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In response to the problems regarding the glass settling column (the constant slipping and breaking), we decided to test out an acrylic column. Though the refractive index of acrylic was higher than that of glass, we hoped that the thinner walls of the acrylic column would compensate for this disadvantage. Unfortunately, after testing to see the effects this change would have on data, we concluded to not make this replacement. With the pressure sensor test completed and settling on a ramp down constant of 8 seconds, we have begun our study on the minimum alum dose required for rapid flocculation. 

Introduction

In order to solve the problems regarding the fragility and slipping of the glass settling column, we decided to replace the glass column with an acrylic column. The acrylic column we were to use was much stronger than glass and easier to install; however, we also noticed horizontal ridges that ran across the whole column and found that acrylic had a higher refractive index than glass. We tested to see if the acrylic column could still be a good replacement of the glass column; if the difference in the values of the resulting data recorded from the acrylic column was consistent in comparison to those recorded from the glass column (holding a linear relationship), we would be able to use the acrylic column. Unfortunately, the difference was not consistent and the comparison did not hold a linear relationship. Therefore, we went back to using the glass column for our upcoming experiments.

After conducting the pressure sensor experiments, we found that a good ramp down duration constant was 8 seconds. We will be using this new value for our future experiments.

We have just started our experiment for the study on minimum alum dose required for rapid flocculation for different influent turbidities. We hope to see good results and learn more about the role alum plays in flocculation.

Experimental Design

Finalizing Ramp Down Time

In order to finalize our protocols for setting the ramp down duration we conducted further experiments with the pressure sensors (see Report 2 for more details on how these experiments were performed). We decided that the ramp down duration should be set based upon the length of the flocculator being used, with longer flocculators requiring longer durations to insure that the water is no longer moving as the ball valve closes. 

We believe that the time required for the water to stop moving should be roughly proportional to the length of the flocculator. As a result, we believe the total ramp down duration can be calculated for a giving flocculator length according to the linear equation:
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where m is a proportionality constant determined experimentally, X is a parameter representing the flocculator length (found by dividing the length by 28 m, the length of a single flocculator unit), and b is the constant amount of time required for the pumps to decelerate to 0 mL/s. The parameter m needed to be set so that the pressure sensor would read no head loss, indicating that water in the flocculator is no longer moving. In order to determine the correct value for m, we performed several pressure sensor experiments at 28 m, 56 m and 84 m, varying m from 6-9. We found it to be most accurate at 8, being able to achieve pressure readings at or close to 0 for all lengths without unnecessary loss of sedimentation data.

Comparing Acrylic and Glass Turbidity Readings


In order to compare the performance of the turbidity readings using an acrylic settling column, we modified the experimental setup to feed source water through the influent turbidimeter, which measures turbidity in a glass cuvette, and directly into the effluent turbidimeter, which was measuring turbidity through the acrylic column (Figure 1). The source water was then fed through the setup at a number of different turbidities to see how the acrylic readings compared with the glass readings for different turbidity waters.
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Figure 1. Setup to compare turbidimeter readings.

Results and Discussion

In Figure 2, we plot the turbidity readings from both turbidimeters over time in order to see how the acrylic column affected readings for increasing NTU water.
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Figure 2. Comparing turbidity readings using the acrylic column with a turbidimeter measuring with a glass cuvette as a control.


As can be seen in Figure 2, the acrylic column readings deviate from the turbidity of the water by increasingly large amounts as the turbidity of the water increases. From this, we have concluded that acrylic will likely not be a suitable replacement for glass. As such, we have returned to using a glass settling column for the time being. If the deviation between the acrylic and glass can be shown to be linear and reproducible, we may reconsider using the acrylic column and transforming the data to obtain accurate results.

Future Work

For the following weeks, we will conduct experiments regarding the study on the minimum alum dose needed for rapid flocculation. We hope this study will let us better understand the role alum plays in flocculation and how rapid mix performance is affected when small changes are made to the system. Currently, we are running a 50 NTU influent turbidity test with alum increasing based on the power law. The base value of the alum is set to be 1.2 and the coefficient as 2.4. In addition, we plan to use PAC in this experiment to see whether PAC may be a good substitute for alum.

In order to analyze the data collected from this study of alum dose and rapid flocculation, we will need to reprogram Data Processor to perform the right calculations and display desired plots and results. We will be looking at the average turbidity at the various alum doses and PAC to see at which point rapid flocculation start. And plotting the turbidities for alum and PAC against each other, we will compare the performance of flocculation from the use of these different coagulant agents.

Team Reflections

This week we were able to finish modifying our apparatus to account for the fact that the water required more time to ramp down to a stop before closing the ball valve. Additionally, we were able to rule out the use of acrylic as an alternative to glass for the settling column. Together, these are two important steps for insuring that the apparatus is functioning properly. As a team we are pleased to have concluded these investigations so that we may focus our time gathering experimental data. Yesterday we began 50 NTU tests to study the development of rapid flocculation, and anticipate running two more tests over the weekend. We are glad to be moving forward with the new experiments and hope there won’t be any more difficulties with the glass column. We have designed a lab jack to support the column and hopefully won’t encounter any more difficulties with it.










