CE 170:  Environmental Engineering

Lab Procedures
Chemical Coagulation Jar Testing

Overview
The purpose of this lab is to use laboratory jar testing to determine the optimum dosage of alum and optimum degree of mixing for coagulating and flocculating a water sample. 

Procedures
A.   Jar Test to Determine Optimum Dose at a Single Mixing Speed
1. Measure the temperature of the test water thoughtfully prepared in advance by your instructor.

2. Measure the initial turbidity of the test water, using the turbidimeter, as per your instructor's direction.

3. Measure out five samples in the square test beakers.  Fill the beakers directly from the carboy or bucket with the raw water sample; then top off with water from a small beaker.  To the best of your ability, shake the carboys or stir the buckets before taking samples.  

4. Center the beakers on the multiple-paddle mixer.  
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5. Calculate the volumes of stock solution needed to achieve the target dosages (Cjar).  Based on conservation of mass:

CstockVstock = CjarVjar              Vstock = (CjarVjar)/Cstock
6. Measure out the appropriate volumes of alum stock solution into small beakers for four samples. (One sample will be a zero-dose control.)  Don't add the coagulant to the water samples yet.

7. Start the mixers on the highest possible speed.  When you are ready to start timing, add the pre-measured alum stock to all the jars simultaneously.  After 10 seconds, reduce the mixer's speed to 45 rpm and flocculate for 15 minutes.  Observe and record the time required for flocs to form in each sample.

8. After flocculating for 15 minutes, turn off the mixer.  Immediately, observe and record the relative average floc sizes for the samples (see scale on the data sheet). 
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9. Allow the samples to settle for 20 minutes. 

10. Use the sampling valve to remove about 50 mL of supernatant from each beaker, taking care not to disturb the settled material.  Measure the turbidities of these samples. 

11. Select the "best" flocculation dosages based upon the first appearance of floc, floc size, final turbidity (most significant factor), and coagulant dose. (See notes for hints on how to choose the best dose.)  Discuss your choices with your instructor before proceeding.

B.  Jar Test to Determine Optimal Speed   

1. Obtain two more samples as before.

2. Repeat the jar test at 75 rpm using the "best" alum dose as determined in the 45 rpm test.  It isn't necessary to record the time to first floc formation, or the relative floc sizes, but do measure and record the final turbidities.

3. Repeat the test as described above at 15 rpm. 

Note:  To save time, coordinate with other lab groups and run all the 75 rpm samples on one mixer, and all the 15 rpm samples on another. 

Data Analysis
Create a spreadsheet to accomplish the following computations:

1. Plot the data from the 45 rpm test using coagulant dosage as the abscissa (x) and turbidity as the ordinate (y).  (Be sure your graph is properly and completely labeled.)  (See example graph in notes at the end of the procedures.)

2. Calculate the velocity gradients at the three mixing speeds. (See equations in notes.)  Show a sample hand calculation. 

3. Plot the data from the three samples at the “best” dose using velocity gradient (G) as the abscissa (x) and turbidity as the ordinate (y).  (See notes for example graph.)

Coagulation Lab Notes

How to choose the "best" dosage

The turbidity standard for drinking water is 0.5 NTU.  Is it necessary to achieve this after settling?  No.  In a conventional treatment plant, settling is followed by sand filtration.  Conventional sand filters are capable of reliably producing this quality when the influent turbidity is 10 NTU or less.  Your goal for the flocculation process is to choose the lowest cost parameters that produce a water quality that can be treated by sand filtration.

Examples of graphs

[image: image4.wmf]Settled Turbidity as a Function of Alum Dose at 30 rpm
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