From the swe-cumulabive fre GUEncy curve, the prain sizes of stock sand cortesponding (0 pe, and
ng are determened (dy and ds). The sizes below de, and abww ds will bave to be separated out from
the stock sand brmg it to the desired speafication. This may be done by sieving. The finer
portion can also be removed in a sand washer designed to float out the particles of size smaller than
da, by maintaining velocity m the upward fow washers slightly less than the hydrauhic subsidence
value corresponding 1o ds, size, such that all particles less than da, size are floated out with the
Howng water,

7.6.3.9 Filier Bottoms And Strainer Sysiems

The under-dramage system of the fileer 15 mtended to collect the fitered water and to distribute
the wash water 0 such a tashion that &l portions of the bed may perform neatly the same amount
of work and when washed, recetve nearly the same amount of deaning, Since the rate of wash i3
several tunes higher than the rate of filtration, the former s the governing factor in the hydrauhce
design of fiters which are cleaned by backwashmg,

The most common type of under-drain is a central manifold with laterals cither perforated on
the bottorn or having umbrella type stramers on top, Other types such as wheeler bottora-a false
hotton with stramers spaced for the entire area at regular intervals or a porous plate floor supported
on concrete pillars are all satsfactory when properly designed and constructed. Porous plates,
however, are likely to be cogged by minute guantities of aluming which can penetrate through the
flter bed which might lead 1o ruprore.

In the case of central manifold with lateral system, che manifolds, headers and laterals are of cast
ron, plastic, asbestos cement, concrete or otber material. The velocity of jets issuing from
perforations or onifices is destroyed by directing the openings downwards against the filter bottom
and mto the coarse gravel sutrounding the pipes. The lost head, therefore, will be equal to the
diwving head during the wash, In practice this controlling head loss 15 set between 1 to 45m. A
nonferrous under-drain system w preferable where the water has & low pH and s corrosive and
when the correction for phl bas to follow the fltmuon process. However, AC. Pipes have a
tendency 1o dissolve away m the presence of low pH alum treated waters.

The following values, may be used i design of an vaderdrain system consisting of central
manifold and laterals,

Fhe perforations vary from 5 to 12 s m diameter and should be stappered at a shight angle
from the vertical axis o? the pipe.Spacing of perforations along the laterals may vary from 80 mm
for perforations of b mm to 200 mm for perforations of 12 mm.

Ratio of total aren ("vf jmr{m:ﬂius'm i ﬁw t§%‘i.t§{fr£§i"‘:§;%:ﬁ system to fotal cross sectional area of lateral
should not exceed 0.5
mo,

Rauo of total area of perforations to the entiee filter area nay be aboat 0.3%. The ratio of length
to dameter of the lateral should not exceed 60. The spacing of laterals closely approximates the
spacmig of enfices and shall be 300 mm.

The cross secrional area of the manifold should be preferably 1.5 to 2 times the total area of the
laterals to mmmmize frictional losses and 1o give the best distribution. 1t is useful to check the design
tor uniformity of distrbution of wash water i laterals of the undes- drains,

The contral manifold with lateral type of underdrainage system is shown i g, 7.18,
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7.8.3.10 Filber Gravel

Crravel 1 placed berween the sand and the underdiamage system to prevent sand from
entering the underdrains and to aid uniform diseribution of wash water. The gravel should
ace mm;;ﬁz%h both purposes without }:me displaced by the rsing wash water. Sizes of gravel

vary from 50 mum at the hotmm m 210 5 o at the top with 2 045 m d lepth. The faster the
rate of application of water, th arger the gravel size required. Reference may be made to 15
8419 Part (11977 for filter g;m\fcl

the depth will vary according to the type of filter bottom and strainer system used,
except in i%z case of porous bottom where no gravel s required. ‘x‘&wlcz‘ bottoms and other
false botroms may be subsituted for part of coarser layer of cravel. The filter gravel shall be
as sphencal as possible, hard, clean and uniform in aiti.%§51k9 and fdm shall not contam such
imnpurities as dire and clay. Size of gravel and depth of gravel layer shall be determined in
aecordance with the following rles:

(a} iuz stramier or Wheeler type underdrain system, gravel shall be of 2 mm minimum

S o maximum size and 030 g0 050 m mm;; anid

(L) Hor perforated 4 ;z;w uider-deain system, gravel shall be 2 men minirnum size, 25
e mmaximun size and 0.50 m, de i,

Fhe filter gravel shall be classified by sieves into four or more size grades, sieves being
placed with the coarsest on top and the finest at the bottom,

26,301 Wash Water Gutters

Materials used for wash water gutters include concrete, asbestos cement, plastic, cast iron
and steel. While the honzontal travel of disty water over the sutface of the flter is kept
between 0.6 to 1.0 m hefors reaching the gm‘i‘:e“ there are successfol units with troughs
chininated and having only main gutters where the dirty water travel has been as high as 3 m
It 15 uneconomical to place wash water gutters against the side walls of the Alter. The u upper
edge of the washwater gutter should be placed sufficiently near to the surface of the sand so
that a large « “;zz:s.::ti&:j,; of dirty water is ot feft in the Flier after the completion of washmg At
the same time, the top of the wash water putter should be placed sufficiently high above the
surface of the sand so that sand will not be washed into the gutter. The edge of the trough
should be slightly above the highest elevation of the sand as expanded n W%hmg Where
thts height cannot be determined 1 }} test, & convenient rule 15 o phm the Ldé’ﬁ_ of the futter
as far above the undisturbed sand surface as the washwarer rises i one minute. Air and
water should not be applied stmuttaneously with &;u{"h gutter heights. The gutter should be
large enough o carry all the water delivered to it with at least 50 mm between the surface of
the water flowing in the gutter and the upper edge mf the gutter, Any submergence of the
gutter will reduce the ﬁ?fzs acy of the wash, The gutter oy be made with the same
cross-section throughout its length or it might be constructed with v Arying crosssection
mereasing in size towards the outlet end. The bottom of the gutter should clear the top of
the Qkpd%(i@ saned by B0 mm or more.




The troughs are designed as free falling wetrs or spillways, For free {alling vectangular
troughs with level invert, the discharge capactty {J m m*/s may be computed from the
formula

() = 1.376 bh™* (7.32)

Where b is the width of the trough m m and h is the water depth in m.

7.6.3.12 High Rate Backwash

Back wash should be arranged at such a pressure that sand should expand to about
130-150% of its undisturbed volume. The pressure at which the wash water is applied 13
about 5m head of water as measured in underdrans,

Normally, the rate at which wash water s applied, where no other agitation 15 provided, 1s
36 m (600 lpm/m?) for a period of 10 minutes. The tendency mn design s towards higher
rates of washing, primanly because of the larger sives of sand being used, which require @
faster application of water for equal expansion unless surface agitation by auxihary means 15
provided. The masimum frction that particles which are free to move and expand can offer
is their submerged weight in water. Incrensing the flow, any further beyond this point, may
lead to the carryover of the grains along with the wash water. For high rate wash, the
pressure in the underdrainage system should be 6 to 8 m with the wash-water requirement
being 40-50 m/hr for a duration of 6 1o 10 munutes.

The supply of wash water can be made through an overhead storage tank or by direct
putnping or by tapping the rising main of the treated water if the clear water motoss are not
ovetloaded. The capacity of the storage tank must be sufficient to supply wash water to two
filter units, at a time, where the units are four or more.

76,213 Surface Wash

The upper layer of the filter bed become the dirtiest and any madequate washing will Tead
to the formation of mud balls, cracks and clogged spots in the fiters, These troubles are
overcome by adequate surface wash which can be accomplished by surning the expanded
filter bed mechanically with rakes, hydeaulically with jets of water directed into the suspended
sand or pneumatically with air, either during or more commonly before expansion. The latter
two methods being common, are discussed.

{a) Hydraulic System

1. The fixed type surface wash system shall consist of pipes not less than 25 mm in
diameter arranged vertically at mtervals of 0.6 to 4.9 m. The lower ends of the
pipes are to be situated to U1 m approxinately over the sand surface and nozzles
shall be located on the lower ends of pipes. An alternate fixed type may constst of
piping horizontally artanged at intervals of 0.0 m approxsmately at a height of 0.05
to 0.1 m over the sand surface, The horzontal pipes shall be perforated at mtervals
of 0.3 m approximately and provided with non-clogging orthee units to prevent
entry of the {iter media,

b

The rotary type shall consist of rorating units suspended at a height of 50 1 75

mm at adequate mtervals over the bed to provide compleie coverage. jet nozzles
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shall be located on side and bottom of arms and jet action of water causes the arms
to rotate at a rate of 7 ro 10 tpm

(B} Afr Wash Systen:

In the air wash system, c:mmpmw**ci air 15 used to secure effective scrubbing action with 2
smaller volume of wash water, The air may be forced through the under-drains before the
wash-water is introduced or through & separate piping systern placed between the gravel and
the sand layer. Though the former results o better washing, the gravel s Iiadx (o ba
distutbed. With the former procedure, free air of about 36 10 45 m/he (600 1o 900 ipﬂl/ m’
of the filter area) at (.35 kg_g/mnz is forced through the underdrains untl the sand 15
thoroughly agitated, for a duration of about 5 munutes {ollowing which, wash swater s
ntroduced through the same under-drams at a rate of 24 10 30 zn/lm (4 to 600 Ipm/m” of
area). On the other hand, with the latter pro¢ cdure, while water is forced through the
under-draing, about the same volume of a5 forced simultancously through a ‘dfp«;il&ﬁff
piping. In the practice of backwashing a*mpnm;}% um}u;zchu air and water wash, air 18
usually applied at a rate 0f 4550 1t/ b and warer at 12-15 /.

7.6.3.14 Operation Of Filters

Before statting a filter it ¢ backwashed at moreasing rates unul the sand bed has been
stratrified verucally bﬁ" the wash water w hé{”h carries vanous sizes of sand to different levels,
The flter run of mpid gravity filters depends on several attendant factors. 1t is necessary o
calculate the total loss of head in bam vashing to ardve at the pump capacity and staging
height of backwash water reservotr. The torl loss of head includes loss due to ex pansion of
sand, loss i orifices or underdrainage systern, loss in incoming pipe and height of wash
water gutter with respect to underdrainage systemn. The loss of head wnediately after
washing should not exceed 0.3 m. The finer the sand or the greater the rate of filteration, the
greater the tnitial head loss. The head loss builds as the fitter grows duty during a run. It s
usual to allow a filter head loss of 1.8 to 2 m before cleaning such filters. Under no
circumstances, a buidup of nepative head within the {ilter media be allowed.

The duraton of the washing process varies for different conditions of cleaning of the
filter, sizes and charvacter of Hlter media, rate of wash and the desired guality of thrate, It
should not normally exceed 10 minutes.

In a propedy operated plant, the quantity of wash water used should not exceed 2% of
the total amount of water Bliered. Lower amounts are possible where large quantities of
wash water ate involved and water is scarce, feasibility of the reuse or recyching of wash
water after requisite treatment has alse 0 be explored. Following the w gialzmg PIOCESS, 1 48
usually advisable to waste the first few minutes of flow through the fiter, unless the quality
of the flter effluent immediately following the wash may make this unnecessary. A turbiday
of 1.O NTU or less, measured by an accurate wmstrument, is the best criterion of the stability
of effluent of a freshly washed filter. The test can be used to advantage i most plants.

The water standing on the bed at the close of of wash should be dlear with a turbidity not
exceeding 10 NTU. Tn a well designed and operated filter, there should be no aw binding
etther during fitration or durng washing, there should be no carty away of sand with the
washed water and the sand bed should serile down fairly ur‘zﬁ:mm}h without undulations.
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Formation of mud balls and their retention in the bed even after washing indicates poot pes-
formance. At the commencement of the filter run after a wash, the initfal loss of head shouold
not exceed 0.3 m.

7.6.3.15 Hydraulics Of Filtration

The head loss, b, through a clean filter bed of depth 1 can be computed using Kozeny's
equation

h_kop (- ) (7.23)
Whers, g W
k= residual dimensionless coefficient, about 5 under most condition of water
filtration,
o= absolute viscosity of water, s
p o= density of water, (Kg/ m3) m’
v = macroscopic velocity of fltration, (m/s)

f = potosity of clean sand bed, dimensionless
A = surface area of the gramns (m’)
Y o= volume of the grains (m’)

For unsize speocal mednm particles of diameters

For non-sperical grains, sphericity ts defined as the surface area of the equivalent volume
sphere to actal susface of non-spherical particles. The sphericity, W assumes values of 1.0
for spherical grains, 0.98 for rounded grams, 0.94 for worn grains, 0.81 for sharp grains, 0.78
for angular grams and 0.70 for crushed grams for sand medim

For stratified beds, as obtainable in tapid sand filters after back washing, the head loss
2 clean bed is the sum of the head losses in successive sand layers. 1€ p, 1s the fraction of
mediumn of sieved size di, the head loss 15 given by

ok, 0= (6] ¢ r (7.34)
e Lw o ait

For unstratified beds e.g. stow sand filter, the head loss becomes

: 2
h_kou 0=07 64 Jf_’f;} (7.35)
‘! g fo .f:% W 7] Cs‘f! )'
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7.6.3.16 Hydraulics Of Backwashing

High rate granular filiers are backwashed to temove the impurities lodged in the medium
matrix. The hydraalics of backwashing concerns with the determination of head loss across
the filter bed during backwashing and to estimate backwash velocity at any required level of
bed expansion and con-coramitant porosity of expanded bed.

As the water 18 apphied in upflow mode to a granular medium or media, frictional resis-
tance 1s offered by the filter grains due to skin friction and form drag, The initial effect at low
velocties of How is to result in reorientation of the particles to minimize frictional resistance.
Atdow backwash velocities, the filter bed does not expand and its porosity does not change.
The head loss or pressure drop is a linear fuction of upward flow velocity at low velocities.
As the water velocity is increased, the frictional resistance also increases till it reaches a value
equal to the gravitational force acting upon the filter grains. Any further increase in the
velocity of water fluidizes the filter bed resulting in bed expansion and increasing porosity of
filter bed.

{0} Head loss acvoss filter bed

The maximum frictonal ressstance that can be offered by the filter grains m fluidized
state 15 thewr submerged weight. The head loss across the filter bed in fluidized condition is
given by the equation:

- Ei?;fzzwfi“,,{ﬁ(] — 1) (7.36)
o

Where,

By, = headloss across filier bed during backwashing, ()

P, = mass density of the filier gratns (Kg/m”)

p = mass denstty of water, {Kg/ml

f, = porosity of expanded bed, dimensionless

Smee the gram volume docs not change before and during backwashing,

(-0 = -1

b (7.36) can be rewritten using eq. (7-37)

(P~ p)
by, ﬂi;)» (- fy (7.38)

(b) Estimation of Backwash Velocity

Several approaches are available for computation of backwash velocity to achieve a
desired degree of bed expansion and attendant expanded bed porosity or to estimate bed
expansion and expanded bed porosity at a given backwash velocity.

According to one of the approaches, first minimum fluidization velocity (v, ) which 1s the
superfieial flusd velocity required to initiate fluidization of the bed is computed from the em-
pirical nonhomogenous cquation:
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i A . .85
Where, H

doo= 0 H0% fGner siwe of sand {mon)

o = mass density of water, (kg/m”)

o= mass density of filter medium, (kg/m”)
1= dynamic viscosity of water, (kg/m.s)

The roimimurn fhudivaton velocity 15 used to compute Reynolds number, Re,

(7.40)

W ey s greater than 10, 2 multiplying correction factor Kamust be applied to 'V ¢

Re !

The unhundered settling veloctty, ¥V, of the hypothetical average particle is then calculated

USINg eHuation:

mf

V=845V &

The Reynolds number for this particle, based on WV, 1 determined

SRey (7.42)

H
sy the value of Re, the expansion coctlicient, o 1s computed using the equation:

n = 4.45 Re, ™" for 1< Re, < 500 {7.43)

This value of expansion coeflicient s fmally used (o compuie the required backwash

velocity, Vi, for a given bed expansion or expanded bed porosity.

7 (7.44)




The expanded bed pososity, f, can be determined from the e (1.37) for a given bed
CXDATISIGN,

The expansion of graded filter sands at different temperatures has been predicied 1o an
excellent degree by the above calevlations. However, the application of this procedure o
graded coal beds has yielded rather poor ex SPANSION pre d} SHOL,

In another approach given in literature the expanded bed porosity of 2 fuidized bed s
expressed by the equanon:

PR
) s
&,

Where, V15 the unhindered settling velocity of the filter gran particle, detesmined usmg

stokes law.

46317 Optimum Backwashing

It opmed that collisional interactions between media grains do not occur m the
thudized stare during backwash and the principal mode of cleanmg 15 by hvdrodyramie
shear. The oretically, supported with ex perimental evidence, it has boen demonstrated tht
AT }k}e‘u.ii.{ﬁif}&lﬁ‘i’hic shear occured at expanded bed porosities of about 0.7,

According to Camp and Stein's equation, applicd to a backwashed fleer,

i
4 gy i (7.46)
il i vodl |
. v . , p
Where T velocity gradient within pores
v = velocity within pores
dh N
o head loss per unit length
Hydiodynamic shear 'y (s given by
¥ @ T4
¥om g &'
i (747
combinung equations (7.47) and (7.46)
oVt dhy e .48
e 749)
v odl

The velocty within pores can be expressed by

255




ana = @222 P) (7.50)
di el
J‘{‘"""E<. {j‘: el f ]1/? (“;"51)

where K = {pg Ke(p, - "

Differentiating Fqg. 7.51 and equating to 2o

A AR Al (R AR A B

Optimization of the equation for shear intensity, by differentiating the equation and

Lquatmg to zero yields the following expression for the potosity of maximum hydrodynamic
shear

fe= (7.52)

According to this equation, the maximum hydrodynamic shear occurs in a fluidized bed
at porosities of 0.68 to 0.71 for typicaily sized filter sands which corresponds to an expansion
of 80 to 100%. However, the curve of the hydrodynamic shear versus porosity is quite flag,
indicating that washing at potosities different from the theoretical optimum does not result
in a major decrease in the efficiency of cleaning process. Optimal cleaning has been observed
in some cases at expansion of 16-18% only.

It has been found that there is lack of abrasion during water backwash and therefore a
backwashing with water alone is inherently a weak cleaning process. For effective cleaning,
abrasion resulting from collision, between grains is achieved by auxiliary process kike surface
wash or air scour (Section 7.0.3.13).

7.6.3.18 Appurtenances

Filter appurtenances include manually, hydraulically or electrically operated sluice valves
on the influent, effluent, drain and wash water lines; measuring devices such as veatun
metets; rate controllers activated by measuring device; loss of head and rate of flow gauges;
sand expansion indicators; wash water controllers and indicators; operating tables and water
sampling devices; and ejectors and sand washers; wash water tanks and pumps.

(a) Rate of Flow Controllers

The primary purpose of rate of flow controllers is to regulate the flows of liquids in the
lines and specifically, in filter plant, to maintain at all times a uniform rate of filtration
through each filter unit. Without these control features in the filter effluent lines, raw water
will pass through the sand bed at different velocities, higher when the sand bed s clean and
lower when coagulated deposit has accuralated on its surface.
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Sudden changes of rate of flow also must be avoided if the filter medium s 1o be
maintained in an unbroken and efficient conditon. Any changes in rate must be gradual and
predetermined maxiraum must not be exceeded. Such unfavourable operating conditions
may be ehminated by the use of rate of flow controllers.

The flow can &ino b ca‘zntm}kci by means of 2 Vonotch or a feCtANGUIAT Weir O & ventut
fube.

Rate of flow controller may be either of double beat type or venturi type. The later type
consists of a venturi section, diaphragm chamber arrangement, valve mechanism and casmg,
counter-weighted scale beam group and recovery outlet section. By virtue of the
arrangernent of the pares, stratght line flow through the unit 15 simulated,

Water flowing through the venturi section produces different pressures at the mam and
throat, due to the difference of veloctiies at these pomts. Since connections from the mamn
and throat lead to the upper and lower halves, respectively, of the diaphragen chamber, these
differential pressures ate reflected directly on the piston, moving 1t a certam distance,
dependent on the difference between the pressures being exerted. Since downward pressure
on the top of the piston 18 greater than upward pressure from below, 2 downward pull that 1
balanced by the counter-weight on the long arm of the beam s transmitted to the scale
beam. Ths balance of counter-weight and piston load regulates the valve opesung and limits
the maxunum rate of discharge through the controller.

In filter operation, the controller, by virtue of sts throttling action, uses up all the head
due to the difference in raw and filtered water which is not required 1o overcome friction due
to sand, piping, velooity head, ete., and as the loss of head through the sand mcreases, the
head consumed by the controller diminishes by a corresponding amount. Dunng the entire
operation, therefore, the tate of fltration remains practically constant.

However, it must be emphasized that rate of flow controllers require proper operation
and mamienance to ensure that filtration s done at constant rate. These devices are omitted
where dechning rate of filkration is adopted.

(b) Filter Gauges

bilter ganges are essential 1o the operation of the modem filker plant 1n order to measure
accurately the rate of flow through cach filter box and to determine the loss of head occuning
at any given tine during the filter run, Gauges are avatlable n various combinations of rate
of flow and loss of head, both indicating and recording or as single recording or indicating
urnts.

These gauges use the float and mercury principle for the conversion of differential
pressure into measurement of loss of head or rate of flow. The primary pressure differential
producing device required for the rate gauge usually is the venturi section of the effluent rate
controller, connections to the high and low pressure stdes of the gauge cvlinder being made
to the mun and throat sections of the controller. The differential pressure for the gauge s
the difference between the water level i the filter box and the pressure head in the effluent
pipe, pressute connections being led from these sources to the high and low pressure gauge
cylinder taps.




Piezometers can also be used for the putpose, though they suffer from the disadvantage
bat they have to be cleaned from time to time, They are simpler, more positive and much
less expensive than the conventional types of instiuments.

{0) Sand Expansion Gauges

Propedy desipned sand f-‘w{}amiwz A
sand expansion and the proper washing cyc
by means of a conical metal float

ses accurarely deternune the correct percent of
le for each filter bed. This form of gauge operates

"The conical floal, being counter-werphred to suit the specific geavity of the filter media
moves upward and contnually vests upon the surface of the media as it is expanded. The
float 15 so designed that # will faithfully follow the surface of the media as it rises or Falls in
the filter duting the washing cycle,

In some plants, the expansion of sand 15 not piven emphasis and the fluidization s
checked by means of probing with a vertical rod during the backswash cvele to sec whether
the probe will easidly go down to the gravel.

7.6.3.19 Pipe Gallery

The influent, effluent, wash and waste weater pipes together with rate controllers and
appurtenances are placed in the pipe gallery. Galleries should be well designed to provide
adequate space, ventilation drainage and easy accessibility 1o all pipe-work and other frttings.

7.6.3.20 Limitations OF Rapid Sand Filters

The mherent drawback of the rapid sand itration system is the sutface "?(}Lrgrmg? rendency
ts oof a sand bed

which becornes stratified afies back washing. The size gradation s from fine to coarse with

fil
due to unfavourable stravilication of sand medinm, A rapid sand Heer consis

finest sand paricles being at the top of bed. Since majoty of the izzzpumm are removed and
stored in the limited pore space availlable in top sand layers, it leads to surface clogging with
velatively quicker build up of head Toss at higher velocities of filtration leading to the under
utilisation of sand bed. Consequenily, the rapid sand filters have been operated at lower
filtration vates (around 5 m/he) with Glter runs of the order of 24 hours. Another drawback
of fine to coarse swe gradation of filter mediam s the possibility of poor filtrate quality
resulting from the non-removal of finer floc particles which escape the top sand layees also
break through she lower layers containing lagger-size sand medium.,

Varous approaches have been recommended to overcome the above limitations of the
raptd sand filrers. These inchude up-fow fltration, horizontal-flow flteation and dual-media
and multimedia Gliravion. Central to the development of these concepts is the principle of
contacting the wmpurity-laden water first with the layers of filter medium having maximum
pore size and pore space (o accommodate the arrested impurities. As water travels  deeper
mito the flter bed, 1t comes in contact with filter bed layers contatning smaller pote sizes
resulting in removal of even very fine floe particles. This leads to better-quality filtrate and
greater utiisation of lower layers to remove impurities. The dual media and multi-media
filters which are being increasingly used can be operated at higher rates of filtration with
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production of higher quangities of filtered water of good quality per filier vun cornpared o
raptd sand filters.

7.6.4 Rarip Gravity Dual MEDIA FILTERS
The rapid gravity dual moedia filters are filters containing two media, norroally coal and*®

sand, and water is apphied in downward ditection under gravity.

76,41 Constractional Featvres

The enclosure tank contasmng filter media s vsually 2 rectangular box, ﬂmdc of concret
or masonry. The plan area of these filters may range between 40 and 200 m® with dgpf};a
berween 2.5 and 3.5 m. The fiiter media 15 mpgmriﬁd on gravel laid over top of the under-
drainage systern. In addition to the under-drainage system, used for collectng filtered water
and distributing the backwash water, the tanks have froughs spanning across the length or
width of filter for distribution of water to be filtered and for collection of wash water. The
troughs remain submerged duvng filtration and theie tap edge 15 noumally ch*’ 600 man
above the filter medium o prevent loss of medium during backwash and to minimise the
amount of dirty water left above the filter bed at the end of the wash.

The filters are commonly arranged in rows on one or both sides of a pipe gallery. The
gallery houses the influent, effluent, wash water supply, wash water dramape piping, valves
and other APPUTTENATICES including rate of flow controller. The pressure gnnm s to ndicate
head loss and venturimeter or rate of flow recorder are also locared above and/or below the
gallery floor

7.6.4.2 Filtration Media

With a view o maintain coase 1o tine gradation of pore srzcs and pore volume with mn-
creasing depth of filter bed, two media of different density and sizes are chosen. The top
laver consists of 2 lower density material like coal having larger particle size over a layer of
higher density material like silica sand having smaller diameter particles. Since m India
anthracite coal 5 not casily available. the coarse medium may consist of high grade
bituminous coal or erushed coconur shell which have been recomumended for use after
faboratary and field trials. The effective size (.5 of coal (specific gravity 1.4) 15 usually
Tonm (0.85-1.6 mm range) with uniformity coefficient (U.C.) of 1.3 to 1.5. Depths of 0.3 to
(.4 m have been rcg;e")ri‘ec;i to be satisfactory without excessive head loss build up and these
depths can floceulate particles besides removing large flocculated impurities. The finer
media-layer usually consists of 9.3 — 0.4 m thick silica sand (specific gravity 2. 65) with
effective size of around 0.5 mm (.45 to 0.6 mm range) and uniformity coefficient of 1.3 to

1.5,

The basic principle in designing the dual media bed is to have coal as coarse as 1s
consistent with solids removal to prevent surface blinding but to have the sand as fine as
possible to provide maximum solids removal subject to the constraint that the finer sand
should not be present in the upper layers after backwashing in appreciable quantity.
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In addmon to high grade bituminous coal, crushed coconut shell has been effectively
used as coarse media in dual media filters. The sie ranges from 1.0 to 2.0 mm with depths of
03 - 0.4 m. The uniformity coefficient is below 1.5 and specific gravity 1.4, The sand used in
conjunction with crushed coconut shell has effective size varying between 0.44 to 0.55 mm
with uniformity coefficient below 1.5, The sand depths may very between 0.30 and 0.4 m.
Water treatment plants with capacities ranging between 1 to 26 mid have been constructed
ernploying dual media filters using crushed coconut shell and sand.

Anthiracite coal has been extenstvely used 1n dual media filters. Tt is recommended that
0.4 -0.75m of anthracite coal of effective size of 1.0 to 1.6 men (specific gravity 1.45-1.55) be
used above a sand layer, 0.15-0.30 m. The effective size of sand may very between (.45 to 0.8
mm with 1145 mm being preferred. The sand 15 silica sand with specific gravity of 2.65,

7643  Design Of Media Depth And Media Sizes
a) Design of Media Depth
The efficiency of removal of suspended particles is a function of the surface area of the

media grains. For a filter of depth | compusing of N particles of average size d and
sphencity Y

- (7.53)

A o= e "f,%} o {y d )7
7 (y d )
&

(7.54)

A=

_ 6= N/ ?]
=7

The equation can be employed to design the depths of filter. For example, for typical high

rate filters £=0.45y = 0.8 mzd(?}i 6RO, A = ?}%i)f.} m”. Since the effective size of sand 1s nor-
4
P . :
mally specified, Lé—} = 680 corresponds to {4, ) = 950 where d,,% 15 the effective size.
. e

Figres can be developed for predetermined value of A, based on pilot data, between the
effective size of medmim and filter medium depth for different values of V. These figures can

be used to estimate depths of vagious combinations of dual medsa.

(I} Design of Media Sizes

The dual media filters, consisting of coarse but lighter mediure particles on top of finer
but heavier particles, must retam their stratified character duning backwashing and resetthing,
Fqual expansion during backwashing for dual media comprising of coal and sand mdicate
equal flutdization veloaty for both media. Tt can be shown that

i
d p - p 12
Ay (%]l oL 2 (7.55)
4 i

Yo pu o j
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Whete subscripts u and | respectively denote the largest grain within the upper layer (coal)
and the smallest grains within the lower layer (sand). It follows that muxing during setthng as
well as during expansion determines the maximum allowable ratio of the gram sizes in the
two layers.

For sharp interface and no intermixing, the ratio of maximurn diameter of coal to the
miniroum diameter of sand that will ensure both equal expansion and equal seithing can be
computed using above mentioned equation. For a density of coal of 1.5 and its sphericity
(.70 and sphericity and density of sand of 0.85 and 2.65, this ratwo 1

. -5 '
dy 085 zf(zm DU a0 =23
d 070 | {15-1) ]

If partial intermixing 1s to be achieved the size of the coarsest coal must be more than 2.3
tines the minimum diameter of sand for charactenstic of coal and sand given.

7.6.4.4 Filtration Rates And Filirate Quality

Diual -media and multimedia filters have been successfully operated at rates of filtration
ranging from 15 to 20 m’/m*/hr with acceptable filtrate quality. Field trails in India using
high grade bituminous coal indicate that even with inadequate preireatment of filter influents
as obtainable in Indian conditions, fitration rates of 16 m’/ m*/hr could be recommended
with filter run of at least 12 houss, though much higher rates of filtration upto 24 m*/m*/hr
could be employed if proper pretreatment is available. Filirate turbidities are generally less
than 1 N'TU and coliform removal s arcund 95.

In general, it may be recommended to operate dual media filters at higher rates of 7.5 to
12 m’/m*/hr. The backwash rates of 42 to 54 m*/m*/hr (700-900 lpm/ mz) have been
employed to clean the filters,

7.6.5 MULTIMEDIA FILTERS

The multimedia filters normally contain three media such as anthracite coal, silica sand
and garet sand with specific gravities being around 1.4, 2.65 and 4.2. The size of media may
ary from 2 mm at the top to 0. 15 mem at the bottom. A typical trimedium filter may contain
0.45 m of coal with an effective size of 1.4 mm, followed by 0.23 m of silica sand of effective
size of 0.5 mun and .08 m of garuet sand having an effective size of 0.3 mm.

Media of polystyrene, anthracite, crushed flint sand, garnet and magnetite whose specific
gravities are 1.04, 1.40, 2.65, 3.83 and 4.90 respectively are being tried.

7.6.6 PRESSURE FILTERS
7.6.6.1 General

Based on the same prnciple as gravity type rapid sand filters, water 1s passed through the
filter under pressure through a cylindrical tank, usually made of steel or cast iron, wherein the
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underdrain, gravel and sand are placed. They are compact and can be prefabricated and
moved to site. Feonomy is possible in certain cases by avoiding double purmping,
Pretteatment 1s essential. The rank axis may be cither vertical or horizontal,

7.6.6.2 Disadvantages

Pressure filters suffer from the following disadvantages:

{a) The freatment of warer under pressure seriously complicates effective feeding,
mixmg and  flocculation of water to be filtered.

(b [nn case of direct supply from pressure filters, it is not possible to provide adequate
contact time for chlorine,

{©) "The water under filtration and the sand bed are out of sight and it is not possible
to observe the effectivencss of the back wash or the degree of agitation duting
washing process.

() Because of the inhetent shape of the pressure filters it is difficult to provide wash
water gutters effectively designed so that the material washed from the sand is
discharged to waste and not flushed back to other portions of the sand bed.

(d) It 15 difficult to inspect, clean and replace the sand, gravel and underdiains of
pressure
flters.

{e) Because the water 15 under pressure at the delivery end, on occasions when the

pressure on the discharge main i released suddenly, the entire sand bed might be
disturbed violently with disastrous results to the flter efffuent.

In view of these disadvantages, pressure filters are not recommended for COMTILLY
water supplies, particularly for large ones. They may be used for industrial needs and
swimmng pools,

7.6.7 DIATOMACEOUS EARTH FILTERS

Diatomaceous fiters, are not advocated for publive water supplies. Their utility is
testricted to temporary and emergency water supplies of a limited nature where other
arrangements are not easyor feasible.

The medium consists of diatomaceous earths which are skeletons of diators mined
from deposits latd down in seas.

The filtering medium 15 a layer of diatomaceous earth built up on a porous septum by
recirculating a slurey of diatomaceous earth until a firm layer is formed on the septum. The
precoat thus formed is used for straining the turbidity in water. For this, diatornaceous earth
is applied at 0.5 to 2.5 kg/m’ of seprum. Some times, when the trbidity is very high, the
diatomaceous earth will have to be added to the incoming water as body feed. Body feed is
added at three times the solids when organic slimes are present. Filtration rates range from
7.2 to 18 m*/m?/hr.
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768 ADDITIONAL MODIFICATIONS OF CONVENTIONAL RAPiD GRAVITY
PILYERS

7681 Constant And Declining Rate Filtvalion
{a} Constant Rate Filtration by Influent Flow Splitting

In convenuonal rapad sand filters, constant rate of flow is maintained by mstalling a rate
of flow controller on the effluent line. These rate of flow controlier can be quite complex
and high m mitiad and maintenance Costs. Alternative systems have been proposed which are
telatively simple to build, operate and maintain, '

One of the simplest methods 1s rate control by influent flow splitting which is depicted in
Fig, 719 The filier influent is divided equally among all the operating filters in series by
means of a weir at each filter infet. The size of the filter influent conduit is kept relatively
large wo thar the head Joss 15 not significant and the water level does not vary significantly
along the length of the conduit. This helps in maintaining neatly same head on cach of the
werr zod Giter influent 15 equally split among all the operating filters. The filtration rate s
controlfed jontly for all the filter units by the wflow feeding rate. At the beginning of {ilter
run when a backwashed filter 15 put into service, the level of water in that filter s minimoum.
As the filtration procecds and head loss bulds up, the water level rises m the fiter till it
reaches the raximum permissible level above the filter bed, which may be, for example,
coual to the level of influent weir. The filter 15 then taken out of service for backwashing.

the advantages of this system include cimination of rate controllers and slow and
smooth changes m rates due to gradual rise and fall of water level above filter bed with less
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FIGURE 7.19 : GRAVITY FILTER ARRANGEMENTS FOR RATE CONTROL BY
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harmful effects on filtrate quality in comparison to filters having rate of flow controllers. To
compictely eliminate the possibility of aegative head in the filter, the effluent control wesr
must be located above filter media as depicted in the Figure,

The only disadvantage of the influent flow splitting system 15 the additional depth of the
filter box which is 1.5 to 2 m more than in conventional filters.

) Declining Rate Filivalion

This 15 also referced 1o as varable dechining rate filtration. In this system, the filter
mflluent enters below the low water level of the filters and not above as in the case of
miluent flow splitting system described 1n section 7.6.8.1 (a). A relatively large influent
header (pipe or channel) serves all the filters and a relatively large influent valve is used for
each individual filter. This results in relatively small head losses in the influent header and
influent valve and water level is essentially the same in all operating filters at all times. The
essentind features for variable declining rate filtration system are shown in Fig. 7.20 No rate
of flow controllers are used in this system also.

During the course of filtration by a series of filters being served by 4 common header, as
the filters pet clogged, the How through the dirtiest filters decreases most rapidly. This causes
redistribution of load among all of the filters increasing the water level providing the
additional head needed by the cleaner filters for handling additional flow. Therefore, the
capactty lost by the dirtier filters ts picked up by the deance filters,

The advantage claimed for this system include significantly better filrate quality than
obtamed with constant-rate filtration, and less avadable head needed than that requited for
constant-rate operation,

Another type of declining rate filtration 15 called "controlled-head” operation. In this type

of filters, the filter effluent lines are connecied to a common header. A fixed onfice is built
into the effluent piping for each filter so that no filter, after washing, will take an undue share
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PIGURE 7.20 : GRAVITY FILTER ARRANGED FOR VARIABLE DECLINING RATE
OF FILTERATION
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of the flow. The filtered water header pressure may be regulated by a throttle valve which
discharges to a filtered water reservoir. Costly rate controllers are replaced with fixed orifices
and, therefore, would make the units economical particularly in large water works involving
batteries of filters. The quality of water produced by the declining rate filters and filters
controlled by conventional rate controlless are reported to be almost the same. For equal
durations of filter runs the total output per day from a declining rate filter is higher than that
in the conventional one. In a group of filters operating at an average rate of 6 m’/m’/hz,
fixed orifice will be so designed that a recently cleaned filter will begin operation at 9 m?’/m?/
hir while the filter next m line for backwashing will have slowed down to about 3 m*/m*/ hr .
Usually the depths of flter boxes for declining rate filters are more than those for the
conventional anes. These would permit longer filter tuns and consequent reduced wash
watet requirements. The possibility of "break through" resulting in increased concentration
of suspended solids in the effluent in filters with rate controllers is avorded m this system,

7.6.9 UP-FLow FILTERS

I up-flow fltration, the water is passed under pressure in an upward direction through
the coarser medium followed by finer medium. Thus larger size suspended solid particles are
first retained 1n the larger interstices of the lower part of bed and 4s the water percolates
upwards, it recerves a progressive polishing unul it emerges i a fully fleered condition at top
of the filter bed. Thus the entire depth of media is made effective in removal of suspended
solids and as a result low head loss and longer filter runs could be cxpected. Besides, many
other advantages are claimed for up-flow filtration such as elimination of the rate controller
and absence of negative head. Unfiltratered water can be used for washing filter since the
first few minutes of flow through the flter after washing has to be necessarily run to waste.
Filter depths as low as 0.6 m and as high as 1.5 m have been successfully used. Although
wash water rate and consumption are greater per wash cycle than the conventional filter,
wash water used as a percentage of finished water is much less because of Tow loss of head
and long filter runs. But iitially compressed atr scouring s desirable to drsiodge the
impurities collected in the lower portions of the bed. The only disad vantage s fludization of
the top fe layers of the sand bed which results in the deterioration of the flrrate uality,
Complete bed fluidization occurs when the headloss cquals the depih of bed. Control of
neadloss 1s much more significant than the upward velocity through the filter. 1t is desirable
that the hydraulic gradient through the upflow sand bed is restricted to 0.6,

7.6.10 GriD Or IMMEDIUM TYPE FILTERS

The problem of bed fluidization in an upfiow filter i climinated m this type by providing
a ‘grid'. The grid is a system of parallel verrical plates placed within the bed a fow contimeters
below the top of the medium. This grid provides sufficient resistance (o Prevent expansion
of the bed and breakthtough or channelling at relatively higher rates of fltration. The exact
mechanism of how this plate grid restrains sand expansion has not been proved but it s
believed that the upward flow of water causes formation of inverted asches of sand which
bridges the gap between the adjacent vertical plates. Being in compression, these arches are
strong enough to resist the upward force of lquid being filtered endmng to break through the
bed, thus minimising fluidization of sand. Generally the grid spacing s 100 150 times the sive
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of fine sand at the top of the bed. They operate at the rate of 912 m’/m’/ hr and deliver
four times the filtered water per run of down flow flter of the same size. Recent TESLATCHEeS
incdicate that higher rates of 15-30 m/m/hr could be emploved. The operating rate,
however, depends on quality of water to be fliered and the effinent quaiity desired.

7611 Br-rLOW FILTERS

‘Z*}m i}p{- by pl&uﬂg}' the tfﬁmz;t c:-wiiu“musr }"ﬂ’p‘ in the uppu L‘a}{u 05 mmi bu} md fﬂiunw
%H\”ﬁ{llf&ilﬁ‘ﬂiﬁ from below through the bullk of the media and from above through top
tayers of sand. With the same hydiaulic head applied on top and bottom of the filter, ihm
headloss across both the upper ; and lower beds to the centres of effluent pipe is the same and
hence the Lfﬁuam pipe 13 hydrautically balanced. The downward hydraulic gradient on the
top }uﬁmn prevents fuidization. The mflow filter's use sand of depth 1. 5 to 1.65 m, the
filtrate collection system bemg placed 0,45 1o .60 m beiow the top sand. Total Hltration rare
5 18 m’/m®/ he | domrx vard rate being half to two-thirds of the upward rate. Backwash rate
adopted is 54 to 66 n’/m’/hr for a pesod of 6 minutes. Initial cost 1s estimated o be
15-300% less than conventional filters even though piping, valves and controls are more
complicated.

7612 SUBMERGED FILTERS

These filters have no rate controllers. This method employs direct pumping o -g;z‘:rmit
automatic adustment of treatment plant tnpur and high lTevel pumping to meet the varying
and continous demands of a large ity These filters operate under varying rates as demand
varies and through the use of a slow moving butterfly valve, the filtration rate can be
changed without deterioration of water quality, The butterfly valve closes slowly over a
period of time usually 5 to 10 minutes. These filters have proved satisfactory on a plant scale,

7,615 RADIAL FLOW FILTERS

In these filters, flow comes in radially and washing is done continuously. The fiter
tnedimn 18 sand, contained in the annular space ofprise of a dosed cylindrical shell
Chemically treated water enters into a central hollow column and permeates radially through
sand and is collected through peripheral ducts and fows out of the shell. The dirty sand s
continously deawn from the bottom and airlifted 1o 2 compartment at the top of the filter
whete it is washed, the sand sinking to the cvlinder while the washed water careying dirt
escapes out through an overflow device,

7634 AUTOMATIC VALVELESS GRAVITY FILTERS

These filters operate without butterfly valves, pilot mechanisrs, rate controllers, gaupes
and air compressors. They have two compartments, the filtering section and wash water
storage compartment. As the incoming water 5 admitted 1o the filter, 2 head gets built upon
the top of the sand and causes the water level to rise in the backwash pipe. When the water
level reaches the top of the loop, usually dam;.gzu.i with a 2 meters differential, syphon action
is started and backwashing begins at the required rate of 30 to 42 m'/e’/ hr . Wash watet
flows from the storage tank up theough the sand bed and is discharged through the back-
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