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Filtration 245
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Fig. 1 Battery of three filters.

Pretreatment Effects

The traditional rapid-sand filter, containing sand of 0.5 mm effective
size, 24 to 30 in. thick, operating at a 2 gpm/sq ft filtration rate, is not ef-
fective in clarifying water that has not received prior treatment. Figure 2,

‘based on data from Chicago and Montreal, shows that rapid-sand filters
operated on unflocculated water were unable to produce water meeting the
USPHS drinking water standard of five turbidity units (Jackson units—j. u.)
when the raw water turbidity exceeded 15. Because of this, flocculation of
water prior to filtration is almost always employed. In most cases floccu-
lation has been followed by sedimentation to reduce the quantity of
material applied to the filter. |

The most important characteristics of the flocculated water applied to
filters are: (1) the completeness of the flocculation and (2) the strength of
the flocs. If, due to deficiencies in plant facilities or underdosage of coagu-
lant, the fine particles are not all entrapped in the floc, the filters will be
unable to remove them. This will be so even with small-diameter media,
low filter rates, thick beds, etc. Variations in such parameters have little
effect on filter effluent quality when flocculation is insufficient. Because
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CHAPTER 10 Physical Treatment Processes
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Fieure 10.31 High-density polyethylene underdrain block with dual-
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prUt 100G wcl S4alld SPECIcations are an ES (dy) of 0.050 cm and a unifor
coefficient of 1.4.
The dg, size is

de = Udy = 1.4(0.05 cm) = 0.70 cm
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thare 14.3 Sand grain size distribution for eXample
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corresponding characteristics for the Ottawa sand are 0.55
The sphericities of the sand and anthracite are 0.95 and (
of 1.5 for anthracite and information in Table 14.3 for «
Perform the calculation for a temperature of 10°C and suri
(4 290 gal/ft*/d).

The Py, sizes for the media are

anthracite: dg = Udyp= 1.5(0.85 mm) = 1.27 mm
sand: de = Ud,y = 1.35(0.55 mm) = 0.74 mm

The media size distributions are obtained by plotting t
medium on probability paper and drawing a straight line
size distribution data obtained from these plots are tabul:

Size Distribution of Media Geowmobric
' Mean
Percentiles (by d, d, size® _ d J
weight) of media mm mm mm 192
Anthracite m
5-20° 0.72 1.00 0.85
20-40 1.00 1.18 1.09
40-60 118 1.27 1.22
60-80 1.27. 1.53 1.39
80-95° 1.53 1.81 1.66
Sand '
5-20° 0.51 0.61 0.56
20-40 0.61 0.68 0.64
40-60 0.68 0.74 0.71
60-80 0.74 0.82 0.74
80-95° 0.82 0.93 0.87
*The mean size is the geometrjc mean size because a

probability plot is used. d = Vdd,.
*The 5th and 95th percentile sizes were chosen to repre-
sent the extreme sizes.

The headloss calculations are performed by calculati
calculating the term after the summation sign in Eq. (14.1¢
are shown for each layer in the table of media sizes. The
each medium.
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428 SECTION IV/Phygicar=

= dowsity (%) Re = pve
< Viscosg, (v I
Headloss Calculations —F
o YRR TR Mean ,
WPercentiles (b?Li’ size
weight) of media mm Re?
Anthracite
5-20 0.85 1.02 67.6 0.236 15.9
20-40 . 1.09 1.31 53.2 0.184 9.8
40-60 1.22 1.48 47.4 0.163 7.7
60-80 1.39 1.68 41.8 0.143 6.0
80-95 1.66 2.01 353 0.120 42
Total  43.7
Sand |
5-20 0.56 0.82 111.5 0.359 40.0
20-40 0.64 0.95 96.8 0.311 30.0
40-60 0.71 1.04 88.0 0.282 24.8
60-80 0.74 1.15 80.3 0.257 20.6
80-95 0.87 1.28 71.8 0.229 16.4
Total 131.9

*The porosities of anthracite and sand are 0.55 and 0.40, respectively, from

Table 14.3.
bThe fractions, x;, were taken to be 0.20 for each mean size.

1—e €., Xaj 1"'65 UE X
o (s ) (5 B

m( 1d 2
(1-0.55) [175—5<86 Ty S)] (0.45 m)

h = . X 3 -1
- (0.55)%(0.72)(9.81 m/s?) (437> 10°m™)
m( 1d 2
1-04 o 30
( 0 [175 d <86 400 s)] (0.30m) 1319 X 16 m)
(0.40)%(0.95)(9.81 m/s?) (131. =
—0032m +0.163m =0.195m

In U.S. units:
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