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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 worked on a brief verification study on FReTA. Data has successfully been collected. We will finish analyzing the data by the following week, and we plan to continue studying other properties of flocculation.  
 Introduction

This past spring, the tube floc team studied the influence of flocculator length and alum dosage on flocculation performance by plotting residual turbidity against alum dosage for the influent turbidities of 5, 100, and 500 NTU.  The residual turbidity was collected by averaging the turbidity after 22 minutes till the end of the sedimentation state corresponding to sedimentation velocities of 0.12 mm/s to 0.089 mm/s.  The data was then smoothed and normalized; this was done to fit the data to a gamma function to determine the mean settling velocity and variance in a statistically meaningful and reproducible way. By varying the length of the flocculator and the alum dosage, the team hoped to find the best parameters to minimize the residual turbidity and optimize mean settling velocity and variance.  The flocculator lengths used were 28m, 56m, and 84m.  Through these experiments the team discovered that for each influent turbidity and flocculator length, an optimal alum dosage existed at which point any increase in alum would not affect turbidity.  The team also learned that an increase in the flocculator length caused a decrease in the amount of alum needed to achieve a set residual turbidity.  However, the effectiveness of an increase in flocculator length was dependent upon the influent turbidity.  While the tube floc team determined these general trends were caused by changes in flocculator length and alum dosage, they were not able to complete enough successful data runs to verify the optimal length and alum dosage of the system.  One of the goals for the summer tube floc is to complete this set of data runs by replicating faulty data and collecting incomplete data.  Our goal is to increase our knowledge of the optimal parameters of the system, and how to concentrate our efforts in the future in order to improve the residual turbidity of the tube flocculator.  
Literature Review
Karen Swetland

McNown, J.S. and Malaika, J., 1950.

One of the questions raised by the reviewers of Ian’s paper involved the influence of the narrow diameter of the settling column on the settling velocity of the particles.  This paper, though it was written in 1950, was extremely helpful in quantifying these effects.  The paper provides equations that can be used to determine the correction factor needed to account for the non-uniform shape of a settling particle and the influence of small diameter quiescent settling columns on settling particles.  I used the information and empirical equations in the article to calculate the error caused by wall effects.  It is negligible as we had previously assumed.  The reviewer should be more convinced of our assertion after reviewing the supporting calculations.

Tami Chung
Mietta, Francesca; Chassagne, Claire; Manning, Andrew J.; Winterwerp, Johan C. “Influence of Shear Rate, Organic Matter Content, pH, and Salinity on Mud Flocculation.”
Floc aggregation and break-up determine the resulting product in flocculation. In this article, the effects of particle potential, organic matter, and shear rate on mud flocculation are studied. Using HCl, pH was adjusted to different contents. As a result, it is shown that at pH = 8, increase of particle potential increases floc size while a lower pH makes larger flocs independent of salt concentration. As an upcoming project, our team is also planning to study the effect of pH on flocculation. Though this article may give some information unrelated to our experiment, it provides the basic knowledge on the effect of pH on clay particles.
Craig Bullington

Lovell, C.J., and Rose, C.W., 1988.

One of the questions for the summer tube floc team was if the gamma distribution could accurately model the sedimentation graphs.  This article documents the Oden sedimentation theory, which we considered as an alternative sedimentation model.  Because the theory deals with polydisperse solutions, it appeared to be an appropriate alternative.  However, this theory included a precise air bubble size, which was not included in our earlier experiments. Also, the parameters necessary for the Oden theory are not present in the AguaClara design. After discussing the implications of the gamma distribution with Dr. Lion, we determined that the current distribution was an adequate solution. 

Rami Bachara

“Coagulation and Flocculation in Water and Wastewater Treatment.”
This article serves as a detailed introduction to the subject of coagulation It does not describe a particular plant or process but tries to provide an introduction on flocculation. It lists the various types of coagulants were they metal (aluminum or iron based) or inorganic polymers.   It discusses their efficiency in treating natural organic matter (pH 5-5.5 for alum or supplementing alum with powdered activated carbon), inorganic matters and pathogens. 

 It further lists the different factors influencing coagulation operations such as water temperature, pH, sequence and dose of chemicals added. Furthermore, one can find a brief explanation of the rapid mix and flocculation processes.
Detailed Task List
Questions to Answer (these have been set in order of our priorities) 
1. Answer the reviewers’ questions about FReTA. 
2. How does floc breakup affect the residual turbidity? Can we manipulate floc breakup to increase performance? 

3. How does differential settling affect performance and should it be reported? 

4. How does the addition of organic matter to synthetic raw water affect performance 

5. How does residual turbidity vary as a function of G, keeping Gtheta constant? 

(1)  Validation for the journal reviewer 
A. Monodisperse particle question (Sedimentation experiment)

1) First see if the particles we have settle in a clean clear column.
2) If they settle, measure their sedimentation velocity with a stop watch. 

3) Repeat the experiment using FReTA. 

4) Find particles that don't aggregate, have a known particle, and are optically compatible with the effluent turbidimeter. 

5) Run two experimental scenarios on both the FReTA setup and the control vial in the influent turbidimeter.
This experiment has been concluded, and we are in the process of creating a Mathcad program to analyze it.  The program and subsequent analysis will be completed by 06/29/10.

B. Other reviewer questions

1) These are in the process of being answered.  

This task should be completed around 06/30/2010, when the thesis and an explanation of updates will be submitted to Monroe. 
 (2) Floc Break Up 

Compare the effects of changing energy dissipation rate on flocculator performance (size distribution and settling velocity of flocs).   

A. Duplicate all experiments from Spring 2010 and analyze the data.  
1) 5 NTU:

· Run 28m with alum doses from 0 – 80 mg/L, and 84m with alum doses from 0 – 25 mg/L.  See if we are able to produce graphs that are free of the random ‘hiccups’ found in the current trends.

· Run 56m with alum doses from 0 – 60 mg/L until a trend is established.  Compare to results of 28m and 84m.

2) 100 NTU:

· Run 56m with alum doses from 0 – 100 mg/L.  See if our duplicates can confirm one of the current trends, as they gave different results.

3) 500 NTU:

· Run 28m and 56m with alum doses from 0 – 100 mg/L until conclusive trends are established.

· Run 84m with alum doses from 0 – 100 mg/L until a trend is established.  Compare to results of 28m and 56m.

B. Test the performance of FReTA with a low energy dissipation rate at the end of the flocculator.  The energy dissipation rate in the second section of the flocculator can be independently controlled by using a peristaltic pump to remove a fraction of the flow. Thus the same size tubing can be used for both sections of the flocculator. Determine if energy dissipation leads to a lower residual turbidity. 
C. Add an orifice inline very close to the end of the flocculator to break up flocs so they can grow uninhibited to possibly reduce residual turbidity. 
Proposed start date: 06/30/10

Proposed finish date: 08/03/10

(3)  Differential Settling 
Big flocs capture small floc fragments as they settle quickly, which is a normal occurrence in flocculation.  If we want to exclude differential settling all together we need to minimize particle-particle interaction in the settling column.  We will determine an appropriate process to accomplish this at a later date.  

(4) Effects of Organic Matter 

Add humic acid to the synthetic raw water, run standard tests and compare the results to the Spring team's results. 
Experimental Design

The goal for the verification experiments was to show the workability of FReTA and the validity of the particle settling velocity values obtained from FReTA. To achieve this purpose, we purchased latex particle beads of known sizes and densities and mixed them in water of lowest turbidity possible. The known properties of the beads enabled us to calculate theoretical values of settling velocity and get comparable empirical values from FReTA. 
We purchased beads of size varying from 72.00 – 88.00 μm giving us a range of expected settling velocity of 0.141-0.21 mm/s. To obtain the empirical values, we created two experimental apparatuses: one using a control vial to provide a basis for comparison and another using FReTA. 
The first test consisted of a turbidimeter and a settling column. By physically suspending the beads and having the turbidimeter record data for around 14 minutes, we were able to calculate the corresponding settling velocities using equation (1.1) where z was the suspension height, V was the settling velocity, and times was the settling time.
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        (1.1)

Since this test was manually controlled, the acquired data not only focused on the settling period but also the unnecessary time periods that were to be disregarded. Therefore, the data was modified to only consider data in the settle state. 
To make this modification, we had to trim down the raw data to get rid of unnecessary data points. Since the beads were suspended manually by shaking the control vial, the initial turbidity reading was affected by the movement and was too high. These high turbidity values changed the results we calculated. Therefore, we had to set an upper limit that got rid of these high turbidity values that were not part of the settle state. 

We found the upper limit by looking at the raw data graph, as can be seen in Figure 1. We concluded that turbidity above 3 NTU was too high to be a part of the settle state. To get an accurate upper limit while not risking losing important data, we averaged turbidity above 3 and set that value as the initial turbidity rather than deleting all data above 3 NTU. Through this calculation, we set the upper limit for this data.
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Figure 1. Plot of raw data of turbidity against time for first test using the control vial,

Four trials were made for accuracy.





At any velocity lower than capture velocity, defined as 0.12 mm/s, the corresponding particles are not heavy enough to settle out. Since the density of the latex beads is 1.05 g/cm3, which is higher than that of water, all beads have to have settled out by the time corresponding to capture velocity. Therefore, the settle state for this dataset ended at the latest when it reached capture velocity. The lower bound for this dataset was chosen to be the time corresponding to capture velocity. The complete plot of the modified data can be seen in Figure 2.
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Figure 1. Plot of modified data of turbidity against time for first test using the
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control vial. Four trials were made for accuracy.





For the second test, a closed circuit with a peristaltic pump connected to the final portion of the FReTA apparatus was created. Initially filling the apparatus with distilled water, we added approximately 8 mL of particle bead suspension after getting the background turbidity as low as possible. The experiment was mechanically controlled, enabling us to identify which data corresponded to the settle state; unlike the first test, no modification had to be made on the data. A graphical figure of the data can be seen below in figure 3.
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Figure 1. Plot of turbidity against time during settle state. Data collected using

FReTA.





From the turbidity values found in both experiments, we determined the mean sedimentation velocity. For the first test consisting of a turbidimeter and settling column, we obtained the mean turbidity by summing the turbidity values and dividing it by the number of readings (equation 1.2).
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(1.2)
We found the corresponding time period for the mean turbidity, and using equation (1.2), we found the mean sedimentation velocity for this experiment.

For the second test consisting of FReTA, we derived the mean turbidity differently due to the properties of FReTA. Instead of using equation (1.2), we first determined the 50% turbidity value using equation (1.3).  
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(1.3)
With the value derived from equation (1.3), we found the corresponding time period and found the mean sedimentation velocity using equation (1.2).
In both experiments, the recorded turbidity fluctuated due to low response time. Therefore, to get a more accurate reading of the data, we smoothed the data to get rid of the fluctuations. For accurate smoothing without significantly altering the original set of data, we first found the minimum number of data points that would be used for smoothing. We decided that an error analysis would need to be done with a set tolerance point that will be used to choose which number of smoothing data points will be acceptable. The error analysis was done through deriving the standard deviation of settling velocity over mean velocity for each variation of smoothing. When any of the standard deviation reached a value above the tolerance point, the corresponding number of data points used for smoothing was chosen to be the number of minimum smoothing points. For our analysis, we set the tolerance as being 10.
After smoothing both experiments, we calculated settling velocities of 0.173, 0.209, 0.182, and 0.202 mm/s for the first test and 0.266 and 0.262 mm/s for the second. For reference, the predicted values were 0.141 and 0.21 mm/s based on the given range of test suspension particle diameters. A plot of the sedimentation velocities with the smoothing can be found below in Figures 4 and 5. 
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Figure 4. Plot of turbidity against sedimentation velocity for experiment consisting of

turbidimeter and settling column
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Figure 5. Plot of turbidity against sedimentation velocity for experiment consisting of FReTA.





We will continue our analysis in the following week with the final comparison of theoretical and empirical values of sedimentation velocity.


Future Work

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 Roles and Expectations
Karen Swetland is our team leader. As a team we expect everyone to spend time learning each component of the system and contribute their best efforts to performing a variety of tasks.  We meet Monday through Friday in the AguaClara lab from 10am to 5pm.  Rami is with the team when he is not working with the Design or ANC teams. There are a few different team roles, listed below.

· Data Analysis Person
· Works with the Data Processer

· Removes irrelevant code and adds sensitivity analyses
· Reports results in a Word document

· Process Controller Person

· Reviews existing Process Controller code to ensure that it works properly

· Modifies code to reduce noise in the data

· Operates Process Controller during an experiment

· Experimental Setup Person

· Maintains the experimental apparatus in good working condition

· Checks the connections to eliminate leakages

· Removes unnecessary connections

· Monitors the apparatus during an experiment
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