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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
cfm
CIP
Concentrate
DAF
DBP
DOC
EC
ERD
FRP

ft

gal

gfd
gph

gpm
LP

LSI
HP
MF
mg/L
mgd
mS/cm
NaOCl
NTU
O&M
ORP
psi
ppb

Ppm
PX

RO
SDI
SEM
SWRO
TDS
TMP

American Society for Testing and Materials.
cubic feet per minute
Clean-In-Place

RO brine (reject stream)
dissolved air floatation
disinfection byproducts
dissolved organic carbon
electrical conductivity
energy recovery device
fiberglass-reinforced plastic
feet

gallon

gallons per square foot per day of membrane area
gallons per hour

gallons per minute

Low Pressure

Langelier Saturation Index
High Pressure
microfiltration

milligram per liter

million gallons per day
milliSiemens per centimeter
sodium hypochlorite
nephelometic turbidity unit
operations and maintenance
oxidation-reduction potential
pounds per square inch

parts per billion

parts per million

Pressure Exchanger

reverse 0Smosis

silt density index

Scanning electron microscope
Seawater Reverse Osmosis
total dissolved solids
Transmembrane pressure



TSS
THMSs
TOC
UF
uv
UVas4
WHO

total suspended solids
tri-halomethanes

total organic carbon

ultrafiltration

ultraviolet

UV absorption at 254 nm wavelength
World Health Organization



Symbols

A Total Membrane Area

B Solute Transport "Permeability" Coefficient
Cc Concentration of Solute in the Concentrate
C;  Concentration of Solute in the Feed

C,  Concentration of Solute in the Permeate
Cu Water Concentration in the Membrane
Ctave Average TDS concentration in the feed

AC  Concentration Gradient AC = Cr — G,

C;  concentration ion (g/m.)

D Water Diffusivity In The Membrane,

D, Solute Diffusivity in the Membrane

D,  Water Diffusivity in the Membrane

IP ion product = [cation]a[anion]b

Ko solubility product = [cation]®[anion]®

] Permeate flux at filtration time t., L/mh

Jo initial permeate flux at filtration start time., L/m?h
Jg Volumetric Flux of Solute, L/m?h

Jw Volumetric Flux of Water, L/m?*h

L Water Transport "Permeability" Coefficient
M;  molecular weight ion (g/mol)

NDP Net Driving Pressure

P. Pressure of Water in the Concentrate

AP, Pressure Drop of Water in the Concentrate, average
feed/concentrate channel pressure

P;  Pressure of Water in the Feed

P,  Pressure of Water in the Permeate

AP  Pressure Difference across the Membrane
Qc concentrate flow rate, L/h

Qr feed stream flow rate, L/h

Q, 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 (%)

S,  super-saturation index

t permeation time (h)

T Temperature

TMP Trans-Membrane Pressure



=

AIMOINS< <

O FE AMD> S 3N
XA

volume of permeate (L)

Molar Volume Of The Water,

Partial Molar Volume Of Water

valence ion (-)

Membrane Thickness

Concentration polarization factor

Average Feed concentrate osmotic pressure

Feed Water Osmotic Pressure

Average Feed Permeate concentrate osmotic pressure
osmotic pressure (Pa)

Osmotic Pressure Difference Across the Membrane
molar concentration of all dissolved salts (kg.mol/m®)
membrane resistance coefficient (m™) (psi * s * m?)/L
dynamic viscosity of water (Ns/m?)

the quantity of cation present within the salt

the quantity of anion present within the salt.

Vi
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