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5. Filtration in water Treatment

5.1 Definition of Sedimentation:

Filtration is a solid —liquid separation process in which the
liguid passes through a porous medium to remove as
much fine suspended solids as possible

5.2 Locations of filtration tanks in water treatment:

Filtration tanks are used in all types of water treatment
plants except for disinfection treatment plants. See
Figures 5.1 through 5.4 illustrating the location of filtration
tanks.
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Figure 5.1: Filtration Treatment Plant (River
Water)
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Figure 5.2 : Filtration Treatment Plant
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Figure 5.3: Softening Treatment Plant Single stage
softening
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5. Filtration in water Treatment
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[ Settling is not sufficient to remove all particles and
flocs from water.

[ Filtration Needed for fine particles not removed by
sedimentation.

Filters can also capture Giardia cysts, viruses, and
asbestos fibers

Typical overflow qualities from sedimentation tanks
range from 1 to 10 NTU.

Filtration, usually rapid sand filtration, is then
employed for further “polishing”, i.e. to get the
turbidity to lower than 0.5 NTU (as required by
legislation).

(JRapid sand filtration after prior sedimentation is the
most common configuration worldwide



5. Filtration in water Treatment

5.4 Types of filters used in water treatment:

Granular material filters are the most used types of filters
in water treatment. Usually sand, anthracite, and Garnet.

There are three types of granular filters:
1. Single -medium filters :
one type of media is used: either sand or anthracite

2. Dual-media filters: two types of media is used usually sand
and anthracite

3. Multimedia filters: three types of media are used usually
sand , anthracite , and Garnet

Most famous filters in water treatment are Rapid Sand Filters.




5. Filtration in water Treatment

5.5 Geometry and components of Rapid Sand Filter:

d

d

Rapid sand filters are always rectangular tanks.

Figures 5.5 to 5.10 show typical Rapid sand filters used in
water treatment.

Main components of Rapid sand filter are:
1. A concrete tank
2. Filter media
3. Under drain system
4. Backwash system: pressurized water and air lines
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Figure 5.5 : Rapid sand filter components
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Figure 5.6a :
Rapid sand filter components : with gravel and
perforated pipes under drain system
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Figure 5.6b :
Rapid sand filter components : with gravel and
perforated pipes under drain system
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Figure 5.7 :
Rapid sand filter components : with gravel and
perforated pipes under drain system



LF Block Underdrain

Figure 6 — Tetra LP Block Filter Underdrain

Figure 5.8:
Rapid sand filter components: with ducts under- drain system

14



Wash trough U

L
e @ PR
ul?,;.uqu: bﬂn‘ﬁ g? Tg @ nn ﬂﬂﬂ‘;-ﬂ

I:].l.'l’:“"-"liln'l Do oa 0 69 B, O

o @ o a. 9 _.p 0.0 9B o 2 -]
g © B3 o ﬂgu,;.unﬂﬂ'ﬂﬂ

LEd - £ a

y 18-in. fayerof o0 ¢ o

o agnthracite med i.m"rl;:I

L 2%, layer of - .
ool filter sand

Underdrain

(@)

Figure 5.9:
Rapid sand filter components: with nozzle under- drain system



5. Filtration in water Treatment

Figure 5.10:
Rapid sand filter perforated

slab and nozzle under-drain
system
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5. Filtration in water Treatment

Filter Nozzle Type NS70

Figure 5.11 :
. . . Available in a variety qf standard designs
Nozzle used 1] Rapld sand fllter or can be custom designed to meel your
requirements
under-drain system

Materal ABS
PP

Glass Fiber Enforced PP

17



5. Filtration in water Treatment

5.6 Operation of Rapid Sand Filter:

There are two modes of operation of Rapid sand filter

O  Filtration mode ( see Figure 5.12 )

d  Backwashing mode ( see Figure 5.13 )
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5. Filtration in water Treatment

5.7 Filtration mode:

 Water flows downward through a bed
of sand and gravel

e Particles are captured on and between
sand grains

e Filtered water is collected in the under
drain, sent to disinfection

19



5. Filtration in water Treatment

5.8 Backwash mode:

e Sand is backwashed when
— It becomes clogged, or

— Turbidity of filtered water gets too high

e During backwash, water is pumped
upwards through the sand bed
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5. Filtration in water Treatment

e Sand becomes “fluidized”, and particles
are flushed from the sand

e Dirty backwash water is pumped into a
settling pond, and either
— Recycled back into plant, or
— Disposed

* Backwashing can consume 1% to 5% of a
plant’s production
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Figure 5.12 : Rapid sand filter during
filtration




Figure 5.13 : Rapid sand filter during backwashing
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5. Filtration in water Treatment

5.9 Filter media properties
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Figure 5.14 : filter media grain distribution
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5. Filtration in water Treatment

-These filters use sand and crushed anthracite coal on a
graded gravel base.

-Media layers are arranged in a course to fine gradation in the
direction of flow, which allows greater depth of penetration of
floc particles.

-Multimedia filters are selected with specific gravities so that
moderate intermixing between media layers occurs during
backwashing.
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5. Filtration in water Treatment

5.10 Filter media properties

The filter media is characterized by two main

parameters: the effective size and the uniformity Influent
coefficient.
Effective_size of the filter media

PP

The effective size of the media is the diameter
that 10% of the filter media is less than it size and

is denoted as d,,. 88008 ]
Uniformity coefficient of the filter media (9 ) " Coal
U = —60 OO ',
- O

@) OO0
%O%OOOOO > Sand

U =Uniformity coefficient 300
oD
dg, = sieve size that passes 60% by weight ggg&oo‘g%%%cg 1
d,, = sieve size that passes 10% by weight 08"8% o% Garnet
?ggo%% oS RASESSS »

-dg, and d,, are found by sieve analysis of the
media to be used in the filter.

-Another important sieve size is dy, that is used '
to calculate the backwash rate.

Underdrain
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Anthracite Coal
Depth: 22* ———
Effective Size: 0.96-110 mm

Silica Sand
Depth: 11* —
Effective Size: 040 - 0.50 mm

Garnet Sand
Depth: 3* ——
Effective Size: 0.20 -0.35 mm

SUPPOrt Gravel s

Figure 5.15:
Rapid sand media layers

The Evertt Watr Ftaion il tlizes 8
filters, each with a surfacg'direa of 15301t 1o
remove over 95% of the suspended particulates
from our source waler

extensive lesting, the media was replaced
} {oimprove performance and efficiency.
profiles for the old and new fifter media
are shown here al full scale.

| The original multi-media ters on theleft.

There are layers of anthracile coal, silica sand,
and garnel sand. This type of filter uses
progressively smaller void sizes between the
top and bottom of the flter o ensure that all
particulates are removed during fillration. These
filters provided exceflent filtration, bul were
~fimited in how fast they could process watet

The new mono-media filter is on the right. After

3 years of testing, the old filter media was
replaced with a deep bed of coarser anthracile
coal. Because the media bed is larger in volume,
i can hold a greater amount of material before
becoming fully loaded, and so needs fo be
cleaned less often. Also, the media doesn't have
smaller void sizes near the bottom, so there is less
flow restriction. This allows forincreased
filtration rates.

Changing the filter media along with many other
improvements allow the City of Everetl o
produce some of the highest quality drinking
waler in the world.

Anthracite Coal
" Depth: 52°
Effective Size: 1.25 -1.35mm
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5. Filtration in water Treatment

Table 5.1 | Single-Medium Filter Characteristics for Water

Treatment
VALUE
CHARACTERISTIC Range Typical
Sand medium:
Depth
in. 24-30 27
(mm) (610-760) (685)
Effective size, mm 0.35-0.70 0.60
Uniformity coefficient <1.7 <1.7
Anthracite medium:
Depth
- in. 24-30 27
(mm) (610-760) (685)
Effective size, mm 0.70-0.75 0.75
Uniformity coefficient <1.75 <1.75
Filtration rate:
gpm/ft? 2-5 4
(€/s-m?) (1.36-3.40) (2.72)
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5. Filtration in water Treatment

~ Table5.2 | pyal-Media Filter Characteristics for Water
Treatment

VALUE
CHARACTERISTIC Range Typical
Anthracite:
Depth
in. 18-24 24
(mm) (460-610) (610)
Effective size, mm 0.9-1.1 1.0
Uniformity coefficient 1.6-1.8 1.7
Sand:
Depth
in. 6—8 6
(mm) (150-205) (150)
Effective size, mm 0.45--0.55 0.5
Uniformity coefficient 1.5-1.7 1.6
Filtration rate:
gpm/ft? 3_8 5

(€/s-m?) (2.04-5.44) (3.40)
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5. Filtration in water Treatment

Mixed-Media Filter Characteristics for Water

Table 5.3
VALUE
CHARACTERISTIC Range Typical
Anthracite:
Depth
in. 16.5-21 18
(mm) (420-530) (460)
Effective size, mm 0.95-1.0 1.0
Uniformity coefficient 1.55-1.75 <1.75
Sand:
Depth
in. 6-9 9
(mm) (150-230) (230)
Effective size, mm 0.45-0.55 0.50
Uniformity coefficient 1.5-1.65 1.60
Garnet:
Depth
in. 3—-4.5 3
(mm) (75-115) (75)
Effective size, mm 0.20-0.35 0.20
Uniformity coefficient 1.6-2.0 <1.6
Filtration rate:
gpm/ft* 4-10 6
(£/s-m?) (2.72—6.80) (4.08)
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5. Filtration in water Treatment

Effluent

e

Time —» t

Figure 5.17 :
Head loss and effluent turbidity increase with time during filtration

Turbidity,
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5. Filtration in water Treatment
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Figure 5.14 : Head loss in rapid sand
filter during filtration cycle
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Head loss in a clean filter

Carmen —Kozeny equation:

h_ku(-e)? (x)

L gps® A
V. 6 v — Q
A  ¢d A

Where,

k =dimensionless coefficient , 5 for sand, 6 for anthracite;
v = filtration rate m3/m2.d, or filtration velocity m/d.

A = the grain surface area;

As = surface area of the sand filter;

V= the grain volume;

e= filter porosity; around 0.40 for sand filter

&= shape factor; 1 for spherical particles, 0.70 for sand;
nu=dynamic viscosity; N.s/m?

p= water density; kg/m3

h=head loss in clean filter,m



Example 5.1:

A dual media filter is composed of 0.30 m anthracite (mean particle size
0.20mm) that is placed over a 0.60 m layer of sand (mean particle size 0.70mm)
with a filtration rate of 9.78 m/h. Assume the grain sphericity ¢ =0.75 and
porosity (€) = 0.40 for both. Estimate the headloss in the clean filter at 15°C.

A. Head loss in the anthracite layer:

h=0.30*6*

0.00113* (1—0.40)* ( 6

2
: j *0.00272 =0.0508m
9.81*1000*0.40° \ 0.75*0.002

B. Head loss in the sand layer:

o)

( 0 j *0.00272=0.6918m
0.75*0.007

0.00113* (1—0.40)2

h=0.60*5* :
9.81*1000%0.40

B. Head loss in the sand layer:

h,;=0.0508 +0.6918 = 0.743 m
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(hl )t :V(a + BV fierg )

Where,
Vv = filtration rate m3/m?2.d, or filtration velocity m/d.
a,b =coefficients depending on the filter media properties;

Viiereq = filtered volume per unit area of filter since last backwash; m3/m?2
(h), =headloss at any time (t), m
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Example 5.2:

A filter has a head loss of 0.30 m when clean ( newly washed), and 1.30 m after
24 hrs of filtration at a rate of 1.5 L/s.m? . Estimate the head loss both

immediately after backwash and 10 hrs later, if the filtration rate is changed to 2
L/s.m? .

A. Estimate the valuesof a and b :

0.30= 1> (a+b*0)
1000

1.30=—— LS a+b* L5 ——*24*3600
1000 1000

By solving the 2 equations simultaneously, a=200, b=5.14

B. Calculate head loss for the new flow rate:

2

1000

2 2

H10=—(2oo+5.14*—*1o*3600j ~1.88m
1000 1000

—~_(200+b*0)=0.40m

0=
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Filtration hydraulics Calculations
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Filtration hydraulics:
1} Apply Bernouli equation between point 1 and 2
pl vf pg vzpipe
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Filtration hydraulics Calculations

(h;), = head loss at any time (t)
Substituent these values in the Bemoulli equation:
v’ pipe
H=h,+ T—F (h:}r (1)
h, = pressure head avaliavle just at the outlet of the filter at any time(t)

(h:}r = (h:jﬂﬂtﬁrnrite T [:h:]:-'.'l.'-lﬁl:i' + (h:]gﬂﬂ‘ﬁ't + (h:jtmn’w drairn

garnat

(he), L cand ] - use carmen Kozeny equation for clean filter
nthracite

garnet
nthracite

(h;), L sand ] = use the equation for dirty filter

(‘I?E )z' :V({I + b Vﬁé‘z’erd )
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Filtration hydraulics Calculations

(R1) e duin < if the under drainis gravel,use Carmen K ozeny equation for clean filter
= if the under drainis slab and nozzel use the value given by the Manufacturer.

L = Lopshraciee T Lsand + Lgarnee = Total filter media depth

D .
H=d+L+L, — -‘;-"E’...(E}

d = water depth a bove filter media during filtration.

From 1 and 2 -

-

h.o=d+L+1L Orive _Vpive (1) (3
e = “ TS T2, - (h), - (3)

2
'il_::l .
d = ;;E + 1.5 (hy)ciean -« (4)

From 3 and 4

ht =L+ Lu _E%E—I_ 1.5 (h:]E:EEH - [hI]t(E}
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Calculations of filter backwash rate

The backwash flow rate is calculated using the following equations:

v, = (1135.69+0.0408G, ** — >3-4
90 pd90
dgo P8 - p)
G = 9010103_10 g
n 2
u

(Vb )design = 1'3Vb
Where,

v, = backwash rate m3/m2.d,

dyg = sieve size that passes 90% by weight
i =dynamic viscosity; N.s/m?

p = water density; kg/m3

p. = filter particles density; kg/m?3

G, =Galileo number, dimensionless

g = gravitational acceleration, m/s?



Calculations of filter expansion

The expansion during backwash is calculated using the following

equations:

l1-¢
L =L _
c [1—%) “e

Where,

L = bed depth during filtration, m

L. = expanded bed depth, m

€, = expanded bed porosity, dimensionless

€= bed porosity during filtration , dimensionless
v.= settling velocity of the filter particles, m/s




Calculations of headloss during filter backwash

Headloss during backwashing is calculated using the following
equation:

h= Le(l_ge)(ps _,0)
Jo,

Where,

L. = expanded bed depth, m

€, = expanded bed porosity, dimensionless
p = water density; kg/m3

p, = filter particles density; kg/m?3
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Backwash hydraulics Calculations

w b I :
Hdndpf_*".r’ 4 R e | " I

Backwash hydraulics:

1) Apply Bernouli equation between point 1 and 2

22 2
P (2 L
Ly g T2y TR g4,
Yy 24 14 29
1 L 1:"12 Py
but - — = zero,Z, = H,— = zero,Z, =zero,— = h
4 29 4
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Backwash hydraulics Calculations

z

So — H=h+224p . (1)

2g
1.852
10.70L { Qp - :
hy = — ( ) . (Hazen Williams Equation)
BF[rFE' CHW

Qp = (Vo )design * Agitear - (2) = (pipelengthfrom a=b+b=c)

I
I Cyy =140 - 150
I
I

@y
Apips = ripe ..(b)
: Dyip= backwash pipe diameter
__ MDpipe .
Amm T g e (c) ' (y, = backwash flow
, Evb}:'ﬁig‘. |
Apipe = Arater” v T -(d) | Veige typical rangeis 1-1.5mls

Note: —"H" is the height of the Backwash tank.

— " h" is the available head just at theinlet of the filter.

2) Apply Bernouli equation between point 2 and 3
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Backwash hydraulics Calculations

pE ?‘jsipe ﬂh
?-l_ 2g t E + + + E +(h :]_fhtEli"‘ [ Ijundardmin

P, D,
[p =hZ,=Zero,—> = Z,_ .zf“m,—ﬁ]
¥ ¥ 2

2

Vgipe V4
PH+ =4 Z3+
29 29 7

pL‘pE
thfﬂ-"‘ (—— ] + (h:jf[ha‘ + [h:jtﬂm’er drain

v v* pipe DEiEE
H= 2; o ;gp + [Efiitgr _( 5 ) I+ (h.!)filtm' + (hI]undgr drain

(h:]ﬁ:m =X of headlosslossin each filter layer
= (h:jgm‘ﬁet + (h:jsnm’ + (h:jﬂﬂthmr[tc

L (1 — £ :}l pP.— P
(h:] sond _A}'Uub'ﬂ' Lhe Equi:ILiU[l _.}.i'.l,: = E E [: g :]
gornet p
anthracite

(i) oo goin 2 1f the under dain is slab and nozzel type, (hy)

underdain

2 if the under dainis grarel use carmen K ozeuy equation to calculateit.

is given by the manufacturer.
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Backwash hydraulics Calculations

ku(l—sg)2
h;=1L,* il 3} *(E) v
g pe

Leiter = Ly + Lo + Ly, = 0.5, + L, +05,,

=L1L_+1.0,,

LE, = ‘:Lajgnﬁ_,d + (Lﬁ'jgm‘ﬁet T (Lﬂjﬂﬁthmc‘[tc‘
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Filtration hydraulics Calculations
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pl vf pg vzpipe
1y iz =24 PR L7 +(h
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Filtration hydraulics Calculations

(h;), = head loss at any time (t)
Substituent these values in the Bemoulli equation:
v’ pipe
H=h,+ T—F (h:}r (1)
h, = pressure head avaliavle just at the outlet of the filter at any time(t)

(h:}r = (h:jﬂﬂtﬁrnrite T [:h:]:-'.'l.'-lﬁl:i' + (h:]gﬂﬂ‘ﬁ't + (h:jtmn’w drairn

garnat

(he), L cand ] - use carmen Kozeny equation for clean filter
nthracite

garnet
nthracite

(h;), L sand ] = use the equation for dirty filter

(‘I?E )z' :V({I + b Vﬁé‘z’erd )
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Filtration hydraulics Calculations

(R1) e duin < if the under drainis gravel,use Carmen K ozeny equation for clean filter
= if the under drainis slab and nozzel use the value given by the Manufacturer.

L = Lopshraciee T Lsand + Lgarnee = Total filter media depth

D .
H=d+L+L, — -‘;-"E’...(E}

d = water depth a bove filter media during filtration.

From 1 and 2 -

-

h.o=d+L+1L Orive _Vpive (1) (3
e = “ TS T2, - (h), - (3)

2
'il_::l .
d = ;;E + 1.5 (hy)ciean -« (4)

From 3 and 4

ht =L+ Lu _E%E—I_ 1.5 (h:]E:EEH - [hI]t(E}
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