Acid Neutralizing Capacity (ANC) Control:

The main objective of the team is to design a lime feeder system to deliver effluent with a pH of 12 (saturated pH of limewater) to be mixed in with the treated water to increase its pH. For efficient plant operation, the lime feeder design must be simple, cost-efficient, and easy to construct and install. It must also be robust, avoid the use of electricity, and be easy to maintain such that the operator will only have to add a specific amount of lime every 24 hours.
Acid Neutralizing Capacity (ANC) is the measure for the overall buffering capacity against acidification for a solution. ANC is achieved by raising the alkalinity of the water. To do this, a lime (http://en.wikipedia.org/wiki/Calcium_hydroxide)  feeding system that will continuously supply a dose of saturated lime water (with a pH of 12) into the entrance tank is needed. 

CFD Simulation

Computational fluid dynamics (CFD) is a branch of fluid mechanics that uses numerical methods and algorithms to solve the principal equations of fluid flow problems and obtain a detailed numerical description of the complete flow field of interest.

AguaClara’s small-scale water treatment plants are composed of gravity powered unit processes. The relative inflexibility of energy input into the water in gravity powered systems requires a better studied design, as opposed to conventional electric-powered, mechanically driven treatment plants. However, few guidelines are available for designing gravity-powered systems. The objective of the CFD simulation team is to build a stable and reliable CFD model (using commercial CFD package FLUENT) to simulate and analyze the flow in different parts of AguaClara treatment plants and thus to provide guidelines for the geometry and operation towards better performance and lower costs.

Chemical Dose Controller

The chemical dose controller increases the resiliency of AguaClara plants because operators are only required to adjust chemical dosing settings based on incoming turbidity (http://en.wikipedia.org/wiki/Turbidity), not based on flow rates. The linear chemical dose controller is currently comprised of three components, the linear flow orifice meter, the flow controller, and the chemical doser. These components of the system act together to allow the plant to respond to changes in inflow by both linearizing the change in plant flow and automatically adjusting chemical dosing to the plant. A nonlinear dose controller is being designed for high flow rates where the linear dose controller fails.

Cost Effectiveness Analysis

Potential health and economic benefits of various water treatment technologies including a comparison of treatment at the source (the AguaClara approach) and Point of Use interventions are discussed in Water Quality Interventions to Prevent Diarrhoea: Cost and Cost-Effectiveness

Demo Plant
The Demo Plant is a fully functional, transparent miniature AguaClara water treatment plant. This miniature plant is useful for several reasons. Firstly, it allows AguaClara to educate individual and organizations interested in project involvement about the fundamental processes involved in such treatment plants. It also intended to increase Honduran interest in choosing this technology and train local operators of existing AguaClara treatment plants. Furthermore, the Demo Plant is used for research, as team members conduct experiments on the plant miniature and improve AguaClara technology.

Dissolved Air Flotation of Flocs

The main objective of Dissolved Air Floating Flocs Team is to develop a physically feasible and cost-effective solution to the problem of floating flocs at AguaClara plants. Flocculation (http://en.wikipedia.org/wiki/Flocculation) is the primary method of filtration utilized by AguaClara, where contaminating particles within the fluid are pulled out of suspension and removed to provide clean water. Floating flocs are particles which have left suspension but floated to the water’s surface instead of settling to the bottom. While some treatment plants use floating floc to treat water, AguaClara plants rely on flocs settling out at the bottom. The floating flocs problem is thought to stem from the supersaturation of influent water, which occurs when the dissolved gas pressure is greater than the local solution pressure. Because the water is supersaturated, gas bubbles naturally tend to form in order to bring the dissolved gas concentration in the water to equilibrium with the surrounding pressure. The cause floating flocs problem is thought to be bubbles forming on or attaching to flocs, lifting them to the surface. The team was previously working with a backwash sand filter to solve this problem. However, research has shown that sand does not facilitate, but rather inhibits, bubble formation. The team plans to focus on developing a method to either remove gas from supersaturated water or stop flocs from floating to the surface even in the presence of bubbles.

Filtration 

The challenge for Filtration Team is to design filtration systems for the AguaClara water treatment plants. The most recent (Spring 2010) system requirements include: ability to reliably treat the current AguaClara effluent water with a turbidity ranging from 5 to 10 NTU, produce effluent turbidity less than 1 NTU, not require any electricity, make minimal use of specialized components that would be difficult to acquire in remote communities, and the system should be easy to construct and to maintain.

Currently, the filtration team has made progress in three fields: clear well backwash, foam filtration, and siphon-aided backwash. Once divided up into those three sub teams, a literature review of existing technology and research was conducted. Initial, research-based designs were then developed and fundamental theories behind the design were tested.

Floc Blanket 

At appropriate upflow velocities, solids concentrations can build in the sedimentation basin while remaining suspended. These suspensions are called floc blankets. A floc blanket is a concentrated, stabilized, suspended bed of flocculated particles with a relatively clear effluent layer above. Upflow clarification with a floc blanket is thought to enhance particle removal owing to increased chance for particle-particle interactions, filtration, and further flocculation of particles. Floc blanket stability is maintained by a balance of the hindered settling velocitiy of particles in the floc blanket against the average upflow velocity in the clarifier. The Floc Blanket research team examines the effects of the presence of floc blankets and addresses resulting design changes. 
Pilot Plant

The pilot plant project started when the spring 2007 Aguaclara team built a vertical flow hydraulic flocculator at the Cornell University Water Treatment Plant (CUWFP). The vertical flow hydraulic flocculator was built as a small scale version of those being used by AguaClara in Honduras. The vertical flow hydraulic flocculator has been used to test the effects of tapered flocculation on floc formation. 
The project has evolved since the first flocculator was built. There are now two sedimentation tanks at the CUWFP, which have been used to test the combination of sludge blankets and lamella to optimize settling. A tube flocculator has also been constructed to examine the behavior of raw water during flocculation. In Spring2009, an adjustable baffle system to direct flow was constructed for the hydraulic flocculator to allow testing of many different baffle spacings.
Plate Settlers

In order to increase the efficiency of AguaClara plants, one objective is reducing the water level no more than 1.5 meters deep. In order to decrease the depth of water necessary for sedimentation to occur, we may wish to vary the spacing between the plate settlers in the sedimentation tank. 

Plate settlers are a network of sloped, stacked plates that create narrow channels through which clarified water can flow. To emulate lamellar sedimentation, tube settlers of various diameters are used, which simulate the effects of the lamellar plates. A majority of flocs that enter these inclined channels settle out due to the force of gravity, significantly reducing effluent turbidity, which is a measure of how clear water is, to increase the effectiveness of chlorination.  There is no control of influent water parameters going to the plant, so there is a keen interest in developing a settling system that is robust -after floc blanket clarification that will produce less than 1 NTU water. 

Additionally, the plate settlers that AguaClara is currently designing and suggesting that the communities build are relatively cheap to build, but are extremely meticulous and time intensive to construct. The plate settler research team also assesses the outsourcing of construction and possibly the design of the settlement systems in AguaClara water treatment plants. Economics, maintenance, durability, environmental impact, and supply chain issues are considered.
POU Clay Pot

The Point-of-Use (POU) clay pot system is a local water treatment method useful for families that are located far from community treatment options, or who cannot afford more expensive POU systems. During the 2008 winter intercession trip to Honduras, the team brought back a new clay pot from the factory for research purposes. The clay pot is made with a 50/50 sawdust to clay ratio, and coated with a silver solution to deactivate bacteria. The clay pot is placed inside a larger bucket (approximate volume= 12L), so that the pot rim is positioned perfectly on the rim of the bucket. The large bucket has a hole at the bottom and a tube is connected to a pressure sensor. The tube has a closed valve at the end to make sure no water empties through the tube until the user manually changes the valve position. Research will be conducted on the clay pot to see if this method of water treatment can both remove a range of turbidities and deactivate bacteria, as well as determining the pot's clogging potential.
Pretreatment

This research concerns the development of a method to reduce the influent water turbidity, especially during high turbidity events. This project team will explore the possibility of using plate settlers before flocculation. One objective is discovering why settled water turbidity tends to increase when the raw water turbidity increases. Theory predicts that flocculation should perform better when the particle concentration increases. It is possible that large colliding flocs will fragment and as the number of large flocs increases, the release of fragments would subsequently increase.

Tube Flocculator
The goal of any flocculation process is to transform suspended colloidal particles into flocs that can be removed by sedimentation. One of the goals for the AguaClara team is to develop a sedimentation tank that will form a fluidized floc blanket, which will help clean water as it flows into the sedimentation tank from the flocculator. To develop this floc blanket the flocculator must produce flocs that fall within a particular range of settling velocities. Therefore, it is important to research the parameters that affect flocculation and the resulting floc size distribution.

The guidelines for proper design and operation of hydraulic flocculators are incomplete. The appropriate level of mixing required to produce flocs with a narrow distribution of high sedimentation veloities in a hydraulic flocculator is still unknown. It is expected that high-energy dissipation rates will initially enhance the collision frequency of small particles creating larger floc aggregates, as well as break up large flocs.

In orthokinetic flocculation, differential velocities cause flocs to collide. A percentage of these collisions result in adhesion and the further growth of flocs. It has been shown that the frequency of collisions is related to the magnitude of the energy dissipation rate present during orthokinetic flocculation. As flocs grow larger, a counterbalancing rate increases: they become more susceptible to breakup. Eventually the particle size distribution can reach a pseudo-steady state during which breakup balances aggregation, and the two rates are equal.  (Spicer & Pratsinis, 1996).  Our goal is to determine the parameters (such as optimal energy dissipation rate, hydraulic residence time, etc.) that will produce the fastest settling flocs, and hence reduce the water’s turbidity the most.
