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Reverse Osmosis
Design and Operation Training
(Modules 1'I3 )

~

s iigal 890
(RO) w3520 sow/ slgoiusw
(e 955 b cue c Sloy oy « Iyl isol )

(F-1 %)




w90l 0599 yomg y

2099 Slgixo

cua-\J.]a dy\l{@\))bﬁbj&\f&jy'r¢a‘)}bJ_,Jadf(;uw\o%:;@‘}gjﬁa)jsd‘w
035 8o 61 QBS54 e sSne Sl (Sl b e 5 58

:.U)b.hajSyTQMW}QLwt&JKL;QU):&:\
m“w,n,;};%\@,d&c&,ﬂﬂ

aas £ 01,5 4 1) RO (gl 3,8 J sl 25501
A;iLJJJbﬁ\)RotgL&a&ﬂ:)'\o;@\@gTW&WJJJﬁ}»QMD
CAEL (p o9 e 5 At

1 599 Olabalia

RO sleaKaws sl 5151 5 Ol s ¢ Olulia
13 1, RO (slealons &y 5 das S peamaieia 5 Olulis,

RO slerKews ol mamaiee 5 Ol LU

Lls Glides Cled O adas sla die > & Lealasls ol smmils 5 ALl
‘?TMQ}SWL{;)>WJO‘J€."L‘D



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Ugdv1uqeLub4qM&tbnid=DJ_D-IFqVL0bsM:&ved=0CAUQjRw&url=http://www.imipqnet.ro/evenimente/training-of-imi-pq-users-january-16-18-2013/&ei=HZUlUuPHPMiUrgeauYG4BA&psig=AFQjCNHyMyg8rFVYabrGv8rONQUp47Wx2w&ust=1378281065863046

w90l 0599 yomg y

D090 Slaixo ¢ (5990

(J9! =)
SIS Sled9) 9 gt jousl (Slgastum b (S LOT

9 e lodaly ola a3 s el giws 53 Jgeme sk 50355 (63 5k ¢ i3u pl 53 el ST LMD 1 (gl odes 2w
23353550 DUl 5 oalin Jald s pl . 3515035 ¢ 5 5 41,1 RO leaKans O W5l 5 08 a3 bow 5 &S (1SS
Aib (RO (lgazins 5 50

D i ol 98 oud &1yl Sl

(water Contaminant) o7 euu¥T gl S

(Membranes) ol pes b sLaT ¢

(Pressure Vessels) Pressure Vessels L LaT

(Operations)RO (slgazumw s paly Sleds, ¢

(Potential Problems) RO (slgazuw 53 5 93 g0 0 58l &S ika

( Pre-treatment and Chemical Cleaning) ole.s (s siznd slgdy) 5 aduas i Slgds)

(P98 im)
PR yowl (Slgodunw (Jb cus 9 <Ky 1590

L.au",ig)a:;.\.p)bRo‘_;lg.asli:‘ﬂasjgl‘.p)bom:lqg\almﬁ.\:ﬂ}::sd_,igKsﬁfaJ\;ijqujsqd\):
.Aﬁue,}@uuUm&;u\@;Tms,ngwﬁouw;mu;.A

e 1) 5 b e g Y lelee « (RO) o sSian sl b sy (5585 b JolST o LdT ¢ ol i ol ook ) Ilas
.MQ@QMQJFJ}J{C.gz(rj\!&buéhob)&b\‘_}:bdqﬁ) o5 ¢ RO (glgactunns |

(Pow )
Ol o (e (S s

Sl g5 L 5 ooy Mo o (6l 45 Sl (gl o LT 5 (63 0,8 sla eSS 5 b, Sl oS 5151 idey o
o5 ghes 030izul L sSKan o]
w)'&huﬁ)}oT&&:uug“)é

(Permeate Conductivity) sis aiwes T S S ulis o oMU

(Feed Pressure) 55,5 oT ;L2

(Cleaning and Replacement Rate) ol e s 505 b 5 (olowd (6 (6 st plasit Ol 5 s,9:U
(Becoming an Informed Troubleshooter) ous ¢l 4 >~ s s oo g o5V cleles =




w90l 0599 yomg y

D090 Slaixo ¢ (5990

(Pilez )
O 6T s 9 42

035 Son ailyl OT (S5 s s 5 OT (oo ¢ (2l o ¢ SO &y s 50 ¢« O ol (6555 3590 53 ST 25 ol 55
CAET L 5 ol s 5 oo 5 40 o o 1 T 6T 4 Do Do S B 55l o 536 1y Lk 3w o |53 ok 48151 Sledb|
b T T adas Sl 4 by o SIS 5 filis

231 i sle ol Gl Sl

(Source Water) T c“*’:'

(Contaminants) o T oau¥T cuEI

(Reading Water Analysis Reports) T jJuT olayl 8 e 2s,H

( Evaluating Scaling and Fouling Potentials) o 52 5 ) b il b5,

(oomiy iy )

Sy 53 Al 008 5 5165 Ol yim Olones (Biofouling) obs
.»Ji_.ao\ﬂﬂﬂl{c;t{‘xfa;ﬁmo‘_;w
}O‘ﬂ)bé,’{l{ﬁ)&lﬁl{@uT%r‘}YCJb%‘MM&‘).}
33, K a5 0T 51 6,8 sl slgs s

T ol 98 ol Bl Cole

( Overview Of Bacteria) s s S gls b oL2TU

(Water Characteristics) T &lasiad

(Design and Operational schemes oLs ;. sl &5 gapras

That Promote Biofouling)




Js) Do 4l

Giad| A
u:l\)g:\#. A:ve
Rl sl A
(1) G Al - S £ 9 At
Water Contaminants Overview
. lons
. Gases
. Organics
. Silica
Semipermiable RO/NF Membranes
. Structure
. Water Flux
. Salt Flux
. Rejection of Contaminants
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Osmosis and Reverse Osmosis

. Osmotic Pressure

. Applied Pressure

. Net Driving Pressure

. Water Flux

. Salt Flux

Membranes

. Flat Sheet , Hollow Fiber

. Brackish Water , Seawater

. Low Pressure , Low Fouling , High Rejection

Membrane Elements

. 2”(5Cm),2.5”(6Cm),4”(10Cm),8"”(20Cm),5.5”(22Cm) Elements

. 12.75”(32Cm),New16”(41Cm) and new 18.25"(46Cm) Elements
. Envelopes

. Feed Water Spacer

o Permeate Spacer

. Flow Path

. Low Pressure , Low Fouling , High Area & High Rejection

WORKSHOP 1: Build a Simulated Element
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Pressure Vessels

o 2”,2.5”,4”,8”,16",18.25"

. End Port, Side Port, Multi-Port

. Stainless Steel , Fiberglass

. Shimming Elements

RO/NF Units

*POU, POE, Industrial , Municipal

« Single Stage , Multi-stage

* Single Pass, Double Pass

* Brackish Water RO, Seawater RO

* Workshop 2: RO membrane Performance
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RO Unit Operation

. POU
. Single Pass
. Double Pass
° Recovery Rate
. Concentration
. Water Flux Per Element
. Net Driving Pressure (NDP) Per Element
. Salt Passage per Element
. NDP and SP Versus Temperature
Seawater RO Unit Operation
. Single Stage , Double Stage
. Single Pass, Double Pass
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Potential Problems
. Scaling
. Fouling
. Chemical attack
Semipermeable RO/NF Membranes
. Structure
. Waterflux
° SaltFlux
Brackish Water Pretreatment
. Minimizing Scaling
- Softening
- Acid Injection
- Scale Inhibitor Injection
° Minimizing Fouling
- Clarification
- Media Filtration
- Cartridge Filtration
- Microfiltration/Ultrafiltration
. Minimizing Chemical Attack
- Activated Carbon
- Sulfite Injection
- Ultraviolet Irradiation
Seawater Pretreatment
° Conventional
. Advanced
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Chemical Cleaning
. Removing Scalant
° Removing Foulants
. A good Cleaning Procedure
. How Determine When To Stop Cleaning
. How To Determine The effectiveness of Cleaning
WORKSHOP 3: RO Unit Operation & Maintenance
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On Stream Instruments For Monitoring
. Single Stage RO Units
° Multi-Stage RO Units
. Double Pass RO Units
° Conductivity
° PH
. Pressure
. Flow
° Temperature
. ORP(For Some)
° SDI(For Some)
Hand-Held/Bench Instruments For Monitoring
. PH
. Conductivity
. Chlorine
. Sulfite
. SDI
. Silica(For Some)
. ORP(For Some)
Daily Monitoring
° Pressure
. Flows
. Conductivities
° PH
° Temperature
. Silt Density Index(SDI)
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Daily Monitoring
. Free and Total Chlorine
. Sulfite
° Pressure Drops
° Recovery Rate
° Normalized Permeate Flow(NPF)
° Normalized Salt Passage(NSP)
° Normalized Pressure Drop (Normalized Differential Pressure)
° Changes Seen With Scaling , Fouling & Chemical Attack
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Using Free Monitoring Software For Weekly Trending
. Start-Up data
° Daily Data
. Performance Trends
WorkShop 1 : Monitoring & Performance Trends
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Monthly Monitoring
° Profiling Source : Hydranautics RO Data Program

- Performance Changes With Scaling , Fouling & Chemical Attack
Start-Up & Intermittent Monitoring
. Probing
- Problems Causing Probing Changes
Workshop 2 : Evaluating Profiling & Probing Data
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Performance Changes With Scaling , Fouling & Chemical Attack
° NPF
° NSP
° NPD
. Gauge Changes
. Profiling
. Probing
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Pretreatment Monitoring
. Free & Total Chlorine
. SDI
° PH
. Total Hardness (Softener)
. Scale Inhibitor Injection
° Chemical Cleaning Monitoring
Workshop 3: Evaluating Performance data
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Process Flows : Pretreatment & RO/NF Unit
Workshop 1: Pretreatment & RO/NF Unit
Troubleshooting Tools
o Concentration factor Analysis
. Specific lon Calculations
o Mass Balance Calculations
. Water Flux Calculations
. Salt Flux Calculations
. CrossFlow Evaluation
. Operating Data
o Performance Trends
. Design Software
. Element Autospy
. Electron Dispersive X-Ray (EDX)
. Fourier Transform Infrared (FTIR)
. Scanning Electron Microscopy(ESM)
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Troubleshooting Tools(Continued)
. Silt Density index(SDI)
. Chemical Cleaning
. PH,Conductivity,Oxidation-Reduction Potential(ORP),Temperature,Sulfite,Chlorine
. Profiling data
. Probing Data
. Hetrotrophic Plate Counts
. Iron-Related Bacteria Counts
o Slime-Forming Bacteria Counts
. Sulfate — Reducing Bacteria Counts
. Water Analysis
o More
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Problems
. High Permeate Conductivity
. High Feed Pressure
o High Pressure Drop(s)
° Requirement For Too Frequent Cleaning
° Decreasing Effectiveness Of chemical Cleanings
. High Element Replacement Rate
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Troubleshooting High Permeate conductivity

. O-Ring Leak(s)

° Chemical Attak

. Mechanical Damage

. Brine Seal Problem

. Membrane Damage

. Abrasion

o Pressure

° Pressure Drop

. Chemical Attack

. Manufacturing Defects
. Scaling
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Troubleshooting High Feed Pressure

. Fouling

. Organic

. Bacteria

. Non-Living Particles

. Scaling

. Other

Troubleshooting High Pressure drop(s)
. Fouling

. Scaling

. Other

Troubleshooting Cleaning Issues
° Improper Cleaners

. Improper Flow Rates

° Improper Temperatures

° Improper Time Frame
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Troubleshooting Attendees™ RO Issues

° Pre-treatment

. Ro Unit Design

Workshop 2: Expert Troubleshooting
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Reverse Osmosis Design and Operation Training

Ideal for anyone requiring a thorough practical understanding of the basic principles of
Reverse Osmosis (RO) desalination.

This course is essential for water treatment professionals as it will:

e Improve knowledge and proficiency

e Assist with training employees

e Assist in solving challenging problems
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