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Abstract
Now that flow distribution amongst layers is understood, the performance of stacked filtration needs to be evaluated. To study performance, we will treat water with similar characteristics to effluent from a typical AguaClara sedimentation tank to EPA standards across our stacked filter. We will sample influent and effluent turbidities and dose the influent with clay and alum. Initial trials yielded a constant influent turbidity of 10NTU, but a noisy, highly fluctuant effluent turbidity around 5NTU. We expect our filter to produce an effluent turbidity on the order of 1NTU. Thus, these results are inconclusive and indicate either horrible filter performance or turbidimeter failure. The team will continue repeating trials in an effort to obtain consistent results and isolate the component in failure in our apparatus. 
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Introduction
The past two weeks have been spent setting up for performance studies. After looking at the results from the trials run this summer (see Reflection Report 3 from Summer 2010), questions remain about the performance of the Stack Rapid Sand Filter.  The change to six sand layers requires that the new apparatus have its performance verified as well as its ability to handle variable influent turbidities, and it is expected to yield the similar results.  Additionally, the run time of the filter needs to be determined as well as the indicator to start backwash.  This indicator will be either headloss as measured by the height of water above the sand bed or the turbidity of the outlet water.  Ideally, backwash should begin based on the water height for ease of operation.  The time it takes to prime the filter after backwash should also be determined in order to ensure low quality water is not allowed into the distribution tank.  Thus far, we have run two 24-hour studies.
Experimental Design

In order to run performance studies, the filter setup needed to be slightly modified to account for the dosing pumps, turbidimeters, and pressure gages. Figure 1 summarizes the added components to the system in a logical flow chart. 
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Figure 1. Apparatus Design
 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 were chosen because they are similar to those seen at the AguaClara plant in Marcala.  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 of our main obstacles over the summer was leakage from our clay stock tank. In order to resolve this issue, we inserted stoppers with a slightly smaller diameter hole than the thin tubing inserted into it. We stretched the tubing through the undersized hole, allowing for a tighter seal with no leakage. Another issue from the summer was fluctuating turbidity readings, caused from air bubbles entering the turbidimeters. We resolved this recurring issue by raising the tubing coming out of the turbidimeter by 75cm, at which point we inserted an air break prior to draining. In addition we added an air break at the outlet weir to eliminate siphonic effects.  After our first trial we suspected faulty turbidimeter readings and proceeded to clean the turbidimeters and verify our readings with calibration standards. 
In the past 2 weeks, we wired all the necessary components in order to run the performance studies. A schematic of our logic flow is below:
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Figure 2. Process Control Logic
The schematic shows the communication between our pumps, turbidimeters, stamp box, and Data Acquisition box. We see the flow of information to the PC as data (from turbidimeters and pressure gauges) and from the PC as output (the speed at which clay pump operates). The stamp box allows us to adjust the turbidity of the influent water by varying the flow rate of the pump through the PC. The data acquisition box allows us to continually record the head loss through our filter. Lastly, the turbidimeters allow us to continually sample influent and effluent turbidities. Overall, the experimental apparatus has been altered in a robust manner, yet minor refinements must be made. 
Results and Discussion

The performance studies yielded data consistent with our design assumption in terms of the head loss accumulation and the influent turbidity.  The performance study parameters are listed below:
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Concentration (g/L) 15 2097
Dose flow rate (ml/min) 24 3.48
Concentration to filter (mg/L)  13.6 (10 NTU) 15
Run time (hr/L) 38 48

Water Used Tap water Distilled water




Table 1. Performance trial #1 parameters: 11/2 - 11/3.

The results of the first experiment are presented in a graph of turbidity (NTU) vs time below:
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Figure 3. Effluent and Influent turbidity measurements over the course of 24 hours.

Figure 3 shows the influent and effluent turbidities over the course of the 24 hour experiment performed 11/2/10-11/3/10.  The influent turbidity remained relatively constant near 10 NTU until there was a decrease in pressure 12 hours into the experiment.  The influent turbidity then remained relatively constant near 12 NTU for the remaining 12 hours of the study.    The experiment was designed so that the influent turbidity would remain constant at 10 NTU; therefore the results from the first 12 hours of experimentation match our intended results.   
Unfortunately our effluent turbidimeter data in Figure 3 is questionable because we observed many air bubbles in our line measuring effluent turbidity.  We suspect that this is the reason for the noisy effluent turbidity data.  By adding an air break to release air in the system, we hope to have more accurate readings of effluent turbidity in future studies.  We expect a constant effluent turbidity of around 0.25 NTU.  

The headloss data is also consistent with what we anticipated.  Figure 4 shows that the headloss increased linearly as particles filled the filter.  There was a decrease in the headloss at 12 hours which we attribute to the decrease in flow rate from the sink.  

[image: image5.png]Head Loss (cm)

6

440

240

Time (hours)

El




Figure 4. Headloss measurements over the course of 24 hours.

Although we don’t have reliable effluent turbidity measurements yet and aren’t completely sure why the pressure decreased at 12 hours, we are optimistic about future studies.  Our headloss and influent turbidity measurements suggest that our system operates consistently and now we can rerun the tests to see what the effluent turbidimeters read. The second performance study is currently underway.
Future Work

The team has had minor setbacks with laboratory equipment, which in turn has produced poor quality data. We plan to repeat this experiment several times to ensure consistency and obtain better results. We plan to build one layer filters to compare an isolated layer performance to a stacked configuration, to assess performance loss associated with stacking. We want to compare the effects of having the inlet and outlet flow enter from the side of the filter to the effects of flows that enter and leave from the top and bottom. In order to make this comparison, we plan to build a one layer filter with an underdrain and top inlet. This model will be a better approximation of an actual field scale design. Within the next few weeks we also plan to determine what the minimal backwash velocity is, at which we can still effectively backwash our system. Additionally, the team will start directing more energy toward designing a 6L/s plan to be implemented in Cuatro Comunidades. We aim to make a timeline, identify critical parameters, and build a strategy for implementation to make this design happen. 
Team Reflections 

The team has worked hard for the past two weeks to set up the performance studies.  We are generally pleased with how the experimental apparatus is working:  the influent turbidity and head loss data from this week suggest that both the physical system and the electronic / process control system are capable of consistent operation.  From this point forward, we will be able to log most of our data automatically, meaning that we will simply be taking “shifts” to start up and shut down experiments.  This should allow us to work efficiently.

We had some problems this week with the effluent turbidimeter, in terms of both its precision and accuracy.  Our improved plumbing of the sampling system appears to have solved the air bubble problem that led to the widely-scattered readings in the first run, and our calibration of the turbidimeter also has improved its accuracy.  We now need to determine whether the filter can produce effluent of acceptable quality.
