
Condenser Tube Failures and Some Challenges 
in Development of Cooling Water Treatment 

Program for Power Plants
Ashwini K Sinha

Principal Consultant, CWMC
(Ex-Additional General Manager (NETRA), NTPC)

Core Member, CII-Avantha  Corrosion Management Committee,
Member NACE International, Life Fellow Member SAEST

ashwiniksinhacwmc@gmail.com
www.cwmcindia.com

Thermal Power Operation and Maintenance, Conference Organized by 
Mission Energy, New Delhi 28th June 2019

Corrosion  and Water Management Consultants
“Improving Plant Performance, Availability & Reliability by Chemical Interventions”

mailto:ashwiniksinhacwmc@gmail.com
http://www.cwmcindia.com


About Myself
Name: Ashwini K. Sinha (Retired as Addl. GM (NETRA), NTPC in July 2012)

Qualifications: M.Sc (Electrochemistry)
P.G. Dip. In Corrosion Science & Technology, Univ. of Ferrara
(Italy)

Affiliations: Member NACE International, Life Fellow Member SAEST, IAAPC
Core Member of CII-Avantha Corrosion Management Committee

Experience: Over 41 years experience in Corrosion Analysis, Monitoring and Control in Power
Plants (5 Years with BHEL (R&D), 30 years Balance with NTPC (R&D) (now “NTPC Energy
Technology Research Alliance (NETRA) and balance as Free Lance Consultant in the areas of
Corrosion & Water Management).

Specialization: Corrosion Assessment, Failure Investigations, Corrosion Monitoring, Corrosion
Audit, Design of Cathodic Protection Systems for Underground Pipelines; Condenser Water
Boxes; RCC Structures such as Cooling Towers; etc, Selection of Anticorrosive Coatings,
Development & Implementation of Cooling Water Treatments, Waste Water Recycling &
Treatment, Chemical Cleaning of Condensers; Boilers; Pipelines; PVC Film Type Fill Packs of
Cooling Towers; etc, Material Selection, Water Management, etc. Research Studies on
Extraction of Moisture from Flue Gases, Ash Mineralization by Flue Gas, etc.



About Myself
Major Association with: - Consultancy, In-house Training,

1. Adani Power (Mundra, Tiroda, Kawai, Udupi, New Projects)
2. Corrosion Audit and Power Plant Chemistry Support of NOMAC – USC Plant, Dubai; CCPP,

Salalah, Sohar 3 CCPP, & IBRI CCPP, Oman; Tanger Wind Farms, Boujdour PV, Layoune PV,
NOOR 1 CSP, Morocco, Vin Hao 6 PV, Vietnam

3. Sembcorp IWPP, Salalah, Oman (Feasibility of Reusing SWRO Reject Water) and Nellore
4. CLP Paguthan and Jhajjar
5. GSECL Sikka TPS, Jamnagar
6. Mahagenco Chandrapur
7. Mahagenco Koradi
8. Rajasthan Rajya Vidyut Utpadan Nigam Kalisindh , Dholpur, Kota Thermal
9. Essar Sallaya Project, Jamnagar
10.Vedanta Limited, Jharsuguda and Bhatinda
11.Haldia Energy Limited, Haldia
12. IOCL Dibrugarh, Guwahati, Panipat
13.Lanco Kondapally, Gurugram, Udupi (now with Adani Power)
14. Imperial Power, Jharkhand
15.Prakash Industries, Champa (Chhatisgarh)
16.Sri Mega Power Beawar, Rajasthan
17.Jindal Power, Raigarh; JSPL, Odisha
18.Rosa Power, Shajahanpur
19.NTPC (almost all stations)
20. NLC and NTPL, Neyveli



CWMC

Cycle Chemistry Related Failures



Basic Corrosion Reaction

For steel, the typical anodic oxidation reaction is:
Fe = Fe2

+ + 2e¯

This reaction is accompanied by the following:
Fe2

+ + 2OH¯ = Fe(OH)2
The ferrous hydroxide then combines with oxygen and water to produce ferric
hydroxide, Fe(OH)3, which becomes common iron rust when dehydrated to
Fe2O3.
The primary cathodic reaction in cooling systems is:

O2 + H2O + 2e¯ = 2OH¯

The production of hydroxide ions creates a localized high pH at the cathode,
approximately 1-2 pH units above bulk water pH. Dissolved oxygen reaches the
surface by diffusion, as indicated by the wavy lines in Figure 24-1. The oxygen
reduction reaction controls the rate of corrosion in cooling systems; the rate of
oxygen diffusion is usually the limiting factor.
Another important cathodic reaction is:

2H+ + 2e¯ = H2
At neutral or higher pH, the concentration of H+ ions is too low for this reaction
to contribute significantly to the overall corrosion rate. However, as pH
decreases, this reaction becomes more important until, at a pH of about 4, it
becomes the predominant cathodic reaction.



Cases of Corrosion in Power Plants
Condensate/Feedwater Cycle Damage Mechanisms Influenced by Cycle Chemistry

Location Mechanism Chemistry Influence

Condensate and
feedwater
systems

Carbon steel and copper
alloy corrosion and
corrosion product transport

Low pH, acid constituents, excess carbon dioxide and 
oxygen present in condensate; alternating oxidizing and 
reducing conditions, excess hydrazine
solubilizing magnetite

Heater drain and
feedwater piping

Flow-accelerated corrosion 
(FAC) of carbon steel

Attack by reducing feedwater conditions and high velocities, 
excessive hydrazine with “zero” oxygen, low pH

Copper alloy
condenser and
heater tubes

Ammonia
attack/condensate
corrosion

Simultaneous excess ammonia, oxygen, and CO2 in steam 
synergistically oxidizing and solubilizing copper

Feedwater heater
tubes

Stress corrosion cracking
Cu/Ni, Monel, stainless
steel

Excessive corrodents in steam synergistic with tensile 
stress, corrodent concentration in crevices, dry – wet 
transition

Condenser and
heater tubes

Admiralty brass stress
corrosion cracking

Excessive ammonia/chloride present in steam synergistic 
with residual stress at tube-sheets and in u-bends

Feedwater heater
tubes

Copper/nickel exfoliation Excessive oxygen on shutdown combined with thermal 
cycling and thermal stresses



Cases of Corrosion in Power Plants
Boiler Tube Failure Mechanisms Influenced by or Influencing Chemical 
Cleaning; Ten of these Mechanisms are Directly Influenced by Deposits

Mechanism Influenced By
Internal Deposits 
Or Oxides

Chemical Cleaning
To Remove
Deposits And/Or
Oxides

Mechanism
Exacerbated By
Chemical
Cleaning

Water-Cooled Tubes
Corrosion Fatigue No No Yes
Hydrogen Damage Yes Yes Possible
Acid Phosphate Corrosion Yes Yes Possible
Caustic Gouging Yes Yes Possible
Fireside Corrosion in Water-walls of 
Coal-Fired Units

Yes Yes No

Thermal Fatigue (Supercritical Water-
walls

Yes Yes No

Chemical Cleaning 
Damage(Waterwalls)

No No Yes

Pitting (Economizers) Yes Yes Yes



Cases of Corrosion in Power Plants
Boiler Tube Failure Mechanisms Influenced by or Influencing Chemical 
Cleaning; Ten of these Mechanisms are Directly Influenced by Deposits

Mechanism Influenced By
Internal Deposits 
Or Oxides

Chemical Cleaning
To Remove
Deposits And/Or
Oxides

Mechanism
Exacerbated By
Chemical
Cleaning

Steam-Cooled Tubes
Long-Term Overheating (Creep) Yes Yes No

Fireside Corrosion in
Superheater/Reheater Circuits (Coal-
Fired Units)

Yes Yes No

Fireside Corrosion in
Superheater/Reheater Circuits (Oil-
Fired Units)

Yes Yes No

Short-Term Overheating
(Exfoliated Oxide)

Yes Yes Yes

Stress Corrosion Cracking No No Yes

Chemical Cleaning Damage
(Superheater/Reheater)

No No Yes



Cases of Corrosion in Power Plants
Turbine Deposition and Damage Mechanisms

Mechanism Chemistry Influence Effects of Cycling

Stress corrosion
cracking of LP
disks, rotors, HP
bolts, …

Excessive corrodents present in 
steam, and drying of liquid films and 
moisture combined with synergistic 
effects of tensile stress and 
materials, deposition of corrodents

Pitting during unprotected 
layup accelerates SCC, 
marginal startup chemistry

High cycle
corrosion fatigue
of LP blades and
disks

Excessive corrodents present in 
steam combined with cyclic stresses

Pitting during unprotected 
layup accelerates CF, 
rotating machinery through 
critical speed – vibration

Low cycle
corrosion fatigue

Deposited corrodents, particularly 
NaOH

Pitting during unprotected 
layup, stress and strain 
cycling due to startups and 
thermal stresses

Pitting Salts or acidic corrodents in steam,
unprotected layup – create sites of 
SCC or corrosion fatigue

Deposited salts during
unprotected layup



Cases of Corrosion in Power Plants
Turbine Deposition and Damage Mechanisms

Mechanism Chemistry Influence Effects of Cycling

HP blade deposits Copper in steam deposits on HP 
blades and nozzles decreasing 
efficiency and MW output

Copper alloys and 
deposited
copper oxidize during 
unprotected layup, 
transport during startup

Silica deposits on
LP blades

Precipitation of silica in steam –
excessive deposits lead to partial 
pluggage of seals, misoperation
of valves, deformation of blades 
and diaphragms and efficiency 
losses

Marginal startup chemistry

Solid particle
erosion, HP, IP

SH and RH tube exfoliation is not 
influenced by chemistry, but 
causes Fe loading during startups

Exfoliation during 
shutdown, transport during 
startup
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Corrosion of Condenser Tubes



Mechanisms of Condenser Tube Leakages
- Waterside damages 

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.



Mechanisms of Condenser Tube Leakages
- Waterside damages 

SULFIDE 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 to detect 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



Mechanisms of Condenser Tube Leakages
- Waterside damages 

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 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
manganese-containing chloride are found in deposits over pits in both
freshwater and seawater.



Mechanisms of Condenser Tube Leakages
- Waterside damages 

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 underdeposit
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.



Mechanisms of Condenser Tube Leakages
- Waterside damages 

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.



Mechanisms of Condenser Tube Leakages
- Waterside damages 

MICROBIOLOGICALLY INFLUENCED CORROSION
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.



Mechanisms of Condenser Tube Leakages
- Waterside damages 

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.



Mechanisms of Condenser Tube Leakages
- Waterside damages 

WATERSIDE 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.



Mechanisms of Condenser Tube Leakages
- Waterside damages 

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



Mechanisms of Condenser Tube Leakages
- Waterside damages 

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



Mechanisms of Condenser Tube Leakages
- Waterside damages 

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.



Mechanisms of Condenser Tube Leakages
- Steamside damages 

STEAMSIDE 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.

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.



Mechanisms of Condenser Tube Leakages
- Steamside damages 

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.



Mechanisms of Condenser Tube Leakages
- Steamside damages 

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.



Mechanisms of Condenser Tube Leakages
- Steamside damages 

STEAMSIDE STRESS CORROSION CRACKING

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



Mechanisms of Condenser Tube Leakages
- Steamside damages 

VIBRATION-INDUCED FORMS OF DAMAGE
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.



Application of Generic Control Methods to 
Specific Waterside Damage Mechanisms



Application of Cooling Water Treatment  to 
Specific Waterside Damage Mechanisms

Sources of Waterside damages:
• Poor quality of water used for cooling
• Corrosion Products from CW System being transported to Condensers
• Air borne particles/microbes entering into CW system
• Debris/impurities coming from cooling towers
• Improper selection of materials with respect to quality of cooling water
• Improper chemical treatment
• Improper mechanical/chemical cleaning
• Improper operation
• High velocities of cooling water 
• Galvanic action of dissimilar metals joined together
• Change of water quality from the original design
• Rise in water temperature due to fouling of cooling towers
• Improper selection/dosage of biocide
• Improper Tube – Tubesheet joint creating crevices
• Improper installation/application of cathodic protection system
• Improper application/maintenance of anti-corrosive coatings 



Application of Cooling Water Treatment  to 
Specific Steamside Damage Mechanisms

Sources of Steamside damages:
• Design problem
• Improper operation
• Improper maintenance
• Incompatible materials of condenser tube 
• Improper installation
• Improper wear & tear



Cases of Corrosion in Power Plants



Cases of Corrosion in Power Plants

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



Cases of Corrosion in Power Plants



Cases of Corrosion in Power Plants

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 super-ferritic stainless steel or titanium.
For the second case tube replacement with either super-ferritic
stainless or titanium along with application of Cathodic protection of
coated water boxes has been recommended.



Cases of Corrosion in Power Plants

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.

Remedial Measures:

Installation of wastewater treatment for the water coming to the plant.
Conversion to recirculation type system with suitable chemical
treatment. Application of thin epoxy coating internal tube surfaces in
older tubes and replacement of comparatively new tubes with material
like super austenitic stainless steel



Cases of Corrosion in Power Plants
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Cases of Corrosion in Power Plants



Failure of Titanium Tubes/Tube plate in seawater:

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:

At the time of operation of Cathodic protection system the 
potentials may have gone more negative than – 1.2 V 
resulting in hydriding of Titanium tubes/tube plate
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.

Cases of Corrosion in Power Plants



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 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

Cases of Corrosion in Power Plants



Failure of Stainless Steel Condenser Tubes due to Chloride:

Condenser tube failures were reported from a station using outlet water of
sewage treatment plant as cooling water. The condenser tubes are of
Stainless Steel 304 grade. The water quality has deteriorated considerably
from the design resulting in increase in chloride level and at 5 COC
operation it reaches around 2500 ppm. The failed condenser tube sample
was obtained for detailed failure investigation. Investigations have revealed
the failures are due to chloride induced corrosion. It has been recommended
to pre-treat the water with organo-phosphate-dispersant and molybdate
based chemical program so as to provide a passivation layer of molybdate
on the stainless steel tube surface. The passivation layer helps in attack by
chloride ions on the tube surface.

Cases of Corrosion in Power Plants
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Cases of Corrosion in Power Plants

General Remedial Measures for Condenser Tubes:

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 already corroded tubes
application of anticorrosive coatings on the internal surfaces of the
tubes to prolong the life of the condenser tubes.
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SOME CHALLENGES IN DEVELOPMENT 
OF COOLING WATER TREATMENT 
PROGRAM FOR POWER PLANTS



Energy Equilibrium in Power GenerationCWMC
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IntroductionCWMC

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.



CWMC

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”,
[1].

Introduction
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Steam produced in steam generators after operating the turbines needs to
be cooled for recycling in the steam generator. Most common cooling media
is water the source of which can be fresh water, borewell water, seawater,
treated polluted water or mine water. Steam from turbine is cooled in the
surface steam condenser wherein the flowing water inside the tubes takes
the heat from condensing steam and in the process the water becomes
hotter.

Condenser tube metallurgies can be brass, copper – nickel, stainless
steel 304/316, titanium or a combination of these depending on heat
transfer and corrosion resistance requirements. Condenser shells and
water boxes are of steel, tubes sheets could be steel, stainless steel,
stainless steel-clad steel, muntz metal, titanium or titanium clad steel.
Pipelines carrying water are generally of steel or now-days of non-
metallic material.

Introduction
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During the process of heat transfer cooling water can cause fouling, scale
deposition, biofouling and/or corrosion in the system affecting the life,
performance, reliability and efficiency of the entire cycle chemistry
components. As the condensers are under vacuum, any condenser tube
leakage will result in contamination of cycle chemistry and subsequently in
damages to critical components like boiler tubes, super heater tubes,
turbines etc. In order to control such problems, it is necessary that suitable
treatment of cooling waters is necessary.

In most of the places the water quality variations are very high even in one
single year due to varying constituents of the water. Due to high demands
on water required for the cooling applications once through mode of
cooling water has now been banned by authorities. Only recirculating
water is to be used at power plants in the country.

Introduction
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Further, considering the high make up water requirements now-a-days
emphasis is being laid for recycling of waters and power plants are being
directed by Pollution Control Authorities, to use treated sewage treated
water as make-up to cooling towers.

All these put serious challenges for developing suitable chemical
treatment programs at the power plants unlike boiler water chemistry
which have been standardized based on boiler type, pressure and
temperature, cooling waters treatment programs have to be site specific
with provisions of modifying the program based on water quality available
and operating mode of the power plant.

3 different case studies are presented here to highlight the challenges
involved in developing Cooling Water Treatment Program at Power Plants.

Introduction
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Water Source – Surface, Bore-hole, Lakes, Reservoirs, Sea, Brackish, Mine
Water, Waste/Recycled Water, Harvested Rain Water, Mixture of these, etc.

Water Quality – Ionic loading (Cations and Anions), Organic matter – Micro
and Macro Biological; Decaying Vegetation; Decaying Animals; Decaying
Human Remains; Contamination from Untreated/Partly Treated Waste
Water; Contamination from Storage Tanks/Reservoirs (Soil/Cleaning
Practices/Vegetation in and around); etc, Process Contaminations (Coal
Dust, Fly ash, Oil & Grease), Seawater Backflow in Rivers/Canals, Annual
variations in Water Quality, Water Systems Configuration, etc.

System Metallurgy – Condensers – Tubes/Tube Sheet/Water Boxes,
PHEs, Coolers, Water Transport Pipes, Valves, Pumps, etc

Miscellaneous – Availability of Water, Infrastructure Available, Cost
Implications, Quality of Service Provider & Skill of Operating Staff, etc

Challenges in Developing CW Treatment Program
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CASE STUDIES
1. SWRO REJECT WATER AS MAKEUP TO 

COOLING TOWERS
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Combined Cycle Power Plant (CCPP) operating on seawater as
Cooling Media.

An Integrated Combined Cycle plant of 445 MW capacity and 68190
m3/day Reverse Osmosis Seawater Desalination plant (SWRO) operating
on Seawater as Cooling Media faced problem of high turbidity (> 400
NTU) and silt for 4 months in an year in the seawater intake system.

High level of silt/turbidity choked the Dual Media Filter, Plate Heat
Exchanger, etc resulting in plant shut down.

To overcome the problem, plant desired to conduct studies for assessing
feasibility of using SWRO reject water as makeup to Cooling Tower.

CASE 1: SWRO Reject Water as Makeup to CT
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Salient Characteristics of Seawater, Cooling Water and SWRO Reject Water 
S.No. Parameter Unit Seawater

Quality
Seawater
Quality at 75
ppt Salinity

SWRO
Reject
Water
Quality

SWRO Reject
Water Quality
at 75 ppt
Salinity

1 pH 8.1 8.59 8.0 8.15
2 conductivity mS/cm 54 108 85 110.5
3 CaH ppm as CaCO3 1050 2100 1700 2210
4 MgH ppm as CaCO3 5300 10600 8200 10660
5 M alk. ppm as CaCO3 121 242 200 260
6 Chloride ppm as Cl 20700 41400 32000 41600
7 Sulphate ppm as Cl 2300 4600 3600 5040
8 Silica ppm as Cl 2.1 4.2 2.1 2.94
9 Turbidity NTU 2.3 4.6 1.3 1.82
10 Salinity ppt 37.3935 74.757 57.79 75.118
11 RSI 5.22 3.59 4.51 3.93
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Table 3: Quantity of SWRO Reject Water required as make up to Cooling Tower

CASE 1: SWRO Reject Water as Makeup to CT
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CONCLUSIONS AND RECOMMENDATIONS

 SWRO reject water can be used as makeup to cooling tower in place of
seawater as long as circulating water quality is maintained within the
prescribed limits.

 Cycles of Concentration (CoC) could be 2 (max) for seawater and 1.3 for
SWRO Reject water (salinity maximum 75 parts per thousand). Specific
Heat of water at equal salinity will be similar, further SWRO reject water
is filtered and is at lower temperature than seawater. This well improve
heat transfer.

 Advanced chemical treatment incorporating a combination of
HEDP/PBTC and co-/ter- polymer along with continuous chlorine dosing
to maintain FRC 0.2 to 0.5 ppm and ORP > 500 mV will be required to
control scaling, fouling and biofouling in the system.

CASE 1: SWRO Reject Water as Makeup to CT
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CONCLUSIONS AND RECOMMENDATIONS

 Efforts shall be made to put condenser OLTC in operation as this will help
in reducing the fouling and biofouling (including loose deposits) and
better performance.

 Corrosion issues would remain same whether seawater or SWRO Reject
Water is used so long as salinity remains the same.

 Proper maintenance of anticorrosive coatings and cathodic protection
systems will be necessary for all systems in contact with seawater.

 Structures near to cooling tower shall be coated with paint systems
suitable to NORSOK M501 System 7A. Minimum DFT shall be > 500
microns.

CASE 1: SWRO Reject Water as Makeup to CT
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CASE STUDIES
2. SEWAGE TREATED WATER AS MAKEUP TO 

COOLING TOWERS
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 Huge requirement of water for condenser cooling in power plants.

 Availability of sufficient quantity of quality fresh water is difficult for
cooling applications in power plants.

In principle Municiple sewage treated water (STP Water) can be used for
condenser cooling applications and if properly planned & executed can be
an answer to reduce fresh water consumption and have a reliable source of
cooling water.

But this option poses technical and economic challenges!

 They are principally the costs of adding secondary filtration that may be
required, the need to select materials capable of coping with gray water’s
higher corrosion potential, and special chemical treatment requirements.
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Potential hazards in reclaimed water:

 Hazards in reclaimed water largely depend on the source and
composition of the wastewater.

 The contaminants from Municipal Treated Sewage Water that are of
the most concern include: pathogens, trace organics, heavy metals,
endocrine disrupting chemicals, pharmaceutically-active compounds,
and nutrients, etc.

 In addition, the by-products of chlorine, the common disinfectant used
in wastewater treatment, are also found both in the effluent and the
emitted drift from cooling towers.

 Emission of particulates from air drift is also of major concern in cooling
towers due to salt deposition and concentration during the cooling
process.

CASE 2: Sewage Treated Water as Makeup to CT
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 Municipal recycled water typically contains high levels of ammonia as a
result of incomplete removal of this by-product of human waste in the
treatment process.

 Recycled water also contains residuals of phosphate from soaps and
detergents, residual organic contaminants, as well as increased TDS
residuals.

 Chemical treatment of cooling tower waters that contain ammonia,
organics and phosphates is challenging and expensive, as it requires
significant increases in the quantities of traditional inhibitors and
biocides used to control corrosion and bio-fouling.

 Such water quality also generally requires increased tower water
wastage to avoid scale limitations.

 These traditional water treatment issues have reportedly been the major
limitation and resistance to increasing use of recycled water in
evaporative cooling applications.

CASE 2: Sewage Treated Water as Makeup to CT
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Ref: The Economics of Municipal Sewage Water Recycling and Reuse in India Pritika Hingorani, Chapter 21

CASE 2: Sewage Treated Water as Makeup to CT



CWMC

 A Station with 3 Supercritical Units of 660 MW each, was mandated to
use Municipal Sewage Treated Water as make up to Cooling Towers.

 Units are provided with Natural Draft Cooling Towers having circulation
rate of 82500 m3/hr, evaporation rate of 1281 m3/hr, drift losses of
4.125 m3/hr at full load. The blow down at 4.5 CoC is around 366 m3/hr
(full load).

 The Municipal Sewage Treatment Plant (STP) identified is of 130 Million
Litres/Day (MLD) capacity and the waste waters are treated to
Secondary level using Sequential Batch Reactor (SBR) Technology. 110
MLD of Secondary Treated Waste Water to Tertiary Level is transported
to about 20 kM by pipelines to the Power Plant.

CASE 2: Sewage Treated Water as Makeup to CT
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 Designed parameters for tertiary treated water from STP were – pH 6.8 – 7.8,
BOD5 < 5 ppm, TSS < 5 ppm, Turbidity < 2 NTU, Total Nitrogen (as N) < 10
ppm, Total phosphorous (with coagulant addition) < 0.5 ppm, Total coliform < 2
MPN/100 ml, Dissolved oxygen > 2 ppm, FRC at STP outlet 0.3 – 0.5 ppm.

 Designed parameters for secondary treated water envisaged presence of
around 1.18 ppm of phosphorous, 20 ppm of BOD, 40 ppm of COD, 0.3 ppm
iron, 51 ppm of chloride, (parameters additionally affecting scaling, fouling, &
corrosion in CW systems) besides other parameters.

 With secondary treated water (or even tertiary water) the chloride level goes to
229.5 ppm at 4.5 COC (additionally with chlorination some more chloride will be
mixing). The condenser tube material at Plant is welded SS 304 and acceptable
limit for chloride for SS 304 is < 200 ppm. Further, in case of grey water or
reclaimed water chloride levels generally increase with time. So keeping this in
mind the present COC recommended maintained between 4 and 4.5.

CASE 2: Sewage Treated Water as Makeup to CT
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 Chemical treatment of STP water was designed to be low phosphate (PBTC +
Co/Terpolymer) for Secondary treated water and high phosphate (HEDP +
PBTC + Co/Terpolymer) for tertiary treated STP water. Microbiological control by
continuous chlorine dosing to maintain FRC 0.2 – 0.5 ppm (ORP > 500 mv)
supplemented by shock dosing of ClO2 (ORP > 600 mv). Ozone treatment for
STP water from STP to the Plant.

 Metallurgy involved – Condenser Tubes - Welded SS 304, Tube plate –
SS 304, Pipelines – MS

 The two different treatment program based on basic chemicals (non-
proprietary) were developed so that based on input quality of STP water,
appropriate treatment can be implemented.

 The treatment program is in operation for past three years and except
for practical issues like availability of chemicals, etc, no major issue has
been reported.

CASE 2: Sewage Treated Water as Makeup to CT
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Conclusions

 Sewage Treated Water can be technically used as a make up to
Cooling Towers with suitable treatment.

 Before attempting to use the STP water for power plant cooling water
system it is necessary to ensure that sufficient quantity of STP water is
available for meeting the plant need.

 It is necessary to ensure that the STP water will be available at what
location and of what quality (Secondary treated or tertiary treated?).
What additional infrastructure will be required (storage requirements?).
Likely impact on environment? Safety of Man & Machine from
concentrated drift from cooling towers.

CASE 2: Sewage Treated Water as Makeup to CT
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Conclusions

 The STP water has higher potential for Scaling, Fouling, Corrosion and
Biofouling than fresh water, careful assessment of quality of STP water
is to be made keeping the plant metallurgies in mind and arrangements
for suitable chemical treatment program is to be made. The treatment
program shall be flexible enough to be modified as per quality of STP
treated water available.

 Necessary precautions have to be taken to ensure safety of man &
machine around the plant area.

 Environmental discharge norms have to be taken into consideration and
effluents to be treated according to discharge norms.

CASE 2: Sewage Treated Water as Makeup to CT
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Fig. 1 and 2: SBR Based Sewage Treatment Plant
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CASE STUDIES
3. FLY ASH CONTAMINATED WATER AS 

MAKEUP TO COOLING TOWERS
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 A Station Operating on Ion – Exchanged Softened Water as Makeup to
Cooling Towers.

 The Condenser Tubes are of Welded SS 304, tube sheets of SS 304,
Water Boxes of Steel and pipelines of Steel.

 Only hardness salts are removed by softening but no dealkalization is
adopted.

 No acid dosing is adopted in the Cooling Water System.

 3 Sets of Fly Ash Silos were constructed near the cooling
towers/forebay. Fly Ash was getting mixed with Cooling Water (Fig. 3 –
6).

CASE 3. FLY ASH CONTAMINATED WATER AS MAKEUP TO 
COOLING TOWER



CWMC CASE 3. FLY ASH CONTAMINATED WATER AS MAKEUP TO 
COOLING TOWER

S. No a) Parameter Soft water Cooling 
Water

COC

1 pH 7.60 8.96
2 Conductivity 

microsemens/cm
158 857 5.43

3 Total Hardness ppm as 
CaCO3

3 46 15.33

4 p-alkalinity ppm as CaCO3 0 42

5 m-alkalinity ppm as CaCO3 35 302

6 Chloride as Cl- 19 60 3.16
7 Turbidity NTU 0.2 7.8 39
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COOLING TOWER

Fig. 3 and 4: Fly Ash Silos Near CW System
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COOLING TOWER

Fig. 5 and 6: Fly Ash spread near CW System
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 Severe Scaling/Fouling observed on the Condenser Tubes. Condenser
performance had deteriorated.

 Sulphamic acid based chemical cleaning was adopted to remove the
deposited material.

 A number of Condenser Tubes failed after cleaning mainly from welded
joints and near tube – tube plate joints.

During Failure Investigation it was observed that most of the tubes were
choked with mostly with fly ash with hard calcium based scale.

Major cause of failure of Condenser Tubes was found to be due to Under-
deposit and Microbiologically Induced Corrosion (Fig. 7 to 14).

CASE 3. FLY ASH CONTAMINATED WATER AS MAKEUP TO 
COOLING TOWER
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COOLING TOWER

Fig. 7 & 8: Condition of Condenser Tubes after Cleaning
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COOLING TOWER

Fig. 9: Condition of Condenser Tubes 
after Cleaning

Fig. 10: Old tube bundle
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COOLING TOWER

Fig. 11: Blocked tube (mostly ash) Fig. 12: Tube surface covered with 
ash
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COOLING TOWER

Fig. 13: Scale deposit removed from 
tube

Fig. 14: MIC and weld corrosion of 
tubes
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CONCLUSIONS AND SUGGESTIONS:

 Fly Ash silos contribute to the ingress of Fly Ash in the CW System
causing physical fouling in the tubes/CT basins. Fly ash gets partly
dissolved resulting in changes in water quality.

 Attempt shall be made to shift the silos to some other location.

 Installation of side stream filters of suitable capacity.

 Development of suitable chemical treatment program incorporating
silica dispersant along with anti-scalants, dispersants, etc. pH to be
controlled to less than 8.3. Continuous dosing of Chlorine/Chlorine
Dioxide for microbiological control. Online Tube cleaning system to be
operational.

CASE 3. FLY ASH CONTAMINATED WATER AS MAKEUP TO 
COOLING TOWER
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1. Cooling Water Treatment at a Station needs to be taken seriously.

2. Each cooling water treatment program is site specific and should be
developed accordingly.

3. The program should consider long term effects on the system
performance and consequent effect on cycle chemistry & losses
associated with it.

STUDY CONCLUSIONS
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