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Abstract 

After beginning the initial performance studies, data showed that a constant influent turbidity of 10 NTU could be achieved but the effluent turbidity was very noisy.  To correct this problem, the plumbing was modified to help mitigate the air bubbles affecting the readings, and the influent water was sent through a temperature-controlled and aerated reservoir to remove air bubbles.  Once the new plumbing was installed, data from this week showed that the filter can produce water meeting EPA drinking water standards from 10 NTU influent over about a 12-hour period.  The results from this study have important implications for the viability of stacked filtration, and our future studies should yield important insight into filter design and operation issues.
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Introduction

The past two weeks have been spent modifying the performance study set-up in an attempt to produce a constant influent turbidity of 10 NTU and an effluent turbidity of less than 0.3 NTU.  Performance studies are important to determine whether or not the technology is viable since the purpose of the filter is to decrease turbidity to a value within EPA standards.  The apparatus has been modified since the summer and now has six layers, requiring testing of the new filter.  The results of the previous performance studies from a few weeks ago suggest that excess air bubbles resulting from cooler temperatures are responsible for the effluent turbidity values that are significantly higher than those recorded over the summer.  This leads us to believe that if we modify our apparatus to have thermally regulated flow, we expect to see less air trapped in our filter and therefore a lower effluent turbidity.
Experimental Design 
Due to colder temperatures, influent water was supersaturated with oxygen which came out of solution in the filter and caused problem with filter performance.  This would not occur in the climates for which the filter is designed, so modifications were made to the apparatus to remove the excess dissolved oxygen. Figure 1 summarizes the added components to the system in a logical flow chart. 
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Figure 1. Apparatus Design

 All flow rates remain the same through the apparatus.  The influent water, at a 4.864L/min flow rate and 1.8mm/s velocity, for filtration and backwashing (unless using clean water) will be prepared by adding kaolinite clay and alum (Al2(SO4)3∙18H2O, Fisher Scientific), which will be fed into the source water from stock tanks using peristaltic pumps. These flow rates simulate those observed at a plant in Marcala that has similar flow rates.  The clay will be added from a stock suspension to achieve an initial influent turbidity of 10 NTU, and a 1.5 mg/L alum dose will be mixed into the influent water from a stock solution. The influent and effluent turbidity will be continuously measured by on-line turbidimeters (HF Scientific MicroT0L), which will monitor the performance of the filter during normal filtration and backwashing experiments. We will also use pressure gauges at the top and bottom of the filter to record headloss over the filter bed vs. time. This will be an indicator of how clogging of the filter affects performance as well as how frequently backwash will need to occur. 

One obstacle that was encountered is that the headloss through both the rotometer and the flow control valve is too large for the centrifugal pump to provide the flow rate required at the height the apparatus was compared to the height of the pump.  To reach the required flow rate, the rotometer was removed from the tubing and the flow control valve was set using a bucket and stopwatch test.  The flow rate was barely achievable with the valve completely open.  Additionally, the tubing was made larger to reduce frictional losses and the filter was lowered three feet to sit on the ground, with the pump on a lab bench.  Two solenoid valves were used for each temperature of water because the orifice on one was not large enough to accommodate the flow rates needed.

The process control logic remains unchanged for the filter, but a second process controller maintains the oxygen equilibration reservoir at level and temperature.  

Results and Discussion 
After the experimental apartus was modified and significantly fixed, we began repeating performance studies. To recap: the past performance studies, conducted on 11-4-2010, yielded unacceptable results, with effluent turbidities on in the range of 1-8 NTU. As mentioned in the Experimental Design section, we suspected our tap water was supersatured with air. This introduced air into the inflent flow and the filter was trapping the air, forming bubbles in the effluent stream. These bubbles caused falsely elevated effluent turbidity. Thus, after designing a flow source which maintained a constant temperature through a mixture of hot and cold tap water, we were able to eliminate air from the flow and produce accurate indicators of filter performance (effluent turbidity). 

Post apartaus modification, we conducted a trial on 11/18/2010 which yielded great results. In figure 2 we see a fairly consistent influent turbidity in the range of 10-15NTU. The filter exhibited characterisitic ripening, evident in the first 4 hours of filtration, but reached less than 1 NTU in under 30 minutes. After ripening, the performance remained constant for around 5 hours and achieved an average effluent turbidity on the order of 0.1 NTU! Superb! After 10 hours of runtime, the filter entered the breakthrough region where performance decreases due to clogging of the sand layers. The trial was run for 20 hours and over the entire interval, effluent turbidity remained below 1 NTU. 
While this is not flawless data, we observe typical rapid sand filter performance, as evident in figure 3: pC* vs. time. Ultimately, we hope to reduce ripening time, lengthen the steady state filtration regime, and minimize the breakthrough curve as much as possible. 
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Figure 2 : Turbidity vs. Time 11/18/2010
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Figure 3: Filter Performance vs. Time  11/18/2010

Future Work

In the upcoming weeks we have several priorities: (1) repeat performance studies until data is consistent, (2) build the demo plant, (designed to be able to be carried on an airplane), and (3) complete the P3 proposal by early December. We hope to have the performance studies converge, so that we can provide evidence that SRSF meets WHO and EPA turbidity standards. Additionally we hope to repeat dye tracer studies to further investigate anomalies in our flow distribution, specifically, why the flow is not as distributed as expected. Overall, the semester has been productive; we plan to accomplish a lot in the coming three weeks. 
Team Reflections

The team has been distributing its efforts across many fields in the demo plant construction to bring to Honduras, the continuing performance studies, and the looming P3: Phase I application deadline. We are still evaluating the performance studies as it is crucial to proving SRSF in the field. Dan Smith’s commissioning of a demo plant has instilled confidence in the team and has motivated us to finish the semester with intensity. Upon reflection, we are also excited to begin round the clock performance studies. Now that the apparatus is air free and receives a regulated flow, we are confident our filter will perform as expected. 

We have experienced some problems in prioritization, where we have our hands tied in several concurrent projects, each holding value, but with different scopes. We aim to not lose any momentum in the performance studies, but also need to write a robust P3 proposal in the upcoming week. Over the past few months, the team has gelled significantly. Personalities shine through, strengths develop, and we have quite a cohesive energy committed to our research. If the remaining weeks go as planned, we will have a great tick list to show at the end of the semester. 

One additional concern is the analysis of our extensive Process Controller datalogs.  We would like to develop algorithms to remove -999 readings from the datalog files, and to average and smooth the data in MathCAD.  This will make our analysis more efficient, and allow us to calculate meaningful averages of important quantities such as effluent turbidity and log removal.
