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Housekeeping Items
• Submit questions through the question box 

at any time!  We will do a Q&A near the end 
of the webcast.

• Survey at the end of the webcast.

• Slides and a recording of the webcast will be 
available at www.waterrf.org.

http://www.waterrf.org/
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Download presentation

Slides and recording will be available to WRF 
subscribers WITHIN 24 hours after the webcast 
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Input your webinar questions here

Q&A at end of webinar
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Webcast Agenda
Topic Speaker

Welcome, Introductions Kristan VandenHeuvel, WRF 10 min

Pretreatment for Seawater Reverse Osmosis: Existing 
Plant Performance and Selection Guidance (Desal-14-
07/4763)

Joe Jacangelo, Stantec 25 min

Carlsbad Desalinated Seawater Integration Study (Desal-
15-06/4773)

Brent Alspach, Arcadis 25 min

Question and Answer Kristan VandenHeuvel, WRF 30 min
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Osmosis: Existing Plant Performance 

and Selection Guidance

Joseph G. Jacangelo, PhD, REHS
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Presentation Outline

7

• Background

• Research Approach

• Full-Scale Plant Questionnaire and 

Interview/Site Visit Results

• Pretreatment Planning Tool
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Drivers for this Study
• Pretreatment is key to successful 

operation of seawater desalination.

• Long-term reliability of the 
downstream RO membranes 
impacted by the pretreatment 
systems has not been systematically 
reviewed and documented for full-
scale plants.

• Influence of non-water quality 
parameters or non-process factors on 
the selection of the pretreatment 
systems has not been reported.

Parameter Recommended 
Maximum Value

Turbidity 0.5 NTU

Total organic carbon 
(TOC) 2 mg/L

Iron 0.1 mg/L

Manganese 0.05 mg/L

Free chlorine 0.1 mg/L

Oil and grease 0.1 mg/L

SDI15 minutes 3

VOC In mg/L range

Source: AMTA, 2012 
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Research Objectives
• Evaluate the impact of feed water quality on performance of 

pretreatment technologies and downstream RO processes.

• Collect full-scale data on the performance of various 
pretreatment technologies and operational data on RO 
process with pretreatment technology.

• More perspicuously identify and assess the criteria used for 
selecting pretreatment technologies at full-scale facilities.

• Based on information obtained, develop a tool that can 
provide guidance on pretreatment process selection and 
design.
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Approach to Study

Task 1
Literature 

Review

Task 2
Questionnaire

Task 3 
Facility 

Audits/Interview 

• Raw Water Quality

• Water Conditioning

• Conventional Pretreatment  Performance 

• Membrane Pretreatment  Performance

• Reverse Osmosis Performance
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Forty-Two SWRO Plants Were Considered

North America

Central/ 
South America

Europe

North Africa

Middle East

East Asia

Australia

4

4105
2

6 11

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjX5ZXWu-TMAhUC64MKHZGECikQjRwIBw&url=https://en.wikipedia.org/wiki/World_map&psig=AFQjCNHsUcwrFcS7Poj8sSuCFPtnEVoZIg&ust=1463689783310638
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Eight Plants Selected To Participate in Study

North America
Europe

Middle East
3

3 2

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjX5ZXWu-TMAhUC64MKHZGECikQjRwIBw&url=https://en.wikipedia.org/wiki/World_map&psig=AFQjCNHsUcwrFcS7Poj8sSuCFPtnEVoZIg&ust=1463689783310638
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Description of Plants Participating in Study

North America
Europe

Middle East
3

3 2

Plant G
 1,635 m3/d

Plant D
 90,000 m3/d

Plant H
 190 m3/d

Plant B
 60,000 m3/d Plant F

 54,000 m3/d

Plant A
 218,200 m3/d Plant C

 20,000 m3/d

Plant E
 142,000 m3/d

 Open Intake

 Subsurface
 Subsurface

 Open Intake

 Open Intake

 Open Intake

 Open Intake
 Open Intake

 Conventional

 Membrane

 Conventional

 Conventional

 Conventional

 Conventional

 Membrane
 Conventional

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjX5ZXWu-TMAhUC64MKHZGECikQjRwIBw&url=https://en.wikipedia.org/wiki/World_map&psig=AFQjCNHsUcwrFcS7Poj8sSuCFPtnEVoZIg&ust=1463689783310638


© 2019 The Water Research Foundation. ALL RIGHTS RESERVED.      17

Pretreatment Processes of Seawater 
Desalination Plants Participating in Study

Plant ID Pretreatment 
Category Pretreatment Processes

Plant A
(DAF+DMF+CF)

Conventional Dissolved Air Flotation - Single Stage Dual Media Pressure Filter - 5 
micron Cartridge Filter

Plant B
(DMF+CF)

Conventional Single Stage Dual Media Gravity Filter - 5 micron Cartridge Filter

Plant C
(MS+MF)

Membrane Microscreen - Microfiltration

Plant D
(DynaSand® 

+DE+CF)

Conventional Dynasan® Filtration - Diatomaceous Earth Filtration - 5 micron 
Cartridge Filter

Plant E
(DAF+DMF+CF)

Conventional Dissolved Air Flotation - Single Stage Dual Media Gravity Filter- 5 
micron Cartridge

Plant F
(CF)

Conventional 5 micron Cartridge Filter

Plant G
(CF)

Conventional 5 micron Cartridge Filter

Plant H
(MS+UF)

Membrane Microscreen - Ultrafiltration
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Water Quality
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Feed Water Quality Parameters
(SDI and Turbidity)

SDI

Turbidity

Subsurface Intakes

nd

SDI
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Feed Water Quality Parameters
(TDS and TOC)

TDS TOC 
(only three plants monitored)
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Water Conditioning
Practiced at Plants



© 2019 The Water Research Foundation. ALL RIGHTS RESERVED.      22

Source Water Conditioning is Often a Critical 
Pretreatment for Controlling Fouling Potential

• Coagulation and flocculation to control the 
fouling potential of the source seawater.

• Pre-chlorination to control the growth of 
sea organisms/microorganisms.

• Antiscalant for scaling prevention.

• Addition of reducing agent to quench 
excess chlorine.
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Coagulant and Flocculant Addition by 
Plants Participating in Study

• About 0.3 mg/L of polymer 
being used.

• Coagulant dose is currently 
being reduced.

• No coagulant for plants with 
subsurface intakes.

• Membrane based pretreatment 
operated with/without coagulant.
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Pre-Chlorination (Shock, Intermittent, 
Continuous) Practices at the Plants

• Organisms appeared to get acclimated with 
continuous chlorination dose 

• Shock chlorination was not possible due to use 
of non-chlorine resistant pipe network 
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Addition of Sodium Bisulfite for SWRO 
Protection by Plants Participating in Study
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• Overdosing sodium bisulfite as a control 
practice for the oxidation-reduction potential 
(ORP) increased AOC levels 



© 2019 The Water Research Foundation. ALL RIGHTS RESERVED.      26

Antiscalant Addition Practice by Plants 
Participating in Study
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• Polyphosphonates-based antiscalants in 
seawater contributed generally to AOC 
increase
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Conventional and Membrane 
Pretreatment Systems
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Conventional Pretreatment
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Design Characteristics of Granular 
Media Filtration

Design Parameter

Plant A 
(DAF-DMF-CF)

Plant B
(DMF-CF)

Plant D
(DS-DE-CF)

Plant E
(DAF-DMF-CF)

Stage 1 Stage 1 DynaSand Stage 1

Media type Anthracite Sand Gravel/Sand Anthracite Fine sand Sand Pumice

Media depth (m) 0.55 0.45 0.2/0.5 0.5 2.74 0.4 0.7

Surface loading 
rate (m3/m2/hr)

14 6.3 8 9.13

Backwash 
frequency (hrs) 36 to 48 70 Continuous 24

Waste stream 
volume (% of 
feed flow)

4% 2.2% 5-10% 3.2%
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SDI Values for Conventional Plants



© 2019 The Water Research Foundation. ALL RIGHTS RESERVED.      31

Turbidity Removal by Conventional Plants
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Impact of the DMF System on the SWRO 
Membrane (Plant A: DAF- DMF- CF)
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Impact of the DMF System on the SWRO Membrane
(Plant E: DAF- DMF- CF)

33

Virgin Fouled
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Pretreatment Systems for Subsurface 
Intake Plants

• Plant F and Plant G utilize beach wells as 
intake.

• Plants only use cartridge filters as pretreatment.

• SDI values in the feed water are typically less on 
3.0.

• Hydro-geologic conditions play an important role 
as the presence of Fe and Mn might impact the 
RO performance.
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SDI Values and Turbidity for Plants F &G  (Only CF)

35

• Plant G monitors the SDI values and the 
color of the SDI filtration pads to determine 
which well should be selected to minimize 
iron loading on the RO system.



© 2019 The Water Research Foundation. ALL RIGHTS RESERVED.      36

Low-Pressure Membranes Employed as 
a Pretreatment
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Transmembrane Flux Profile at Plant C 
(Membrane-based Pretreatment)

37
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HABs and Silt Content Impact the 
Performance: Plant C

Gonyaulax Polygramma Prorocentrum Sigmoides MF Backwash during Algal Bloom
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RO Performance at Plants
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First Stage SWRO Treatment
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Recovery (%)

NanoH2O was 
recently selected 
recently primarily 

for boron 
rejection 

Low recovery 
was driven by 
concentrate 

discharge limits
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Impacts of Pretreatment on SWRO 
Operations

Plant Name
Membrane Cleaning 

Frequency
(months)

Cartridge Filter Replacement 
Frequency (months)

Membrane Replacement 
Frequency 

(% per year)

Plant A (DAF-DMF-CF): Toray
6 2 to 3 10 to 12

Plant B (DMF-CF): 
Hydranautics/Dow 3 3 < 10

Plant C (MS-MF): Hydranautics
0.5 No CF < 10

Plant D (DS-DE-CF): 
Hydranautics/Dow 2 to 3 12 14.3

Plant E (DAF-DMF-CF): 
Hydranautics/Dow 2 to 3 2 10 to 12

Plant F (CF): Toray
6 1.25 5

Plant G (CF): Toray
4 to 5 2 to 3 25

Plant H (MS-UF): 
Dow/NanoH2O N/A N/A N/A
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Pretreatment Selection Guidance 
Tool

•  General plant information (Input File)
• Influent water quality Information (Input File)
• Recommended conventional or membrane-based pretreatment alternatives (Output 

File)
• Effluent water quality information specific for intake type and selected pretreatment 

alternative (Output File)
• System design information (Output File)
• Comparison of alternatives based on non-water quality related information (Output 

File)
• Guidance worksheets on various water quality aspects, system design and operation 

(Output File)

Objective:  To assist water utilities in the selection 
of various seawater pretreatment systems.
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Pretreatment Selection Guidance Tool
General Description Worksheet

Water Quality Input Worksheet
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Pretreatment Selection Guidance Tool

Recommended Pretreatment Alternatives Worksheet
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Pretreatment Selection Guidance Tool

45

Recommended 
Pretreatment 
Alternatives 
Worksheet
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Pretreatment Selection Guidance Tool

Design 
Specification 
Worksheet
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Summary
• Selection of pretreatment was a function of feed 

water quality, intake system, and membrane fouling 
propensity.

• Iron and manganese, DOC/AOC were key 
parameters involved in fouling of RO membranes.

• Plant delivery and operations contracts played a key 
role on design and operational performance of 
membranes.

• An excel-based pretreatment process selection tool 
can be useful as a first step when considering 
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WRF-15-06: What You Need to Know

High-Level Project Synopsis

• Collect data over a 3-year window
– Two pre-CDP baseline years: 2014-15
– First year of CDP operation: 2016

• Focus on water quality data collected 
during routine system operation

• Utilize existing monitoring locations
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SDCWA Treated Water Supplies

• Imported treated water, from 
MWD’s Skinner WTP

• Imported raw water, treated locally 
at the Twin Oaks Valley WTP

• CDP desalinated seawater

Complex blending

High-Level Project Synopsis

• Collect data over a 3-year window
– Two pre-CDP baseline years: 2014-15
– First year of CDP operation: 2016

• Focus on water quality data collected 
during routine system operation

• Utilize existing monitoring locations
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Categories

• General Physical / Chemical Parameters

• Salinity and Chloride

• Disinfectant Residual

• Nitrification

• Disinfection By-Products

• Corrosion

• Boron and Sodium Adsorption Ratio (SAR)
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WateReuse California 
Annual Conference
March 25-27, 2018
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• Salinity and Chloride

• Disinfectant Residual
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Water Quality Focus Areas

AWWA Annual Conference
June 11-14, 2018



Categories

• General Physical / Chemical Parameters

• Salinity and Chloride

• Disinfectant Residual

• Nitrification

• Disinfection By-Products

• Corrosion

• Boron and Sodium Adsorption Ratio (SAR)

Water Quality Focus Areas

WateReuse Association 
Annual Symposium

September 9-12, 2018



Categories

• General Physical / Chemical Parameters

• Salinity and Chloride

• Disinfectant Residual

• Nitrification

• Disinfection By-Products

• Corrosion

• Boron and Sodium Adsorption Ratio (SAR)

Water Quality Focus Areas

AWWA Water Quality 
Technology Conference
November 11-15, 2018



Categories

• General Physical / Chemical Parameters

• Salinity and Chloride

• Disinfectant Residual

• Nitrification

• Disinfection By-Products

• Corrosion

• Boron and Sodium Adsorption Ratio (SAR)

Water Quality Focus Areas

The WRF-15-06 report 
provides an extensive 

discussion of the water 
quality influences pertaining 
to each of these categories.
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TODAY:
Temperature Influence



Key Water Quality Findings

1. Ocean water temperature exerts a significant 
influence on SWRO finished water quality,     
and by extension, the treated water blends 
delivered to SDCWA member agencies.

2. The potential for bromide-induced chloramine 
residual decay was successfully mitigated.

3. The introduction of SWRO supplies seemed 
to decrease fluctuation in several interrelated 
water quality parameters pertaining to 
chloramine residual and nitrification.
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Key Water Quality Findings

1. Ocean water temperature exerts a significant 
influence on SWRO finished water quality,     
and by extension, the treated water blends 
delivered to SDCWA member agencies.

Detailed analysis shown today
is not directly addressed 
in the Desal-15-06 report.
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for calculation. 



Key Water Quality Findings

1. Ocean water temperature exerts a significant 
influence on SWRO finished water quality,     
and by extension, the treated water blends 
delivered to SDCWA member agencies.

Chloride

TDS

Boron

Sodium

Demonstrated effect on 
numerous parameters

SAR

CSMR

CCPP

LSI

Temperature
influences 

RO rejection
characteristics
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Temperature
Key Points:
• Seasonal changes in ocean 

water and imported water 
temperature track closely…

• …purely by coincidence.

• Temperature increases slightly 
within the SDCWA regional 
conveyance (as expected).

• Range of temperature 
fluctuation:  ~10 oC
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Temperature fluctuation exerts a significant 
influence on SWRO finished water quality…
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Key Points:
• Seasonal changes in ocean 

water and imported water 
temperature track closely…

• …purely by coincidence.

• Temperature increases slightly 
within the SDCWA regional 
conveyance (as expected).
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…and thus blended water quality.

Important 
implications!



Temperature Influence: Chloride
Key Points:
• SWRO water chloride levels 

exhibit seasonal variation 
with temperature due to 
fluctuations in RO rejection.

• The magnitude of seasonal 
variation in SWRO water 
chloride levels is significant: 
~ 40-100 mg/L (2.5x)

 SWRO supplies reduced 
chloride in treated water 
blends in 2016.
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75 mg/L Cl- threshold for impact on 
avocado production (Escalera et al. 2015)



Temperature Influence: Sodium
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SWRO Finished Water MWD/Skinner Supplies Key Points:
• SWRO water sodium levels 

exhibit seasonal variation 
with temperature due to 
fluctuations in RO rejection.

• The magnitude of seasonal 
variation in SWRO water 
sodium levels is significant: 
~ 25-75 mg/L (3x)

 SWRO supplies reduced 
sodium in treated water 
blends in 2016.



Temperature Influence: TDS
Key Points:
• The peak SWRO water TDS 

(~300 mg/L) is about ½ 
imported water TDS in 2016.

• The magnitude of seasonal 
variation in SWRO water 
TDS levels is significant: 
~ 100-300 mg/L (3x)

• At points of greatest differential 
in 2016, SWRO water is 
~20% that of imported water.

 SWRO supplies reduced 
both potable water salinity 
and regional salinity 
loading.
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Na + Cl represent ~86% 
of ambient seawater salinity.
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Temperature Influence: Calcium
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Temperature Influence: Calcium
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Key Points:
• The divalent calcium ion is 

more efficiently rejected by 
SWRO membranes; thus, 
fluctuation of permeate 
levels with seasonal 
temperature is not 
observed.

• Calcium levels are about 3.5x 
higher in imported supplies 
vs. SWRO water.

 SWRO supplies reduced 
calcium in treated water 
blends in 2016.



Temperature Influence: Magnesium
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• The divalent magnesium ion is 

more efficiently rejected by 
SWRO membranes; thus, 
fluctuation of permeate 
levels with seasonal 
temperature is not 
observed.

• Magnesium levels are >10x
higher in imported supplies 
vs. SWRO water.

 SWRO supplies reduced 
magnesium in treated 
water blends in 2016.
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Temperature Influence: SAR
Key Points:
• SWRO water SAR levels vary 

seasonally due to sodium 
fluctuations.

• The magnitude of seasonal 
variation in SWRO water 
SAR levels is significant: 
~ 1.4 - 4.3 mg/L (3x)

• SWRO and imported water 
SAR levels are very similar, 
on average: 
2.52 vs. 2.63 (resp.)
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Temperature Influence: CSMR
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Temperature Influence: Sulfate
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Temperature Influence: Sulfate
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• The divalent sulfate ion is more 

efficiently rejected by SWRO 
membranes; thus, fluctuation 
of permeate levels with 
seasonal temperature is not 
observed.

• Sulfate levels are about 10x 
higher in imported supplies 
vs. SWRO water.

 SWRO supplies reduced 
sulfate in treated water 
blends in 2016.



Temperature Influence: CSMR
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Key Points:
• The CSMR in SWRO water 

varies with temperature due 
to the similar phenomenon 
observed for chloride.

• SWRO water CSMR values 
are significantly higher than 
benchmark values reported 
in the literature.

• The magnitude of seasonal 
variation in SWRO water 
CSMR levels is significant: 
~ 2 - 7 (3.5x)

 SWRO supplies significantly 
increased CSMR in treated 
water blends in 2016.
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Temperature Influence: CSMR
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Key Points:
• The CSMR in SWRO water 

varies with temperature due 
to the similar phenomenon 
observed for chloride.

• SWRO water CSMR values 
are significantly higher than 
benchmark values reported 
in the literature.

• The magnitude of seasonal 
variation in SWRO water 
CSMR levels is significant: 
~ 2 - 7 (3.5x)

 SWRO supplies significantly 
increased CSMR in treated 
water blends in 2016.

Suggests higher
potential for 

lead corrosion

Chloride-to-Sulfate 
Mass Ratio



Temperature Influence: Boron
Key Points:
• SWRO water boron levels 

exhibit seasonal variation 
with temperature due to 
fluctuations in RO rejection

• The magnitude of seasonal 
variation in SWRO water 
boron levels is significant: 
~ 0.4 - 0.8 mg/L (2x)

• Recent historic imported 
water boron levels: 
≈ 0.11 - 0.16 mg/L.
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Temperature Influence: CCPP
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Key Points:
• SWRO water has lower CCPP 

than imported water supplies 
over 2016.

• CCPP exhibits seasonal 
variation with temperature, 
which is a variable in the 
calculation (and not due to 
the influence of fluctuations 
in RO rejection).

 SWRO supplies reduced 
CCPP in treated water 
blends in 2016.Calcium Carbonate Precipitation Potential



Temperature Influence: LSI
Key Points:
• SWRO water has lower LSI 

than imported water supplies 
over 2016.

• LSI exhibits seasonal 
variation with temperature, 
which is a variable in the 
calculation (and not due to 
the influence of fluctuations 
in RO rejection).

 SWRO supplies reduced 
LSI in treated water 
blends in 2016.-0.2
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Same key points 
as for CCPP



Assessing the Impact
of Temperature



System 
Component Phenomenon Result(s)

Net Impact 
on Permeate 

Concentrations

Dissolved 
Solids

Higher diffusion
coefficient • Increased salt passage Higher

Membrane 
Product

Increased membrane 
permeability

• Increased salt passage
• Increased water throughput Mixed

Water Decreased viscosity • Increased water throughput Lower

Influence of Temperature on NF/RO Systems

Increasing feed water temperature…
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Dissolved 
Solids

Higher diffusion
coefficient • Increased salt passage Higher

Membrane 
Product

Increased membrane 
permeability

• Increased salt passage
• Increased water throughput Higher

Water Decreased viscosity • Increased water throughput Lower
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Increasing feed water temperature…

Automatic reduced-pressure 
compensation for constant 

flow systems
Prevailing 
influence

Simplistic assessment of
complex phenomena…



System 
Component Phenomenon Result(s)

Net Impact 
on Permeate 

Concentrations

Dissolved 
Solids

Higher diffusion
coefficient • Increased salt passage Higher

Membrane 
Product

Increased membrane 
permeability

• Increased salt passage
• Increased water throughput Higher

Water Decreased viscosity • Increased water throughput Lower

Influence of Temperature on NF/RO Systems

Increasing feed water temperature…

Automatic reduced-pressure 
compensation for constant 

flow systems
Prevailing 
influence

…but useful for illustration purposes.



Impact of Increasing Salt Passage

Feed TDS
(mg/L)

Permeate Concentration (mg/L)
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Permeate Concentration  vs.  % Rejection
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Impact of Increasing Salt Passage

Feed TDS
(mg/L)

Permeate Concentration (mg/L)
with Rejection at…

99.8% 99.5% 99.2%

2,000 4 10 16

5,000 10 25 40

10,000 20 50 80

20,000 40 100 160

35,000 70 175 280

Amplification 
Factor ─ 2.5x 4x

Permeate Concentration  vs.  % Rejection

Parameter Amplification

Boron 2x

Chloride 2.5x

CSMR 3.5x

Sodium 3x

SAR 3x

TDS 3x

Desal-15-06 Observations

…for a temperature range 
of about 10 oC.



Implications



Be attentive 
to temperature!



Temperature Considerations for RO Design

• Evaluate cold water temperature to size the system 
for sufficient throughput under limiting conditions. 



• Evaluate warm water temperature to ensure target 
permeate quality, particularly for conditions of:
 High feed water TDS (e.g., seawater)
 Stringent permeate concentration targets

• Evaluate cold water temperature to size the system 
for sufficient throughput under limiting conditions. 

Temperature Considerations for RO Design



• Evaluate warm water temperature to ensure target 
permeate quality, particularly for conditions of:
 High feed water TDS (e.g., seawater)
 Stringent permeate concentration targets

• Evaluate cold water temperature to size the system 
for sufficient throughput under limiting conditions. 

Temperature Considerations for RO Design

NF/RO system designers are typically 
very studious about this step…



• Evaluate warm water temperature to ensure target 
permeate quality, particularly for conditions of:
 High feed water TDS (e.g., seawater)
 Stringent permeate concentration targets

• Evaluate cold water temperature to size the system 
for sufficient throughput under limiting conditions. 

Temperature Considerations for RO Design

…but not always as careful to 
account for this consideration.



Final Message…

Be diligent about details in 
non-standard RO applications. 



Thank you 
for your

attention!
Brent Alspach
Arcadis
brent.alspach@arcadis.com
(760) 602-3828



Questions?

Brent Alspach
Arcadis
brent.alspach@arcadis.com
(760) 602-3828
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Thank You
Comments or questions, please contact:

kvandenheuvel@waterrf.org

For more information, visit

www.waterrf.org 
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