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Abstract
The demands placed on the condensers of utility generating units are significant. Functionally, a
condenser must condense several million pounds/kilograms per hour of wet steam at low
temperatures while producing low absolute pressures. It must degasify condensate to the ppb
level. These tasks must be done while also:
• Serving as an impervious barrier between steam/condensate and circulating water.
• Permitting only limited air inleakage.
• Contributing minimal corrosion products to the condensate in a “hostile” environment that is
aerated, wet and at high velocity.
Despite the significant demands placed on the condenser and exacting penalties for condenser
leaks, the condenser often does not get the attention it deserves.
Many of the corrosion problems in fossil fuel boilers, LP steam turbines and feedwater heaters
have been traced to leaking condensers. Tube leaks allow the ingress of cooling water into the
steam-water cycle. The very nature of the condenser tends to increase a problem with cooling
water leakage, in that the condensate side of the condenser operates in a vacuum and thus any
leak in a tube wall or other connection will allow cooling water to be drawn into, and
contaminate, the pure condensate.
The present paper intends to present different modes of condenser tube leakages along with
some case studies and possible remedial measures to prevent failure of condenser tubes
Keywords: Crevice Corrosion, Pitting corrosion, stress corrosion cracking, dezincification,
hydriding, Internal coating, cooling water treatment, treated effluent, seawater, polluted water
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Introduction:
In a fossil power plant coal is burnt in boiler furnace to produce heat which boils the water in
the boiler to produce high pressure & high temperature steam. This steam is expanded across a
number of turbine blades and the spent steam is condensed in a condenser and pumped back
to the steam - water cycle of the plant. The demands placed on the condensers of utility
generating units are significant. Functionally, a condenser must condense several million
pounds/kilograms per hour of wet steam at low temperatures while producing low absolute
pressures. It must degasify condensate to the ppb level. These tasks must be done while also:
• Serving as an impervious barrier between steam/condensate and circulating water.
• Permitting only limited air in-leakage.
• Contributing minimal corrosion products to the condensate in a “hostile” environment that is
aerated, wet and at high velocity.
The acceptable impurity levels in cooling water are much higher than those acceptable for the
condensate. This can be a problem in both once-through systems and in recirculating systems.
For example, in the event of a leaking tube, cooling tower water can present a contamination
problem nearly as bad as seawater because of its high hardness and high concentrations of
other dissolved solids. Cooling water also often contains chemicals added to control biofouling,
scale and silt. Condenser corrosion problems have increased in the past few years, in part, as a
result of higher pollution in cooling water.
Many of the corrosion problems in fossil fuel boilers, LP steam turbines and feedwater heaters
have been traced to leaking condensers. Tube leaks allow the ingress of cooling water into the
steam-water cycle. The very nature of the condenser tends to increase a problem with cooling
water leakage, in that the condensate side of the condenser operates in a vacuum and thus any
leak in a tube wall or other connection will allow cooling water to be drawn into, and
contaminate, the pure condensate.
Condensate polishers can provide some protection against impurity ingress to the cycle;
however, their capability can be overwhelmed by condenser leaks and, during larger leaks, can
be exhausted within minutes.
It is difficult to place a precise figure on the cost of condenser tube leaks to the utility industry
worldwide, but results from several studies give an indication of the magnitude.
As per US EPRI studies Corrosion-related problems in fossil plant heat exchangers (condensers,
feedwater heaters, service water heat exchangers, lube oil coolers, etc.) have been estimated
to cost approximately 360 million dollars per year in 1998 in the United States. Corrosion
products picked up in the heat exchangers can lead to increased deposition of copper and iron
in the boiler, causing problems such as underdeposit corrosion, and to copper deposition in
high pressure turbines, leading to power losses. This aspect of the problem with condensers
and heat exchangers was estimated to cost approximately $150 million per year.
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The impact of condenser tube leakage can be assessed from the following data:
Values of different constituents' ingressing in the boiler water in case of condenser tube leak
S.No

Parameter

Water quality

River
Water

seawater

Amount of different
constituent in 1%
tube leak g/hr
River
Water

seawater

Increase of constituent in boiler
water
(ppb)
River Water

seawater

In 1
hour

In 24
Hour

In 1
hour

In 24
Hour

1

pH

7.5

8.4

2

Conductivity

115

62280

3

Total
Hardness

41

6350

2.323

224.118

1.5

320.2

37.2

7684

4

Ca Hardness

29

1100

1.643

38.824

1.1

55.5

26.3

1331.1

5

Mg Hardness

12

5250

0.680

185.294

0.5

264.7

10.9

6352.9

6

Chloride

5

19896

0.283

702.212

0.2

1003.2 4.5

7

Sulphate

12

0.680

0.5

10.9

8

P- Alkalinity

0

0

0

0

9

M-Alkalinity

36

10

Silica

8.3

0.470

0.3

7.5

11

Na/K

12

0.680

0.5

10.9

12

TDS
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29657

2.040

6.706

1046.723

1.4

9.6

32.6

1495.3
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24075.8

229.9

35887.6

The Primary and Secondary Targets for Drum-type Boilers under Steady State Operation are
given in the following table (expressed as ug/kg unless otherwise stated)
Boiler-water
Parameter

Boiler Class
60 Bar – Gas

100 Bar – Coal

160 Bar – Coal

180 Bar – Coal

1. Non-volatile Phosphate Treatment
Chloride (NaCl) as Chloride

< 3000

< 2000

< 1000

< 500

Silica (SiO2) (at pH - 9)

< 5000

< 1500

< 300

< 200

Sulphate (SO4)
Disodium/ Trisodium
Phosphate

<-local decision to achieve primary target in boiler water->
2000 To

2000 To

1000 To

1000 To

6000

4000

2000

2000

NA

< 120

< 120

NA

< 350

<250

< 150

< 100

NA

LD

LD

NA

All Volatile Akali Treatment
Chloride (NaCl) as Chloride
Silica (SiO2) (at pH - 9)
Sulphate (SO4)

Besides changes in boiler water characteristics & consequently increase in boiler deposits and
corrosion, condenser tube leakages contribute towards enhanced copper pick up and
deposition of silica/sodium on turbines, etc. Corrosion/Fouling in the condenser tubes results in
increase in turbine heat rate & reduced performance of the units. In order to have sustained
performance it is essential that condenser tube leakages are prevented and cooling water
system is kept clean
Keeping the importance of condenser tube leak on the plant performance in mind the present
paper intends to provide a brief on different modes of condenser tube leakages and their
preventive methods. Some case studies of condenser tube leakage investigated are also given.
This is expected to give an insight to root cause analysis of condenser tube failures remedial
measures to be adopted including monitoring to be adopted to prevent failures/sustaining the
performance of the plants.
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2. Modes of Condenser tube failures:
At power plants many materials are used for condenser tube depending on plant & cooling
water requirements. These include Aluminum – Brass, Admiralty – Brass, Copper – Nickel (95/5;
90/10 & 70/30), Stainless steel (304, 304 L, 316, 316 L), Titanium, Dupleix stainless steel, Super
Ferritic Stainless Steel, etc. The cooling waters can be fresh water, seawater, borewell water,
brackish water, treated effluents or recycled water in either once through mode or in
recirculating mode. Some of the known failure modes of condenser tubes are indicated below:

S.No Failure mode & identification
1.

Typical failure

Erosion-Corrosion:
Damage can be random, localized or Uniformly distributed.
Randomly located attack is usually caused by random objects that
cause partial tube blockages. Here the damage can be adjacent to,
just downstream of the blockage, or just in front of the
obstruction (when flow is diverted downward into the tube wall).
The pit-like features that develop as a result of erosion-corrosion
are shaped by local Flow conditions. The metal surface may take
on the appearance of undercut grooves, waves, gullies, ripples,
gouges, ruts, or rounded holes. There is often a directional pattern
to the damage. Pits tend to be elongated in the direction of the
flow and are undercut on the downstream side.

2.

Sulphide Attack
In serious cases of sulfide attack, the tube surfaces of copper
alloys are typically covered with a porous, non-protective, thick
black film. The film generally appears as patchy deposits, although
in some laboratory investigations it has occurred as a continuous
surface layer. In some cases, sulfide corrosion products are not at
all visually obvious and sensitive surface Analysis techniques may
be needed todetect their presence
Sulfide pollution can increase the amount of pitting and change
the character and visual appearance of the corrosion products
normally formed on condenser tubes. In laboratory testing, copper
alloy tubes exposed to sulfide-polluted seawater exhibit
significantly more pitting than the tubes exposed to unpolluted
seawater

3.

Pitting:
Pitting is defined as a form of localized corrosion that is
distinguished by the aspect ratio of the damage: it tends to be
deep through-wall relative to the defect dimensions seen at the
metal surface. Although the weight loss resulting from pitting of
the metal is relatively small, the penetration rate can be high
resulting in perforation of thin wall tubing in short periods of time.
Pitting of stainless steels is most often associated with the
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S.No Failure mode & identification

Typical failure

presence of chloride and with deposits on the tube walls. In fresh
water, deposits of calcium carbonate containing chloride are
frequently associated with pitting. Oxides of manganesecontaining chloride are found in deposits over pits in both
freshwater and seawater.

4.

Crevice Corrosion
Crevice corrosion is localized corrosion of a metal surface at, or
immediately adjacent to, an area that is shielded from full
exposure to the environment because of close proximity between
the metal and the surface of another material. When the creviced
areas are small, the resulting localized corrosion may resemble
pitting attack. Crevice corrosion from mud, sediment, pieces of
wood, and plastic is also called deposit attack or under-deposit
corrosion.
Perforation of a tube wall by pitting or crevice corrosion from the
cooling water side can occur in less than one year in extreme
cases, or may occur after many years of service. This is most
commonly found at the joint of Tube – tube plate in the
condensers.

5.

Dealloying
Dealloying, also called “selective leaching” or “parting”, is defined
as the selective corrosion of one or more components of a solid
solution alloy.
Dezincification, the selective removal of zinc from copper-zinc
alloys is the most common form of dealloying. It is encountered in
two forms: layer and plug attack. Layer-type attack is similar to
general corrosion with little or no discernible change in overall
dimensions. In copper-based alloys, the surface appears reddish or
pink at areas where the active component has dissolved.

6.

Microbiologically Influenced Corrosion (MIC)
Microbiologically influenced corrosion (MIC) can potentially affect
all metallic systems in contact with ambient temperature seawater
or freshwater as a result of the presence of particular organisms in
microbial films. This damage type is also called microbially
influenced corrosion, biologically induced corrosion, microbe
induced corrosion, or microbiologically induced corrosion. MIC, in
addition to being a specific damage mechanism, can also
substantially increase the galvanic, crevice and pitting corrosion
rates on power plant components.
MIC attack is generally of the pitting corrosion type and occurs at
surfaces in contact with deposits containing active biofilms
(slimes) along with deposit materials that can include the. Sticky
exopolymer associated with both living and dead cells, corrosion
products, and debris. Through-wall pitting of tubes or attack at the
tube-to-tubesheet area is the most common manifestation of MIC
failures in condensers
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S.No Failure mode & identification
7.

Typical failure

Galvanic Corrosion
Galvanic corrosion is the accelerated corrosion of a metal that
occurs because of an electrical contact with a more noble metal
(or a nonmetallic conductor) in a corrosive solution. Galvanic
corrosion is also called “dissimilar metal corrosion” or “contact
corrosion”.
Since condenser tubes are generally the most noble material in
the condenser, damage by galvanic corrosion is seldom a direct
threat to tubes, although there can be galvanic corrosion at the
tube-to-tube insert interface if the tube insert material is more
noble than the tube material, e.g. stainless steel inserts in copper
alloy tubes. Galvanic corrosion does occur on tubesheets and
waterboxes. The ligament area between tubes on tubesheets is
particularly susceptible.

8.

Water-side Stress Corrosion Cracking
Waterside stress corrosion cracking (SCC) of brasses has occurred
less frequently than steam side attack, and in most cases, the
species responsible for the failure were not positively identified.
In theory, SCC can occur at any point along a condenser tube,
however, it is most frequently observed at highly stressed
locations such as the tube inlet where high residual stresses result
from the tube expansion operation at tube support plates, and at
locations where the tubes have been mechanically damaged.
Failures have also occurred at outlet tube ends. Waterside failures
by SCC are frequently associated with deposits on the tubes.

9.

Hydriding Damage
Titanium and high alloy ferritic stainless steels can be susceptible
to attack by hydrogen. The mechanisms are referred to as
hydriding in titanium and hydrogen
embrittlement cracking or hydrogen stress cracking in ferritic
stainless steels. Tube end hydriding (but not tube failures) has
occurred in several condensers. The cause was attributed to
excessive hydrogen generation produced by operating the
cathodic protection systems at too negative a potential. Potentials
were reduced to less negative values to control the tube
hydriding.
This type of damage will be characterized microstructurally by the
formation of acicular hydride precipitates penetrating from the ID
surface of the tube. The precipitates are generally oriented
parallel to the tube axis, although there can be, in some cases,
radially-oriented hydrides. Titanium hydride phase orientation is
strongly influenced by metal crystallographic texture and state of
residual stress in the tube wall. Extensivelydamaged areas can
manifest cracks
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S.No Failure mode & identification
10.

Typical failure

Hydrogen Embrittlement Cracking
Hydrogen embrittlement cracking, also called hydrogen stress
cracking, occurs from the presence of hydrogen in a metal in
combination with a tensile stress. Incidents of condenser tube
cracking caused by this mechanism have been reported following
retubing with high chromium, high molybdenum ferritic stainless
steels.
Hydrogen embrittlement can occur in high chromium, high
molybdenum, ferritic stainless steel. Copper-alloy tubes are
immune to hydrogen embrittlement cracking

11.

Cleaning Damage
Mechanical cleaning systems are widely used to help mitigate the
effects of biofouling and fouling caused by mineral deposits. Tube
damage caused by mechanical cleaning can include loss of wall
thickness and an increased susceptibility to corrosion.
Chemical cleaning is an option to help control fouling of the
condenser. Damage to condenser tubes can be caused by
improper choice of solvent, an inappropriate chemical cleaning
procedure or incomplete chemical cleaning (which leaves deposits
in the condenser which then retain cleaning solvents and result in
accelerated corrosion during subsequent operation).
The possibility of condenser steamside damage related to
chemical cleaning of other components also exists. There have
been some instances during chemical cleaning of boilers where
the chemical cleaning solution or its vapors reached the
condenser. Similarly, chemicals used to clean feedwater system
piping or components could also inadvertently be directed to the
condenser.
As a general precaution it is always advisable to monitor hotwell
chemistry throughout the cleaning. On more than one occasion,
failure to establish a suitable means of isolation and/or to monitor
hotwell water quality has resulted in extremely high pH and
ammonia levels in the cycle after return to service. In some cases,
such startups have been followed by a high incidence of failure in
copper alloy condenser tubes.

12.

Steam-side Erosion
Steamside erosion (also termed “wet steam impingement attack”
or “steam impingement”) is the result of impingement of wet
droplet-containing steam at high velocities onto the condenser
tubes. The source of the high velocity steam can be steam exiting
the turbine or it can be from other external sources. Steam
impingement from external sources on condenser tubes has
historically been a major problem area in condensers. There may
be over one hundred penetrations into the condenser shell from
heater drains, steam bypass lines, steam dump lines, etc. These
penetrations, if not properly designed and baffled, can lead to
tube failures resulting from O.D. erosion
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S.No Failure mode & identification

Typical failure

Damage will only occur on the tube surface facing the flow. Early
on, impingement damage will appear as a polishing of the affected
surface. There may be a color change and/or a dulling of the
surface appearance in copper alloy materials. As damage
progresses, the surface becomes increasingly roughened as
material removal increases. Eventually accumulating damage will
lead to perforation of the tube wall or other affected surface.

13.

IMPACT DAMAGE
Mechanical damage to condenser tubes can be caused by such
objects as baffles, spargers, and lagging that come loose from the
condenser structure, extraction steam piping, or feedwater
heaters in the condenser neck. Steam impingement onto
improperly designed baffles can cause the baffles to fail and break
loose in the condenser resulting in damage to the tubes
Tubes may also be damaged by flying fragments of turbine blades,
either the blades themselves, or from detached blade shields as a
result of liquid droplet damage to the last few stages of the
turbine. Condenser tubes have also been damaged by debris left in
the turbine during repair procedures which is then rejected to the
condenser on unit startup.

14.

Condensate Corrosion
Condensate corrosion is also termed “ammonia grooving” or
“ammonia attack”. It is a common form of damage on the steam
side in copper alloy condenser tubes In condensate corrosion, no
specific microstructural feature is attacked preferentially. Damage
can be manifested as pitting, grooving, pin hole leaks, and/or
reduction of wall thickness.
The term condensate grooving refers to the specific form of
corrosion that is produced when the corrosive environment (a
solution containing high concentrations of ammonia and oxygen)
is localized to certain areas of the tubes. For instance, condensate
tends to collect and run down the faces of the tube support plates
which localizes the corrosive environment to areas of the tubes
immediately adjacent to and on one or both sides of the support
plates.

15.

Steam-side Stress Corrosion
Stress corrosion cracking (SCC) is a localized form of corrosion. The
tube surface near the crack may be unaffected or some pitting and
metal loss can accompany the damage. Macroscopically, final
failures are evidenced as thick-edged, brittle failures, and may
often involve the separation of small “window-type” pieces.
Damage can also be manifested as tight cracks. Damage can be
oriented either longitudinally along the axis of the tube, or
circumferentially. On a macroscopic scale, cracks will form
perpendicular to the dominant stress. There is generally little
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S.No Failure mode & identification

Typical failure

plastic deformation associated with failure by SCC and there is also
little or no loss of wall thickness because of the SCC damage.

16.

Vibration Induced Damages
Condenser tubes will vibrate under the influence of cross-flow
velocities and, if the amplitude of vibration is large enough,
damage can occur by one or more mechanisms including: (i) direct
impact of adjacent tubes at mid span leading to tube thinning and
failures at the point of impact,
(ii) fatigue failures, generally at points adjacent to the tube
support or tubesheet, (iii) fretting and failure of tubes at the tube
and tube support intersection, (iv) cavitation, (v) corrosion fatigue
and (vi) fretting corrosion.
Flow induced tube vibration has resulted in a significant number of
tube failures. Large numbers of tubes are likely to be affected and
as a result, flow induced vibration can result in sudden, large
amounts of leakage of cooling water into the condensate. As a
result, it can cause significant, lengthy shutdowns or power
reductions to locate and plug failed tubes.

3. Some case studies on Condenser tube failures investigated at NETRA:
NETRA is involved in carrying out failure investigations of many condenser tubes both at NTPC
stations and at other utilities. Based on our investigations a few case studies are presented
below which highlight some modes of failures and their remedial measures.
3.1 Failure of Aluminum Brass Tubes in seawater:
A coastal power station is in operation for more than 42 years. There are two units at the
station and seawater is used as cooling water. The condenser tubes are made of Aluminum
brass. After about 40 years many condenser tubes started leaking and new Aluminum Brass
tubes were installed in one of the unit. In about 9 months time around 500 new tubes leaked.
The station referred the problem to NETRA. Detailed investigations were carried out which
revealed that the failure was due to pitting, dezincification and general corrosion. Original
tubes were found to be covered with uniform brown colored Ferrous sulphate passivating layer,
whereas the new tubes were observed to be devoid of the passivating layer. Yet at another
station operating with seawater and having Aluminum Brass Tubes reported many condenser
tubes. Investigations revealed that there was a heavy build up of ferrous sulphate layer and
severe under deposit corrosion had taken place.
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Photograph 1 – Tube perforations

Photograph 3 – Clean new tube

Photograph 2 – Punctured tube from pit

Photograph 4 – Pitting, Erosion-Corrosion

Photograph 5 – Passivated original tube
The corrosion behavior of copper alloys depends on the presence of oxygen and other oxidizers because it is cathodic to the hydrogen electrode. During the primary corrosion reaction, a cuprous
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oxide film is produced that is predominately responsible for the corrosion protection. The products
of corrosion reactions can react with compounds in seawater e.g. to CuCl23Cu·(OH)2 or Cu2(OH)3Cl
and in so doing build a multi-layered oxide structure. The corrosion rate quickly decreases
significantly over a few days.
The principal constituents of water that affect the performance of copper alloys are dissolved
oxygen, nutrients, bacteria, biofouling, organisms, sediment, trash, debris, and residual chlorine
from the chlorination practice. Dissolved oxygen is usually reported in standard water analyses.
The corrosion resistance of copper and copper-base alloys in seawater is determined by the nature
of the naturally occurring and protective corrosion product film. North and Pryor found the film to
be largely cuprous oxide (Cu2O), with cuprous hydroxychloride [Cu2(OH)3CI] and cupric oxide (CuO)
being present in significant amounts on occasion. The film is adherent, protective, and generally
brown or greenish-brown in color. The corrosion product film forms very quickly when clean;
unfilmed copper or copper alloys are first wetted by seawater.
Copper and its alloys are unique among the corrosion – resistant alloys in that they do not form a
truly passive corrosion product film. In aqueous environments at ambient temperatures, the
corrosion product predominantly responsible for protection is cuprous oxide (Cu2O). This Cu2O film
is adherent and follows parabolic growth kinetics. Cuprous oxide is a p-type semiconductor formed
by the electrochemical processes:
4Cu + 2H2O = 2 Cu2O + 4H+ + 4e – (Anode)
And
O2 + 2H2O + 4e- = 4 (OH)- (cathode)
With the net reaction: 4Cu + O2 = 2 Cu2O
For the corrosion reaction to proceed, copper ions and electrons must migrate through the Cu2O
film. Consequently, reducing the ionic or electronic conductivity of the film by doping with divalent
or trivalent cations should improve corrosion resistance. In practice, alloying additions of
Aluminium, Zinc, Tin, Iron, and Nickel are used to dope the corrosion product films, and they
generally reduce corrosion rates significantly.

Copper alloy tube and pipes, such as Al-brass, 90-10 Cu-Ni and others are widely used in tubular
heat exchangers and piping systems. The medium flowing through the tubes is in general
seawater, brackish water or fresh water. Under unfavourable conditions chloride-containing
water can initiate corrosion on tube and plate material, particularly if the water is polluted or
contains solid particles. In such cases suitable counter-measures should be applied.
To achieve adequate corrosion resistance the water side of the copper alloy tube requires a
protective layer which is formed in clean, oxygen containing seawater after a period of 8 to 12
weeks. Forming and maintaining this protective layer is crucial for optimum life of the tube
material and for trouble-free operation. Excellent performance is to be expected when the tube
quality and design, fabrication and operation of the equipment are in accordance with the
AKS/Journal/2010
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engineering standards. It should be pointed out that Al-Brass, 90-10 Cu-Ni and 70-30 Cu-Ni
show also good corrosion resistance in hot deaerated seawater and brines
Occasionally failures on tubes are detected shortly after they entered service. Investigations of
these early failures have revealed that most of them were caused by improper commissioning
and / or improper operating practices. Ferrous Sulphate dosing is adopted in clean seawater to
assist in generation of passivating layer. The dosing of Ferrous Sulphate is to be carried out in a
controlled manner but in cases where it is not properly controlled it will result in formation of
thick deposit which will enhance under-deposit corrosion and erosion-corrosion. This was
observed in case of another coastal power station as indicated below

Photograph 6 – Fouling of Tubes

Photograph 7 – Severe corrosion of tube-tube plate

Photograph 8 – Thick deposit on the tube Photograph 9 – Pitting, dezincification below deposit
Remedial measures suggested – In the first case to enhance the life of the condenser tubes it is
suggested to apply epoxy coatings on the tube internal surfaces. Coatings may reduce some
heat transfer capabilities but will enhance the life of the damaged tubes to another 4 – 5 years
and improve flow rate. In the next opportunity the tube material can be changed to superferritic stainless steel or titanium. For the second case tube replacement with either superferritic stainless or titanium along with application of Cathodic protection of coated water
boxes has been recommended.
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3.2 Failure of Copper Nickel Tubes in Water contaminated with organics/Microbiological
Species:
Two stations operating with river water as cooling waters experienced a number of condenser
tube failures. Both stations were initially provided with admiralty brass condenser tubes which
were subsequently replaced with copper-nickel 90/10 tubes. Investigations indicated that
cooling water at both stations was contaminated with organics & microbiological species. At
one station the cooling water source is downstream of a municipality sewage treatment and
the cooling water is virtually lean sewage. This water resulted in severe fouling, biofouling and
microbiologically influenced corrosion of condenser tubes. Typical failures observed are
indicated in the following photographs.

Photograph 10 – Fouled tube

Photograph 11 – Microbiologically Induced Corrosion

Photograph 12 – Cleaned Fouled tube

Photograph 13 – Crack in the tube
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Photograph 14 – Severely fouled tube

Photograph 15 – Severe corrosion below deposits

In the second station effluent was mixing in the cooling water resulting in organic loading in the
water. Chemical treatment was adopted but it appeared proper corrosion inhibitor was
employed. These resulted in severe corrosion of the condenser tubes as indicated in the
following photographs:

In Cooling water with no Sulphur Compound being present Corrosion reactions are:
Cu → Cu+ + e- (Anodic)
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O2 + 2H2O + 4 e- → 4OH- (Cathodic)
In presence of Sulphide:
2H+ + 2e- → H2↑
2HS- + 2e- → H2↑ + 2S22H2O + 2e- → H2↑ + 2OHThe attack of copper containing materials by polluted cooling water has been addressed in
numerous test programs. The primary causes of accelerated attack of copper-base alloys in polluted
cooling water are (1) the action of sulphate-reducing bacteria, under anaerobic conditions (for
example, in bottom muds or sediments), on the natural sulphates present in seawater and (2) the
putrefication of organic sulphur compounds from decaying plant and animal matter within
seawater systems during periods of extended shutdown. Partial putrefication of organic sulphur
compounds may also result in the formation of organic sulphides such as cystine or glutathione,
which can cause pitting of copper alloys in seawater. Fig. below shows the rate of accelerated
corrosion for C70600 (Cu-Ni) as a function of sulphide and velocity.
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In some applications, the corrosion resistance of copper alloys is further enhanced by adding iron to
cooling water. The iron is introduced either through the addition of ferrous sulphate or by direct
oxidation of a sacrificial iron anode. The effectiveness of environmental iron addition against
sulphide corrosion of copper alloys has been well studied. It has been observed that continuous
addition of low level of ferrous sulphate was effective in counteracting sulphide accelerated
corrosion of copper alloys (Fig. above). However; uncontrolled dosage may result in build up of
bulky deposit on the tube surfaces affecting the heat transfer. Gradual reduction in dosing of
ferrous sulphate may help in overcoming this problem.

Remedial measures recommended – For the first case it has been recommended to pretreat
the makeup water with a bioreactor to remove the organic matter followed by chemical
treatment to control corrosion, fouling. Anticorrosive coatings are being studied for internal
surfaces of the existing condenser tubes to improve their life. Retrofitting the condenser with
more corrosion resistant condenser tubes such as superferritic stainless steel is also being
considered. In the second case improvement in chemical treatment with online monitoring has
been recommended.
3.3 Failure of Titanium Tubes/Tube plate in seawater:
At one of the coastal stations that uses seawater as cooling media and is having Titanium Grade
II condenser tubes with tube plate of Titanium clad carbon steel. The water boxes were coated
with 3 mm GRP material. Initially the units were provided with Zinc anode based Cathodic
protection system. The Zinc anodes dissolved very quickly in seawater. It was recommended to
use Aluminum based alloys as Anode material. The equipment supplier replaced the Zinc
anodes with Aluminum based alloy anodes, however; the anode brackets were not replaced. As
the anodes had already dissolved, the seawater corroded the steel brackets. When new
Aluminum based anodes were placed, the corroded steel brackets could not sustain the weight
of the anodes and some anodes with remnants of the bracket got dislodged and hit the tube
plate damaging some tubes in the process. Repairs were carried out and all the anodes with
brackets were removed.
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Recently it was observed that in one of the unit after overhaul the cation conductivity showed
intermittent rising trend. Acoustic testing and Helium leak detection were employed to identify
the source of leak/seepage. Some suspected tubes were plugged. However; the cation
conductivity was intermittently showing rising trend. It is suspected that the Titanium tubes
and/or the titanium clad tube plate have suffered due to hydriding from corrosion reaction. The
possible reasons could be:
a) At the time of operation of Cathodic protection system the potentials have gone more
negative than – 1.2 V resulting in hydriding of Titanium tubes/tube plate
b) The Tube/Tube plate joints were not properly sealed causing galvanic corrosion
between titanium cladding and carbon steel or joints of titanium cladding have failed
resulting in corrosion reaction taking place as indicated in following figure and
development of hydride cracks from seawater is mixing with condensate.
Tube to Tube sheet and Titanium cladding to Steel tube sheet interface detail.

The root cause analysis is yet to be completed. After root cause analysis recommendations
would be given for preventive action.
3.4 Failure of Stainless Steel tubes in transit/storage:
At a gas station stainless steel condenser tubes were imported. After installation around 700
tubes failed during hydro testing. Failure investigations were carried which indicated that the
tubes had failed due to chloride induced crevice and pitting corrosion. It is suspected that the
tubes were tied together by means of some rope and either during transit or during storage
seawater had ingressed the tube bundles and remained stagnant for some time resulting in the
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tubes being effected by crevice & pitting attack around the portion where the tubes were tied
with rope. More than 50% thickness was lost at the places where crevice/pitting attack had
taken place and during hydrotesting these tubes failed. Based on the studies the manufacturer
replaced the tubes with new tubes.

Photograph 17 – Piiting corrosion of SS tubes

Photograph 18 – Number of pits observed

Photograph 19 – Crevice Corrosion at the point of rope contact
Remedial Measures:
In order to prevent condenser tube leakages and consequent ingress of cooling water into
boiler water system, the first step is in proper design so that basics are not disturbed and
situations like crevice, stagnancy of water, galvanic action, impact damages, etc are avoided.
The condenser tube surfaces are kept free of scaling, fouling, corrosion & biofouling by
application of site specific chemical treatment program. All condenser water boxes should be
properly coated with high performance coating system such as Vinyl Ester Glass Flake or 100%
solids epoxy or polyurea system. In case of Titanium based systems all tube to tube plate joints
should be seal welded so that seepages through tube holes are avoided. Also in case of titanium
based system only impressed current Cathodic protection system should be employed with
potentials controlled little positive than -1.2 V. All contaminated water should be pre-treated to
remove the contaminants. In case of severe corrosive characteristics of the cooling water
retrofitting the condensers with more corrosion tube material may be considered. In case of
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already corroded tubes application of anticorrosive coatings on the internal surfaces of the
tubes to prolong the life of the condenser tubes.

Conclusions:
Detailed assessment of design, cooling water quality, operating conditions should be made to
ensure that all preventive actions are taken to avoid condenser tube leakages. Route cause
analysis of all failures should be carried out so that similar failures are prevented.
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