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onventional wWater Treatment Processes
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Flocculation and its applications in water treatment
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e namnmznau dszinn Solid Contact Tank
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Coagulation
Rapid Mix
Equations for Design

Camp and Stein Formula

where
= velocity gradient, 1/s (G = 700 to 1,000 per sec)

= power imparted to the water, N-m/s or watt

= volume of the basin, m?
= absolute viscosity of the fluid, N-s/m?



Villegas and Letterman

VEIOCIty: gradient, Sec

MIXing THme; Sec

Optimum dese: (Alum;, PACI ete.)




Coagulation

Rapid Mix
Type of Mixers

1. Mechanica

- Impel

Mixers

er

- prepeller

Glideline

Contact time, Sec

20 50

VVeleeiy Gradient, sec - 1,000 900

40
720

> 40
700



Mechanical Mixer Design

Values
Most Common in Larger Plants

Contact Time @ RMS G Value GT
(s) (s™)
20 1000 2 X 10
30 900 3 x 10
40 790 3 x 10

> 40 700 3 x 10






Power imparted to the water

- Impeller

1 = impeller speed, revolutions per second (1ps)

1 = impeller shaft toraue, Nem




Power imparted to the water

- Impeller & propeller

POWET NUMIBEI oI the Impeller

mpellerdiameters
MEASS densIty oriiuid; ko/im®

MPElEFSPEEH; FEVOIUNBNS PEIFSECONE (IPS)




Table 8-5 Power Numbers of Various Rapid-Mix Impellers

Power Number, Np

Radial flow
Straight blade turbine
4 blade (w/d = 0.15)* 2.6
4 blade (w/d =0.2) 3.3
Disc turbine
4 blade (w/d = 0.25) 5.1
6 blade (w/d = 0.25) 6.2
Axial flow
Propeller 1:1 pitch 0.3
Propeller 1.5:1 pitch 0.7
45° Pitched blade
4 blade (w/d = 0.15) 1.36
4 blade (w/d =0.2) 1.94

a  w/d = blade width-to-diameter ratio.
Source: Adapted in part from References 2, 5, 27, and 28.



2. Static Mixer

Optional feeder input disk—Teflon or Kynar

Spool lined with Teflon
or Kynar
"""""""""""" Teflon or Kynar
Flow ( element
Y L i i retainer disk
e
Removable element assembly

made from solid Kynar, coated metal,
or special material—e.g., Carpenter 20
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Design Criteria

- Detention time = 1 — 3 sec
=1 — 35 Sec

- G value = 500 — 700 st
=500 — 1,000 s -

- Gl =550 — 1,500
=550 — 1,700

= 1,000 - 1,500
(Kawamtra)
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Static mixer Design

2 element

Static mixer length = 1.5 % d x element — 0.5d

3 element

Static mixer lengti = 1.5 x dix element — d
Arelement

Staticimixeriengiir =15 x dx element= 1.5d



5 element

Static mixer length = 1.5 x d x element — 2d

6 element

Static mixer length = 1.5 % di x element — 2.5d

7 element

Staticimixer lengin = 1.5 % di x element — 3@
o element

Staticimxeriengir =5 d xelement — 3.5d



Static Mixer Length(m)

Detention Time =

Acture Velocity(m/s)

 yorf




HEADLOSS ACROSS MIXER (PWA)
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Equations for Design

where

mixer, m

ACCEleration dUe torgravity, misz

KIREmatic v]scos]ty IM=/S

Gl MIXEN, SEC




Equations for Design

1.The Minimum Number of Element

Wherne
= Reynoelds number

= pipe diameter: (Im)
= 1mass density’ of water. (kg/me)
=\WalerVeloeiiys (Im/s)

= 2l9selUie VISCOSI Bl wWater: (kg/m.s)



The Minimum Number of Element

The number of elements recommended are as follows:

Number of Elements

500 - 1000
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=4 i L I’\/le;ng of gas Ond Iow viscous ﬂUIdS

- Mixing of low viscous fluids
4-6 - Homogenization of high viscous fluids
- Umformao’non of femperature

Gos |IC|UId contraction
- Blending of heavy oils

- Alkali washing

- Aeration

- Mixing of medium viscous fluids
- Ex’rroc’rton / emulsmco’non

- Mixing of high viscous fluids

- Mixing of two-component resins/adhesives

- Heat exchanger/reactor
- Specn‘lc pUrposes




2.Head Loss In Static Mixer

Darecy — Weisbach Eguation

where

= {otallhead |ess acress static mixer. (Im)
= ceeflicient eiffriction (Darey. — \Weishsch)
= |enagth o static mixer. ()

= @iameter o pipe: (Im)

= velecity Inrthe pipe: (my/s)

= Acceleraton due tergravity. 9:81 m/s?



For smooth pipe Reynolds number would give the
following relationships between f and R,




where

= power imparted to the water, ft.lb/sec

= pumping| rate ft=/s




Manufacturer of the static mixer unit

W riatle; gjem

= IjPE diameter; in

Z 0O O < oun
I

= NUMIBEN OF ffJJAJfJ




Manufacturer of the static mixer unit

Tlow. rate; gpm

PIPE diameter; in

NUMBER O MIXINGEIEmEnts




N13ATHIHAT Pressure Drop

:l :i & LY o | = A
FAMIUNENIDINUMINUIUAN Pressure drop N 2 g7 @18

Re.NO : Reynold's Number

D - wdmguinanssuluzasyia (mm)

u - amaiSlumsiedeufitesmeavan (m/s)
p © ANNANLUUTDIYDIRY (Kg/m3)

M - anaviinvasaanad (Kg/m.s)

MReNo. < 2300 C> Laminar flow
MReNo. > 2300 =) Turbulent flow
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The quantiy of the elements requied depend upon the ReNo., see below for detals |

e 2 10 R — 4 elements

L TR ST [R——

“ L G s 12 elements

| 10 =<Re < | T —— 18 elements
u e < 1D T
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3. Hydraulic Mixing
- Hydraulic jump

Guideline

resident time = 2 sec

\/elocity' Gradient = 800isec:

Head loss = 0.3 —0.4 m




Inflow

Approach Channel

E.G.L

1

:

_.._.»

7| ﬁ

= Zttlow

Y \

i
Chemical / —

Dispersion

Turbulent Flow /
Channel






Power imparted to the water

- Hydraulic jump

Mass density offiuid, ko/m>

ACCEleration dUe torgravity, misz

oW rate; m=/s

Headiess; Im




Head loss for Hydraulic jump




= flow rate, m=/s

o1 = Wiathror Fyaraulicjumps, (m)

Yy
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- Welr

Guideline

resident time =2 -5 sec
Head loss = 0.3 — 0.6 m

Glant Fermula

‘ 5
155902 VV=Roetechn Well Q — 1.38hWA

2, 6O \/=Retchn Welr




3. Rectangular welr

4, Trapezoidaliwelr

WRE

ﬂ)

o8 = fleow discharge; m=/s

I =neadk onwelrs m

("\

= =HEENQINIeITWEIS 1M




5. Outlet Arrangement

Compined wWelr Iiengun; m

oW rate; mp/d
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Rapid Mix Flocculation

V-Notch Weir miiad
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Float-Activated
0| Indicator and Recorder

Stilling

Well — Staff Gauge




4., Diffusers and injection device

Guideline
Mixing time = 1 sec

Velocity Gradient = 750 — 1,000 sec*

V/EIOCILY al INJECUION NOZZIESI= 6/-7.6 M/S
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In-Line Blenders

e T<30s
» G=3,000t05,000s?
e GT=9x10°to 1.5x10°



Injection Mixer

l Alum injection

0-3? - i-nl dilTH.
Constrictiomr—

/////////////////// W,

S — p——

I-in.1D -

Leonard W. Casson, Ph.D., P.E., DEE



Data needed for design

1. Raw water analysis ~ best & worst quality.

2. Maximum and minimum; flow: rate




Flocculation

1. paddle type mechanical flocculators

Wherne
= PeWer reguirement fer mixing', Wait (Nim/s)
= mass; density of fluid}, kg/me
= area of paddles, m¢

=Velecity el therpadalerelatvertier tie Water, m/s

= COEliicient eirdrag



Table 8-6 Coefficient of Drag (Cp) for Paddle-Wheel Flocculator, Based on Length-
to-Width Ratio of the Paddle

Length-to-Width Ratio (L/W)

5
20

(5]




= velocity of the paddle relative to the water, m/s

V = 27N

paddle

1 = thnevotation speEed oI padaie(19s)




Design Criteria

1.Velocity Gradient 30 to 80 sec*

2. Detention Time = 30 — 60 min

(Kawamura)

(Camp)




2. Baffled type flocculators

For Horizontal units

For Vertical units

N

{21 p.44+ 1)[WLG)/QF |




where

= mass density of fluid, kg/m?
= number of baffles in the basin

= depth of water in the basin (m)
= |ength ofi the basin (m)

= velocity gradient (s)
= flow rate (m=/s)

= lIme of fleceulaton (S)
= dynamic viscesity (kg/m.s)

= COEfficient o firiction off the haffles
=\Widuareitaetsasing(im)



Guideline For Horizontal units & Vertical units

1.Water velocity generally varies from 0.1 to 0.3 m/s
2.Detention time varies from 15 te 30 min

3.\Velocity gradients vary between 10 1o 100 s+

4. Distance between baiffle > 0.45 m

5, IHead loss = 0.085 — 0.04 m
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Head loss, m
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deCeleration aUerto grawvitys ke my/se




Pesigni Criteria

1x10#

2x10%
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(Kawwamuire

(Camp)




Flocculation: cont.

Power input

Tank volume

Extent of Mixing = Gt

Dynamic viscosity



Flocculation: Purpose

=

Promote agglomeration of particles into
larger floc

Units often designed on the basis of mixing
intensity as described by the velocity
oradient, G

— some muxing 1s needed to keep particles in
contact with other particles

— too much muxing can cause floc break-up



Flocculators

Drive shatt

<]

Usually 4 arms with 3-4 slats per arm
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Flocculation: Design

Flow through velocity: 0.5 to 1.5 {ft/min

variable speed paddle flocculators

— peripheral velocities of 0.5-2.0 ft/sec
— honzontal shaft; slower, best for conventional
— vertical shaft: faster, best for direct filtration

typical dimensions
— 12 ft deep

<] || — length/width = 4

— 30 min detention time
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Figure 6.2. Horizontal-flow baffled channel flocculator (plan). Source: IRC, 1981b.
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Vertical-flow baffled channel flocculator (cross-section). Source: IRC, 1981b.



Flocculation

Choose between sufficient energy
and shearing the floc



Range of RMS G Values

G=10to 75 s
Most Common Range of G = 30 to 60 s'!
Single Value of G =50 s

Theoretically as G increases Time of Flocculation would
decrease. However the limit of G = 75 s-1

Flocculation Time is limited by basin size. Flocculation
Times less than 10 minutes should be avoided.



A Dimensionless Design
Parameter (GT)

G = Root Mean Square Velocity Gradient
T = Flocculation Basin Detention Time
Range of GT Values = 10% to 10°
Engineers prefer dimensionless numbers.



Paddle Flocculator Schematic

_ | . Settling fank
Chemcal feed line Fixed wood balfles .
' g": “Flash mixer !a"'t, Rolating baftles (DU |

ELEVATION



Paddle Flocculator Schematic
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Rotors and Stators

Rotors: stators shown only in lower half

i Y,
ol W e o Y
- 5 =5 = /
= i
Horizontal Statur bea
shaft E r———I——- statnrs not 2
show /
Direction of /
displacement ’ Rotors and g
stators 7
7
/
I

Longitudinal section; Cross-section
stators not shown in upper half of channel
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Flocculators
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Flocculator Paddle Wheel
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Vertical Paddle Flocculator




Vertical Paddle Flocculator
Wheel




Coaqulation/Floccuation and
- Sedimentation
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Water Treatment

Settling Tank Design



H,0 |deal Settling Tank(1)
: Quiescent
Settling conditions
Zone Outlet
Inlet / zone
zone 7
> Vh
_ L/ Does not
Uniform S disturb flow
distribution
of particles
/f
Sludge
: No

Z0ne

resuspension




|deal Settling Tank(2)

Plan

A=WL

H End elevation




H,O |deal Settling Tank (3)
: : L
Residence time t,=—
Vh
. | 0 HWL
H tal velocit =—<_ — =
orizontal velocity v, Yy >t 0

Consider a particle entering at water level.

Needs to fall a distance H in time <t,

— H_ QH Q Q
V 2 = — =
>t HWL WL A

r

Q/A is the surface loading, or overflow rate

In theory, all particles with v, exceeding Q/A will be removed



Design Considerations

o Generally used:
— Older and smaller installations
— Raw water with high solids
— Quick solution

e Main features
— Length 3 times width — stability of flow
— Surface loading up to 2.5 mh-L.
— Inlet and outlet design
— Sludge removal by mechanical means



Typical parameters

* Discrete settling (Type 1)
— 2.5-3m deep
— 1.0-2.5 m/h overflow rate
— Horizontal flow < 36 m/h
— Weir overflow rate <14 m3/h per m of weir

e Flocculent suspension (Type 2)
— 3-4m deep
— 0.6-1.0 m/h overflow rate
— Horizontal flow <9 m/h
— Weir overflow rate <6 m3/h per m of weir



Residence Time

 |deal tank

— Assumes plug flow
e Reality

— Short circuiting

— Disturbances
— Currents



Overflow Weirs

* Need to prevent excessive velocities
e Light flocs
— 6 m3/h per meter of weir

* Discrete particles
— 14 m3/h per meter of weir



Other Design Factors

At least 2 tanks
— Cope with maintenance and breakdowns

Width no more than 12m
— Sludge removal equipment

Length
— 3-4 times width
— 10-20 times depth

Sludge zone
— 05m

Slope — approx 1/100



Other Types of Clarifiers

 Sludge blanket clarifiers
 Inclined plate and tube settlers
 Flotation



Sludge Blanket Clarifier

Decanting channels

Sludge blanket:

t t 1

Inflow
Encourage
flocculation

T 1 Sludge 1
T vy removal [ it T i T ey




Type of Clarifier

Design Criteria

1. Rectangular basin
(Horizontal flow)

- Surface loading 0.83 — 2.5 m/h
- Water depth 3—5m

- Detention time 1.5-3 h

- Width/Length > 1/5

- Weir loading <11 m3/h.m

2. Upflow type
(Radial- Upflow)

Circular or square in shape

- Surface loading 1.3 -1.9 m/h
- Water depth 3—-5m

- Settlingtime 1 -3 h

- Weir loading 7 m3/h.m




Type of Clarifier

Design Criteria

3. Reactor Clarifiers

- Flocculation time : approx 20
min

- Settling time 1-2h

- Surface loading 2 — 3 m/h

- Upflow velocity < 50 mm/min
- Weir loading 7.3 — 15 m3/h.m

4. Sludge Blanket
Clarifier

- Flocculation time : approx 20 min
- Settling time 1-2h

- Surface loading 2 — 3 m/h

- Upflow velocity < 10 mm/min

- Weir loading 7.3 — 15 m3/h.m

- Slurry circulation rate : upto 3 -5
times the raw water inflow rate




Table 9-6 Typical Water Treatment Sedimentation Design Parameters

Surface Loading
Detention Time, Rate, Weir Loading Rate,
h m3m?.d (gpd/ft?) m3/m-d (gpd/ft)

Rectangular basins

Coagulation 4-8 20-40 (50-1000) 250 (20,000)

Softening 2-6 40-60 (1000-1500) 250 (20,000)
Solids contact units

Coagulation 2 40-60 (1000-1500) 170 (14,000)

Softening I 60-100 (1500-2500) 350 (28,000)
Upflow basins

Coagulation 2 40-60 (1000-1500) 170 (14,000)

Softening 1 60-1000 (1500-2500) 350 (28,000)

Source: Adapted in part from References 3, 6, 7 and 9.
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nsmnmznau (Clarifier Tank)
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1. damnmzNauUUESTNAT (Conventional Sedimentation Tank)
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o wuulualunuaszau (Horizontal Flow)

o wuulualuwusns (vertical Flow)



Ourxiet VWeirs or

Targe: BEaftlte Submerged L _awuccders
Intex el V4
| — o - 4 - 3
«—>F Ty : = P
‘——.- Twpical Sludo= Profile
Mo ! —— —— Before Cleamicsg
S ‘\\{ —_—
Matve NN ! Permeable —_— e —

frrletrt Bafflie

Secticon

Coallector

Channel\;'
i

ol b L--d‘mn-

Plao

N> ST viTerasTivacin

Coitlectory Ring

Ve sr Oor L aunder

NN
\

KI 1

COwasxiex

<
7

Moischarge

tntexr &

>

=

Tristribwutirsg
Riwg Inlet

Center Feet Ciar.®tier

Ouuries

Swurme Slwudge Discharge

= 3

SupPpeoort Colfurmn

FRervy Feed Clrarifiar



(-9 1 a & 1 (~ 1
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- SEDIPAC Plate-type static settling tank.




3. MANAZNAULUULETWALNAY (Solid Contact Tank)
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1. wounyuidsusana(Sludge Recirculation)

2. wuuiituasna(Sludge Blanket)



wuunyuRaugana(Sludge Recirculation)

e namnmznau dszinn Solid Contact Tank

wufitusana(Sludge Blanket)

e namnmznau Uszian Pulsator Tank
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Diagonal section Longitudinal section
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080 pack of plates, tubes or modules
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asnsas (Filter Tank)

[ ™4

UszLANARININGTAY LLIANNANINNNT LRARNIULATRINTRIAIT

1. wuuuselunoae (Gravity Filter)

= Lﬂ?’ﬂx’iﬂ%‘@ﬁ“i}’\ (Slow Sand Filter)

- LASANNSAIANNAUDALUNG (Self Back Washing)




Design of Filtration

Type of Filters

1.1 Filter Classified by Filtration Rate

Biological Layer Fanin Schmutdecke =5 — 10 cm.

Small installation in industry




1.2 Filter Classified by Driving Force

1.2.1 Gravity Filter

1.2.2 Pressure Filter

1.3 Filter Classified by Direction of Flow

1.3.1 Down Flow
1.3.2 Up Flow

Size

Practically < 100 m?



Number of Filter

—or Large Plants minimum 4 Filter

—or Small Plants minimum 2 Filter

. Filtration rate and Terminal Headloss

2.1 Selected by analyzing filter size
2.2 Operating Head

For gravity filter available headloss <3 m
For pressure filter >3 m
2.3 Filter Run

2.4 Effluent quality requirements



3. Filter Flow Control Scheme

Basic type of Filter rate control
3.1 Constant rate filtration

3.1.1 Effluent controlled constant rate filter
3.1.2 Influent controlled constant rate filter

3.2 Declinig rate filtration

3.2.1 Influent controlled Decling rate filter
3.2.2 Effluent controlled Decling rate filter

3.3 Constant Pressure filtration



4. Media Depth, Size and material

- Pilot Plant Studies
-Existing data from filtration facilities

treating similar waters



Size of each Filter

1. Ordinary Gravity Filters

Width of a filter cell 10 — 20 ft (16 ft average)

Length to width ratio 2:1to4:1(3:1averac

(25 — 100 m?)

(3.2 -6 m)




Size of each Filter
2. Self - Backwash Filters (Gravity Filter)
Width of a filter cell 10 — 20 ft (16 ft average)

Length to width ratio 2:1to4:1

(25 — 80 m?2)




Size of each Filter

3. Automatic Backwash Filters (Harding Type)

Width of a filter cell Standard 16 ft (5 m)

Length of a filter Up to approximately 120 ft (37 m)

(0.25-1.2 m)



Size of each Filter

4. Pressure Filter

Diameter of a filter cell 4 - 20 ft (10 ft average)

Length of a filter cell 8 — 15 ft (20 ft average)

(0.6 — 0.9 m)

Note

vertical cells are more common for large sized units B :
e multicell

antages: a self —
Ires, and cost effectivess



1. Inlet Valve

2. Qutlet / Backwash
valve

3. Backwash Outlet
4. Rinse Outlet
5. Draindown

6. Slow Refill
(air / water scour)

7. Air Inlet
8. Air Pressure

9. Flow Indicator

10. Pressure Gauges
11. AP Switch
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Filter Bed

1,000

1,250

For ordinary mono sand
and dual media beds

For tri media (coal, sand,

and garnet) and coarse
monomedium beds




Types of Filtration Media

¢ Silica Sand
¢ Anthracite Coal




Table 10-1 Typical Media Design Values for Various Filters

Single-medium Mixed-media
Parameter Filters Dual-media Filters Filters

Anthracite layer

Effective size, mm 0.50-1.5 0.70-2.0 1.0-2.0

Uniformity coefficient 1.2-1.7 1.3-1.8 1.4-1.8

Depth, cm 50-150 30-60 50-130
Sand layer

Effective size, mm 0.45-1.0 0.45-0.60 0.40-0.80

Uniformity coefficient [.2-1.7 1.2-1.7 1.2-1.7

Depth, cm 50-150 2040 2040
Garnet layer

Effective size, mm 0.20-0.80

Uniformity coefficient [.5-1.8

Depth, cm 5-135

Source: Adapted in part from References 3, 5 and 6.



Table 10-2  The Ratio of the Depth of the Media (/) to the Effective Size of the Media (d,)

Effective Media

FierType  Material  Size(d), Depth(), oo Ide
mm cm

S 0.50 254 13

Intermediate Anthracite 1.48 76.2 1.5 1023

dual-media Sand 075 18] (2

Large dual-media ~ Anthracite 2.00 101.6 1.5 1016
wand 1.00 50.8 13

Mixed-media Anthracite 1.00 45.7 1.5 1306
sand 042 229 15
Garnet 0.25 1.6 1.3

Mono-medium Anthracite 1.00 101.6 1.4 1016

s e R R e e e A e e e T e e



Filter Medium

Type ol Ellter

Medium Designi Criteria

Fine sand

0.13 — 0.42
m/h (filtration rate)

Effective size : 0.25 — 0.35
mm.

Uniformity coefficient : 2 — 3
Depth: 1.0— 1.2 m
S.G. > 2.63

Medium sand 5— 10 m/h | Effective size : 0.45 — 0.65
(filtration rate) mm.
Uniformity coefficient : 1.4 —
1.7
Depth : 0.6 — 0.75 m
S.G. > 2.63
Coarse sand 10 — 30 m/hr | Effective size : 0.8 — 2.0

(filtration rate)

mm.

Uniformity: coefficient:: 1.4 —
2.0

Depth: 0.8 —2.00m
S.G. > 2.63




Eilter Medium Type of Eilter Medium Design Criteria

Multimedia 10 — 25 m/h

coal sand (filtration rate) Effective size : 0.8 — 2.0 mm.
_ Uniformity coefficient : 1.4 —

dual or coal 17

Sand-gamet Depth : 0.3 m

trimedia

Effective size : 0.9 — 1.4 mm.

Uniformity coefficient : 1.4 —
1.7

Depth : 0.45 m
S.G.>1.51t01.6

Effective size : 0.25 — 0.3 mm.

Uniformity coefficient : 1.2 —
()

Depth : 0.0075 m
S.G.>4.0—-4.1




Eilter Medium Type of Eilter Medium Design Criteria

Granular Effective size : 0.5 — 1.0
activated o e »
(filtration rate) Uniformity coefficient : 1.5 —

carbon (GAC) ” 5

Depth: 1.8 — 3.6 m
S.G.>1.35-1.37

Contact time : 15 — 30 min

proprietary Depends on the purpose
type media




Headloss Across the Filter

Total Headloss Across Each Filter

1. Ordinary gravity filters 9 — 15 ft (average 12 ft)

2. Pressure filters 50 — 100 ft (average 75 ft)

3. Automatic backwash filters 2—-3ft (0.6 — 0.9 m.)



Headloss Across the Filter

Net Headloss Available for Filtration

1. Ordinary gravity filters 6 —12 ft (9 ft average)

2. Pressure filters 25 — 50 ft

3. Automatic backwash filters 0.5—-1.0 ft



Pressure Drop and Head Loss

Pressure Filtration 0.2 —0.34 2.1 —3.5
Gravity Filtration 0.18 — 0.24 1.8-2.5
Self - Backwash Filters 0.12 — 0.15 1.2-1.5
(Gravity: Filter)

Granular activated 0.21 — 0.34 2.1 —-3.5

carbon




Filter Washing

Backwash Rate

1. Ordinary rapid sand filters (g6 —0.74 m/min

2. Ordinary dual media bed 0.74 — 0.9 m/min
(trimedia included)

3. Ordinary GAC bed 0.5 -0.65 m/min

Surface wash Rate

1. Fixed nozzle type — flow rate 0.12 — 0.16 m/min
— pressure 8 —12 psi



Surface wash Rate

2. Rotating Arm type — flow rate 0.02 — 0.03 m/min
(single arm) — pressure 70 — 100 psi

3. Rotating Arm type — flow rate 0.05 - 0.06 m/min
(dual arms) — pressure 80— 100 psi

Alr — Scour Backwash

1. Air Scour stage for ordinary beds 0.08 — 0.16 m/min

2. Air Scour stage for coarse deep beds 0.3 -0.4 m/min
3. Rinse stage for ordinary beds 0.4 — 0.5 m/min

4. Rinse stage for coarse deep beds 0.65 — 1.0 m/min



Conditions

Possible Causes

1. High head loss through a filter
unit, or filter runs too short

2. High effluent turbidity

Filter bed in need of backwashing

Air binding (PaneI01MAYARUUSNUTBINIVBITAN18)

Mud balls in the filter bed (aﬁﬂmssméfuaﬂuﬁaummaﬁmmmaé’mgmjaa)
Improper rate-of-flow controller operation eianswiavaralumsnaugusnsimsa)
Clogged underdrains (gﬁﬂmsqﬂé’fuu%mmﬁa%’m%mzmﬂ1¢’1’€1’ansaa)

Improper media design: too small, or too deepeaenvinavesmsnsosiianain)

Floc strength too strong—will not penetrate media fdensianandausq
Filter bed in need of backwashing

Rate of flow too high @anmsnsesganiiteenuun’l3)

Improper rate-of-flow controller operation eianomfavaalumsnaugusasimshia)
Disturbed filter bed @unsessumszannduludbigraaiazein)

Mud balls in the filter bed ¢hamssamdniudeuveasiannendegnuea)

Air binding (P30 1MAYAR U NTDINIVBITAN18)

Inappropriate media size or depth (8RN VNANAZANINGIVOIAITNIVIAANAIA)
Low media depth (caused by loss during backwash) dumsnsesana)
Floc too small or too weak caused by improper chemical pretreat-

d‘ =) =) o g’J
ment waealivinadniissnnszuumsianmsniinanainiilviasarurunsag)




Equations for Design

1. The surface area ofi filter media per unit of filter plan area

where

= suUrface area of filter media per unit of filter plan area, m2
= average diameter efifilter meadia graim, mm

= measure of sphencity (0.7, 0.8-1)

= PEIESILY eI veadl(Sand = 0145)

=Hilierdepun; m

Eer erdinany nighi=ratesiliers, 1= 0.45, @ =0,;6" and L/d = 950
(@lFappreximeaie)



2. Number of Filter

where

maximum: plant new: rate,; mod




Empirical formula for trough

total flow rate o discharge (me/s)

NSIGE Width of the trougn: (m)

free board = nliallasltlng) =000 ]
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1. Head loss Iin Clean Filter

2. IHead loss In Clegged! filter
3. Miscellaneous Head losses

- Glavel Beds
=UneErecnrSySiEn
=N\ashuwaterColiecion Eatineers




Calculated fromi Darncy — Weishach or Hazen — Williams

1. [Dancy - Welshach

I
S

;= SIFURIE




Q = 0.278CD2%5%

WIELN

ﬂ)

11+ = total friction headloss in suction; or discharge pIpes; m

—h

& = \Velocityinthe pipe, m/s

= flow rate, m=/s




= coefficient of friction

= coefficient of roughness

= diameter of the pipe, m

= Length of pipe, m
= Slope of energy grade line, (he/ L)

A(surface area, m*)
P A




1. Carmeni - Kozeny.

2. Fair - Hateh




1 (5.2x10%) L :
- C (T +10) d,’




5. Friction factor

6. Reynolds numier




where

= coefficient of compactness (600 — 1,200)
= coefficient of drag

= media grain diameter, m
= media effective size, mm
poroesity ratio (usually 0.4 te 0.5)

firiction factor

icCeleration aue torgravity (S.61 m#/s)

Iea0 eSS, Im
fllitratien constant
MEdie depng m

REVABICS NUMEN




= Shape factor (6.0 — 8.5)
= temperature, °F

= filtration velocity, m/s

= absolute viscosity, N-s/m? (kg/m.s)
= kinematic viscosity, m?/s

= density of water, kg/m=

v = paiticle shape factor (usually 0:85 to 1.0)






To ensure proper operation of the filter, the design engineer must consider

1. the settling velocity of the media
2. the backwash flow: rate
3

. the headiless during backwash

duration or the wackwash CyCle

PacKWash each filter




1. the settling velocity of the media

- Calculated from Newton's LLaw

- Caleulatiael fronm SiroKas Laiyy

0’1

s —1)d °
187( )d

V = d ‘ or | Vg
: 18ﬂ(ps p)d,)" or




where

= settling velocity, m/s
= particle diameter, m

= acceleration due to gravity = 9.81 m/s?

= drag coeefficient, dependent on Reynolds number

JENSIL OIMVALES S KO/ImP

KINEMAUICVISCOSIW/, IMES

REVABICS NUMIEN N R




Calculate the size of the media grains with different specific gravity:

IC gravity ol S, mm

NIC gravity ol Sy, mim




2. Backwash flow rate

(sand)

(@nthraciie)

iErminal SettiinefVelocity: off thie: medial, my/min

S|Z€1 0l ther Standard SIEVErOPENING tRAL Wil
Py WEIGNE OIFtnE mEia (Imi)

= d,, x uniformity coefficient




Backwash rates egual approximate 10 percent of the media
terminal settling velocities

(sand)

(@nthraciie)

Wiglels

(12
(12

U h PACKWaSHI rate; m/min




3. Head' loss during backwash

h, = Volume ofi media grains x (density of media grains — density ofi water)

I0HOSS, threugnit 2 e UNG PaCKWaSH, m

NONESIH Of the clean stratiiiedrs itrest (notriicized)
|

PN S




4. Surface wash

where




5. Washwater Collection

SELNlINg VEIoCIty O the Nec, m/s

pacCkWashirise Including surface washirate, me/m=s




6. Calculate the poresity of the expanded bed

Where
POroSIty Of the Expandeal!
media Settling velocity, m/s

2 —a
J:)

pACKWaSH HSENCIUAING SUface Washrate; m=/m




7. Calculate expanded bed depth

where

POIOSItY 01 thel Expancdead ned

(]

POIOSILY Ol ther Clean St

ell

e ¥ trest (notnuaized)




Rapid sand filter









Gravity Filters - Function Principal

Filtering mode Backwash mode



Application examples: Filtration of the effluent of Amper water treatment
plant (135.000 eq. inhabitants)
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vo lalsemaenlseuves Slow sand filter
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Naulanis OPErate seuunasiia

1. Weanandemneznau (Clarifier Tank)



