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Snceitsintroductionin 1824, cathodic protection (CP) technol ogy has devel oped
to become a fundamental tool for preventing corrosion on municipal infrastruc-
ture. Potable water storage tanks and piping, prestressed concrete cylinder pipe,
reinforced concrete structures, bridges, parking structures, underground fuel tanks,
and effluent treatment clarifiers now benefit from this technol ogy.

The first use of cathodic protec
tion, generally attributed to Sir
Humphry Davy!™ in 1824 (a-
though it may have been Michael
Faraday who did most of the devel op-
ment)@ involved the application of
zinc to protect the copper sheathed
hulls of sailing ships in the Royal
Navy. Despite this early inaugural
application, cathodic protection did
not become a recognized corrosion
control technology until over 100
years later. R.J. Kuhn,®! asaresult of
experience gained from controlling
electrolytic corrosion on iron water
mains in New Orleans, promoted the
useof cathodic protection for steel gas
piping. This technology was rapidly
adopted by the oil and gas pipeline
industry to protect steel piping where
itseffectivenesswastypically demon-

strated by the flattening of a cumula-
tiveleak curve asillustrated in Figure
1, and by satisfying the-850mV __ cri-
terion that was proposed by Kuhn.

Development of cathodic protection
technology proceeded primarily inthe
oil and gas industry rather than the
municipal sector, because it became
erroneously accepted that the cause of
breaks on municipal water piping was
due to the brittle nature of grey cast
iron rather than corrosion. Fitzgerald
in 1968 however, was able to prove
that, in Detroit, thefundamental cause
of water main breaks was corrosion.
Hence, even though considerable cor-
rosion control effortswerefocussed in
the early part of this century on iron
water mains, cathodic protection tech-
nology was not adopted by the munici-
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FIGURE 1 « Cumulative corrosion leaks
on the steel mains in the business section

of Houston. Mains installed in 1927-30.
CP completed first part of 1944.

(redrawn from: Wahlquist, Hugo W., Fanett,
Henry M., Practical Use of Galvanic Anodes,
CP Symposium, NACE, 1949, p140)

pa water works industry until many
yearslater. Presently, cathodic protec-
tionisroutinely applied to many struc-
tures considered part of a municipal
infrastructure.
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FIGURE 3 ¢ Cathodic Protection of the Interior of a Water Storage Tank using

Platinum Clad Niobium Anodes Suspended from Floats

POTABLE WATER STORAGE
TANKS

The first widespread use of cathodic
protection in municipalities was for
the corrosion control of the internal
immersed surfaces of steel potable
water storage tanks beginning in the
1950's. The first systems were im-
pressed current, because of the high
current reguirements due to the tank
surface being bare or poorly coated,
and typically consisted of graphite

anodes suspended from the roof as
illustrated in Figure 2.

Damage fromiceduring thewinter led
to various developments to combat
this problem including: anodes sus-
pended on springs encased in a
stretchable rubber sheath; suspended
aluminum cable® anodes that would
be consumed before freeze-up with
new ones installed each spring; and,
with the advent of lighter platinum
clad materials, suspension of thewire

anode array on floats, asillustrated in
Figure 3.

During the last 20 years the use of
coatings, such as vinyl, high build
epoxy, and 100% solid urethane, on
the internal surfaces has significantly
reduced the current requirementssuch
that galvanic magnesium anode sys-
tems have become technically viable
and economically attractive. Not only
does cathodic protection control cor-
rosion at coating defects, but it is
claimed® that it al so extendsthe serv-
ice life of the coating, provided that
the tank-to-water potential produced
by the cathodic protection system is
not excessive. In well coated tanks,
positioning of the anodes to achieve
uniform current distribution is less
critical than in bare or poorly coated
tanks, so that it is easier to design a
cathodic protection system that isboth
durable and effectivefor aservicelife
of 20-30 years.

Thereare currently two NA CE recom-
mended practices”® and an AWWAL!
standard addressing the appli cation of
cathodic protection to potable water
storage tanks.

POTABLE WATER PIPING
Iron Mains

During the 1970’s, in many Canadian
cities the appearance of corrosion
leaks on ductile iron piping, that had
beeninstalled for lessthan 10 yearsin
some instances, alarmed the water
works industry. Ductile cast iron was
introduced asan improved aternative
to grey cast iron because of its supe-
rior ductility and gained immediate
industry acceptance because of the
brittle nature of grey castiron, and the
mi sconception that thelogarithmically
increasing failureratein grey castiron
water distribution systemswas caused
by the brittleness of this material.
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Unfortunately, ductileiron piping had
amuch thinner wall than grey castiron
which, in combination with acosmetic
external coating, produced a small-
anode/large-cathode corrosion cell
between the iron main and copper
water services, and resulted in accel-
erated perforation of the ductile iron
at coating defects. The ductile iron
corrosion rate wasfurther exacerbated
by theincreased corrosivity of soilsin
urban areas due to chlorides from de-
icing salts permeating to pipe depths.

Cathodic protection provided by mag-
nesium anodes, installed at closeinter-
vals along the main by augering,
proved to be effective, even on piping
lengths that had experienced a high
failurerate, asshowninFigure4. This
figure shows the dramatic results
achieved on one of the very first ap-
plications of sacrificial cathodic pro-
tection to water distribution mainsin
Canada. The piping, which was less
than 10 yearsold, had experienced 22
corrosion failures on about a 500m
length and was being considered for
replacement when cathodi ¢ protection
was applied. Sacrificia anodes were
re-installed in 1995 after a rise in
breakswas observed from 1990-1993,
thus extending the service life even
further. This technique, dubbed the
‘auginode’ method asshownin Figure
5, has subsequently been adopted by
most magjor citiesin Canadathat have
been faced with a high failure rate on
both grey cast and ductile iron. This
has had a tremendous economic im-
pact since water main service life,
from a corrosion control viewpoint,
can be extended indefinitely aslong as
new anodes are installed as the exist-
ing anodes approach the end of their
useful life. Water mains can be
cathodically protected for about 5%-
10% of their replacement cost. It is
estimated that about 200km of iron
water piping is being protected annu-
aly in Canada using magnesium an-
odes. Winnipeg isexpected to protect

about 40km of water distribution pip-
ing within the next year using zinc
anodes.

Prestressed Concrete
Cylinder Pipe

Prestressed concrete cylinder pipe
(PCCP) manufactured in accordance
with AWWA Standard C301,% as
shown in Figures 6aand 6b, has been
installed in increasing amounts over
thelast 20 years and is starting to ex-
hibit corrosion failures on the highly
stressed reinforcing wire. Because

PCCP is large diameter and used
for high pressure water transmission
service, acorrosion failure can bevery
disruptive. Corrosion of the prestress-
ing wireistypically caused by ingress
of chlorides from the groundwater
through the concrete cover to the
depth of reinforcing wire where pas-
sivity is destroyed when the concen-
tration ratio between the chloride and
hydroxyl ion exceeds a threshold
value. Asthe wire thins due to corro-
sion, the pipe often fails catastro-
phically when more than one wire is
involved. These mains seem to be
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FIGURE 4 » Failure History on a 500m Length of Ductile Iron Piping

Before and After the Application of Cathodic Protection
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particularly susceptible to corrosion
attack in soil conditionswere the pipe
iscyclicaly wet and dry as would be
the case with afluctuating water table.

Cathodic protection in the form of
sacrificial zinc anodes has been shown
to be effective in controlling this cor-
rosion™. Some concern has been ex-
pressed about applying too high a
negative potential sincethe steel rein-
forcing wires are cold drawn and
therefore due to high hardness are
subject to hydrogen embrittlement. It
has been recommended? that the
polarized potential be less negative
than -970mV _, which generally pre-
cludes the use of magnesium anodes

(except in high resistivity soils) and
impressed current systems. Cathodic
protection has typicaly been recom-
mended for prestressed concrete cyl-
inder pipe®® with respect to the fol-
lowing conditions:

i) low resistivity soils:

Soil Resistivity (ohm-cm)

<200 CP is essential

2000 — 3000 | CP is recommended

3000 — 10,000 | CP not normally required

>10,000 CP not necessary

ii) regionsconduciveto rapid ground
water movement
iii) soilswhich are very corrosive to

concrete

Presently, NACE Task Group T-11-1d
is preparing a state-of-the-art docu-
ment on the criteria for cathodic pro-
tection of prestressed concrete ele-
ments.

REINFORCED CONCRETE
STRUCTURES

Possibly the largest and most ex-
pensive corrosion problem in North
Americais the corrosion of reinforc-
ing steel in bridges and parking struc-
tures, especially in coastal regionsand
in areas where there is generous use
of deicing saltson roads. Inthe USA,
the cost of corrosion induced repairs
on bridges alone was estimated at $20
billion.*¥ Reinforcing steel is nor-
mally passive and therefore protected
from corrosion when surrounded by
concrete whose pore water has a pH
intherange of 11-13. However, when
chlorides migrate through the concrete
cover to the depth of the reinforcing
bars and the concentration ratio be-
tween the chloride ion and hydroxyl
ion exceeds a threshold value, and
where thereis aready supply of oxy-
gen, aswith atmospherically exposed
structures, resulting corrosion of as
little as 25mm can cause cracking and
conseguent spalling of the concrete
cover. Thisisasight that isfamiliar to
amost everyone. NACE I nternational,
in response to this serious corrosion
problem, has produced a number of
standards*>%17 to address this prob-
lem.

Bridges

In the 1970’s, the Federal Highways
Administrationinthe USA sponsored
research into the corrosion control
effectiveness of applying cathodic
protection to reinforced concrete
structures, and in a memorandum is-
suedin 1981 stated that “ cathodic pro-
tection was the only proven method
of controlling corrosion in chloride
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contaminated concretebridgedecks”.[*d
A number of different impressed cur-
rent systemswere devel oped utilizing
anodes such as asphalt-coke breeze
secondary anodelaid over high silicon
ion ‘pancake’ shaped anodes embed-
ded in the bridge deck, a conductive
coating applied to the reinforced con-
crete surface, mixed metal oxide
(MMO) coated titanium mesh pinned
to the surface, and anodewireslaid in
saw slots and surrounded by conduc-
tive grout. These systems are illus-
trated in Figures 7a, 7b, 7c and 7d.

It is estimated that over 300 bridges
have been cathodically protected in
North Americaover the last 25 years.
Cathodic protection technology has
also been extended to protecting
bridge sub-structures where the most
common system consists of aprimary
anode of thermal sprayed zinc at
about 12-20 mils thickness powered
by a DC power supply. Attempts to
use thermal sprayed zinc as a ga-
vanic anode have encountered diffi-
culties caused by an increase in the
zinc-concrete interface resistance and
a proportionate decrease in the ca
thodic protection current output. In
England, conductive coatings have
been used most frequently for sub-
structure cathodic protection.

Parking Structures

Structural slabs in parking structures
typically have less cover over the re-
inforcing steel than steel in bridge
structures, and the concreteis usually
of poorer quality, which makes park-
ing slabs particularly susceptible to
chlorideinduced corrosion. Impressed
current cathodic protection applied
to the soffit side of the slab utilizing a
platinum clad wire pinned to the sur-
face and overcoated with aconductive
coating, as illustrated in Figure 7b,
has been the most frequently used
cathodic protection system. By 1990,
it was estimated*® that about half a
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million square meters of reinforced
concrete parking structure surface had
been protected in North America,
most of which was by in this method.
A guideline specification has also
been developed for the conductive
coating method.%

MISCELLANEOUS
APPLICATIONS

Underground Fuel Tanks

It was estimated in 1960,/2! that the
typical life of an underground service
station tank was only 12 years, due to
external corrosion. Led by the gaso-
line marketing industry, two standards
were developed in Canadathat invol-
ved cathodic protection asaremedy to
this problem. One standard addressed
existing tanks (aslong asthetank sys-
tems passed a leak test), which invol-
ved the application of impressed
current cathodic protection, could be
installed in accordance with Guideline
Specification #87-1.1221 |n addition, a
factory installed galvanic protection
system, in accordancewith CAN/ULC
603.1M Standard,’® asillustrated in
Figure 8, wasdeveloped inthe 1970's
which is now routinely supplied with
new coated steel tanks for under-
ground service. Although timelimita-
tions have run out for the impressed
current standard, steel underground
tanksstill come equipped with coating
and sacrificial anodes, even though
most tanks are now double-walled
and have an interstitial space that is
vacuum monitored to provide an early
warning of aleak.

Effluent Treatment Clarifiers

Steel rake arms of effluent treat-
ment clarifiers often experience accel-
erated corrosion owing to a corrosive
environment coupled with acorrosion
cell developed between the rake arm
and the reinforcing steel in the floor

external epoxy or urethane
coating having a minimum
thickness of 0.3 mm.

sacrificial anode(s)
(zinc or magnesium)
factory attached both ends.

insulating nylon bushing

wear plate fillet welded to
tank shell at each end.

FIGURE 8 ¢ Factory Installed Cathodic Protection System (CAN/ULC-603.1-96)

and wall. For bare or poorly coated
rake arms, impressed current asillus-
trated in Figure 9 has been installed
whereas for well-coated structures,
sacrificial anodes have been substi-
tuted.

Other Applications

To alimited extent, cathodic protec-
tion has also been applied to other
components of the municipal infra-
structure such as hydraulic elevator
cylinders, car and truck hoistsin serv-
ice stations, potable water treatment
facilities, and swimming pool filters.

SUMMARY

One definition of ‘infrastructure in
the Oxford Dictionary!® is “ roads,
bridges, sewers, etc. regarded as a
countryseconomic foundation”. When
considering the ‘municipal’ economic
foundation, it is clear that cathodic
protection isthe most effective method
of preserving someimportant munici-
pal economic assets. With the contin-
ued dedication of municipalities to
manage their infrastructure more ef-
fectively and efficiently, it is ensured
that cathodic protection will continue
to play asignificant rolein thefuture.
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FIGURE 9 « Impressed Current Cathodic Protection to Effluent Treatment Facilities
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