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Abstract 

The Cornell AguaClara team is designing and working with partner organizations who are building gravity powered, municipal-scale drinking water treatment plants. The water treatment technology is based on hydraulic flocculation and high rate sedimentation coupled with gravity powered flow metering modules for chemical addition. There are currently 4 municipal AguaClara water treatment plants operating in Honduras serving a combined population of 13,000. We estimate the global demand for these small-scale water treatment plants at approximately 1000 water treatment plants per year. The goal is to spread this technology using web-based open source engineering. The web-based tool will allow engineers to rapidly design water treatment plants for different flow rates and given different constraints for the dimensions of the sedimentation tanks. The design tool will return a fully detailed design including a 3-D AutoCAD drawing that will be emailed to the engineer.

The AguaClara technology fills a significant technology gap for cities with a population under 50,000. Previously there were no robust water treatment technologies for high turbidity surface waters that could be scaled to smaller communities. The AguaClara team has developed the scaling relationships for plant design that eliminate the previous minimum flow rate for gravity powered plants. We have tested the scaling relationships over a range of flows from 0.1 L/min to 2000 L/min using demonstration plants as well as full scale community water treatment plants in Honduras.

The AguaClara team has chosen to develop technologies that are robust and sustainable in the Global South and thus one of our constraints is that no electricity is required for operation and all plant components must be locally available. With the exception of about $40 of supplies for the flow control modules we have met our goal.

Key innovations include a linear flow orifice meter (LFOM) that is used to measure plant flow rates. The LFOM is based on a linear weir but is much simpler to construct. The flow controller (FC) used for chemical dosing relies on laminar flow head loss in a carefully designed tube. The FC are calibrated and linear and do not require any trial and error to set the alum or chlorine dose. A new understanding of hydraulic flocculators incorporates an appropriate description of the energy dissipation distribution. Previous hydraulic flocculator designs vastly over estimated the collision potential. The new design algorithms incorporate the concept of an energy dissipation zone that scales with the flow dimensions of the flocculator. 

AguaClara water treatment plant economics are very competitive with Point of Use devices on a cost per person basis and unlike POU devices the AguaClara water treatment plants treat all of the water entering the household. The operating costs are approximately $2 per person per year and the capital costs are less than $20 per person.
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Introduction
Agua Para el Pueblo, a Honduran non-governmental organization that builds water supply systems for rural communities, approached us in 2004 with the request that we develop a more economical and sustainable technology for removing turbidity from water. In order to be useful for small communities the technology needed to not require an outside energy source. A review of the technology options for municipal scale water treatment suggested that slow sand filters (SSF), multiple stage filtration (FIME), conventional water treatment, and hydraulic powered conventional water treatment (HPCWT) were the available technologies for removing turbidity. SSF as a sole treatment step was deemed inappropriate due to the inability to handle high turbidity events. FIME was technically viable, but had the disadvantage of requiring a large plant footprint. Conventional mechanized water treatment was out of the question because of the use of electricity for chemical metering, rapid mix, flocculation, and filter backwash. Hydraulic powered conventional water treatment (HPCWT) has the advantage of a smaller footprint than SSF, but the requirement of multiple deep filtration boxes for backwash without pumping made HPCWT difficult to implement.
A review of the capabilities of each of the processes within conventional water treatment revealed a series of constraints that ultimately suggested a new configuration of unit processes for water treatment. Chlorine disinfection requires a turbidity of less than approximately 10 NTU in order to reliably maintain a chlorine residual.  Flocculation/sedimentation processes can reliably achieve less than 5 NTU. Thus there is an overlap between what flocculation/sedimentation can provide and what chlorine disinfection requires without use of filtration. 
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The AguaClara team at Cornell University is designing and working with partner organizations who are building novel gravity-powered, municipal-scale, drinking water treatment plants. There are currently three plants built and operating in Honduras. The goal is to spread this technology globally using web-based open source engineering. The water treatment technology is based on hydraulic flocculation and high rate sedimentation coupled with gravity powered flow metering for chemical dosing. The technology fills a significant technology gap for cities with a population under 50,000. We estimate the global demand for these small-scale water treatment plants at approximately 1000 water treatment plants per year. The AguaClara team is developing the scaling relationships for plant design that eliminate the previous minimum flow rate for gravity powered plants. We have tested the scaling relationships over a range of flows from 0.1 L/min to 2000 L/min using demonstration plants as well as full scale community water treatment plants. The plants are constructed using locally available materials (Figure 1).
Objectives
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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.
Methods and Activities

[image: image3.wmf]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.
Results

The first challenge for a non electric water treatment plant was the need for chemical metering. 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. 
[image: image4.emf][image: image5.emf]Hydraulic flocculation is a well known technology, however, according to Schulz and Okun baffled channel flocculators are limited to flow rates above 7000 L/min (10,000 m3/day). We have determined that this constraint can be eliminated by careful analysis of the energy dissipation distribution. By using vertical flow baffled flocculators we can keep the water treatment plants extremely compact (Figure 4). We have developed the concept of a characteristic length of the energy dissipation zone that occurs downstream from the 180 degree bends in the flocculator and this makes it possible to scale a flocculator without requiring geometric similitude. Previously the effects of changing the ratio of the distance between flocculator baffles to the depth of the flocculator were uncharacterized and led to a significant over estimate of the collision potential provided by baffled sections that are tall and narrow.

Our flocculator design accounts for the distribution of the energy dissipation within the flocculator since the assumption that energy dissipation is uniform results in a significant over estimate of the collision potential. We have also determined that flocculator head loss of less than 4 cm is adequate to power the flocculation process. The low head loss means that the forces acting on the baffles are extremely low and thus we can use flexible corrugated polycarbonate roofing material. The pressure acting on the flocculator baffles can easily be transmitted to the wall at the end of the flocculator tank using ½ inch PVC tubing. The flocculator baffles are assembled in modules to facilitate installation (Figure 5).
The sedimentation tank is designed to minimize horizontal velocities. The flocs are delivered to the very bottom of the sedimentation tank using manifolds and ports that are sized to ensure that flocs are not broken (Figure 6). The sedimentation tanks are approximately 2 m deep and thus the available depth is carefully utilized. The plate settlers are assembled in modules using PVC piping and corrugated polycarbonate sheets.
[image: image6.emf]The plant is designed to make operation and maintenance as easy as possible. The operator has full visual access to both flocculation and sedimentation tanks to facilitate assessment of treatment efficiency. The chemical feed drips are readily visible for easy confirmation that the flow controllers are working. Floc formation is easily monitored with visual access to the top of the entire flocculation tank. Rising flocs in the sedimentation tank from overdosing with aluminum sulfate are also easily monitored thus providing valuable feedback to the operator.
Our first plant was built without a roof and hence without protection from the sun and rain. The plastic components of the plant include PVC piping, polycarbonate panels, and plastic stock tanks for aluminum sulfate and chlorine; all of which are expected to last longer if protected from UV light. The plant operators also valued protection from the rain and in some locations plant maintenance is difficult due to the wind. Thus we are now building facilities that are enclosed. The enclosed facilities have the added advantage of providing security.

Three municipal water treatment plants using this technology are operating. Construction costs are less than $20/person served and operating costs for aluminum sulfate and plant operator are approximately $2/person-year. 
Conclusions and Recommendations

· Vertical flow baffled hydraulic flocculators can be designed and built for any flow rate
· Two m deep sedimentation tanks perform well and thus further research into shallower sedimentation tanks for small communities is needed

· Flocculation/sedimentation plants can be designed to operate without electricity
· Elimination of filtration greatly reduces the cost and complexity of water treatment plants
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Figure � SEQ Figure \* ARABIC �1�.	View of an enclosed water treatment plant in Tamara, Honduras designed to treat 700 L/min.
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Figure � SEQ Figure \* ARABIC �5�.	Fabrication of flocculator baffles.
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Figure � SEQ Figure \* ARABIC �4�.	View of the vertical flow hydraulic flocculator (two channels at left) and the three sedimentation tanks.
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Figure � SEQ Figure \* ARABIC �6�.	Sedimentation tank cross section showing the use of the sloped manifolds to deliver water to the bottom of the tank. (Horizontal flow �, Vertical flow�, Plate settlers �, Floc blanket �.
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Figure � SEQ Figure \* ARABIC �3�.	Flow controller used to provide a constant chlorine dose. The chlorine drips into the circular weir in the plant exit tank.
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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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