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Abstract 

Over the last two weeks, the plate settler spacing team has re-run some tube settler experiments with clay that have produced unexpected data.  After finishing this set of experiments, the PSS team will run several experiments with smaller diameter aluminum tube settlers and analyze the effect of velocity gradients on tube settler performance.  Afterwards, the team will begin testing with NOM.
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 Introduction

The previous pure clay experiments showed that most of the tubes were performing in accordance with the model. The theoretical failure was predicted by a PI ratio. If this ratio was greater than one, failure should occur. Failing occurs because of floc roll-up. This causes the lamellar turbidity to be above 0.20-0.25 NTU.

Some tubes did not perform as expected. These were 

· 1/4" diameter tube at 2 mm/s upflow velocity: did not fail

· 3/8" at 1 mm/s upflow velocity: failed

Some tubes did perform according to our expectations, but the PI ratio for these tubes is close to 1, so we decided to test them again. Figure 1 gives previous data and circles the tubes diameters and velocities gradients that were to be tested again.
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Figure 1 - Results from the clay velocity experiment. All points circled were to be retested. Those circled in blue are outlying results, while those circled in red are tubes that may exhibit floc accumulation in the entrance.

The results suggest that the magnitude of PI ratio may not be linearly related to the magnitude of failure. Figure 2 below shows the relationship between the PI ratio and failure magnitude.
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Figure 2 - Plot of normalized turbidity versus Pi Ratio.
The team is considering to running an experiment with a smaller diameter tube in order to have an extra data point and observe floc rollup.
Experimental Design

After re-running three or four tube settler experiments that have produced unexpected data (See Results and Discussion Section for current results), the Fall 2010 team plans to run experiments with tube settlers with less than a diameter 7.62cm (1/4 inch).  The purpose of this experiment is to show significant performance deterioration due to high velocity gradients.  The tube settlers which have a diameter greater than 7.62cm have produced finished water turbidity which meets the World Health Organization standard of 5 NTU.  The range of velocity gradients that we have tested so far have been less than 8 s-1.  However, we want to test the performance of tube settlers with velocity gradients within 10 s-1 to 20 s-1.  The Spring 2010 team has already observed extreme failure in high velocity gradients (within 10 s-1to 20 s-1) in which the effluent turbidity was a significant factor of influent turbidity.  In order to test this range of velocity gradients, we plan to use smaller tube diameters because larger tube diameters with high velocity gradients would require the tube to be unfeasibly long. The figures below show the calculations for tubes that have a diameter smaller than 7.62cm. Details for some of the tubes are as follows:
Table 1 - Aluminum tubes at 1 mm/s upflow velocities.

	Diameter (mm)
	Velocity Gradient (1/s)
	Length of Tube (cm)
	Flow Rate (mL/min)
	PI ratio

	4.846
	1.906
	8.839
	1.107
	0.802

	4.051
	2.28
	7.376
	0.773
	0.672

	3.259
	2.835
	5.944
	0.5
	0.543

	2.464
	3.769
	4.481
	0.286
	0.414


Table 2 - Aluminum tubes at 2 mm/s upflow velocities.

	Diameter (mm)
	Velocity Gradient (1/s)
	Length of Tube (ft)
	Flow Rate (mL/min)
	PI ratio

	4.846
	3.812
	18.501
	2.214
	0.401

	4.051
	4.56
	15.453
	1.547
	0.336

	3.259
	5.669
	12.436
	1.001
	0.272

	2.464
	7.499
	9.418
	0.572
	0.207


Table 3 - Aluminum tubes at 5 mm/s upflow velocities.

	Diameter (mm)
	Velocity Gradient (1/s)
	Length of Tube (ft)
	Flow Rate (mL/min)
	PI ratio

	4.846
	9.531
	47.518
	5.534
	0.16

	4.051
	11.401
	39.745
	3.867
	0.134

	3.259
	14.173
	31.943
	2.502
	0.109

	2.464
	18.747
	24.140
	1.43
	0.083


However, there are some things to consider prior to these experiments. If we test these tubes at low flow rates, the experiments would take a very long time to complete.  
Results and Discussion

The team has finished running re-runs for the tube settlers with unexpected results and the compiled graph of tube settler performance is below.

[image: image3.png]Tube Settler Effluent (NTU)

4.5

3.5

2.5

15

0.5

Jou

Velocity Gradient (1/s)

4 1/4" Inner Diameter Tube
W 3/8" Inner Diameter Tube
A 1/2"Inner Diameter Tube

>5/8" Inner Diameter Tube





Figure 3 - Results from the clay experiments with tube re-runs circled in green

The blue line in Figure 3 represents the success line of 0.20 – 0.25 NTU. After the tube re-runs, one of the two re-runs produced results that matched our expectations, the other remains a deviation. The quarter inch inner diameter tube that was run at an upflow velocity of 2 mm/s produced higher effluent turbidity. (See Figure 1 in the Introduction section for original results.) With the new turbidity result, the quarter inch tube set better fits our expectations of increasing effluent turbidity with increasing velocity gradient. However, the re-run of the 3/8” inner diameter tube with an upflow velocity of 1 mm/s did not produce results that were much better than the original trial. The trend for the 3/8” tube appears to be very counterintuitive. We expected the turbidities at low velocity gradients to be closer to the success line and for many of the tubes, they are. The team has yet to come up with a good explanation for this.
The team has yet to finish the Entrance Region Blob (ERB) tube re-runs, which include the 3/8” and the 1/2” inner diameter tube at 5 mm/s upflow. It may be likely that factors contributing to the ERB phenomenon may somehow account for this trend in the 3/8” tube set. Our results appear to be inverted for this tube set. At lower velocity gradients failure is happening, while at higher ones, performance is surprisingly good. It is interesting, however, that the ½” tube set does not exhibit the same trend as the 3/8” tube even though ERB formation is expected in that tube too. Also, the ERBs were noticed in the longer tubes with longer entrance regions. More information and experiments are definitely needed. The team needs to have a brainstorming session to develop a methodology for studying the ERB and this reversed trend effect. Future experiments with tube diameters near 3/8” inner diameter might be fruitful. 
Future Work

After finishing the tube re-runs for the entrance region blob and testing the aluminum tubes, the team plans to evaluate tube performance for systems with Natural Organic Matter (NOM). The NOM will be humic acid. Since clay and humic acid cannot be compared through a turbidity meter, we will need to modify our experimental design. The plan is either to use low mixtures of clay or just aluminum hydroxide flocs as turbidity sources but more information is needed.
For the humic acid experiments, we will need to:

· Look for information about realistic concentrations of humic acid (planning to use 1 mg/L – 2 mg/L, considered the higher end of concentrations present in natural systems)
· Decide whether low clay dosages are needed or whether an aluminum hydroxide system will be sufficient
· Design a dosing system for the humic acid. If clay is used, the team is considering adding humic acid directly to the clay stock to allow time for interactions between the two materials (mimics natural systems).
· Perform experiments in order to know which dosage of alum should be used to maintain a floc blanket given the adjusted influents.
On the theoretical side, we need to adjust the velocity gradient model to fit NOM flocs.
Team Reflections

The PSS team experienced some mechanical problems that have slowed down our rate of experimentation. The pump delivering alum to our system had a bad cable that caused it to go in reverse when the states switched, spoiling the alum stock. The problem was fixed and the system is running well. 
Aside from mechanical problems, the major challenge for the team is pulling together a coherent explanation for the clay experiment results. Some of the trends did not meet our expectations and deeper insight into the interplay of existing performance factors needs to be developed. Not knowing the particle size distribution of the tube settler influent water is a big obstacle when trying to state with certainty how particle movement on the smaller scale affects the overall plate settler performance.
The team also plans to add smaller diameter aluminum tubes to the velocity gradient experiment. Currently, we are trying to decide whether it would be good to continue testing upflow velocities of 1 mm/s, 2 mm/s, and 5 mm/s or whether we should just test tubes with just 5 mm/s upflow velocities (these tubes produce velocity gradients within the 10 s-1 – 20 s-1 range with manageable flow rates). This question exists because these tube diameters may not be feasible in practice but rather serve to support our velocity gradient model by showing massive failure. 

Additionally, we are finalizing our methodology for the NOM experiments. The team needs to decide whether to use a low clay or a pure aluminum hydroxide system to determine baseline performance. The team needs a source of turbidity in order to avoid significant alterations to the apparatus and data analysis methodology (since NOM is measured via absorbance and turbidity via scattered light). So far, more information is needed and literature reviews are being performed.
