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Siphon hydraulics study 

The current proposed geometry of the full-scale stacked rapid sand filter (SRSF) includes a siphon/air valve system to set the mode of operation of the filter.  This system will control the level of water over the sand in the filter, and will thus allow the SRSF to switch between filtration and backwashing without the need for valves on all of the inlets and outlets.  We will build one or several lab-scale systems to test the hydraulics of the siphon and to gain some insight into how it works.  Important tasks include:
1. Build a laboratory version of the siphon control system, using plastic tubing and push-to-connect parts
2. Test whether this system can effectively prevent flow through the siphon during filtration mode by forming an air trap.
3. Test whether the siphon can be broken during backwash mode by opening the air valve.

4. Determine the time required for the air valve to remain open to switch between modes.

5. Identify physical parameters that are important to design and scale-up of the siphon.

6. If necessary, build a larger-scale version of the siphon system model using PVC pipe and higher flow rates, and repeat steps 2-5.

7. If necessary, work with the design team to re-design the siphon system if it is not found to be effective.

Point people:  Anderson, Sara, team members

Time frame:  2 weeks at the beginning of the semester
Improvements to experimental apparatus

Several components of the current SRSF apparatus should be improved before more tests are run for backwashing or filter performance.  These improvements will make the system more effective for data collection and easier to operate.  Important tasks include:

1. Replace the current flow control valves on the filter control board with a larger valve that will be able to control flow during backwash and filtration.
2. Install a new backwash outlet at a more realistic height.
3. Connect the backwash outlet to the sampling pump and turbidimeter so that turbidity can be monitored during backwashing.

Point people:  Will, Mickey, team members

Time frame:  2 weeks at the beginning of the semester, concurrent with siphon study
Backwashing time study 
Previous research used a backwash time on the order of 15 minutes to remove contaminants from the sand bed.  However, the SRSF would be much more efficient with respect to water usage if this backwash time could be reduced to 5 minutes or less.  Evidence from the field study suggests that the vast majority of contaminants are removed within the first few minutes of backwashing, and it may be advantageous to backwash the filter only until a “point of diminishing returns” is reached.  Steps to study this with the lab-scale SRSF system include:

1. Run a filtration cycle to establish baseline filter performance, which should be comparable to performance observed last semester.
2. Backwash the filter for 15 minutes and monitor turbidity in the backwash effluent.

3. Run another filtration cycle and compare the observed performance to the baseline.

4. Repeat steps 2-3, decreasing the backwash time for each test.

5. Interpret the filter performance data and time/turbidity results to recommend an efficient backwash time for the SRSF.

Point people:  Anderson, team members

Time frame:  2 weeks once the siphon study and system improvements are done
Backwashing initiation study
Observations of backwashing during the field demonstration of the SRSF showed that initiation may be a difficult step, due to the large head requirement and the effect of contaminants in the sand bed.  The full-scale SRSF must be designed so that the sand will always fluidize when the mode is changed; otherwise, the filter will not be useful!  Therefore, we will use both theoretical calculations and the SRSF lab apparatus to better understand backwashing initiation.  Important tasks in this component of the research include:
1. Estimate the minimum fluidization velocity of the filter sand, using various physical and empirical relationships.

2. Backwash the filter at various flow rates, to identify the minimum fluidization velocity.

3. Load the filter bed with clay and determine experimentally how the minimum fluidization velocity is affected.

4. Analyze the hydraulics of the system as backwash is just beginning, to determine the head requirement for fluidization to start.

5. Measure the percent bed expansion for each backwash velocity and develop an empirical relationship.
6. Test various backwash velocities by first backwashing the filter and then running a filtration cycle. 
7. Determine the range of effective backwash velocities, by comparing filter performance and time/turbidity data for each velocity tested.
Point people:  Mickey, team members

Time frame:  3 weeks once the backwash time study has been completed
Sand media analysis and preparation
An important consideration for the full-scale design and construction of the filter will be the selection and preparation of sand media.  A sample of construction sand was taken in Honduras in January 2011, and a gradation analysis of this sand could give some insight into how readily it could be used to produce sand suitable for a filter.  Important tasks include:
1. Develop a particle-size distribution curve for the Honduran quarry sand sample

2. Compare this sand to a particle-size distribution curve for the sand currently used in the lab-scale SRSF.

3. Recommend a procedure for sieving and washing sand from a quarry for use in the SRSF, and determine which materials and tools will be required.

4. Contact Agua Para el Pueblo and the AguaClara engineers in Honduras to get information about available sand.

Point people:  Will, team members

Time frame:  1 week, concurrent with backwashing study
Sand removal study
At some point during an SRSF useful life, it will become desirable to remove the filter media from the filter box. This problem creates the need for a solution that is effective in removing all sand from the filter box without undue burden on the operator in a manner that minimizes water wastage and can be completed in a reasonable amount of time.  Important tasks include:

1. Invent a mechanism for this process, perhaps using a drain or siphon in a process that will occur during backwash.

2. Determine minimum bed fluidization requirements for the sake of minimizing water wastage during this process.

3. Determine how much water will be lost during this process.

4. Determine how long the filter will remain offline as a result of this process.

Point people:  Will, team members

Time frame:  3 weeks, concurrent with other tasks after backwash initiation study
Alum residual study
Field observations showed that alum residual in the settled water is very important for the filter to be effective, and performance changed noticeably as a function of alum dose to the SRSF.  In practice, the operator of an AguaClara plant with a filter would set the alum dose to maintain an appropriate residual after sedimentation.  Though the optimum alum residual in each plant will vary with influent water chemistry, some insight into alum requirement can be gained in the lab.  Important tasks include:

1. Set up the alum pump to provide different doses of alum to the lab-scale SRSF.

2. Run filtration cycles with varying alum doses, keeping influent water turbidity and backwash conditions constant.
3. Compare filter performance to determine what alum dose is required for the SRSF to treat water effectively.

Point people:  Sara, team members

Time frame:  1 week after all backwashing studies are done
Flow distribution tracer study
Flow distribution among the layers of the filter is a unique design challenge because of the stacked configuration.  Some studies were carried out last semester using dye injections into the filter and observing the outlet response, from which some insight into flow patterns and layer residence times could be gained.  However, the data was inconsistent and the results were difficult to discern.  This is nevertheless an important consideration for the SRSF, and one that must be further investigated with a better method.  Important tasks for this study include:
1. Improve the dye dosing system by using a higher-rpm pump and adjusting the tubing size and stock concentration.
2. Develop a calculation and analysis procedure to calculate layer flow rates, from either equilibrium dye concentrations or observed residence times.
3. Calibrate the spectrophotometer and sampling system, and calculate the delay time.

4. Inject dye into each inlet and observe responses at the outlets above and below.  A residence time observation may be sufficient.

5. Determine the distribution of flow among layers and consider implications for the inlet/outlet system design.
Point people:  Mickey, team members

Time frame:  2 weeks after the alum study is done
Sand grain size in the filter
The SRSF has been designed and tested using a single sand grain size typical to conventional rapid sand filtration, and the implications of using another sand grain size have yet to be investigated. Sand of a larger or smaller grain size may prove more effective for turbidity removal than that which is currently in use. Furthermore, the effect of sand grain size on filtration and backwash velocity as well as required filter bed depth has yet to be fully investigated. Important tasks include:

1. Determine the relationship between sand grain size and the filter bed depth required to adequately remove turbidity.

2. Determine the relationship between sand grain size and head loss through the filter bed, and relate this finding to expected filter run time.

3. Determine the relationship between sand grain size and backwash velocity.

4. Determine the optimal sand grain size to adequately remove turbidity while minimizing backwash water use.
Point people:  Will, team members

Time frame:  1-3 weeks as time permits
