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What is Osmosis?

• Under normal pressure, water spontaneously 
passes through a semi permeable membrane 
from a region of lower TDS to a region of higher 
TDS until the concentrations are equal. Reverse 
osmosis is the opposite phenom,
when pressure is applied. 



RO Spiral Bound Membrane

Other variations are hollow fibre and 
vertical plate and frame type of
construction



Cut Out of RO Membrane



Suppliers of RO Membranes

• Hydranautics
• GE Water
• Koch Membrane
• Filmtech DOW
• TORAY
• Memcor
• Inge (BASF)
• Keensen
• Pentair (Hollow fiber)
• Toyobo (Hollow fiber)



RO Projection Software

• DOW WAVE

• Hydranautics IMS Design

• Oltre Mare



Water Chemistry Analysis Screen



Design Screen



Projection



Flow Diagram



RO Design

• Need in depth understanding of water chemistry and 
pollutants in water to design good pre-treatment which 
is the Achilles’ Heal of RO systems

• Each RO membrane has a rated flow/pressure
• Balance of pushing the RO membranes to the limit 

versus lower flow and membrane life
• RO Projection Software based on water chemistry

ex. ROSA now called WAVE
• Clean water RO needs potable water quality feed water
• RO needs reject flush with permeate after duty
• Need to Protect the Pump and Membranes and 

Monitor pressure, temperature, conductivity, ORP and 
flows



Pump Pressure

• If the TDS of feed water is 2,000 ppm then the 
natural osmotic pressure for this water is about 
20 psi (1.38 bar). In this case, a pressure of at 
least 20 psi must be applied before any 
permeate breaks through. Generally, the applied 
pressure is at least twice the osmotic pressure 
for a viable reverse osmosis system (40 psi = 2.75 
bar).

• SWRO = 30,000 ppm = 600 psi = 41 bar

• As T ↓, Viscosity ↑ and NDP ↑ more



RO Pre-treatment Design
• Classical Chlorine-Coagulant- Sand Filtration-SBS-Softening-MF-RO
• UF instead of SF
• Selection of appropriate RO membrane type depending on Water Quality
• Clarifier with proper coagulation/flocculation/settling
• Weak Anion Exchange resin to trap organics
• Instead of softening, use NF
• Chloramine variation for disinfection (Less DBP’s and less harsh on 

membrane)
• High Salinity DO
• Biofiltration/Biostable Water is the new philosophy to starve the bacteria of 

nutrients/O2 instead of kill them
• V-SEP employs torsional vibration of the membrane surface, which creates 

very high shearing force (200 G’s) at the surface and near the pores. The 
result is that colloidal fouling and polarization of the membrane due to 
concentration of rejected materials are greatly reduced. Since colloidal 
fouling is avoided due to the vibration, the use of pre-treatment to prevent 
scale formation is not required.



3 Stage 1.8 m3/hr RO by SOCOTEC



8 m3/hr 2-Stage RO from SOCOTEC



50 m3/hr 3-stage RO System from Hager



Staging R.O. Membranes for Max Recovery

• 7-4-2 Concentrate Staging Configuration
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Permeate

Reject

1st Stage 

2nd Stage

3rd Stage 

This BWRO in Bulgaria brought the TDS down 
from 681 uS/cm to 6.6 uS/cm with 90% Recovery

681 uS/cm

1190 uS/cm

2710 uS/cm

6.6 uS/cm5 uS/cm

7 uS/cm

1916 uS/cm

12 uS/cm



Two Pass RO (Permeate Staging)

Feed 300 mg/l

Reject 600 mg/l

Permeate 10 mg/l

Ultra Pure
Permeate
1 mg/l

Reject 5 mg/L



H.E.R.O: Operate RO at High pH 

KEY APPLICATIONS: 

• High Silica Water

• High TOC Water

• High Oil and Grease Water

• Cooling Tower Blowdown

• Tertiary Treated Effluent (Sewage)

• High/TOC Biologically Active Water



RO Membrane Fouling/Deterioration/Damage

• Scale

• Colloids

• Oxidizing Chemicals

• Color

• Bacteria (Biofilm)

• High/Low pH

• Sudden Pressure Changes

• Organic solvents

• Very high T



Monitoring the RO: Very Important
• Ionic composition (weekly)
• Alkalinity (daily)
• Hardness (daily)
• Chlorine (daily)
• T, pH (per shift)
• Conductivity, SDI (per shift)
• TOC, Color (daily) and LC-OCD
• Bacteria count (every 3 days)
• Silica (weekly)
• Humic/Fulvic acid (weekly)
• H2S (weekly)
• Boron (daily)
• Oil and Hydrocarbons (weekly)
• Pressure and Flow (Online) – Need Data Normalization
• Probing the RO to detect 

O-ring leaks (by inserting a ¼” tubing into the permeate port

• ASTM D4195 - 08(2014) Standard Guide for Water Analysis for Reverse 
Osmosis and Nanofiltration Application



Temperature Correction Factor



Silt Density Index: SDI

The silt density index is a 
measure for the fouling 
capacity of water in reverse 
osmosis systems. The test 
measures the rate at which 
a 0.45-micrometre filter is 
plugged when subjected to 
a constant water pressure 
of 30 psi. The SDI gives the 
percent drop per minute in 
the flow rate of the water 
through the filter, averaged 
over a period of time such 
as 15 minutes.



References

• https://www.dupont.com/water/resources/de
sign-software.html

• http://membranes.com/solutions/software/
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