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The main goal for the Tube Floc team is to study the effects of controllable properties such as water pH, flocculator length, and alum dosage on flocculation. For the past few semesters, we have focused on studying the variation of flocculator length and alum dose. Due to experimental errors, the completion of this study has been delayed. We aim to continue and complete it this summer. We have completed the brief verification study on FReTA and are currently setting up the FReTA apparatus appropriate to our study. We have also been improving the computer-run analysis methods. We will collect data with the constructed apparatus to see if it is running properly and further develop the analysis code for FReTA.  
 Introduction

For the past couple of semesters, the Tube Floc Team had varied alum dosage and flocculator length in order to study the effects these properties have on flocculation. The completion of this study was postponed due to alum blockage and faulty in data; we plan to finish it this summer. 
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Though the past team was unable to complete this study, an overall pattern had been identified based on valid data sets. In general, an increased flocculator length helped reduce residual turbidity until a certain limit was reached where floc breakup became more dominant and gave worse results. However, more questionable results were found when comparing the mean sedimentation velocities of different influent turbidities. The past team observed a higher peak at initial sedimentation velocity for a lower influent turbidity (Figure 1).
The team had hypothesized that the main cause behind the higher initial mean sedimentation velocity in the 100 NTU turbidity was due to floc breakup; we plan to further study this factor this summer.

For our initial study during the summer, we validated the workability of FReTA. We used particle beads and distilled water to create a known mixture and derived theoretical sedimentation velocity values. Running experiments on FReTA, we collected comparable empirical data. The results we got from this study were highly successful; with two experimental runs on FReTA, we got sedimentation velocities of 0.266 and 0.262 mm/s. The theoretical velocity values we derived ranged from 0.141 to 0.21 mm/s. We expected the empirical values to be slightly higher within a tolerant range than those of the theoretical due to experimental errors. With that expectation, the data we collected from FReTA validated the workability and accuracy of the apparatus the Tube Floc Team had been using.
After the validation test, we updated the smoothing on the data analysis program. Since the old smoothing method did not have a scientific explanation behind it, we decided to develop our own weighted smoothing method. The data graphed against the log of sedimentation velocity was divided into equal sections where they were smoothed according to their locations/distances from one another. From this smoothing, as seen in Figure 2, we concluded that though this new smoothing method did seem to be better than the old method, if raw data could fit, smoothing itself could be disregarded.
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We discovered that through the manipulation of the tolerance level in the analysis program, smoothing can further be changed. We have investigated this process; further detail can be found in the Experimental Design and Results and Discussion sections of this paper.
New data on the study of the variation of alum dosage and flocculator length have been collected. For the following weeks, we plan to complete the analysis of these new data sets and study floc breakup in relation to the lengthening of the flocculator.
Experimental Design
For the past few weeks, we have tried to develop a valid method of smoothing for the data analysis program. We attempted to weight-smooth the data points according to their locations in the log of sedimentation velocity scale. However, after trying to apply this method to past data, we became doubtful in whether this method was actually more accurate than our original method. Therefore, we decided to take a closer look into our old smoothing method again.
The past team had chosen the number of smoothing data points based on a process of trial-and-error. Testing different number of smoothing points, 9 data points at a tolerance of .25 was chosen to be the parameters for smoothing. But at these parameters, we noticed that data fitted even without smoothing; the tolerance was set to be too high. We investigated different values for each data set and discovered that some fitted even at a tolerance of 0.01 with a smoothing of 2. For accurate data analysis, we wanted to avoid altering the data and minimize any changes made for smoothing. Discovering how these values could be further optimized, we found the minimum tolerance and number of smoothing data points through trial and error (a function was created for these to be found automatically, but due to memory overflow, we found it best to not use this function and just conduct the task manually). The values found through this process was organized into an excel file. 
After a discussion with Professor Monroe, we decided to take another road for creating a good smoothing method. Looking at the graph of turbidity vs. sedimentation velocity (Figure 3), we saw two stages of floc sedimentation: one, when the small flocs that broke off from the big flocs were settling, and second, when the main, big flocs were settling. 
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We hypothesized that because there were two stages of sedimentation occurring, the gamma fit was not working correctly. We were to look at the data in these two different stages and have two separate gamma fits for each case. To identify
We chose to base the accuracy of our fitting according to the fit created by the fitted CDF graph. According to how close the fitted graph plotted to raw data, we will determine whether our smoothing is valid. We are hoping to see an improvement in our gamma fit through this process.
Results and Discussion

From our previous study on the variation of tolerance and smoothing points, after a discussion with the professor and fixing of some errors, we decided to put this study aside until our gamma fit is improved. Comparing the plot of raw turbidity and fitted CDF, we learned that our weighted smoothing was indeed a good method to smooth (Figure 4). However, despite the main slope fitting very well, the first tail of the plot, which included the residual turbidity data, was not fitting accurately (Figure 5). 


We hypothesized this had occurred due to the two stages of sedimentation. We are currently improving our data analysis program to recognize this problem and create a better fit.

Future Work

We are still in the process of improving our data analysis program. We are hoping to develop a more intricate code that will recognize the two stages of sedimentation and create a proper fitting plot of the Fitted CDF graph. In addition, we hope that the improvement in the data analysis program will enable us to create a gamma fitted plot with the two stages noted and solve the erroneous plots we have been observing previously. 

For the following experiments, we are planning to validate the hypothesis the previous Tube Floc team has made regarding floc breakup. We will be decreasing the energy dissipation rate by lowering of flow rate at the transition from the second flocculator to the third flocculator; the previous team confirmed that floc breakup was occurring in the third flocculator length. To lower to flow rate, since we do not want to break any flocs during the process, instead of adding a pump, we will separate the flow and reduce the amount of water flowing into the third flocculator by 10%. If this reduction does not give good results, we will reduce the flow further until confirmation/refutation of our hypothesis is shown. Through this study, we hope to find an explanation behind the phenomena of the higher initial sedimentation velocity occurring when a lower influent turbidity in tested.
Team Reflections

As we have gone further into the summer, our responsibilities naturally clarified and separated. Many of our initial tasks have been completed, such as the FReTA verification test and developing a valid smoothing method. Our efficiency and teamwork have improved; we have grown to learn each other’s strengths and weaknesses. As a team, we have not encountered any problems regarding our group dynamics. Communication regarding experimental progress, data analysis methods, and more has improved greatly with Karen’s, the leader of our team, efforts. We still need to improve in the cohesion of the group, but as our expertise is separated, complete knowledge in all parts of the group seems to be an unachievable goal.
We are planning to move on and study floc breakup as soon as the alum dosage and flocculator experiment is completed. We have discussed the next study and have planned our jobs for the following weeks. We have not yet encountered significant problems that have prevented us from working. Though the over-flow of data in the computers had slowed down our progress, we managed to go around this problem and complete our study on smoothing. The clay stock bucket has recently spilled; we will be more careful with the apparatus when long experimental runs are made. Overall, we believe that our study on flocculation is progressing.
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Figure 1. Plot of mean sedimentation velocity against alum dose for influent turbidities of 100 and 500 NTU.
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Figure 2. The gamma PDFs of the three different plots: Raw data, data smoothed using the old method, and data with new smoothing.
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Figure 3. Graph of normalized turbidity against sedimentation velocity. Note how there are two stages of sedimentation occurring.
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Figure 4. Plots of both NTU.normed and Fitted CDF against sedimentation velocity for easy comparison. The fit was made using the weighted smoothing method. 
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Figure 5. Plots of both NTU.normed and Fitted CDF against sedimentation velocity on log scale. Note how the tail of the graphs does not fit well.
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