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Introduction
The AguaClara plant in Marcala, La Paz is designed to normally treat 480 gal/min, but could face flowrates of up to 600 gal/min. This is much larger than the flowrates of the other plants AguaClara has designed. With a higher plant flowrate, more aluminum sulfate and chlorine must be added. The dose can be increased by either increasing the stock solution concentration or by increasing the flowrate of the Flow Control Module (FCM). Below are the results and observations from testing a FCM at higher flowrates in Marcala.

Stock Solution Concentration
Monroe had suggested that an alum stock solution of up to 40% could be used. Fred Stottlemeyer is reluctant to use stock solutions this strong. He says that any impurities in the alum, which can settle out and clog the doser, will be even more of a problem with such a strong solution. A dosing table was made for a stock solution of 26.7% (200kg alum for 750L solution). This is just a little more than the 23% solution that was briefly tested in Ojojona when 50kg were added per 220L barrel of solution. Fred still says 26.7% is higher than he would like.
Doser Hose Length
To keep plenty of slack in the doser hose, a minimum doser hose length of 50cm was used. It might be possible to use shorter doser hoses for a higher flowrate, but we did not try.

Required Alum Flowrate

For a plant flowrate of 593 gal/min, a max alum dose of 65mg/L, and a stock solution concentration of 26.7%, a maximum solution dosage rate of 548mL/min is required. To be able to provide a low dose (13 mg/L) at low flowrate (340 gal/min), a minimum solution dosage rate of 64 mL/min is required.
Options to Achieve 548mL/min
Small diameter doser hose (0.108in that we use in Ojojona)
-With one 50cm doser hose with an I.D. of 0.108 in, 34cm of head would be required to provide 548 mL/min of flow. We generally design the doser with a max elevation difference of 20cm. However, it would be possible to have 34cm of elevation difference.
-If two 50cm doser hoses were used, twice the flowrate would be provided. Thus, 17cm of head difference would provide sufficient flow. The two hoses could be connected to the same FCM bottle or two FCM bottles (mounted at the same level) could be used, one for each doser hose. The disadvantage of this idea is that the operator must move and maintain two different doser hoses.

Larger diameter hose (about 0.25in ID)
- The larger diameter hose that is used to supply chemical to the FCM bottle could be used as a doser hose to provide more flowrate. However, with this larger hose, the flow might become turbulent. A flow of 548 mL/min through a hose of ¼” ID gives a Re of about 1800, near the Re transition number of 2100 for pipe flow.
Trial with Larger Diameter Doser Hose

Setup

-To test the behavior of the FCM with a larger doser hose, we did some trials measuring the doser flowrate with different elevation differences.

-A doser hose of 1m was used and water was run through the doser instead of aluminum sulfate. Water is less viscous than alum, but this difference shouldn’t be too significant.

Results
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Observations

-With the hose in the 9cm position, the float valve made a hissing sound as water flowed through it. It looked like the water was being mixed with air as it entered the FCM bottle, because the FCM bottle had a bunch of small bubbles stuck to the edge.

-With the hose in the 9cm position, the flowrate diminished rapidly over time. The first 4 measurements were taken within 10 minutes of each other, but the fourth one is considerably less than the first. When the doser hose was flushed by lowering the exit to increase the flowrate significantly, the flowrate went back up to normal when the hose was returned to the 9cm position.

Conclusions

-Air is likely accumulating in the doser hose for the higher 9cm flowrate. This could be because air is being mixed with the water going through the float valve. The float valve might not be designed for such a high flowrate.
-With the large doser hose, it will be very hard to provide low doses for situations when the turbidity and plant flowrate are low. In the 3cm position, with a 1m doser hose (a hose much longer than this would be cumbersome), the flow is 334 mL/min, much higher than the 64 mL we might want. If the flow is laminar, the 1cm position would provide about 111 mL/min of flow. This still isn’t as low as we would like and the FCM doesn’t tend to work very dependably with very small elevation differences. 

-Although it is hard to say with this small quantity of data, the FCM does not appear to be working in the laminar region with the larger diameter hose. Based on a flow of 334 mL/min at 3cm, the flow should be 668 mL/min and 1002 mL/min at 6cm and 9cm respectively, if the FCM is working linearly. The measured flowrates for 6cm and 9cm are significantly less. It is important to mention that even with the small hose, the FCM does not work perfectly linearly.

Did not do any tests with the smaller doser hoses because that configuration is already being used in Ojojona.
Recommendations
-To be able to provide large and small flows dependably for the Marcala plant, two FCM bottles should be used, with one 50cm small-diameter doser hose for each. Using two hoses will allow the operator the flexibility of cutting the dose in half by only using one hose. Using two FCM bottles will limit the flow through the float valves, preventing the air entrainment problems we think we were seeing.

-AguaClara plans to work on other larger plants in the future. The FCM is one component of the plant that might not scale well. Research should be done by the FCM team at Cornell to determine how the FCM can be modified to effectively produce higher doses. Perhaps a float valve that is designed for higher flow must be used.
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