Challenges Tube Floc Summer 2010 

Overall Challenges for the Tube Floc Team 

The goals of this team are to provide an experimental basis for the required collision potential and the optimal energy dissipation rate in flocculators. These results will guide the design of flocculators and will help us understand the tradeoff between performance and flocculator residence time. 
The challenges as described below don't provide sufficient detail to guide the research program. Thus the first challenge is to develop a matrix of experiments that will be conducted. The baseline conditions of the experiments need to be clearly described and then the parameters that are varied, the range, and the increment, need to specified for each experiment. Some experiments need to be replicated to assess the reproducibility. For each experiment the measured parameter is residual turbidity as a function of sedimentation time. These measured values can be transformed into a floc sedimentation velocity distribution and a curve of residual turbidity as a function of capture velocity. 
Future Challenges 
Organize experiments and the team

There should be a significant amount of work divided between the team members. Each team member ideally will be able to run experiments in process controller and analyze data by Week 3 in the summer. The apparatus should be run as much as possible and schedules should be coordinated in advance to avoid delays in collecting data. 
Run the first experiment on the matrix of experiments and make data processor as robust as possible

The data processor needs to be updated and made more robust for the purposes of better data analysis. 

Validate FReTA using a known suspension of particles

The reviewers of Water Research noted that FReTA has not been validated by a known particle suspension to ensure that the settling velocities obtained from data processor are reasonable. There are several proposals to test this known suspension. A particle size analyzer in CEE may have a valid test suspension. Other possible departments to look for samples include Material Science and Chemistry. 

We have also purchased a known particle size but it has been proven to be a difficult test to conduct because the particles tend to flocculate and some do not seem to settle out of solution. However, the previous test was run with a line that had clay and some aluminum hydroxide in the line. It is proposed that we attempt to dye a new set of these particles with Methylene Blue. Ideally, once the dye adsorbs to the surface of the beads, it should absorb more light than the translucent beads. However, the dye in solution should have little effect on the turbidimeter readings. 
 Other Challenges to be explored... 

• Investigate tapered flocculation designs. Hydraulic flocculators in AguaClara plants are currently designed such that the energy dissipation rates incrementally decrease over the length of the flocculator. Begin with an experimental setup that has two energy dissipation rates and determine if there is any benefit. The energy dissipation rate in the second section of the flocculator can be independently controlled by using a peristaltic pump to remove a fraction of the flow. Thus the same size tubing can be used for both sections of the flocculator. 

• Investigate the influence of microscale mixing. For these tests use a well designed flocculator that produces very low residual turbidity. It is unclear what influence rapid mix parameters have on plant performance. Compare performance of systems with no rapid mix to systems that have a high energy dissipation rate (of at least 1 W/kg). Measure the effects of changing the energy dissipation rate (perhaps 0.1 W/kg to 10 W/kg) and the residence time (1 s with a single orifice mixer to 100 s with a long small diameter coil) in the rapid mix unit. 

• Measure the potential impact of poor macroscale mixing by adding approximately 10% of the turbidity AFTER the rapid mix process. 

• A laboratory scale hydraulic flocculator that operates under turbulent conditions that are relatively homogeneous and easy to characterize could go a long way into understanding turbulent flocculation. Comparison of residual turbidity and floc sedimentation velocity from turbulent and laminar flow flocculators could be used to validate flocculation models. Design a turbulent tube flow flocculator by using a larger diameter tube. Determine the required flow rates and assess the capabilities of the temperature controlled water source and the peristaltic pumps to deliver the required flows. Design an upgrade to the experimental apparatus to deliver the higher flow rate if needed. A turbulent tube flocculator that uses minor losses to generate energy dissipation could be created by inserting a string of spheres into a tube. This simple geometry could be a reasonable model of the full-scale baffled flocculators. 

Later Challenges
Test the effects of pH and organic matter on flocculation 
Measure the effects of organic matter and pH on the sedimentation velocity distribution and residual turbidity. Varying the pH of the influent may help elucidate changes in floc strength as a function of pH. It is possible that floc strength (as measured by floc size) is well correlated with optimal alum dose and pH. Raw water that contains a high concentration of organic matter relative to the concentration of clay may produce flocs with lower sedimentation velocities. An understanding of this effect on floc sedimentation is critical in designing plate settlers. The effect of pH on floc strenght and residual turbidity may help develop a more fundamental understanding of how to optimize the flocculation process. 
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