CE 523 Assignment 5: Filtration (Due March 1)   
1. a)  Calculate the gross specific area (m2/m3) in a sand filter with sand nominal diameter 0.4 mm and porosity 0.4.

b)  What is the relationship between interstitial velocity, superficial velocity and porosity?

c)   Sand with an effective size of 0.45 mm and uniformity coefficient of 1.35 is required.  Available sand has an effective size of 0.55 mm and uniformity coefficient of 2.55.  Which fraction of the sand would be usable and which fractions smaller and larger than required need to be discarded?
2.  A dual-media rapid filter has 0.4m of sand and 0.4m of anthracite.  Sand effective size 0.48mm, sphericity 0.9 and porosity 0.4.  Anthracite effective size 0.9mm, sphericity 0.75 and porosity 0.48.  Uniformity coefficient for both is 1.5.  Divide each medium in three layers on a mass basis for calculations.  Operating temperature will be 10C.

a)  Calculate the initial headloss at 8 m/h 

b)  Calculate the minimum fluidization velocity for the bed.

c)  Calculate the backwash velocity that will expand the largest layer of sand by 15%.  Find the total bed expansion at this rate.

d)  What will the total headloss be through the expanded bed under conditions as in (c)?

3.  The City of Ratlerville is considering a water treatment plant to treat a eutrophic supply.  Specify the major design quantities and dimensions for a slow sand filter to treat the requirements for 5000 people with a demand of 300L/cap/d to the Director of Public Works there.  Keep it short, like in a letter. Outline the strategy for operation, the expected period between scrapings, anticipated medium replacement, etc.

4.  Three sand filters are to be designed to operate at a constant head of 1.5 m to supply a total of 12000 m3/d.  Filter sand of 0.8 mm will be used, 1.2 m deep, upflow operation.  Pilot scale tests on the same water under the same head showed that the throughput rate halved within 16 hours of operation.  Downtime is 45 minutes while draining and then backwashing the filter with sand filtered water for 20 minutes at an approach velocity of 30 m/h.  Design the sand filters to minimize size.  Frequency of backwashing is left to the designer.  Make assumptions where required using typical values encountered in text or literature.
Calculate the throughput rate at the start of operation using the Kozeny equation:
h
=
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