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Cairo University Sanitary 26/10/2010
& Environmental Eng. Dept.Water and
Wastewater Sector in Egypt

Water Supply Engineering
Lecture No. 1
Water Resources and/Quality

Prepared By‘
Hisham Abdel-Halim

Water Supply. Scheme

1
Sources of water

/ E I
m] a]f} §gurga§ I_Uvatgr — Surface Sources Under Ground Sources

- ¥ i
e — T =1
» Surface Water Lj.s Takds pon'ds Tenrais s.,lms wal xﬁ:'
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* Ground Water
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« Rain Water Draw Wells l
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* Sea Water Statiow

Tube Wells

2
Intake Works ([Collection Works)

Treatme it Works
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Distributiof Systems
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i s
District Water Mains

Branches and/service pipes
Consumers

‘Waste Wat
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Cairo University Sanitary 26/10/2010

& Environmental Eng. Dept.Water and
Wastewater Sector in Egypt

Fig. 9.4 (a) Hydrologic cycle. The figures given are in cubic kilometers. *Evaporation” includes
transpiration from plants as well as evaporation from surfaces. “Precipitation” can be rain, hail, sleet,
or snow. The vast majority of stored water is in the ocean. (b) Quality of water at various stages within
this eycle. See also Chapter 10 for quality and treatment considerations.

Quality Cycles st i,
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'Biological Impuriti
Chemical Impurities
Organic Impurities

Radioactive Impurities
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Biological Impurities

Bacteria and Viruses
Indicators for Fecal Contamination possible Contamination
by bacteria or viruses, which are Pathogenic for Human.

Macro organisms
Bad taste and smell, Growth lead to major disturbances in
water systems
Some organisms’ excrete metabolites that are toxic to
higher animals

Faculty of Eng., Cairo University.
26/10/2010 Hisham A. Halim

Chemical Impurities

Impurities that do not have appreciable effect on health
Turbidity, Color, Mineralization, Certain Metals, Dissolved
Gases, and Ammonium NH4

Impurities affecting health
Toxic Matter Categories: Acute toxicity (LD), Chronic
(ADI), Cyto-toxicity (cells death), and carcinogenic.
Substances: Heavy Metals, Nitrates, Hardness (increase of
Na during softening, Hyper-tension), Fluorine, affect bones.

Faculty of Eng., Cairo University.
26/10/2010 Hisham A. Halim

Hisham A. Halim
Cairo University, Egypt.
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Organic Impurities

Chlorinated Solvents, Phenol & derivatives, Hydrocarbons,

Detergents

Radioactive Impurities

Faculty of Eng., Cairo University.
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Egypt
Tunisia
Denmark
Mexico
Saudi Arabia
Thailand

usS

Hisham A. Halim

% Annual Cons. / total water available

105%
60%
11%
15%
164%
18%
19%
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Clean and s

Protect:Human Health

Water Safe to Drink
Fish Safe to eat
Water Safe for Swimming

Rrotect\WaterrQuality-

lpefave Y eatier Quzljny
Improve coastal
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Egeitira No, |
Watsr Resources and Quality

HishamrAbdel-Halim

Sanitary and Environmental Engineering
Cairo University, Egypt.

E.mail: hishama.halim@access.com.eq
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Water Supply Engineering
Lectures No. 2 & 3
Surface Water Treatment

Prepared By -
Hisham Abdel-Halim
Faculty of Engineering — Cairo University
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BASIC PHYSICAL-CHEMICAL PROCESSES

Cozic

Colloidal suspensions (Actording 0 Sokes' aw)
Stab | I Ity Of co I I 0 | d al Particle diameter Type of Settling Specific

= mm um A particle time through Area
Suspen8|0ns 1 mof water mim?
The necess|ty for coagu lation 10 104 | 108 Gravel T'second 6,107
T b I 1 I a b f l 103 10 Sand 10 seconds 6.10°
anie ( ) Ists @ number o 0 102 106 Fine sand 2 minutes 6.10¢

materials and organisms with of 0| s [ Cy 2hous o0
0 I 1M Bacteria § days 6.10°

1
1
their size and an indication of | R ER EE
1
1

2 years 610"
the time needed for these 00102 |10 |l Collod 20 years 6.10°
0° ] o103 10 Colloid 200 years 610’

. particles to settle vertically
through one meter of water,
at 20°C, under the influence
of gravity alone.
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Stage Factors Term

1-C I tl n ADDITION OF Reaction with water, HYDROLYSIS
- Coagulatio COAGULANT ionization, hydrolysis, polymerization

The destabilization of colloidal Duble lyer

partic|es brought about by the Specific absorption of ions from the

coagulant on the surface of the particle

addition of a chemical reagent known DESTABILIZATION | Specific lnkage between ions or COAGULATION
as a: coagulant. s

on the surface of the particle

2- Fl occu |ati0 n Inclusion of the colloid in

a hydroxide precipitate

) - Interparticular linking by polymeric

The agglomeratlon of destabilized species of coagulant
_particles into micro-floc, and later into Brownian movement PERIKINETIC
bulky floccules which can be settled FLOCCULATION
C_a_”ed floc. The introduction of IRW‘%W&M energy ORTHOKINETIC
another reagent, called a flocculant (veloity graien) FLOCCULATION
or a flocculant's aid may promote the

formation of the floc..
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The Velocity Gradient

The velocity gradient G° can only be defined in laminar
flow, as the difference in velocity between two adjacent
liquid veins in the orthogonal plane with respect to their
moving:

o _4dv
G'dz

In practice, a velocity gradient G is used, which corresponds to the turbulent flow.
The importance of the velocity gradient
The velocity gradient is defined by:

Faculty of Eng., Cairo University.
26/10/2010 Hisham A. Halim

Trivalent cat-ions

The-neutralization.of-the negative surface charge of the colloid is
accomplished by the addition of cations in the case of inorganic coagulants.

The higher the valence, the more effective the coagulating action will be
(Schultz-Hardy theory: a trivalent ion is ten times more effective than a divalent
ion).

When choosing a coagulant, its harmlessness and its cost must be taken into
account.

Thus, trivalent iron or aluminium salts have beenand continue to be widely
used in all water
coagulation treatments.
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Cozic

~ Effectof pH

The pH and the minimal solubility are
greatly influenced by the ionic strength

Cation

Optimum pH for
coagulation-flocculation

and the presence of organic

Al?\

60-74

compounds such as humic acids.

=5

Sludge production

The formation of metallic hydroxide
causes the production of a

_ substantial amount of sludge. This

Hisham A. Halim
Cairo University,

sludge should be removed in
the final solids-liquid separation
process.
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Inorganic coagulants
The most widely used coagulants are with an aluminium or iron salt base.

Aluminium salts

The basic reaction, when the Al" ion is added to the water, is the
formation of a precipitate of aluminium hydroxide with the release of
some acidity.

AL + 3H,0 7 Al1(OH), + 3H'
— 1

This acidity can react on some species in solution, especially on the
bicarbonate ions:

This acidity can be compensated for by adding a coagulant in ombination
with a base (caustic soda, lime, sodium carbonate).

AI** +30H 7 AIL(OH),
—
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Iron salts

| |The reaction principle is the same as for

[ | Fe,(S0,), + 6 HCO, =

Hisham A. Halim

aluminium salts with:

Fe'* +3H,0  Fe(OH), +3H"
—

The ferric ion can cause colouring in treated water.
Ferric chloride (liquid, sometimes crystal form)

2 FeCl; + 6 HCO;~ =

2 Fe(OH); +6Cl™ + 6 CO,
i

Ferric sulphate (solid)

2 Fe(OH); + 350 + 6 CO,

Dosage: for the clarification of surface water, 10 to 250 g.m -3 of
commercial re-agent Fe3(S04)3.9H20 is necessary.
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hen a discrete particle is left alone _
in a liquid at rest, it is subjected to a Fyu=1[o,—0) g
driving force FM (gravity) and to a Cs o; v
resistant force FT (the fluid drag), Fp=———
resulting from viscosity and inertia: 2

QS, QI: densities of the discrete particle and
the fluid,
d, s, v: diameter, area and volume of the

discrete particle, Vi 4 (s — Q) gd

V: settling velocity of the particle, g: ° 3 Co,
acceleration of gravity,

C: drag coefficient (dimensionless).

An equilibrium is rapidly set up and the

settling of the particle, assimilated to a

sphere, takes place at a constant velocity Vo:

Faculty of Eng., Cairo University.
26/10/2010 Hisham A. Halim

Cairo University, Egypt.
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- Horizontal flow settling tank

Let us take a rectangular settling tank of length L and vertical section s
(where H is the water depth and 1 is the width), uniformly crossed by

low Q.
- The velocity of a particle entering the tank
at the top has two components:
1: the horizontal velocity of the fluid
lequal to Q/s,
o: the vertical velocity limit given by
Stokes' law.
his particle is retained in the tank if:

SH: horizontal area of the tank,
VH: Hazen velocity (or hydraulic
surface loading).

i

0

Shadge zone

Outlet
zone

L
Figure 39, Diagrarn of horizoncal flow serding (discrere parricles)
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- Inan Up-ward flow settling tank,

These particles would not be retained.

reasons, which are linked to horizontal flow settling:

inlet as well as at the outlet of the tank,
- The accumulation and collection of sludge,

hecomes curved.

- ina circular, horizontal flow settling tank, the horizontal
component of the velocity of the particle (Vi), decreases as it
goes from the centre to the periphery and its settling travel

Theoretically, for the same horizontal area, a horizontal flow settling tank
allows for the separation of a larger number of particles.
In practice, this difference is attenuated or even reversed for the following

- The difficulty of hydraulic distribution on a vertical plane at the

L
06
P= fraction of d, size particles

that are retained

L
0.8

d = diameter of particles

Upward [Tuw seitling tank

Figure 40, Etficiency of horizonzal vs. upward flow
secefing (elsscrere parsicies).
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Setilir

_Flocculent Settling

During settling, flocculation is carried on and the settling velocity Vo of
particles increases (Figure 41). This process occurs as soon as the con-
centration in flocculated matter is higher

han about 50 mg.I-1.

The efficiency of flocculent settling depends not only on the hydraulic
surface loading but also on the retention time.

Sludge zone

-« L
Figure 41, Honzonral flow sertiing (focculaced parsicles),
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Setilir

_Hindered settling of flocculated particles

As soon as the concentration of flocculated particles becomes substantial,

Interaction between particles becomes more important. Settling is
hindered. The particles adhere together and hindered settling causes the
ormation of an interface between the floc and the supernatant liquid.

This is typical of activated sludge and flocculated chemical suspensions
hen their concentration exceeds 500 mg.| -1.

0 1

Figure 43, Diagram of hindered serrfing
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re CUIHES

Supports Drive Turntable i
) Suf; Sk
Scum Trough  Bridge % MUnit e P
Max. Water / Effluent Wein

SCraper  adijstable
1 Blades Squeegees

Sludge Draw off Pipe
Influent Pipe
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Satilirie

Coagulaent Blender

e Effluent
=

T

Flocculation Zone
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Jr ng (Lzrme

Qin—>a,
Q"n——bJ

Qfn —»

+«—L/'n—»
L6 a) sountarcurrent

Figure 48. Horfzonral flow seerling.

Figuere 42 a, Councercurreny larmeillac sceching,
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Ign Retig Seitling (Lamellz Seitlers

Rectangular Clarifier

Circular Clarifier
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FILTRATION

Filtration Provide

Chemical
Treatment
Physical

Biological, in some instances

Filtration Theory

Screening Action, Media works as screen

Sedimentation Action, Voids work as small Settling Tanks
Electrolytic, Retention of charged particles

Biological, Fixed bed biological Reactor

Adsorption, Adsorption of organic matters to the flocs layer
or on media surface
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T B T
= it [ /Laleral T T 1
Types of Filters ‘Gaﬁ - L izl } il _ iy
house —__| -~ | 3
foad T \ KL‘,:‘."” I
Slow Sand Filters ﬂxi,Lm

Plan

*Rapid Sand Filters
*Pressure Filters

~Gate house

Section through main drain "
(a) Slow filter Section through main drain
(b) Rapid filter
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(o mrevem uphtn)

ISOMETMG vIEW of FILTER BOTTOM Underdrain
Support | for
lorge filers)

Erefobricoted Groded Grovel
Filser Bottom  Mariar (iypical}

e

m od 2.5-1.0
I_!_ m grovel
. N

Y, M ar e grovat

6-20mm plmlic Iube

| each 150m ¢k

1 LY B ALE Underdrain
Lﬂ'...[ Pres fimer bt
Anistarcemin Hartar

lorge filters)
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\Water Treatment Plants

Conventional Treatment Plant

Filtratian

Raw Water
Influent ——| Sedimentation

E
H Flacculation
@ oagulation Filter to Waste
= funregulated)
;.‘ Diginfectant
& Thickener Supernatant Siudge <
(regulated) E
Thickener (Unregulated)
Clarifier Clearwell

| | DeremE Svice

Pressate, Centrate,

Leachate, or other

De-watered Liquids
regulatedy™

wajshg uoingusig
11318/, PAYSII]

Spent Filter
Backwash
(regulated)

Treatment
= Liquids from dewatering processes Unit™
are typically returned to a clarifier or

other basin prior to recycle
"Solids should be removed

from spent filter backwash
prior to recycle
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\Water. Treatment Plants

Direct Filtration

Raw YWater »
Influent v Filtration

{regulated)

*Spent filter backwash
should be equalized
and solids removed

prior to recycle
Finished ¥Water to

Distribution Systern
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= Coagulation Filter to Waste
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§ Disinfectant
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\Water. Treatment Plants

Recycle Return Location

Sedimentation
Raw Water _ Pre- [Conventional
Influent F treatment Treatment
Only)

Flocculation

Coagulation

Filtration

Disinfection ——— =

Required Recycle Location per o

§141.76 (c): Recycle streams
must pass through the

processes of a system's

existing conventional or direct l

Clearwell

filtration system or at an
alternate location approved by

the State. Finished Y¥ater to

Distribution System

Regulated Recycle Streams: Spent filter backwash water, thickener supernatant
and liguids from dewatering processes
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Water. Treatment Plants
Example 1

Coagulant/Polymer
Feed

|
ok

Rapid Mining

Rawe Water Pre- |
Influent sedimentation

¥

e o

Flocculation

-

Filtration

Treatment
Unit™

“ Spent Filter Backwash T

Disinfection ——m

¥

*Solids should be
removed from spent
filter backwash prior

to recycle

Clearwell

Finished YWater to
Distribution System
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\Water. Treatment Plants

Raw Water Pre- |

Coagulant/Polymer

Example 2

Feed

!

Sedimentation

Influent sedimentation

o of ofs

Flocculation

L

Rapid Mixing

Filtration

Filter to Waste

Spent Filter
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Backwash to
lagoan-
digcharged to
river

Disinfection ————+

Cloarwel

J

Finished Water to
Distribution Systern
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\Water. Treatment Plants

R aw Water Pre- |

Example 3

Coagulant/Polymer
Feed

J

Sedirmentation

Influent sedimentation
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L

Rapid Mixing Flacculation
Thickener Sludge
Supernatant 8 Filtration
Spent Filter
Backwash RCEE AR R
Spent Filter T
Backwash
Disinfection ————
Holding Tank -
Clearwell

Finished Water to
Distribution System
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Water. Treatment Plants, Layout-Sample
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\Water. [reatment PIants, Hydraulic Gradient-Sample
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\Water. Treatment Plants, P & IDs-sample
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Intake and Raw \Water PUumps
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Distribution and Clari-flocculators
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Distribution and Clari-flocculators
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Filtration- Sludge Water. Recycling
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Chemical Building
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Chlorination Building
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Chlorination Building
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Equipment List

Raw Water Intake

Clarifiers

Intake structure

Inlet Baffle

a+a

Floating drums or barrier LS Lamella type .... H: 80cm 1600
e m2
Stop log (wooden) LS ( 400 m2 per each clarifier )
Carbon steel pipe DN 1400 2 | | Lamella supports LS
Isolating gates DN 1400 2 Collecting channel St St
Mechanical inclined fine screen 2 Stainless steel weirs 3 mm 160 480 m
max. space 25 mm complete with m in each tank
cleaning device. Central drive scraper with geared 4
Material : mild steel motor, motor power 7.5 kw
Manual inclined fine screen max. 1 Pipes and fittings LS
space 25 mm complete with 8
cleaning device (By pass ) Outlet penstock DN 800
Maintenance equipment (for 1 Drainage pipes LS
penstocks and screens) >
Level Measurement (Ultrasonic 1 Sample Pumps
iﬁ,nesror )at the suction pit in the Filter Distribution Chamber
Outlet valves DN 1400 2
(One for each channel filter)
Raw water sump Level Switch for Overflow alarm 1
with alarm in the Chamber
Pumps house Supplied complete with Lamp &
Centrifugal pumps 6 Horn
Flow: 700 L/s
Head : 14 mt
Delivery valves DN 800 6 Siudgeldravwjory
6 Pneumatic valves DN 300 (one 4
Non return valves DN 800 each tank)
Main header valves and by pass 3 Main pipe to Sludge collection pit LS
DN 1200
Air valves DN 200 2 = o ooer ;
A A a a Level Switch for Overflow alarm 1
::—?desa,cf:lzgsgoer?ésdlsmantllng (PSS ks with alarm in the collection Pit
3 Supplied complete with Lamp &
Pressure gauge Horn
Flow Measuring Chambers
Level Measurement (Ultrasonic 1 Submersible pumps complete 2

Sensor )at the suction Sump in
the River

with motors, lifting chain and all
accessories

26/10/2010

Filtration

Equipment List- Sample

Flow : 60 s & Head : 15 mt

Faculty of Eng., Cairo University.
Hisham A. Halim

Valves (pneumatic, N.C)

Steel with flanged connections

Inlet penstocks DN 400 24
Filtrated control valve DN 400 24
Backwash inlet valve DN 500 24
Sludge Disk type DN 600 24
Air valves DN 250 24
Rewash valve DN 200 ( Manual ) 24
Media
1650
Sand 1 -2 mm (1m x 60m2 ) m3 m3 15 % Excess
Gravel 0.4 m x 60 m3 ?:g 15 % Beess
M blocks 500 x150 x 180 (920 22080 |15 % Excess
x24) pCS
Galvanized air distributed duct 24
300 x 300 with length 15 m
PVC air distributed pipes LS
Filter pipes and fittings LS

Dismantling pieces

Hisham A. Halim
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Motors List- Sample

S Operating Motor Absorbed

S.N |Description Qty MCC Number power power
3.0 | Distribution chamber 1 MCC2 ( Under Shed Construction )

Flash mixer 18.5 kw @ 180 rpm

Propeller mixer type 1 1 18.5 Kw 15.5 Kw

Stainless Steel material

Measuring Instruments

Level Switch for Overflow alarm 1 1

with alarm in the raw water P.S. Indicator in

Supplied complete with Lamp & Raw pump

Horn Panel
4.0 | Clarification

Flocculation 4

Paddle agitators 1.5kw @ 40 rpm 16 16 1.5 Kw 1.275 Kw

Clarifiers

Central drive scraper with geared 4 4 7.5 Kw 5.5 Kw

motor, motor power 7.5 kw

Sample Pumps 2 1 1.1 kw 0.85 Kw

Filter Distribution Chamber

Level Switch for Overflow alarm 1

with alarm in the Chamber

Supplied complete with Lamp &

Horn

Faculty of Eng., Cairo University.

26/10/2010
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Description

Indicators

Controller
signal

indicators and recorders

Each header

.0 Water Intake

Level Measurement (Ultrasonic
Sensor )at the suction pit in the Field 4-20 mA
River

In Raw water

House
-0 Raw water House

Level Measurement (Ultrasonic
Sensor )at the suction Sump in the Field 4-20 mA
River

In Raw water

House

Level Switch for Tripping the
Pumps
Flow measurement
Magnetic Flow Meter DN 1200 Delivery of 4-20 MA
C/w indicators, recorders, Each header
totalizers

In Raw water

House
Pressure Transmitter C/w Delivery of 4-20 mA

In Raw water
House

Hisham A. Halim

26/10/2010

Cairo University, Egypt.

Faculty of Eng., Cairo University.
Hisham A. Halim

26/10/2010

A4



Cairo University Sanitary 26/10/2010
& Environmental Eng. Dept.Water and
Wastewater Sector in Egypt

Water Traatmant Procasses (Dasign &

——

HishamrAbdel-Halim

Sanitary and Environmental Engineering
Cairo University, Egypt.

E.mail: hishama.halim@access.com.eq

Tel-Fax: +20-2-516 68 98  +20-2-517 09 25

Faculty of Eng., Cairo University.
26/10/2010 Hisham A. Halim

Hisham A. Halim
Cairo University, Egypt.

\o



yﬂpymm&uw&g/ﬂ

telaell aylyy smill sylylun

sl ¢

Water and Wastewater Management Program (WWM) il a5 gl olbsa 513 gali



yﬂpymm&uw&.}/ﬂ

Ul ggqll slslun

Water and Wastewater Management Program (WWM) il a5 gl olbsa 513 gali



10/26/2010




e EXAMPLE :

® DESIGN THE FLASH MIXING TANK
FORAVILLAGE HAVINGTHE FOLLO
DATA:

® POPULATION=40000CAP
¢ WATER CONSUMPTION=70 L/C/DAY
® WORKING HOURS=16 HOURS

—

FLASH HI\?ITXING TANK

¢ SOLUTION : _
¢ DESIGN FLOW Q = jgggﬂxﬁgi h 1.5 X 1.10
- = 0.08 m’/ sec

o CAPACITY € = Q X T=0.08X6
® ASSUME (DEPTH =DIAMETER)

2
4

10/26/2010



ARI- FLOCCULATOR
TANK

® Problem (1):

® Determine the number and dimens
clari-flocculator units for a city wit
population of 500000 capita and avera$
daily water consumption of 200 liters pel
capita.

® Draw a cross section in one of the designed
units showing all dimensions and details

CLARI- FLOCCULATOR TANK

Solution(1):
Qav = 500000 x 200 00 000 m>day
1000 o
Qdesign = 1.5 xQav = 1.5 x 100000 = 15980 m7day

Design Criteria -

Retention time for flocculation T1=05hr

Retention time for settling
Total retention period
Depth of flocculation zone

Depth of settling zone

7 7

Over-flow rate =25-40 m:nfd::n

10/26/2010



CLARI FLGCCULATOR TANK

Solution(1): (Cont.)
Total capacity ofunits : C = Q .'

— 130000 x-

Depth of settling ({d)= 4m 24
C 25000 2

Total surface area = = =(230m

d 4

Choose diameter of unit = 30 111 =——— Areg of unit

25000 m

- : Total surface area 6250
No. of units = : = =2
Area of one unit 706
Take 8§ units=»Actual area of each unit = 6?0

Actual diameter of unit = 31.50m

Sedimentation

d=4m

10/26/2010



CLARI- FLOCCULATOR TANK

H"'\-\.
® Problem (2) .
® Forone of the above designed um

in problem(1).
® Calculate the volume of sludge accu
day if the following data are given :
*Rawwaterhas 400 ppm suspendedsol

* Removalratio =85%
* Moisture contentofsludge =95 %
* Specific gravity of suspendedsolids=1.5

_CL'ARIe.%EHI:QCCULATOR TANK

® Problem (2) ( C‘oﬁﬁtﬁ"}xh_

e Solution:
® Amount of suspended solids oved

3
® — 40?0?]{ 85 =340 ppm =340 mglit :

150000
&

Amount of suspended solids accumulated per dayv
18750 X 340
1000 = 1000

Aswehave § tanks —FQ per tank =

= 6375 ton/day

: : . : 37 =
If the specific gravitv = 1 5 =»Volume of solids = 61 =— =4.25m

L

If the moisture content of sludge = 93% + 5% ofsludge = 5. 5.

15 _ 3
WVolume of accumulated sludge = = }é . =85 m7day

10/26/2010



CLARI- FLOCCULATOR TANK

Solution(1): (Cont.) ™~ ‘

Total capacity of units : C = Q

Depth of settling (d)= 4m
C

Total surface area = =

d 4

Choose diameter of unit = 30 1 =——— Areg of unit = 706

. Total surface area 6250
No. of units = Y : = — =8.85 uni
ea of one unit 706
Take & units=»Actual area of each unit = 6550 =781 m°

Actual diameter of unit = 31.50m

~ RAPID SAND FILTER

e

-,

e EXAMPLE (1) o

® A WATER TREATMENT PL
DAILY FLOW RATE OF 2500

® DETERMINE THE REQUIRED
NUMBER AND DIMENSIONS OF
RAPID SAND FILTERS BEDS, IF T
PLANT IS WORKING 24 HOURS A
16 HOUES RESPECTIVELY .

OF

10/26/2010



T~
RAPIEI‘SAHP FILTER

o EXAMNPLE (1) (sﬂlutiﬂnf“‘

® Casel Workinghours 24 hrs/ daN
e Discharge=25000m’/day

® AssumeRate offiltration=1235m°/m?*/day
e Total area of filters =(25000/125)=200m?
® Choosedimensions offilters =(5m x 8m)
® Areaofone filter =40m°

¢ Number offilters = ( 200/40 )= 5 filters
e Totalno. offilters =5 + (1 )for washing =6 filter

.

RAPID SAND FILTER

e,

~.
e EX(1) (Cont.) N
e Casell Working hours 16 hi
® Discharge = (25000/16)x 24 =37

eAssume Rate of filtration=125m’/m?*/day

eTotal area of filters = (37500/125)=300m"

dayv
3/day

eChoose dimensions of filters =(5m X 8m)
eAreaofone filter =40m°
eNumber offilters= ( 300/40 )= 7.5 filters

eTotalno. offilters =8 + (2) for washing = 10 filters

10/26/2010



RAPID SAND FILTER

e EXAMPLE (2):
® ARAPID SANDFILTERPL AVING 10

FILTERBEDS. THE DAILY OUT
THE PLANTIS 50000 m1°.

¢ ITIS REQUIRED TO DETERNMINE :

® -THETOTAL AMOUNT OF WASH WAT
NEEDED FOR WASHING ALL THE BEDS
DAILY.

® -THE CAPACITY OF THE WASHWATER
TANKIF TWOFILTERS ARETOBE
WASHED SIMULTANEOQUSLY.

- —RAPID SAND FILTER
EXAMPLE (2) (solutio

AN
Number offilterbeds= 10 - 2 =8§
Assume Rate of filtration= 125 m*/m~/dN
Total surface area of filters = (50000/125)=
Areaofone filter =(400/ 8 ) =50 m’
Dimensionsofone filter = (8m x 6.25m)
Rateofwashing= 5 x Rateoffiltration
= 5 x 125= 625 m’/m*/day

Totalamount ofwash water needed daily =

( 625% (8x50)x (10min/(60x24) )=1740m’

Capacitvofwash water tank=( 625 x (2x50)x (10/(60x
=435 m’

1ers

10/26/2010
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LATERALS + ORIFICES

O FILTER

GROUND R‘ESERVQLB_____E;S _AI\’IPLE

Design the ground storage tanks required to meet the water requirements
for a city population of 150,000 capita ifthe average water consumption

is 120liter / capita / day.
=150.000*120=18,000 m&.-"daj.'

Average flow

- 1000
Maximum daily consumption=1.5 Qave=1.5*18,000=32 409
Maximum monthly cunsumpl:iun=1.-1Q%1.'e=1.4*18,I]D[I=25,2
Fire demand =120 m'per 10,000 capita
=150,000*120=1800 n#

=({32,400-25200)+4/5* 1800=8640 m'

CASE (a ) Capacity C

CASE (b ) CapaciyC  =25200*8hrs+4/5*1800=9840 m
24

CASE ( b)) turned out to be the greater of the two cases, and conseguently.




__\MIE’LE (GROUND RESERVOIR)

3 3
The capacity of ground storage tanks=9840m =10,000 m

Assume depth of tank= 5.0m
Surface area =10.000=2000m
Assume length of tank= 50 m — breadth=2000=40 m

S0
{ Maximum dimensions of tank 50 * 50 m )

e ELEVATED TANKS

For a city population of 50,000 capita and of an average daily

water consumption of 150 kit / capita,

it 1s required to determine the capacity of elevated storage tan

If the working hours of the plant are 16 hours per day.
The consumption characteristic data is as follows:

2 23 lit/ 2
4 13
[ 23
3 3
10 4
12MIN. 3

F
(3]
=

M.N.

[ -l - )

M on) G8 L bd E
F

12
2
4
[
8

10

[ ]

hr

10/26/2010
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I onsrn phon
Charac teristic Charsee

Consuruption

LITiCaP

TOTAL MASS CURVE

EATF OOF TIFEM AHT]

A Deficiency
EATIFE OOF ITFFLY

[PUFM T ARF WOBETHC:
1i HOOES PFEETIAY)

TOTAL DEMANT (OF STFFLY), LIT CAPITA

12 1. 2 4 [

12



= 7 lit/ capita
= 13 -

1 deficiency in demand
2 deficiencyindemand =

Firedemand = 50,000*120/10,000=600m"
Storage capacity = (higger of excess + higger of defici
population+ 1/% fire deman
=(23+5) * 50,000 +1/5*600
1000

=1520m
Take one tank of tapacitylSlﬂn‘%
assumethat H=3/4D

Capacity =7 D*1/4D
4 3
1520 =37 D
16
D =13.70 m. & H = 1030 m.

Dezign the ground and elevated storage tanks required to meet the water
requirements fora city population of 150,000 capita and an average
water consumption of 120 liter/ capita / day. The consumption
characteristic data during the day are given as follows:

I2MLN. -2 15 lit 2 hr 12N - 2 183 lit/ 2 hr
-4 25 = P - 4 146

-6 4.0 = - 6 146

-3 3.0 = - 3 3

-10 13.0 = - 10 4

0 -I2ZN. 210 = - IZMN. 3

2
4
L]
8

Average flow =150.000 *120=15.000 i / day
- Iooo
Aaximum daily consumption=1.8 Qave= 1.8%18,000=22,400 1/ day
Aaximum monthly consumption=1.4 Qave =1.4*18,000=252001 / day
Fire =120 ni per 10,000 capita
=150,000* 120=1800 i
10,000

10/26/2010

13



-

CASE(a)CapacityC  ={32,400—25,200)+4/5 * 1800 =8640 ni

T
CASE (b ) Capacity C = sguu*é”ﬁmtifs*lsuwgsmuﬁ'
21

CASE { b ) turned out to be the greeter of the two cas
conseguently.

The capacity of ground storage tanks =9840=10,000 m

Assume depth of tank= 5.0 m

=10.000=2000m

5.0

Surface area

Assume length of tank= 50 m — breadth=2000=40m
50
(Maximum dimensions of tank 50 * 50m )

From the consumption characteristic d?fm'\iil\tulate the accumulative
amounts of water at the end of 2 hours perio

Then draw the accumulative mass curve and wate
according to the of pumping of the high left pumps as

ply curve
ribed below:

Time accumulated values Time accumulated

12M.N. -2 1.5 lit/cap 12N, - 2 7.0
2 - 4 4.0 - 2 - 4 80.0
4 - 6 5.0 - 4 - 6 1050
] -8 16.0 - ] - 8§ 113.0
5 -10 340 - 8 - 10 117.0
10 12N, 550 - 10 - 1270, 12000

From the mass curve determine the excess C and deficiency C inwater
consumption due to the difference between water demand and water
supply rates. The excess C and deficiency C bein liters per capita

10/26/2010
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Deficiency

E=xcess

LITICAPITA

UFPLY)

EATE OF I ERLS T

[
-
=
==
H
=

Tt

= 10 12, 2 . [ =] 10 12MN. TIME

TOTAL MASS CURVE

Total elevated storage = (Cl'-F"CI}___A__c ..pupulau'uu+ 1/ % fire demand

=(23+15)x150,000+1/5x 1800 =6060 m*
1000

Capacity of elevated tankis commonly ranged frm

00—2000 nf

c 3
assume capacity of tank=2000 m

No.of tanks =6060=3.03
2000
choose 3 tanks - capacityufeacl1=.ﬂlﬂlr;

Heightoftank H=2 /3 -3/ 4 Diameter|D)
assumethat H=31/4D

Capacity = D** 3/4 D, then:
]

D=150 m, andH=11.0m

10/26/2010
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