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Backwash study 

The ability to backwash all layers of a stacked filter is of fundamental importance to the viability of the technology.  The major task remaining from the summer proof-of-concept research is to make systematic physical observations of the filter backwashing process in the clear filter column, which requires the following steps:

1. Connect the filter inlet and the backwash weir drain to the lab sink.
2. Run the clear filter at a 10 mm/s backwash velocity, as was done when the filter was backwashed over the summer. 
3. For each filter layer, record the time it takes for the bed to fully expand once the valve is opened, and the height of sand after bed expansion.
4. Vary the sequence of steps by which backwashing is initiated and terminated, and document a “correct” backwashing procedure.
5. Use a camera to record pictures/video of the backwashing process
Point people:  Anderson, team members

Proof-of-concept paper  
The team will prepare a paper explaining the concept of stacked rapid sand filtration, which will use the summer performance data and backwash observations to show that the techonology is viable at the laboratory scale.  A preliminary design may also be included as an example application of stacked filtration in the field.  Steps to finish the paper are:
1. Revise the introduction, process theory section, and materials and methods.

2. Compile all results from the summer performance studies, including notes on the conditions under which each test was run and the reasons for observed “failures”

3. Write up results and discussion to include filtration performance data at various velocities, and backwash observations

4. Provide an overview of a full-scale design to give an example of how a “real” stacked filter might be built, and how its suitability for development applications may be improved over conventional rapid sand filtration.
5. Compile and edit the paper text.

6. Prepare high-quality tables and figures.

7. Submit the paper for publication, possibly to J. Environ. Eng. – ASCE.

Point people:  Mickey, team members
EPA P3 grant proposal
The team will apply to the EPA P3 sustainable design competition to fund the future development of the stacked filter project, especially at the field scale.  Steps will include:
1. Look up specific rules and guidelines for the P3 competition, and obtain previous P3 Phase I grant reports.

2. Develop the concept to sell to the EPA and write a project abstract.
3. Draft a detailed research plan describing rationale, process theory, work to date, and additional studies needed to develop the technology.
4. Discuss project partnerships and obtain letters of support.
5. Come up with a proposed budget showing in-kind contributions.
6. Finish the document package by the end of the Fall semester to submit to EPA.
Point people:  Sara, team members

Underdrain design
An underdrain system may be needed for the bench-scale stacked filter system.  This would be  intended to eliminate “dead space” in the sand below the lowest inlet, which will never be fluidized during backwashing.  Steps will include:  
1. Determine whether or not an underdrain system will be required for the bench-scale model, because the underdrain may not significantly affect labortory performance.

2. Check the literature and vendor catalogs to see what sort of underdrain system might be feasible , e.g. plastic beads with a pipe coming in at the bottom.
3. Work out a design using MathCAD once a system has been selected.

4. Order parts as required to build the underdrain.
5. Construct and test the underdrain in the bench-scale filter column.
Point people:  Anderson, team members

Full-scale filter design
An important dimension of the work this semester will be the design of a full-scale version of the stacked rapid sand filter system, which will improve AguaClara plants and allow the field performance of the system to be studied.  Stacked filters will be integrated with the AguaClara design tool, and will draw on the resources of the design group.  Design tasks will include:
1. Resolve the issue with filter bed sizing:  for a low plant flow rate, the required area and depth for a stacked filter system may fail “the ridiculous test.”

2. Develop decision algorithms for filter configuration and sizing.
3. Develop calculation procedures for filter components and plumbing.

4. Work on coding so that stacked filters can be added to the AguaClara design tool.
5. Work on AutoCAD drawings of the filter and its components.
6. Coordinate with partners in Honduras to build a full-size stacked filter, hopefully by the end of the academic year.
Point people:  Jeff, team members
Flow distribution tracer study

Evenly-distributed flow through the layers of sand is important to the performance of the filter.  Lab-scale studies could help determine whether flow in each layer of the filter is in fact uniform, and this analysis may aid in the development of a reasonable design approach to achieve uniform flow distribution.  A dye tracer study will be used to investigate this question, which consists of the following steps:
1. Look at the literature to refine the experimental design for the dye study.
2. Develop a set of standard solutions and an analytical procedure for red-40 dye on the spectrophotometer.

3. Set up a pump to inject dye on the inlet side of the filter, and fraction collectors to collect samples from all three outlets for analysis on the spectrophotometer.
4. Add a continuous “step input” of dye to each inlet of the filter and measure the steady-state response at the outlets above and below the inlet in question.
5. Document the procedure used for the flow distribution study, so that they can be used in other portions of this research.

6. Analyze the results and interpret them with respect to flow distribution between layers of the filter.

Point people:  Mickey, team members
Considering “dead zones” in the filter
The presence of “dead zones” would negatively affect filter performance.  Dead zones may form during filtration around the inlet/outlet pipes; they may also form during backwashing at the bottom of the column.  Steps in studying them include:
1. Start with a theoretical analysis of flow paths between the inlet and outlet pipes through one layer.  A solution to this problem may already exist in hydrogeology.

2. As in the flow distribution trials, add a “step input” of dye to all of the water on the inlet side of the filter and measure the initial response as the system reaches steady state.  This will require careful and extensive sampling.

3. Run the samples on the spectrophotometer to produce response curves showing the concentration of the dye versus time.
4. Analyze the initial response data to determine the residence time in the filter, and determine whether dead space exists in the column.

5. Add an intensely-colored dye to the filter, and use a camera to observe the path and dispersion of the dye (if possible).  This may provide some visual insight into dead zones in the sand.
Point people:  Jeff, team members
Additional performance studies

Filter performance studies similar to those that took place during the summer will be carried out, so that the team has a better understanding of the failures observed in the bench-scale system (such as turbidity “spikes”), and the conditions that might lead to these failures.  A control filter with one 20-cm sand layer will also be tested to compare to the performance of the stacked system.  Steps in these performance studies will include:

1. Set up the filter for performance testing with influent and effluent turbidimeters, alum and clay stock tanks, and peristaltic pumps for dosing and sampling.
2. Run the stacked filter under “normal” conditions to verify that the summer results are reproducible and to establish a baseline for filter performance.
3. Backwash the filter and vibrate the column as the sand is settling to form a denser bed.  

4. Run a filtration cycle to determine if this backwashing procedure has any effect on performance; if so, “compression” of the sand bed during filtration may be the reason for the turbidity spikes.

5. Set up a single-layer control filter consisting of 20 cm of sand in a 4”-diameter PVC pipe.
6. Run this control filter at the same filtration velocity as the stacked system, and compare the results from the two systems.  The control is expected to show better performance.

Point people:   Anderson, team members.

Sand grain size study
The size of the sand media will be important to filter sizing, head loss, backwash velocity, and overall performance.  Also, sand uniformity will be a special concern in stacked filters.  After the filter is fluidized during backwashing, the settling of coarser particles at the bottom of the sand bed may affect both the flow distribution in the filter and the turbidity removal.  Studying these problems will require the following steps:
1. Review existing literature on sand grain size in filtration, and on settling of graded media in a fluidized bed.

2. Develop theoretical predictions of the time it will take a sand bed to stratify, and the implications for flow distribution once stratification has occurred.

3. Prepare or purchase filter media with a variety of grain sizes.

4. Measure and record the particle-size distribution and uniformity coefficient of any sand that will be added to the filter.

5. Run flow-distribution studies with tracer dye before and after backwashing for sand of varying uniformity, and determine both the time scale for the bed to stratify and the conditions under which stratification may cause problems.

6. Run filtration-cycle experiments with various sand sizes, and measure turbidity removal and head loss at various filtration velocities.

Point people:  Dylan, team members

