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The main goal for the Tube Floc team is to study the effects controllable properties (such as water pH, flocculator length, and alum dosage) have on flocculation. For the past few semesters, we have focused on studying the variation of flocculator length and alum dosage. This semester, we plan to find the minimum alum dosage required for floc formation with variation of influent turbidity. Currently, we are fixing and improving our experimental apparatus; we desire to run experiments in the coming week. In addition, we will continue to edit our data analysis program to give more reliable statistical values.

 Introduction

For the past semesters, the Tube Floc team concentrated on completing a study of the effects of flocculator length and alum dose variations on flocculation. From this study, more questions on these parameters arose, and we decided that a more detailed study had to be made on a focused topic. Instead of studying the variation of two parameters, this semester, we will be focusing on only the variation of alum dosage. With different influent turbidity, we will find the minimum alum dose needed for floc formation. These experiments are expected to better our understanding of the relation between alum dose and turbidity.

In past semesters we observed that FReTA, the tube flocculator apparatus, and Data Processor had fundamental problems that needed attention; however, we failed to find solid solutions to these problems and set them aside to be addressed in the future. The problems were as follows:


-The glass column slipped and broke too often


-Background turbidity was too high

-Data would not fit properly because of differential settling, and possibly a ledge 

collecting flocs near the ball valve.
This semester we aim to fix these problems by taking a more careful look at each and dedicating more time to finding permanent solutions. During the past few weeks, we were able to lower our background turbidity significantly from a range of 0.4-0.5 NTU to around 0.1 NTU by placing a new settling column. We suspect that the high turbidity reading was caused by the dirty/damaged surface of the glass column. We cleaned the apparatus and considered possible causes of frequent breaking of the settling column and the spike of turbidity data we had previously identified as differential settling. We believe that the Teflon ring is not providing enough force to prevent the glass column from slipping. We are looking into replacing the glass column with acrylic tube; we will see if this change will stop the column from slipping as it did before. In addition, we eliminated the ledge in the fitting at the top of the settling column, by machining in the shop. We suspected that flocs were piling on this ledge and were, at a certain point, falling into the settling column creating a sudden increase in turbidity. Though this elimination did somewhat improve our results, we are still seeing a hump in our turbidity reading. In the following weeks, we will be deciding on whether to use the acrylic tube and will be running experiments on the modified apparatus. 

Experimental Design

For accurate reading of any experiment, we decided that it was essential for us to first fix fundamental problems in our apparatus. As we tested FReTA and the tube flocculator, we noticed the following: backwash rate had significantly decreased compared to last semester, the background turbidity was too high, and the settling column fractured too often. 

In response to the slow backwash rate, we studied the overall setup of the apparatus. We modified and simplified the tubing and looked to see if there was any blockage that was reducing water flow. However, after the modifications, the backwash rate remained low.

We wished to improve the backwash flow to shorten the duration of each experiment, and because we were concerned that the apparatus was not being cleaned at the slow flow rate. However, after replacing the settling column and cleaning out the tube, the background turbidity, which was originally around the range of 0.4~0.5 NTU, lowered significantly to around 0.1 NTU. With this background turbidity, we confirmed that the backwash flow rate was not the main cause of the high background turbidity and that it did not need to be increased. 

In the past semesters, we encountered problems with the fitting of our data. Although some data were adequately fit, most data that we wanted to study had random spikes that confounded the fitting function. We hypothesized that these spikes were caused by differential settling and set out two options for a solution: improvement of the apparatus or editing of the Data Processor. Before implementing solutions, we decided to run some experiments with low influent turbidity and applicable alum dosages where differential settling was not expected to occur. While running this experiment, we discovered a ledge above the settling section of the apparatus that may have accumulated flocs that dropped into the settling column when the ball valve closed. The CEE machine shop removed the ledge and we hope to see good data soon.

The settling column is often removed for cleaning; however, because of its fragility, we have broken many of the glass columns. We predicted the problem may have come from a damaged teflon ring. We have replaced the old ring with a new one, but hope to find a better replacement (such as a rubber O-ring).
Results and Discussion

We have no new experimental results at this time. We have started a number of experiments, but we are not confident in the data because of the previously mentioned difficulties. However, we believe most of the problems have been resolved. We plan to begin experiments at a faster pace next week.

Future Work

(1) Investigation of early effects of alum on flocculation

We would like to investigate the early stages of the development of rapid flocculation. As such, we would like to determine the minimum alum dose needed to induce rapid flocculation as a function of influent turbidity. This will require us to test a range of alum dosages for several different raw water turbidities. We plan to vary the turbidity from 5 NTU to approximately 1000 NTU in a power law fashion. We will need to both identify the dosage where the behavior changes from little to no flocculation to rapid flocculation, as well as to verify that the alum (and not the flocculator length) is in fact the limiting factor to achieve rapid flocculation. This study should provide insight into how best to add alum to our plants, as well as help us to understand how the onset of flocculation occurs.

(2)  Differential Settling

Big flocs capture small floc fragments as they settle quickly.  This commonly happens in flocculation.  If we want to exclude differential settling from our data sets, we need to minimize particle-particle interaction in the settling column.  This can be accomplished by (a) utilizing only low NTU tests (determine the maximum influent turbidity where differential settling is not a significant factor, between 5 and 100 NTU) or (b) modifying the suspension in an as yet unidentified way.  
    1. Run experiments at a low influent turbidity (10-30 NTU) and enough alum to create         flocs while not causing them to break or interact actively in the flocculation process.         See if the data obtained from these experiments show results that match theory.
    2. Reprogram Data Processor to take differential settling into account during data analysis. 
    3. Think of ways we can change the experimental apparatus that will prevent             differential settling
. We do not expect to be able to change this, unless the problems we have been attributing to differential settling are being caused by or exacerbated by some flaw in the apparatus (such as a ledge collecting flocs near the ball valve).
    ***We will likely need to reprogram the Data Processor since #3 will be unlikely to         happen. In addition, it will be better to edit the Data Processor since in the real         AguaClara flocculator differential settling does occur, and we want to be as accurate         and realistic in our data analysis as possible
. We are currently working on a theoretical justification for our alterations

FUTURE EXPERIMENTS 

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

1. Duplicate past experiments, analyze the data.

2. Test the performance of FReTA with a low energy dissipation rate at the end of the flocculator (taper).  Would it lead to a lower residual turbidity?

3. Add an orifice inline very close to the end to break up flocs so they can grow uninhibited (without breakup) to possibly reduce residual turbidity.

Team Reflections

In the past two weeks we have worked to resolve a number of problems with FReTA. We believe we have identified and resolved most of the major issues we have been facing. Although we have accomplished a fair amount of work in terms of repairing and testing FReTA, we hope to complete more experimental work in the next two weeks. This will require improved communication within the group to ensure that we are spending enough time working in the lab, and coordinating our meeting times to ensure that enough people are available to cover the experiments we hope to accomplish. Once we finish developing a clear experimental schedule, we should be able to produce a considerable amount of data much more rapidly.
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�Great job.  Considering how our objectives changed drastically with Monroe’s last email, you did a great job with this report.  Hopefully the next report will contain some solid results and conclusions about the nature of flocculation.  92/100


�This is contingent on the ledge being unsuccessful, right?


�This sounds like wishing for magic to happen.  Do you have ideas for what to try?


�First you need to propose how data with differential settling can be analyzed.  Do you have a theoretical approach that will account for this when it occurs, or do you just plan to ignore that part of the data?


�Yes, very true.  We are poised to find many great things.
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