CE523 ASSIGNMENT 6: MEMBRANE TECHNOLOGY
For completion by March 11
1. Seawater is to be used as a feedstock to produce boiler water with reverse osmosis.  Assuming that all of the 3.4% salt is NaCl and that there will be a 20% brine bleed-off, calculate the power requirement to produce 30m3/h of boiler feed from seawater.  Assume that an additional net operating pressure drop across the membrane of 2000 kPa will be required.
2. The concentrations of the major ions in a brackish ground water supply in mg/L are as follows: Na+, 460; Mg2+, 360; Ca2+, 400; K+, 39; Cl-, 89; HCO3-, 61; NO3-, 124; and SO42-, 1150.  This water is to be desalinated by reverse osmosis to deliver 4000 m3/d to Pythonville.  Assume a recovery fraction of 75%.  Assume that an additional net operating pressure drop across the membrane of 2500 kPa will be required.
a) Specify the required membrane area required for a cellulose acetate hollow fiber membrane with a flux rate coefficient of 1.5 x 10-6 m/s and a flux rate coefficient of 1.6 x 10-6 s/m. Compare with typical values.
b) Check if permeate will comply with a requirement of TDS < 500 mg/L.   How much leakage could be permitted to maintain this requirement?

c) Estimate the rejection rate and concentrate TDS.

d) Estimate the power requirements for pumping.

3. The water in Pythonville has been tested for rate of passage through a 0.45 (m Millipore filter for pretreatment.  The rate of passage through a 47mm filter was studied at a pressure of 210 kPa and it was found that it took 1.5 min to pass 500 mL of water and after 20 minutes’ operation it took 11 min to pass 500 mL through the filter.  Suggest suitable pretreatment and roughly estimate the size of equipment you would specify as well as required pump sizes for 1 mgd.

4. As an alternative to RO, investigate the possibility of using electrodialysis for the Pythonvillains.  Assume that a double stage process will be required to obtain 75% removal of salt, with 50% per stage.  The current efficiency is 85%, CD/N ratio is 400 mA/cm2 and the resistance is 6 ohm.  Determine the power requirements and the dimensions of this system. Assume enough cells to keep energy required below 1kWh/m3.
5. Estimate the quantities and concentration of concentrates from each of the Pythonville options and pretreatment(s) used.
6. Redo Example 11-10 in AWWA, but this time for a 4-2-1 array, with 7 elements per vessel.  No need to repeat all calculations, just adjust the calculation to provide the Cp,system  
