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For the past two weeks, we have begun running experiments for the study of alum dose and rapid flocculation and collected a significant amount of data. Three main influent turbidity covering a range from low to high (5, 50, and 500 NTU) have been chosen for the experiments; we want to observe the different effects and patterns resulting from the variation of turbidity and alum dose. The 5 and 50 NTU experiments have been completed and the data seems to be valid; they follow our expected pattern of result. For the following weeks we are aiming to develop the analysis program appropriate for this study and to run different experiments using PAC and a wider variation of influent turbidity.

Introduction


After a long process of improving and setting up the apparatus with the right ramp down constant (details to the changes we have made can be found in previous reflection reports), we have begun running experiments for the study on rapid flocculation. The main focus of this study is to find the minimum alum dose needed to induce rapid flocculation and to study the transition point from little formation of flocs to noticeable/rapid floc formation. The necessary experiments for data collection have previously been planned in the beginning of the Fall 2010 semester-refer back to our detailed task list and previous reflection reports for more background information.


For the past two weeks, we have been conducting experiments in the order of low to high influent turbidity. The 5 and 50 NTU experiments have been completed, and the collected data followed the expected pattern of increasing alum dose inducing flocculation faster and creating a steeper slope for the turbidity vs. sedimentation velocity (Figure 1).
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We are also editing Data Processor to extract the minimum alum dose for rapid flocculation from the collected data. We hope to complete the data analysis program as soon as possible in order to analyze the effects of alum on rapid flocculation and draw necessary conclusions. 

Experimental Design

Data Analysis



Our team has been using Data Processor to analyze and observe flocculation performance through extracting necessary data and converting them to parameters we want to study (eg. extracting effluent turbidity at different alum doses and times and finding the corresponding sedimentation velocities). Using the already set up Data Processor, we are planning to add functions to find the minimum coagulant dose for rapid flocculation.


From the collected data, Data Processor normalizes and plots the effluent turbidity against the log of sedimentation velocity. An estimate mean of log of Vs can be obtained through finding the sedimentation velocity corresponding to the normalized turbidity of 0.5 (Figure 2). 
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IFigure 2. Normalized turbidity vs. Sedimentation velocity forinfluent turbidity of 50
INTU. The sedimentation velocity corresponding to the normalized turbidity of 0.5 is
lestimated to be the mean sedimentation velocity.






These sedimentation velocities will then be plotted against alum dose, and taking the derivative of this plot, we will be able to identify the point where sedimentation velocity is increasing the quickest. We will define this point as the transition to rapid flocculation. The alum dose matching this rapid change of sedimentation velocity will be the minimum dose required to induce rapid flocculation (Figure 3).
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[Figure 3. Example plots of mean sedimentation velocity against alum dose (Ieft) and its
erivative (right). The alum dose corresponding to the peak of the derivative plot will be
fthe minimum alum dose we want to find.





We will study how influent turbidity affects this transition. We are also planning to study how using equivalent aluminum doses of PAC effects the onset of rapid flocculation. We will conduct the same cycle of experiments using PAC and compare the results with those for alum. Currently we are running experiments to show how rapid flocculation develops for influent turbidities of 5, 15, 50, 150, and 500 NTU water using 56 m and 84 m flocculators. Next week we plan to begin experiments for the same influent turbidities using equivalent doses of PAC.
Results and Discussion

Data Analysis


We are still coding the Data Processor in order to analyze the data as described in the previous section. We have encountered some problems in calculating the sedimentation velocity corresponding to the 0.5 normalized turbidity value. In most cases, there wasn’t data that fell at 0.5 normalized turbidity as can be seen in Figure 4.
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[Figure 4. Normalized tusbidity vs. sedimentation velocity. As can be scen, thereis not a
[point thatis exactly at 0.5 NTU: we will need to estimate the location of this valu through

linterpolation.
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 In addition, the interpolation function in MathCAD could not be used due to the noise in the data. To solve this problem, we have chosen a range (0.3~0.6 normalized turibidity) where existing data can be found. We are planning to smooth these points and estimate the sedimentation velocity corresponding to the estimated 0.5 normalized turbidity.

Experimental Results

We currently have completed experiments using alum as a coagulant at 5, 15, and 50 NTU influent turbidity water. We have been able to capture the region where rapid flocculation develops effectively (Figure 5). Initially we had to repeat the 5 NTU experiments because it was not clear that rapid flocculation had been achieved with our initial range of alum doses.  After extending the range the 5 NTU experiments, we were able to clearly observe the transition from little to no rapid flocculation to rapid flocculation with diminishing returns due to increased alum. This same trend was observed in our 50 and 15 NTU experiments as well, so we are well placed to analyze this data once the changes to the Data Processor are complete. 
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Figure 5: Results showing minimum coagulant dose needed to induce rapid flocculation flocculation vs. influent turbidity.

Future Experiments

We plan to continue our study using alum as the coagulant at influent turbidities of 150 and 500 NTU. With the new additions to the data processor, we will have a clear, quantitative method for defining the transition to rapid flocculation. Furthermore, we are ready to begin experiments using PAC as a coagulant for comparison. By comparing our precise definitions of rapid flocculation for both coagulants when using equivalent aluminum doses, we should get a clear understanding of how much benefit using PAC as a coagulant provides. Additionally, we may conduct some experiments with aluminum nitrate for comparison with alum, as well as testing how adding humic acid affects the development of rapid flocculation. Using this data, we will be better able to conduct future experiments studying the addition and rapid mix of the coagulant. 
Team Reflections
The last two weeks have been highly productive. We have been able to complete a large number of experiments with few setbacks. After finishing the tests with the pressure sensors and installing a new glass settling column with a lab jack, we are confident that FReTA is more robust and will be able to handle the large experimental load we have planned. We feel that our new method for quantifying rapid flocculation should provide important insight into how different changes in source water and/or coagulant affect the performance of flocculation. We will be able to detect shifts in performance far more precisely using our new data analysis techniques, and are looking forward to our results in the coming weeks.
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[Figure 1: Sedimentation experiences a rapid change in behavior with increasing alum
dosages, representing a shift from little or no flocculation to rapid flocculation. Tnfluent
ftusbidity is SONTU with flocculator length of 56 m.




