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Constructed Wetland Final Paper 2009 
Problem Statement

As improper waste management and other factors cause an increase of harmful pollution flowing throughout rivers and watersheds, often used as a community water source, the need for efficient watershed and waste management becomes increasingly important. This is especially relevant in the densely developed community of Au Leon, located in the Fond D'or watershed. The community of Au Leon is situated on a steep hillside with very little pervious soils. Many houses have been built directly on bedrock and have an above ground septic tank used to settle solids from the household wastewater. The effluent moves through the septic tank and is discharged to an in-ground disposal field. The typical soil profile in this area is very rocky, preventing the wastewater from being absorbed into the ground. As a result, the wastewater moves directly along the rock surfaces, until it reaches areas of expected human contact. This creates a public health risk because the wastewaters carry harmful bacteria and are highly contaminated. Water quality tests performed on surface waters draining from the settlement indicate consistently high levels of total coliform bacteria, which suggests the wastewaters from households is not infiltrating into the ground, but rather running directly into areas of expected human contact. A sustainable solution to this problem is the use of constructed wetlands to further filter the wastewater being released from the septic tanks before it reaches areas of human contact and other waterways. A constructed wetland has the ability to reduce total coliform count in the wastewater and create a safer and healthier environment.

Watershed Management through Constructed Wetlands

Literature Review

A watershed is “that area of land, a bounded hydrologic system, within which all living things are inextricably linked by their common water course and where, as humans settled, simple logic demanded that they become a part of a community” (EPA). As watersheds are considered to be a part of the community, it is naturally crucial to focus on the importance of their maintenance. This process is referred to as “watershed management.” The primary goal of watershed management is to work towards creating an environmentally, socially, and economically healthy watershed that has the capacity to benefit all of its stakeholders.

Most developing countries have existing organizations that work with communities on the management of their watershed and river regions through a variety of strategies. Generally, methods of watershed management involve education, legislation, physical management, the use of constructed wetlands, and the use of other filtration systems for waterways. Educational outreach programs geared towards children in schools, people living in close proximity to watersheds and rivers, farmers, as well as other stakeholders are a common tool used to promote sustainable behavior towards human interaction within watershed areas. Governments often create legislation that establishes crucial watershed/mangrove areas and coastal areas as marine reserves, further protecting these areas from human interaction. Physical watershed management and the use of constructed wetlands is a more natural approach, as the environment itself plays a vital role in its own sustainable management.

A constructed wetland is merely a human made wetland that functions the same way a natural one would.  A wetland is an area where water is the primary factor controlling the environment and the associated plant and animal life (Ramsar Convention 2007). They can be formed anywhere there is a relatively impermeable subsurface that prevents water from being deeply absorbed into the ground. In simple terms, a constructed wetland can be formed by shaping the land surface to collect surface water and by sealing the basin to retain the water (Davis 2007). It is scooped out of the ground with an earthmover, lined with local gravel and plants, and linked to the inflow and outflow segments with plastic pipes. Gravity draws the wastewater downward through the underground gravel cells, into a collection tank, and then disperses it over a swale, cleaned of its suspended soil and organic matter (Foley 2004).   Both individual farmers and communities can take part in the creation of these wetlands. In small island states, the implementation of constructed wetlands in appropriate areas would be ideal as they prove to be less expensive to build and maintain then other water treatment options, facilitate water reuse and recycling, and require only periodic operation and maintenance (Davis 2007). Wetlands are particularly helpful in watershed management as they function as a way of cycling nutrients and other materials, water storage units, filtration systems for water quality improvement, and habitats for wildlife (Davis 2007). In St. Lucia, the incorporation of constructed wetlands into a watershed management program could be done in collaboration with several governmental organizations, especially the Ministry of Agriculture, Forestry, and Fisheries.

In developing island states, more specifically St. Lucia, sustainable marine management is becoming an important priority. It is crucial for the health of both communities and the environment that the people and government consider the importance of watershed management as an avenue of establishing better water quality. The constructed wetland approach has been proven successful in numerous regions across the globe, including US Virgin Islands, Iran and right here at UVM. Throughout the Caribbean region, the use of wetlands has been moderate. However, an increase in their use is strongly recommended (UNEP, 108). In Akumal Quintana Roo, Mexico, subsurface wetlands were constructed in the mid 1990s to address the issue of untreated domestic wastewater effecting the environment in the eastern Yucatan Peninsula (Krekeler et al., 709). The wetlands were surveyed & evaluated on their general status after six to seven years to determine their long-term stability. The observed problems associated with the wetlands were in part due to flaws in their overall design. The problems noted include overloading; pour plant cover, and odor (Krekeler et al., 709). The Akumal wetlands were successful but faced various hurdles and problems. One issue they experienced was exposure to non-degradable objects and debris, such as plastic bags. Such objects would accumulate and cause portions of the system to become blocked (Krekeler et al., 713). Also, the aggregate input levels in the wetlands posed to be an issue. Significant drops in the aggregate input levels were reported as a result of compaction and dissolution (Krekeler et al., 723). The drops in aggregate levels lead to wastewater near the surface of the aggregate causing odor and promoting fungal growth Krekeler et al., 713). Constructed wetlands generally require low maintenance and the advantages and benefits greatly outweigh the disadvantages and constraints.

Constructed wetlands have been implemented universally and more recently started to show up in many developing tropical areas including the Caribbean. To be fully functioning and sustainable these wetlands need a moderate amount of management. This management should be determined by the stakeholders and should be understood by the communities in which they are being implemented. It is important that they are understood as something that cannot exist on its own because in some cases neglected constructed wetlands can fail. The continued interest in the long-term is definitely necessary for the most desired outcome. To ensure this sustainability often times there will be instruction given to the communities along with lessons on importance of clean water. Much like in San José Las Flores in El Salvador, the social intervention of the NGO has produced very positive results in terms of “empowering” the local population to take care of the plant and to consider the treated effluent as a valuable resource for crop production. It is therefore highly recommended that community mobilization be a component of constructed wetland projects for community-based systems (WSP 2007).

Other, more natural, problems may occur throughout the process of wetland up-keep including lack of sludge removal, low water flow etc. In the case of the wastewater sanitation system implemented in Salinas Grandes, Nicaragua-- Lack of ownership, interest, and time by the community members has resulted in very limited operation and maintenance of the [wetland] plant carried out for years, leading to a very high sludge level in the tank (WSP 2007). This sludge clogs the system and inhibits it from doing a proper job of filtering the water. In addition to the removal of sludge, it is important to make sure that the rate at which the water flows through the wetland is mostly invariable. A constructed wetland that was built at another site in Nicaragua received a considerable amount of water shortages throughout the year causing a dry spell in the wetland (WSP 2007).

These possible problems that can occur are avoidable with little effort exerted. The benefits of a constructed wetland heavily outweigh the “costs” for a number of reasons; the systems are characterized by a stable treatment process, robustness, and good contaminant removal, favored by the high ambient temperatures in tropical regions such as Central America. Operation and maintenance costs are low, stemming from the natural biological treatment process, low or no energy requirement, and lack of need to rely on sophisticated equipment, spare parts, or chemicals. The O&M requirements are relatively simple, which allows community management if adequate training and technical assistance are provided. The systems' environmental impact in terms of liquid, solid, and gaseous emissions is low. The systems are attractive in appearance (WSP 2007). This is why it is imperative to prevent any possible problems from occurring for the long-life of a constructed wetland.

There are several major watersheds in St. Lucia from which most of the water demand is met. Rainfall is not evenly distributed throughout the year. The uneven distribution tends to be problematic in the drier periods of February to April in the absence of adequate collection and storage facilities. The majority of the rainfall flows to the sea and there is limited opportunity for deep percolation due to the islands geological make-up, its rugged topography and the absence of intermediate collection points such as ponds and lakes. (CEHI 6) When developing plans for a constructed wetland, it is important to consider the rainfall distribution in order to determine the seasonal rates of water flow that will be entering the wetland. The main threats to sustainable management of the water supply and associated watershed management and protection are those related: 1. To the quality of the water in the watershed, and 2. To the reliable access and production of freshwater as a resource both to the human population and to biodiversity within the watershed/coastal ecosystem (Fond D'Or Project Proposal).

The quality of water in St. Lucia is a serious problem and has been for years, with few initiative efforts being made in the past by the country to reform its approach to water resource management. Awareness of the seriousness of these issues within the Government of St. Lucia has existed since the early 1980's, but few drastic, effective measures were taken. A number of factors lead to poor water quality that are largely linked to upstream human activities, including unregulated development along river banks, the use of rivers for washing and bathing, agrochemical use associated with banana production and grazing, and the use of sub-standard septic systems. (CANARI 2003) Water supply is also an issue; the country has the ability to meet current and projected future demand for water, if the water cycle is used properly. Reliability of water supply for citizens is a key problem, as rationing is common during the dryer parts of the year and allocation decisions made by water distributors leave areas unattended, which limits health and development in general. However, over the past few years significant steps towards the reform of the watershed management system in St. Lucia has been made with financial support from the European Union and the World Bank. For example, water management groups in communities were started five years ago by the Department of Forestry in key water catchment areas to supplement the local water supply. These groups have had an impact too on local awareness of the connection between watershed management and water quality and supply. (CANARI 2003) The main group on the island that is organizing these efforts is the Water Resources Management Unit (WRMU).

While there are many causes of poor water quality in St. Lucia, a particular threat lies in the fact that much of the land around water intakes is privately owned and therefore possibly subject to activities that contaminate the water, including improper disposal of waste, pesticide use and poorly sited or constructed septic systems and pit latrines. (CANARI 2003) In terms of solutions, groups are active on the island to reduce these problems: the Department of Forestry has supported two small groups on the island that are working towards relocation of water intake for particular communities to a less impacted area, and conducting watershed rehabilitation projects. Proposed solutions include purchasing the land areas draining into water intakes and turn them into Forest Reserves, providing incentives for banana and livestock farmers to convert to tree crops that coincide with clean water production, and decentralizing water services which will stimulate competition in local operators, leading to improved service and quality. (CANARI 2003) This privatization of the water industry is one of the key components in St. Lucia's entire reformation of their watershed management; turning it into a market system, stimulated by economic incentives for individual and community efforts towards sustained water quality.

Among current proposed solutions to poor water quality in St. Lucia, the use of constructed wetlands could prove to be a great addition. Incorporating constructed wetlands into St. Lucia's watershed management initiative would not only introduce a simple environmental concept to their overall agenda, but also provide an educational opportunity for the stakeholders to become actively involved in their watershed management and learn how wetlands can serve as a means of improving water quality.
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Background and Previous Year's Work

The University of Vermont established a presence in St. Lucia last year in 2007 when a group of students collaborated with the Ministry of Forestry and Fisheries to conduct a feasibility study for constructed wetlands on the island as sustainable solutions to watershed management problems. The students, together with their project partners who were members of the Ministry of Forestry and Fisheries, performed water quality tests in different watersheds around the island to identify where there may be pollution and therefore possible improper waste management techniques in place. Coliform levels were being tested in stream waters, and particularly high levels would indicate poor management techniques somewhere upstream. The Fond D'or watershed was identified as being particularly polluted with coliform, a threat to public health. The students followed the stream upwards to the community of Au Leon, a densely populated community located on a steep slope where improperly treated wastewater could easily cause problems, both for humans and the environment, further downstream.

The location for the following years trip's work was then identified, and has translated over into 2008 with follow-up communication with the Ministry of Forestry and Fisheries and IWCAM and plans for the construction of wetlands in Au Leon to assist with wastewater management. 2007's trip established excellent relationships with the members of the MAFF and IWCAM in St. Lucia, as well as with many other community members; contacts that have remained interested and involved in our project over the past year and are continuing to show dedication and support for next year as well.

Project Description 

In St. Lucia, improper waste management and other factors cause an increase in harmful pollution flowing through rivers and watersheds, which are often used as community water sources. There has been a need for efficient watershed and waste management in many areas of St. Lucia, including the Fond D'or watershed, which is where our project was located. Our project addressed this need for waste management by specifically tackling the issue of improperly treated household wastewater running out of septic tanks and into gutters, streams and other areas of expected human contact. This wastewater has been found to contain very high levels of coliform, indicating a direct threat to public health.

A solution to this issue was identified in the work done by our project last year, in the form of constructed wetlands. These wetlands are small, efficient and environmentally sustainable, and effectively filter the wastewater discharged from household septic tanks through a combination of physical, biological and chemical processes. They require no chemical or energy inputs and have very low maintenance costs over time. Also, importantly, they can be constructed entirely from locally sourced materials in St. Lucia, ensuring their sustainability.

Our project consisted of the implementation of several of these constructed wetlands in specific households in this watershed, specifically in the town of Au Leon, a densely populated community built on a steep and rocky slope with few impervious soils to absorb runoff wastewater. The Ministry of Agriculture, Forestry and Fisheries designated the households that received the wetlands before our arrival. Many community members were actively involved in the construction of the wetlands, ensuring that the knowledge of how to build them remained in St. Lucia after our departure. Our project also included an educational program, including a maintenance manual and informational pamphlet about the functions and benefits of a constructed wetland, as well as the importance of proper wastewater management, for the community members of Au Leon and the families receiving the wetlands.

Relation to Millennium Development Goals

In terms of the ever-important Millennium Development Goals, contributing to international development, our constructed wetland project relates to both Goals 7 and 8. Goal 7 is to Ensure Environmental Sustainability, which directly relates to the development of wetlands for the purpose of providing sustainable access to sanitary waterways. We were able to locally source all parts needed to construct the wetland leaving the St.Lucians with a sustainable solution to their growing problem. Goal 8 is to Develop a Global Partnership. Throughout the semester at UVM we development a relationship with various partners down in St. Lucia—continuing that relationship throughout our time on the island and even further—relaying our collected data and information to them upon our departure. We have worked in cooperation with St. Lucia to ensure that efforts on both sides will be equally respected and appreciated. 

Work in St. Lucia:

While in St. Lucia, our primary project output goals were to (1) source all necessary wetland materials locally, (2) complete the construction of at least one full wetland and begin construction on a second, (3) produce an informational pamphlet to be distributed to town members, and (4) to educate project partners and home owners about the construction process and required maintenance. With the contribution of the UVM team, IWCAM partners, and Au Leon community members all of these deliverables were successfully met.

After examining the U.S. wetland parts we had previously shipped down, we were able to identify local materials that could be used as substitutes. For example, a half 55-gallon barrel with drilled holes lining the bottom edge can replace the official basin component. Additionally, all of the PVC piping can be found at local hardware stores. The flexible design of the wetland made finding substitute parts easy. Once we gathered all the necessary materials, we began construction of the first wetland with the assistance of several community members. Prior to our arrival, the cement basin used to line the wetland had already been prepared so we were able to complete construction in a reasonable amount of time. Inside the concrete basin, we put together a series of PVC pipes connecting the inlet pipe to the outlet pipe. Surrounding the piping line, we filled the basin with roughly three feet of gravel. On top of the gravel, we laid out approximately 12 inches of a compost layer comprised of coconut husks. In order for the wetland to become fully functioning we needed to deposit seeds (in this case ginger seeds) into the compost. We left this task up to the homeowners in order to give them a sense of ownership over the wetland.

Throughout the building process, we were able to educate project partners of the step-by-step construction process of the wetland. Members from both the UVM team and the IWCAM project committee took diligent construction notes onsite to use as a building reference in the future. We also had our engineer, David Whitney, on site to assist in construction and answering any technical questions our partners might have. We were able to give our partners and the homeowners a reformed version of homeowner's maintenance manual that David has used in previous jobs.

We were able to create the informational pamphlet in collaboration with the Au Leon Constructed Wetland Project Committee. The ALCW, consisting of 5 Au Leon community members, was created to oversee the continuation of the project and select potential households to be beneficiaries of the wetlands. The ALCW's idea behind the informational pamphlet was to sensitize the community to be comfortable with the new wetland technology being introduced. The pamphlet included sections on the problem concept, benefits of having a wetland, how a wetland works, information about the committee, a description of who is eligible to be a project beneficiary, and the funding agencies. After we developed the text of the pamphlet, the ALCW took on the responsibility of the layout, publication, and distribution.

Results & Implications

Immediate results of the Constructed Wetland project include the completion of one full wetland, the development of construction plans for future wetlands, and the raised awareness and interest in the project among community members. The initial constructed wetland will be fully functioning to treat household wastewater in approximately 2-4 months after the introduction of the ginger seeds to the compost. At that point, the wetland should be contributing to a reduction in coliform bacteria levels in the wastewater. This can be monitored by testing the water quality before entering the constructed wetland and comparing the results to water quality tests performed on discharged water from the outlet pipe. Definite results of the constructed wetland project will be determined by these water quality tests, which can be done by our project partners in St. Lucia and/or future UVM groups.

Future Actions Recommended

One of the primary objectives of the Constructed Wetland project is to ensure the ongoing sustainability of the project in every way possible. This involves making sure the technology is fully understood by our St. Lucian project partners and that all of the materials can be sourced locally. By making sure our project partners are comfortable with the idea of a constructed wetland and the mechanics involved in building one, we can avoid a dependency on UVM or imported materials from the United States in order for the project to continue. With the help of IWCAM and the Au Leon Constructed Wetland Project Committee, the project will hopefully continue with the construction of several more wetlands in identified problem areas. The IWCAM project committee, the ALCW, and UVM can ensure the success of this project. Future actions recommended for UVM include offering assistance in the continuation of this project by helping to build more constructed wetlands and also exploring alternative methods of wastewater treatment for areas in which a constructed wetland isn't feasible.

The Budget

The cost of one wetland with materials locally sourced from St. Lucia is precisely $2,173.09 (Eastern Caribbean Dollars) with the exclusion of the cost of manual labor.  The cost for the tank alone is around $1,182.04 EC and for the piping and other parts is around $991.05 EC.

	Quantity
	Descripton
	Cost each (EC)
	Total cost (EC)

	120
	Concrete blocks
	 $3.00 
	 $360.00 

	7
	Bags of Cement 
	 $23.00 
	 $161.00 

	2
	Sheets of BRC
	 $95.00 
	 $190.00 

	3
	lengths of 1/2" steel
	 $24.00 
	 $72.00 

	1
	yard of ready mix
	 $60.00 
	 $60.00 

	4
	yards of 1/2" stone
	 $75.00 
	 $300.00 

	10
	bags of coconut shells
	 $3.00 
	 $30.00 

	1
	liter of sealant
	 $9.04 
	 $9.04 

	
	
	
	

	
	TOTAL COST OF TANK
	
	 $1,182.04 

	
	
	
	

	Quantity
	Descripton
	Cost each (EC)
	Total cost (EC)

	2
	4" PVC pipes
	 $69.00 
	 $138.00 

	5
	2" PVC pipes
	 $34.00 
	 $170.00 

	8
	4" PVC tee
	 $19.50 
	 $156.00 

	4
	4" PVC Elbows
	 $16.50 
	 $66.00 

	7
	4" PVC Couplings
	 $6.95 
	 $48.65 

	5
	4" Cleanout Plug
	 $17.95 
	 $89.75 

	1
	4"x 2" reducer
	 $12.50 
	 $12.50 

	1
	4" rubber couplings
	 $25.90 
	 $25.90 

	2
	2" PVC Elbows
	 $5.90 
	 $11.80 

	3
	2" PVC couplings
	 $4.95 
	 $14.85 

	12
	2" PVC female adapter
	 $4.95 
	 $59.40 

	6
	2" 45 degree 
	 $17.20 
	 $103.20 

	6
	4" 90 degree
	 $14.50 
	 $87.00 

	2
	Hacksaw blades
	 $4.00 
	 $8.00 

	
	
	
	

	
	TOTAL COST OF PARTS ETC
	
	 $991.05 

	
	
	
	

	
	
	
	

	
	TOTAL COST OF 1 WETLAND
	 $2,173.09 





