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AguaClara is a project in Civil and Environmental Engineering at Cornell University that is improving drinking water quality through innovative research, knowledge transfer, open source engineering and design of sustainable, replicable water treatment systems.
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AguaClara: Introduction
Overview

AguaClara water treatment plants are designed to treat turbid surface waters at the municipal scale; they are built using local materials and are operated without electricity. In order to ensure long term sustainability, AguaClara partners with local institutions who build, operate, train, transfer, oversee, and monitor these water treatment plants. In addition, it is notable that AguaClara plants are inexpensive: they have a one-time construction cost of less than $20 per person, and after construction is complete the monthly fee for operation and maintenance is approximately $1 per family.

AguaClara has already proven to be successful at treating turbid surface water on the municipal scale.  In working with Agua Para el Pueblo, a Honduran NGO, AguaClara has designed a water treatment plant that is working effectively and providing safe, clean water to 2,000 people in Ojojona, Honduras.  Two more plants are currently under construction in the Honduran towns of Marcala (serving 5,400 people) and Tamara (serving 3,500 people).
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Vision
Geographic expansion:  Building upon the demonstrated success of the AguaClara technology in Honduras, we plan to expand to additional municipalities in Honduras and to begin introducing our technology to other countries in Latin America.  In doing so, we hope to have AguaClara plants, serving a total of at least 15,000 people, constructed in Honduras by the summer of 2009.  Our partner in Honduras, Agua Para el Pueblo, will need financing of approximately $300,000 to meet this goal.

Creating a network:  Recognizing the global demand for this technology, we seek to develop a network of regional partners who are dedicated to knowledge transfer and capacity building and can help disseminate the technology in other countries.  Our growth model emphasizes South to South spread with strategic North to South collaborations.  We propose holding a workshop in Tegucigalpa, Honduras this summer to meet with various NGOs from Latin America and begin the training process with our new regional partners. Hopefully, we will be able to launch a second site in Africa or Asia in the next 3 years.

The Challenge and the AguaClara Niche
Global Challenges

Diarrheal diseases from easily preventable causes claim the lives of approximately 5,000 young children throughout the world every day. According to UNICEF, sufficient and better quality drinking water and basic sanitation could reduce this toll dramatically. One of the causes of waterborne disease is the distribution of untreated surface waters as drinking water. Point of use and municipal scale treatment schemes are two potential solutions. In recent years, conventional municipal water treatment and supply systems have been seen as an unsustainable and expensive strategy for providing safe drinking water in low-income communities in underdeveloped countries.  This conclusion is based on the failure of conventional technologies, developed for use in the first world, that have been inserted in third world settings, which lack ready access to supply chains, trained technicians, and sufficient capital. However, the AguaClara team believes that clever, innovative technology can circumvent these obstacles and make municipal scale water treatment a viable solution.

The Advantage of Municipal Scale Treatment

Point of Use (POU) drinking water treatment systems recently have become a favored solution among many development organizations.  However, the challenges of training every household, the impossible task of monitoring water quality, and the high cost of replacing failed units has led to the renewed realization that appropriate municipal scale water treatment systems could provide a more sustainable solution. While recognizing that POU solutions may be the only viable option in rural communities where piped distribution systems would be too costly or where water scarcity makes managing a distribution system difficult, the AguaClara team is proposing a corrective to the current emphasis on POU technologies where municipal scale treatment and distribution would be more economical and sustainable and would better meet the needs of the poorest members of the communities.

Some POU advocates emphasize deficiencies in municipal scale treatment and distribution systems and encourage consumers to distrust tap water in order to promote their own solutions.  Loss of confidence in municipal water systems undermines public willingness to finance such infrastructure, which even POU users count on for their water delivery source.  The downfall of POU water treatment, however, is that it is more expensive per person, treats only the drinking water rather than all water entering a home, and is often unobtainable by the poorest members of a community.  As a result, there are numerous advantages to working at the municipal level including economies of scale, fewer maintenance personnel to train, and treatment of all of the water that goes into a home.

The Technology Deficit
A series of shortcomings has prevented municipal water treatment plants from becoming an effective tool for meeting the Millennium Development Goals.  Initially, environmental process engineers had viewed each water treatment plant installation as a customized design, and the resulting engineering costs easily exceeded the construction costs for small water treatment plants. 
The conventional solution to the high design costs was to rely on imported package plants.  However, the lack of empirical experience or a theoretical basis for the design of hydraulic flocculators for small scale communities (of less than 50,000 residents) has forced a reliance on simplistic designs using electric power and imported components.  So far, no technology has been available for gravity-powered dosing systems that could be calibrated and easily used to deliver chlorine and aluminum sulfate.
The AguaClara Solution
Our strategy to reduce the engineering design costs is to:

· Publish our design algorithms

· Create an automated, web-based, design tool that will enable partner organizations to obtain detailed design documentation including 3-D CAD drawings of an AguaClara plant that is customized to the size of local materials that will be used for construction
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The AguaClara team has developed designs, based on a combination of fundamental fluid mechanics and ongoing research, for hydraulic flocculators that are economical to construct.  In addition, the AguaClara team has invented a gravity-powered flow control module that delivers a constant flow rate and that is adjusted simply by raising or lowering a flexible tube. Although the AguaClara design process is sophisticated, the resulting designs are simple and use components that can easily be repaired and replaced by plant operators.
Implementing AguaClara Technology
Demand Estimate 

Our estimate of the demand for robust, energy efficient water treatment technology is based on a combination of the large unmet demand for safe drinking water, the increased demand due to population growth and urbanization, and the need to replace aging infrastructure. A conservative estimate of the unmet demand for safe drinking water is that globally, one billion people are currently without access to an improved water supply (figures for 2004) and an additional number of those with improved water supply do not have access to safe water.

Improved water: Improved water is defined by the World Health Organization as household connections, public standpipes, boreholes, protected dug wells, protected springs, and rainwater collections.  Unimproved water sources are unprotected springs, unprotected wells, vendor-provided water, tanker truck-provided water, and bottled water.  Inclusion of household connections in the list of improved water sources without regard for the source of that water has led to a gross overestimation of the number of people who have access to safe water. Given these definitions, untreated surface waters that are piped to homes count as an improved water supply and thus are classified as safe for the purposes of the millennium development goals. However, for our estimating purposes, we are considering those people with access to piped but untreated water as lacking safe water.  

Assumptions: To create a very rough estimate of the global demand for the AguaClara technology, we make the following assumptions:

· Over one billion people currently lack access to safe water

· 25% of people live in communities with populations between 1,000 and 50,000 

      (as is the case in Honduras)

· 25% of communities use surface water sources

Result:  Approximately 100 million people currently need AguaClara water treatment plants. If we further assume that our goal is to meet this demand in the next ten years and that an average of 12,000 people rely on each water treatment plant, we conclude that we must build approximately 1,000 plants per year!  However, this estimate does not include population growth or the need to replace aging infrastructure.

Growth Model

Expansion: Our goal is to address municipal water treatment for 125 million people at a cost of or below twenty dollars per person. In addition to looking to the donor community for funding, we are also considering other potential revenue streams. These potential sources include grants in the form of government funding channeled through the municipality or water board, or grants provided by donors and aid foundations. Institution of user fees is another funding option under consideration. This may include expendable commodity contracts, community fundraising, or loans to communities that would be paid back over a period of five to ten years.

It is possible that a blend of these options can be used. The revenue stream source and the partner responsible for the structural design, construction, capacity building, and finance may, in many cases, be independent decisions. The ultimate success of the project will be strongly affected by the ability of the partner to create a sense of pride and ownership in the project as well as a position of trust with the community. Indeed, the community willingness to pay is strongly influenced by the level of trust between the partner and the community.

Potential implementing partners include:

· Multinational engineering firms

· Global NGO’s

· Local engineering firms

· Local NGO’s

· National or departmental government agencies

Key characteristics of potential partners include:

· Experience in implementing community scale projects

· Engineering staff who are committed to learning new skills

· Commitment to a long-term presence

· Ability to provide follow-up training and technical assistance

·     Development of trust within communities through fair treatment and provision of services           

      promised
Regional Partners

Regional Partners work with AguaClara-Cornell and individual communities in every AguaClara project. Our current partner is Agua Para el Pueblo (APP), a Honduran non-governmental organization. 
The Role of Regional Partners: Drinking water supply infrastructure, whether implemented at the community or household scale, requires a commitment to building physical infrastructure, community capacity, and expectations of success. The construction phase is approximately four months and is only a small portion of the project calendar. Regional Partners take the lead role in choosing communities based on water quality deficiencies and, equally importantly, on community assets such as organization, ability to maintain qualified operators, and financing purchase of chlorine and aluminum sulfate.

New regional partners should choose initial communities located close to the regional partner's offices to simplify logistics and reduce mobilization costs. Cost savings can also be realized if the regional partner builds clusters of water treatment plants in neighboring communities to enable a single structural engineer to supervise multiple construction sites, and to facilitate training of and knowledge sharing between plant operators.

Responsibilities of Regional Partners: The responsibilities of the regional partners are to:

· Assess community match with the technology

· Design the structure of the water treatment plant using local materials, while strictly adhering to the AguaClara reactor and hydraulic design

· Supervise the construction of the water treatment plant

· Operate the plant for 3-6 months to educate the community and demonstrate that the technology is effective

· Train plant operators from the community to operate, maintain, resolve issues, keep records, and publicly display water quality data for accountability

· Transfer ownership of the plant to the local municipality or water board

· Monitor and review plant operating records and follow up on any performance issues

The Implementation Process: “Build, operate, transfer” is a well known infrastructure implementation strategy.  While AguaClara draws on this model, we also recognize the need for greater emphasis on community assessment, capacity building, and a low level of oversight after the project has been fully transferred to the municipality or local water board.

Open Source Engineering and Automated Design

We anticipate a very high demand for robust, energy efficient, water treatment technologies given the combination of a large unmet need for safe drinking water, the increased demand due to population growth and urbanization, and the need to replace aging infrastructure. The AguaClara team is committed to open source engineering—making technology designs freely available and easily accessible online—as one tool to help disseminate the technology. To meet our goal of eventually providing the designs for 1,000 water treatment plants per year, we are developing a design tool that will make it possible to deliver customized, detailed designs to partner organizations over the internet.

Costs

AguaClara plants are affordable and are constructed for about twenty dollars per person in capital costs. Below is a breakdown of the construction budget for the Tamara water treatment plant.

Sample budget from Tamara project:

	Tamara Project total Budget
	$74,144

	Population served
	3,500 people

	Cost per person
	$21.18


	Budget breakdown: 

	Construction materials and unskilled labor
	$23,104

	Local engineering costs
	$20,448

	Material transportation costs
	$13,375

	Direct project travel/administration expenses
	$6,040

	Community contribution (labor, sand, gravel, wood)
	$6,007

	Training, educational and community materials
	$2,620

	Two months chemical supply
	$2,550

	Total expenses
	$74,144


Technological Overview: 

How We Create Potable Water
A Brief Overview

Process: The AguaClara technology is an innovative form of flocculation/sedimentation that has been adapted at Cornell University to operate without electrical input.  Unlike conventional flocculators, which rely on large motor-driven stirring devices, our flocculator mixes solely with gravitational forcing through turning channels.  The chemical dosing for the plants is all accomplished by using float valve-regulated constant head devices, and the plant flow rates are controlled with engineered orifice positioning.

Site Selection: Sites for AguaClara plants are selected based on the presence of a distribution system, and the apparent commitment of the town to the project. Candidate sites must have coherent juntas, or water boards, and a distribution system in place that will be able to deliver the cleaned water to individuals.  While AguaClara is responsible for the research and design going into each plant, the construction, plant operations, and maintenance are the responsibility of the local juntas.
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A Detailed Plant Tour

The entrance tank to the rapid mix: Source water flows gravitationally via the pre-existing distribution system to the entrance tank for the AguaClara plants.  This entrance tank contains riser pipes with orifices of calculated size and spacing, which restricts the flow rate of water actually being treated to a specified amount.  The water leaving the entrance tank is mixed with alum, a coagulant, and heads towards the flocculator.

Alum is dosed using a flow control module (FCM) developed by AguaClara.  The FCM is a bottle fitted with a plastic float valve on the inlet, and a set length of tubing on the outlet.  The float valve ensures a nearly constant head loss through the module, while the exit tubing provides a calculable head loss from friction. Plant operators adjust the alum dosing necessary for plant operation by adjusting the height at which the exit tubing connects with the raw water stream. The operators have a chart that relates influent turbidity to required alum dose, and required alum dose to the required tubing height change. The dose delivered by the FCM is therefore a function of the (constant) head in the bottle, the (constant) length and material of the outflow tubing, and the change in elevation across the tubing length.
The rapid mix through the flocculator: Alum and raw water flow through a short series of pipe elbows acting as a rapid mix. This disperses the alum throughout the raw water stream, ideally coating a significant amount of the suspended particles. This mixed solution then enters the vertical flocculator, which was developed at Cornell University specifically for this project.  The flocculator is comprised of a series of channels with vertically alternating baffles. The baffles force water to change direction through an amount of space that is calculated to provide target mixing.

This mixing is vital to the water treatment process, because it is the engine that drives floc formation. When alum is added to water, it decreases the net charge on suspended dirt particles in the flow. When particles collide in an un-coagulated stream (one not treated with alum), they tend to repel one another. Conversely, particles in a coagulated stream are more likely to actually stick together and form larger conglomerates. These larger clumps of particles are referred to as flocs.

At the beginning of flocculation, the particles are small. The vertical flocculator has a large number of tight turns, and therefore creates much more mixing in the early sections of the tank as compared with the later sections.  As the stream continues to mix and larger flocs form, the number of baffles per unit length of the tank decreases to reduce the strain on the larger flocs; the exact values for mixing parameters at various stages of floc formation is currently a central focus for the AguaClara laboratory research team.

Earlier AguaClara plant designs employed the use of a horizontal flocculator instead of the vertical model now in use.  The horizontal model is similar to the current vertical model, except that the stream is forced to side-wind from left to right through the channels, instead of up to down.  However, the benefit of the vertical flocculator is that it has a smaller footprint than its horizontal counterpart, which thus decreases the overall cost of construction.  Another reason why the AguaClara team has shifted its focus to vertical flocculation is because the vertical model is less prone to premature sedimentation throughout the tank.

The sedimentation tanks to the customers:  The stream leaves the flocculator and travels to the sedimentation tanks via a channel.  Each tank has several bottom-level entrance pipes to distribute water evenly across the floor of each tank, and an effluent launder pipe collects water from the top of each tank.  In addition, tanks are fitted with arrays of lamella that are angled 60º from the tank floor. The heavy flocs settle out of the slowly rising water and onto the lamella.  The size of the tanks and the positioning of the lamella are engineered to allow the water to rise up through the tank at a slower rate than the flocs fall out onto the lamella.

However, sludge, made up of settled-out flocs, tends to collect at the bottom of the sedimentation tanks and may act as a diffuse filter for incoming water.  Thus, having some degree of sludge build-up is desirable, but excess sludge will begin to rise through the tank if it builds up too much.  As a result, the AguaClara team has recently begun a new laboratory research project to assess potential design modifications to control the sludge level in a sedimentation tank.

Currently, plant operators can isolate each sedimentation tank and open a bottom drain to wash the sludge out.  Most of the initial turbidity is removed from the water by the time it exits the sedimentation tanks, but the sludge blanket filtering effect may help us achieve even better standards for effluent water.  Future designs may incorporate some system of sludge hoppers that would remove the sludge only to a specific level in the tank, only leaving some to act as a filter.
From the launder at the top of the sedimentation tanks, clear water flows to a plant-leveling chamber.  This chamber is similar to the plant entrance tank in that riser pipes with engineered orifices are used to regulate the rate at which water flows through the chamber, and therefore the plant as a whole.  Chlorine is then added to the clear water as it travels from the plant leveling chamber to the distribution tank. The chlorine is dosed using the same style of flow control module used in alum dosing. Ultimately, clean, disinfected water then flows from the distribution tank into people's homes.
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The Case for Treatment Before Chlorination

Influent water straight from the source contains dirt, organics, and potential pathogens. Although chlorine is used worldwide as a broad-spectrum disinfectant, it is not necessarily an easy solution.
Chlorine reacts with organics present in the water, thus forming carcinogenic compounds. This has the dual effect of not achieving disinfection because the chlorine is “used up” on the dead matter, while also creating a new health hazard.  Flocculation, on the other hand, is simply the process of sticking all the solids in raw water together, while sedimentation is the process of letting those heavy solids sink out.  The resulting water is clear of most solids, which allows us to add chlorine to kill remaining pathogens without producing excessive byproducts.

Continuing Research

An ongoing process: AguaClara engineers are currently working on projects geared towards expanding our knowledge of flocculation processes to refine and optimize the design of small-scale flocculation-sedimentation water treatment plants. The research and development team is currently divided into several smaller groups that focus on different research topics and methods. One of the groups conducts research on flocculation and sedimentation design and operation using a scaled down pilot plant housed at the Cornell University Water Treatment Plant. A second group has been performing innovative tests on a table-top demonstration plant that is used during presentations to demonstrate the AguaClara technology. Another group conducts research on the effects of fluid shear on the speed and density of floc formation in the AguaClara laboratory using a tube-flocculator apparatus located in the basement of Hollister Hall. A fourth group of students have been performing tests to evaluate and improve the performance of a flow control module that was designed by members of the AguaClara team.

The Social Aspect
Social sustainability is of key importance to the AguaClara team. The first concern for plant design features is that they be practical for the communities using them. All AguaClara plants are built by locals through construction projects supervised by the Honduran NGO Agua Para el Pueblo (APP). Two Cornell graduates spend each year as employees of APP while assisting with plant operator training and data collection. Groups from Cornell visit the sites of AguaClara plants several times each year, interviewing customers and plant operators to gain an understanding of how to better suit our research and design to the local needs.
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Summary
· Proven Success: AguaClara has designed three water treatment plants that are currently operating successfully in Honduras.
· Regional Partners: AguaClara has successfully collaborated with Agua Para el Pueblo to gain community support for projects, increase local technical capacity and train municipal plant operators.
· Open Source Engineering & Automated Design: AguaClara aims to empower municipalities and organizations to design and build water treatment plants using customized, detailed designs accessible online. 
· Gravity Powered Systems: AguaClara’s design eliminates the need for electricity, thus increasing plant dependability.
· Simplicity: AguaClara’s water treatment plants are constructed using locally available materials.
· Municipal Scale: AguaClara’s plants provide communities with enough clean water at the household level to satisfy all daily needs including drinking, cooking, cleaning and bathing.
· Affordable Cost: The cost of constructing an AguaClara water treatment plants is approximately twenty dollars per person.
· Maintenance and Operation: The cost of maintaining and operating an AguaClara water treatment plant is one dollar per family per month.
Contact Information: 

AguaClara ( (607) 255-8455 ( CUAguaClara@gmail.com
220 Hollister Hall ( Cornell University ( Ithaca, NY 14853

A View of the Finished Ojojona Plant





Analyzing the Tamara Site Prior to Construction





The Opening Ceremony at Ojojona





CAD Drawing for Tamara Plant





Honduran Children Enjoying Clean Water
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