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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

During the semester of spring 2010, the Tube Floc team studied the influence of flocculator length and alum dose on flocculation performance. Three different flocculator lengths (28, 56, and 84 m) were set and a constant increment of alum dose was mixed into three influent turbidities: 5, 100, and 500 NTU. The team aimed to collect accurate data and study results of various combinations of flocculator length, alum dose, and influent turbidity.  From the obtained data, residual turbidity was determined by focusing on turbidity at capture velocity (0.12 mm/s) and lower. An example of the plot of residual turbidity against alum dose can be found below in Figure 1.
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Figure 1. Plot of turbidity at sedimentation velocity of 0.12 mm/s and
lower against alum dose. Influent turbidity was set to be 5 NTU.

Replicates were made to confirm the accuracy of the collected data.





In general, a consistency of result was shown in the residual turbidity data as the NTU value decreased with the addition of alum dose. For the various lengths, the team found that though an increased length of flocculator helped decrease residual turbidity initially, when its length went beyond a certain limit, floc breakup became more dominant and thus gave worse results. However, more questionable results were found when comparing the mean sedimentation velocities of different influent turbidities; the team observed a higher sedimentation velocity for the initial velocity value at a lower influent turbidity (Figure 2). 
[image: image2.png]Mean Vs, 2787 cm

- ——100NTU
--s0NTU

Moan Vs (mmis)

o 2 “© & o w
Alum dose (mofL)

Figure 1. Plot of mean sedimentation velocity against alum dese for influent

turbidities of 100 and 500 NTU.





The team had hypothesized that the main cause behind the higher initial mean sedimentation velocity in the 100 NTU system was due to floc breakup; we plan to further study this factor this summer.
The spring 2010 Tube Floc was unable to complete its study on flocculator length and alum dose due mostly to experimental errors including the problems encountered with alum blockage in the system. One of the goals for the summer tube floc is to complete this study by replicating faulty data and collecting incomplete data.
The main goal of our team this summer is to increase our knowledge of the optimal parameters of the system, and better our analysis methods and team organization to more effectively improve the residual turbidity of the tube flocculator. For the upcoming weeks we will update the analysis method and set up FReTA and the tube flocculator for the study on water pH.

Experimental Design

One of the 
questions raised for the Tube Floc team was to answer was whether the smoothing method the team had been utilizing was appropriate for data analysis. Since there was no solid explanation behind the past method of smoothing, we analyzed and updated this method. 

After studying the past smoothing method, we were not able to find a valid explanation to support it and concluded that a more appropriate method should be developed. We chose to weigh the data points according to their locations in the turbidity vs. log of sedimentation velocity plot and smooth them accordingly. Since the range of data was wide, we narrowed it down by dividing it into equal sections in the log(sedimentation velocity) scale. An example of this process can be found in Figure 1.
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Figure 1. Raw data graph of normalized turbidity against log of
sedimentation velocity. Data will be weighed according to the separations.
In this case, separation has been set to be 0.4 mm/s (this parameter is a user
controllable value that can vary according to the user's preference), and
each highlights show the different sections. Experiments have been run7

times for aceuracy.





After the separation, for each section we weighed the data points on the scale of log(sedimentation velocity). From this smoothing, we aimed to find a single representative point for each section and simplify the raw data. 
For the weighing, we had to first look at individual sections separately. Within the focused section, we determined the distances each data point had from one another. A visual example of the corresponding distances for the data points can be seen in Figure 4. 
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Figure 4. A visual example of several data points in an experiment and the

corresponding distances. The data will be weighed according to the distances.





With the distances, we weighed each data points and summed them to find the representative data point for the section. (Equation 1)
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    (1)
After smoothing, we got the fitted gamma CDF and PDF graphs to get a visual representation of the particle distribution. Comparing the different smoothing methods and the plotting of raw data, we saw that our new smoothing method was more similar to the original (Figure 3). 
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Figure 1. The gamma PDFs of the three different plots: Raw data, data

smoothed using the old method, and data with new smoothing,





Through this smoothing, we are planning to improve our accuracy when analyzing data and have a valid supporting explanation behind our analysis method.
The other experiment we are currently working on is the effect of flocculator length and alum dosage on residual turbidity.  This is done by running FReTA for three different lengths, three different influent turbidities, and varying alum dosages.  This data set is a continuation of past experiments run by the tube floc team.  The setup will be the same as has been done in the past, we are simply replacing incorrect or incomplete data.

Results and Discussion

The main purpose of smoothing is to disregard the constant fluctuations that disable raw data to be properly fitted. However, when the analysis program was re-run with no smoothing done to the raw data, properly fitted plots appeared. From this result, we became doubtful in the need of smoothing; if the purpose of smoothing is to enable proper fitting, why smooth at all when raw data already fit? In addition, we couldn’t answer the question of how we chose the number of data points used for smoothing (in our case, with the new smoothing method, the number of separations made for weighing data points). Discussing this matter as a team, we concluded that though it seemed like most data fit, there might be data needed to be smoothed for fitting. We are planning to take a close look at this issue in the upcoming weeks and possibly upgrade the analysis program for better analysis.

This week we were able to complete five replicates for the flocculator length and alum dosage experiment.  While most of these runs gave reasonable data, we ran into problems with the data input into MathCAD.  One problem we encountered was the type of file that the process controller created; MathCAD seems to process text easier than the current 97-03 Excel.  Another problem we encountered was achieving a constant influent turbidity for the 5 NTU experiments.  The experiment automatically dispenses clay at the beginning of each run, and this input of clay can build up to an unacceptable change in turbidity.  Part of the difficulty in reading the results of the experiments was that several experiments had to be manually stopped and restarted in order to change the raw water because of this increase in turbidity.  However, the data runs that were processed correctly seem to match the results of the past experiments.  
Future Work

Our plan for the upcoming weeks stays the same as that of the previous. For the next two weeks, we will run experiments measuring the residual turbidity of systems with influent turbidities of 5, 100, and 500 NTU. For each influent turbidity, we will run 3 sets of experiments based on flocculator lengths of 28m, 56m, and 84m.  In each set of experiments we will vary the alum dose; this allows us to compare the effectiveness of alum in flocculators of different residence times.  We are running these experiments in order to complete data collected by an earlier floc team, and we will accomplish this by replacing faulty data sets and finishing incomplete data sets.  The purpose of these experiments is to better understand the effect of residence time on the floc breakup of the system.
Team Reflections

As most members were new to the Tube Floc team, for the past two weeks, we mostly struggled in understanding the analysis process and working with the experimental apparatus. We began our research with the FReTA verification test, which was simple in concept yet difficult in execution. This study helped the team grasp an overall understanding on both Process Controller and Data Processor. And most importantly, it gave us the opportunity to set up an organization system with experiments, data acquisition, and analysis. We were able to work as a team to find methods to solve the given task and questions from the reviewers. And with the analysis process, we developed the skill to edit and code according to the purpose of our experiment. 
We didn’t encounter any major problems yet as we have just started our new study on flocculator length and alum dose. For learning, we will need to talk more as a team to keep each other updated. We are separated within the team as experimental and analysis groups. This enables us to be more efficient and hone our expertise on the subject we are focusing on. However, it also prevents us from furthering our knowledge on the other part of the team. We will need to rotate jobs or just communicate a bit more in order to form a more well-balanced team.













































�What sorts of experiments are you running sepcficially and when? A table might be helpful here. 
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