
tank will show increased levels of
dissolved oxygen as compared to
that of the incoming water.
Depending on the length of time that
the water is in the tank, exit dis-
solved oxygen concentrations can
become quite high.
DI Water Storage

A deionized (DI) water storage
tank as described above is used at a
nuclear power generation site in the
United States. As a result, dissolved
oxygen concentration in the plant
make-up water was above specifica-
tion. 

Retrofitting an existing vented
tank to eliminate the vent and supply
an inert gas blanket or mechanical
seal is very expensive. Storage tank
replacement can also be costly and
may not be practical in terms of
downtime and other factors.
Because of these issues a GTM®

system provided by Ecolochem, Inc.
was installed to solve this problem. 

Ecolochem GTM systems utilize
Liqui-Cel® Membrane Contactors
manufactured by Celgard, LLC to
remove dissolved gases from water
streams.
Make-up Water Specifications

Water specifications at this power
facility require that dissolved oxygen
be at 100 ppb or below. The process
flow schematic prior to installation of
the GTM system is illustrated in
Figure 1. As shown in this diagram,
the dissolved oxygen content in the
make-up water supply was not
meeting specifications due to oxy-
gen picked up in the vented storage
tank. Figure 2 shows the GTM instal-
lation. A 10x28 Liqui-Cel Membrane
Contactor was placed downstream
of the storage tank pump.     The
complete GTM system consists of
one membrane contactor, a small

vacuum pump,
and miscella-
neous valves
and piping. The
storage tank
pump continu-
ously recircu-
lates water from
the tank,
through the
GTM system,
and back into
the tank.
Facility water
volume require-
ments are met
while continu-
ously deoxy-
genating the
water. At low
w a t e r
d e m a n d s ,
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Corrosion control in piping, boil-
ers, and associated equipment is
an important issue with power gen-
eration facilities. The presence of
dissolved oxygen in process waters
coming into contact with this equip-
ment is one of the major sources of
corrosion. In order to minimize this
corrosion source, power generation
plants remove virtually all dissolved
oxygen in process water. Typically
as raw make-up water enters the
plant, it flows through various treat-
ing steps including mechanical
and/or chemical means to remove
dissolved oxygen. This treated
make-up water is commonly held in
a large storage tank of sufficient
capacity and design to handle vari-
ations in the power facility’s needs.
Often these storage tanks are vent-
ed to the atmosphere. One major
drawback to a vented storage tank
is that it allows oxygen from the
atmosphere to come into contact
with deoxygenated water stored in
the tank. Therefore water exiting the

Deoxygenation of Make-Up Water Using Gas Transfer Membranes (GTM®)

Control
Valve

50 ppb DO

Facility
Requirements

Spec < 100 ppb
Delivery ~ 2.4 ppm

Pure
W ater
Storage
Tank

Vent to
Atmosphere

Figure 1 - Process Schematic Before Installation of GTM® System
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Delivery ~ 50 ppb

Figure 2 - Process Schematic After Installation of GTM® System



cant field installa-
tion. Because of the
compact size of the
GTM system, a pre-
fabricated skid
could be delivered
to the plant site
within days. This
skid required no
special foundation
and only minimal
piping work to be
installed.

Significant cost
savings were
achieved by using
existing equipment
such as the storage
tank, pump, and
associated piping.
Because the exist-
ing tank does not
require inert gas
blanketing, addi-
tional utilities for
supply of this gas
would be required.
Other advantages
of a GTM system
are that virtually no
instrumentation is
required, nor main-
tenance such as
cleaning, chemical
addition, etc. Therefore a GTM sys-
tem provided the nuclear power facil-
ity an easy, cost-effective means for
retrofitting their system.

From the application described
above, it can be seen that the GTM
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Ecolochem, Inc.
4545 Patent Rd.
Norfolk, VA 23502
Phone:  (757) 855 9000
Fax: (757) 855 1478

Ecolochem International, Inc.
Newcome Way
Orton Southgate 
Peterborouazgh, PE2 6SE
United Kingdom
Phone:  +44 1733 39 4555
Fax: +44 1733 39 0179

essentially all of the pump discharge
is diverted through the GTM by the
control valve. At higher water
demands, a slipstream is sent
through the GTM system by the con-
trol valve.
System Performance

Figure 3 illustrates the effective-
ness of the GTM system in removing
dissolved oxygen. Upon placing the
GTM system in service, an almost
immediate drop in dissolved oxygen
content from 2,500 ppb to approxi-
mately 750 ppb can be seen.
Continuing to recirculate storage
tank water through the GTM system
further reduced the dissolved oxy-
gen level in the stored water to <50
ppb and within specifications. The
GTM system maintains this dis-
solved oxygen level thereby provid-
ing the facility a consistent water
quality.
Features and Benefits

Installation of the GTM system
provided several operational and
economic advantages. GTM sys-
tems are inherently modular. This
modularity allows systems to be eas-
ily and economically adjusted to
match process changes. The small
foot print of a GTM system allows for
easy installation within existing water
treatment process loops. A vacuum
degasifier column had been previ-
ously installed to deoxygenate
make-up water. The vacuum degasi-
fier had proven to be ineffective.
Replacement of this column would
require re-engineering and signifi-

systems provide a simple and effec-
tive means for deoxygenating a water
stream. In addition to providing cus-
tomers a very simple means for retro-
fitting an existing water treating facili-
ty, a GTM system offers many advan-
tages over conventional systems.

Figure 3 - Dissolved Oxygen Concentration in storage
tank GTM effluents.
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Ecolochem Contacts:

Liqui-Cel® Membrane Contactors

www.liqui-cel.com
www.membrana.com

Membrana - Charlotte
A Division of Celgard, LLC
13800 South Lakes Drive
Charlotte, North Carolina 28273
USA
Phone: (704) 587-8888
Fax: (704) 587-8585

This product is to be used only by persons familiar with its use. It must be maintained within the stated limitations. All sales are subject to Seller's terms and con-
ditions.  Purchaser assumes all responsibility for the suitability and fitness for use as well as for the protection of the environment and for health and safety
involving this product. Seller reserves the right to modify this document without prior notice.  Check with your representative to verify the latest update. To the
best of our knowledge the information contained herein is accurate. However, neither Seller nor any of its affiliates assumes any liability whatsoever for the accu-
racy or completeness of the information contained herein. Final determination of the suitability of any material and whether there is any infringement of patents,
trademarks, or copyrights is the sole responsibility of the user. Users of any substance should satisfy themselves by independent investigation that the material
can be used safely. We may have described certain hazards, but we cannot guarantee that these are the only hazards that exist. 

Liqui-Cel, Celgard, SuperPhobic and MiniModule are registered trademarks and NB is a trademark of Membrana-Charlotte, A division of Celgard, LLC and noth-
ing herein shall be construed as a recommendation or license to use any information that conflicts with any patent,  trademark or copyright of Seller or others.
GTM is a registered trademark of Ecolochem Inc.

©2005 Membrana - Charlotte.  A Division of Celgard, LLC           (TB15_Rev4_10-05)

Membrana GmbH
Oehder Strasse 28
42289 Wuppertal
Germany
Phone:  +49 202 6099 -593
Phone:  +49 202 6099 -224
Fax       +49 202 6099 -750

Japan Office
Shinjuku Mitsui Building, 27F
1-1, Nishishinjuku 2-chome
Shinjuku-ku, Tokyo 163-0427
Japan
Phone:  81 3 5324 3361
Phone:  81 3 5324 3369
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