Types of Filter

· Slow sand filter was the first type to be used and although some authorities consider the slow sand filter to be obsolete it does in fact still have many applications in developing countries.

· Because of the low hydraulic loading there is only superficial penetration of suspended matter into the bed and runs of several weeks or months can be achieved with low turbidity inputs.

· Because of the long run times considerable biological activity occurs in a biological slime, which form on the surface of the bed.

· This slime layer contributes to the removal of fine suspended matter and often provides oxidation of organic contaminants in the raw water, which might other wise cause taste and odor problems.

· Slow sand filters are not used for a raw water regularly having more than 20 units of turbidity.

· See Figure 4.
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· Rapid filters, which are widely used in water treatment, normally operate under gravity conditions but may be used as pressure filters (see Figure 5).

[image: image4.wmf]
· The normal method of filtration downward through a bed of stratified medium with the finest at the top is clearly inefficient since the main solids load falls on the smallest pores.

· A more logical method would be to have the larger particles at the top thus reserving the smaller voids to trap the really fine suspensions.

· This situation can be achieved by upward filtration in which the feed water passes up through the bed, and thus the solids first meet the large bed particles.

· The use of a down-flow filter comprising two media is also beneficial. A bed composed of a layer of anthracite (1.25-2.5) mm which is less dense than the lower layer of 0.5 mm sand will remain in this configuration after back-washing.

· Filter runs may be terminated by one of the following criteria

1. Terminal head loss. A clean rapid filter will have a head loss of about 0.3 m and the run may be terminated when the head reach 2.5 m.

2. Duration of run. A simple time interval of 24-72 hours depending on feed quality may be satisfactory in conditions where the feed quality is relatively constant.

3. Filtrate quality. Continuous monitoring of filtrate turbidity may be used, the filter being back-washed as soon as the filtrate turbidity exceeds a predetermined value.

· The head loss across a filter bed increases during the run and most unit incorporate a flow-control module which compensates for the increasing head loss in bed so that the total head loss across the unit remains constant (see Figure 6).

· It is also possible to operate filters on a declining rate basis with a constant head or obtain constant output by allowing the inlet head to increase as the run proceeds (see Figure 6).

Table 4: Filter Characteristics

	Characteristic
	Slow sand filter
	Rapid sand filter

	Filtration rate, m/d
	1-4
	100-200

	Depth of bed, m
	1 (un-stratified)
	0.5-0.8 (stratified)

	Size of bed, m2
	About 2000
	About 100

	Sand size, mm
	0.5-1.0
	0.5-1.5

	Max head loss, m
	1
	2.5

	Length of run, d
	20-90
	1-5


Filter Media

· The ideal filter should be of such a size that it will provide a satisfactory effluent, retain a maximum quantity of solids with minimum head loss, and be readily cleaned with a minimum quantity of water.

· The size and uniformity of filter media are specified by the effective size and the uniformity coefficient. The effective size is the sieve size in millimeters, which permits 10% of the medium by weight to pass. The uniformity coefficient is the ration between the sieve size, which permits 60% by weight to pass and the effective size.

[image: image5.wmf]
· Fine materials produce higher head loss but provide better protection against passage of small particles. Uniform materials permit deeper penetration of floc and better utilization of the storage capacity of the bed.

· Coarse materials require higher backwash velocities for fluidization but are less likely to form large agglomerates called mud balls during backwash.

· Filter beds may be constructed of single medium, two media of different characteristics, or a mixture of more than two media. These are called single medium, dual-media, and multimedia.

· Sand is normally the cheapest filter medium. The sand used in rapids filters should be free from dirt, be hard and resistant to abrasion, and preferably be quartz or quartzite. It should not lose more than 5 percent by weight after 24 hours immersion in 40 percent hydrochloric acid.

· Anthracite is a hard coal which has been used as a substitute for sand in mono-medium filters and is often used as a component of dual-media and multimedia designs. 

· Garnet sand and ilmenite are particularly dense materials, specific gravity of 4.2, which may be used as component of multi-media filters.

· Mixed media filters usually employ anthracite (specific gravity = 1.5), silica sand (specific gravity 2.6), and garnet or ilmenite (specific gravity 4.2).

· It can be shown that, for equal settling velocities, the required particle size for media of different density can be calculated from the following equation.


[image: image7.wmf]Table 5: Analysis of stock sand for filter unit

Sieve

Size of

Size of

Cummulative weight (%)

Number

opening (mm)

separation (mm)

stock sand

ideal sand

200

0.075

0.075

0

140

0.106

0.106

0.2

100

0.150

0.150

0.9

70

0.212

0.212

2

50

0.300

0.300

5

40

0.425

0.425

10

30

0.600

0.600

18

20

0.850

0.850

30

18

1.000

1.000

38

10

16

1.180

1.180

47

14

1.400

1.400

58

12

1.700

1.700

71

60

8

2.360

2.360

90

6

3.350

3.350

100

4

4.750

4.750

P-usable = 2(P

-d60

 - P

-d10

) = 2(71% - 38%) = 66%

P-too fine = P

-d10

 - 0.1 P-usable = 38% - 0.1(66%) = 31.4%

D-too fine (mm) =

0.9

P-too coarse = 

P-usable + P-too fine = 66% + 31.4% = 97.4%

D-too coarse (mm) =

3.1

Figure 7: Grain size distribution of stock sand for filter sand
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Example 1:
Determine the particle sizes of anthracite and ilmenite which have settling velocities equal to that of sand with a diameter of 0.5 mm. This will avoid some degree of intermixing between anthracite and sand, as well as between sand and ilmenite.

Solution
:
For the anthracite,
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For the ilmenite,
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Thus anthracite smaller than 1.1 mm would remain above the sand, and grains of ilmenite larger than 0.3 mm would remain below it.

Since the individual media are unlikely to be completely uniform, there would be some degree of intermixing, with the coarser anthracite penetrating the finer sand and the coarser sand mixing with the finer ilmenite. 

Example 2:
From sieve analysis of stock sand for filter medium it was found that percentile by weight of the stock sand passing to woven wire mesh sieves are as follows: Sieve Number 200 is 0%; Sieve Number 140 is 0.2%, Sieve Number 100, 0.9%, Sieve Number 70, 2%, Sieve Number 50, 5%, Sieve Number 40, 10%, Sieve Number 30, 18%, Sieve Number 20, 30%, Sieve Number 18, 38%, Sieve Number 16, 47%, Sieve Number 14, 58%, Sieve Number 12, 71%, Sieve Number 8, 90% and Sieve Number 6 is 100%.

Questions: 


1. Determine the effective size (ES) and uniformity coefficient (UC) of the stock sand.

2. If the filter medium is specified as ideal sand with effective size, ES = 1.0 mm and uniformity coefficient, UC =1.7, determine the percentile of stock sand which can be used for filter medium. 

3. Determine the diameter of stock sand, which is too fine and is too coarse (D-too fine and D-too coarse) for the filter medium.

Solution:

The result of sieve analysis is presented in Table 5 and Figure 7.

1. From the Figure 7, it can be found that the effective size of stock sand is, ES = 0.425 mm (d10), and the uniformity coefficient, UC =  d60/d10 = 1.4/0.425 = 3.3. The stock sand can not 100% be used as filter medium as specified in the criteria.

2. Percentile of stock sand which can be used (P-usable) for the specified filter medium is equal to 2 x (P-d60 – P-d10). In this case P-d60 is the percentile of stock sand specified by the ideal sand d60 (d60 = UC*ES = 1.7 * 1.000 mm), and P-d10 is the percentile of stock sand specified by the ideal sand d10 (i.e., ES = 1.000 mm).

P-usable = 2 (71% - 38%) = 66%.

From 100% of stock sand only 66% can be used as filter medium, and therefore 34% of the stock sand must be rejected.

3. Percentile of stock sand which is too fine, 

P-too fine = P-d10 – 0.1 P-usable

P-too fine = 38% - 0.1 (66%) = 31.4%

D-too fine = 0.90 mm

4. Percentile of stock sand which is too coarse, 

P-too coarse = P-too fine + P-usable

P-too coarse = 31.4% + 66% = 97.4%

D-too coarse = 3.1 mm
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