Laminar Tube Floc (FReTA I)
Location: Right end of bench in B60
Skills: lab experience, fluids, Process Controller, Mathcad
Number of students: 2-3
· Implement PID control in the clay dosing system (The SRSF Theory setup in the upstairs lab is a good example of this).
· Upgrade the water supply so that it maintains the same temperature as the room temperature to reduce temperature gradients and density currents in the tube settler. Test this system and report the temperature fluctuations in the room and the water. 
· We may want to create a custom external code for process controller that takes a pressure sensor and two temperature sensors as inputs, a temperature set point, and controls a cold water valve. An almost identical piece of code would control a warm water valve.
· Test the apparatus and make sure that flocs slide down the tube settler and are removed at the bottom of the tube by the water that flows past the bottom of the tube and on to waste. Operate the Settled Water Turbidity (SWaT) so the capture velocity is 0.12 mm/s
· Repeat experiments with PACl dosages of 10, 20, 40, 80, 160 μM as Al  and 50 NTU raw water. These tests are similar to conditions tested by Karen Swetland.  
· Compare the results obtained using the SWaT system with the previous results obtained using FReTA (Flocculation residual turbidity analyzer) and plot them on the same graph.
· If SWaT performance is worse than FReTA then develop hypotheses to explain those differences and if possible test those hypotheses. The expectation is that SWaT should perform slightly better than FReTA if the temperature gradients between the water and the air in the room are kept small. Take video of the SWaT in action to see if there are circulation currents that indicate temperature gradients.
Once the experimental apparatus is proven to produce reliable and repeatable results, then we can begin to explore alternate flocculator designs that could enhance flocculator performance. We would like to explore intentional floc breakup and tapered flocculation.  Both are based on the observation that our flocculation model predicts that colloids or small flocs can not attach to large flocs. Thus as flocculation proceeds there are fewer and fewer small flocs that can collide with each other to grow larger. We don’t know how small a floc has to be to have a successful collision with another small floc. We also don’t yet understand the mechanism for this behaviour. 
The goal of the floc break up experiments is to create flocs that are small enough to combine with clay particles and small flocs but that are big enough to be captured by the tube settler. We don’t know if  this floc size exists.

We have ordered 5 needle valves, Tee fittings, barbed fittings, and quick connect fittings to create 5 variable flow restrictions in the flocculator. The barbed fitting will connect to the straight run of a Tee. The other end of the Tee will connect to a needle valve and another Tee and another barbed fitting. The other port on each of the Tees will connect to a ¼” quick connect tube fitting that can connect to a pressure sensor. Thus there will be a pressure sensor across each valve to measure the pressure drop. 

The 5 needle valve constrictions will create variable energy dissipation rates and hence different floc sizes. The pressure sensors installed across each valve will make it possible to adjust the head loss and thus the energy dissipation rate for each valve. 

Experimental conditions
PACl dose of 4 mg/L as Aluminum
Raw water turbidity of 150 NTU
The spacing between the valves should be 1 m with the first valve 1 m from the rapid mix.
Total length of flocculator of 28 m (one section of the flocculator)
Flow rate of 5 mL/s
Run a control with the valves fully open
Every 15 minutes close each of the valves to get the next target head loss
Target head losses for the valves are 5, 10, 15, 20, 25, 30, 35 cm.

· Do not backwash the flocculator with these valves in place because they will cause too much head loss. 
· If floc breakup doesn’t reduce residual turbidity, then we need to develop an alternative explanation for the poor efficiency of residual turbidity reduction after initial flocculation. Tapered flocculation would be worth exploring to see if that gives us any more insights. If we use tapered flocculation we might consider using a wide range of energy dissipation rates. The first step would be to experiment with extending the coiled rapid mix tubing to see if that enhances performance.

