Challenges Tube Floc Spring 2011
Overall Challenges for the Tube Floc Team 

The goals of this team are to provide an experimental basis for the design and operation of flocculators.  This includes performing experiments that vary alum dose, required collision potential and energy dissipation rate as well as processing the raw data in a reliable way that produces meaningful results.  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 be specified for each experiment. Some experiments need to be replicated to assess the reproducibility. For each experiment the measured parameter is effluent 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 alum dose. 
Future Challenges 
Organize experiments and the team

The very first thing you need to do is read the summer team’s final report. It provides valuable information about the specific tasks that remain to be done. The experimental apparatus was used extensively to perform experiments, all of which are listed in the final report.  Look at the analysis of the results and determine which experiments you would like to repeat and which datasets are outliers. Pay particular attention to the minimum alum dose that results in a transition from no flocculation to reasonable flocculation. Confirm that the transition alum dose can be measured accurately. Proceed until you can provide substantiated conclusions about the correlation between alum dose, hydraulic residence time, and influent turbidity.  Look for evidence of floc breakup as well. Floc breakup produces a second source of particles with a distinct peak in a probability distribution function. 

Team members should create efficient methods to work together in small groups and to work in parallel with other members of the team. Each team member ideally will be able to run experiments in process controller and analyze data by Week 3 in the fall. The apparatus should be run as much as possible and schedules should be coordinated in advance to avoid delays in running experiments. 
Data Processor
The data processor has been the subject of many modifications this summer.  The bimodal distribution was tentatively successful- producing excellent results for only one data set.  It seems that the program is extremely sensitive to the guess values provided.  The data processor, including the bimodal distribution, should be as robust as possible, working for all good datasets.

Laminar Flow Relationships

Derive and document the equations for maximum and mean energy dissipation rate in laminar flow and in the tube flocculator with its figure eight coil. Always report these values with your results so that your results can be compared with the energy dissipation rates used in full scale flocculators.
Head Loss Measurements
Make sure that head loss is ALWAYS measured across the flocculator to compare with theoretical valves. Head loss that is higher than theoretical could indicate pinched tubing or a clogged tube.
 Experiments after initial repeatability studies 

· What is the effect of the energy dissipation rate on the final particle size distribution? We hypothesize that flocs will be smaller and that residual turbidity will increase as the energy dissipation rate increases. The current maximum energy dissipation rate used by AguaClara is 6 mW/kg. Consider increasing that to 60 mW/kg (check experimental feasibility). Note that this is the maximum energy dissipation rate (ie what you would get from =Gwall^2). If you can’t increase the maximum energy dissipation rate to 60 mW/kg, then increase it to the maximum that the apparatus will handle. Note that it would be possible to reduce the inner diameter of the tubing to create higher energy dissipation rates.
· We hypothesize that almost all of the residual turbidity is caused by floc-floc collisions that break off floc fragments. This abrasion process could be reduced if the flocs were all made much tinier (by sending them through a high energy dissipation zone). The floc breakup should be done close to the end of the flocculator. You can use the fractal flocculation model to get an estimate of how much to break up the flocs and how long it will take them to regrow to the size where abrasion will again become significant.

· There is a great deal of uncertainty about the exact mechanisms responsible for particle aggregation in aluminum mediated flocculation. Similarly there is no understanding of the particle aggregation/precipitation/adsorption processes that occur in the first few seconds during and after rapid mix. One hypothesis is that aluminum hydroxide molecules need to aggregate and form roughly spherical nanoflocs that are able to approach the flat clay surfaces and form Van der waals bonds. Close approach of the nanoflocs to the clay surfaces could be more favorable than clay to clay because of reduced hydrodynamic drag and electrostatic repulsion. In this hypothesis adsorption of aluminum hydroxide to clay is a parasitic reaction. We can test this hypothesis several ways. We could combine the alum with a clean tap water fed to neutralize the alum, run it through a rapid mix tube and then combine it with the raw water. The size of the nanoflocs could be controlled by controlling the rapid mix time and the time after rapid mix before the raw water is added. Another possibility is to neutralize the alum in the alum stock container. The coagulant stock would need to be stirred because it will contain aluminum hydroxide floc. This preneutralization approach is likely to produce larger nano or microflocs that will not be as effective at removing turbidity. Carefully measure the transition alum dose required to get good flocculation using the microflocs and compare with previous experimental results.
· Investigate tapered flocculation designs. The first four AguaClara plants were designed such that the energy dissipation rates incrementally decrease over the length of the flocculator. Beginning with Agalteca this tapered design has been abandoned because there was a lack of experimental evidence showing that it improves performance. 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 in the rapid mix (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 mixing by adding 90% of the turbidity AFTER the rapid mix process. 

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. 

Turbulent flow flocculator 

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. 
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