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General Apparatus

A bench-scale apparatus is being developed for the purposes of this study.  This system is already mostly complete, but several problems must be worked out before it can be used for consistent data collection.  Some of the problems that must be addressed initially include:

· Removal of air bubbles.  Air bubbles may cause discrepancies or spikes in on-line turbidity readings.  They may also break up flocs or disrupt the floc blanket.  We will construct and trouble-shoot a vacuum chamber to remove air from the influent water, which may be super-saturated.

· Sampling from top of clarifier tube.  A taller and wider upflow clarifier was installed in the system, which allows for a 15-cm clear zone above the floc blanket.  Two tubes were installed to sample this clear zone for continuous turbidity measurements at the point where water enters the settling tubes.

· Flow rate adjustments.  To adjust for the larger column, new flow rates will be needed to operate the system.  Appropriate flows for the plant, the alum dosage tank, and the sampling tubes will be calculated and programmed into Process Controller.

· Troubleshooting.  Any other possible problems with the apparatus will be identified before data collection begins.
Tasks to complete the general apparatus are listed below.  Whichever team members are available on a given day will work on the tasks as needed.  Note that Task #4 in the list will be completed by the team as a training exercise for new members.

1. Install the new column and sampling tubes
2. Assemble, install, and test the vacuum chamber
3. Re-calculate flows in the system
4. Re-program Process Controller for the new run parameters
5. Run all components of the system to identify problems
Verification of Floc Blanket Performance

The first set of experiments the team plans to perform this summer is to identify the time needed for a floc blanket to reach steady-state and to verify that steady-state performance of different floc blankets generated by the experimental apparatus will not vary significantly given the same raw water turbidity (100 NTU), alum dosage (45 mg/L), and flocculation conditions. The team plans to test floc blanket performance by taking real-time turbidity measurements of the clarified zone above the floc blanket via bundles of two 0.372 meter long, 1” ID tube settlers and the newly installed effluent launders. The tube settlers have a capture velocity of about 0.12mm/s with an upflow velocity of around 1 mm/s.  Floc roll-up is not expected to occur for this tube settler configuration with a Pi ratio of greater than 4, so less than 1 NTU average turbidity is expected. Additionally, the bundled tube settlers will allow the team to evaluate whether the recently added reservoir system will yield results consistent with that of the simple no-reservoir tube settler configuration. The team plans to first conduct several runs of the experiment without the reservoir and compare the data collected to that collected with the reservoir system. Each run is expected to take over 20 hours until steady state floc blanket conditions are identified. Data analysis for this experiment involves determining the mean turbidity reading and standard error for tube settler effluent and effluent launders. The data will be averaged over small time increments to hopefully reduce some of the errors produced by air bubbles. The team hopes to attain standard errors of <+/- 20% for these experiments.
Associated tasks include setting up experimental runs, analyzing and reviewing data. Various team members will likely set up the runs and analyze the data based on availability. Compiled data will likely be reviewed at weekly team meetings.

 
Velocity Gradient Experiments with Clay

Once the experimental apparatus is fully functional and the floc blanket in the upflow clarifier is substantially replicable, data can be collected using a kaolinite clay solution of constant turbidity fed through the bench-scale water treatment process.  These experiments are designed to determine how a high velocity gradient might cause failure in the tube settlers as they attempt to remove clay flocs from the water as a final settling step.  They will test the usefulness of the theoretically-derived "Pi ratio," which predicts the conditions under which the treatment process will fail.  The experiments will be carried out as described below.

· Capture velocity.  The capture velocity will be held constant in these experiments so that effects of the velocity gradient are more clear.  A particle capture velocity of 0.12 mm/s (10 m/day) will be used, which represents a typical value at full-scale AguaClara water treatment plants. 
· Settler spacing.  Settling tube diameters of 5/8”, ½”, 3/8”, and ¼” will be used, representing possible plate settler spacing distances.  Theoretically, failure becomes more likely as spacing decreases.  The length of the settling tubes is selected based on the desired particle capture velocity.

· Upflow velocity.  Each tube will be tested at upflow velocities of 1 mm/s, 2 mm/s, and 5 mm/s in the clarifier.  These velocities represent the wide range of flow rates that might be observed in a full-scale water treatment plant.

Associated tasks will include setting up and running experiments, and analyzing data.  The bench-scale experimental system will be run over a series of trials, at conditions maintained as close to steady state as is reasonably possible.  The time for these trials will be the sum of the time required for the floc blanket to form and reach steady state, along with three residence times of the tube settler/reservoir/turbidimeter system.  The data collected during these trials will show if and when failure occurs in the system.  The 1 mm/s upflow velocity is not likely to generate a steep enough velocity gradient to cause failure, so it will be used as a "control" case to compare to results when the failure does take place.
Velocity Gradient Experiments with natural organic matter

Besides clay, natural organic matter (NOM) is an important contributor to the turbidity of surface waters that must often be removed during drinking water treatment.  NOM forms flocs of lower density that may be more susceptible to failure in plate settlers due to velocity gradient effects.  Sufficient removal of NOM may require a more conservative spacing of the plate settlers than is needed to remove clay flocs, and these experiments are designed to determine whether or not this is the case.
The first step in this process will be to obtain reagent-grade humic acid, and prepare a solution of appropriate turbidity to be the influent for the bench-scale system.  A concentrated feed solution and appropriate mixing procedure will be developed so that a solution of more or less constant NOM turbidity can be fed into the process.

The experiments with NOM removal will be similar in setup to the clay experiments.  The capture velocity will be held constant at 10 m/day, and the settling tube diameters and upflow velocities will be varied over the same ranges.

Settling Velocity Distribution Experiment  

In considering tube settler failure cases, it is important to understand what impact this will have on the drinking water produced.  We plan to profile the settling velocities of the particles in the clarifier, which will allow us to predict the percentage of flocs that will end up in the finished water during a failure case.

These experiments will consist of the following steps:

1. Vary the capture velocity in the system from 0.12 mm/s to 2.8 mm/s in increments of 0.1 mm/s

2. Select a settling tube of appropriate geometry (1.5” diameter and sufficient length), such that failure will not occur for any of the capture velocities tested.  The “Pi ratio” will be kept above 2.5 to create a factor of safety against failure.

3. Run the experiment starting from high capture velocities and ramping down.  This will prevent settling on top of the tube settlers from affecting the turbidity readings

4. Analyze and interpret the data to obtain a settling-velocity profile for the particles in the water
Documenting and Reporting

Data will be collected and analyzed throughout the experiment.  Large volumes of raw data will be compiled to generate meaningful graphs that will allow the findings to be interpreted and understood.  The theoretical models developed over the past year will be compared with the experimental data as it is collected, to verify whether or not the results support the theoretical equations.

Three reflection reports providing progress updates will be submitted during the course of the summer, and all of the experimental work will be summarized in a final report.  Additionally, we will compile our work into one or more articles.  Everything up to the clay experiments will be written up in the form of a paper, and as time permits an additional paper may be written about the NOM or settling velocity trials.

