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Water treatment technology 

 برنامج المسار الوظيفي للعاملين بقطاع مياه الشرب والصرف الصحي



Water contaminants 

 Chemicals 

– Inorganics 

– Organics 

• Synthetic organic compounds 

• Volatile organic compounds 



Microbes 

– Viruses 

– Bacteria 

– Protozoa parasites 

– Algae 

 



Bacteria 



Viruses 



Protozoans 



Water contaminants (I) 



Water contaminants (II) 



Water contaminants (III) 



Water contaminants (IV) 



Water contaminants (V) 



Where: 

Maximum Contaminant Level Goal (MCLG) 

Maximum Contaminant Level (MCL) 

Maximum Residual Disinfectant Level Goal 

(MRDLG) 

Treatment Technique (TT) 

Maximum Residual Disinfectant Level (MRDL) 



Multiple barrier concept for public health 
protection 



Multiple Barrier Approach to Protect Public 
Health in Drinking Water 

Source Water Protection 

Treatment technology 

Disinfection 

Disinfectant residual in distribution system 

 



Water treatment processes 



Summary of available water resources 



Water uses in Egypt 





Simple Sorting 

Goal: clean water 

Source: (contaminated) surface water 

Solution: separate contaminants from water 

How? 



Where are we going? 

Unit processes* designed to  

– remove ___________ 

– remove __________ ___________ 

– inactivate __________ 

particles 

dissolved chemicals 

pathogens 



*Unit process: a process that is used in 

similar ways in many different applications 

– sedimentation 

– filtration 

– ... 

 



Unit Processes Designed to Remove 
Particulate Matter 

Screening 

Sedimentation 

Coagulation/flocculation 



Filtration 

– slow sand filters 

– rapid sand filters 

– diatomaceous earth filters 

– membrane filters 

 



Conventional Surface Water Treatment 



Screening 

Removes large solids 

– logs 

– branches 

– rags 

– fish 



Simple process 

– may incorporate a mechanized trash 

removal system 

Protects pumps and pipes in WTP 

 





Settling velocity of particles 



Coagulation theory 



Briefly: There are two major forces acting 
on colloids: 

1) electrostatic repulsion (simply, negative 

colloids repel other negatively charged 

colloids) 

 

 

2)intermolecular, or van der Waals, attraction. 

 



Coagulants can be used to reduce the 

electrostatic repulsive forces The 

electrostatic repulsion reduced by the 

addition of countercharged ions [Al3+] 

 



Zeta Potential Model 

The magnitude of these forces is measured 

by the zeta potential, which is: 

 

where: 

Z is the zeta potential, 

q is the charge per unit area, 



d is the thickness of the effective charge 

layer, and 

D is the dielectric constant of the liquid. 

 

The greater the zeta potential, the greater are 

the repulsion forces between the colloids 

and, therefore, the more stable is the 

colloidal suspension. 

 



If enough alkalinity is present the H+-ions 

formed will be taken away and the precipitate 

[Al(H2O)3(OH)3] or just Al(OH)3will be 

formed. 

At pH-values higher than 7.8 aluminates-ions 

[Al(H2O)2(OH)4]-or just Al(OH)4-are formed 

which are negatively charged and soluble in 

water. 



In coagulation with an aluminum compound pH-

values higher than 7.8 must be avoided for that 

reason. 

 



Coagulation occurs in two ways: 

1) By adsorption of soluble hydrolysis 

coagulant species on the colloid particles 

and destabilization by charge neutralization. 

These reactions occur in about 1 second. 

 

 



2) Sweep floc coagulation where the 

coagulant exceeds it’s solubility limit and 

precipitates and traps the colloid particles. 

Sweep floc coagulation occurs in the range 

of 1 to 7 seconds. 



Coagulation with Metal Salts 



Coagulation chamber 

Intense mixing of coagulant and other 

chemicals with the water 

Generally performed with mechanical mixers 





Rapid mixing 

•mechanical mixers “mechanical mixers 

dissipate the power in the raw water” 

•static mixers “gravity forces cause the 

mixing effect” 

 



parameters: 

-residence time (T) 

-velocity gradient (Gc) 



Velocity Gradient 

Rate of particulate collision G 

The parameter expressing mixing intensity 

  

Therefore; 

G must be sufficient to give the  desired rate 

of particulate collisions. 

G     shear force 



Example:  

Two water particles moving 1m/sec relative to 

each other at a distance 0,1 m we would have  

 

 

Velocity gradient measure of the relative 

velocity of two particles of fluid and distance 

between. 



Variation in velocity gradient Gc 





Hydraulic Mixers 

→ The degree of turbulence is measured 

by the loss in head. 

→Dependent on flow 

→Power dissipation in a hydraulic device 

p= ρ gQ ∆ hL 

 

 



Venturi sections 

The reduced pressure in the throat of the 

section aspirates the chemical feed 

solution into flow. 

→ Turbulence generated in the throat. 

 



Hydraulic Jumps 

A chute followed by a channel, with or 

without a drop in the elevation of channel 

floor. 

Chute             Creates supercritical flow. 

Turbulence generated in the jump Provide 

suitable           mixing.  

 





Parshall Flume 

Effective rapid mixer when a hydraulic jump 

is incorporated immediately downstream of 

flume. 

 





Weir mixer: 



Example weir mixing: 



Where: 

ρ = density of water (kg/m3) 

g = gravity constant (m/s2) 

Q = flow (m3/s) 

ΔH = head loss over mixing tank (m) 

μ = dynamic water viscosity (N·s/m2) 

τc = residence time in the mixing zone (s) 



Baffled Mixing Chambers 



FOR HORIZONTAL FLOW 



FOR VERTICAL FLOW 



static mixers 



G-value for static mixer: 

For static mixer, the degree of mixing is 

directly related to the headloss (i.e. pressure 

drop) through the mixer,  and the velocity 

gradient is calculated from Equation: 

 



Where: 

G=average velocity gradient (s-1) 

 P=power input(W) 

 μ=dynamic viscosity (N.s/m2) and  

 V is volume(m3) 

Q is the flowrate (m3/s)  

 



 ΔP is the pressure drop (bar). The headloss or 

pressure drop through the mixer measured by a 

differential electronic manometer meter  

 





Mixing impeller types used in water treatment 



Vortexing : 

→Liquid to be mixed rotates with the impeller 

→Reduction in the difference between the 

fluid velocity and the impeller velocity 

(effectiveness of mixing decreases) 

 



In circular or rectangular tanks the usual 

method used to limit vortexing. 

To install 4 or more vertical baffles extending 

approximately 1/10th the diameter out from 

the wall. 

 



Power in baffled tank 

Power imparted in an unbaffled tank = 1/6 of 

the power imparted in the same tank with 

baffles 



In small tanks (to prevent vortexing): 

→Mounting the impeller off-center 

→Mounting the impeller at angle with verticle 

→Mounting the impeller to the side of basins 

at angle 

 



Types of Impellers : 

1. Radial flow impellers 

Generally have flat or curved blades 

located parallel to the axis of shaft. 

2. Axial flow impellers 

Make an angle of less than 90o with drive 

shaft. 

 





Turbine and Propeller Mixers (continue) 



Turbine and Propeller Mixers (continue) 



Turbine and Propeller Mixers (continue) 





Padddle 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 

 



POWER IMPARTED TO THE WATER BY 
PADDLE 

Newton’s Law for the drag force exerted by a 

submerged object moving in a liquid. 

 



Relative velocity of paddles 



Pneumatic Mixers 



Rapid Mix Tank Design 

Maximum Tank Volume= 8 m3 

Mixing Equipment:Electric Motor, gear-type 

speed reducer, turbine of axial shaft impeller. 

Usually the turbine impeller provides more 

turbulence and is preferred in rapid mix 

tanks.  



The tanks are usually, baffled horizontally into 

two or three compartments in-order to provide 

sufficient residence time. 

Tanks should also be vertically baffled to 

minimize vortexing. 

Chemicals should be added below the impeller, 

point of most mixing. 



Rapid Mix Tank Design 

Design Liquid depth = 0.5 to 1.1 times the 

basin diameter or width of mixing champer. 

Impeller diameter is between 0.3 and 0.50 

times the tank diameter or width. 

Vertical baffles extend into the tank about 10 

% of the tank diameter or width. 



Impellers typically do not exceed 1.0 meter in 

diameter. 

Liquid depth may be increased to between 1.1 

and 1.6 times the tank diameter if dual impellers 

on the shaft are employed. When dual impellers 

are employed, they are spaced about two 

impeller diameters apart. 



Transfer efficiency of motor power to water 

power is about 0.8 for a single impeller. 

 

Design Criteria: 

G for rapid mix  700-1000 sec-1 

t (detention time) for rapid mixing  20-60 sec 



Slow Mix Tank Design 

Paddle tip speed = 0.1 to 1.0 m/s 

Drag coefficient vary with length to width 

ratio. 

Total paddle-blade area on a horizontal shaft 

not to exceed 15 to 20 percent of the total 

basin cross sectional area to avoid excessive 

rotational flow. 

 

 

 



Design Criteria: 

Gt 10 105 ـــــــــــــــ 

G       10 - 75 sec -1  (light / dense floc ) 

t = 10 - 30 min  (small / large floc) 

 



Flocculation process 



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 dissipation 

of mixing energy (orthokinetic floc 

formation).  



Perikinetic floc formation: 

During perikinetic floc 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: 

 



Where: 



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:  

 



Where: 

Gv = velocity gradient for floc formation (s-1) 

R = collision radius (m) 

n1 = number of particles with diameter d1 (-) 

n2 = number of particles with diameter d2 (-) 



For completely mixed systems: 

With these equations it can be calculated that 

orthokinetic floc formation of particles with a 

diameter of 1 μm only takes place when 

velocity gradients higher than 10 s-1 are 

applied. Otherwise, perikinetic floc formation 

is predominant.  

 



Flocculation important parameters 

- residence time T 

- residence time distribution 

- velocity gradient for floc formation Gv 

- floc volume concentration cv. 

 



Residence time T 

Time is needed for the formation of 

removable flocs. The applied residence time 

varies between 500 and 3600 sec. On average 

the residence time for floc formation is about 

30 minutes.  To determine the required 

residence time, jar-test experiments are 

carried out. 



Residence time distribution 

When water flows through a tank, the 

residence time of every droplet is different.  

In order to approach the perfect plug flow 

where every droplet has the same residence 

time, criteria are developed for the design of 

a floc formation chamber.  



A plug flow can be approached when the 

ratio between the length and width of a tank 

is at least equal to 3.  

 



Energy dispersion: 



Sedimentation 

the oldest form of water treatment uses 

gravity to separate particles from water often 

follows coagulation and flocculation 

occurs in __________ reservoirs 



Dilute suspensions 

– Particles act independently 

 



Concentrated suspensions 

– Particle-particle interactions are significant 

– Particles may collide and stick together 

(form flocs) 

– Particle flocs may settle more quickly 

– Particle-particle forces may prevent further 

consolidation 



Oxidation 

To remove inorganics (Fe++, Mn++) and some 

synthetic organics 

– Cause unaesthetic conditions (brown 

color) 

– Promote the growth of autotrophic 

bacteria (iron bacteria): taste and order 

problem 



Free chlorine, chlorine dioxide, ozone, 

potassium permanganate 

– Fe++ + Mn ++  + oxygen + free chlorine → 

FeOx ↓ (ferric oxides) + MnO2 ↓ 

(manganese dioxide) 



– Fe (HCO3)2 (Ferrous bicarbonate) + KMnO4 

(Potassium permanganase) → Fe (OH)3 ↓ 

(Ferric hydroxide) + MnO2 ↓ (manganese 

dioxide) 

– Mn (HCO3)2 (Manganese bicarbonate) + 

KMnO4 (Potassuim permanganase) → 

MnO2 ↓ (manganese dioxide) 



Filtration 

To remove particles and floc that do not 

settle by gravity in sedimentation process 

Types of granular media 

– Sand 

– Sand + anthracite 

– Granular activated carbon 

Media depth ranges from 24 to 72 inches 



Filter Example 



Mechanisms Involved in Filtration 



Disinfection in water 

To inactivate pathogens in water 

Various types 

– Free chlorine 

– Chloramines 

– Chlorine dioxide 

– Ozone 

– UV 



Free chlorine 

(1) Cl2 + H2O     HOCl + HCl 

(2) HOCl     H+ + OCl– 

• between pH 3.5 and 5.5, HOCl is the 

predominant species 

• between about pH 5.5 and 9.5, both HOCl 

and OCl– species exist in various proportions 



• above pH 8, OCl– predominates. 

Baker (1926) theorized that chlorine destroys 

microorganisms by combining with proteins 

to form N-chloro compounds.  

 



Effectiveness of chlorine against bacteria 
and viruses 



Effectiveness of chlorine against 
protozoa 
 



Effectiveness of chlorine against protozoa 



Chloramination 
 

HOCl + NH3     NH2Cl (monochloramine) + 

H2O 

HOCl + NH2Cl    NHCl2 (dichloramine) + H2O 

HOCl + NHCl2     NCl3 (trichloramine) + H2O 



Effectiveness of Monochloramine is not 

recommended as a primary disinfectant 

because of its weak disinfecting power 

 



Effectiveness of monochloramine  



Chlorine dioxide 

ClO2 + 5e–       Cl– + 2O2– 

However, in practice, chlorine dioxide is 

rarely reduced completely to chloride ion 

(White 1999). Chlorine dioxide is thought to 

inactivate microorganisms through direct 

oxidation of tyrosine, methionyl, or 

cysteinecontaining proteins 



Ozone 
 

The mechanism by which ozone inactivates 

microbes is not well understood. Ozone in 

aqueous solution may react with microbes 

either by direct reaction with molecular 

ozone or by indirect reaction with the radical 

species formed when ozone decomposes. 



Effectiveness of ozone against bacteria 
and viruses 



Effectiveness of ozone against protozoa 
 

CT (mg/min l–1) for Cryptosporidium 

inactivation by ozone 



Comparison between major disinfectants 



Ultraviolet light  
 

The UV light effective for inactivating 

microorganisms is in the UV-B and UV-C 

ranges of the spectrum (200–310 nm) 

Thymine bases on DNA and ribonucleic acid 

(RNA) are particularly reactive to UV light and 

form dimers (thymine–thymine double 

bonds) 



that inhibit transcription and replication of 

nucleic acids, thus rendering the organism 

sterile.  

 



Effectiveness of UV against bacteria and 
viruses 



Effectiveness of UV against protozoa 
 

UV inactivation was not effective for Giardia 

cysts or Cryptosporidium oocysts. However, 

more recent work showed that low or 

medium-pressure mercury vapour UV lamps, 

or pulsed UV technology can achieve 3-log 

inactivation of Cryptosporidium oocysts at 

UV doses less than 10 mW-sec/cm2.) 



I*t99.99 Values for Some Health-Related 
Microorganisms  





Dissolved air flotation 



Membrane filtration 





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) 

– Synthetic and volatile organic compounds 

(from improper disposal of industrial 

wastewater)  

 



Flow diagram of typical groundwater 
treatment systems 



Iron and Manganese removal 

To remove Ferrous iron (Fe++) and 

manganous manganese ion (Mn++) 

Aeration, sedimentation, and filtration 

– Fe++ + oxygen → FeOx  ↓ (ferric oxides) 

 



Aeration, chemical oxidation, sedimentation 

and filtration 

– Fe++ + Mn ++  + oxygen + free chlorine → 

FeOx ↓ (ferric oxides) + MnO2 ↓  

 



– Fe (HCO3)2 (Ferrous bicarbonate) + KMnO4 

(Potassium permanganase) → Fe (OH)3 ↓ 

(Ferric hydroxide) + MnO2 ↓ (manganese 

hydroxide) 

– Mn (HCO3)2 (Manganese bicarbonate) + 

KMnO4 (Potassuim permanganase) → 

MnO2 ↓ (manganese hydroxide) 



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



Hardness removal 

To remove Calcium (Ca++) and Magnesium 

(Mg++) ions 

– Interfere with laundering by causing 

excessive soap consumption 

– May produce scale in hot-water heaters 

and pipes 



Lime (CaO) and soda ash (Na2CO3) 

– Lime for carbonate hardness 

– Soda ash for noncarbonate hardness 

Equations in next slide  

 



Hardness removal (equations) 



Ion exchange 

To remove anions such as nitrate, fluoride, 

arsenic, and other contaminants or cations 

such as calcium and magnesium 

Ion exchange vessel, a brine tank for 

regeneration, a storage tank for spent brine 

and backwash water, and piping for filtration 

and backwashing 



Ion Exchange Process 







Activated carbon 

Manufacture 

– Usually made from either coal product 

(bituminous coal, lignite, or peat) or wood 

product (sawdust, coconut shells, or 

wood) 

– Converted to activated carbon by heating 

the materials to between 300o and 1000oC.  



The resulting activated carbon 

– Are approximately 1 millimeter sized carbon 

grains 

– Has large surface area (Handful of GAC has 

a larger surface area than ten football fields) 

 



Adsorb particles and molecules to surface, 

usually due to molecular-level electrical 

forces.   

 



Application of activated carbon (I) 

Taste and odor control 

Natural organic matters (NOM’s) 

Disinfection-by-products (DBP’s) 

Other artificial compounds 

– Volatile organic compounds (TCE, PCE, etc.) 

– MTBE 

– Metals 



ADSORPTION 

Adsorption is a natural process by which 

molecules of a dissolved compound collect 

on and adhere to the surface of an adsorbent 

solid. Adsorption occurs when the attractive 

forces at the carbon surface overcome the 

attractive forces of the liquid. 

 



Granular activated carbon is a particularly 

good adsorbent medium due to its high 

surface area to volume ratio. One gram of a 

typical commercial activated carbon will have 

a surface area equivalent to 1,000 square 

meters. This high surface area permits the 

accumulation of a large number of 

contaminant molecules. 



ADSORPTION CAPACITY 

The specific capacity of a granular activated carbon 

to adsorb organic compounds is related to: 

molecular surface attraction,  

the total surface area available per unit weight of 

carbon,  

the concentration of contaminants in the 

wastewater stream. 



This relationship can be expressed in the 

form: 

X/M = KC * 1/n 

 



where: 

X/M = Amount of contaminant adsorbed per 

unit weight of carbon 

C = Concentration of contaminant in the 

water stream 

K,n - Empirical constants particular to the 

contaminant 



Types of manufactured activated carbon 

there are three major product groups: 

Powdered activated carbon; particle size 1-

150 μm 

Granular activated carbon, particle size 0.5-

4 mm 

Extruded activated carbon, partilce size 0.8-

4 mm 



Application of activated carbon (II) 





Membrane filtration 

To remove colloidal and particulate 

contaminants including microorganisms 

(microfiltration and ultrafiltration) or to 

separate dissolved salts, organic molecules, 

and metal ions (nanofiltration and reverse 

osmosis) 



Pore size 

– Microfiltration (0.7 – 7 µm) 

– Ultrafiltration (0.008 – 0.8 µm) 

– Nanofiltration (0.005 – 0.008 µm) 

– Reverse osmosis (0.0001 – 0.007 µm) 

 



Membrane Filtration Processes 



Flow diagram of Membrane Filtration 
Treatment Plant 



Typical modules of membrane filtration 







Multiple Membrane Units 


