Holding Company Lyl Al

Fayoum Drinking Water ) sl A8,
and Sanitation Company assily (auall iyl
Lab. Department .

Jaleal) ¢ Uad

Al aeg ot | Blod i
2 ot Ly (adl S pad Ol

: |

G AD s Mld> /2
bl & yall Aeladl 3yla¥) pde

AY Y



sl i e A eyt pil Blse il




sl i e A eyt pil Blse il

P N —
Goilsal) 2aY) ag G U s gaa
e il A JS Lials) as 585 Y2 YY/3/14
Wagy () N sl <y el olan) e Sl o

O S O I

Byl Bliny iy ¥l ol e

Moo glaniall i Lgd LS 3 calySAll il

al) Uiy o L) ) s L ) i Wy e G (s i L) valad 5y
cay (as U8 G aY) i (Osmaly

O Andadl Gla gy Gy 5 Al o LS L) oLzl e 13y Lagy <o Sl

.;w\ J}.\A Létﬂ ‘d ‘?_Luaj 6‘;’__15

a1 opaly ) 3l 5 i gy e ey o aidele ) gaal

lig
e g Gli-g)
el




ol el el o A g oty Blse gl

g Rl

Lo e ¥y clsand) oo le 4t L8le Liuda 153 13aa st i) 2aal
(i Al 3 el [ 5580 5y (SO IIAT ampall 138 ppent pladl (e e S
O ) el Jlads A58l By Slas)s Sodie slals Jsdae dean (e 4 Ll
Afla (lse (A AESy Ol o) i 4l

833 et plmiids [ 1 o5 0 5ol ) LY apdac s SEN Ja 4 gl
el 13a slaiely aliatiy 5l dascal i) siaally 53V (ulae ud)

il 3] ale 503w ¢ okl umm—ttd] S gt [ HsiS2l S LGN A s ) LS
Lls dasis a5 g e osll W alalall S

aisal) pgee ] ¢Da3ll saluadly Jalaall gl 1) SEIL 4a il LS

11 Jorals ¢ k) el 1 e 1/ 53S0 iy Saie a2l
Aal) Gilayy e dxdyg 4 aiiy Lo ol

o) $abi slawl.a




ol el el o A g oty Blse gl

L 4 4

S gl
Blaall 4,855 Lia gl gici-
Gul) 3l 4RI dapadl) i) daaa—Y
Gl ol dglai- ¥
padl) Uduw ddasa—¢
Blaall duigalag Aadao
LN clpati—

o Linal) Ciuall-V

-



IR [RAES



sl pal] il s Aoty Blso il

slual) 8%

n flocculation

<

— g jlal) sluall A5 Aawt) —

—: A1) Aan Jalge
e Jadig daadal) Jalgat) ¢ Yl
sl Jalge =)

Cagaill Jalge —Y

¢ puall Jalse —Y
sl Jale —




ol el el o A g oty Blse gl

— Jaddy dgglast) Jalgad) : Ll
3auST Jalge —)

Jpal Jalse =¥

s e 7

—: Jadidy dggald) Jalgad) @ WG
Lyl —)

elpadll Cllalall —Y

[osiod]  adall samy clilpall ¥
by ydilly laaau) —¢

35Sl Al cllal) —o

55080 Akl il peal) =1

A A0 En pn Tl il gl
VA INIVE- T+

Adgall oLl A —Y

- daland) oluall ds — ¥

ol ole Adat — £




sl i e A eyt pil Blse il

H S _AleeVl siiedas | s W see Aaliea ) : g da 31 slsalt ZES
— - 3 -

P moall Poaasa ARa

talil) Cua (e Apndand) ) ol 35 Cllaae g )il
S ) Clasa agan [0 YWers < el dilla)
a0l Gillans g asy a VYoo > dqeail ikl

daadac) slual) 445
P ) el Aa Jleef a3
dumpeall LSl daldy clgle o lailly 2800 Al LS ALl

Ll Zailly o s Sally sl A 350 el 135 o Lall i ymyhall liall gy aend —
.&\J&\ :d}xsn ¢ ?zﬂ\ ae Lt

il LRI Gy e (iaglati 5 illy cpslasl) Syl e Al ¥




ol el el o A g oty Blse gl

: dadaad) sluall AT cifghd

Raw water ~
Screening Filtration }
Cl, =
Alum = Coagulation Disinfection
Flocculation Storage
Sedimentation I Distribution
:ddasall cilig<a

5Sal) sl cilsallay 2alal -

Oligyall -

Gladiydl -

Sl glSh s ey Aadpall o) o5 -
¢)se)) Gilgis Jrally dadipall Cilalls e -
il @ e -

oSl e -

( QI Jana — cipaal) = lalpal ) sacludd) Cilegall -




ol el el o A g oty Blse gl

: Intake Al

G ayin ¢ Sl paad) e als ) aslasy) Jlacl) sa

iyl oLl il ¢ il o gyl o L) i€ gl (aladl) 5y Sall oLl

Lla s dliad) leSIl g Aale

Ahae ply a2l plas () (Fadl Pla e obodl 5 ey
paiaial) Laxal) Clalls (Pl e A dlee ) Ledial @bl Sl
—:3ala HLas) Jalse
Al sball juas dayla -
el Jlae o Lelhpeaty Spndl ol el (B ol i (3 ) -
Al dlael jaaall e Al obll S -
dadlal) cilalial

eailly cun i) SUA e saady . 2ald) e e cbiloailly cllal als -

- aland) Aok lacal
Al gl pobas e 3wl -
: Alal) hg
- AalEiee Algla saal e DU olually Aaall dlacy ALK dinn < o @

Pmaa gl o Aaall A ally (upstream) Ll Gsd A ald) o dse s Sy o o




ol el el o A g oty Blse gl

Agialio e aSllly ¢ lsiwsae Jae e gaaly bl cuulia iaale @
C e Jily e G 5t ol daaliag

ailly sl JSUe 8] i) Al a8 Sl gyaall sl o
c o) (b Sliaie 3sa o Las Al

=5 Al ol e Al e Aad) e 2 2 aldl f B s G @
el

Leailatil Lgal) Jyasll Josy (0 Apaaal el o a2y 32l 2 yg5s o
Al 3ysule ) Al dlsall Jeia adal ellig

;WL gl

: INTAKE PIPE 3;sulall 334




Lo By o | Ble il

5

Al sl & yall

P

:SHORE INTAKE

...v......ﬂ ]
il
IHE! ]
. A S 4
o e e Ju W
i 3
1
N
W . |
U




sl i e A eyt pil Blse il

Varying Water Level
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DISINFACTION
CHLORINE DISINFACTION

Physical and chemical properties of chlorine gas.

Molecular Formula Cl2

Molecular weight 70.906

Physical form (25°C) gas

Boiling point -34.05°C

Melting point -101°C

Density, as liquid (20°C) 1.4085 g/mL
Density, as liquid (-35°C) 1.5649 g/mL
Specific gravity 2.482 (0°C)

Color greenish - yellow
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Oxidation States and Disinfection effect of Chlorine in Water

Oxidation state Name Formula

-1 chlorides Cl-

0 chlorine Cl,
+1 hypochlorites ClO—
+3 chlorites ClO,-
+5 chlorates ClOs-
+7 perchlorates ClO4-

1 2 3 4
F 3 " ' .
I ' |
1 1 1
1 1 1
Chlorine : :Chloro-crganics :
destroyed 1 1 and chloramines 1 Free available
by reducing | | partly destroyed ! residual formed
= | compounds | . ' I {some chioro-
3 1 Formation of 1 I organics and
= I chloro-organics ! ] chloramines
$ | and chioramines | ! remain)
@ | i =
= ! ! '3
2 : : §
=
Q ! E Free
1 @ available
' ' chlorine
1 [
1
! Combined residual

Y

Chlorine added
Formation of chlorine compounds with increasing addition of
chlorine. A free available residual should be produced for effective

disinfection during distribution.
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When chlorine is added to water, hypochlorous acid (HOCI)
and hydrochloric acid (HCI):

Cl, + H,O — HOCI + HCl

Depending on the pH, HOCI partly dissociates to hydrogen
(H+) and hypochlorite ions (CIO-):

HCIO — H+ + CIO-

The reactions are reversible and pH dependent:

o Between pH 3.5 and 5.5, HOCI is the predominant species.

o Between about pH 5.5 and 9.5, both HOCI and OCI- species exist
in various proportions.

o above pH 8, OCI- predominates.

The possible reactions between HOCI and ammonia are as follows:
NH; + HOCI —  H,O + NH,CI (Monochloramine)

NH; + 2HOCI —» 2H,0 + NHCI, (Dichloramine)

NH; + 3HOCI —» 3H,0 + NClI; (Nitrogen Trichloride)
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1 2 3 4
A . . |
1 ] 1
1 1 1
1 1 1
Chlorine : :Chlaro-crganics :
dastroyed | 1 and chloramines Free available
by reducing | | partly destreyed : residual formed
% | compounds | . | 1 {some chloro-
5 1 Formation of ' I ofganics and
a I chloro-organics ! ] chioramines
g ! and chioramines | ! ramain)
@ I 1 -
C ! ! £
= ! ! ]
g : : g
&= ™
o : W Frea
1 @ available
: ' chlorine
1 [l
I .
; Combined residual

L 4

Chlorine added

Formation of chlorine compounds with increasing addition of
chlorine. A free available residual should be produced for effective

disinfection during distribution.
Combined Chlorine Residual:

That portion of the total residual chlorine remaining in the
chlorinated water at the end of a specified contact period, which will

react chemically and biologically as chloramines or organic chlorine.
Chlorine Residual:

Available chlorine remaining after the reaction interval and still
available to combat the more resistant organisms and to safeguard

against any later contamination.




ol el el o A g oty Blse gl

Free Available Chlorine:

That portion of the total residual chlorine remaining in the
chlorinated water at the end of a specified contact period, which will

react chemically and biologically as hypochlorous or hypochlorite ion.
Points of Chlorine Application

The points of application of chlorine must be selected
carefully. considering the different reactions that may occur at different
points of the water treatment process. The common application points

are:
PRECHLORINATION

Perchlorinating is the application of chlorine ahead of any
other treatment process. While perchlorinating may increase the
formation of trihalomethanes--potentially carcinogenic substances
formed through the combination of chlorine and organics in the raw

water.

It provides the following benefits:

a. Control of algae growth.

b. Control of mud ball formation in the filters.
c. Improved coagulation.

d. Reduction of tastes and odors.
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POSTCHLORINATION

Post chlorination is the application of chlorine after treatment
and before it enters the distribution system. This is the primary point of
disinfection and is normally the last application of any disinfectant. It is

also the only point where chlorine is added in a water system where it

has no other purpose except to disinfect.

TANKS AND RESERVOIRS

Usually, tanks and reservoirs are not chlorinated continuously,
but they must be disinfected after any maintenance has been done on
the inside of the tank. A chlorine concentration of 50 ppm is required in
the water used for this “super-chlorination.” This chlorine must then be

flushed out before the tank can be put back into service.

. PH

J

10C

[«

- —\ 10

8o \‘ 20
-
S 70 k\ 30
< A\ £
£ s0 a0 S
4 \\0 *GC =
S 50 s0 8
s 20°C =3
8- 40 80 T
= \
I 30 70 &
=
< 20 \ B8O

10 =~ 20

o S 100

6 7 8 9 10 11
pH

Effect of pH and temperature on the formation of hypochlorous acid for

disinfection
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Percentage

of HOCI and

Ocl in eater
%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

A\
—CL] 4 \ [OCTI]
/ [ HOCI R
N
1 2 3 4 5 6 7 8 9 10
pH value

Disinfection mechanism by chlorine

Effect of pH value on the composition of free chlorine.

Enzymes in bacteria and other cells. When enzymes come in

contact with chlorine, one or more of the hydrogen atoms in the

molecule are replaced by chlorine. This causes the entire molecule to

change shape or fall apart. When enzymes do not function properly, a

cell or bacterium will die.




ol el el o A g oty Blse gl

Effectiveness of chlorine against protozoa

Protozoa cysts such as Entamoeba histolytic and Giardia

lamblia are highly resistant to chlorine disinfection and may require
long contact times.

Chlorination Treatment Typical Dosage Rates
ppm
Algae 3-5
Bacteria 3-5

B.0.D. Reduction 10

Color (removal) Dosage depends upon type and extent of

color removal desired. May vary from 1 to
500 PPM dosage rate.
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Chlorination Treatment

Iron Bacteria
bacteria

Iron Precipitation

Manganese Precipitation

Odor

Typical Dosage Rates
ppm

1-10 varying with amount of

to control.

0.64 times Fe content.

1.3 times Mn content.

1-3

Liquid state

(Gaseous stale

1
) B L L |
-29-20.15-10-5 Q0 5 101520 2530 3540 45 50 55 60 65 70 75 80 8%

Temperature (°C)

oy rrrrrTroyrro
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The Effects of Temperature on Chlorine
Disinfection

The bactericidal power of both free chlorine and
chloramines decreases with falling temperature.

In a situation where the effects of lowered temperature
and high pH value are combined, the reduction in the

efficiency of free chlorine and chloramines is very

marked.
1,600 =
1,500 —
. 1.400
E Temperature
< g, 1,562
; 1,300 7 20 1,524
-10 1,496
2 0 1,468
g 1,200 = 10 1.438
20 1,408
£ 2 im
g 1,100 + 50 1311
60 1275
w 70 1,238
1,000 — 80 1,189
80 1,157
100 111
120 260
900 — 130 924
i ] ] I I I I ] I I T 1 ] ] [) 1 1 1
-40 -30 -20 10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Temperature (°C)

The relationship between specific weight and temperature for liquid chlorine
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Environmental effects of chlorine

Chlorine dissolves when mixed with water. It can also escape

from water and enter air under certain conditions.

Most direct releases of chlorine to the environment are to air

and to surface water.
Effects of chlorine on human health depend on

- Breathing small amounts of chlorine for short periods of time

harmfully affects the human respiratory system.

- Effects differ from coughing and chest pain to water retention in

the lungs.
- Chlorine irritates the skin, the eyes, and the respiration system.

- These effects are not likely to occur at levels of chlorine that are

normally found in the environment.
Advantages and Disadvantages of Chlorine Use
Advantages:

e Oxidizes soluble iron, manganese, and sulfides.

Improves color removal.
e Improves taste and odor removal.
e May enhance coagulation and filtration of particulate contaminants.

e Is the easiest and least expensive disinfection method, wide use of

system size.
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Disadvantages:

e May cause a drop in coagulation/filtration of dissolved organic
substances Forms halogen-substituted byproducts.

e Finished water could have taste and odor problems, depending on

the water quality and dosage.
e Chlorine gas is a hazardous corrosive gas.

e Higher concentrations of hypochlorite solutions are unstable and

will produce chlorate as a byproduct.
o s less effective at high ph.

The following are safety procedures that should be observed when

moving cylinders:
1- Always replace the protective cap when moving a cylinder.

2- Move cylinders with a properly balanced hand truck that has

supports that fasten.
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3- The 100- and 150-pound cylinders can be rolled in a vertical

position. Avoid lifting these cylinders except with approved
equipment.

4- Use a lifting clamp, cradle or carrier. Never lift with homemade
chain devices, rope slings, or magnetic hoists and never lift the
cylinder by its protective cap.

5- Keep cylinders away from direct heat and direct sunlight, especially
in warm climates.

/ Protective
Hood

-

Neck Ring —— A

WValve

Cwyvlinder
Body
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6- Transport and store 100- and 150-pound cylinders in a vertical

position.

7- Store empty cylinders separately from full cylinders, and label them

clearly with information as to whether they are full or empty.

8- 1000 kg cylinders store horizontal position.

BT ] e
Pressure Regulator

Regulating 55

Rotameter

Source Chlorinated
Water 3’ Water %
ee———

Injector
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Carcinogenic
Disinfection
Byproducts!

Ozone

What is ozone?

e Ozone is a molecule made of three oxygen atoms that occurs

naturally in the earth and that can also be manmade.

e In the upper atmosphere, it helps protect the earth’s surface from

the harmful ultraviolet rays of the sun.

e \When ozone decomposes, it does so rapidly to form oxygen.

How an Air Ozone Generator Works

1 . Powerful ozone exits the machine
A protective stainless steel grill where it can oxidize odors, smoke
Ambient air is pulled into ensures that people cannot touch & other harmful contaminants.
the ozone gene rator the corona cell while in operation. The entire process takes less

than 1 second!

I/ s SO %

\ A high ollage corona
A filter prevents dust & insects A fan accelerates air through the mechanism converts the
from lodging in the corona cell. unit for ozone creation. oxygen (Oz) to ozone (O3)
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Ozone Generation
30, + High Voltage— 20,

Oxygen O, Oxygen Atom O° Oxygen O, Ozone O,
An Electrical The Unstable Oxygen Atom This
Discharge (Spark) Combines with Other Oxygen Combination
Splits an Oxygen Molecule Forms Ozone
Molecule into two
Atoms
Also Called

Corona Discharge

Bacteria Cell Cell Lysis

{ 4

superbugs from developing by destroying the
drug resistant genes
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What are some of the uses of ozone?

Ozone is used as a disinfectant for killing micro-organisms in the
air and water treatment use ozone to keep the water free of algae

and harmful bacteria.

Ozone is also used for industrial and manufacturing purposes.

Is ozone better than chlorine to disinfect drinking water?

Chlorinated water is still very safe to drink. But ozone is more

effective than chlorine in disinfecting the water.

Ozone disinfection produces less disinfection by-products. Ozone
also removes more trace organic compounds than chlorine which

will result in better tasting and smelling water.

Ozone may make unacceptable tastes and odor of water in

concentration more than 1.0 ppm still short time.
Will customers notice a difference in ozonized water?

Some people who drink water disinfected by ozone report that the

water tastes and smells better.

After ozone is used as the disinfection method, it quickly breaks

down back into oxygen.

Some chloramine (chlorine) will continue to be used in order to

keep the water disinfected in the distribution system’s pipes.
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What happens if there is a problem with the ozone disinfection
equipment?

e |f a problem occurs with the ozone disinfection equipment, it will
shut down automatically and the chlorine disinfection equipment
will start in plant work with ozone and chlorine.

e But no environmental effect because ozone back into oxygen

e All ozone is removed from the water before it leaves the
treatment plant.

e Ozone doesn’t leave any taste or odor in the water in the optimum

dose.
uv
Two types of UV systems are available
1- Low pressure.

e Low pressure systems produce a narrow band of radiation at 253, 7
nm.

e Which is close to the ideal wavelength for inactivation of micro-
organ-isms.

e But these systems emit only around 40% of the power input.
2- medium pressure.

e Mercury vapor lamps. Medium pressure systems emit a much
wider band of UV light.

e But at a much higher power output.

e So it my cause a harmful effect for human body specially on skin
and eyes when body to direct UV.
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(@) Inlet T@ Outlet

Stainless Steel
Chamber

™

s

LED
Indicator
Light

P

- a » P e
e Ultraviolet Rays
H :

@

Easy-Off Mounting Bracket
End Cap (Optional)
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e The effectiveness of UV disinfection is however very dependent on

the depth of the water, turbidity and the bacterial concentrations.

e So large variations in the water quality, especially in turbidity, can

be make problems when using UV disinfection.
One of the disadvantages of UV:

e s that although there is no technical limitation on the size of a UV
plant more units being added in for larger plants expect power
output of band.

e The costs tend to become high-priced at larger facilities because of

the high operating costs.
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lodine
¢ lodine have disinfection properties especially in acidic condition.

e But not use in wide rang in water treatment because it very

expensive nearly ten time more than chlorine in coast.

e Also have bad effect in people have sensitivity to iodine.

permanganates

- High oxidant agent but have effect only against cholera.

- make color unaccepted in water.

o Floceulation! Filtration Su)n!;e
"
i Sedimentation
Metals

Metal ions have disinfection properties but not used because:
e Gold & silver very expensive.

e Cupper good in algae removal but have weak effect for pathogen

removal.

e Mercury is toxic.
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COAGULATION FLOCCULATION AND
CLARIFICATION

Coagulation:

Chemical coagulation pretreatment is the most important factor in
ensuring efficient removal of suspended particles and microbes by
coagulation, flocculation and clarification and by granular media
filtration. It also indirectly affects the efficiency of the disinfection

process.

Although the coagulation process itself is unlikely to cause any

microbial hazard or risk to finish water.

Defect in the coagulation process could result in a high microbial

risk to drinking-water consumers.
Coagulation technique

take place by using coagulant have high electro positively to
neutralized the negative charge in the raw water to form settle able
flock.

Aim of coagulation to remove:
Organic or inorganic turbidity (colloidal matter).

Bacteria, viruses and pathogenic organisms, which are able to

separate by coagulation processes.
Algae and plankton.

Partly taste and odor producing substance.
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Zeta Potential

e Zeta potential is the electrical voltage difference between the

surface of each colloid and its suspending liquid.

e The potential is caused by the surface charge, so it is a fairly direct

measure of the suspension characteristics of the solution.
Zeta Potential Model

e The magnitude of these forces is measured by the zeta potential,

which is:

_ Angd

zZ
D

Where:

e Zis the zeta potential.

e (| is the charge per unit area.

e d is the thickness of the effective charge layer.

e D is the dielectric constant of the liquid.
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he greater the zeta potential, the greater are the

o

repulsion forces between the colloids and, therefore,
the more stable is the colloidal suspension.
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Elactrical
Rapulsion

Repulsive Energy

Cristanca Batwaan Colloids

Electrostatic repulsion is always shown as a Positive curve.

Distance Between Colloids

T T L T T T

Van der Waals
Attraction

Attractive Energy

Van der Waals attraction is shown as a negative
curve.
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Zeta - Potential

Factors affecting in coagulation
1- Accuracy of mixing process. (Point of injection)

Because the presence of mixer must be in the area of adding
the alum dose because the reaction of alum with water tack place in
few seconds in case of the mixers present after the addition of alum
dose the effect of mixing not good to form homogenous solution from

raw water and alum dose.
2- Intensity of the flash mixers (R.P.M).

Because each treatment plant is designed with a certain steps as
the no. of R.P.M of the flash mixers according to the velocity gradient

value ( G-value).
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e G= AP
VAV
e V =volume of basin (m3).
e L =viscosity of water =1 N = 0.001 (Pass ).
e P =power OF MIXER (W).
Why we calculate G - values
1- To avoid the increase in the alum dosing

e Which may increase the level of residual aluminum causing many

problems in the human health, beside?
e Increasing the cost of treatment.
2- To optimize treatment process
(Coagulation flocculation-Sedimentation and filtration)
To apply G - value we need
1- Jar test apparatus catalog
2- Actual raw data:-

Plant design, power motors, alum consumption, pumps

discharge etc.......
3- Rising efficiency of plant processes.

4- Applying many Jar tests with some variables ( rpm, pH, time,

dose,...)

5- Maintenance
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Example of calculation of G — value
Flash mixing.
P = power of mixer = 30000 W.
V = volume of distribution system = 63 m3.

n = viscosity of water = 0.001 psi.

G = VP/uv
= +/ 30000/ 0.001*63
= 690 sec-1

R.P.M =220

T (time) =v/Q
VvV = volume of basin
Q = flow of raw water

= 63000 /1650=

T = 38 sec.
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Rapid and slow mixing For Flocculates

P =4500 W.

V =265 m3.

- u=0.001 psi.
- G =130.
- T=14.7 min.

1- Rapid mixing.

- G =100

- RP.M =95.

- T =5 min.
2- Slow mixing.

- G =47

- RP.M =45,

- T = 30min.
Jar Test and Alum Doses

B.No | B.No | B.No | B.No | B.No | B.No

Raw 1 2 3 4 5 6

Sol. Alum dose 6.5 13.0 19.5 26.0 325 39.0
NTU after 15 min. 12.5 4.6 2.7 2.4 1.8 1.6 1.4
NTU after 30 min. 12.5 4.47 212 1.7 1.2 1 0.9
pH 7.8 7.7 7.7 7.6 7.5 7.5 7.3
R.P.M of Flash mixing 220 220 220 220 220 220
Time of flash mixing sec. 38 38 38 38 38 38
R.P.M rapid mixing 95 95 95 95 95 95

Time of rapid mixing by

min. 5 5 5 5 5 5
R.P.M slow mixing 45 45 45 45 45 45
Time of slow mixing min. 30 30 30 30 30 30
Chlorine Dose mg /L 4 4 4 4 a4 4
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jar test for raw water

14
12 1\
510
=
Ze
S 6
2
24
2
0 f f | | |
1 ) 3 4 5 | —e—Turbidity NTU after
dose of al I 15 min
oseotalum Ml | _ o Turbidity NTU after
30 min

coagulant
dosing

Static mixer
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Example:

AH =0.75m; Q =4500 m%h; V=2m
T=20°C —» p=1.01-103 N-s/m?

Q = 4500 m*h = 1.25 m¥/s

1. =2/1.25=1.60 sec

1000-9.81-0.75

=2134s™"
1.01-1073.1.6

Where:

- p = density of water (kg/m®)

- g = gravity constant (m/s°)

- Q = flow (m%s)

- AH =head loss over mixing tank (m)
- pu = dynamic water viscosity (N-s/m°)

- 1c = residence time in the mixing zone ()

4

A\
1.25 cm/min

Settled Turbidity, ntu

L L L L L L L L L L
0 5 10 15 20 25 30 35 40 45 50 55 60

Time of Flocculation, min
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Factors effect on the application of G-Value

1- State of mixers.

Paddles of flash and slow mixers must be in good state, and

R.P.M of mixers.
2- Flow of water
Because the calculations depend on retention time.

Retention time hr. = (‘basin volume m3 )*( 24hr/day )

flow m3/m3
3- The actual raw information.

Common Coagulation and Flocculation Problems
Colloids

Colloids

B The properties of colloids that are of the
most interest to operators are:

B The tendency of colloid particles to
adsorb other substances on their surface.

B The tendency for their surfaces to
become electrically charged.

m If it have large surface area expressed in
comparison with its mass.

B The tendency for these particles to be in
constant motion.
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Aluminum Polyaluminum Ferric Ferric
Sulphate Chloride Sulphate Chloride

The various coagulant chemicals are aluminium or iorn
dissolved in sulphoric or hydrochloric acid

Prior to settling Following settling

EpraIummum Chlonde

The iron-based coagulants have a brown floc and the aluminum-based
coagulants have a white floc.
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Turbidity (NTU)

0 | 100 15
Coagulant dosage (mg/l
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CHEMICAL ADVANTAGES DISADVANTAGES

ferric chloride Or ferric - best removal of organics - Incorrect doses cause
sulphate - low cost reddish colour. and high iron
- doesn't add aluminum to residual.
water - high iron residuals can plug
- high iron residual is easy to filters and stain filter media.
detect - very acidic

-unpleasing sludge (brown).
Aluminum Sulphate - relatively low cost. - incorrect doses cause high
- less acidic. aluminum residuals and may
cause a health risk

-lower aluminum residual than - cost is three times greater

Polyaluminum chloride aluminum sulphate. than that of other coagulants
PAC -less effect on pH and alkal.
(coagulant aid) - improves taste and odour. - should only be used in

- Make large focs. coagulation basin.

moringa-oliefera
- The M.oleifera tree, typically up to 10 m tall.

- Wide spread in parts of Africa, India, America, Sri Lanka and

Malaysia.

- The moringa-oleifera tree produce Around 2000 seeds per year .this

number of seed treat about 6000 | of water by 50mg-I dose.
- Have more effect on more concentration of turbidity and microbes.

- Cane used as disinfectant.
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Alum.Chemistry

With alum addition, what happens to water pH?

Al,(SO4);.14 H,0 < 2AI(OH);!+ 8H,0 + 3H,S0,2

1 mole of alum consumes 6 moles of bicarbonate (HCO5’)

Al,(S04),.14 H,0 + 6HCO;" <> 2AI(OH);4+ 6CO, + 14H,0 + 350,?

If alkalinity is not enough, pH will reduce greatly

Lime or sodium carbonate may be needed to neutralize
the acid.
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Manufacture of Aluminum Sulphate

Aluminum sulphate is prepared from alumina ores by treating with

sulphuric acid at high temperatures.

The supernatant solution is either decanted and sold in liquid form
or concentrated and allowed to crystallise into a solid, dry, hydrated

product.
ALUM FROM WASTE ALUMINUM CANS

Although aluminum is a “reactive” metal, it reacts only slowly with

dilute acids because its aluminum oxide.

Alkaline solutions, or bases, (containing OH-) dissolve the oxide

layer and then attack the metal.

So, in aqueous alkaline medium.
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Aluminum is oxidized to the tetrahydroxoaluminate(lll) anion

which is stable only in basic solution.
2 Al(s) + 6 H,O(l) + 2KOH(aq) — 2 K[AI(OH),] (aq) + 3 Hz(0)

When sulfuric acid is slowly added to an alkaline solution of

this complex anion, initially, one

Hydroxide ion is removed from each tetrahydroxoaluminate
anion causing the precipitation of white, gelatinous aluminum
hydroxide, Al (OH) ;3

2K[AI(OH)4](ag) + H2SO4(aq) — 2 AI(OH)3(S) ppt + K;SO4(aq) + 2 H,O

On addition of more sulfuric acid, the aluminum hydroxide

dissolves forming the hydrated aluminum cation
2 A1(OH)s(s) + 3 HySOs(aq) — Alx(SO4)s(aq) + 6 H0
Flock formation

Flocculation

After coagulation and the resulting destabilization of particles,
the particles must collide. The collision of particles can take place
under natural circumstances (perikinetic floc formation) or by mixing

energy (orthokinetic flock formation).
Flocculation:

The effective flocculation is gentle mixing to promote particle
collection. The calculation of the velocity gradient necessary for

proper flocculation can be estimated by the G value, as shown below:
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P,
G= ( — )
4!

Where:
P = the power input to the fluid
V = the volume of the flocculator

u = the absolute viscosity of the water

Bridging L' % —0 0 Q ——
LSS

a coagulant forms
threads or fibers
which attach to —
colloids, capturing

and binding them N\ Q
together. < -
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Paddle Mixers

Consists of a series of appropriately spaced paddles mounted
on either a horizontal or vertical shaft generally rotate slowly are

commonly used as flocculation devices.

Orive Assembly

Slow mixers
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FOR VERTICAL FLOW

Pumped blenders
eject the coagulant into the

water through a diffuser in a
pipe.

They provide rapid diffusion
of the coagulant without any
significant head loss.
Energy consumption is less

than mechanical mixing.
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Design of Flocculator (Slow & Gentle mixing)

Flocculators are designed mainly to provide enough particle
contacts to achieve particles accumulation so that they can be

effectively removed by sedimentation.
Transport Mechanisms
(prikinetic motion)
Random motion: for relatively small particles

Which follow random motion and collide attached with other

particles.
(‘orthogenetic motion)

Particles with different settling wvelocities in the vertical

arrangement collide when one attached the other.
Perikinetic flock formation:

During perikinetic flock formation, particles collide as a result
of Brownian motion.

Von Smoluchowski described the decrease in the total number

of spherical particles as a function of time with the following equation:

dn 4kT

——=q
dt 3
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Where
in which:
n = total number of particles per unit water
volume (m-3)
a = collision efficiency (-)
K = Boltzmann constant (J-K-1)

T = absolute temperature (K)

Not every collision will result in attachment and
therefore the collision efficiency is incorporated

into the equation.

Orthokinetic floc formation:

By mixing, the collision frequency of the
particles is artificially increased. The decrease in
the total number of particles as a function of

time is described by the following equation:
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Where

- G, = velocity gradient for flock formation (s-1)
- R =collision radius (m)

- nl =number of particles with diameter d1 .

- n2 = number of particles with diameter d2 .
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Kinetic aspects of polymer

When a polymeric flocculant is dosed into a suspension of
particles, several processes are initiated, which proceed at different
rates. These processes, illustrated schematically in Fig. are discussed

briefly below:

® 0. O%Ww

d

= 15

N

o q 0.3-' N
W, 8% 0

a. Mixing: This is an essential process, in which the polymer becomes

distributed evenly throughout the suspension.
b. Adsorption: Attachment of polymer chains to particles.

c. (c)Rearrangement of adsorbed chains: At the moment a polymer

chain adsorbs on a particle,

d. Flocculation: When particles have acquired enough adsorbed
polymer to become destabilized, then collection result in

attachment.
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SEDIMENTATION

DEFINITION:

Sedimentation is the separation of suspended material from the
water by gravity. In water treatment the main purpose is to reduce
solids loading on the filters. Sedimentation is carried out in a
sedimentation tank ,a settling tank, or clarifier-- different words for the

Same pProcess.
PRINCIPLES

The settling wvelocity of particles in water follows a

fundamental theoretical equation known as Stokesi Law where:

Vat=g* D * (Ss - SW)
\Y/
Where:

- Vat = Settling velocity of the particle

g = Gravitational constant

D = Diameter of the particle
- v =Viscosity of water

- Ss = Specific gravity of the particle

SW = Specific gravity of water (= 1)
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The retention time

The actual time in the hours, minutes or seconds that a small
amount of water is in a settling basin, flocculating basin or rapid mix

chamber. From the inlet to the outlet of the settling basin.

Retention time hr. = ( basin volume m3 )*( 24hr/day )

Flow m3/day
particles particles
suspended settled
in water on bottom
time
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Diameter of Type of Particle Settling time
Particle through 1 m, of

water

10mm Gravel 1 seconds

1mm Sand 10 seconds

0.Imm Fine Sand 2 minutes

10 micron Protozoa, Algae, Clay 2 hours

1 micron Bacteria, Algae 8 days

0.1 micron Viruses, Colloids 2 years

10 nm Viruses, Colloids 20 years

1 nm Viruses, Colloids 200 years

Settling Time for Particles of Various Diameters;

Types of Basins

- Three common types of
sedimentation basins are
shown below

1- Rectangular basins are the
simplest design, allowing
water to flow horizontally
through a long tank. This
type of basin is usually found

in large-scale water treatment
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- Plants rectangular basins have a variety of Advantages

predictability, cost- effectiveness, and low maintenance.

- In addition, rectangular basins are the least likely to short-circuit,

especially if the length
Is at least twice the width.

- A disadvantage of rectangular basins is the large amount of land

area required.

Y

2- Double-deck rectangular
basins

are essentially two
rectangular sedimentation
basins stacked one atop the
other. This type of basin
conserves land area, but has
higher operation and
maintenance costs than a

one-level rectangular basin.
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r?.- Square or circular
sedimentation basins

with horizontal flow are

often known as
clarifiers. This type of
basin is likely to have
short-circuiting

problems.

r3- Square or circular
sedimentation basins

with horizontal flow are

often known as
clarifiers. This type of
basin is likely to have
short-circuiting

problems.




ol el el o A g oty Blse gl

a3 gl olall Eg_,'} -4

— 4

I

I

I

I

I

I

|

I

¢ I
& gl G,-.ll e -y |
- | |
I

I

I

I

I

I

I

I

g9l ga> o

o

§ Sl olall J g0 -
1=

S il 3 g all JSE

SEDIMENTATION BASIN ZONES
Most sedimentation tanks are divided into these separate zones:
Inlet Zone

Normal design includes baffles that gently spread the flow

across the total inlet of the tank.
Settling Zone

The settling zone is the largest portion of the sedimentation
basin. This zone provides the calm area necessary for the suspended

particles to settle.
Outlet Zone

The basin outlet zone should provide a smooth transition from

the sedimentation zone to the outlet from the tank.

This area of the tank also controls the depth of water in the

basin.
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Weirs set at the end of the tank control the overflow rate and

prevent the solids from leaving the tank before they settle out.

((uesll palgal ZasA i)
Sludge Zone

» The sludge zone, located at the bottom of the tank, provides a
storage area for the sludge before it is removed for additional

treatment or disposal.

« Basin inlets should be designed to minimize high flow velocities

near the bottom of the tank.

« If high flow velocities are allowed to enter the sludge zone, the

sludge could be swept up and out of the tank.

» Sludge is removed for further treatment from the sludge zone by

scraper or vacuum devices which move along the bottom.
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Factor effect in sedimentation process

PARTICLE SIZE

» The size and type of particles to be removed have a significant

effect on the operation of the sedimentation tank.
» Sand or silt can be removed very easily because of their density.
The shape of the particle

The shape of the particle also affects its settling characteristics.
A round particle, for example, will settle much more readily than a

particle that has ragged or irregular edges.
WATER TEMPERATURE

- When water temperature decreases, the rate of settling becomes

slower.




ol el el o A g oty Blse gl

- The result is that, as the water cools, detention time in the
sedimentation tank must increase and the operator must make
changes to the coagulant dosage to compensate for the decreased

settling rate.

- In most cases, temperature does not have a significant effect on

treatment.
Density of particle
- The increase in Density of particle increase

- The rate of sedimentation because it increase the weight of particle.

SLUDGE REMOVAL

SLUDGE BALANCE TEST

- For reaching to the high performance of sedimentation basin by
calculate when sludge zone full with sludge and the time of

evacuation of the sludge zone.

- Because if the sludge increased in the settling part of sedimentation

basin decrease and reduce the retention time of water in the basin.

- So the settling rate of flocks in the basin decrease so the fine
particles not precipitated and carried over from the basin and doing
load to the filter.

- This load decreases the filter run.

- Toavoid this problems we must doing emptying to the sludge zone

periodically.
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Calculation

Calculate the volume of sludge zone by m3.
Calculate the percent of suspended solids in the sludge.

Calculate the suspended solids in the water entered the

sedimentation basin.

Calculate the amount of water must enter the sedimentation basin to

fill the sludge zone by sludge.

Calculate the behavior of the sedimentation basin.
Calculate the time we need to fill the sludge zone.
Calculate the behavior of the sludge pump.

Calculate the time of working of the pump.
Practical steps

To calculate the suspended solids (S.S) to the water watch income

the sedimentation basin

In a known weight (W1) crucible put 100 ml of sample of inlet of

sedimentation basin.
put the crucible in the oven at 105 C to drying.
After drying put the crucible in the desiccator.

weight the crucible (W2) and calculate inlet the suspended solids
(S.S).

SS=wW2-w1
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- To calculate the percent of suspended solids in the sludge

- You must take a homogeneous sample of sludge to acting the true

results.
- Take 100 ml (V1) of sludge and dry it at 105 C.
- Determine the volume of solids after drying (V2).
- The percent of suspended solids in the sludge = (V2/VV1)*100.
- Calculate the amount f sludge in zone by mg/I.
The factors affecting in the performance of the test
- The sufficiency of the bridge in the sedimentation basin.
- The sufficiency of the dislodging in the basin.
- The retention time.
SSYa/an £0 Ll lgd Loy 5,Sall oliall dillal) Mgall 40eS —)
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Filtration

The process have more effect on the treated water produced, in
this stat of treatment we remove the fine flock not removed by
sedimentation or by carrying over and the algae dead or alive and all

the suspended matter bolted from the sedimentation basins .

The filters divide to rapid and slow this classification depends

on the size of sand used on the filter.

wash troughs filter tank

filtered water
to clear well

perforated laterals

=) 193939 Encyclapsedia Britannica, Inc.
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Mechanisms of Filtration
Introduction

How are particles removed from water using filtration? Many
mechanisms have been found to be part of the filtration process -
straining, adsorption, biological action, and absorption. Each

mechanism will be explained below.

Straining

passing the water through a

filter in which the pores are &O,wc:j&
smaller than the particles to be &8

» Y & L
removed. € T a
the floc cannot through

between the sand particles, so

the floc are captured.

The water is able to flow

. Y 3
through the sand, leaving the
i i g (w dladl
floc particles behind. ol
Adsorption

» Adsorption is the gathering of
gas, liquid, or dissolved solids
onto the surface of another

material.

* In filtration, adsorption
involves particles becoming
attracted to the surface of sand

particles.

* Adsorption can remove even

very small particles from water.
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Absorption

* Absorption is the soaking up of

one substance into the body of f
another substance. O
* In a filter, absorption involves
liquids being soaked up into the (

sand grains, as shown below:

* After the initial wetting of the sand, (-..\ (-/\
P

absorption is not very important in

the filtration process.

FILTERING BACKWASHING

flow

clean water\A clean water\S
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Filter Operation

Supply

water Backfluah
watar oul

Backflush

Backflush
aupply

supply

Filter madia

Flltarsd water

Ungardrain
supporl

a) Operation during flitration b) Cperation during clsaning

Back wash

Backwash

F
Dity [lTaror = %
water [l ‘F R, WSO At O
1o A N T e i z&,r

waste

Clean water
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Filter bed Boil Expanded bed

Filter disruption and short-circ uiting, with bed displacement and a

surface boil during backwash

Filter Problems
Mud balls

If the filter is not correctly backwashed and surface
washed.

mud balls will continue accumulating material and will
grow larger.

Mud balls presence make cracks in filter media.

since water will not pass through the all the filter media

and pass through cracks without filtration.
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WEIGHT OF MUD (kg / m3

MUD CONTENT CURVE

A

7 /

N

L 2

20 38 56

SAND HIGHT (cm)

G S 43 2300 ¥ i gal g ) gl 5 g

ok

-

SAND HIGHT
{558 From 5 23 41 59
surface
WEIGHTOFMUD| 455 | 10 | 85 6.6
(Kg / m3)
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WEIGHT OF MUD (kg / m3
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MUD CONTENT CURVE

23 41 59

SAND HIGHT (cm)

Slow Sand Filtration




4l naal il Bl A o il Bl
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Side Service Hole
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Media filter
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Clear water reservoirs
Objective

- To store a strategic amount of clear water in order to be able deliver

sufficient clear water under peak demand circumstances.

- When the demand is higher than the production capacity And a
proper mixing and reaction of the post chlorine that is added in the

reservoir.
Principle

Water passes from the filters to the reservoir via an overflow
edge, allowing a constant water level on the outlet of the filters. From

the water is led to a sump from where it is pumped into the network

In the reservoirs a post chlorination is applied in order to make
the clear water bacteriological free and prevent the wide spread of

waterborne disease under the consumers of drinking water.

Some organic matter after treatment still partly present in water
as dissolved DO, during transportation of the clear water in the

distribution network, chlorine will react with this matter.
Activated Carbon Filters

- Activated Carbon (AC) filtration, use with any water treatment

method.
- But not talented of removing every possible type of contaminant.

- For example, sodium, microbes, fluoride, and nitrates cannot be

removed with AC filtration.
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- Water softening also cannot be achieved with AC filters.

- In addition, heavy metals, such as lead, can only be removed with

a very specific kind of activated carbon water treatment.
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Activated Carbon Filters

Activated Carbon (AC) filtration, use with any water treatment
method.

But not talented of removing every possible type of contaminant.

For example, sodium, microbes, fluoride, and nitrates cannot be
removed with AC filtration.

Water softening also cannot be achieved with AC filters.

In addition, heavy metals, such as lead, can only be removed with
a very specific kind of activated carbon water treatment.

Activated
Carbon
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There are two main activation methods

Steam Activation:

- Steam activation is carried out using steam at temperatures of
between 800°C and 1000°C.

- This process produces a graded and screened form of activated
carbon.

- Carbon activated by steam generally has a fine pore structure, ideal
for adsorbing both liquid phase and vapor phase compounds.

Chemical Activation:

- With chemical activation the carbon is first filled with a powerful
dehydrating agent, typically a paste form of phosphoric acid (P,0s)
or zinc chloride (ZnCl,).

- The paste is heated to temperatures between 500°C and 800°C to
activate the carbon.

- Chemical activation produces activated carbon with a very open pore
structure, making it more suitable for adsorbing large molecules.

Small and ;
%’ o siias Large dissolved
organic molecules  gmay dissolved

organic molecules

Pores avallable to
both small and large
molecule adsorption
Pores available
only to small
motlecuie
o odl adsorption

wd
N

l'.. I_ ‘ ‘v . X
\_ﬁ 7 Micro Pore Meso Pore

Molecular screening in the micropores of an
activated carbon filter




ol el el o A g oty Blse gl

lon exchange

e To remove anions such as nitrate, fluoride, arsenic, and other

contaminants or captions such as calcium and magnesium.

lon Exchange Process

Bulk Salt

Raw Water

Ion Exchange

Column Brine Maker

Waste brine (from regeneration of ion
exchange media)

Treated Water

lon Exchange Process

e lon-exchange is used widely in small water systems and individual

homes.

e |on-exchange resin, (zeolite) exchanges one ion from the water

being treated in place of another ion that is in the resin .

e Zeolite resin exchanges sodium in place of calcium and

magnesium.

e The following chemical reactions show the exchange process,

where X represents zeolite, the exchange material.
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Removal of carbonate hardness:

Ca(HCO3), + Na,X  ------ > CaX + 2NaHCO;

Mg (HCO3), + Na2X ------ > MgX + 2NaHCO;

Removal of non-carbonate hardness:

CaSO,4 + Na,X  ----- > CaX + Na,SO,
CaCl, + NaX  ------ > CaX + CaCl,
MgSO, + NapX — ------ > MgX + Na2SO,
MgCL, + Na,X  ------ > MgX + 2NaCl

These reactions represent cation exchange, the exchange of

positive ions.

To reload the sodium ions used, units need to be regenerated

with material containing high amounts of sodium, normally salt brine.

This allows the resin to be reused many times.

lon-exchange does not change the water’s pH or alkalinity.

But, the stability of the water is changed due to the removal of

calcium and magnesium and an increase in dissolved solids.

For each ppm of calcium removed and replaced by sodium, total

dissolved solids increase by 0.15 ppm.

For each ppm of magnesium removed and replaced by sodium, total

dissolved solids increase by 0.88 ppm.
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Advantages

» Less pretreatment needed than with RO/NF.

* More selective than RO.

» High recovery (90-95%).

Disadvantages

* Very limited in mining applications.

* Large chemical demand.

» IXyields a liquid waste brine requiring management.
* Resin scaling, clumping, poisoning, attrition.

Bank filtration

Bank filtration for water treatment:

» Bank filtration (BF) applied to a river or lake, is a dependable,

natural and multi-objective treatment process.

* Which removes particles, biodegradable organic compounds, trace
organics, microorganisms as well as ammonia and nitrate to some

level.

» BF decreases the costs of water treatment.
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Features and Limitations of BF

Features:

* BF is a natural treatment process, avoids or reduces the use of

chemicals and produces biologically stable water.

« BF improves water quality by removing particles (suspended
solids), organic pollutants, microorganisms, heavy metals and

nitrogen.
» BF reduces temperature peaks.

» BF replaces or supports other treatment processes and reduces the

overall cost of water treatment.
Limitations:

 BF is location specific, and is likely only when the local

hydrogeological conditions are favorable.

» Sometimes increased concentration of iron and manganese in

extracted water.

* One of the main problems is clogging of the aquifer due to

accumulation of suspended matter that is filtered out.
Iron and Manganese Removal Process

» Biological Iron and Manganese Removal Process

* In anaerobic ground water, iron and manganese may remain in their

soluble forms of Fe2+ and Mn2+.
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» Physical chemical removal processes require the oxidation of this
water in order to sufficiently raise the oxidation-reduction potential
(ORP) of the water so that the iron and manganese present will be

converted into their insoluble oxidized forms.
BIOLOGICAL IRON AND MANGANESE REMOVAL

Both manganese and iron are found in surface and ground
waters at varying concentration levels. When present even at low

concentrations they can be linked to the following problems:
- Discoloration.

- Turbidity.

- Taste problems.

- Iron oxide or manganese dioxide accumulations in pipes.

Both metals promote the growth of certain types of chlorine

high resistance micro-organisms in water distribution systems.
Common Forms of Iron Bacteria

- Leptothrix ochracea.

- Gallionella ferruginea.

4Fe,+ + O, + 10H,0 — 4 Fe(OH); + 8H+ + Energy

Manganese is also oxidized by ‘iron bacteria’ but at higher
oxidation reduction potential (ORP) values than that for iron, according

to some variation of the following:
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Three step reaction:

Mn2++02 — MnO2 + Energy

Mn2+ + MnO2 — MnO2 + Mn2+

MnO2 + Mn2+ + 02 — 2MnO

- Oxidation of manganese by oxygen alone is slow .

- But the reaction is catalyzed by the presence of previously oxidized

manganese.

- The ion in its reduced form is adsorbed by the manganese dioxide
which allows the normally slow oxidation reaction to go to

completion.
Groundwater

What is groundwater?

- Groundwater is fresh water (from rain or melting ice and snow) that
soaks into the soil and is stored in the tiny spaces (pores) between

rocks and particles of soil.

- Groundwater accounts for nearly 95 percent of the nation’s fresh

water resources.

- It can stay underground for hundreds of thousands of years, or it can
come to the surface and help fill rivers, streams, lakes, ponds, and

wetlands.
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- Groundwater can also come to the surface as a spring or be pumped
from a well. Both of these are common ways we get groundwater to
drink.

Major contaminants in groundwater

Natural sources

Iron and manganese

Calcium and magnesium (Hardness)

Arsenic

Radionuclide

Artificial sources

- Nitrate (from infiltration of fertilizer and surface application of

pesticides)

- Artificial and volatile organic compounds (from wrong removal of

industrial wastewater)
Iron and Manganese removal

- To remove Ferrous iron (Fe™) and manganous manganese ion
(Mn™).

- Aeration, sedimentation, and filtration
- Fe™ + oxygen — FeOy | (ferric oxides)
- Aeration, chemical oxidation, sedimentation and filtration

- Fe™ + Mn ™ + oxygen + free chlorine — FeO, | (ferric oxides) +

MnO2 |
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Flow diagram of typical groundwater treatment
plant for Fe & Mn removal

Aeration”

Contact
Basin Filtration

i
'.;-’f\ - J?V" ‘

Disinfection
Well (storage for contact time)

* Alternatives

Hardness removal

Remove Calcium (Ca++) and Magnesium (Mg++) ions
because it makes Interfere with laundering by causing excessive soap

consumption.

- May produce scale in hot-water heaters and pipes

- Use Lime (CaO) and soda ash (Na,COs).

- Lime for carbonate hardness.

- Soda ash for non carbonate hardness.

How is groundwater contaminated?

- Groundwater can become contaminated in many ways.

- If surface water that recharges an aquifer is polluted, the

groundwater will also become contaminated.
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Groundwater can also become contaminated when liquid hazardous

substances soak down through the soil into groundwater.

Contaminants that can dissolve in groundwater will move along

with the water, potentially to wells used for drinking water.

If there is a continuous source of contamination entering moving
groundwater, an area of contaminated groundwater, called a plume,

can form.

A combination of moving groundwater and a continuous source of
contamination can, therefore, contaminate very large volumes and

areas of groundwater.

Some plumes are several miles long. More than 88 percent of

current sites have some groundwater contamination.

Why is cleaning up groundwater so hard?

Cleaning up contaminated groundwater generally takes longer than

expected.

Because groundwater systems are complicated and the contaminants

are invisible.

This makes it more difficult to find contaminants and to design a
treatment system to remove the contaminants in the ground or takes

them to the surface for cleanup.
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Diagram 4
Pumping and Treating Contaminated Groundwater
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WATER CHEMISTRY

The Water Molecule

Three Major Groups of Component Found in Water

Suspended solids

- Hydrochloric acid

- Suspended solids of large size

- Colloidal material: mud, dirt, clay, iron rust Organisms
- like bacteria, Microorganisms, Algae Dissolved Solids

- Solubility salts (. calcium carbonate, calcium sulfate, calcium
fluoride)

Y'Y
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Dissolved gases CO, & O,

The applicability of any process water treatment depends on
1- The feed water Components.

2- Use of fresh water.

For Low Solids/Turbidity

1- Coagulation + Filtration

2- Direct UF Membranes

For Higher Solids /Turbidity

1- Coag + Clarifier + Filtration

2- Coag + DAF + Filtration

3- Coag + DAF + UF
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Why Desalination?

1

2

3

4

5

Can we drink salt water?

97.5% of that water is oceans

Only 1% is available for drinking.

75% of the Earth’s surface covered by water.

80 countries suffered from water shortage by the mid-1990s.

1.5 billion people not have ready source of drinking water.

1- Small quantities are not harmful, but more amount make more

health problems.

2- Finally, it can be dangerous, at last producing make many problems

in heart and kidney.

Desalination — Where Are We Today?

l 16,000 Desalination Plants Worldwide — .

23 Million m*/day
Thermal Desalination

66.4 Million m®/day

BRO

®Thermal
%4

40 % of All Plants > 50,000 m®/day

65 % Installed Capacity Increase

ED mOther
%2

40 Million m*/day
RO Desalination
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Area Required

Capacity Capacity Conventional system, Membrane System,
(m3/day) (1/s) m2 m2
5000 m3/d 601/s 780 350.0
10000 m3/d 1201/s 1,400 415.0
20000 m3/d 2401fs 2,600 560.0
50000 m3/d 600 I/s 25,200 800.0
70000 m3/d 800 Ifs 42,000 1,050.0
86000 m3/d 1,000 /s 71,400 1,239.0
B Membrane System, m2 H Conventional system, m2
100,000.0
10,000.0
1,000.0
100.0 -
5000 m3/d 10000 m3/d 20000 m3/d 50000 m3/d 70000 m3/d 86000 m3/d

AR
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Layout for 120Il/s plant (14m X 20m)

Layout of membrane filtration system, capacity of 240 I/sec
(4 RACKS X 70 MODULES)

YV
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' Layout for 800 I/s plant (28 m X 30 m)

Layout of membrane filtration system, capacity of 800 I'sec (11 RACKS X 84 MODULE)

' Layout for 1000 I/s plant (28 m X 38 m)

Layout of membrane filtration system, capacity of 1000 I/sec (14 RACKS X 84 MODULE)

‘all container system capacity 60 lit/sec

, I n}a'?"

Ill )y

YYA
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Capacity Capacity Conventional system Membrane System

(m?3/day) (I/s) (EGP / year) (EGP / year)
5000 m?/d 601/s 638,000 400,000
10000 m*/d 1201/s 1,214,092 828,000
20000 m*/d 2401/s 2,350,861 1,625,578
50000 m?/d 6001/s 5,651,775 3,954,020
70000 m3/d 8001/s 7,841,633 5,748,979
86000 m*/d 1,000 I/s 9,721,439 6,895,389

Main Factors Affecting Costs:

e Plant Size — Bigger is Better

e Source Water Quality - TDS, Temperature, Solids and Organics
Content

e Product Water Quality — TDS, Boron, Bromides, Disinfection
Compatibility

e Power Supply & Unit Power Costs

e Other Factors:

o Intake and Discharge System Type

o Pretreatment & RO System Design

o Plant Capacity Availability Target
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Plant Size and Construction Costs:

v

0.95

0.9

0.85

Cost of Water Production - Economy of Scale Factor
o

0.45
5,000 20,000 35000 50,000 65000 80,000 95000 110,000 125,000 140,000 155,000 170,000 185,000 200,001

SWRO Desalination Plant Capacity (cubic meters/dav)

y

Operating Expenses — Breakdown

Parts
Office Replacement Power
3% 13% 41%

Membranes
8%

Labor Chemical /
9% Consumables
9%

AR
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Power Use
Permeate Permeate Reverse
Treatment Distribution Osmosis

Pre-filtration

8%
Intake \
1 5<&

Process

Types of Filtration

Direct Filtration
- Sand or Multi Media
- Cartridge

cross Flow Filtration

-Micro filtration
-Ultra filtration
-Nano filtration
-Reverse osmosis

V€D
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Désaliénation Technologies and Filtration Processes

Reverse osmosis (RO) and membrane technologies are widely
recognized to offer the most effective and economical process options

currently available.

- From small scale systems, through to very large scale desalination,
RO and NF can handle most naturally occurring sources of

brackish and seawaters.

- Permeate waters produced satisfy most currently standards for the

quality of drinking waters.

Direct Filtration or Conventional macrofiltration

The contaminants within the feed water stream are then trapped
on the surface of the media. With time, the build up restricting
the through out of the filter. When this happens,, the pressure
required to product flow, increases and the filter needs to be
back washed

e B BN L N —lamgn, ¥

Ry
v’,% “'

,/ V= ¢
’\ iL ‘ . Permeate or
8 8838 —  Filtrate

Solids on surface quickly foul the membrane

—— Barrier media

YEY
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Cross Flow Filtration

Cross flow filtration methods use pressure to push water
containing dissolved solids across or tangent to the
membrane surface. This pressure overcomes both hydraulic
back pressure of the flow but the osmotic pressure of the
water. pushing purified water through the membrane surface.

a s TR 7l \
(3
Feed © . Coridentrats
1o —— 7 g o
m -....---- -.'.'-...Mé’rq.t!.r.ané.Sg!:f.ac-é..'-... -.b..lh---
R R
Permeate

Membrane filtration process

Membrane

Particle or Solute
Molecule . Solvent

\EAl
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Range of filtration processes
Reverse Osmosis

v" Dissolved Solids
Nanofiltration/Membrane Softening
v" Divalent lons (Ca & Mg)
Ultrafiltration

v Organics & Colloids
Microfiltration

v" Suspended Solids

OO0 000

e

. Suspended Solids @ Multivalent fons
. Macromolecules © Monovalent lons o Water
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Reverse Osmosis (RO)

Reverse osmosis is the finest level of filtration available .
The RO membrane acts as a barrier to:

- All dissolved salts

- All inorganic molecules

- All organic molecules

MACROMOLECULES SUSPEHDED
\ SOLIDS
B
S
sSALTS SIS S <g,<§{s> (E§§§§§;> ‘;==.=..
ARURRERY AR
ALRALRNY > o0 - .%

TR
VAL e wWATER

Membrane Filtration vs Conventional Filtration

B Granular Media B Membrane Media
M Irregular Pore Size Distribution M Controlled Pore Size
(50 -70 micron between Distribution (0.1 micron)
grains) M Absolute Filtration

B Probable Filtration

Membrane technology is Absolute Filtration
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4 ?‘Spiral-Wound Elements in Series

N Y
Pressurized (L ) B) y

Feed Water "' Permeate

—TOP =

= Pressure Vessels in Parallel

0 |

“€© Recycled Concentrate

-

Concentrate Blowdown

\

—=

Ak
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Reverse Osmosis (RO)

The applications for RO are numerous and varied, and include:
- Desalination of seawater or brackish water for drinking.

- Wastewater recovery.

- Food and beverage processing.

- Biomedical separations.

- Industrial process water.

- -The production of ultrapure water for use in the semiconductor

industry.
- Power industry (boiler feed water).
- Medical / laboratory applications.

Theory of Osmosis

Pure Water Salt Solution

\ Semi-Permeable Membrane
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Theory of Reverse Osmosis — RO

Pressure

Pure Water Salt Solution

\ Semi-Permeable Membrane

The key terms in RO
Feed flow

The rate of feed water introduced to the membrane system
(m*/h).

Permeate

The purified product water produced by a membrane
system(m®/h).

==
= Permeate Concentrate

YEA
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Rejection

The percentage of salt concentration removed from system feed

water by the membrane.

(TD Sfeed -TD sProducl‘)

Salt Rejection(%) =

Flux

X 100

The rate of permeate transported per unit of membrane area in

time.

The key terms in RO

Recovery

The percentage of membrane system feed water that emerges from the

system as product water or “permeate

e Permeate flow
Recovery (%) B— X 100
Feed flow
Salt Passage

The opposite of “rejection”, passage is the percentage of dissolved
constituents (contaminants) in the feed water allowed to pass through the

m Salt- concentration in Permeate
o, —
Salt Passage(?%) J——
Salt- concentration in Feed

.\

X 100

Y €4
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Pressurized | 0‘ ) RO Permeate
Feed Water ’ -
—_

;0’ ,
0 )

First Stage Second Stage

Concentrate
Blowdown

Recycled Concentrate

Alarms and Protections.

Too high feed pressure.

Deficient feed pressure.

Oxidizing agents in the feed.

Too high concentration of colloidal matter in the feed.
Too high concentration of soluble salts in the feed.
Too high feed temperature

High permeate conductivity

High concentrate conductivity

Low feed pH

High feed pH

High feed temperature

Yo
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* Low level in dosing tank
* Low / high level in product water tank

« Low / high level in raw water tanks

1/A Series
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Permeate
Spiral Wound . /
Element Design

Concentrate
Perforated Product Tube
Anti-Telescoping < :
Cap |

: - Feed Water
.:::E Carrier
H
\ Semi-Permeable
9 Membrane
Edges nre glued to form
e Permeate Envelope
Solution
Permeate Carrier
Material
Half membrane sheet
Membrane leaf Glue line
Permeate spacer

Centre pipe

-
.
=
=
»
e
-

Yoy
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Reverse Osmosis System
Components Reverse

Pretreatment Osmosis

Membrane

‘Water Media

= High -
Cartridge pressure -
filter pump
b

ke i filter l ,l
coagulation De-chlorination Acid Antiscalant 5
D remineralizdtion

Feed
pump

Raw

Hypochlorite
pH-adjustment

Post-chlorination

Permeate
Water tank

Post treatment

Common RO Chemicals

PH reduction: Sulfuric Acid.

Coagulant: Ferric or Aluminum Sulfate (Alum) - Polyelctrolyte
Increase pH: Caustic Soda.

Poly acrelate, Organa phosphate: Antiscalant
Disinfectant/oxidant: Chlorine (Liquid or powder).
Dechlorination: Sodium Metabisulfite.

Washing chemicals.
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B
y Pretreatment unit components
T Pretreatment
| =
1
1
1
. g
: | Feed pump
: =
: « Media
' filter 1
g ater I/
i nk 1
1
: coagulant I
: De-chlorination Acid Antiscalant :
1

S —Hypoehlonte ————————————————————————————————— |

Pretreatment unit components:

Feed pump

Media filter

Cartridge filter

Dosing systems

Feed pump

Yoo
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Cartridge Filters

Yov
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I
Cartridge filter

Air release l
valve W

From media )
filter B A —
BV
@ Pressure indicator
N Drain
»-<| Ball valve
_I/ Air release valve

YoA
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Dosing system

Injection point

°“°o°a‘700T

Static
Injection Quill Mixer

metering
pump

Solution tank

Yyod
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Anticipants work to prevent scaling at R O
Unit by to mechanisms:
1- Repulsion.

By surrounding ions by negative charge so make repulsion

force between particles and not collected at the surface membrane.
2 - Distortion.

By make separation between ion and make distortion to it. so it

cannot be collected another time.

RO Membrane Feed Requirements

Reverse osmosis unit components

microns 5 Prefiltration Reverse Osmosis

Turbidity to be less than
0.2 NTU.

I
I
I
I
1 High pressure Membrane

I

I

I

I

I

I

pump 1
I

I
i
I

I

o I
1

I

I

I

1

I

I

I

I

I

I

Absence of Chlorine

iron <0.05 mg/l

Energy recovery
device

Oil and grease < 0.1 mg/l.
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o A

the Membrane

An ideal membrane has the following
characteristics:

High salt rejection.
High permeability to water.

Resistant to high temperature.
Resistant to all kinds of fouling (inorganic,

organic, colloidal, and microbiological fouling).

stable in saline water.

Flat-sheet type Ceramic Membrane

Resistant to oxidizing agents, especially chilorine.

78

Y
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-

Flat-Sheet
Ceramic Membrane

Deramic membrane unit

'7\?4 * High reliability and long life span

/ [7 - Energy-saving

=

1.Resistant to chemicals and heat

2.Resistant to blocking

3.Easy to remove blocking materials
[

— | —
~_—"

A \Z

125 * New usage (application)

' 6 - Improved maintenance

Flat-sheet type Ceramic Membrane

Specifications

Ceramic Filter

Membrane type

Flat sheet, Out-in filtration

Material

Alumina

Pore size (Ave.) 0.1ym

Size and weight

W250 x H1000 x T6 mm, 2.2kg

Membrane Area 0.5 m?

Performance and conditions

Water permeability | 40m3(m2-d)
Temperature 5~80°C
pH 2~ 12 < Ceramic Membrane>

< Element>

A\
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Flat-sheet type Ceramic Membrane

Design the structure of membrane for water treatment

Processed Water ﬂ Ceramic membrane Surface\

Membrane

Feed Water

Scouring air

Fouling matter
< Cross-section > /

V-‘/ =5
1980 1990 2000 2010
-4 S I\ A
e U
| \ | | ‘
Francis Turbine | Turbocharger Rotary Exchanger
Francis Turbine 2/ | Piston Exchanger

Pelton Turbine
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V Post treatment unit components

Post treatment

I 1
i 1
1 1
1 1
I 1
1 I
1 1
] 1
1 1
I (]
1 1
1 1
1 \ 1
I 1
1 4 \ 1
1 ]
1 N 1
] 1
I 1
1 Remineralization 1
1 1
] 1
1 I
1 1
1 ]
1 1
] I
1 1
1 1

Post- pH- =
chlorination adjustmen
t

Permeate
Water tank

R O Cleaning

We make chemical cleaning to R O unit in the following

condition.

1- The difference in pressure between inlet and outlet of R O unit more
than 1 bar.

2- in case of dramatic decrease of R O unit flux.
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Base cleaning.
- By NaOH or KOH.

In case of alkaline cleaning we make adjust PH value at 12 - 13

by prepare concentration 2 % of alkaline material used.
Acid cleaning.

- by HCL or HNQO3 citric acid

In case of acid cleaning we make adjust PH value at 2 - 3 by
prepare concentration 2 % of acid material used.

3-Acid base cleaning.

4-Base acid cleaning.

Cleaning stop in the following cases:

1- Appear of brown intensive foam.

2- Increase of TDS of cleaning tank.

3- Change in the value of pH than the determinant.




sl peal] | s A g oyl o il

R O problems
1- Fouling.

2- Scaling.

99

YV
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Propping test

We can use UF technique in pretreatment especially in

brackish Water which have high level of algae.

Ultra-filtration (UF)

Ultrafiltration provides macro-molecular separation for
particles in the 20 to 1,000 Angstrom range (up to 0.1
micron).

o Reject items: = Pass through items:
= Colloids = All dissolved salts

= Proteins = Smaller molecules

= Microbiological
contaminants

= Large organic
molecules
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, v Outside — inside Filtration

Permeate wg Concentrated water

Permeate
Raw water
water
W\
Outside In Filtration Inside Out Filtration

Membrane Technologies and their Traditional

Counterparts
Membrane Constituents Removed Comparable traditional Water
Separation Treatment Method
Technology
MF Bacteria and large colloids; Ozonation-UV, chlorination,
precipitates and coagulates sand filtration, bioreactors,

coagulation-sedimentation

UF All of the above + viruses, Sand filter, bioreactor, activated
high MW proteins, organics carbon

NF All of the above + divalent Lime-soda softening, ion
ions, large monovalent ions, exchange

color, odor

RO All of the above + monovalent Distillation, evaporation, ion
ions exchange
ED/EDR Dissolved ionic salts lon exchange

YVY
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UF feed pump

3 disc filter

To drain
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MODEL - (BW Code Line- end port)ss o haaall de

(800 PSI)-5 membrane element))

- 88y - o

FILMTEC BW30-) gsill (e (o5 7Y Joad e Uil 2y -
o) ¢Lie 10 aae dladlaagmsdan A ,hi(400 High Rejection

LAY Clialgally daia sles JS
Membrane Type.........coiviiiiiiiiinnn... Polyamide Thin-Film Composite
Maximum Operating Temperature........... 113°F (45°C)
Maximum Operating Pressure................. 600 psig (41 bar)
Maximum Pressure Drop...................... 15 psig (1.0 bar)
pH Range, Continuous Operation........... 2-11
pH Range, Short-Term Cleaning............... (30 min.)b 1-13
Maximum Feed Flow............................ 85 gpm (19 m3/hr)
Maximum Feed Silt Density Index........... SDI 5
Free Chlorine Tolerancec...................... <0.1 ppm

YAY
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- The first winter school on sustainable water technologies — Feb. 2013.

- The first Egyptian — German Workshop on sustainable water —technologies — Feb.
2013.

- Egyptian syndicate of scientific profession, Fayoum branch & Fayoum drinking water

and sanitation company (trainer) - Sep. 2012.

- The second interational conference and exhibition on sustainable — water supply and

sanitation (SWSSC2012) - Dec. 2012.
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Certificate of Attendance
Faculty of Science, Ain Shams University
would like to thank

Mr. Khaled Arafah Seddiek

for the valuqﬂle partncnpatlon in
The Third International Scientific Conference of the Faculty of Science,

Hurp

Conference Denutv Chairman Confercnce Chairman
4! 7 7= (./ >

/ q
M made/A”/) ouzeid Prof. Dr. Mohamed R. El-Sotohi
Vice %y of Sclerfze, Ahn Shams University  Dean, Faculty of Science, Ain Shams University
: : s
d & b @ r y — & @  RedBull
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Sustainable Water Technologies

This certificate is awarded to

Khaled Arafa Seddek

for successfully completing the
First Winter school on
..Sustainable Water Technologies*

February 21%- 28", 2013 at Fayoum University, Fayoum, Egypt

Dr. Ahmed S. G. Khalil
Egypt Nanotechnology Center
Fayoum University

Prof. Dr. Mathias Ulbricht
University of Duisburg-Essen

UNIVERSITAY

DUISBURGE
Open-Minded
Federal Foreign Ottice
wWu =— DA A D change by |
WASSER UMWELTFORSCHUNG eK(hange

Resstamton Poverily
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ATTENDANCE CERTIFICATE

We hereby certify that

Khaled Arafa Sedek

has attended and actively participated in the
First Egyptian-German Workshop on
Sustainable Water Technologies

February 18"-20", 2013 at Cairo University, Giza, Egypt

<a “ - 7 i = -
ory WC% ‘cm%/ ~7

L Ry Ope
f’*‘-“« *. Y v
Prof. Dr. Mathias Ulbricht ‘. % (s’e.aH é\&%’ Dr. Michael Eisinger Dr. Ahmed S. G. Khalil
University of Duisburg-Essen 79 % X, Managing Director ZWU Egypt Nanotechnology Center
3 by "’05,‘ Fayoum University
‘,v\_" \).("/3,

UNIVERSITAT

DUIS
%S¢ BURG

Open-Minded

ZIWU

WASSER UND UMWELTFORSCHUNG

A ‘ :
Federal Foreign Oftice '~ /~ ;

2 DAAD auos *| DJane ML
Fayoum University

%Qfl ;',}’ : exchange
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‘2" International Conference 2 0 1 2

Sustainable Water Supply & Sanitation
Under the Auspices of Holding Company Cairo, Egypt

H.E. Prime Minister Dr. Hesham Kandil

Certificate
This is to certify that
Do Setaled ANeafee Seddaddh
participated in

The 2" International Conference and Exhibition on

Sustainable Water Supply and Sanitation (SWSSC2012)
34— 5" December, 2012
Cairo International Conference Center, Egypt

/Zu.,a& iw

Prof. Dr. Rifaat Abdel Wahab

SWSSC 2012 Managing Director, General Eng. Al-Sayed Nasr Arafat
Chairman of the Scientific Chairman of the Holding Company
& Organizing Committee for Water & Wastewater and

SWScCcC 2012

Molding Company for Water & Watewater Kornish Elnil-Rodelfarag Water Treatment Plant - Elsahel, Cairo-Eg | -

vt ez QIZ
Wi+ 202 245 83590 - 94 Fax : + 202 245 B3884 - Website: http://www.hcww.com.eg —

www.hcww.com.eg
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Egypiiasl Syndicaie of Scieatific Profession, Fayoum Braach
% Fayoum Oeinking Waier aad Saaitatfion Company \

G’ethfy The Trainer

KM@HU@J Arata Sedlik

Ha ccessfully completed a tralmng course on
Water and wastew .t r technologies & advanced methods of measurements |
Frenn 8 292012 t® B EB-10-2012

A Chairman of The Branch

£ g _F y T - _ X 1

Prof. Dr, Mohamed N, Y assemn
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This certificate is awarded to

Ch. Shated Srafer Daddickh

for attendance at

Hydrolab Application Seminar

Water Quality Monitoring
(Raw, Treated & Waste Water)

HYDROLAB"

Ahmed Amin

Ahmed Amin
Executive Manager

NOOR SCIENTIFIC & TRADE
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% A B T e far Srtane Teachn -
@/A THE AMERICAN UNIVERSITY IN CAIRO 1 he Airab Institute for Dcience 1 echnology
in Fayoum
CENTER FOR ADULT LEARNING AND CONTINUING EDUCATION &

This is to certify that

Khaled Arafa Sedek

August 14, 2004

SUCCESSFULLY COMPLETED THE FOLLOWING COURSE

Course Total Student Total I
Sessions | Attendance Hours |
1
{ General English Level 203 18 17 36 ‘ C+
< =

CACE Registrar

Final Grade |

Y4,
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The American Mniversity in Cairg :

EE @enter for Adult and Continning Educatiy, L
i A‘closo

in Cooperation with
o s 5 Srcience & Technoln A J( S~
f Instibute for . muology (AYSqg) in 3,

@ ertificate

This is to certify that

e iyl 2ach

e Ard

Khaled Arafa Sediek
January 30, 2005

SUCCESSFULLY COMPLETED THE FOLLOWING COURSE

Course Tatal i Student Total ‘ Final |
e N EPS, Sessions | Attendance | Hours |  Grade
‘ \ ‘
General English Level 301 ‘ 12 | 10 i 36 | A-

PR’ | " |

ek

CACE Registrar

Branch Director

Yay
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