
        
  

 

 

AN ASSESSMENT OF PRETREATMENT 

PERFORMANCE AND PROCESS DESIGN OF 

REVERSE OSMOSIS PLANT - CASES STUDY 

 
 

 

By  

 

Nermeen Ahmed Abd El-Baery El-Meleegae 

 

 

A Thesis Submitted to the  

Faculty of Engineering at Cairo University  

in Partial Fulfillment of the Requirements for the Degree Of  

MASTER OF SCIENCE  

in 

CIVIL ENGINEERING - PUBLIC WORKS 

 

 

 

 
FACULTY OF ENGINEERING, CAIRO UNIVERSITY  

GIZA, EYGPT 

2015 
 

 

http://www.cu.edu.eg/


AN ASSESSMENT OF PRETREATMENT 

PERFORMANCE AND PROCESS DESIGN OF 

REVERSE OSMOSIS PLANT- CASES STUDY 

 
 

By  
 

Nermeen Ahmed Abd El-Baery El-Meleegae 
 

 

 

A Thesis Submitted to the  

Faculty of Engineering at Cairo University  

in Partial Fulfillment of the Requirements for the Degree Of  

MASTER OF SCIENCE  

in 

CIVIL ENGINEERING - PUBLIC WORKS 
 

 

 

 

Under the Supervision of 

 

 

 

 

 

 

 

 

 

 

 

 

FACULTY OF ENGINEERING, CAIRO UNIVERSITY  

GIZA, EGYPT 

2015 

 

Prof. Dr. Ehab M. Rashed 

 
Professor of Sanitary and Environmental 

Engineering Department 

Faculty of Engineering, Cairo University 

Dr. Khaled Z. Abdalla 

 
Associate Professor of Sanitary and 

Environmental Engineering Department 

Faculty of Engineering, Cairo University 



AN ASSESSMENT OF PRETREATMENT 

PERFORMANCE AND PROCESS DESIGN OF 

REVERSE OSMOSIS PLANT- CASES STUDY 
 

 

 
By  

 
Nermeen Ahmed Abd El-Baery El-Meleegae 

 

 

A Thesis Submitted to the  

Faculty of Engineering at Cairo University  

in Partial Fulfillment of the  

Requirements for the Degree of  

MASTER OF SCIENCE  

in 

 CIVIL ENGINEERING - PUBLIC WORKS 
 

 
 

Approved by the Examining Committee 

 

 

Prof. Dr. Ehab Mohamed Rashed 
Professor of Sanitary Engineering, Cairo University 

 

 

Prof. Dr. Nabil MohmoudAbd.El-Monem 
Professor of Chemical Engineering, Cairo University 

 

 

Prof. Dr. Mohamed El-HosseinyElnadi 
Professor of Sanitary Engineering,Ain Shams University 

 

 
FACULTY OF ENGINEERING, CAIRO UNIVERSITY 

GIZA, EGYPT 

2015 



Engineer:  Nermeen Ahmed Abd El-Baery El-Meleegae 

Date of Birth:  20 / 09 / 1980 

Nationality:  Egyptian  

E-mail:  nermeen.elmeleegae@gmail.com 

Phone:  02-22613167  // 010-60047112 

Registration Date: 01 / 10 / 2010 

Awarding Date:  /    /  

Degree:  Master of Science Degree  

Department:  Civil Engineering - Public Work 

 

Supervisors:   Prof. Dr.   Ehab M. Rashed 

Dr.    Khaled Z. Abdalla 

 

Examiners:  Prof. Dr.  Mohamed El-Hosseiny Elnadi 

Professor of Sanitary and Environmental EngineeringAin 

Shams University 

Prof. Dr.   Nabil M. Abd.El-Monem 

Prof. Dr.   Ehab M. Rashed 

 

Title of Thesis: 

  

An Assessment of Pretreatment Performance and Process Design of 

Reverse Osmosis Plant- Cases Study 
 

Key Words: (Reverse Osmosis Membrane – Fouling – Pretreatment – 

Ultrafiltration Membrane - Flux) 

 

Summary: 

  

Membrane fouling is the main operating problem of reverse osmosis process, the 

research investigate the influences of fouling materials on the performance of three 

plant fed by (fresh municipal water, seawater, and ground water) assess the 

pretreatment processes, and normalizes and optimizes reverse osmosis unit design, 

the research conclude that, in first plant, aluminum-based fouling increases the 

permeate salinity 3 times, decrease flux 25% in 3 months in municipal water plant, 

replacing conventional pretreatment by ultrafiltration membrane pretreatment 

restore the plant performance. In second plant, colloidal and organic fouling 

decreases the fouling factor that elevates the applied pressure 15% in seawater 

plant. In third plant, iron-organic fouling, increase of well salinity and temperature, 

and improper pretreatment and membrane type causes 7 times replacement of plant 

membranes and prolong shutdown intervals, by changing these constrains the plant 

performance is modified.  
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Abbreviations  
 

ASTM  American Society for Testing and Materials. 

cfm    cubic feet per minute 

CIP    Clean-In-Place 

Concentrate   RO brine (reject stream) 

DAF    dissolved air floatation 

DBP    disinfection byproducts 

DOC    dissolved organic carbon 

EC   electrical conductivity 

ERD    energy recovery device 

FRP    fiberglass-reinforced plastic 

ft    feet 

gal    gallon 

gfd    gallons per square foot per day of membrane area 

gph    gallons per hour 

gpm    gallons per minute 

LP   Low Pressure 

LSI    Langelier Saturation Index 

HP   High Pressure 

MF    microfiltration 

mg/L    milligram per liter 

mgd    million gallons per day 

mS/cm   milliSiemens per centimeter 

NaOCl   sodium hypochlorite 

NTU    nephelometic turbidity unit 

O&M   operations and maintenance 

ORP    oxidation-reduction potential 

psi    pounds per square inch 

ppb    parts per billion 

ppm    parts per million 

PX   Pressure Exchanger 

RO    reverse osmosis 

SDI    silt density index 

SEM    Scanning electron microscope 

SWRO  Seawater Reverse Osmosis 

TDS    total dissolved solids 

TMP    Transmembrane pressure 
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TSS    total suspended solids 

THMs   tri-halomethanes 

TOC    total organic carbon 

UF    ultrafiltration 

UV    ultraviolet 

UV254   UV absorption at 254 nm wavelength 

WHO   World Health Organization 
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Symbols  
 
A Total Membrane Area 
B  Solute Transport "Permeability" Coefficient 
CC  Concentration of Solute in the Concentrate 
Cf  Concentration of Solute in the Feed 
Cp  Concentration of Solute in the Permeate 
Cw  Water Concentration in the Membrane 
Cf,ave Average TDS concentration in the feed 
∆C  Concentration Gradient ∆𝐶 =  𝐶𝑓 − 𝐶𝑝 

Ci concentration ion (g/m3) 
D  Water Diffusivity In The Membrane,  
Ds  Solute Diffusivity in the Membrane 
Dw  Water Diffusivity in the Membrane 
IP ion product = [cation]a[anion]b 
KSP  solubility product = [cation]a[anion]b 

J Permeate flux at filtration time t., L/m2h 
J𝑜  initial permeate flux at filtration start time., L/m2h 
Js Volumetric Flux of Solute, L/m2h 
Jw Volumetric Flux of Water, L/m2h 
L  Water Transport "Permeability" Coefficient 
Mi molecular weight ion (g/mol) 
NDP Net Driving Pressure 
Pc Pressure of Water in the Concentrate  
∆Pd Pressure Drop of Water in the Concentrate, average 
feed/concentrate channel pressure  
Pf  Pressure of Water in the Feed 
Pp  Pressure of Water in the Permeate 
ΔP  Pressure Difference across the Membrane 
𝑄𝐶  concentrate flow rate, L/h 
𝑄𝐹  feed stream flow rate, L/h 
𝑄𝑝 permeate flow rate, L/h 

R Permeate Recovery 
R Ideal Gas Constant, (J/K.mol) 
S  Water Solubility In The Membrane,  
SP  salt passage ratio (%)  
𝑆𝑥 super-saturation index 
t permeation time (h) 
T  Temperature 
TMP  Trans-Membrane Pressure 
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V  volume of permeate (L)  
V  Molar Volume Of The Water,  
𝑉̅w Partial Molar Volume Of Water 
Zi valence ion (-) 
𝛿  Membrane Thickness 
𝜷 Concentration polarization factor 
𝜋̅ Average Feed concentrate osmotic pressure  
𝜋𝑓 Feed Water Osmotic Pressure 

𝜋𝑃 Average Feed Permeate concentrate osmotic pressure 
𝜋  osmotic pressure (Pa) 
Δπ  Osmotic Pressure Difference Across the Membrane 
∑Xi  molar concentration of all dissolved salts (kg.mol/m

3
) 

K   membrane resistance coefficient (m-1) (psi・s・m2)/L 
μ  dynamic viscosity of water (Ns/m2) 
a  the quantity of cation present within the salt 
b  the quantity of anion present within the salt. 
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