7]. 

 

 

Figure8: Carbon Adsorption 

 

 

3.2.5.3. Chemical precipitation:  

 

The process of chemical precipitation is meant to turn the dissolved toxic metals in wastewater 

in a solid particles which makes it easier to remove using filtration. 

3.2.5.4.  Reverse osmosis:  

 

The reverse osmosis process is based on the application of pressure to the side of water high 

concentration to the side of low concentration. The two sides are separated by a wall made of a 

material similar to cellophane. This technique is used applied similarly to the contaminated 

wastewater and the purified one [8]. 
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               Figure9: Reverse Osmosis Station    

                   

3.3. Non-conventional wastewater treatment methods:  
 

Wastewater treatment is very beneficial when it comes to avoiding polluted sewage to get 

dumped directly in receiving waters. Nevertheless, it comes with a number of disadvantages. 

First, Wastewater treatment plants require a high amount of electricity energy needed for is 

operation. Moreover, these plants require continuous maintenance and supervision from 

experienced and adept staff. Overall, it can be highly costly and demanding. A good ecological 

alternative are waste stabilization ponds, and constructed wetlands. 

2.3.1. Waste stabilization Ponds: 

 

Waste stabilization ponds are large constructed ponds that collects wastewater and allows 

organic matter to settle and be removed eventually. This kind of ponds are usually mounted in a 

series of three consecutive ponds. The chain starts with the anaerobic pond, followed by the 

facultative ponds, and finally the aerobic ponds that can be combined with a maturation pond for 

further treatment of the waste water [11].   

 



13 

 

 

                                         Figure10: WSP 

 

  

3.3.1.1. Aerobic Stabilization Ponds: 

In this type of ponds, Carbonaceous BOD is used during the removal step. The treatment is done 

using aerobic bacteria. The oxygen is mainly obtained by the process of photosynthesis carried 

out by the algae present in the pond, which is usually 0.15 to 1.5 m deep [14]. 

 

3.3.1.2. Anaerobic Ponds: 

Anaerobic ponds are usually of a higher depth which can be up to 9.1 m, in order to allow 

optimal conditions (The absence of oxygen). Carbonaceous BOD is also used for removal of 

waste in this type of bonds [14]. 

3.3.1.3. Facultative Ponds: 

In this type, the treatment is done using aerobic, anaerobic, and a stage where the aerobic and 

anaerobic treatments are combined. The Carbonaceous BOD also take part of this process 

similarly to the two other types of ponds [14]. 
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3.3.1.4. Maturation Ponds: 

 

This type is used as a tertiary treatment, as it use Secondary Effluent Polishing combined with 

seasonal nitrification. The treatment is mostly done in aerobic conditions [14]. 

3.3.2. Constructed wetlands:  

 

Constructed wetlands is another nonconventional method for waste water treatments. Wetlands 

are known for their great ability of cleaning wastewater by removing components like Nitrogen 

through the rich biological conditions it provides. Constructed wetlands can operates on an 

aerobic or anaerobic basis depending if the construction is exposed to air or covered. 

Furthermore, there exists three types of CW mainly; the horizontal subsurface Flow CW, the 

free-water surface CW, and the vertical flow CW [12].  

3.3.2.1. Free Water Surface CW:  

 

This type of wetlands is similar to natural ponds. The use of these CW allow a high treatment of 

waste water and also provide a great biodiversity since it attracts different types of species. In 

addition, it is designed to adapt with pulse flows, and to control the water level that changes 

constantly [15]. 

3.3.2.2. Horizontal subsurface Flow:  

Compared to the free water surface CW, horizontal surface Flow CW are more costly. 

Therefore, they are usually constructed on a limited space. This type of CW provide a secondary 

treatment of waste water, also they are more suitable for areas with a cold climate. Moreover, it 

is constructed underground which make them less exposed to the outer environment [15]. 

3.3.2.3. Vertical Flow CW: 

 

Similar to Horizontal Subsurface CW, Vertical flow CW have a high tolerance for cold climates. 

However, they offer the possibility for various feeding options unlike the other types. In 

addition, they allow a high exchange of oxygen, and provide appropriate conditions for 

ammonium oxidation [15]. 
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The figures below show in details the three types of construction of wetlands. 

 

         Figure12: Free Water Surface CW                 Figure13: Horizontal subsurface Flow CW                     

 

 

 

               Figure14: Vertical Flow CW                      

4. Methodology: 
 

4.1.  The Choice of the Wetland: 
The choice of the type of constructed wetland is extremely important since it will take into 

consideration several factors:  
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 The climate: The project will be implemented in Ifrane which is located in the Atlas 

region of Morocco at an elevation of 1,665 m. This part of the country is characterized 

by a cold climate during winter and warm climate during summer. Ifrane Also 

experience heavy snowfalls between the month of October and March. 

 Location: The constructed wetland will be located near the residential area in Al 

Akhawayn University Campus. The terrain available for this project is not restricted. 

 The size of the population: The total number of residents of buildings 38 and 39 are 

500.It’s considered as a small sized population with an average production of 

wastewater. 

With all the previous factors in mind, the appropriate form of constructed wetlands is a 

subsurface Flow Horizontal CW. The use of this type of design will be suitable for the climate 

since the treatment will be below the surface. Therefore, it will prevent the water to be exposed 

to the snow providing a thermal protection and the treatment will not be as slow as if it was 

exposed to the cold. In addition, with regards to the proximity of the stations to the residential 

area, SSF wetlands are perfect to avoid insects and mosquitos that can be attracted by untreated 

water and it reduces any undesired Human contact with the influent. It also, limits any 

disagreeable odors coming from the sewage. Given that there’s no restriction in the area 

dedicated to this project, the SSF horizontal CW can be implemented even if it usually requires 

an important terrain’s area. However, the overall surface will not be extremely either since the 

population is small and consequently the volume of the influent is limited. Last, but not least, 

SSF horizontal CW provides a pleasant and bio diversified view as well as an educational ground 

for students and researchers. 

4.2. The treatment process in subsurface horizontal flow constructed wetlands: 

 

The treatment of wastewater consists of removing nutrients, organic matter, heavy metals, and 

suspended solids. There are several processes that take place in the constructed wetlands and 

contribute directly or indirectly to the treatment of wastewater including nitrification, 

Denitrification, and photosynthesis. These processes can be branched to three focal types; 

Biological, chemical, and finally physical. 
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4.2.1. Biological processes:  

 

 Photosynthesis:  It is a common process that is performed by almost all plants in order to 

convert carbon dioxide into oxygen by the means of light. It is relevant in this context 

since the main part of the constructed wetlands relies primarily on the plants. 

Photosynthesis allows a consistent supply of O2 to the system through the roots of the 

plants. In addition, it partially satisfies the need of the wetland in Carbone Dioxide [24]. 

 Respiration: It is the exchange of Oxygen and Carbone Dioxide between living 

organisms and their surroundings. As it happens that constructed wetlands is a rich 

environment with Bacteria, protozoa, fungi, and many others which allows the formation 

of CO2 and Water [24]. 

 Fermentation: Fermentation consist of converting organic carbon to compounds with 

high energy such as alcohol, methane, and acids [24]. 

 Volatilization: This process is efficient when absorbing dissolved contaminants in the 

water by plants to move it to their storage organs that will be later accumulated in the 

form of litter and accretion [24]. 

 Nitrogen removal : In wetlands in general, there exists different forms of nitrogen which 

includes ammonia (NH4
+), Nitrate (NO3

-), Nitrite ( NO2
-), Nitrous oxide gas 

(N2O),Nitrogen gas (N4),and so many others. All these nitrogen species engage in several 

reaction with either other organic or inorganics compounds which are usually 

accomplished by the help of bacteria, namely, nitrobacterium and nitrosomonas. In 

addition, after the transformations it undergoes, nitrogen can either be released to the 

atmosphere, absorbed by the plants or completely dissolved. The main biological 

processes that nitrogen go through are nitrification and Denitrification. 

o Nitrification: Nitrification is an aerobic process, and it follows two steps. The 

first step consists of the oxidation of ammonia to nitrite with the Nitrosomonas 

bacteria as the catalyzer, as follows: 

 

NH4
+  + O2 

Nitrosamonas
H++NO2

-+H2O 
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 The hydroxonium ions that resulted from the reaction will help with decreasing the alkalinity 

when reacting with the natural carbonate. 

 The second step of this process consists of the oxidization of nitrate generated from the stem into 

nitrate always by the means of bacteria. In this part, the nitrobacteria is the catalyzer, as it is 

shown below: 

NO2
-   + O2   

Nitrobacter
 NO3

-  

o Denitrification:  Denitrification is an anaerobic process in which nitrate is converted 

to a gaseous state. Similarly to nitrification, denitrification is also done using bacteria 

like Pseudomonas spp. The reaction of Denitrification is as follows. 

NO3
- + Organic-C Bacteria 

 N 2 (NO &N2 O)(G) + CO2(G)+ H2O 

 Organic matter removal by the means of microorganisms: Similarly to natural 

wetlands, constructed wetlands foster a number of bacteria that enforces the overall 

performance of the constructed wetlands. These microorganisms allows the removal and 

stabilization of organic matter, and coagulated colloidal material. Furthermore, these 

organisms transform a big part of the organic matter into a variety of gases and also 

allows the formation of new cell tissues [24]. 

 Phosphorous removal: In constructed wetlands, the removal of phosphorous is also 

achieved through a cycle. The first part of elimination include sedimentation infiltration, 

and adsorption by the means of the plants and the biofilm. Additional processes like 

assimilation and precipitation can also contribute into the elimination of the phosphorous 

in wastewater [24]. 

4.2.2. Chemical processes: 

 Precipitation: Precipitation happens when a solid is formed in a given solution. For the 

case of wetlands during the treatment of wastewater this chemical equation happens as 

minerals like salts precipitate in the water.[24]. 

 The Effect of light: The light along with the atmospheric gases can help with the 

disintegration of pathogens and some other harmful microorganisms [24]. 
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 The effect of pH: The pH of the water and the surroundings in a constructed wetland 

have a direct effect on almost all the chemical reactions that happens during the treatment 

of wastewater such as solubility and ionization[24]. 

4.2.3. Physical processes: 

The physical processes can be encapsulated in sedimentation and filtration. 

 Sedimentation: Sedimentation is the process by which particles are supposed to 

progressively settle at the bottom of the constructed wetland. 

 Filtration: In some way similar to the process of sedimentation. Filtration is the 

separation of the constituents of wastewater according to their physical phase.  

4.2.4. The removal of metals:  

 Lead, Zinc and, Copper are one of the heavy metals that exists in wastewater and they are 

removed in wetlands through many processes like sedimentation, and plants and bacteria uptake.  

4.2.5. The removal of suspended solids: 

Suspended solids usually settles down at the bottom of the wetland. There is also the 

possibility of precipitation, filtration, or flocculation. 

4.2.6. Factors affecting the functioning of the wetlands treatment of wastewater. 

Last but not least, there is essential factors that contributes to the treatment of water in a 

constructed wetlands, including Oxygen, pH level, and Temperature. Oxygen assures the 

functioning of chemical and biological processes in which organic matter as well as pollutants 

are disintegrated. A balanced pH level is important for the living of some microorganism that the 

wetland rely on to treat the wastewater. pH is usually associated in this context to the quantity of 

Calcium in the wetland. Temperature and given that is a changing factor can widely affect the 

operation of the treatment system. Low temperature rates are most of the times are usually 

correlated with low treatment efficiency.  
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4.3. Design: 

4.3.1. Design Specifications: 

 The treatment station will consist of mainly two essential part. First, the septic tank that will be 

used for the primary treatment of the incoming wastewater. The wastewater will then be pumped 

to the wetland system to undergo the secondary treatment. 

4.3.1.1. The Septic Tank 

The septic tank is a large container that provides a primary treatment to the wastewater through 

holding it for some time in order for solids to settle at the bottom. It is an underground system 

that accommodates two chambers [25]. 

The two compartments allow more efficiency during the treatment since most of the heavy 

elements settle down in the first chamber and what remains settle in the second one. In addition, 

this division system is effective, because it reduces the turbidity in the second compartment, 

because of the slow flow [26]. 

4.3.1.2. The Constructed Wetland: 

 

 The Location: 

The wetland will be located in the empty space near buildings 38 & 39. In that area the septic 

is already installed as shown in the image below.  
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Figure15: satellite view of the location 

The chosen site is all covered in trees, and not completely flat which represents a limiting 

condition for the implementation. Constructed wetlands require a flat surface to achieve a 

uniform treatment all along the process. Therefore, a set of earth works excavation is essential in 

order to even out the area and the layout of the site before to start on the constructions. 

  The Dimensions of the Constructed Wetlands:  

According to previous studies the area of a constructed wetland is defined in accordance with the 

number of people generating the wastewater within a household .Typically this number is set to 

be between 2 and 8 m² per person for regions with cold climates like Ifrane [16]. The two 

residential buildings in Al Akhawayn University contain a total of 500 habitants. From the range 

mentioned before, taking the value 4 to be the area needed per person the total area will be as 

follows:  

𝑇𝑜𝑡𝑎𝑙 𝐴𝑟𝑒𝑎 = 500 ∗ 4 = 2000 𝑚² 
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However, in order for the process to be more efficient, and more importantly to achieve optimal 

results after the treatment it is wiser to opt for multiple CWs with smaller surface areas. 

Therefore, the total number of CWs will be 5, each with an area of 400 m² (40 * 10m) which will 

sum up to the Total Area of 2000 m². The choice of the width and the length is not arbitrary. 

According to previous work conducted on constructed wetlands, it was suggested that the ideal 

ratio (L: W) is of (4:1) [17]. The height of the wetlands will depends of the type of vegetation 

chosen, because we have to take into consideration the space needed for the roots of the plants to 

grow. We will discussed in the sections to come the type of plants that will be used. 

  The Volume of the effluent: 

According an article published by the ministry of energy, mines, water and environment 

in Morocco, the average production of wastewater per person in a day is 45 Liters [19]. 

The total number of residents in the two buildings 38 and 39 constitute a total of 500 

students as mentioned in the previous section. Therefore the total wastewater generated 

from the two buildings is 22,500 Liters per day. 

  The Type of Lining: 

 Determining the type of liner that should be used is an imperative part of the design. In some 

cases, the liner is not an obligation, but only if the soil is of a clayey nature. These textures 

prevent any seepage to underground waters [17]. In our case it’s better to use a liner since 

any of the characteristics that were mentioned before are available. The typical materials 

used are Polyvinyl Chloride (PVC), Polypropylene (PPE), and HDPE (High density 

Polyethylene) [17]. Therefore, we will be using one of these three materials as a liner. The 

dimensions will be the same as the ones of the wetlands adding the height plus 10 cm in each 

side for the design purposes  

  The Type of media:   

The choice of the type of media is also critical in the design and the overall functioning 

of the wetlands. There is several factors to take into considerations when choosing the 

media namely, the hydraulic conductivity, the shape, the size, and the porosity. These 

specifications can influence directly the flow within the system. The commonly used 

media for these type of application is coarse sand, gravel, or small rocks. The media used 

should be uniform and of small size in order not to contradict the assumption of laminar 
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flow used by Darcy’s law, which is an important equation that is useful in the many 

calculations for instance, the hydraulic retention time in the system. The table below 

shows the different types of media possible to use and also their relevant characteristics 

for the project [18]. 

Table1: Types of media and their properties 

 

Type of Media  Size (mm)  Effective Porosity 
%  

Hydraulic 
Conductivity 
(m/day) 

Rock 128 45 3048 

Fine Gravel 16 38 2286 

Medium Gravel  32 40 10000 
 

Even though uniformity of the media is a requirement of the design of constructed 

wetlands, it is recommended to use bigger sized media next to the inlet and outlet in order 

to decrease the possibility of clogging [18]. It is also essential to thoroughly clean the 

gravel before using it. Moreover, it should have specific characteristics like being hard 

and most importantly durable to be able to keep its initial shape through time [17]. 

The type of media we will be using is fine gravel giving that it has a low hydraulic 

conductivity and porosity. 

 Type of vegetation : 

There are several types of vegetation that can be ultimately used for these kind of 

treatment stations, namely; Cattails, Reeds, and Bulrush. However, the choice should not 

be done arbitrarily since it mainly depends on the climate, and type of species existent in 

the area. For, instance in the presence of animals like nutria which depends on plants like 

cattails can eat and destroy the plants. Taking the biodiversity and the climate of the 

region. Reeds are the most appropriate for the constructed wetlands. These plants don’t 

need any harvesting or care since the fallen leaves serve as a thermal insulation on top of 

the gravel during winter times. Each wetland will contain a total of 1600 plants as an 

average of 4 plants per m². The table below, shows all types of vegetation taken into 

consideration when choosing the vegetation as well as some of their root depth as it’s a 

major factor when determining the height of the wetland [17]. 
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Table 2: Types of vegetation and their root depth 

Type of Vegetation Root Depth (m) 

 Bulrush 0.6 

Reeds 0.3 

Cattails 0.2 

 

4.3.2. Other Design Criteria: 

 Pumps:  

 To assure that the water gets into the Constructed wetlands from the septic tank, and from the 

residences to the septic tank as well, it’s crucial to install a pump. However, the pump that will 

help with getting the water from the septic tank to the treatment should be indeed a timed water 

pump that will be timed according to the hydraulic retention time (HRT) of the system. This 

installation will help monitoring the amount of water entering the Constructed Wetlands in order 

to assure efficiency of treatment within the system. 

 The Inlets and Outlets: 

Inlets and outlets should also have a customized design to support the whole system. In addition 

to the fact that the gravel near the outlets should be larger than the media to prevent clogging, 

there are many other to take into consideration.  

 The inlet should be slightly above the media to allow better aeration of the influent before 

it enters the wetland. The oxygen will help with the chemical reactions that rely on 

oxygen such as nitrification. In this project we will take the inlet to be approximately 5 

cm above the media surface. Moreover, the inlet pipe should be designed and placed in 

such way to grant even distribution of the water at the inlet. 

 The outlet is preferable of the perforated manifold type, and have an easy access in order 

to be able to control the level of effluent. The adjustable standpipe needed for this 

purpose can be replaced by a weir box, since it provide much more ease during the 

control process. The weir box will include a pipe that will directly conveyed to the treated 

water collector.  
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4.4. Operations and maintenance: 
The operations and management of subsurface flow horizontal constructed wetlands are minimal 

and of relatively low cost. This kind of treatment stations usually operates by itself and requires 

maintenance only few times along many years of operations. The main work that should be 

performed to assure good functioning of the plant is the pumping of the septic tank to remove the 

accumulated sludge, the removal of overgrown plants that can be sold later on. An inspection of 

the quality of water is also necessary from time to time along with an occasional cleaning of the 

inlets and outlets. Last but not least, there is a low chance that some mechanical problems 

concerning either pumps, pipes or the timer that will require an immediate intervention. 

4.4 SubWet: Design and simulations:  

4.4.1. Introduction: 

 

SubWet is a software that was designed by the United Nations Environment program, and more 

specifically the division of Technology, Industry and Economics. For the modelling of horizontal 

subsurface flow constructed wetlands. At first SubWet was developed to be used only in regions 

with warm climates, so it has a limited applicability. However, it was recently upgraded to also 

involve sites of cold climates despite the limiting conditions it represents. The latest 

modifications have been done as part of research project between UNEP and Fleming College in 

Canada that calibrated the software using the data model in a constructed land in the region of 

Nunavut, Canada. SubWet 2.0 is a tool that assist the experts and individuals in designing and 

implementing subsurface flow constructed wetlands. It allows the user to simulate the removal 

efficiency of the main contaminants that exists in waste water, namely, Phosphorous, and 

Nitrogen. In addition, it can estimate the biochemical oxygen demand for 5 days during the 

treatment period. In addition, SubWet, also grant the user the possibility to experiment with 

different sets by modifying the values of the variables as well as the initial concentrations of 

some data in order to obtain the optimum results. 

4.4.2. Design 

The first step in the software is to determine the primary factors that control the general design. 

The input consists of the width, Length, depth, Precipitation Factor (PF), slope, the percentage 

average particulate matter, the hydraulic conductivity, and the selected flow. (See appendix) 
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 Width, Length, and depth: We already defined these parameter in the previous sections. 

Each of the five constructed wetlands will be 10 meters wide, 40 meters long, and 0.6 

wide. 

 Precipitation Factor: The precipitation factor takes into consideration the precipitation 

and the evapotranspiration. It’s calculated as the volume of water obtained from 

precipitation after deducting the volume evaporated over the initial volume in the wetland 

[21]. In the case of  similar precipitation and evapotranspiration the precipitation factor 

yields to 1 which is also the case of this project since the average precipitation (see 

appendix) and evapotranspiration  are approximately 30mm per day [20].The calculation 

are expressed below: 

Avg precip-Avg evap = 30-30=0 

 

Initial Volume= 400 𝑚3 

 

Then PF= 
400+0

400
= 1 

 
 The % average of particulate matter (AP): The average particulate matter is calculated 

using the following empirical equation [21]: 

% 𝑎𝑣𝑔 𝐴𝑃 =
(25 − 𝑆𝐹)

8
=

25 − 4.5

8
= 2.5  

 Slope: In order to facilitate the flow of water from the system to the outlet, it is necessary 

to have a slight slope within the wetland, but not to exceed 1% to keep the uniformity of 

treatment [18]. Therefore, the value that will be used for the simulations is 0.5. 

 Hydraulic conductivity:  In this context, Hydraulic conductivity represents the ability of 

water to go through the media in the constructed wetland. As mentioned before fine 

gravel will be used as the media for the constructed wetlands. Therefore, the hydraulic 

conductivity is around 2286 m/24h. 

 Selected Flow: the selected flow is the total flow that will be flowing through the system 

per day. Given that the total flow for the 5 wetlands is 22,500 liters per day so for each 

one of them will have a flow of 4.5 liters/day. 
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After imputing all the previous parameters the software generates the values of the area, volume, 

Hydraulic loading, Recommended Hydraulic Flow, the recommended flow, flow width and flow 

length, and finally the number of paths. (See appendix) 

 

 Hydraulic loading: According to the ecology dictionary, the hydraulic loading is the 

volume of water applied to a certain filtering medium [22]. 

The second step in the software is to determine the forcing factors which include the 

porosity of the media, the length of the simulation, the average oxygen, and temperature. 

In addition, it is necessary to include the initial concentration of contaminants like nitrate, 

Ammonium, and phosphorous.  

 Average oxygen: The software requires five values for the average oxygen, because it 

divide the wetland into five separate cells and tracks the concentration of the wastewater 

in each of the cells.  

 Temperature: the temperature required is the one of the water, it is normally calculated 

experimentally. However, a research done about the seasonal variation in physic-

Chemical parameters in Ifrane provide the temperature of water in each season, and the 

average yields to 12.98 °c [23]. 

 Porosity: The porosity was taken to be 0.03(as a fraction of the percentage), which is the 

porosity of the fine gravel used as the media. 

 The forcing factors input allow to get the water volume in𝑚3, as well as the Hydraulic 

retention time per cell in days. 

 The next window prompt the user to inter initial values, however this time, it requires an 

estimation of the value of BOD5,Nitrate, Ammonium, total Phosphorous, and organic 

nitrate in each of the five cells that constitutes the wetlands. An array of parameters also 

requires an entry by the user. These parameters are essential in defining the final model 

and they includes values parameters like the maximum Denitrification rate, and the 

temperature coefficient of nitrification. The value of these parameters is defined in the 

software manual according to the climate type. 

 The Hydraulic Retention Time: The hydraulic retention time is the time needed for the 

wastewater going through the wetland to be treated completely.This value is calculated 
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by the software and it is 3.75 days per wetland. It can also be calculated using the 

following formula and it give a similar result: 

HRT= (n*L*W*D) / Q 

Such as:  

n:effective porosity of the media % 

L: Length of the wetland 

D: Depth 

Q: The average flow 

W: The width of the wetland 

 

4.4.3. Results and Simulations: 

 

 The last step is to simulate the efficiency of removal of the contaminants and the total 

amount that was removed after treatment in mg per Liters. The results are represented in graphs 

in terms of the number of days chosen before as the length of the stimulation(30 days).In 

addition, the software has the option to compare the results collected from the actual wetlands to 

the one generated. Furthermore, SubWet enables the user to get data sheets of the results of the 

concentration of all of the contaminants in each of the cells A, B, C, D, and E any day. 

The table below display the initial concentrations in the influent and the targeted concentrations 

of the contaminants in the effluent: 

Table 3: Influent and effluent concentrations 

Constituent Influent concentration (mg/L) Effluent concentration (mg/L) 

BOD5 201 11 

Nitrate 30 4 

Ammonium 29 1 

Total P 5 1 

Organic nitrogen 10 2 
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According to these concentrations the software generates graphs to show the efficiency of 

treatment in the wetland. In other words, it measures the extent to which the target 

concentrations were achieved. 

 

 

 

 Efficiency of BOD5 removal: 
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 Efficiency of Nitrate removal: 

 

 
 

 

 Efficiency of Ammonium removal: 
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 Efficiency of Phosphorous removal: 

 
 

 Efficiency of Organic Nitrogen removal: 
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4.5. Summary and Discussion of the results:  
 

The results generated by the software indicate that the design and all parameters set for the 

constructed wetlands are efficient. In general, all the graphs display a removal efficiency of 100 

% which confirm the fact that the designed constructed wetlands are capable of reaching the 

targeted concentrations in the effluent. In addition, all the graphs display  sharp oscillation 

between the value of 0 and almost 100% which is due to the hydraulic retention time (time 

needed for treatment) .The hydraulic time is found to be 3.75 day which we can observe from the 

graph, and that’s what create the ups and downs. Moreover, the graphs also shows that during the 

first days there is an inconsistency which can be explained by the fact that the constructed 

wetlands usually need few days to start working efficiently. 

5. Financial Analysis: 
The final part of this project is the financial analysis. This step is extremely crucial before 

implementation in order to measure the feasibility of the study performed. It also allows an 

approximation of the return on the investment over the long term in addition to the payback 

period. In this financial analysis there will be also a comparison between the cost of treatment 

following the conventional method of treatment and the constructed wetland treatment. 

The excel table below summaries all the costs and expenses related to the implementation of the 

project. 

Table 4: Cost and expenses 
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The system will require maintenance as mentioned in previous sections which is estimated to be 

2000 MAD per year. There will also be a generation of profit yearly through selling harvested 

reeds. The profit is estimated to be 24,000 MAD per year given that there is a total of 8000 reeds 

and the selling cost is 3 MAD. 

 Comparison between the conventional and Constructed wetlands cost for waste 

water treatment: 

The local rate for wastewater treatment is defined as 2.54 MAD per m3. In the other hand, and 

taking into consideration the total cost, operation and maintenance, and profit generated; the cost 

yields to 0.41 MAD per m3. That is to say, the cost will sum up to 3,367.12 MAD per year if 

using the constructed wetland system. However, if using the conventional way of treatment, the 

cost will be 20,859.75 MAD per year which denote a great difference. 

Table 5: O&M cost and profit 

 

 

 Payback Period of the Project: 

The payback period is amount of time needed for the recovery of the initial investment. 

Taking into consideration all the previously mentioned costs and profit generated. The 

payback period will yield to 6.165 years following the general formula for payback period 

and allowing a 5% increase in the operation and maintenance cost each year. The formula is:  

PP = I/C   

Such as I is the investment, and C is the cash flows per year. 

If we consider the time value of money, we should use a different formula which take into 

consideration the discount rate (in this case 7%).The discounted formula as follow: 
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DPP = - ln(1 - R/C)/ln(1 + R) 

The DPP will be 8.968 years. 

The Table below shows in details of the cash flows using the two methods for the period of 25 

years. 

Table 5: Cash flows and discounted cash flows for the first 25 years of the project 
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6. Conclusion: 
 

Wastewater treatment has become a necessity for the protection of the environment. The 

conventional methods used for wastewater despite their efficiency can be indirectly harmful to 

the environment because of the high energy consumption and the risky use of toxic chemicals. 

On the other hand, constructed wetlands provide an alternative that assure the treatment of water 

naturally and efficiently. All the solids and contaminants such as Nitrate, ammonium and 

phosphorous can be eliminated after going through the system that consists of a septic tank and 

the constructed wetland. The removal efficiency is granted since all the treatment relies only on 

biological and chemical processes that naturally occurs when the appropriate conditions are 

available. As a matter of fact, the system could have some limitation namely the cold climate, 

however, if the necessary measures are taken into consideration. The resulting effluent can have 

different uses. It can mainly be used for irrigation, also the sludge collected during the primary 

treatment can be used to generate biogas. In this project, a complete design and analysis was 

conducted in order to implement a treatment system relying on constructed wetlands to provide 

treatment for wastewater from two residential buildings in Al Akhawayn University’s campus. 

The efficiency of the wetlands was represented using a modelling and design software developed 

for this kind of applications. Last but not least, a financial analysis was conducted to determine 

the payback period which yielded to approximately 6 years. 
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7. Appendix: 
 

 SubWet Design Window: 
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 SubWet Forcing Functions Window: 
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 SubWet Initial values Window: 
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 SubWet Parameters Window: 
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GLOSSARY 
 

BOD:  Biological Oxygen Demand 

COD: Chemical Oxygen Demand 

TSS: Total Suspended Solids 

N: Nitrogen 

P: Phosphorous 

WSP: Waste Stabilization Ponds 

CW: Constructed wetlands 

GF: Ground filters 

SSF: Subsurface Flow 
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