The dinmeter of the circular tank is govemned by the stractural requirement of the trusses
that carry the scraping mechanism. Circular tanks upio 60 m in diameter ate in use but ase
penerally upte 30 m to reduce wind effects. Square tanks are generally smaller usually with
sides upto 20 m. Square tanks with hopper bottoms having vertical flow have sides generally
less than 10 m to avoid large depths.

The depth of the settling basin depends on the character of sludge handled, storage
capacity required and cost In warm chimates and where the sludge is likely to contamn
considerable organic matter, it is not advisable to store sludge for long periods; otherwise,
the decomposition of the shudge adversely affects the setiling process. Depths commonly
ased wn practice very from 2.5 to § m with 3.0 m being a preferred value. Bottom slopes may
range from 1 % in rectangular taoks to about 8% in creular tanks. The slopes of shudge
hoppers range from 1211 to 21 (vertical: hotzontal),

756  COMMON SURFACKE LOADINGS AND DIETENTION PERIODS

The removal of particles of varying hydiaulic subsidence values is solely a function of
surface overflow rate also called "surface loading” and is independent of the depth of the
basin for discrete particle and unhindered settling. However, contact opportunities among
particles leading to aggregation increase with increasing depths for floceulent particles having
tendency to agglomerate while settling, such as alun and iron flocs. The range of surface
loadings and detention periods for average design flow for different types of sedimentation
tanks are as follows:

Surface loading Dietention period, Pacticles
Tank type m’ /i) d* hr* notmally
rernoved
Range Typical | Range | Typical
value for value
design for
design
Plain Sedimentation upto 6000 15-30 0.01-15 3-4 Sand, siit and
clay
Hornzontal flow, 25.75 3040 2-8 2-2.5 | Alum and
Circular tron floc
Vertical Flow - 4050 - 1-1.5 | Flocculent
(Upflow)Clarifiers

* at average design flow

757 INLETS AND OQUTLETS

Inlet structures must () uniformly distobute flow and suspended particles over the cross
section at right angle to flow within individual tanks and into various tarks in parallel (1)
rinimize large-scale turbulence and ({) initiate longitudinal or radial flow, if high romoval
efficienicy is to be achieved. For uniform distribution of flow, the flow being divided must
encounter equal head loss or the head loss between inlets on inlet openings must be small in
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There is a growing trend towards the use of effluent faunders or troughs covering a good
part of the surface of the settling basins. These are space d at a distance of one tank depth
between the troughs. The use of maxirmum feasible weir length in the tank from the outlet
towards the inlets assists greatly in controlling density currents. Weirs, however, suffer from
the difficulty in levelling which is not faced with perforated pipe launder. Perforated
launders, with ports commonly submerged 30 to 600 mm below the surface are useful in
varying the water level in the basin during operation and prevent floating matter passing to
the filters.

7.5.8 WER LOADING

Weir length relative to surface area determines the streagth of the outlet current. Moymal
weir loadings are upto 300 m'/d /e But when setiling zmi«f«? are ‘%i‘mpm*gy aesigned, well
clasified waters can be obtained at weir loadings of even upto 1500 m’/d/m.

7.5.9 SLUDGE REMOVAL

Sludge is nommally temoved under hydrostatic pressure through pipes. The swze of the
pipe will depend upon the flow and the quantity of suspended matter. [t 15 advisable to
provide telescopic sludge discharge arrangement for easy operation and for rointnising the
wastage of water. For non-mechantsed units, pipe diameters of 200 tom or more are
recommended. Pipe diameters of 100 to 200 mn are preferred for mechamsed units with
continuous removal of sludge with hydeostatic head. In cicoular tanks, where mechanical
scrapers are provided, the floor slopes should not be flatter than 1 m 12, 10 ensure
continuous and proper collection of shidge. For manual cleaning, the slope should be about
T 10

The power required for driving the scraping mechanism in 4 circular tank depends upon
the area to be scraped and the design of the scraper. The scraping mechanism s rotated
slowly to complete one revolution m about 30 to 40 minutes or preferably the tip veloaty of
“{hn scraper should be around 0.3 m/min or below, Power requirements are about 0.75 w/

2 of tank area.

Sludge and wash water should be properly disposed of without causing any problems of
pollution if discharged into water courses.

For sludge blanket type vertical flow settling tanks, the slopes of the hoppers should not
be less than 55 to hovizontal to ensure smooth shding and removal of sludge. In such tanks
special shurry weirs are provided with their crests in level with the top of sludge blanket for
continuous bleeding of the excess sludge.

Special types of consolidation tanks with 2 capacity of 30 min are sometimes provided 1o
consolidate the sludge and recover water from it

In non-mechanised horizontal flow rectangualar wi%?mgﬂ, ranks, the basin floors should
stope about 10% from the sides towards the longitudinal central ltne adopting 4 longitudinal
stope of at least 5% from the shallow outlet end towards the deeper inlet area where the
drain is nowmally located. Manual cleaning of basins is normally done hydraulically, nsing
high pressure hoses. Admitting settled water through the basin outlet helps this function, If
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shudge 5 to be withdrawn contmucusly or neatly continuously from the bottom of the basin
by gravity without mechanical equipment, hopper bottoms have 1o be used with slope of not
less than 557 to the hosizontal.

Reclamation of water from the sludge removed from the settling basin should be
encouraged. The various methods include disposal of shudge on land ot on sludge drying
beds.

7510 Setiling Tank Efficiency

The efficiency of basins is reduced by currents induced by mertia of the incoming wates,
wind, turbulent flow, density and teraperature gradients. Such currents shost circuit the flow.
The efficiency of real basm affected by current induced shott circuiting may  be
mathematically expressed as

¥ {7.21)
¥y
where,
})"
v = Fifficiency of removal of suspended particles
0 I ) . ‘
r = Coefhicient that identifies basin performance

Voo = burface over flow rate for ideal seitling basin

(3 // Ao Required surface overflow rate for real basin to ac hieve an efficienc of
e, E
‘}”/W‘f o for BiVen bastn iﬁﬁi?ﬂfi)f%ﬂﬂﬁc&

The values of n are assumed 0 for best possible performance, 1/8 for very good
performance, 1/4 for good performance, 1/2 for average petformance 1 for very poor
performance. Mathematical analysis of longitudinal mxing in settling tanks indicates that the
value of n can be approximated by the ratio of the differences between the mean and modal
flow-through periods to the mean flow-through period,

The short-circuiting characteristics of tanks are usually measured by addition of a slug of
dye, electrolyte or tracer and observing the emergence of this tracer substance with passage
of tme. A frequency distribution plot of the concentration with respect to time is plotted.
Modal, medan and mean flow-through periods identify the central tendency of the
time-concentration distribution and percentiles reflect its variance, The ratio of the median
time to the mean time or the ratio of the difference between the mean and the modal {or
mean and median) to the mean indicate the stability or efficiency of the basin. The lower the
first value is from untty or the higher the second value, the lesser the efficiency and the more
the shortcircutting, A well designed tank should be capable of having a volumetric efficiency
of at least 70%. '

To achteve better clasification, the flow regime in settling basin should be as close as
possible to ideal plug flow. A narrow and long rectangular tank approximates plug flow
conchitions better than wide shallow rectangular tank, peripheral feed circular tank and centre
feed radial flow tank.
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wWhere v 15 the kinematic viscocit v of water.

7.6 FILTRATION

761, GENERAL

Fitration is a process for separating suspended and colloidal impurittes from water by

e through a porous medivm or porous media. Filtration, with or without pretreatinent,

Pas
has been L’E“;‘“%{‘»¥ syed for treatment of water to effective ly remove turbidity (e, silt and ¢ lay),
colout, microor gansms, precipitated  hardness from  chemicall Iy aﬂﬂmmz waters  and
pre ‘,Vpim"ﬁ?{f iron and manganese from aerated waters. Rernoval of turhadity is essential not
wfﬁwy trom the requirement of acsthetic acceptabiity but also for efficient disinfection which

s difficult in the presence of suspended J‘mi colloidal impurities that serve as hideouts for
tE:iz:‘f FECTOGIZATISITS,

JHAEES
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Filters can be classified according to (1) the direction of flow (2) types of filter media and
beds (3) the driving force {(4) the method of flow rte control and (5) the fAltration wate.
Depending upon the direction of flow theough filiers, these are designated as down flow,
upflow, biflow, radal flow and horizontal How flers. Based on filter media and beds, filters
have been categorized into- (a) granular mediurn filters and (b) fabric and mat filters and
micto-strainers. The granular medium filters mclude single-medium, dual-media and muln media
(usually tri-media) filters. Sand, coal, crushed coconut shell, dintomaceous earth and powdered
or granular activated carbon have been used as filter media but sand filters have been most
widely used as sand is widely available, cheap and effective in removing impurities. The decving
focce to overcome the fractional resistance encountered by the flowing water ean be either the
force of gravity or applied pressure force. The filters are accordingly referred to as gravity filters
and pressure filters. In the fourth category are constant faie and declining or vasiable rate filters.
Lastly dependent upon the flow rates, the filters are classified as slow or rapid sand filtess.

Filtration of municipal water supplies noraually ts accomplished usmg
(a) slow sand filters, or
(b) rapid sand filters

Both of these types of filters are downflow, geanular-medmumSingle-medium) gravity filters.
The rapud sand filters have been conventionally operated at constant sate of flmton.

7.6.2 SLOW SAND FILTERS

7.6.2.1 General

Slow sand filters can provide a single step treatment for poltuted surface waters of low
fubidity (< 20 NTU) when land, labour and filier sand are readily available at low cost,
chemicals and equipments are difficult to procure and skilled personnel to operate and roattain
are not available locally.

When taw water turbidity s high, simple pre-treament such as storage, sedimentation of
primary filtration will be necessary to reduce it to within desirable limits. Chemscal coagulation
and flocculation have also been successfully tried to effectively preteeat turbid waters without
adverse effect on filtrate quality by slow sand filtration.

7.6.2.2 Description

A dow sand filter consists of an open box about 3.0 m deep rectangular of circular in
shape and made of concrete or masonry {Fig. 7.14). The box contains a supernatant water layer,
2 bed of filter medium, an underdrainage system and a set of control valves and appurtenances,

The supernatant provides the driving force for the water to flow through the sand bed and
to overcome frictional resistance in other parss of the syster. It can also provide a storage of
several hours to the incoming water before it reaches the sand surface.

The filier bed consists of natural sand with an effective size (H.5.) of 0.25 mom o .35 mm
and uniformity coefficient (U.C) of 3 to 5. For best efficiency, the thickness of filter bed should
be not less than 0.4 - 0.5 m. As a layer of 10-20 mm sand will be removed every time the filier 18
cleaned, a new filter should be provided with an mitial sand depth of about 1.0 m. Resanding
will then become necessary only once in 2-3 years.
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FIGURE 7.14 : BASIC ELEMENTS OF SLOW SAND FILTER (SCHEMATIC)
The underdramage system supports the sand bed and provides unobstructed passage for
fltered water to leave the underside of the filter. The underdrains may be made of unjointed
bricks laid to form channels, perforated pipes or porous tiles laid over drains. Graded gravel
to a depth of 0.2 -0.3 m is placed on the underdrains to prevent the sand from entering the
underdrains and ensure uniform abstraction of filtered water from the entire filter bed.

A system of control valves facilitates regulation of filter rate and adjustment of water level
in the filter at the time of cleaning and backfilling when the filter 15 put back wto operation
after cleanung,

7.6.2.3 Purification in a Slow Sand Filter

In a slow sand filter, water is subject to various purifying influences as it percolates
through the sand bed. Imputities ate removed by 2 combination of straining, sedimentation,
bio-chemical and biological processes. Shortly after the start of filtration, 2 thin sliny layer
called the 'schmutzdecke' is formed on the sutface of sand bed. It consists of a great variety
of biological organisms which feed on the organic matter and convert it into simple,
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harmless substances. Considerable portion of inert suspended patticles &5 mechanically
strained out in this layer. Dhuring its passage through 04 - 0.6 m o fosand bed, the water
becomes virtually free from suspended solids, colloids, pathogens and complex salts
solution, The vesult is 2 simultaneous itoprovement in the physical, chemical and
bactesiological quality of water. Starting with an average quality of saw water, a propesdy
designed and operated filier can produce a filtrate satisfying normal deinking water standards.
MNevertheless, the filtrate should be disinfected i vender 1t safe.

7.6.2.4 Design Considerations
(@) Design Period

In slow sand filter construction, there is no economic advantage in bulding large plants
to serve long years into future. Therefore, the desypn ‘p{:wvd should be shout, m:s; 10 VEars.
This wll }.;dp to optimise the long-term investment in water supply and will allow the
available money to finance mote new projects unmediately,

() Plant Capacily

The per capita water supply mxaii’tphui by the projected future population gives the design
dernand. Tt would be convenient to convert the daily required vohume to a design flow ',
the qxs{mim of water to be treated per hour vather than per day, This &5 because the daly
requirement of water may be treated over a period of 24 ’.%wum 51&%3; in a few houss as is done
in small plants. Thus for a given daily output, the size of the plant depends on duration of

filter operation.

() Filtration rate and number of filleys

To provide for changes in raw water quality and uncertainties in operation and
s for o notmml Sltanon mte of B0 m/dhe A
minimum of two filter units should be provided. This will restrict the overload rate to 0.2
m/hr when one unit s faken out for deaning and would ensure uninterrupted production.
d to provide for any standby unit. The number of flter uniis for s given arca
flevibility and reliability. For a given area, the optimum
srisive than the minimuom 2

matntaiance, it is desiable to design fili

There 15 no ne

can be mcreased to gain hi
number and size of filters which will be only 10 percent more exp

bed vt are given in Table 7.2
TABIE 7.2
§R§"§l{;§?§w’mf§ Nﬂi M MUMBERS OF SLOW SAND FILTERS FOR CIVEN PLANM AREAS

Area in m’ Mumber of beds
Lipto 20 2
""""" 20 249 3
250.649 4

(93]

650~ 1200
201 - 2000 : i
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(d) Filter shepe and layout

Rectangular filters offer the advantage of common wall construction and may be
prefered except for very small installations where circalar shape may be economical.
Asmanging filters in 2 row maximizes the number of common walls and facilitates
construcion, operation and maintenance. Filters can also be arranged symmetrically on
either side of a central pipe gallery. The fayout will be determined by local topography and
the placement of pumy houses, storage and other facilives,

{e) Depth of Filter Box

The elements that detertnine the depth of the filter box and therr suggested depths are
free board (0.2 m), supernatant water teservoir (1.9 m , filter sand (1.0 m), supportine gravel
e p e A TR &
0.3 my, and under-drainage system (0.2 m) with a total denth of 270 m. The use of proper
o £6 Y 3 P : s
depths for these clements can reduce the cost of the filter bhox considerably without
adversely affecting efficiency.

(i) Filter Sand and Grawel

Undue care 1o the selection and grading of sand for slow sund filters is neither desizable
not necessary. Use of builder grade or focally avadlable sand con kevp the cost low. stindarly,
rounded gravel, which s often quite expensive and difficult to obtain, can be replaced by
hard, broken stones to reduce cost.

7.6.2.5 Construction Aspects
() General

The construction of slow sand filters should be hased on sound engineering principles.
Some of the important considerations that need attention ape: 4) the type of soil and is
bearing capacity; (i) the ground water table and its fluctuation and (1) the avadability and
cost of construction matedals and labour. Water tght construction of the filter box should
be guatanteed, especially when the ground water table is high, This will prevent loss of water
through leakage and contamination of filtered water, The top of the filter should be atleast
0.5 m above the ground level in order to keep away dust, animals and children. The danger
of short circuiting of 1w water may be preveated by rough finishing of the inside of the
walls upto maximum sand level, The drainage svstem should be carchully laid as it can not he
nspected, cleaned or teparred without the complete removal of the filier bed materisl,

{h) Inler

The mlet structure 15 an important component of a slow sand filter and should be so
designed and constructed as to cause minimum disturbance to the fiter bed, while admutting
raw water and to faclitate toutine operation and maintenance. A {liter needs to be cleaned
periodically and this is done by lowering the water level 5 few centimeters below the sand
bed and scraping the top layer of 10-20 mm of sand. It is found in practice that draining the
water through the filter bottom takes several hours, at times 1-2 days. In order to obviate this
diffriculty, a supernatant drain out chamber with its top just above the sand level, has to he
provided. By g proper design, the filter inlet and the supernatant drain out could be stitably
combined in a single chamber (Fig. 7.1 5).
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(e} Chetlet

The outlet structure incorporates means for measuring the filter flow and backfilling with
clean water after sand scraping and recomimssioning of the filter,

I small filters, the outlet chamber is ususlly constructed in two parts separated by a
wall with 2 weir. The sill of the weir is fixed above the highest sand level in the filter bed.
This makes filter operation independent of fluctuations in the clear water storage fevel and
prevents occurrence of negative head in the Slter. Tt also aerates the filtered water thus
raising its oxygen content. To facilitate acration, a ventdation opening properly screened 1§
provided in the chamber (Fig. 7.16).

(Y Scwn and overflow ouflet
"o facilitate drainage of surpius water entering the filter and scum that may accumulate
on the supematant water, an overflow pipe/ wei should be provided n the filter.

234




7.6.2.6 Operation And Mainienance
() Initinl Commrissioning

While commissiomng, a newly constructed filter is charged with water from bottom
through the underdrain undl it rises 0.1.0.15 m above the sand bed. This ensures expulsion
of “*‘““a{’{?ﬂd ait 11 the filter bed and the underds rainage systern. The inlet valve is then
graduaily opened and water s 2 Emfﬂ;f:d to the filter from op. The water is allowed to filter ar
AppIo ?x:‘%f'zm,t{;:iy the novmal Blomtion wate and the effluent 1s run to waste all the fommation and
tipening' of the filter skin ;E:‘; complete. The npening pevod s complete when the
bacteriological analysis indicates that the effluent quality s good and can be put into the
distrbution system.

(b} Floww Control

The rate of filtration can be controlled either ar the inlet or at the outler of the flrers.
Both mothods have advarg tages.

in an wdet-controlled filter, the rate of filtration is set by the inlet valve. Once the desired
rate 18 reached, no further manipulation of the valve is required. At first the water level over
the filter will be fow but graduaily it will rise 1o cotnpensate for the increasing resistance of
the tilter skin. Once the level hus reached the overflow outlet, the filter has to be taken out
for cimmz‘xgq

inlet control reduces the amount of work which has to be done on the flter to just clean
it The rate of fltravion will always be constant with this method and the buidd-up of
resistance i the filier skin fs directly visible. On the other hand, the water 15 not retained for
very long at the beginming of the Hlter run, which raay reduce the efficiency of treatment,

In an outlet-controlled filter, which (s more common, the rate of filteation is set with the
outlet valve. Daily or every two days this valve has to be opened a bit w0 compensate for the
increase in gesistance in the filter skin, The disadvantage of this method is that the outlet
valve also has to be mansipulated on a repular basis, causing a slight variation in the rate of
fitration. Thus, the operator is forced to visit the plant atleast every day, otherwise the
output will fall. The water & retained for five to ten tmies as long as in the inlet-conteolled
filter at the beginning of the filter run, which may roake purification mote efficient. Removal
of scum will also be much simpler than with inlet-controlled fltration.

Inroany situations electoicity and diesel fuel are not available all the tme, so exishing slow
sand fileer plants sometimes function only for part of the day. Research has shown that this
leads to a serious detenioration in the quality of the out-flowing water and must be avoided.
U electricity for wotking pumps is likely to be intermittent, either a raw-water storage
reservott which can feed water to the filters under go Véf“y supply can be buii, or *d(f{“iis‘zif;g
rate filtration’ should be used. That is, when the raw water is stopped, all valves remain in the
same position and filtration continues at 2 declining rate as the water level in the plant falls,
When the raw water supply is resorted, the water standing over the sand bed will rise to s
cathier level. Where declining rate filteation is used, 2 larger filter is needed.




{c} Filter Cleaning

When the filter has attained the maximurm pexmnissible headloss, it 15 taken out of service
for cleaning, The inlet s closed and the supemnatant s drained out or allowed to fiier though
50 a5 to expose the sand bed. Experience has shown that filtering through takes o long time,
oceasionally even one or two days. Hence, lowering the water level by opening the
supernatant deain out valve should be preferred. When the supemnatant is dratned out, the
water level is lowered 10- 15 om below the iop of the sand bed by opening the scour valve.
Without allowing the bed to dey up, the filter is cleaned manually by resnoving the top layer
of 223 cm of sand along with the filter skin. The filier is retumed to service by admitting
through bottom filtered water from the adjacent filter to a level of 2 few centimeters above
the sand bed before allowing raw water from top. The removed sand is washed, dried and

stored for future use.
(d) Resanding

Due to periodic cleaning, when the sand depth is reduced to 2 minimum of 0.4 m, it 18
necessary to make up the sand depth to the ordgimal level. This 1s done by replenishing with a
fresh ot of sand, taking care to see thut the remaining old sand is placed on top of the new
sand. This avoids accumulation of dirt in the deeper layers of filter bed and helps m quick
riperung after resandmng,

7.6.2.7 Cost Aspects
(o} Minimuwm filter cost

The cost of a filter excluding pipes and valves 5 made up of two components: the total
cost for floot, underdeains, sand and gravel; and the cost of walls of the fitter hox.

This cost in general 35
-
ﬁw s E"‘\y ﬁ.f}& "+ }'\L?E

Where, A is the total filter bed area in m® ; P the wtal wall length in 1o, K, the cost
per unit area of filter bed, and K, the cost per unit length of wall. For reciangular filters with
common walls, the problem is to minirize O subject to!

Awoplb and P = 2ob + oD (7.25)

Whese 'n' is the number of filters, b is breadth, and T s the filter length,
The term K A is constant for any value of ' and any filter shape. Hence, the mintmum

cost solution is the solution that ruimmises P, which
7+

r "'l’" ‘ oy oy
and p o (7.27)

P
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The equation for b, when re-arranged, shows that 2 ab = (n + i, or the condition for
minimum filter cost is to have the sum of the length equal to the sumn of the breadths. Tt can
be shown that this is true whether filter units are arranged in a smgle row or as blocks on
cach side of a central gallery. The general expression for the minimum cost is found by

substituting Fan. 7.26 and 7.27 for Eagn. 7.24.

Cow K A4+ 2&‘;,(J2,43{f7 1+ | }) (7.28)
The values of K and I, can be worked out for any place based on prevatling prices for

construciion materials. For Nagpur, India (1983)

i
C = 5004 + 1660 {2400 + 1)) (7.29)
(b) Economy of Scale
A gencral cost moddd for the filter beds be sritten as:
C= KAy {7.30)

Where "A"1s the wotal arca of the filter beds, K s the cost per urut area of filter bed
construction mcluding walls, and "2’ is the cxponent that represents the economy of scale
factor.

e cost data obramned from g 7.29 for various values of A can be used to determine
the parameters Koand "2’ of the function by the method of least squares. ‘The resulting

cguation for Nagpur (1983} is piven by:
(o= 1617 AW (7.31)

Large cconomics of scale are associated with small values of the exponent. Untl the
vxponent decreases o about 0.6 or 0.7, thete s no economie incentive to overdesign. Thus,
very dutle saving s accomphished by tnereasing the size of the project in order to provide

service over a fong time into the future,
(¢) Cost of Slow Versus Rapid Sand Filters

dhere s ageneral misconception that slow sand filters, because of their relatively larper
area, are expenstve. However, this is not always true. Comparative cost analysis for slow and
rapid blters has shown that that slow sand filters are cost effective, especially for rural and
small community water supplics. The cconomic capacities have to be determined for specific
stuations using local cost data before dectding on the choice between the two types of

fleers.
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TABLE 7.5
SUMMARY GUIDELINES FOR DESIGN OF SLOW SAND FILTERS

Recommended Description
Design value

Drescription

Recommended
Design value

Depth of
Supernatant water

Destgn p{:fi{;d 10 years

Fitteration rate Free Board

MNeormal Operation 6.1m/hr Depth of filter
sand Trutial
Max. overload rate

0.2/ hy
Final (ﬁikf}fimiﬂmm)

Size of sand
Piffective size
Unsformity
coefficient (U.C)

Number of filter beds 2
Minirnum
Areas upto 20 1y 2

Areas upto 20-249 m* 3 Cravel (3-4

luyers) depth

Areas upto 250-649 4 Underdrains

m’ {rmade of
bricks or
pecforated pipes)

Areas upto 650-1200 5 Depth of filter
m’ hox

Areas upto 1201 2000 6 Ffflyent weir
m” ievel

above sand bed

i.0m

2m

1.0mm

(.41

{0.2-0.3rmm

(W3]

0.3m

(1.2m

2.7m

20 30mm

7 6.3 RAPID SAND FILTERS

7 6.3.1 Filtration Process

The rapid sand filter comprises of a bed of sand serving as a single medum granular
matrix supported on gravel overlying an underdrainage system. The distinctive features of
rapid sand fltration as compared to slow sand filtration include careful pretreatment of raw
water to effectively flocculate the colloidal particies, use of higher filtration rates and coarser
but more uniform filter media to utlise greater depths of filter media to trap influent solids
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without excessive head loss and backwashing of filter bed by reversing the fow diection to
clean the entire depth of filter, Pretreatment of filter influents should be adequate 1o achieve
efficient removal of colloidal and suspended solids despire fuctuations i raw water quality,
A typical sketch for granular medium gravity flow firer is shown m fguee 7.17.

When water containing suspended marter is apphed to the top of filrer bed, suspended
and colloidal solids are left behind in the granular medium matsix. Accumulation of
suspended particles i the pores and on the surface of filter medium leads 1o buldd up of
head loss as pore volume s reduced and preater resistance is offered to the tow of water
simultancously with the bulld up of head loss to a predetermined erminal value, the
suspended solids removal efficiency of successive layers of Glier medium s reduced as soluds
accurnulate m the pore space and reach an ulttmate value of solids concentration as defined
by cperating conditions. This results eventually in break through of suspended sohids and the
hitrate qufﬂxr} deteriorates. Ideally, a filter run should be terminated when the head loss
reaches a predetermined value simultancously with the suspended solids - filtrate attaming
the presclecred fevel of acceptable qualiy.

7.6.3.2 Principal Mechanisms of Partiicle Removal

The removal of particles within a deep granularmedium filker, such as rapid sand flter,
oeeurs primardly within the fiter bed and 1 refeed 1o as depth i.%t.z‘&.i,zr\__m, Several
rechanismms either singly or in combination, act to achieve overall removal of suspended and
colloidal matter in depth filtratton. Conceptually the removal of particles takes place n wo
distinet steps, a transport and an attachment step. To the first step, the wopurity particle must
be brought from the bulk of the liquid within the pores close to the surfaces o [ the medium
or the previously deposited solids-on the medium, Once the particles come closer to the
surface, an attachuiment step is required (o retain it o the surface instead of letting it fow
down the Hiter

The transport step may be accomplished
interception, hydrodynamics and diffusion and s may be wded by fiocoulabion i the
interstices of the filter. The particle transport 5 a physical process privcipally aff mz d by

by straming, pravity scitbing,  smpaction,
b e ] J il X b

those parameters which govern mass transfer. These physical vanables mclude size { flrer
medium, dmy; fltaation rate, v; density Py and size of the susupeaded particles, d ) and water

¥
temmperature.

The pasticle attachment step is a physicochermucal process involving  electrostatic
interactions, Van der Waal's forces of molecular attraction, chemical bridging or specific
adsorption. Attachment s affected by chemical characteristics of the water and Hlter
medium. Pretreatment of filter influents by coagulanis and pH of water affect the cthoency
of attachment step and consequently of sohd removal in a filter. The need, thercfore, of
adequate pretreatment before filtration o achicve efficient removal of suspended solids s
evident.

Dimenstonless pararneters have been defined for vavious transport and atiachment
mechanisms and mathematical equations are proposed o predict the removal efficiency of
particles based on physical variables such as dp, dm,

Y. v, poand fothe higud densiy and
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absolute viscosity, porosiy of filter medum and concentration of suspended solids and
chemical dmmatmmér“ of water and filtering medium. An analysis af these analytcal
cxpressions indicates that filter efficiency may improve by decreasing the size of filter media,
recucing the rate of fltration and at higher temperatures. The suspended particles falbng into

the categories of significantdy more than and less than 1pm dia are cfficiently removed. A
particle with a size of 1 jum has the lowest efficiency of removal, Further, ample attachment
opportunities exist in conventional deep granular filters. I such filters do not remove souds

efficiently, pretreatinent s should be changed to improve attachment of suspended particles w
fdter media grans,

7.6.3.3 Rate Of Fillvation

The standard rate of filtration through a rapid sand flter is usually 80 1o 10 ];‘.’;m;"i‘nz
(4.8-6m/hr). Practice is tending towards higher rates {upto 10 m/hg) i ﬁ:t"mﬁi':,a:ﬁ;'i(m with
greater care i condiionmg the water before flteation gmd with the use of coarser sand
({:ffm tive size upto 1 mm). A pradent arrangement would be to design the filters on the hass
of average consumption at a normal rate of 4.8 m/hr but with the inlet and the outlet control
arrangements designed to permit a 100% overdoad for emergent OCCASIONS,

7.6.3.4 Capacity Of A Filter Unit

The capacity of the eapld sand filters should be such that the number of units can take
cace of the total quantity of water to be fltered and is optimum 1o keep the filters working
without undue overoading at any time. The smaller the number of units, the fewer the
appurtenances but the larger the wash-water equipment that will be required. Thus whitle
destgning large size filters one must consider the rate at which wash-water must be supplicd
and the hydraulic problems for @ﬁmfmg untform distribution of wash-water due to the large
area. A mximum area of 100 m® for a single unit is recommended for plants of greater than
100 smld consisting of two halves each of 50 m’ area. Also for flexibiity of operation 2
minimum of four units should be provided which could be reduced to two for smaller plants.

7.6.3.5 Dimensions OF Filter Unat

Layout of the plant, economy and conventence determine the relationship between the
length and the breadth of the units. Where fiters are located on both sides of a pipe gallery,
the ratio of Iu‘;gﬁl to width of a filiee-hox has heen found to lie, m a number of installations,
between 111 and 1.66 averaging about 1.25 1o L33 A minimum overall depth of 2.6m
mctuding a f“src-‘:az board of 1.5 m s adopted.

The filter shell may be in masonty or concrete (0 ensure a water tight structure. Lixcept i
locations where seasonal extremes of temperature are prevalent, if 15 not necessary 1o provide
a roofing over the filters, the operating gallery alone being roofed over.

2.6.3.6 Filter Sand

Filter sand is defined in terms of effective size and uniformity coethicient. Lffective size 15
the sieve size i millimeters that peomits 10% by weight to pass. Uniformity m $iZ€ 1S

. 245




spectfied by the uniformity coefficient which is the ratio between the steve size that will PAsS
G0% by weight and the effective sive.

Shape, size and quality of filter sand shall satisfy the following norms:

(@)  Sand shall be of hard and resistont quartz or quartzite and free of clay, fine
particles, soft grams and dirt of every deseription.

by Effective size shall be 0.45 1o 0.70 .

()  Untforrauty cocefficient shall not be more than 1.7 nor less than 1.3,

() Tgntiton loss should not exceed 0.7 per cent by weight.

{e)  Soluble fraction in hydrochloric acid shall not exceed 5.0% by weight,

()  Stlica content should be not less than 90%.

(g)  Specific gravity shall be i the range between 2.55 to 2.65,

()  Weanng loss shall not exceed 3%

58419 (Part 1) 1977 enntled Filrration Media sand and Gravel may be referred 10 for
details,
7.6.3.7 Depth Of Sand

Usually the sand layer has a depth of 0.60 1o 0.75 m, but for higher rate filteation when
the coarse medium 15 used, deeper sand beds are suggested. The standing depth of water
over filter varies between 1 and 2m. The free board above the water level should be at least
.5 m so that when air binding problems are encountered, it will facilitare the additional
levels of 0.15 1o 0.30 m of water being provided to overcome the trouble.

7.6.3.8 Preparation Of Filter Sand

The sand to be used n the filter 45 specified in terms of effective size and uniformity
coetfictent. From a sieve analysis of the stock sand, the coarse and fine portion of stock sand
that must be removed in order to meet the size specifications, can be computed n terms of
p;, the percentage of stock sand that is smaller than the desired effective size d, which is also
equal to 10% of the usable sand and p,, the percentage of the stock sand that is smaller than
the destred 60 percentile size d,.

The percentage of suitable stock sand p,, 15 then = 2(p, — p; ) because the sand lying
between the d,, and d, sizes will constitute half the specified sand.

To mect the specified composition, this sand can contain 0.1p,, of 2 sand below d,, size.
Hence the percentage p,, below which the stock sand is too fine to use is

Py =P - Olpy=p - 02{p,—p) = 12p-02p,

Likewise, the percentage p; above which the stock sand is too coarse for use is

Py = py ot 4% of usable sand

=p, F 04X 2{p, -0 = p, + 08(p, 00 = L8 p, -~ 0.8 Py
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