Dose Controller for AguaClara Water Treatment Plants
Introduction
Over one billion people around the world do not have access to safe drinking water. Five thousand children die every day because they do not have clean drinking water. With a total of about 1.8 million children dying each year, water-borne disease is one of the top causes of child mortality worldwide. 

Despite the large number of deaths associated with unsafe drinking water, communities of the global south by themselves are unable to implement technologies that can bring safe drinking water to their people. These communities suffer from weak economies, poor education and an inadequately developed energy sector. Most water treatment plants use a filtration system that is expensive and requires electricity. Since this is not sustainable in many areas, millions of people are still drinking untreated or inadequately treated surface water from contaminated streams. 
The goal of AguaClara is to research and design sustainable water treatment technologies to provide safe drinking water for communities throughout the Global South. Through their research the students in the AguaClara program at Cornell University are significantly decreasing the engineering costs needed to produce water treatment plants. The technologies being developed make water treatment a viable solution to providing safe drinking water where it is otherwise unavailable. The intent of our designs is to create a solution that can be scaled easily for different flow rates. The designs must be simple, inexpensive, and able to be built with local materials and labor. In addition they must run on gravity power and not use electricity or pumps. 

The lack of robust and sustainable technologies for chemical dosing and flow control that do not require electrical power continues to adversely affect the ability to reliably provide safe drinking water. Conventional municipal water treatment plants often use variable speed peristaltic pumps or other positive displacement pumps to meter coagulant solutions and chlorine. Many potential water treatment plant sites in the Global South don't have ready access to electricity and frequently the electrical grid is unreliable. The standard Honduran design for community water supply systems consists of a surface water source that is piped to a distribution tank and then distributed via a pipe network to homes. The only water treatment is chlorination. Most communities use granular calcium hypochlorite to prepare a concentrated chlorine solution in a small tank that is located on top of the distribution tank.

There are many problems with the current method of water treatment in communities that are only chlorinating. Chlorination is only effective in waters that are not turbid. However, the surface water that is being fed through these distribution systems and to the people of the community often has a high turbidity that renders chlorination ineffective, leaving disease causing bacteria in the water. Our solution is to use flocculation and sedimentation to remove particulate matter before the water is chlorinated. Flocculation works by the addition of a chemical coagulant (aluminum sulfate) to the turbid water. This chemical reacts with the particles in the water making them stick together and thereby increasing their sedimentation velocity. These particles can then settle out in a sedimentation tank. We are developing better flocculation techniques and plan to compare sedimentation tank designs.

We are not including filtration in the treatment plants because operation of rapid sand filters requires significantly more supervision, technical expertise, and usually requires pumps for backwash. Filtration may be added by some of the larger communities as an additional refinement to their water treatment system.

Challenge Definition
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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. More specifically, 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.
However, the AguaClara team believes that clever, innovative technology can circumvent these obstacles and make municipal scale water treatment using the processes of flocculation, sedimentation, and chlorination a viable solution (Figure 1).

Point of use technologies addressing the turbidity problem include the so-called biosand filters (intermittently operated slow sand filters), ceramic filter candles, and batch flocculation/sedimentation tanks. These technologies are more expensive than the technology that we are proposing and require maintenance at the household level. Point of Use treatment will be the best technology for scattered homes in rural areas where distance between residences makes centralized solutions impractical.

Cornell has sponsored annual student trips to Honduras during the January intersession. We have used these trips to gather information about the state of water supply systems in Honduras and to investigate the status of the technologies that are being implemented. Agua Para el Pueblo (APP), a Honduran NGO, has been asking us for solutions to the problem of turbid surface water since our first trip to Honduras in 2004. The AguaClara team has had student interns in Honduras every summer since 2004. Since June of 2006 the AguaClara team has had at least 2 interns in Honduras continuously. 
Because we are committed to developing sustainable solutions we are relying on our Honduran counterparts to help with final structural design work, to contract with construction firms, to supervise construction, and to work with the communities to ensure that they are prepared to maintain the water treatment plant. We are very deliberately not using student labor to build the water supply infrastructure because Honduras has an excess of cheap labor. Our mission is to collaborate with Hondurans to develop technologies that are well suited for the technical challenges faced in Honduras and to transfer that technology to Honduran institutions for implementation. 

Innovation and Technical Merit
[image: image3.emf]The objective of our research is to optimize the design of hydraulic flocculation, high rate sedimentation, and chlorine disinfection for application in municipalities with populations between 1000 and 50,000. The optimization goals are to make the designs simple, robust, and economical both to construct and to operate. In addition we are investigating the fundamental mechanisms of flocculation to determine the optimal reactor design for hydraulic flocculation. Our goal is to improve the performance of hydraulic flocculation and high rate upflow sedimentation processes to produce lower turbidity water.
We are using a multipronged approach to develop a new treatment train that is based on a fundamental understanding of flocculation and sedimentation processes. We are conducting laboratory and pilot scale research to better define the design parameters for both processes. Our partners are building full scale water treatment plants using our designs and we are evaluating the ability of these full scale facilities to produce potable water. We are also developing a web based open source engineering design tool that can produce a detailed 3-D CAD drawing (Figure 2) of the water treatment plant.

We first encountered the need for an improved flow control module during site visits of community water supply systems in Honduras in 2004. The standard Honduran design for community water supply systems consists of a surface water source that is piped to a distribution tank and then distributed via a pipe network to homes. The only water treatment is chlorination. Most communities use granular calcium hypochlorite to prepare a concentrated chlorine solution in a small tank that is located on top of the distribution tank.

A review of the systems built in Honduras and designs by the World Health Organization revealed that none of the chemical metering systems were reliable and easy to use. We designed a chemical feed system that uses a chemical resistant PVC float valve and a laminar flow dosing tube that is designed to deliver the range of flow rates required for a particular plant. The chemical dose is set by adjusting the height of the dosing tube. The chemical feed system is calibrated and does not require trial and error settings. The chemical feed system has been tested for over a year with both aluminum sulfate and calcium hypochlorite solutions. We are currently working with the manufacture to replace a few components that didn’t withstand the chlorine and expect to have a model that will last for several years of continuous operation with a cost of approximately $20. A flow controller dosing chlorine is shown in Figure 3. 
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The designs are developed 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.
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Our next area of research is focused on designing a Dose Controller (DC) that can automatically adjust the head loss (and flow) in the Chemical Flow Controller in response to plant inflow changes. Plant chemical dosing is determined based on plant inflow and turbidity, which changes greatly with storms and rainfall. Other factors impact influent conditions, but in Honduras the rainy season storms are the most common trigger for a sudden increase in flow rate and turbidity. The Dose Controller will eliminate the need for plant operators to dose chemicals based on inflow, reducing the number of variables, and therefore opportunities for error. With a DC in place the water treatment plant will be able to increase the chemicals being dosed as soon as the plant flow rate increases, or a decrease in dosing as flow rate decreases. This automated response to plant flow rate is expected to improve plant performance. Rapid flow changes due to clogging or repair of the intake will no longer cause a treatment upset due to incorrect chemical dosing. The DC will also eliminate the need for the operator to use a plant operating table or to do math in order to set the chemical feed flow rate. Instead the operator will directly set the desired dose and the mechanical dose controller will take care of the rest. Of course, it will still be necessary for the operator to vary the chemical dose based on influent raw water quality. 
The proposed system will couple the flow controller with a float and lever system that changes the head loss for the flow controller with changing plant flow. This system relies on the linear flow orifice meter (LFOM) that creates a linear relationship between plant flow and entrance tank depth (Figure 4). The LFOM design is based on the Sutro Weir, which creates the linear relationship. As the plant entrance tank level changes linearly with respect to the plant flow rate, the DC float in the tank will also moves linearly (due to constant buoyancy of the float). We plan to build a prototype model that will allow us to graph the linear relationship between plant flow rate and the level of the DC lever arm. Distance out from the pivot point in the lever arm is what determines the dosing based on influent turbidity, and FC outflow head loss (vis-a-vis float height) is determined by plant flow rate (Figure 5). 

[image: image6.jpg]


Using the prototype, we will use pressure sensors to relate float height and chemical outflow. As we go through this research, we will modify the prototype so that it is as close to a suitable design for Honduras as possible. Determining optimal lever arm height and float height is the first step to creating an automated flow control module. Next we can conduct experiments to see how far out from the pivot point dosing should take place. When all this is done, we will develop a plan to implement these systems in Honduras.  Then, plant operators will no longer have to manually treat for varying flow rates and turbidities based on complex relationships. With the DC in place, they are only concerned with one variable, turbidity, which is dosed for by using pre-calibrated markings out along the lever arm. 
Relationship of Challenge to Sustainability

Water treatment systems in Honduras have failed for economic, societal and technological reasons. Imposing technology that is infeasible in a region is doomed for failure, which is why so many communities still do not have access to safely treated drinking water. In order to develop sustainable drinking water treatment systems, we need to take into consideration the challenges of Honduras. We must designs that can be easily built with local materials and labor. The final product needs to be built and operated in Honduras by Hondurans. Proper education and training of both a plant monitor and the members of the community will ensure that these systems are properly used and maintained. 

Other typical water treatment systems are economically infeasible in Honduras; even point of use water treatment is too expensive to be widely used. Understanding the economic needs of the community is essential to the success and sustainability of the plants for the long run. Currently plants can be built at an initial cost of $20 per person and an additional $2 per person per year for operation and maintenance. Decreasing this cost will greatly help these technologies to spread. One of the challenges is maintaining proper dosage of both aluminum sulfate and chlorine, as these chemicals are significant components of the operating costs. 

Measurable Results (Outputs/Outcomes) and Evaluation Methods

There are two aspects of measurable results; level of water treatment and its global impact. The AguaClara technology is targeted at the estimated 100 million people who are using untreated surface waters and who living in municipalities with between 1000 and 50,000 people. The benefit would be improved drinking water quality that would decrease health problems and child mortality. Providing safe drinking water can significantly decrease the millions of deaths caused by water-borne diseases. Although we are not able to directly quantify the number of lives saved by providing safe drinking water, we can quantify the number of people who now have access to cleaner, safer water. 

In terms of the water treatment itself, the goal is to decrease the turbidity as much as possible. We are currently able to achieve the Honduran standard of 5 NTU most of the time. At 5 NTU chlorination can be effective and the chlorine demand should not be excessive. Our goal is to optimize flocculation and sedimentation to obtain water that is less than 1 NTU. 
Integration of P3 Concepts as an Educational Tool

We have integrated sustainable water treatment technology into the Civil and Environmental Engineering curriculum in several courses. At the undergraduate level, we have a course titled Sustainable Small Scale Water Supplies that focuses on theory and technology options for communities smaller than 10,000 people. We also offer another course that is open to both undergraduates and graduates. We currently have about 40 students taking this course that are researching areas of chemical dosing, improved flocculation techniques, working on a pilot plant and many other areas as well. The course includes a two week project trip during the January intersession. The course is designed to have experienced students teach novices the fundamentals of water treatment and to provide a venue for fundamental research that contributes to the design of sustainable water treatment systems for Honduras. Because the course is offered at different levels, students can take the course multiple times or can choose to pursue Masters of Engineering projects with AguaClara upon completion of undergraduate studies, the knowledge base and expertise of the students in the class is constantly expanding.

Project Schedule: 

August 2009  - December 2009: Building and modeling prototype to develop a Dose Controller
January 2010 : Discuss and determine issues of feasibility during trip to Honduras

January 2010 – May 2010: Continue research based on feedback from Honduras and develop a plan to implement these at the 5+ AguaClara facilities. 

Partnerships
Interns live and work in Honduras as direct employees of our Regional Partner, APP. 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. Regional Partners are organizations of engineers and technicians who 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. They are responsible for developing the structural elements of designs, and oversight of construction, operation of the plant for 3-6 months to demonstrate that the technology is effective, train operators, transfer ownership of the plant to the local municipality or water board and monitor, review, and follow up on continued performance. Feedback gained from the performance of the plants is used to direct the research agendas. Our ability to scale up will depend on the development of strategic partnerships who can implement our technology.

The International Rural Water Association has been a partner since the very beginning of AguaClara. They were responsible for the idea of building the first flocculation/sedimentation plant at La34. They selected the community of Ojojona for the second water treatment plant and helped fund the construction. AguaClara and IRWA continue to collaborate with AguaClara providing design guidance and IRWA sponsoring and providing project supervision for projects including the plant at Marcala.

The School of Civil and Environmental Engineering at Cornell University provides resources and laboratory space.

Budget and Budget Justification


[image: image1.emf]CATEGORIES YEAR ONE TOTAL PROJECT

Federal Cost Share Federal Cost Share

a. Personnel

principle investigator - $            - $            - $            -                 

CEE Technicians 950 $          

total personnel costs 950 $           - $            - $            -                 

b. Fringe benefits 323 $           - $            - $            -                 

c. Travel - $            -                 

student trip to Washington DC (4) 1,500 $        1,500 $        -                 

Lodging and per diem in Washington (16) 1,000 $        1,000 $        -                 

Total Travel Costs 2,500 $        - $            2,500 $        -                 

d. Equipment - $            -                 

Total Equipment Costs - $            -                 

e. Supplies - $            -                 

Chemical Dose Controllers (range of flow rate designs) 966 $           966 $           -                 

demo plant with miniature dose controller 400 $           400 $           -                 

pressure sensors 150 $           150 $           -                 

computer 1,000 $        1,000 $       

Total Supply Costs 2,516 $        - $            2,516 $        -                 

f. Contracts - $            -                 

Total Contractual Costs - $            - $            -                 

Total Other Costs - $            - $            - $            -                 

h. Total Direct Costs (sum of a-g) 6,289 $        - $            6,289 $        -                 

i. Indirect Costs/Charges 59% (base) 3,711 $        - $            3,711 $        -                 

j. Total Project Costs (sum of h & i) 10,000 $       - $            10,000 $       -                 

k. Total Requested from EPA 10,000 $       10,000 $       -                 


The CEE technician support is to cover labor costs for machining and fabrication of the dose controllers and demonstration plant. The travel costs are for the trip to Washington DC where students will present their work in a competition for stage 2 funding. The supplies will be used to build and test the dose controllers. 
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Figure � SEQ Figure \* ARABIC �2�.	AutoCAD rendering of an AguaClara water treatment plant created using an automated design tool.
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Figure � SEQ Figure \* ARABIC �1�.	AguaClara niche (in blue) showing the need for low cost technologies that can reduce turbidity for small municipal systems.
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Figure � SEQ Figure \* ARABIC �3�.	Flow Controller currently used at AguaClara facilities to provide easy adjustment of alum and chlorine flow rates.
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Figure � SEQ Figure \* ARABIC �5�.	Schematic of the Dose Controller concept showing the connection between the Flow Controller (1 Liter bottle with float valve and effluent tube) and the Linear Flow Orifice Meter (pattern of orifices in the pipe exiting the entrance tank).
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Figure � SEQ Figure \* ARABIC �4�.	Construction of the first LFOM to create a linear relationship between plant flow rate and entrance tank depth at the 2000 liter per minute AguaClara plant in Marcala, Honduras.
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