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Introduction
Sweetwater Authority (SWA) owns and 
operates the Richard A. Reynolds Brackish 
Groundwater Desalination Facility (RAR) in 
Chula Vista, CA. The facility has a maximum 
daily production of 10 MGD sourced from 
eleven brackish groundwater wells that 
draw from the San Diego Formation. The 
facility consists of six Reverse Osmosis 
(RO) trains with three trains in a 20:10 array 
operating at an average 79% recovery and 
three trains in a 24:12 array also operating 
at an average 79% recovery. Due to high 
iron and manganese concentrations in the 
groundwater, the bypass (blend) water is 
treated through an iron and manganese 
removal system. 

Historically, this facility has experienced 
high first stage differential pressures due to 
iron fouling. When the plant was expanded 
in 2017, the RO membranes in the original 
three trains were replaced with Toray 
TMG20-400 elements and the three new 

trains were loaded with Toray TMG20D-440 
elements. This has allowed for a side by side 
comparison of 400 ft2 elements and 440 ft2 
elements with a common feedwater over the 
last 3 years of operation. 

RO Train Operating Conditions
Increases in differential pressure due to iron 
fouling are the main cause for cleanings at 
this facility. With the installation of the 440 
ft2 membranes in Trains D-F, a slightly higher 
differential pressure was observed at startup 
when compared to the 400 ft2 elements 
in Trains A-C. The 440 ft2 elements have 
thinner feed spacers, which are required 
in order to accommodate the additional 
membrane area into the same dimensions 
as the 400 ft2 elements. It is believed that 
due to the smaller space in between the 
membrane layers, increases in differential 
pressure can be seen more rapidly if there 
is an accumulation of foulant since there is 
less space for the foulant to fill up. In a high 

Side by Side 
COMPARISON  
of 400ft2 and 440ft2 membranes  
in a High Fouling EnvironmentFROM THE EDITOR  

We made it to the third edition of Solutions!  
I invite you to grab your favorite beverage  
and enjoy some summer reading. 

This issue’s hand-picked articles provide 
innovative technical and practical information 
about RO membrane technology and 
operation. 

In our first article, SPI’s Gabriela Downey 
compares the performance and cleanability  
of 400 ft2 and 440 ft2 RO elements. The  
article covers the system operating  
condition, cleaning trials, system optimization 
and gives insight on effective customized 
cleaning procedures. 

The second article by Harn R/O Systems’ Julie 
Nemeth-Harn showcases a unique approach 
to membrane configuration and system 
controls while maintaining a high recovery 
and stable operation. The site experience is 
an example of how every system can have 
challenges, but smooth operation can still  
be achieved by monitoring performance  
and making good decisions. 

In the final article, Lanxess’ Karina Zedda 
explores an innovative technology to reduce 
RO membrane fouling by utilizing a non-toxic 
and easy to manufacture antifouling coating 
for the feed spacer material. This promising 
technology could reduce membrane 
biofouling, the most common hurdle in  
RO membrane systems, which would  
lead to big savings. 

I hope you find the content helpful and 
informative. n

Nagham Najeeb holds a B.S. in Chemical 
Engineering from the University of Baghdad. 
As a technical support engineer, she uses her 
experience in chemistry, RO system design, 
system operation optimization, and system 
troubleshooting to support customers globally.

By Nagham Najeeb
Avista Technologies, Inc.
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PRESIDENT’S MESSAGE

By Christine A. Owen 
Hazen and Sawyer

ADDRESSING WATER SCARCITY 
WITH MEMBRANE TECHNOLOGY
Water has played an essential role in shaping human existence. Historically, it has influenced 
where humans settle, constrained where they can go and even how they travel. To a naïve 
observer, water would appear to be unlimited. However, 97.5 percent of all the water on earth 
is salty, leaving only 2.5 percent as freshwater. Of that freshwater, almost 70 percent is frozen 
in polar icecaps. Most of the remainder is underground in aquifers so deep it is not accessible, 
leaving less than one percent available for human use. More than 70 percent of human 
freshwater use is agriculture.

Global freshwater consumption has led to the depletion of over half of the world’s largest 
aquifers, which are the potable supplies for more than 2 billion people. This situation will likely 
deteriorate as demand grows; the United Nations predicts that available freshwater reserves 
will decrease 40 percent in the next 50 years. As the world warms, climate change can threaten 
ecosystems and environments that protect vital water resources, limiting access to them even 
more. Water conservation is an oft touted critical piece to sustainability, but it is also important 
that we more fully use the water resources that are available to us. 

While substantial progress has been made in increasing access to clean drinking water and 
sanitation, billions of people—mostly in rural areas—still lack these basic services. The World 
Health Organization reports that one in three people do not have access to safe drinking water; 
three in ten people lack access to safe drinking water services. Six in 10 people lack access to 
safely managed sanitation facilities, while more than half a billion people have no access to any 
sanitation. Eighty percent of human wastewater is discharged to freshwater systems and the 
ocean without any treatment giving rise to disease and death that is preventable. More than one 
thousand children die from preventable water and sanitation related diseases each day. 

So, what is the link to membranes? This issue of Solutions focuses on RO and NF membranes, 
which can treat a wide range of water sources, including previously unutilized resources for 
potable use. Twenty years ago, unless you were an astronaut, water reuse was something unheard 
of…it was from science fiction. Today, membrane bioreactors are used to treat wastewater, 
which can then be further treated by RO/NF membranes to produce safe, potable water. RO/
NF membrane performance has improved dramatically over the past two decades with respect 
to both energy consumption, ease of operation and permeate quality. In fact, membrane 
manufacturing has come so far that it is possible to tailor membranes for specific rejection 
capabilities. Membrane technology can be used to improve the quality of water for use, reuse 
or discharge to the environment, continuing the impact and influence which water has had on 
human existence over the centuries. n
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EXECUTIVE DIRECTOR’S 
MESSAGE

By Deena Reppen
American Membrane  
Technology Association 

Well, the summer is already under way and 
the spring blew by quickly despite 16 weeks 
and counting of pandemic-related hibernation. 
Despite the move to open up the economy, 
coronavirus is keeping most of us working 
from home and restricting our ability to engage 
in-person and enjoy our usual professional 
networking. 

In lieu of our anticipated Technology Transfer 
workshops, AMTA has been working on 
developing a line-up of online training. We 
kicked off Technology Transfer Online in late 
July with a panel of utilities sharing important 

W ith continued restrictions 
on travel, AMTA’s Executive 
Committee and Board of 

Directors have been conducting business 
virtually to address the organization’s 
priorities without interruption. During their 
May 15 meeting, AMTA President Christine 
Owen made the following Committee Chair 
appointments: 

• Association Collaboration: Greg Wetterau
• Audit Committee: Chris Dempster
• Awards Committee: Steven Coker 
•  Communications Committee:  

Julie Nemeth-Harn 
-  Membrane Fact Sheets: Ben Movahed 

•  Fellowships Committee: Brent Alspach
•  Finance Committee: Russ Swerdfeger
•  Historian Committee: Doug Eisberg
•  International Liaison: Greg Wetterau

•  Legislative & Regulatory Affairs 
Committee: Christine Owen 
-  Bureau of Reclamation:  
Yuliana Porras Mendoza

•  Membership Engagement & Development 
Committee: Buddy Boysen 
-  Industrial Sector Outreach: Buddy Boysen

•  Membrane Technology Conference:  
Greg Madden

•  Nominating & Elections Committee: 
Rebecca Wilder 

•  Regional Affiliations: Jill Miller 
-  NWMOA – Jill Miller 
-  SCMA – Buddy Boysen 
-  SEDA – Julie Nemeth-Harn 
-  SWMOA – Eric Owens 
-  Mid-MOA – Greg Madden

•  Student and Young Professionals 
Committee: Rebecca Wilder 

•  Technology Transfer Committee: Jill Miller

With a full review of AMTA’s bylaws conducted 
this past year, the Bylaws Committee was 
sunset until 2021. The bylaws will now be 
reviewed biennially. 

Because of the far-reaching impacts of the 
pandemic and implications for member 
activities, the Board of Directors has kept 
a close eye on the Technology Transfer 
Workshop schedule, made necessary 
decisions on timing and offerings, and 
designed new online trainings. Changes to the 
schedule of in-person events as well as details 
about AMTA’s Technology Transfer Online and 
AMTA-AWWA’s Membrane Master Class are 
available in this newsletter. 

For more on the AMTA Board of Directors, 
visit https://www.amtaorg.com/about-amta/
board-of-directors. If you are interested in 
serving on the board or as a committee 
member, please email deena@amtaorg.com. 
We welcome your involvement! n

lessons learned from pandemic preparation and 
response. Our sincere thanks to Orange County 
Water District’s Mehul Patel, Town of Jupiter 
Utilities’ Rebecca Wilder, Keokuk Municipal 
Waterworks’ Andrea Rogers, and the City of 
Bozeman’s Jill Miller. Each have big roles in 
ensuring clean, safe and reliable water for their 
communities and we are grateful for their time 
commitment in sharing expert insights with the 
membrane community. Under these unique 
circumstances presented by the pandemic, 
utilities across the country are blazing new trails 
with facilities operations and management, with 
much to learn from one another. If you missed 
the live presentation, log into the AMTA digital 
library for a replay. 

Next up from Technology Transfer Online is a 
six-part series covering all aspects of enhanced 
recovery. Arcadis’ Brent Alspach has lined 
up expert speakers and subject matter for 
virtual sessions based on last year’s successful 
Albuquerque workshop. From the basics 
to the latest, the series has something for 

everyone. In addition, AMTA and AWWA 
are partnering through August to bring you 
Membrane Master Class, which offers learning 
opportunities around PFAS removal, MF/
UF and RO operations, ceramic membranes, 
LRVs and concentrate management. While we 
can’t gather in person, our online education is 
the next best thing for knowledge transfer and 
bringing our members together. 

Last, as we look to expand our connectivity 
in our virtual world, we are beefing up our 
content on LinkedIn and Twitter, so if you 
haven’t done so already, please connect with 
us @amtaorg and American Membrane 
Technology Association. Follow us, share our 
posts, adopt #MembraneTechnology, send 
ideas for content and help us grow our network 
and reach.  

We value your support of our new ventures 
and look forward to gathering with you 
virtually. Continue to stay safe and healthy, 
and please reach out if there’s anything AMTA 
can do for you. n

BOARD OF DIRECTORS UPDATE | JULY 2020

https://www.amtaorg.com/online-training
https://www.amtaorg.com/amta-awwa-membrane-master-class
https://www.amtaorg.com/about-amta/board-of-directors
https://www.amtaorg.com/about-amta/board-of-directors
mailto:deena@amtaorg.com
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RO/NF MEMBRANES 

fouling environment such as the RAR facility, this has resulted in a slightly higher fouling rate 
for the 440 ft2 elements when compared to the 400 ft2 elements. Figure 1 & Figure 2 below 
shows the normalized differential pressure for Trains A-C with the 400 ft2 elements and Trains 
D-F with the 440 ft2 elements.

FIGURE 1. Trains A-C Stage 1 Normalized 
Differential Pressure

FIGURE 4 below shows the normalized differential 
trend for Train D that was cleaned in December 
2019 resulting in a decrease from 26 psi to 14 psi 
in Stage 1. From the Train C and D cleanings, the 
lab scale cleaning study performed by Avista was 
proven to be effective full scale. Both Trains C and 
D saw significant improvements over previous 
cleanings and normalized differential pressure 
values decreased close to startup values from 2017. 

FIGURE 2. Trains D-F Stage 1 Normalized 
Differential Pressure

Cleaning Trials, Investigation, and Optimization
SWA, SPI, and Avista have performed cleaning studies and foulant testing over the last 3 
years to better understand the iron fouling and the response to cleanings. Telescoping, 
membrane tears, and significant foulant buildup have been observed. The foulant was found 
to be comprised of iron, silicon, calcium, and aluminum. This is consistent with silts and clays 
with some iron and calcium oxides. Some colloidal silica was also observed. 

SWA began to investigate the use of generic cleaning chemicals to determine if similar 
cleaning results could be achieved with generic products. With the generic chemicals being 
approximately a quarter of the cost of the proprietary chemicals, switching could yield a 
significant cost savings. Avista Technologies performed a cleaning study for SWA to compare 
the two options. The cleaning study found that not only was the Avista product, P-903, able 
to restore more flow, but it also was able to remove all visible foulant whereas the sample 
cleaned with citric acid still had visible foulant. 

Flow testing indicated that the Avista P903 product improved permeability of the membrane 
from 57% to 70% when compared against the manufacturer specification. In contrast, the 
generic citric acid product was only able to improve permeability from 57% to 62%. The use 
of an additional proprietary high pH cleaner, Avista 192, was able to improve permeability 
back to within the manufacturers specified range when applied after the P-903 product. 
However, when Avista 192 was applied following the generic citric acid cleaning permeability 
remained below the manufacturer specification at 76% of the normal range.

Due to the cost of the chemicals, implementing a full high and low pH cleaning with the 
proprietary chemicals at the current cleaning frequency (twice per year per train) was not 
feasible.

A cleaning approach was developed to clean each train with the Avista P-903 and Avista 192 
during the wet season when the facility typically experiences less fouling. These cleanings 
will then provide a better baseline performance heading into the dry season when the trains 
are operated at the higher end of the design flux and the fouling rate increases. During the 

dry season each train will be cleaned again 
with generic citric acid as needed in order to 
minimize differential pressure and prevent 
further physical damage to the membranes 
as has been observed in the past. 

Operating Data/Full Scale 
Cleaning Results
Since the implementation of the revised 
cleaning approach, one train from each 
group has been cleaned with the Avista 
P-903 and Avista 192. These cleanings were 
the first full scale cleanings performed 
applying the same protocol from Avista’s in 
lab cleaning study. 

FIGURE 3 below shows the normalized differential 
pressure for Train C, which was cleaned in 
November 2019 resulting in a decrease from 
approximately 25 psi to 15 psi in normalized 
differential pressure. Note that the decrease in 
Stage 1 differential pressure in June 2019 was due 
to the replacement of the lead elements of the 
first stage.



IT'S A 
SWELL 
OF AN 
UPGRADE
NEW TIPS HFUG-2020AN
Enhanced Fiber Technology

969 ft2 

MEMBRANE AREA 
INCREASED BY

per module
775 ft2 25%

13435 Danielson Street, Poway, CA 92064
WWW.TORAYWATER.COM • INNOVATION@TORAYMEM.COM

TORAY MEMBRANE USA, INC.

ROMEMBRA™, TORAYFIL™ and MEMBRAY™ are trademarks of Toray Industries, Inc. 
For information about the Toray Group, please visit www.toray.com.

RO  |  NF  |  UF  |  MF

Membrane 
Bioreactor

Pressurized 
Ultrafiltration

Reverse Osmosis 
& Nanofiltration

ROPUR RPI™ 
Antiscalant

CSM™ Residential 
Reverse Osmosis

Innovating Membrane Technologies that 
Drive Sustainability

RO, NF, UF, MBR, 
ANTISCALANTS

www.toraywater.com

Gabriela Downey is an Engineer 
for SPI with a Bachelor of Science in 
Environmental Engineering. As a Project 
Manager for the Membrane Support 
Services team at SPI, she provides 
engineering and technical support for a 
wide range of membrane applications. These 
support services include analyzing and 
monitoring data, providing troubleshooting 
assistance, and recommending actions for 
system optimization.

>>>Read the full paper.

Justin Brazil is the Director of Water 
Quality for Sweetwater Authority responsible 
for the operation of the Authority’s three 
water treatment facilities: a 30 MGD 
surface water treatment plant utilizing 
dissolved air flotation, a 10 MGD brackish 
groundwater desalination facility, and 
a 2 MGD well field. He oversees a state 
certified water quality laboratory, plant 
maintenance, system operations, and a 
watershed habitat management program.

I SSUE  #3  VOLUME 39  AMTA | 5 

DESIGN & OPERATIONS

Summary
After 3 years of operation with these 
membranes, SWA has noticed the higher 
area membranes tend to foul more quickly 
and require more frequent cleaning. Due to 
the high cost of cleanings, SWA together 
with SPI and Avista Technologies performed 
several autopsies and cleaning studies. 
The generic chemicals were proven to 
be less effective at removing the visible 
foulant as well as increasing permeability 
and decreasing differential pressure values. 
A new cleaning strategy was recently 
implemented where each train is cleaned 
once per year with the proprietary chemical 
cleaners and followed up with generic 
chemical cleans every 6 months or more 
frequently as needed. Initial cleanings results 
indicate the use of Avista P-903 followed by 
A-192 to be very effective with both the 400 
ft2 and 440 ft2 membranes demonstrating 
similar results. n

http://www.toraywater.com/
https://www.amtaorg.com/side-by-side-comparison-of-400ft2-and-440ft2-membranes-in-a-high-fouling-environment
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The following is a quick summary of major 
factors that should be considered when 
designing NF/RO systems.

Water Quality and 
Pretreatment
One of the most important but complex 
decisions in designing NF/RO systems 
is establishing the feed water quality and 
pretreatment requirements. Inadequate 
pretreatment will cause major issues in NF/RO 
systems, cause frequent cleaning, and result in 
premature membrane replacement and failures. 
Make sure you are looking at historical source 
water quality and not just a few grab samples. 
Refer to AMTA Fact Sheet #12 for details 
on water quality parameters to test as well as 
pretreatment guidelines.

Finished Water Quality 
Goals and Objectives
Goals generally depend on client and regulatory 
requirements. If you are blending feed water with 
permeate, ensure hydraulics and controls are 
designed for flexibility in blending. Remember, 
neither membranes nor raw water quality will 
remain exactly the same. Be conservative! A 
good goal is typically to be less than 80% with 
worst conditions and aged membrane. Select 
reasonable worst cases for parameters such as 
water quality, water temperature, membrane age, 
fouling/scaling factor and expected recovery. Use 
your engineering judgement. Be reasonable!

Plant Capacity, Number of Skids and Redundancy
Plant capacity and number of skids are highly system dependent. Sometimes the regulatory agency 
will dictate maximum capacity based on source water limitations. Generally, at least two skids will 
be required if this is the only source. Many membrane plants are designed with a minimum of two 
to three skids and each skid is sized for maximum daily flow divided by the number of skids. In 
other words, 2x50%, 3x33.3%, etc. Most owners will require at least two skids, since one skid may 
be off-line for maintenance or Clean-In- Place (CIP) and won’t be available for water production. 
For these types of plants, N+1 approach is used, In other words, 2x100%, 3x50%, etc. Size of NF/
RO skids depends on many factors. One important factor to consider is the maximum practical 
size of the cleaning tank, piping and means of isolation. There are RO plants in which a single skid 
is comprised of multiple smaller skids (segments) with piping manifolds. An important factor to 
consider is isolation of skid stages/arrays for cleaning. Skids or segments with 80-100 pressure vessels 
appear to be the upper limits when considering practical cleaning provisions. This translates to 1.5 to 
2.5 MGD skids for seawater and 2.5 to 3.5 MGD skids for brackish water RO systems with standard 
elements (dependent on flux and recovery rates). Remember, a higher number of skids for the same 
plant capacity typically translates into higher capital cost due to space, instruments, number of valves, 
pumps, etc. However, larger skids require more attention, maintenance, and larger components to 
maintain.

Concentrate Management
NF/RO facilities typically provide new sources of potable water via the treatment of lower quality 
resources, such as brackish water, tidal waters and seawater, as well as sources containing contaminants 
such as Arsenic, Nitrate and Radionuclides. Concentrations of compounds in NF/RO concentrate is 
3-5 times more concentrated than the source water, depending on the plant recovery. The National 
Pollutant Discharge Elimination System (NPDES) sets the minimum treatment standards for surface 
water dischargers, and also establishes the framework for setting additional discharge standards 
under section 402 of the Clean Water Act. These regulations are typically enforced by all states 
and compliance is mandatory. Concentrate can be handled in a number of ways, including surface 
water discharge, discharge to sanitary sewer, recovery and reuse, deep well injection, evaporation 
ponds, spray irrigation or Zero Liquid Discharge (ZLD). Depending on the location and permitting 
requirements, some of these options can become very costly. NF/RO plants close to a bay or ocean are 
lucky to have the option of discharging to the saltwater body or tidal waters with minimal pumping 
and diffusers for dispersion. Inland desalting plants may have to implement much more expensive 
options, such as deep well injection, evaporation ponds and even ZLD. The proper approach to 
concentrate management should be fully evaluated side by side with the planning and design of a NF/
RO facility early in process, so there are no surprises later. n

NF/RO 
DESIGN  
Considerations 

By Ben Movahed, PE, BCEE

BEN’S DESIGN TIP CORNER

If you have a tip or a suggestion for  
a future design article, please contact 
Ben Movahed 
(240) 780-7676 | movahed@watek.com

https://www.amtaorg.com/publications-communications/membrane-technology-fact-sheets-summary
mailto:movahed%40watek.com?subject=
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SUBMISSION 
OF ABSTRACTS

The deadline for submission of abstracts 
is Thursday, August 27, 2020.

 1.   Project Planning, Design, and 
Procurement

 a.  Source water issues
 b.  Treatment process selection and site 

integration
 c.  Environmental impacts
 d.  Regulatory and permitting challenges 

and considerations
 e.  Pre- and post-treatment
 f.  Sustainability measures and carbon 

footprint
 g.  Plant design, 3D, BIM and computer 

tools/models
 h.  New plant construction and retrofit 

installations
 i. Project and system costs
 j.  Alternative project delivery and funding 

methods
 k.  Energy recovery devices and energy 

reduction options
 l. Procurement strategies

2.	Microfiltration	and	Ultrafiltration
 a. Applications of MF and UF
 b. Integrity testing
 c.  Wastewater management handling 

methods
 d. Ceramic membranes
 e. Open platform concepts

3.	Nanofiltration	and	Reverse	Osmosis
 a. Applications for NF and BWRO
 b.  Concentrate disposal methods  

and issues
 c. Seawater Desalination (SWRO)
 d.  Intakes and outfalls
 e. System operations

M 
embrane technologies are increasingly used in many applications, including municipal water, wastewater, and reuse, as well as 
in a host of industrial processes, and thus play an integral role in protecting and improving public health.

This conference will explore the development and implementation of membrane technologies, as well as operation and 
maintenance of membrane equipment and facilities. Membrane technology experts and industry pioneers will provide details 

on existing and emerging products and systems, discuss information and best practices for treating a wide range of water qualities, and reveal 
new directions in membrane research and system design and operation.

4.  Potable Reuse
 a. Direct potable reuse applications
 b. Indirect potable reuse applications

5.   Wastewater & Non-Potable Reuse
 a. Membrane bioreactors (MBR)
 b. Non-potable reuse applications
 c.  Considerations for membrane use in 

wastewater treatment
 d.  Membrane applications in low nutrient 

discharge limits
 e.   Wastewater membrane fouling control 

and cleaning

6.   Residuals Management and  
Zero Liquid Discharge

 a. Zero liquid discharge
 b.  Concentrate reuse and resource 

recovery

7.  Industrial Applications
 a. Oil and gas/produced water
 b. Food and beverage
 c. Semi-conductor
 d. Power generation
 e. Mining
 f. Metal recovery
 g. Agricultural

8.  Plant Operation, Maintenance,  
and Management

 a.  Staff training and start-up
 b.  Operator certification for advanced 

treatment
 c.  Operator experiences
 d.  Smart technology / process 

instrumentation, monitoring, and 
controls

 e.  System optimization and cost 
effectiveness

 f. Membrane warranty and replacement
 g.  Trouble shooting, fouling, scaling, and 

cleaning
 h. Emergency preparedness and recovery
 i.  Asset management strategies

9.		Specific	Contaminant	Removal
 a.  Pharmaceuticals and personal care 

products
 b.  Removal of specific contaminants  

(e.g. Nitrate, Arsenic, Radionuclides, etc.)
 c. Organics
 d.  Removal of uncommon metals  

(e.g. Molybdenum, Cobalt, Nickel, etc.)
 e. Trace contaminants
 f. Treatment of emerging contaminants

10.  Additional Technologies
 a. ED, EDR, EDI
 b. Forward osmosis
 c. Membrane distillation
 d. Membrane fabrication technologies

11.		Research,	Advances,	and	 
Innovations	in	Membranes

PLANNED TECHNICAL PROGRAM | Abstracts are invited in the following areas.

https://www.amtaorg.com/awwaamta-membrane-technology-conference-exposition
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Julie Nemeth-Harn, PE, Harn R/O Systems, Inc. 310 Center Ct. Venice, FL 34285
julianemeth@harnrosystems.com, Ph: 941-488-9671
Nagham Najeeb, Avista Technologies, Vista, CA
Kevin Alexander, PE, Hazen and Sawyer, San Diego, CA

ABSTRACT
In 2008, the City of Signal Hill developed 
Well No. 9 to increase reliability and 
redundancy to their existing water supply. 
The well had elevated levels of color at 
50-60 color units and required treatment. 
The treatment project included the design 
and construction of the well pump and 
nanofiltration (NF) membrane treatment 
facility. Production goals for the facility focus 
on reduction of color and high recovery. 
The plant has an objective of producing 
treated water with color below 5 color units 
without significant reduction of the calcium 
and alkalinity in the water. The plant has 
a design flow of 1200 GPM, with future 
expansion capabilities of up to 1800 GPM. 
The treatment facility is designed to achieve 
a recovery of 98%.

The design included two parallel NF trains 
with three stages in a 16:5:3 pressure vessels 
configuration. To meet both the color 
and recovery objectives, the system was 
designed with a unique hybrid configuration 
membrane system, with Hydranautics 
HydraCoRe50-LD membranes in the first 
two stages and Hydranautics ESNA1-LF 
membranes in the third stage. The higher 
rejection ESNA membranes in the third 
stage increase the overall recovery of 98% 
without scaling. 

The unique approach at Signal Hill showcases an innovative approach of membrane 
configurations and system controls that water suppliers can capitalize on with membrane 
treatment while maintaining a high recovery to conserve local resources. The paper describes 
the key considerations of the hybrid membrane configuration to achieve both color removal 
while maintaining high recovery without membrane scaling as well as more than two years of 
operational data. A process flow diagram of the treatment plant is illustrated in Figure 1.

After more than a year and half of operation, the system indicated a cleaning would be 
required. Detailed data regarding the assessment of the fouling and the recommended 
cleaning regime and its effectiveness is presented in the full-length paper and summarized 
below.

The initial cleaning plan anticipated using a low pH cleaner primarily for the third stage as it 
was anticipated that calcium carbonate scale was the primary foulant. The cleaner identified 
for use was Avista RoClean L403. A high pH cleaner would be used for colloidal and organics 
fouling. This cleaner would be Avista RoClean L212. With the complicated hydraulic design, 
identifying and sequencing the cleaning connections and valves required some acclimation. 

The cleaning, which was scheduled for May 2019, was started on the third stage on Train 2 
with the low pH cleaner, the L403. The solution was prepared per manufacturer’s instructions 

NF DESIGN AND 
OPERATION AT  
98% RECOVERY –  
Two Years of Operation and CIP Results

FIGURE 1

Julie Nemeth-Harn is the Vice President 
for Harn R/O Systems, Inc., where she 
oversees the design, fabrication, and start-up 
of membrane treatment systems. Prior to 
joining Harn R/O she worked in consulting 
engineering for nine years. Ms. Nemeth-
Harn holds a Bachelor of Science in Civil 
Engineering from the University of Florida 
and is a registered professional engineer. 

>>>Read the full paper.

mailto:julianemeth%40harnrosystems.com?subject=
https://www.amtaorg.com/nf-design-and-operation-at-98-recovery-two-years-of-operation-and-cip-results
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to a 2% strength by weight and the pH was 3.1. The solution was 
recirculated through the third stage, but surprisingly there was little 
color removed and pH did not change. Typically, if a low pH solution 
is working effectively to dissolve scale, the pH of the solution will rise 
dramatically. After further review, it was suspected that silica could be 
the primary scale in the third stage and a cleaner specially formulated 
for removing silica, RoClean P112, was recommended. P112 is a 
powdered chemical that, when mixed to a 1% solution as prescribed, 
should have a pH of 12.0 to 12.9.

Meanwhile the first and second stages of Train 2 were being cleaned 
with L212 and a tremendous amount of color and organics was being 
removed. Figures 2 and 3 show the spent cleaning solution.

The third stage of Train 2 was then cleaned with a 1% solution of the 
P112 cleaner. The solution was recirculated through the third stage 
for 30 minutes, allowed to soak for 1 hour and then recirculated for a 
final 30 minutes. After that cycle the entirety of Train 2 was rinsed with 
permeate and then rinsed with a 1% solution of low pH cleaner. The 
train was started up and data was collected. The performance was 
restored virtually back to start-up conditions on all stages.

The same basic procedure was then repeated on Train1 and 
performance was also restored on that train.

Below are notes on observations that seemed to enhance the 
effectiveness of the cleaning:

•  Following manufacturer’s mix instructions precisely yielded 
optimum pH and effectiveness.

•  Heating the solution enhanced effectiveness.

•  Powdered chemical was more difficult to handle and mix. Pre-
mixing a strong concentrate to enable the chemical to dissolve 
more effectively is recommended. 

Since start up, the facility has continued to meet the treatment 
objectives of removing color and maintaining a high recovery of 
98% without significantly reducing dissolved ions. The CIP that was 

performed in 2019 demonstrates that the operation is sustainable 
and cost-effective. The design and operation of this treatment 
system provides a blueprint for utilizing membrane technologies to 
tackle groundwater challenges while minimizing waste streams and 
conserving local resources. n
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FIGURE 3. 
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RO/NF MEMBRANES 

O 
ne of the most severe problems affecting the performance of commercial RO 
membrane modules is biofouling. The possible strategy to mitigate biofouling 
in the spiral wound RO modules is the membrane or feed spacer modification. 
In this work, a non-toxic and easy to manufacture antifouling coating for the feed 

spacer materials was proposed. Two-step modification procedure, schematically illustrated in 
Figure 1, includes: a) surface treatment in plasma with a dielectric barrier discharge (DBD) in air 
with subsequent b) dip coating in sulfobetaine methacrylate (SBMA) monomer solution. 

Zwitterionic sulfobetaine methacrylate (SBMA) used for the coatings’ generation is well known 
for its superior antifouling properties [Cheng (2007), He (2016), Hirsch (2018)] resulting mainly 
from charge neutrality, high hydrophilicity and water uptake ability [Wu (2012)].

One of the challenges in the chemical modification of the feed spacer surface is the 
specimen geometry. High irregularity and bend structure (as presented in Figure 2) impede 
comprehensive surface characterization. To overcome this limitation and to have a better 
control of the process parameters, preliminary studies were performed in parallel on the foils 
manufactured from the same as the feed spacer raw materials [HDPE/PP (80/20 wt%) blends].

Anti-adhesion and  
Anti-fouling Coatings of 
FEED SPACER 
MATERIALS FOR 
RO-MODULES

Dr. Karina Zedda obtained her 
Ph.D. in Environmental Science and 
Engineering from Nanyang Technological 
University, Singapore and Stanford 
University. She joined the University of 
Tübingen, Germany for a postdoctoral 
position. Joining Lanxess Germany 
in 2013, she is currently the Head of 
Membrane Chemistry Laboratory at 
the R&D Membranes Department. 
Her expertise includes phase inversion 
membranes, membranes for niche 
applications and nanofiltration.

karina.zedda@lanxess.com

Magdalena Jabłońska obtained her  
Master’s degree in Chemical Engineering  
at Fachhochschule Münster, Germany,  
and Technical University in Cracow,  
Poland. She is currently completing her  
Ph.D. at Martin Luther University  
Halle-Wittenberg, Germany and  
working at Fraunhofer Institute for  
Microstructure of Materials and Systems  
IMWS.

magdalena.jablonska@imws.fraunhofer.de

>>>Read the full paper.

FIGURE 1. Schematic representation of plasma-mediated (DBD in air) 
sulfobetaine methacrylate (SBMA) coating of feed spacer materials.

Karina Zedda, LANXESS BU Liquid Purification Technologies, R&D Membranes, 06803 
Bitterfeld-Wolfen, Germany | Magdalena Jabłońska, Fraunhofer Institute for Microstructure 
of Materials and Systems IMWS, Walter-Huelse-Strasse 1, 06120 Halle, Germany | Carsten 
Schellenberg, LANXESS BU Liquid Purification Technologies, R&D Membranes, 06803 
Bitterfeld-Wolfen, Germany | Andreas Heilmann, Fraunhofer Institute for Microstructure of 
Materials and Systems IMWS, Walter-Huelse-Strasse 1, 06120 Halle, Germany

mailto:karina.zedda%40lanxess.com?subject=
mailto:magdalena.jablonska%40imws.fraunhofer.de?subject=
https://www.amtaorg.com/antiadhesion-and-antifouling-coatings-of-feed-spacer
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Different plasma treatment parameters were studied on the feed 
spacer materials (HDPE/PP foils and feed spacers) in order to find 
optimal conditions for the subsequent coating. The modified 
samples were analyzed by atomic force microscopy (AFM) and X-ray 
photoelectron spectroscopy (XPS). The anti-biofouling properties 
of SBMA-coated surfaces were evaluated in batch experiments 
with Pseudomonas fluorescence bacteria by means of fluorescence 
microscopy (BX53, Olympus). 

The plasma treatment (first modification step) was aimed at increasing 
the surface hydrophilicity and introducing oxygen functional 
groups. Especially favorable were hydroperoxide groups, which can 
decompose and initiate the grafting reaction onto the surface. This 
results in the covalent immobilization of polymer on the surface 
(polySBMA). Three different plasma intensities were chosen to treat 
the HDPE/PP foils and feed spacer surfaces (Table 1).

From the obtained results (XPS analyses) it was concluded that 
applied plasma treatment led to the significant incorporation 
of the oxygen to both feed spacer materials. With an increase 
in plasma treatment intensity (from plasma A to plasma C), the 
concentration of oxygen on the surface also increased. This indicates 
the successful generation of oxygen-functional groups. Obtained 
surface functionalization level was in good agreement with the results 
reported elsewhere [Friedrich (2012), Strobel (1989), Leroux (2008)]. For 
the subsequent dip coating, the highest intensity plasma was chosen, 
due to the highest amount of oxygen detected on the surfaces 
exposed to this treatment. 

The plasma treatment with DBD in air was followed by grafting of the 
SBMA onto the surface. Two different SBMA monomer concentrations 
were chosen to generate coatings: 0.1 mol and 0.5 mol. The surface 
composition and morphology of the polySBMA coatings on the feed 
spacer materials (HDPE/PP foils and spacers) were analyzed. The 
sulfur content (S/C atomic ratio) was selected as an indicator of  

the successful modification with SBMA, since this element could not 
be introduced in the previously performed plasma treatment. 

Table 2 summarizes detected sulfur content (S/C atomic ratio) on the 
modified surfaces in dependence on the applied SBMA monomer 
concentration (untreated samples showed no sulfur).

Sulfur could be detected for all SBMA modified samples. There was 
a significant increase in the sulfur content with increasing the SBMA 
monomer solution concentrations. The higher sulfur content after 
coating with 0.5 mol SBMA (vs. 0.1 mol) could indicate either longer 
SBMA chains due to the greater accessibility of the monomers, or 
higher grafting density with more homogenous coating. 

To verify whether the SBMA-modified surfaces show reduced 
susceptibility to biofouling, short-term batch experiments with Gram-
negative Pseudomonas fluorescens microorganisms were performed. 
The untreated and SBMA coated HDPE/PP foils (plasma C, 0.5 mol 
SBMA) were exposed to bacterial suspension. The Pseudomonas 
bacterium has been the most commonly found on the fouled 
membranes [Baker (1998)], therefore it was used in this study. 

The generated biofilms were analyzed by fluorescens microscopy and 
the surface coverage by microorganisms was calculated. The example 
fluorescens microscopy images of the untreated and 0.5 mol SBMA 
coated HDPE/PP foils affected by biofouling are depicted in Figure 3 
(biofilm in white). From the systematic biofouling studies performed, it 
was concluded that the surface coverage by bacteria can be reduced 
to one third when the SBMA coating is applied, which confirms the 
potential anti-biofouling properties of the feedspacer. n

FIGURE 3. Examples of the Pseudomonas fluorescens biofilms (bacteria in 
white) on HDPE/PP foils (24h incubation time): a: untreated; b: 0.5 mol SBMA 
coated (plasma parameters given in Table 1).

TABLE 1. Applied conditions for plasma treatment of the feed spacer 
materials (DBD in air performed with apparatus CORLAB-AS of Kalwar 
Innoserv GmbH). 

FIGURE 2. The feed spacer design with highlighted bend strand structure

Plasma  
type

Plasma  
intensity

Current [mA]-speed 
[m/min]

Plasma A low 25–2.6

Plasma B medium 25–1

Plasma C high 40–1

Sample  
type

S/C atomic ratio 
×102

Foil + plasma C + 0.1 mol SBMA 0.8 ± 0.2

Foil + plasma C + 0.5 mol SBMA 0.6 ± 0.3

Spacer + plasma C + 0.1 mol SBMA 1.8 ± 1.5

Spacer + plasma C + 0.5 mol SBMA 2.9 ± 1.3



12 | AMTA V O LUME 3 9  ISSUE  # 3

REGULATORY UPDATE

Perfluorinated Compounds
New Jersey is the latest state to finalize state 
regulations for perfluorooctanoic acid (PFOA) 
and perfluorooctanesulfonic acid (PFOS). The 
New Jersey Department of Environmental 
Protection has set drinking water limits on 
PFOA and PFOS at 14 and 13 parts per trillion 
respectively. These standards were recommended 
by a science panel, the New Jersey Drinking 
Water Quality Institute, and are now some of 
the strictest in the nation, far below the U.S. 
Environmental Protection Agency’s (EPA) health 
advisory level for a combined limit of 70 parts 
per trillion.

At the national level, the EPA issued an 
Announcement of Preliminary Regulatory 
Determinations for Contaminants on the 
Fourth Drinking Water Contaminant Candidate 
List. EPA announced positive regulatory 
determinations earlier this year for both PFOA 
and PFOS, two of the most widely studied 
per-and polyfluoroalkyl substances (PFAS). 
This process may lead to either a maximum 
contaminant level or treatment technique for 
each substance. The agency also requested 

comments on the appropriate next steps for other 
chemicals within the PFAS family, including data 
and information. 

Under the Safe Drinking Water Act (SDWA), 
EPA must finalize the Fourth Regulatory 
Determination by January 4, 2021. The three 
criteria for regulating a chemical under the 
SDWA are:
•  The contaminant may have an adverse effect on 

the health of persons;
•  The contaminant is known to occur or there is 

substantial likelihood that the contaminant will 
occur in public water systems with a frequency 
and at levels of public health concern; and

•  In the sole judgment of the EPA Administrator, 
regulation of such contaminant presents 
a meaningful opportunity for health risk 
reduction for persons served by public water 
systems.

Perchlorate
One day ahead of a consent decree deadline, 
EPA announced on June 18 that the agency will 
not be setting a new national primary drinking 
water regulation for perchlorate. According to 
EPA, the agency considered the best available 
science, as well as the proactive steps that have 
been taken to reduce perchlorate levels, and 
determined that perchlorate does not meet 
the criteria for regulation as a drinking water 
contaminant under the SDWA. The final rule 
states the agency has determined that perchlorate 
does not occur “with a frequency and at levels 
of public health concern” and so regulating does 
not present a reduction in health risk. 

The 2019 proposed rule set both a maximum 
contaminant level (MCL) and a maximum 

Legislative & Regulatory 
UPDATE
By Christine A. Owen
AMTA Legislative & Regulatory Affairs Committee Chair

contaminant level goal (MCLG) of 56 parts per 
billion (ppb). Three alternative regulatory options 
were also proposed by the agency and included:
•  An MCL and MCLG set at 18 ppb;
•  An MCL and MCLG set at 90 ppb; and
•  Withdrawal of the agency’s 2011 determination 

to regulate perchlorate in drinking water.

New Water Quality Tool: 
“How’s My Waterway”
EPA has released a new tool, How’s My Waterway, 
which collates publicly available water quality data 
for water at the community, state, and national 
level. Each level has different information and 
according to the announcement can be used by 
the public in a variety of ways. The community 
level provides information about the health 
of local waters, identifies challenges, as well as 
how those challenges are being addressed by 
the community. In addition, information about 
the quality of community drinking water and 
recreational waters is included. At the state level, 
the tool provides easy access to basic facts about 
a state’s waters, summaries of specific water 
assessments, a statewide survey of water quality, 
and state drinking water metrics. The national 
level includes water quality for lakes, rivers and 
streams, wetlands, and coastal areas as well as 
national drinking water quality and national 
drinking water metrics.

https://www.state.nj.us/dep/watersupply/pdf/pfoa-recommend.pdf
https://www.amwa.net/article/epa-resolves-regulate-both-pfoa-and-pfos-0
https://www.amwa.net/article/epa-resolves-regulate-both-pfoa-and-pfos-0
https://www.epa.gov/newsreleases/epa-issues-final-action-perchlorate-drinking-water
https://www.epa.gov/sites/production/files/2020-06/documents/10011-21-ow_perchlorate_frn_final.admin_prebpublication.pdf
https://mywaterway.epa.gov/
https://www.epa.gov/newsreleases/epa-announces-dynamic-new-water-data-transparency-tool
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UPDATES ON PROPOSED  
AND PENDING RULES

REGULATORY DETERMINATIONS  
OF PERFLUOROOCTANOIC (PFOA)  
AND PERFLUOROOCTANE SULFONIC 
(PFOS) ACID 
Proposal: December 2019
Final: December 2020
Status: The U.S. Environmental Protection 
Agency (EPA) is required to make regulatory 
determinations on at least five contaminants 
on the Contaminant Candidate List (CCL). 
Two contaminants included on CCL 4 
are perfluorooctanoic acid (PFOA) and 
perfluorooctane sulfonate (PFOS). The EPA 
PFAS Action Plan announced the Agency’s 
intent to make preliminary regulatory 
determinations for PFOA and PFOS and other 
CCL 4 contaminants by the end of 2019. A 
preliminary regulatory determination is the next 
regulatory step in the Safe Drinking Water Act, 
which could result in the Agency establishing 
a maximum contaminant level for PFOA and 
PFOS.

ADDITION OF CERTAIN PER- AND 
POLYFLUOROALKYL SUBSTANCES (PFAS) 
TO THE TOXICS RELEASE INVENTORY
Proposal: May 2020 
Final:To be determined
Status: The Toxics Release Inventory (TRI) 
Program is part of the Emergency Planning and 
Community Right-to-Know Act and is a tool 
that EPA may use to assess the releases of PFAS 
by industrial and federal facilities. Currently, no 
PFAS chemicals are included in the TRI program 
and EPA is considering if it should add certain 
PFAS chemicals. To do so, the EPA must show 
that data and information are available to fulfill 
the statutory criteria and the extent and utility 
of the data that would be gathered. The pre-rule 
went to the Office of Management and Budget 
on September 25, 2019.

CARCINOGENIC VOLATILE  
ORGANIC COMPOUNDS (cVOCs) 
Proposal: November 2022
Final: December 2023
Status: In 2011, the EPA announced plans to 
develop a single national primary drinking water 
regulation for up to 16 VOCs. Currently, the 
agency is conducting evaluations and developing 
supporting materials for a regulation. No new 
information on rule progress is available.

LEAD AND COPPER RULE:  
REGULATORY REVISIONS
Proposal: End of 2019 
Final: Projected July 2020
Status: The EPA is developing revisions, which 
take into consideration the recommendations 
made by the National Drinking Water Advisory 
Council and the experiences of Flint, MI. Public 
comments were received in March. The Lead 
and Copper Rule proposal went to the Office of 
Management and Budget on June 6, 2019. 

PERCHLORATE
Proposal: April 30, 2019
Final: June 2020 
Status: The EPA issued a final determination to 
not regulate perchlorate on June 18, 2020 based 
on progress made specifically by California and 
Massachusetts in removing the contaminant 
from drinking water sources. An October 
2016 court consent decree set deadlines for the 
proposal and rule finalization. A proposal is 
due by October 31, 2018 with finalization by 
December 19, 2019. EPA released the pre-
proposal on May 23, 2019 and the notice of 
rulemaking on June 26, 2019. Three regulatory 
options were proposed, including MCLs at 
18 and 90 ppb as well as withdrawal of the 
determination to regulate. EPA received an 
extension for the deadline to finalize a rule 
October 1, 2019 giving them until June 19, 
2020 to finalize the rule. 

REVISED TOTAL COLIFORM RULE 
ADDENDUM: FINISHED WATER 
STORAGE INSPECTION REQUIREMENTS
Proposal: Projected December 2019
Final: To be determined
Status: EPA continues its evaluation of options 
for regulation and additional guidance regarding 
the siting of Total Coliform monitoring sites 
and finished water storage tank inspection, 
monitoring and operations.

RADON RULE
Proposal: November 1999
Final: To be determined
Status: EPA continues to report the rule status 
as “to be determined”.

STRONTIUM
Proposal: January 2016
Final: To be determined
Status: EPA issued a positive preliminary 
regulatory determination in October 2014, 
which was followed by a January 2016 
announcement that the Agency would delay the 
final regulatory determination pending further 
study. The projected date for final determination 
is not yet certain.

STRENGTHENING TRANSPARENCY  
IN REGULATORY SCIENCE 
Proposal: April 30, 2018
Final: January 2020
Status: On April 24, the EPA rolled out 
a proposed rule that will “ensure that the 
regulatory science underlying Agency actions is 
fully transparent, and that underlying scientific 
information is publicly available in a manner 
sufficient for independent validation.” If 
promulgated as drafted, the rule will require EPA 
to clearly identify all studies it relied upon when 
taking any “final agency action” on regulations, 
including dose-response data and models, and to 
make those studies available to the public to the 
extent feasible. 

REVISIONS TO THE UNREGULATED 
CONTAMINANT MONITORING RULE 
(UCMR 5) FOR PUBLIC WATER SYSTEMS 
Proposal: June 2020 
Final: December 2021 
Status: The Safe Drinking Water Act (SDWA), 
as amended in 1996, requires that the EPA 
establish a program to monitor not more than 
30 unregulated contaminants every five years. 
This action meets the SDWA requirement by 
identifying the next cycle of monitoring and 
identifying the new unregulated contaminants 
to be monitored during the UCMR 5 period of 
2022-2026. 
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Beginning July 30, 2020, AMTA is partnering with AWWA to offer a summer Membrane Master 
Class, featuring leaders and innovators in membrane technology and the latest topics.

The AMTA/AWWA Membrane Master Class webinar series is a six-part program aimed at addressing 
current trends and best practices in the development and implementation of membrane technologies. 
Each session includes recognized experts and in-depth discussions on new directions in membrane 
research, system design and operation. 

Attend all six master class sessions for a complete overview of today’s emerging membrane standards 
or sign up for an individual session. Your registration will allow you to watch live or view the archive 
recording at your convenience. 

CEU credit is available for specific states, pending approval. Join us online!

Membrane Master Class

MASTER CLASS SESSIONS

The Role of Membranes in 
PFAS Removal
July 30 | 1:00–2:30 PM EST
Growing concern about the presence of highly 
fluorinated chemicals (PFAS) in drinking water 
has brought increased recognition of broader 
emerging contaminants issues. Join experts as 
they talk about detection, membrane removal 
technologies and concentrate disposal concerns 
related to the application of advanced treatment 
for PFAS removal. Featured Presenters: Mehul 
Patel, Orange County Water District (Moderator); 
Eugene Rozenbaoum, LG Chem; Eva Steinle-
Darling, Carollo Engineers, Inc.; Terence Reid, 
Aqua-Aerobic Systems

Learning Objectives:
 •  The role of advance treatment in removing 

contaminants of concern such as PFAS
•  The implications of PFAS removal and 

concentrate disposal
•  Methods of PFAS removal that uses less carbon 

and produces significantly less waste

Membrane Treatment 
Provides Pathogen Removal 
Credits
August 11 | 1:00–2:30 PM EST
Membrane bioreactors (MBRs) are able to 
produce high quality effluent with improved solids 
handling in a smaller footprint than conventional 
activated sludge processes. Presenters will discuss 
the implementation of MBR systems in potable 
reuse application and results of studies evaluating 
log removal values for meeting future regulations. 
Featured Presenters: Monica Pazahanick, Hazen 
and Sawyer (Moderator); James Vickers, Separation 
Processes, Inc.; Amos Branch, Carollo Engineers, Inc.; 
Christopher Morrow, DuPont Water Solutions

What You Will Learn: 
•  How MBRs can be used in potable reuse 

application
•  Validation results of a full-scale MBR validation 

study and how that relates to validation for 
potable reuse applications

•  The distinct advantages of MBRs in advanced 
IPR/DPR

Best Practices for Improving 
MF/UF Operations
August 6 | 1:00–2:30 PM EST
Microfiltration (MF) and ultrafiltration (UF) 
membrane processes are used in conjunction 
with various unit processes to provide a high 
level of particulate, turbidity, and microorganism 
removal for the production of drinking water. 
This webinar will discuss approaches to solving 
a variety of operational challenges learned from 
years working with and around membrane 
systems. Featured Presenters: Randal Braker, 
Duck River Utility Commission (Moderator); Scott 
Freeman, Membrane Medic; Richard Stratton/
Randy Houston, HDR; Omogbemiga Talabi/Don 
Henderson, City of Scottsdale 

Best Practices to be Addressed:
•  Adapting to source water quality changes
•  Information for warranty claims
•  Locating problems during troubleshooting
•  Optimizing coagulation dosing

>

https://www.amtaorg.com/amta-awwa-membrane-master-class
mailto:webinars%40amtaorg.com?subject=
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COATED MEMBRANES
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IS PROUD TO INTRODUCEConcentrate Management
August 13 | 1:00–2:30 PM EST
Given the challenges of concentrate management, it is prudent to explore 
all beneficial use options early in project planning or through studies and 
field testing. A combination of methods linking more conventional options 
with beneficial use may provide redundancy, reliability, and potential cost 
savings. Join experts as they explore alternatives for solids produced by 
conventional and high-recovery methods. Featured Presenters: Jonathan 
Brant, University of Wyoming (Moderator); Robert McCandless, Brown & 
Caldwell; Gil Hurwitz, Black & Veatch; Ethan Demeter, Magna Imperio 
Systems Corp. 

Learning Objectives:
•  Understand the planning requirements for high-quality process water and 

a closed-loop, zero-liquid discharge system.
•  Learn about the process improvements realized through pre-concentration
•  Introduction to a groundwater closed-circuit RO demonstration facility

Ceramic and Polymeric UF Membranes
August 18 | 1:00–2:30 PM EST
Ceramic and polymeric membranes are increasingly used in a broad range 
of applications due to their resilient material of construction and ability 
to operate under intense circumstances. This session will take a look at 
performance comparison of a ceramic membrane filtration system and 
a traditional polymeric membrane system, pre-treatment influences on 
operational parameters and lessons learned from the commissioning of both 
a ceramic membrane system and a polymeric system. Featured Presenters: 
Andrea Achilli, University of Arizona (Moderator); Yue Sun, Adurra Group; 
Matthew Erickson, AE2S; Daniel Dye, WesTech Engineering, Inc. 

What You Will Learn: 
•  When it may be beneficial to choose ceramic versus polymeric 

membranes
•  Valuable information for those looking for case studies on the application 

and performance of a two-stage system
•  Option for using ceramic membranes to reduce DBP formation

Innovative Operations: Reverse Osmosis
August 20 | 1:00–2:30 PM EST
In this session presenters offer alternative and innovative methods for 
operating reverse osmosis membranes that show promise for improved 
maintenance and performance. Featured Presenters: Russ Swerdfeger, 
DuPont Water Solutions (Moderator); Jana Safarik, Orange County Water 
District; Jonathan Brant, University of Wyoming; Alan Sharpe, LANXESS 
Corporation

What You Will Learn: 
•  Alternatives to conductivity and total organic carbon for assessing 

pathogen removal performances 
•  New RO pre-treatment process based on aligned magnetic fields
•  Unique industrial application to maximize recovery and separation

http://www.watersurplus.com/
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THANK YOU to Our Sponsors

16  |  AMTA  VO LUME 3 9  ISSUE  # 3

WEBINAR SERIES

ENHANCED RECOVERY OF NF/RO SYSTEMS
In Six Sessions - Begins August 25

Increasing demand for existing freshwater resources among a variety of beneficial uses is straining available supplies to an 
unprecedented degree. Consequently, the use of alternative, lower quality sources, such as brackish groundwater, saline surface 
water, and recycled wastewater are rapidly becoming an integral component of long-term portfolio planning, and nearly all of 
these alternative supplies require desalination. The resulting demand for nanofiltration (NF)/reverse osmosis (RO) has sparked 
a renaissance of membrane desalination, with more facilities being implemented than ever before. Moreover, with increased 
economic incentive, the industry is benefitting from an infusion of both financial and intellectual capital invested in NF/RO 
systems, yielding innovations designed to improve performance and reduce cost. Among these innovations, enhancing system 
recovery has become the most prominent, with numerous proprietary technologies and processes being developed. 

Recognizing the need to build institutional knowledge about the expanding array of options, AMTA has convened a six-part 
educational series focusing on enhanced recovery strategies for NF/RO systems. The series is grouped by general technological 
approach, with each of the six sessions featuring technology providers discussing their respective enhanced recovery solutions, 
along with a moderator-facilitated Q&A session with webinar attendees. Join us for one or all sessions to gain a leading edge 
understanding of this new wave of NF/RO innovation.

Technology Transfer 
ONLINE

By Brent Alspach, P.E., BCEE, Arcadis
AMTA Immediate Past President 
Webinar Series Host

https://www.amtaorg.com/online-training
mailto:onlinetraining%40amtaorg.com?subject=
mailto:custsrv%40amtaorg.com?subject=
https://www.amtaorg.com/amta-online-training-sponsorship
https://www.suez-na.com/en-us
https://www.h2oinnovation.com/
https://www.pwtchemicals.com/
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WEBINAR SERIES

Conventional/Thermal Processes:  
What You Need to Know About  
Enhanced Recovery and ZLD
SESSION 1 | August 25, 1 PM EST
MODERATOR: Tom Pankratz, Water Desalination Report
Brent Alspach, P.E., BCEE, Arcadis: Conventional ZLD - Overview and 
Economics
Craig Leonescu, GEA: Thermal Processes 101: Evaporation & 
Crystallization

This first session in the series provides important background for 
understanding the concepts and economics of enhanced recovery, along 
with a high-level overview of thermal desalination processes for the non-
expert. An example of innovative high-efficiency thermal technology, 
including modular and mobile units, will also be presented.

Semi-Batch Processes
SESSION 2 | August 27, 1 PM EST
MODERATOR: Michael Bourke, Wigen Water Technologies
Michael Boyd, Desalitech: Closed Circuit RO (CCRO)
Shane Walker, Ph.D., Center for Inland Desalination Systems, 
University of Texas at El Paso: Concentrate Enhanced Recovery Reverse 
Osmosis (CERRO)
Steve Wait, IDE Technologies: MaxH2O

Semi-batch processes generally operate by continuously recirculating the 
concentrate to a pre-determined threshold point (based on time and/
or salinity levels), at which point a purge is initiated, followed by a new 
concentration cycle.  These processes rely on the principle of “induction 
time,” purging the concentrated solution prior to the point at which 
scaling is expected to occur.

Innovative Osmonics
SESSION 3 | September 1, 1 PM  EST
MODERATOR: Kerry Howe, Ph.D., P.E., BCEE, University of New 
Mexico
Richard Stover, Ph.D., Gradiant Osmotics: Counter Flow RO (CFRO)
Jon Johnson, DuPont Water Solutions: XC-N Salt Selective 
Nanofiltration
Erik Desormeaux, P.E., Porifera, Inc.: dprShield

The solutions profiled in this session all leverage the osmotic salinity 
gradients to accomplish desalination with less energy than would 
otherwise be required.  Each utilizes innovative engineering and/or 
manufacturing to harness the power of the natural phenomenon of 
osmosis.

Novel Operations
SESSION 4 | September 3, 1 PM  EST
MODERATOR: Randall Shaw, P.E., Bureau of Reclamation 
Ronit Erlitzki, Ph.D., AdEdge Water Technologies, LLC: Flow Reversal 
RO
Neil Palmer, Osmoflo: Brine Squeezer
Ronen Barkan, Fluence Corp.: NIROBOX

Enhanced recovery can also be achieved by optimizing current NF/
RO system operations and practices.  Examples of such innovations 
profiled in this session include periodically alternating the direction of 
flow, enhancing chemical cleaning effectiveness, and utilizing advanced 
(smart) system performance monitoring.

Electrochemical Processes
SESSION 5 | September 8, 1 PM  EST
MODERATOR: Tina St. Pierre, P.E., SUEZ Water Technologies & 
Solutions
Neil Moe, Ph.D., SUEZ Water Technologies and Solutions: RO-ED 
Desalination
Chad Unrau, Magna Imperio Systems Corp.: Electrochemical Nano 
Diffusion

After many years of relative obscurity, electrochemical desalination 
processes are enjoying a resurgence via technological innovation and 
applications in enhanced recovery, for which they are well-suited.  
Technologies in this category apply an electrical potential gradient 
coupled with charge-selective ion exchange membranes to remove 
salinity.

University Research
SESSION 6 | September 10, 1 PM EST
MODERATOR: Harold Fravel, Jr., Ph.D., AMTA Director Emeritus
Bruce Thomson, Ph.D., University of New Mexico: Mineral Recovery  
and Enhanced Desalination
Frank Huang, Ph.D., P.E., New Mexico Institute of Mining & 
Technology: Direct Contact and Vacuum Membrane Distillation Processes  
for Water Recovery
Pei Xu, Ph.D., New Mexico State University: Hybrid Algal-Osmosis 
Membrane System for Resource Recovery and ZLD

Anticipating the market proliferation of enhanced recovery, the next 
generation of innovative solutions is already in research and development.  
This session profiles three such advancements on the horizon, one from each 
of the three major research universities in New Mexico.
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#OURWATERWORKERS

On June 25, AMTA joined the global water community to thank water workers for 
their contributions during the COVID-19 crisis through a coordinated social media 
campaign, #OurWaterWorkers. The campaign, designed and organized by Global 

Water Initiative, recognized the essential services provided by water industry professionals during 
the pandemic. 

With a focus on membrane utilities, AMTA took this opportunity to recognize the work of its 
member organizations, thank membrane professionals across the country, and elevate the role of 
membrane technology in delivering water treatment solutions and reliable supplies of clean water. 

Global Water Intelligence reported that 132 water companies, utilities and government 
organizations participated in the campaign that had a reach of 254,000 views across Twitter and 
LinkedIn, with the hashtag being shared more than 1,000 times across the two social media 
platforms. Read more here. 

Thank you to everyone that made this a success. 

#OURWATERWORKERS

https://www.harnrosystems.com/
https://www.globalwaterintel.com/our-water-workers?utm_content=buffer3f1e9&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer


I SSUE  #3  VOLUME 39   AMTA  |  19  

#OURWATERWORKERS

FEATURED 
ORGANIZATIONS 

City of Boca Raton

City of Cape Coral

City of Fargo

City of Ormond Beach

City of Pompano Beach

City of Wellington

Duck River  
Utility Commission

El Paso Water

H2O Innovation

Orange County  
Water District

Palm Beach County  
Water Utilities

San Patricio Municipal  
Water District

SCMA 

SEDA 

Upper Trinity Regional  
Water District

Water Replenishment  
District of Southern  

California
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SOUTHEAST DESALTING  
ASSOCIATION 
The Southeast Desalting Association 
is working towards providing 
opportunities for training and receiving 
necessary CEUs. Since cancelling the 
in-person Spring Symposium, we have 
been working towards restructuring this 
event into a membrane webinar series. 
In addition, workshops and MOC 
schools are being planned as webinars. 
Currently in the works are webinars on 
Chemical Feed Pumps, Concentrate 
Disposal, Membrane Autopsy, SCADA, 
and Well Pumps.

SEDA would also like to congratulate 
our new executive officers: Karla 
Berroteran, Pierre Vignier, Jason Bailey, 
and Dave MacNevin. We are pleased 
to introduce three new directors that 
were elected: Joey Tippett, Paul 
Biscardi, Ryan Popko, and Nick Black. 
Last, we would like to recognize Ronald 
Castle, Lance Littrell, David Laliberte, 
and Chris Ballard, who are rolling off 
the board, for their dedication and 
service to SEDA and the membership.

Stay updated on all things SEDA by 
following us on LinkedIn and Twitter. 
Also check out our website and mobile 
app for even more information and 
updates. 

 

SOUTH CENTRAL MEMBRANE 
ASSOCIATION 
South Central Membrane Association (SCMA) 
is a proud Affiliate of AMTA covering Texas, 
Louisiana, New Mexico, Oklahoma, and 
Arkansas. SCMA promotes membrane plant 
operator growth and advancement and provides 
membrane operator training at workshops, 
membrane operator certification courses and an 
annual conference. SCMA’s goal is to improve 
the quality of water supplies through desalting, 
reuse, and other water sciences, through 
focused activities, including facility design, 
operator training and certification, research and 
development, equipment and maintenance, 
and environmental regulations. 

We are very excited to announce the 
development of an Introduction to SCMA Video 
with plans to offer many other Video/Podcasts 
as resources to our membership. 

Due to the unprecedented circumstances we 
have found ourselves in this year, SCMA had to 
cancel our 2020 Annual Conference scheduled 
August 26-28 in San Antonio. However, we 
have moved to the new age of virtual training 
to serve our membership. Training is SCMA’s 
core focus and we understand the importance 
of exchanging knowledge that is focused for 
operators on membrane treatment as well as for 
them to be able to obtain their required contact 
hours/CEUs.  

We hope you can join us for some of our 
planned events; visit our website event calendar 
for updates. Consider becoming a SCMA 
Member to support our efforts in the South 
Central Region.

SOUTHWEST MEMBRANE  
OPERATOR ASSOCIATION 
The Southwest Membrane Operator 
Association (SWMOA) members hope you 
are holding up well in these difficult times.

Like most associations, we have had to 
cancel and postpone the vast majority of 
our in-person interactions but, to still serve 
our membership, we have pivoted to a 
slate of on-line learning opportunities to fill 
out the year and offer the opportunity for 
people to attend and exchange knowledge 
regarding a variety of membrane treatment 
technologies. We expect to be able to offer 
CEUs for the anticipated schedule:

Our main event, the SWMOA Annual 
Conference, was to be held June 22-24, but 
we had to make the tough decision that 
this event was not possible to successfully 
hold this year and have cancelled the 2020 
Conference. The technical program has 
been suspended with the intent to move 
it forward to the July 27-29, 2021 event, 
still to be held at the WRD Albert Robles 
Event Center in Pico Rivera, California.  This 
year’s theme of creating a “Sustainable 
Water Supply for Generations to Come” 
will be carried forward as well as it is always 
relevant!  The new executive committee will 
be elected and announced soon.

For more information and updates on the 
events planned for 2020 and beyond, check 
our website event calendar and social 
media as we work to transition back towards 
normal.  Stay safe and healthy!

From Our AFFILIATES

https://seda.memberclicks.net/
https://www.scmembrane.org/introduction-to-scma/
https://www.scmembrane.org/calendar/
https://www.swmoa.org/calendar
https://www.southeastdesalting.com/
https://www.scmembrane.org/
https://www.swmoa.org/
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AFFILIATE UPDATES

NORTHWEST 
MEMBRANE OPERATOR 
ASSOCIATION
Northwest Membrane Operator 
Association (NWMOA) is the Northwest 
Affiliate of AMTA serving Alaska, Idaho, 
Montana, North Dakota, Oregon, 
South Dakota, Utah, Washington and 
Wyoming; as well as the Canadian 
Providences of Alberta, British 
Columbia, Manitoba and Saskatchewan 
within the limits of its resources.  

NWMOA provides membrane 
operators a forum to exchange 
information, share experiences and 
knowledge, obtain training and 
acquire continuing education credits 
necessary for Operator Certification 
requirements.

Due to COVID-19, NWMOA canceled 
its in-person 2020 workshop and 
Membrane Operator Certification 
(MOC) courses.  However, we are 
getting ready to launch Online Training 
and Virtual Meetings in their place.

Please reach out to NWMOA if you 
are interested in participating or 
sponsoring.

We hope you join us for our planned 
events and visit our website event 
calendar for updates. Consider 
becoming a NWMOA Member to 
support our efforts in the Northwest 
Region.

AFFILIATE ONLINE TRAINING EVENTS*

2020 EVENTS
NORTHWEST MEMBRANE OPERATOR ASSOCIATION (NWMOA) ONLINE TRAINING:
AUG. 5  NWMOA Annual Membership Meeting - Virtual
AUG. 12  Membrane Applications &Training: Industrial, Wastewater & Drinking Water 1
AUG. 19  Membrane Applications & Training: Industrial, Wastewater & Drinking Water 2
AUG. 26  Membrane Applications & Training: Industrial, Wastewater & Drinking Water 3

SOUTHWEST MEMBRANE OPERATOR ASSOCIATION (SWMOA) ONLINE TRAINING:
SEPT. 1  SWMOA Annual Membership Meeting - Virtual
SEPT. 15  WRF 1 - MF/UF
SEPT. 22  WRF 2 - RO
OCT. 6  MBR 1
OCT. 13  MBR 2
OCT. 20 MBR 3
NOV. 3  RO/NF 1
NOV. 10 RO/NF 2
NOV. 17 RO/NF 3
DEC. 8  MF/UF Water Reclamation

SOUTH CENTRAL MEMBRANE ASSOCIATION (SCMA) ONLINE TRAINING:
SEPT. 17  SCMA Annual Membership Meeting - Virtual
OCT. 7  RO Operations and Maintenance – Part 1
OCT. 9  RO Operations and Maintenance – Part 2
OCT. 14  RO Operations and Maintenance – Part 3
OCT. 16  RO Operations and Maintenance – Part 4

*Event dates are subject to change. Check Affiliate websites for the most up-to-date information. 

https://www.nwmoa.com/calendar-of-events/
https://www.nwmoa.com/calendar-of-events/
https://www.nwmoa.com/
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FELLOWSHIPS

B iological fouling is especially detrimental to membrane systems. The presence of 
a biofilm on the membrane surface not only creates an additional barrier to flux, 
but also traps excess solutes, leading to decreased rejection and an increase in 
osmotic pressure. Addition of a hypochlorite residual in the influent stream is an 

effective means of combating biofilms; unfortunately, current commercial reverse osmosis 
(RO) membranes are not capable of withstanding reactive chlorine species (RCS). The 
polyamide active layer of RO membranes is highly susceptible to irreversible damage caused 
by RCS, wherein chlorine is incorporated into the polymer structure and ultimately leads 
to degradation of the separation layer. Therefore, the objective of this work is to develop 
hypochlorite-resistant RO membranes capable of scavenging RCS before they can react with 
the active layer.

Inspired by the discovery of methionine-rich, RCS-scavenging proteins in several 
microorganisms, our approach relies on the addition of a synthetic, methionine-rich polymer 
to the surface of commercial RO membranes. The presence of excess methionine will provide 
sacrificial sites, scavenging hypochlorite to protect the membrane from oxidative damage 
due to RCS. Just as natural RCS-scavengers are regenerated by an enzyme, our sacrificial 
polymer will be regenerated by periodic introduction of a reducing agent to allow it to 
provide continuous protection of the membrane.

We have successfully synthesized such a polymer by binding methionine to polyallylamine 
hydrochloride chains, and anchored this polymer to the surface of commercial RO 
membranes. Furthermore, we have established neutron activation analysis (NAA) as a means 
of detecting initial, low-level hypochlorite damage to the polyamide active layer. Current work 
is focused on refining the synthesis and coating processes. Characterization of commercial 
membranes after coating, lifespan, and regeneration of the membrane coating are also 
being explored.

Bioinspired  
Hypochlorite-Resistant 
REVERSE OSMOSIS 
MEMBRANES

Michael Geitner is a third-year PhD 
student at The Pennsylvania State University, 
expecting to complete his degree in July 
2021. His research focuses on membrane 
characterization and design. With the support 
of the 2018-2020 NWRI-AMTA Fellowship 
for Membrane Technology, he is currently 
working on the development of a hypochlorite-
resistant membrane coating inspired by 
biological processes. This is a brief summary  
of his research.

>>>Read the full paper.

Michael Geitner, The Pennsylvania State University, geitner.psu@gmail.com

AMTA Fellowships 
for Membrane 

Technology
Each year, AMTA—in partnership 

with the Bureau of Reclamation and 
National Water Research Institute—is 

proud to support Fellowship Awards for 
Membrane Technology. 

AMTA administers up to seven awards 
annually for university students 

researching the use of membranes for 
water treatment. With nearly $500,000 
awarded since 2007, AMTA’s research 
fellowships provide career development 
and lead to cutting-edge innovations 
in membrane technology. This year’s 

award recipients will be announced in 
September.

https://www.amtaorg.com/
https://www.nwri-usa.org/
https://www.usbr.gov/
https://www.amtaorg.com/bioinspired-hypochloriteresistant-reverse-osmosis-membranes-2
mailto:geitner.psu%40gmail.com?subject=
https://www.amtaorg.com/fellowships
https://www.amtaorg.com/fellowships
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Si P

PREVENT WHAT  
YOU CAN’T SEE

REVERSE OSMOSIS MEMBRANE  
SILICA SCALE CAN REDUCE  
SYSTEM FLOW AND REJECTION 
EVEN WHEN IT’S NOT  
VISIBLE TO THE HUMAN EYE. 
Traditional RO antiscalants and dispersants have 
minimal ability to inhibit silica scale and efforts to 
clean using acid or caustic chemicals are usually 
not effective.

Detect. Chromatic Elemental ImagingSM (CEISM) 
identifies silica and other foulants in vivid 3D 
and records the order of  deposition on the 
membrane surface. 

Inhibit. Vitec® 4000 antiscalant prevents scaling 
by interfering with the silica’s ability to deposit 
and grow on the membrane surface. 

Remove. RoClean® P112 cleaner has powerful 
dispersing properties that specifically target silica 
and remove it from the RO membrane to restore 
flow and rejection.    

AVISTATECH.COM

Ca
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NEW MEMBERS

Aramide Akintunde 
Texas A&M University 
Kingsville

Joseph M. Barnes 
University of Wyoming

Chris M. Botros 
Solecta Membranes, Inc.

Vu T. Bui 
University of 
Saskatchewan

Dan C. Burrows 
Solecta Membranes, Inc.

Lin Chen 
New Mexico State 
University

Kevin Clack 
University of California, 
Los Angeles

Masoume Ehsani 
Ryerson University

Kelly Fearney 
Plummer

Varinia V. Felix 
The University of 
Arizona

Cheyenne M. Footracer 
Colorado School of Mines

Jared Furlong 
Aqua Clear  
 Water Treatment 
Specialists, Inc.

Han Gao 
Texas State University

Jamie Hawes 
Duraflow, LLC

Zakir M. Hirani 
Stantec Consulting 
Services, Inc.

Mahmood G. Jebur, 
Ph.D.
University of Arkansas

Doug C. Johnson 
Solecta Membranes, Inc.

Shengcun Ma 
University of California 
Los Angeles

Ken Martins, PE
Stantec Consulting 
Services, Inc.

Stephanie McCartney 
Columbia University

Duong T. Nguyen 
University of Colorado 
Boulder

NEW MEMBERS | Since our last newsletter we have welcomed 35 new members!

John Ninan 
Carleton University

Ravi Oswal 
Solecta Membranes, Inc.

Jacob A. Palmer 
Texas State University - 
San Marcos

David Pernitsky 
Stantec Consulting 
Services, Inc.

Courtney N. Powell 
University of Central 
Florida

Luke Presson 
University of Arizona

Dana Reed 
University of Houston

Byron L. Riebow 

Cody Ritt 
Yale University

Mirmehdi Seyyedi 
University of Wyoming

Asif Sheriff 
Hydranautics - Nitto 
Group Company

Matthew J. Skiles 
University of Texas  
at Austin

Erik S. Smith 
Solecta Membranes, Inc.

Hailey Stoltenberg 
Union College

http://www.avistatech.com/
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CALENDAR OF EVENTS*

2020 EVENTS
AMTA-AWWA Online Training: Membrane Master Class
July	30	 The	Role	of	Membranes	in	PFAS	Removal
Aug.	6	 Best	Practices	for	Improving	MF/UF	Operations
Aug.	11	 Membrane	Treatment	Provides	Pathogen	Removal	Credits
Aug. 13 Concentrate Management
Aug. 18 Ceramic and Polymeric UF Membranes
Aug.	20	 Innovative	Operations:	Reverse	Osmosis
Online Training: AMTA Technology Transfer Online
Aug.	25	 Enhanced	Recovery	1	–	Conventional/Thermal	Processes
Aug.	27	 Enhanced	Recovery	2	–	Semi-Batch	Processes
Sept.	1	 Enhanced	Recovery	3	–	Innovative	Osmonics
Sept.	3	 Enhanced	Recovery	4	–	Novel	Operations
Sept.	8	 Enhanced	Recovery	5	–	Electrochemical	Processes
Sept.	10	 Enhanced	Recovery	6	–	University	Research
Oct.	20–22	 AMTA	Workshop	&	Board	Meeting,	Lowell,	MA
2021 EVENTS
Mar. 15–17 IDA 2020 International Water Reuse and Recycling Conference, Rome, Italy
Mar.	22	 2021	MTC	Pre-Conference	Workshops,	West	Palm	Beach,	FL
Mar.	22–26	 2021	Membrane	Technology	Conference	&	Exposition,	West	Palm	Beach,	FL
Mar. 26 AMTA Board Meeting, West Palm Beach, FL
Apr.	27–29	 AMTA/SEDA	Joint	Workshop,	Durham,	NC
May	25–27	 AMTA	Workshop	&	Board	Meeting,	Des	Moines,	IA
May 30–June 2 SEDA Annual Symposium, Cape Coral, FL
June	 AMTA	1-Day	Workshop,	Lancaster,	OH	(date tbd)
June 13–16 AWWA ACE, San Diego, CA
July	20–22	 AMTA/NWMOA	Workshop,	Fargo,	ND
July 22 AMTA Board Meeting, Fargo, ND
July 27–29 SWMOA Annual Conference, Pico Rivera, CA
August	 AMTA	1-Day	Workshop,	Yankton,	SD	(date tbd)
Aug. 25–27 SCMA Annual Conference & Expo, Fort Worth, TX
Oct.	26–28	 AMTA/SCMA	Workshop,	Houston,	TX
Oct. 28 AMTA Board Meeting, Houston, TX
*Due to the ongoing pandemic, event dates are subject to change. Check AMTA and Affiliate websites for the most up-to-date information. I SSUE  #3  VOLUME 39   AMTA  |  24  

Promoting, advocating 
and advancing the 
understanding and 
application of membrane 
technology to create safe, 
affordable and reliable 
water treatment solutions. 

www.amtaorg.com @AmericanMembraneTechnologyAssociation @amtaorg

mailto:custsrv%40amtaorg.com?subject=
https://www.amtaorg.com/amta-solutions-advertisement-order-form
https://www.amtaorg.com/amta-awwa-membrane-master-class
https://www.amtaorg.com/online-training
https://twitter.com/AMTAorg
https://www.linkedin.com/company/american-membrane-technology-association

