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Continuing our study on coagulant dose and rapid flocculation, we have successfully conducted a number of experiments and found the corresponding minimum alum doses required for rapid flocculation. To ensure the accuracy of our analysis, we increased the variation of influent turbidity from 5, 50, 500 NTU to 5, 15, 50, 150, and 500 NTU. We completed the modification of the Data Processor and have organized the collected results for the minimum alum doses of 5, 15, and 50 NTU influent turbidity. We have started experimenting with PAC as a consideration for an alternative source of coagulant agent. For the following weeks, we will continue to run experiments and progress in our study of rapid flocculation.

Introduction


For the past two weeks, we have been able to obtain a significant amount of data from a series of successful experiments. Continuing from the past weeks, we completed the 5, 15, and 50 NTU experiments for flocculator lengths of 56 and 82 m using alum as our coagulant. No major problems have been encountered during these experiments; the apparatus has been running smoothly and the collected results correspond to the theoretical pattern we have expected (increase of alum dose inducing flocculation faster). 


Data Processor has been successfully modified to extract the minimum alum dose for rapid flocculation. With this program, we found the minimum alum doses to achieve rapid flocculation for the completed experiments. We are organizing these results into single plot; after completing experiments for higher influent turbidities, we hope to see an apparent pattern in our results and draw useful conclusions that can be applied in future studies.


Currently, we are running new experiments using PAC as our coagulant agent instead of alum. Seeing our results for the 15 NTU influent turbidity, we noticed that rapid flocculation occurred in the early stage of the experiment where the PAC dose was low (Figure 1
). 
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To collect more data at the transition stage from low to rapid flocculation, we changed our original range of PAC dose to focus on a smaller dose range (0.8~3.85 mg/L). For the following weeks, we plan to continue running experiments and finding corresponding minimum coagulant agent to achieve rapid flocculation. 

Experimental Design

Data Analysis



As can be seen in our previous reflection report (RR #4), we created a rough sketch on how Data Processor would extract the minimum alum dose 
for rapid flocculation. However, we had encountered a problem using the interpolation function for MathCAD, linterp. Linterp takes in three input values: x-axis array, y-axis array, and the x-value we are interested in. From these inputs, this function outputs the corresponding y-value to the x-value of interest. Initially, since we were looking for the sedimentation velocity matching the 0.5 normalized turbidity, we had set our inputs to be the following: linterp(normalized turbidity, log(Vsed), 0.5). However, due to the fluctuations in the normalized turbidity, linterp could not process these inputs (the MathCAD interpolation function only works for a consistent increasing order of the x-axis values).
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 In response to this problem, instead of having the x-axis values as influent turbidity, we set the x-values to be log of sedimentation velocity. We then created a function that would look through all the sedimentation velocity values in small increments and look for the point when normalized turbidity landed closest to 0.5 NTU (Figure 2). 




After finding the sedimentation velocity at 0.5 NTU for each alum dose, we plotted the results (Figure 3). 
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From this plot, we recorded in the most rapidly changing sedimentation velocity per change of alum dose (ΔVs/Δ(Alum Dose))- this point represented the point where rapid flocculation occurred (Figure 4
). 
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Results and Discussion

Data Analysis


The modifications made in Data Processor for this study are giving accurate results that are consistent with the plots of raw data. With the collected data from the experiments we completed (5, 15, 50 influent turbidity for both 56 and 82 m of flocculator lengths), we created a separate plot that would organize the minimum alum doses for rapid flocculation (Figure 5, Table 1). 

[image: image8.png]15

10

(<X Alm, 56m
[0 Ahm, 82m

|22 & Duplicates, 56m
I+ Duplicates, 82m

+ 0B X

10 100

Influent Turbidity

10




Table 1. Organized results of minimum alum doses for rapid flocculation for influent turbidities of 5, 15, and 50 NTU.

	Influent Turbidity (NTU)
	Alum Dose (mg/L), Length 56 m
	Alum Dose (mg/L), Length 82 m

	5
	10.32
	4.98

	15
	8.6
	5.97

	50
	7.17
	4.98


We have also begun investigating PAC as an alternative coagulant to alum. We have conducted experiments using both 50 and 15 NTU influent turbidity water in order to identify the minimum PAC dose needed to induce rapid flocculation. We began by testing a PAC dose range containing matching doses of aluminum to our previously performed alum experiments. Figure 6 shows the results of our tests for 50 NTU water using PAC as a coagulant. Table 2 shows corresponding PAC and alum doses for the same amount of aluminum
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Figure 6: Results showing turbidity vs. sedimentation velocity for 50 NTU water with a PAC dose range from 0 mg/L to 12.2 mg/L of PAC. The range on this experiment missed our target slightly, since most of the change from no sedimentation to rapid flocculation occurred between the second and third trials (1.14mg/L to 1.37 mg/L), however, this range represents a significant gain over our previously measured transition dose for alum, even after accounting for their different aluminum contents.
Table 2: Equivalent aluminum content alum and PAC doses. 

	Alum Dose
	Equivalent PAC Dose


	2
	1.1413

	2.4
	1.36956

	2.88
	1.643472

	3.456
	1.972166

	4.1472
	2.3666

	4.97664
	2.83992

	5.971968
	3.407904

	7.166362
	4.089484

	8.599634
	4.907381

	10.31956
	5.888857

	12.38347
	7.066629

	14.86017
	8.479955

	17.8322
	10.17595

	21.39864
	12.21113


In order to better capture the transition to rapid flocculation, we shifted our PAC dose range to be lower for the next experiments, which we performed using 15 NTU water. Figures 7 and 8 contain the results.
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Figure 7: Results for a 56 m flocculator with 15 NTU influent water and PAC doses ranging from 0.5 to 2.58 mg/L. It appears that this dose range is too low to capture the complete transition to rapid flocculation.
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Figure 8: Results for an 84 m flocculator with 15 NTU influent water with PAC doses ranging from 0.5 to 2.58 mg/L. Although we can see the start of rapid flocculation, the results would be strengthened by extending the range slightly to include some higher PAC doses.

Our first results with PAC as a coagulant have been very promising. Although we are still refining the ranges we must dose the PAC at to precisely capture the transition to rapid flocculation, we have been able to observe clear improvements in the approximate dose needed. In previous experiments we have observed typical alum transition doses in the range of 5-10 mg/L. However, in our corresponding PAC experiments we have observed approximate transition doses corresponding to 1.75-6.15 mg/L equivalent alum doses. This represents an improvement in performance of nearly 50%, showing that PAC is highly effective as a coagulant.

Future Work
In the remaining weeks before the end of the semester, we hope to complete our investigations of PAC at influent turbidities of 5, 15, and 50 NTU water. This will cover the same range of turbidities where the transition point to rapid flocculation has already been identified for alum as a coagulant, and will allow us to compare the two. Our preliminary results indicate that PAC performs substantially better than alum at corresponding aluminum doses.

Once we finish our low turbidity investigations, we plan to continue with experiments at 150 and 500 NTU water to see how rapid flocculation develops for the two coagulants at higher turbidities. The completion of this study will provide a good general characterization on how PAC and alum perform and induce flocculation at a broad range of turbidities. Using this baseline data, we will next be able to investigate how changes in other processes, such as rapid mix, effect the development of flocculation.

Team Reflections

The past two weeks have been very productive for us in terms of our experimental work. We have been able to complete a large volume of experiments and have seen some very exciting results for our recent investigations of PAC. Things have been going very well, and we have not encountered any major difficulties. Additionally, we were able to update and code new functions for the Data Processor in order to quantify how rapid flocculation develops. We have been able to accomplish this without any disruptions of our experimental schedule, and are excited to further our comparisons of PAC and alum.
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Figure 1. Normalized Turbidity vs. log of Sedimentation Velocity for PAC dose ranging from 0-10.18 mg/L. Information in the gap between doses 1.14 mg/L and 1.37 mg/L will need to be obtained.
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Figure 2. Plots of normalized turbidity vs. log of sedimentation velocity at influent turbidity of 50 NTU. Linterp will shift through every sedimentation velocity value in small increments and output the corresponding normalized turbidity value. Once the outputted normalized turbidity lands closest to 0.5 NTU, the sedimentation velocity at that point will be recorded.




























































































Figure 2. Plot of normalized turbidity vs. log of sedimentation velocity. Sedimentation velocity values will be checked in small increments until the corresponding normalized turbidity is around 0.5 NTU.
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Figure 3. Sedimentation velocity at 0.5 normalized turbidity vs. alum dose. Influent turbidity is 50 NTU and flocculator length is 56 m.


















































Figure 3. Plot of Sedimentation Velocity at 0.5 normalized turbidity vs. Alum Dose. Influent turbidity is 50 NTU and flocculator length is ~56 m.
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Figure 4. ΔVs/ΔAlum Dose vs. Sedimentation Velocity for influent turbidity of 50 NTU. The alum dose corresponding to the highest point of this plot is the minimum alum dose needed for rapid flocculation to occur. In this plot, the minimum alum dose is 7.166 mg/L
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Figure 5. Minimum coagulant dose required to achieve rapid flocculation plotted against influent turbidity. Currently, the results for the influent turbidities of 5, 15, and 50 NTU for both lengths 56 and 82 m flocculator are plotted. In the future, we will also have the results for PAC and higher influent turbidity shown.








�Great job guys! Great report and great work in the lab this week. Sorry I’ve been ignoring you a bit during class time, you guys have it all together and the other teams are a bit crazy ( Let me know when you need help though or have a question.   100/100


�Good!  The label on the y-axis is incorrect but the caption is great and the graph makes me happy!


�Watch out for all these extra lines…


�Looks great!


�Can we get a column here for mg/L Al, the commonality between the two.


�Good! I was hoping you’d give the comparison. In the future we should be talking in mg/L Al, it will be less confusing.


�Very good!






