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Controlling Corrosion

Preventing corrosion in WWTPs with cathodic protection

.’ t is estimated that more than $30 billion in corrosion damage occurs in water and wastewater
By Laura Bauer & Frederick Frank handling systems each year. Much of that estimated dollar amount is due to corrosion damage

that occurs in wastewater treatment plants (WWTPs).
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These plants process some of the most aggressive and corrosive liquids to travel
through any piping system, and the resulting corrosion remains an ongoing prob-
lem. The industry has spent, and will continue to spend, millions of dollars on a
wide range of corrosion measures.

One of the proven technologies for controlling corrosion is cathodic protection.
Although used in numerous applications in W\ TPs, there are still many untapped
opportunities to apply this technology. Plants using cathodic protection are able to
reduce the economic impact of corrosion. The following discussion will focus on the
basic applications of cathodic protection in W'WTPs and its economic value.

What is Corrosion?

Corrosion is defined as the degradation and destruction of a metal by its chemi-
cal reaction with the environment. Corrosion reactions, with the exception of some
forms of high-temperature corrosion, are electrochemical oxidation/reduction reac-
tions. Figure 1 shows a typical corrosion cell that is formed when small variations
in potential occur over the metal’s surface. The corrosion is caused by differences
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Figure 1. A typical corrosion cell, resulting from a metal’s

chemical reaction with its environment.
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Cathodic protection is one option for controlling corrosion. In the
typical corrosion cell, the metal structure has both anodic (area where
the metal is lost) and cathodic (area with no metal loss) regions resulting
from electrical potential differences. Even small differences in potential
can result in significant metal loss over time. Cathodic protection is ac-
complished by intentionally substituting the slightly anodic region of the
structure with an even more anodic component called an anode.

The anode is intentionally coupled with the protected structure. In a
galvanic system, current results from the inherent potential differences
between the anode and the cathode. An impressed system, on the other
hand, uses a DC power supply. As long as sufficient protective current
is maintained, an impressed system can eliminate further corrosion.
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Galvanic Systems

The simplest system is the galvanic anode system, as illustrated in Figure 2.
With a galvanic system, the potential difference results entirely from the electri-
cal characteristics of the anode versus the structure to be protected. Although
this type of system will protect the entire surface, it is important that the cor-
rect anode be selected. Some common galvanic anode materials are magnesium,
zinc and aluminum.

Anodes are available in standard sizes weighing from 1 to 48 Ib. For exam-
ple, the 17-Ib magnesium prepackaged anode, approximately 30 in. long with
a 6-in. diameter, is the most commonly specified anode for many pipeline
system applications. The package consists of a solid bar of magnesium alloy
connected to an electrical lead that protrudes from a bag filled with a mixture
of bentonite and gypsum.

The bentonite and gypsum provide an environment that absorbs and
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retains moisture while assuring a uniform low resistance around the anode.
Prior to installation, the bag is thoroughly wetted and the lead is either
welded or mechanically connected to the structure to be protected. Typically,
multiple galvanic anodes are strategically located across the entire structure.

Although galvanic systems can be inexpensive, there is little margin for
design error. The natural voltage differences are relatively small and fixed.
Galvanic systems also do not allow for increased current output when operat-
ing conditions or the environment change.

For buried magnesium anodes, the electrical potential between the anode
and carbon steel is a nominal -0.85V. The current output is a function of
Ohm’s Law (E=IR) and is thus dependent on the resistance of the system.
Spacing, quantity and location of the anodes must be determined during the
design process. The rate of consumption of the anodes can be calculated and
its design life reasonably predicted.
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Sacrificial anodes must be replaced on a regular basis to maintain
system performance. Generally, buried or submerged anodes are not re-
moved at the end of their useful life; new anodes are added to the system
to maintain the required protection.

Impressed Current System

The impressed current system, in contrast to the galvanic system,
does not rely on the potential differences between the anode and the
structure to be cathodically protected. Instead, an external power
source, typically a rectifier converting electric power from AC to DC, is
used. This creates a potential difference and helps to transmit the cur-
rent from the anode through the electrolyte and onto the surface being
protected, as shown in Figure 3.

Because the system uses a rectifier to provide the necessary current, the
current can be regulated to provide optimum protection. It can also be
adapted to changes in the structure, operating conditions or the environ-
ment. When this type of system is used, the number of anodes required
can be significantly reduced. A single anode is able to transfer more cur-
rent over greater distances.

Anode materials are selected based on how fast they are consumed—not
on their inherent potential difference with the structure to be protected.
Many anode materials can be used in impressed current systems, including
graphite, high-silicon cast iron, platinum alloys and mixed-metal oxides.

The latter two have very low consumption rates, and for this reason they

are coated in thin layers onto a substrate of titanium or niobium, giving the
active element an inert but conducting base. With consumption rates of mil-
ligrams per amp year, impressed current anodes can be designed for long life.

Reference cells tied back to a control loop on the rectifier can be used to
regulate the current output of the system. This is required when conditions
change or where excessive current must be limited to prevent damage to the
system. When designing impressed current systems, the design engineer
must take into consideration control points, test stations, instrumentation
and other operational and maintenance tools.
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Figure 3. In an impressed current cathodic protection
system, the current can be regulated to provide

optimum protection. A single anode is able to transfer
more current over greater distances.
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WWTP Applications

WWTPs are made up of concrete and metal. As concrete and
metal are both subject to corrosion, there are several applications
within WWTPs where cathodic protection can be utilized, includ-
ing reinforced concrete; piping or transfer lines; tanks; waste sludge
lines; overflow lines; chill water or closed-loop systems; delivery
piping; steam condensate lines; and process equipment.

Steel-in-Concrete

Reinforced concrete is used extensively throughout wastewater treat-
ment facilities in piping, tanks and holding basins. It has a high com-
pressive strength but very limited tensile strength. To increase tensile
strength, steel rebar is added to concrete, thus making it an excellent
building material. However, the steel rebar also allows the reinforced
concrete to be susceptible to corrosion.

Concrete has high alkalinity but over time, contaminates (e.g., chlo-
rides and sulphates) will leech into the material and lower concrete’s
normal pH level of 13. When pH drops below 11.5, a natural current
will flow through the steel and begin the corrosion cell. When the
corrosion cell occurs, the anodic area will oxidize and form rust. As
rust accumulates on the surface of the rebar, it will expand the volume
of the steel, putting tensile stress on the concrete until it fails (cracking
and spalling). Once started, the corrosion process will continue expo-
nentially. Reinforced concrete can be protected only by using coatings
and impressed current cathodic protections systems.

Piping

Steel piping within a plant is susceptible to corrosion on both ex-
ternal surfaces (corrosive soil) and internal surfaces (corrosive water).
Of the several causes of corrosion, the two most common are galvanic
and oxygen-concentration cells. Galvanic corrosion occurs when two
metals with different potential are in contact with one another through
an electrolyte. The difference in potential causes a natural corrosion
cell to occur. Oxygen-concentration cells can result from varied oxygen
concentrations in water. Because a WWTP is a closed system, oxygen
is unable to disperse evenly along the pipes’ interior surfaces, causing
areas of high and low concentrations. This creates an electrical poten-
tial between the areas of concentration. Corrosion will occur where
there is a low concentration of oxygen (anodic area).

Most steel pipes are coated to protect against corrosion, but due to
the highly corrosive nature of wastewater, the coatings will develop
small pinholes, cracks and holidays over time. This is when most of
the corrosion takes place. Applying a cathodic protection system to the
pipes will stop further corrosion.

Tanks

Protecting tanks from corrosion
is not only recommended for eco-
nomic purposes but it is also extremely
important for preserving the environ-
ment. Today, cathodic protection for
new tanks is becoming increasingly
common; however, older tanks can be
retrofitted with cathodic protection.
Corrosion in tanks may occur both
externally and internally.

External corrosion will occur on
the tank bottom, where the steel is
exposed or in contact with the soil

88_PS_0908.indd 101

TappingMachine.com

Any Questions!!!

write in 857

Pressure _'ri-’.%fﬂs‘

eBF o

Getting straight A’s for the Hig'hest level of:

Availability: Delivering custom ranges and cable lengths
in less than 5 days!

Accuracy: Offering better than £0.05% Total Error Band!

Affordability: Providing a full range of competitively
priced transducers!!

v \ Pressure Systems, the originator of KPSI
Transducers, offers a diverse and reliable
product line to satisfy any level and
pressure measurement requirement...

® Submersible and above ground
configurations

e Internal datalogging for remote
monitoring and collection

¢ Analog outputs of 4-20 mA or
0-5VDC

® Digital communications of SDI-12
and Modbus

e ASIC technology for optimal
performance and functionality

e All-welded stainless steel or
titanium construction

® Domestic and international
safety certifications

-

I
]
'\";l For any environmental, municipal or industrial
application, contact Pressure Systems for
the level best!

". \
] ,"!

Order online at:
www.PressureSystems.com

(800) 328-3665
sales@PressureSystems.com

E Ste rll n e'J= write in 727

("Pressure Systems Sensing the Environment™
Please visit us at WEFTEC Booth #4814

BELIEVE IN FREEDOM.

WEFTEC booth 24097

TURBLEX .

A Siemens Company

write in 851

9/2/08 1:52:34 PM ‘



Another Main Break
at 3@ and Elm

Telog’s HPR-31i captures
water hammer events.
Detect and fix it before

it breaks.

o, AM|
7]

or sand. For tanks using a ring wall foundation with the bottoms resting on a compacted soil
or sand base, corrosion of the tank bottom is quite common. Without protection, corrosion
usually occurs within the first 10 years after initial construction. Tank size, geometry and
the physical characteristics of the underlying surface will determine the type of system that is
most economical.

Internal coated steel surfaces in water storage tanks can be protected by cathodic protection
as well. Whether containing raw water, potable water, drinking water or wastewater, the stor-
age tank is subject to internal corrosion. Anodes can be suspended from the roof of the tank to
protect the side walls and bottom.

Operation & Maintenance

Cathodic protection systems prevent corrosion of the protected structure only when they
function properly. As a result, their design should incorporate sufficient test stations and refer-
ence cells to allow plant staff to confirm that the system is operating as intended.

Systems should be thoroughly tested on an annual basis by a National Association of Cor-

ﬁ 3 rosion Engineers (NACE)-certified specialist. For galvanic systems, testing is done to confirm

“\f\\f VU that the protected structure is polarized properly. In addition, taking potential readings and

J measuring instant on/off voltages in accordance to NACE standards can confirm that the proper
protective current is being supplied. Impressed current systems also require similar performance
testing. The rectifiers supplying the power should be checked on a regular basis, and reference
cell voltage readings should be taken and compared to the initial baseline readings.
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Economic Considerations

Most WWTPs were originally
designed to have a useful life of 25
to 50 years, depending on geography
and other conditions. Today, consid-
eration of indefinite useful life and
how that can be achieved is being
discussed aggressively. Protecting
your plant from corrosion may be
one of the first steps in achieving
an indefinite life.

Before installing a cathodic pro-
tection system, an economic evalua-
tion should be conducted weighing
the upfront costs of cathodic protec-
tion versus the cost associated with
the failure of WWTP equipment
due to corrosion. Even though the
cost of providing cathodic protection
is relatively low and easily defined,
the cost of WWTP equipment fail-
ures resulting from corrosion
are more difficult to quantify.

Besides the cost of repairing
equipment damaged by corrosion,
there are often consequential costs
from equipment failures. These can
include environmental costs in the
event of an underground pipeline or
above-ground storage tank failure,
lost production from a condenser
failure or safety-related issues.

Corrosion at WWTPs gets very
little attention from high-power
managers and policymakers, al-
though the individuals who operate
and maintain the plants are acutely
aware of corrosion problems. In the
industry, there have been a number
of large corrosion-related failures
within WWTPs. These failures have
been traced to corrosion and deterio-
ration of concrete and are expected
to cost billions of unplanned rehab
and replacement dollars. Each year,
corrosion damages cause an enor-
mous burden on companies, societ-
ies and taxpayers all over the world.
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On a positive note, plant
designers, owners and operators
have an arsenal of tools for
controlling corrosion. If properly
selected and used, these tools can
result in significant savings over
the long term. mm

Laura Bauer is technical sales
associate for MATCOR, Inc.
Frederick Frank is technical
sales engineer for MATCOR, Inc.
Bauer can be reached by e-mail
at Ibauer@matcor.com. Frank
can be reached by e-mail at
ffrank@matcor.com.
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