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What is Membrane Filtration?

Membrane Filtration uses an engineered semi-permeable barrier to
separate very small particles from a liquid, typically water. Industry
has divided membrane filters into several classes based on ranges of
particle rejection, which is determined by the pore size of the barrier.
As pore size decreases more pressure is needed, increasing power
requirements. Care must be taken to configure the optimal
membrane for each application, achieving the desired level of
filtration with minimal power consumption and reduced cleaning and
chemical costs.

Whose Memhrane Is Best?

There is no “one size fits all” membrane solution, and no single
manufacturer of membrane elements offers a provably superior
technology for every membrane category. As a systems integrator,
Layne Christensen maintains relationships with major manufacturers
of membrane elements, such as Norit, Hydranautics, Toray, DOW,
Sumitomo and Mitsubishi — and delivers the optimal custom-
engineered system for every client’s unique needs.

Experienced * Equipped ¢ Committed

Only Layne Christensen has been providing municipalities and
industries with high capacity water supplies for over 125 years. Layne
maintains a nationwide network of offices, offering local sales, ser-
vice and support. Layne designs, manufactures and installs high
capacity UF, NF and RO systems for both municipal and industrial
customers, providing systems for potable water, desalination, treated
industrial feedwater, water reuse systems and wastewater treatment.



Brazos River Authority, Texas * 9.1 MGD UF system

Ultrafiltration

Ultrafiltration (UF) membranes achieve 4-log virus
removal. Municipal and industrial water systems use UF
filters to remove pathogens, as well as taste, odor and
color. UF systems are also often used as pre-treatment to
prevent fouling of Reverse Osmosis systems.

Layne provides custom designed ultrafiltration for
cryptosporidium, giardia and virus removal to provide safe
potable water. The membranes used in Layne’s UF
systems meet NSF 61 and are CADPH approved.
Backwash recovery systems are also available to
minimize water loss and maximize plant output.

Layne also provides industrial UF systems for
pretreatment in reverse osmosis and nanofiltration
membrane plants.

Pretreatment reduces the potential for fouling and the
frequency of cleanings, extending the service life and
providing significant cost savings. Ultrafiltration is also
applicable to water and wastewater reuse using unique
large bore membranes. Our ability to choose from
industry-leading suppliers allows us to select the correct
membrane for each application.

Nanofiltration and Reverse Osmosis

Reverse Osmosis (RO) membranes reject Monovalent ions
(sodium, chloride), and Nanofiltration (NF) membranes
reject divalent ions (calcium, magnesium) although these
ranges are so small that membranes in this category have
no discernable pores. RO and NF systems are routinely
used to soften, and are increasingly being used for
desalination in potable water systems.

City of Hutchinson, Kansas * 6 MGD RO system

Layne provides reverse osmosis and nanofiltration for a
variety of applications including:

* Desalinization

e TDS reduction (brackish and seawater)
* Color removal

* Iron and manganese removal

* Arsenic removal

Systems are designed and installed by qualified Layne
service personnel. Systems can be leased and we offer
service contracts to support your system.

Membrane Bioreactors (MBR)

MBRs apply membrane technology to wastewater
treatment, typically increasing plant capacity and
improving effluent quality without increasing the footprint
of the plant. Layne offers a variety of MBR technologies
for both Municipal and Industrial applications. Both
pressurized and submerged membrane designs are
available depending on the client’s needs. Pressurized
systems enable independent operation of the biological
and membrane separation portions of the MBR process.

Submersible membranes eliminate the need for a final
sedimentation tank. Designed for immersion into existing
basins, they can offer flexibility in retrofits or new plants,
while providing low operating costs with stable operation.



Portable UF Pilot Plant

A Layne crew assembles a membrane system.

On-site Piloting

Layne’s on-site membrane piloting ensures proper system
performance and optimum membrane life. Membranes
are provided with NSF 61 certification and CADPH
approval for municipal water suppliers. Industrial users
can select from a variety of membranes that satisfy their
individual requirements.

PES polymer membranes provide high efficiencies at very
low operating pressures, typically less than 10 psig.
Constant flow is maintained using Variable frequency
drive (VFD) motors/pumps. A pre-programmed PLC
automatically adjusts backwash frequency — extending
membrane life by eliminating unnecessary backwash
cycles. All pilots are equipped with LayneDATA for online
monitoring, data collection, and troubleshooting.

Membrane Benefits

Membrane systems are manufactured from local
inventory to ensure fast delivery. Also, all membranes are
wet tested to ensure optimal quality. For example,
Norit/X-Flow™ membranes provide numerous benefits
and options for treatment in industrial applications. For
seawater, SeaGuard™ provides superior pretreatment for
RO membranes.

X-Flow has one of the largest installed bases of UF
membranes in the world, with over 500 MGD in
operation. The systems provided by Layne are backed by
a membrane manufacturer with over 10 years of
experience in the treatment of drinking and industrial
water systems.

Inima USA - Taunton River Desalination Facility, Dighton, Mass. ¢ 3.3 MGD RO system

Rack Design Benefits

Our rack designs are based on our experience while our
engineering capabilities allow us to customize designs to
meet our clients’ unique needs.

Engineered to save space and conserve cost, modules are
mounted separately and vertically and can be individually
isolated. Vertical installation and the use of inside/out
fibers allow higher turbidity feed waters, as well as the
direct feed of coagulants or powdered carbon to the fibers
along with recirculation. Recirculation of the solids
provides outstanding membrane performance with
minimal energy use.

Layne's systems are thoroughly engineered to control all
hydraulic forces to prevent water hammer. Complete
draining of the vertically mounted modules enables “dry”
mounting and dismounting by only one person. Also,
modules can be handled individually without removing
other modules.

The parallel flow in the modules provides a constant flux
through the capillaries. In addition, the transportation
distance for removing the cake layer out of the module is
very short and direct. Between the racks, a space of less
than 36" is sufficient for mounting. Racks can be quickly
installed and started-up in existing plants during
uninterrupted service.



Prairie Horizons Agri-Energy Ethanol Plant, Phillipsburg, Kansas ¢ 400 GPM RO system

Remote Monitoring

Plant operation can be monitored remotely by simple
phone or internet connection. Virtually any 4-20mA
output device can feed the datastream. Monthly reports
sent to the operations personnel help to ensure timely
cleanings that maximize membrane life. Data
downloads enable weekly engineering reports, which is
part of our service approach: to trouble-shoot issues
immediately by looking at the operation live. This helps
us to correct any issues before they can grow.

Containerized Units

Retrofits can be delivered on skids or as containerized
units. Easily expanded and maintained, units can be
installed in facilities or piped from containers to
increase system capacities. Temporary units are
available, providing an emergency back-up for
conventional systems. Systems can also be piped into
existing plants, ensuring uninterrupted service.

Ongoing Service & Support

Contact your nearest Layne Christensen office for
assistance with system design, delivery and retrofitting.
Pilot systems are available for testing on site.
Engineering support and monthly maintenance visits are
available to ensure system integrity. Membrane
replacement warranties can be built into the operating
cost of the system to further ensure that plant
operational costs are stable.

Why Layne Christensen?

* Qur knowledge extends beyond membrane filtration,
and as systems integrators, we have the freedom to
supply the system most suited to the customer’s
needs.

*\We engineer, fabricate, and install a complete water
system, from source to discharge/reuse.

* Qur experience spans 125 years. We're committed to
this market, and will be there for you over the life of
your membrane plant.

e Qur staff includes: engineers, designers, chemists,
treatment specialists, hydrogeologists and service
technicians — with locations nationwide and around
the world.

» Sometimes membrane filtration may not be the right
technology for you. Layne offers many treatment
technologies and can determine the optimal
technology for your application.

e Because we are...

Experienced — Equipped — Committed
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Layne Christensen Company

Water Resources Division Olffices

Arkansas
Stuttgart
Arizona
Chandler
California
Barstow
Fontana
Santa Maria
Santa Paula
Woodland
Colorado
Denver
Florida
Lakeland
Pensacola
Georgia
Albany
Bloomingdale
lowa
Des Moines
Illinois
Aurora
Bannockburn
Beecher
Kansas
Elk City
Kansas City
Wichita
Louisiana
Baton Rouge
Rayne
West Monroe
Massachusetts
Dracut
Michigan
Lansing
Missouri
St. Louis
Mississippi
Jackson
Nebraska
Omaha

870/673-1591
480/895-9404
760/254-3351
909/390-2833
805/925-9931
805/933-1209
530/662-2825
303/755-1281

863/666-2433
850/432-5101

229/438-8164
912/748-9244

515/986-3462
630/897-6941
847/948-5636
708/946-2244
620/627-2499
913/321-5000
316/264-5365
225/744-4899
337/334-3126
318/396-0678
978/937-2242
517/323-4931
636/343-3700
601/922-4312

402/359-2042

New Jersey
Beverly
Bridgewater

New York
Holbrook
Schoharie

Oklahoma
Cushing

Pennsylvania
Quakertown

Tennessee
Memphis

Texas
Houston
Tyler

Utah
Salt Lake City

Wisconsin
Milwaukee
Wausau

Christensen Pumps

609/877-2700
732/469-8720

631/218-0749
518/295-8288

918/225-1119

215/538-6177

901/274-2324

713/466-5001
903/592-6176

801/972-3333

262/246-4646
715/359-4211

Memphis, TN 901/276-6605
Ranney Collector Wells

Columbus, OH  614/888-6263
Reynolds, Inc.

Baytown, TX 281/838-0441

Fairburn, GA 770/969-4040

Indianapolis, IN  317/353-0199

Louisville, KY 502/585-1241

Middletown, OH  513/424-7287

Orleans, IN 812/865-3232
Whittman Hydro Planning
Associates, Inc.

Bloomington, IN  812/333-9399

For Membrane Information
Call 732/469-8720

www.laynechristensen.com

All services and products of Layne Christensen Company are subject to change.
Trademarks are the property of their respective owners.

Membrane References

Brazos River Authority, Texas
9.1MGD UF 10/2007

City of Palatka, Florida
6 MGD UF In-Progress

City of Hutchinson, Kansas
6 MGD RO 04/2009

Inima USA - Taunton River Desalination
Facility, Dighton, Massachusetts
3.3MGD RO 07/2008

Bohannan Huston, Inc. (engineers)
Columbus, New Mexico
255GPM RO 04/2008

City of Manalapan, Florida
2.35MGD RO 05/2006
(expandible to 5 MGD)

Prairie Horizons Agri-Energy Ethanol Plant,
Phillipsburg, Kansas

400 GPM RO 07/2006

Layne proudly offers membrane filtration
systems configured with elements from
industry-leading manufacturers such as:
* NORIT - Sudmo N.A.

e Hydranautics - A Nitto Denko Company
* Toray

* Mitsubishi

e Sumitomo

e DOW

BR-Membranes 06/09
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