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ABSTRACT

Efficient condenser operation is critical to minimizing the operating costs and improving the
performance of aturbogenerator unit or power plant. Efficient condenser performanceis
recognized by an improvement in heat rate and generation capacity, less fuel is consumed and
asignificant reduction in CO, emissions can be achieved. Condenser tube fouling and
condenser air-inleakage have been found to have a significant impact on condenser
performance and subsequently plant performance. State-of-the-Art technol ogies have been
developed by Conco Systems to effectively remove fouling and deposits from condenser
tubes and to identify the location of air and water in-leakage into the condenser, providing a
longer useful life cycle. In addition, application of these technologies results in improved
condenser backpressure, a decrease in plant heat rate and a decrease in yearly fuel
consumption. Overall, plant performance isimproved and CO, emissions are dramatically
reduced.

CONDENSER PERFORMANCE

Condenser performance can have amajor impact on plant performance. Condenser design
specifications define a maximum effective rate of removal of the latent heat in the exhaust
vapor entering the condenser, as well asits transfer into the circulating water, given the
condenser backpressure, cooling water flow rate and inlet temperature. Variationsin the
parameters will change the backpressure and also affect the heat rate for agiven load. In
addition, variationsin tube fouling conditions and air in-leakage can negatively affect
backpressure and heat rate. To avoid the negative affect maintenance personnel will perform
condenser tube cleaning and repair leaks within the vacuum boundary. However, the
condenser cleaning must be effective to achieve improvements in performance and the
sources of air in-leakage must be detected before they can be repaired. The result of tube
cleaning will be improved heat transfer efficiency, reductions of air in-leakage will also be
improved condenser performance. In as much, steam will be cooled efficiently, turbine
capacity will not be restricted and less fuel will be consumed by the boiler.

Unfortunately, condensers seldom operate under clean conditions for very long periods of
time and the ills to which they are prone during normal service fall into four major categories:

Fouling of the tube surfaces

Tube or Tubesheet Fouling due to shell fish or debris
Circulating water in-leakage

Excess ambient air in-leakage

The first two categories are related to fouling and tend to be cyclical in nature. The actua
fouling impact will vary from plant to plant, and even between units in the same plant. The
second two categories are concerning water or air in-leakage. Either kind of leak is almost
certain to develop at some point in the future, and a correction strategy can be prepared.

Fouling of the tube surfaces

Almost every condenser experiences some kind of tube or tubesheet fouling, Most condenser
circulating water sources contain dissolved solids that can precipitate and become deposited
on the inner surfaces of the tubes, so adversely affecting the unit heat rate and/or limiting
generation capacity. These deposits can also contribute to various types of corrosion and, if
not removed periodically, the corrosion may eventually penetrate the tube wall, allowing
circulating water to leak into and contaminate the condensate.




Fouling can affect not only unit heat rate but also the ability of the turbine to generate its
design load capacity. In fossil-fired plants, an increase in heat rate isreflected in higher fuel
costs for a given load and increases of 2% are not uncommon. Increased fuel consumption
resultsin greater CO, emissions. In both fossil and nuclear plants, if the fouling becomes
severe, it will cause the backpressure to rise to its upper limit, forcing a reduction in generated
power. There are reports of up to 20 Mw having been recovered and tons of CO, emission
reductions achieved by the removal of severe accumulations of deposits.

With nuclear plants, thereislessflexibility and it is considered good practice to clean condensers
a every refueling outage. Even where a nuclear unit is equipped with an on-line cleaning system,
an annual or biannual off-line mechanical cleaning assures that condenser effectivenesswill be
maintained, reduces the risk of pitting from the stagnant water in those tubes which may become
blocked by stuck sponge balls, and ensures that every tubeis cleared and cleaned at |east once or
twice ayear.

Tubeor tubesheet fouling dueto shell fish or debris

When this occurs, the circulating water flow becomes restricted and the thermal conductivity
of the tube side water film is reduced, again affecting heat rate and/or generation capacity.
Putman and Hornick(1) found that a useful estimate of the circulating water flow rate could
be abtained by interpreting condenser operating datain terms of turbine heat balance and low
pressure expansion line relationships. Their reference plant was located on the Gulf of
Mexico, where shellfish attached themsel ves to both tubes and tubesheet, causing condenser
performance to decrease fairly rapidly. ASME type single-tube heat transfer cal culations were
used to estimate fouling resistance, based on the observed variation in water flow rate. Plots
showed a close and cyclical (saw-toothed) relationship between flow rate, fouling resistance
and backpressure, a study of which allowed intervals between tubesheet cleanings to be
extended, rather than conducted at fixed intervals.

Circulating water_in-leakage Circulating water in-leakage can result from penetrations
through the tube walls, from joints between tubes and tubesheet that have developed leaks, or
from other penetrations between the water box and condenser shell that have lost their
integrity. The contaminantsin the circul ating water change condensate chemistry and/or pH,
tending to increase boiler or steam generator corrosion; or result in an increased consumption
of water treatment chemicals in the attempt to compensate for the change in water chemistry.
Poor water chemistry can also cause stress corrosion cracking of steam turbine components.

Even asmall circulating water in-leakage into the condensate can be damaging to the unit as a
whole and is often the cause of an unscheduled outage. The length of that outage will depend
on the means adopted to locate the source of the leak quickly, the on-line and off-line use of
tracer gas (SFs) being the preferred method.

The EPRI Condenser In-Leakage Guiddine(2) explores these problemsin detail and shows
how the use of the tracer gas referred to above can be used to rapidly locate the source of
either water or air in-leakage, allowing the problem to be corrected quickly.

Excess ambient air_in-leakage

The design of condensers routinely alows for anormally acceptable level of air in-leakage,
often considered to be 1 scfm (2.13 kg/h) per 100 MW, athough a new ASME Standard(3)
shows the limit to vary with the number of condenser compartments and exhaust flow rate.
The sources of such leaks can be labyrinth glands on steam turbine shafts, as well as packings
and seals that are less than leak-tight. Aswith fouling, air in-leakage rates above the
acceptable values can detrimentally affect heat rate as well as limit generation capacity.




Excessive air in-leakage a so affects the concentration of dissolved oxygen in the hotwell,
which can cause corrosion damage to other parts of the unit. Of course, high dissolved oxygen
levels can also be caused by a change in the performance of the air removal equipment and
this should be checked before undertaking the search for leaks. In many cases, the increased
reliance on deaeration taking place within the condenser makes minimizing air in-leakage
even more important.

CONDENSER TUBE CLEANING METHODS

Regardless of the tube material, the most effective way to ensure that tubes achieve their full life
expectancy and heat transfer efficiency isto keep them clean. Each time the tube deposits,
sedimentation, biofouling and obstructions are removed, the tube surfaces are returned almost to
bare metd, providing the most effective heat transfer and the tube itself with anew life cycle, the
protective oxide coatings quickly rebuilding themselves to re-passivate the cleaned tube.

The mgjority of cleaning procedures are performed off-line, the most frequently chosen and
fastest method being mechanical cleaning.

Among other off-line methodsis the use of very high-pressure water but, since the jet can only be
moved along the tube dowly, the time taken to clean a condenser can become extended. Great
care must be taken to avoid damaging any tubesheet or tube coatings which may be present;
otherwise the successful removal of fouling deposits may become associated with new tube leaks
or increased tube sheet corrosion, only observable after the unit has been brought back on-line.

M echanical Cleaning of Condenser Tubes

Off-line mechanical cleaning is especially useful where fouling problems exist and are too
severe to be handled by any of the other methods. Obvioudly, the tool selected hasto bethe
most appropriate for removing a particular type of deposit. Moulded plastic cleaners (pigs) are
quite popular for some light silt applications. Brushes can al so be used to remove these soft
deposits as well as some microbiologica deposits. Brushes are also useful for cleaning tubes with
enhanced surfaces (e.g. spirally indented or finned); or those tubes with thin wall metal inserts or

epoxy type coatings.

With harder types of deposit, metal cleaners of various designs have been devel oped, often with a
particular depositin mind. Figure 1.0, Conco Type C3S Tube Cleaner and Figure 2.0, Conco
Type C4S Tube Cleaner show some of the current versions of mechanical cleaners with
spring-loaded blades.

The blades are mounted on a spindle, at one end of the spindle is a serrated rubber or plastic
disk that allows ajet of water to propel the cleaners through a tube with greater hydraulic
efficiency. The water is directed to the tube being cleaned by awater gun, see Figure 3.0,
Conco Water Gun. The water is delivered by a pump operating at 300 psig (2.07 MPa). Since
the pump is usually mounted on awheeled base plate, the system can be conveniently moved
from unit to unit within a plant or even moved to another plant. See Figure 4.0, Conco
Portable Booster Pump.

Another advantage of using water for tube cleaner propulsion is that the material removed can be
collected in aplastic container for later drying, then weighing to establish the deposit density
(g/m?) and followed in many cases by X-ray fluorescent analysis of the deposit cake.

A water pressure of 300 psig (2.07 MPa) is very effective for propdling the cleaning tools
through the tubes, preventing their exit velocity from rising above a safe level. Some other



cleaning systems use air or a mixture of air and water to propd the cleaner, but air pressureis
compressible and dangerous to use.

Most metal cleaners are designed to have a controlled spring-loaded cutting edge: but, if effective
deposit removal isto be the result, the dimensions of the cutting surfaces have to be closely
matched to the interna diameter of the tube being cleaned, not only to improve the periphera
surface contact but also to ensure that the appropriate spring tension will be applied as the cleaner
is propelled through the tube. See Figure 5.0, C4S Tube Cleaner in Action. The effectivelife of
cleaners designed in this way can be as high as 12 tube passes.

Tube cleaner innovations

Asaresult of an innovative research program organized to resolve problems encountered in
the field and to devel op new products where existing equipment was found to be inadequate,
new tube cleaners were developed. For example, in order to provide the blades with more
circumferential coverage of the tube surface, the cleaner shown in Figure 6.0, Conco Hex
Cleaner, was devel oped. The increased contact surface provided by the greater number of blades
was found to be more efficient in removing tenacious deposits such as those consisting of
various forms of manganese.

A later development involved atool for removing hard calcite deposits, which were found to
be difficult to remove even by acid cleaning. Thisis shown in Figure 7.0, Conco Cal Buster,
and consists of ateflon body on which are mounted a number of rotary cutters. These are
placed at different angles around the body, which is fitted with a plastic disk similar to those
used to propel other cleaners through tubes. Used on condenser tubes that had accumulated a
large quantity of very hard deposits, Stiesma et al(5) described how cleaners of thistype
removed 80 tons (72.48 tonnes) of calcite material from this condenser. It has now become a
standard tool whenever hard and brittle deposits are encountered.

Additional developments for the removal of manganese dioxide, iron, and silica deposits,
include the stainless steel brush (SSTB), it is made from stainless steel, with over 1,000
contact points per cleaner, Figure 8.0 shows the Conco Stainless Steel Tube Cleaning Brush.

The experience gained from using these techniques has allowed the time to clean to be forecasted
with confidence and cleaning to be performed to schedule. For instance, anormal crew can clean
between 5,000 and 7,000 tubes during a 12-hour shift. Clearly, this number can risewith an
increasein crew size, limited only by there being adequate space in the waterbox(es) for the crew
to work effectively

The concern is occasionally expressed that mechanical cleaners can possibly cause damage to
tube surfaces. With cleaners that have been properly designed and carefully manufactured, such
damageis extremely rare. Indeed, Hovland et a(6) conducted controlled tests by passing such
cleanersrepeatedly through 30 feet long, 90-10 CuNi tubes. It was found that, after 100 passes of
these cleaners, the wall thickness became reduced by only between 0.0005 and 0.0009 inches
(12.5 and 22.86y). If a50% reduction in wall thicknessisthe critica parameter, extrapolating
this series of testswould be equival ent to 2800 passes of a cleaner per tube, or 1000 years of
condenser cleaning!

Clearly, dl off-line cleaning methods sometimes need assi stance where the deposits have been
alowed to build up and even become hard. In such cases, it may still be necessary to acid clean,
followed by cleaning with mechanical cleaners or high-pressure water to remove any remaining
debris.



Chemicals are also used for the off-line cleaning of condenser tubes, several mildly acidic
products are available and will remove more deposit than most other methods; but it is
expensive, takes longer for the operation to be completed, and the subsequent disposal of the
chemicals, an environmental hazard, creates its own set of problems. It has also been found quite
frequently that some residual materia still needsto be removed by mechanical cleaning methods.

Very few on-line methods are available to clean condenser tubes but the best known is the
system which uses recircul ated sponge rubber balls as the cleaning vehicle. These systems
often operate for only a part of each day and, rather than maintaining absolutely clean tube
surfaces, tend to merely limit the degree of tube fouling. Unfortunately, although the tubes
may become cleaner if abrasive balls are used, tube wear can now become a problem.

Mussalli et a(4) showed some uncertainty concerning sponge ball distribution and therefore,
how many of the tubes actually become cleaned on line. It isaso not uncommon to find that
numerous sponge balls have become stuck in condenser tubes and these appear among the
material removed during mechanical cleaning operations. For these reasons, the tubes of
condensers equi pped with these on-line systems still have to be cleaned periodically off-line,
especidly if loss of generation capacity is of serious concern.

Devedoping an Appropriate Cleaning Procedure

The selected cleaning procedure should remove the particular deposits that are present as
completely as possible, while also causing the unit to be out of service for the minimum amount
of time. Some other major considerationsin the selection process are as follows:

Removal of obstructions

Many tube-cleaning methods are ineffective when there are obstructions within tubes, or various
forms of macrofouling are present and, clearly, those cleaning methods should be avoided.
Attention has already been drawn to the shell-fish, which constitute macrofouling, including
Asiatic clams and zebra mussels. The sel ected tube cleaner must have the body and strength to
remove such obstructions. The cleaning method must aso be able to remove the byssal materia
that shell-fish use to attach themselves to the tube walls.

There are certain types of other debriswhich can become obstructions, anong them being
cooling tower fill, waste construction material, sponge rubber balls, rocks, sticks, twigs, seaweed
and fresh water pollutants, any or all of which can become lodged in the tubes and have to be
removed. Meanwhile, experience has shown that, if appropriate procedures are followed,
properly designed cleaners should not become stuck inside tubes, unless the tube has been
deformed.

Removal of corrosion products

With condensers equipped with copper alloy tubing, copper deposits grow continuously and the
thick oxide coating or corrosion product can grow to the point where it will seriously impede heat
transfer. Not only will the performance of the condenser be degraded but such deposits will also
increase the potential for tube failure. When athick outer layer of porous copper oxideis allowed
to develop, it disrupts the protective inner cuprous oxide film, exposing the base meta to attack
and causing under-deposit pitting to develop. Such destructive copper oxide accumulations
together with any other deposits must be removed regularly.

Surface roughness

Rough tube surfaces, as are created by the accumulation of fouling deposits, are associated with
increased friction coefficients while the reduced cooling water flow rates allow depositsto
accumulate faster. It has also been found that rough tube surfaces tend to pit more easily than




smooth surfaces. Thus smooth tube surfaces, which result from cleaning, can improve condenser
performance through:

o Improved heat transfer capacity and alower water temperature rise across the condenser,
reducing the heat lost to the environment

e Increasein both flow volume and water velocity, often resulting in reduced pumping
power

e Increased time required between cleanings, by reducing rate of re-deposition of fouling
material on the tube surfaces.
Reduced pitting from turbulence and gas bubble implosion

e Longer tubelife and condenser life

Plant performance will also be improved and CO, emissions reductions achieved.
IN-LEAKAGE DETECTION METHODS

In addition to effectively cleaning the condenser, the detection and repair of sources of air or
water in-leakage can have an impact on plant performance and CO, emissions. A well known
document, the EPRI Condenser In-L eakage Guideline(2), discusses in great detail the sources
of both water and air in-leakage and their consegquences, together with methods for their
location and correction. The techniques have evolved from earlier methods (e.g. use of foam
and plastic wrap), to the current state-of-the-art technique that involves the use of tracer gas,
principally sulfur hexafluoride (SFs). Most of the innovations were stimulated by the need to
locate small circulating water in-leaks but, eventually, the same techniques became used for
the location of air in-leaks as well.

Water in-leaks

The condenser is supposed to form a barrier between the cooling water - which flows between
the waterboxes through the condenser tubes - and the shell side of the condenser, in which the
exhaust vapor is collected as condensate. However, even small circul ating water |eaks will
quickly find their way into the condensate, contaminating it with undesirable dissolved solids
which tend to cause corrosion in the feedwater heaters, boilers or steam generators. On-line
conductivity or salinity instruments are used to indicate the presence of aleak and steps
should be taken to rectify the problem as soon as possible. Unfortunately, this usually means
taking the unit out of service, the associated loss of revenue depending on the length of the
outage. Thus the time taken to locate and correct the problem can be economically significant.
Thistime can be reduced significantly if the waterbox associated with the leak can be
identified while the unit is still on-line.

Among the leak detection methods commonly employed in the past were smoke generators,
foam or plastic wrap applied to the tubesheet, ultrasonics, tube pressure testing and membrane
type rubber stoppers. These earlier techniques al so left some uncertainty as to whether the
leak was confined to only one tube; so that adjacent tubes were often plugged as well (often
unnecessarily) asaform of “insurance plugging”. All these methods require that the shell
side of the condenser be under vacuum, provided either by the air removal system or, if the
waterbox is divided, by continuing to run the unit at low load, taking each waterbox out of
servicein turn and checking it for leaks.

Original investigations incorporated the use of helium as atracer gas. This not only reduced
the time required to locate aleak; it also eliminated much of the former uncertainty whether
the actual source of the leak had been found. However, the lowest detectible concentration of
helium is one part per million above the background level, and helium was often unable to



detect small water in-leaks. Thus atracer gas with greater sensitivity was sought, and a tracer
gas leak detection technique using SFs was devel oped. It was found that SFsin concentrations
aslow as one part per 10 billion (0.1ppb) can be detected, so that small leaks could now be
located and with confidence.

This method isillustrated in Figure 9.0, in which atracer gas monitor (the Fluorotracer
Analyzer™, see Figure 10), is connected to the off-gas stream leaving the air removal system.
A technician is stationed at the monitor (see Figure 11, Technician at Monitor) to observe the
shape of the trace on the strip chart recorder (See Figure 12), atypical response time being
30-45 seconds. Ancther technician is stationed in the waterbox and dispenses the tracer. The
two technicians communicate through two-way sound-powered radios, chosen to avoid RF
interference with other equipment.

Once the waterbox is open and the tubesheet exposed, a series of plenumsis placed over a
section of the tubesheet, each sized to cover an ever-smaller group of tubes. The technicianin
the waterbox injects the tracer gas into the plenum using a portable dispenser. Figure 13,
Technician with Plenum, shows effective utilization of the Plenum for tracer gas delivery.
The vacuum within the condenser allows the tracer gas to pass through any leaks that may be
present and eventually appear in the off-gas stream leaving the air removal system. The
technician watching the tracer gas detector monitor warns the other technician when the
presence of the gasis observed. A smaller plenum is then used, and so on. By using this
rigorous process of elimination, the problem tube can be rapidly identified.

Sulfur Hexafluoride can also be used on-line to identify the waterbox, even tube bundle, in
which the leaking tube is located. The SFg isinjected periodically into the circulating water
before each waterbox while the unit is still on-line, and a permanently installed analyzer and
monitor is used to identify the waterbox associated with the leak This reduces the time
required to locate and repair the leaking tube, once the associated waterbox has been opened.

Air In-leakage

Condensers are designed to perform correctly with the unavoidable and low level of air in-
leakage which is always present(3). However, greater air in-leakage than thislow normal
value will increase the concentration of non-condensiblesin the shell side of the condenser
and cause the thermal resistance to heat transfer to increase. Anincrease in backpressure and
unit heat rate will result. The in-leakage may even rise to the point where the backpressure
approaches its operating limit, forcing a reduction in load. Another effect of high air in-
leakage is often an increase in the concentration of dissolved oxygen in the condensate, a
concentration that will tend to increase with lower condensate temperatures. The
conseguences are increased corrosion of feedheaters, boilers and steam generators and/or an
increase in the consumption of water treatment chemicals. All these consequences have a
negative impact on unit profitability and performance.

Using the tracer gas technique, the source of most air in-leaks can be located with the unit still
on-line. Once again, atracer gas monitor isinstalled in the off-gas line from the air removal
system and the technician utilizing a handheld tracer gas dispenser (see Figure 14, SF¢-Pak
Hand-held Tracer Gas Dispenser) roams around the unit in a methodical manner until the
technician at the monitor observes aresponse. The leak detection survey starts at the turbine
deck level and proceeds from top to bottom of the unit, one deck at atime. Care must be taken
when dispensing the tracer gas that only one potential source is sprayed at atime, otherwise
the ability to associate a response with a particular source may become impaired.



THE RELATIONSHIP BETWEEN PERFORMANCE IMPROVENTSAND CO;,
EMISSION REDUCTIONS

Putman and Hornick also determined away to correlate this relationship by developing a
benchmark or reference condenser duty, comparing the current operating conditions to the
benchmark and then converting the difference in condenser duty or the heat loss to pounds of
CO.. A sourcefor thisreference or benchmark can be found in the andysis of turbine thermal kit
data, from which adesign model of the turbine L P stage can be created. Provided that the
turbogenerator is operating with the equipment configuration on which the thermal kit datawas
based; and that the boiler operating conditions are close to design for a given load; then the
exhaust enthalpy and flow entering the condenser can be calculated as a function of load and
back pressure, and these then used to estimate present condenser duty. Thus, the performance of
acondenser can be compared against a calibrated and stable frame of reference, which changes
only very dowly over time.

Tube fouling factors and condenser ambient heat discharges can aso be quantified. The model
aso calculates (in MBTU/h) the excess heat discharged to the environment due to the fouling and
air in-leakage of the condenser and its effect on the turbogenerator. These avoidable |osses can
also bereadily converted to the equivalent economic lossin $/h; aswell as the equivalent Ibs. of
excess CO, emissions per hour.

CO, Emissions Reduction Calculation

Table| displaysthe set of input and cal culated data associated with the cal culation of basic
condenser performance at Big Bend, Tampa Electric (Putman and Hornick). It will be seen that
the load and cooling water inlet temperature are the only two variables which have the same
valuein both columns. Fouling losses, from which avoidable emissions can be calculated, are
the difference between the condenser duty when fouled and that estimated if the condenser were
to be cleaned.

Table |l shows the losses calculated after the condenser has been cleaned.

The two major fuel properties associated with the carbon dioxide emission calculation are
carbon content of the fuel (weight) and fuel heating value (HV). Tablelll showstypical
values for the three mgjor fuels. Now 1 Ib carbon produces 3.6644 Ib CO,, and, assuming a
boiler combustion efficiency of 95%, the number of pounds of carbon dioxide emission (CE)
per one MBtu change in condenser loss may be calculated from:

£ _ 36644 Cx10°
0.95x HV

_ 38573x10°x C
HV

CE

@

To convert the losses due to fouling or air in-leakage (MBtu/h) to equivalent carbon dioxide
emission (Ib,, CO,/h), the data contained in Table Il may be used with Equation (1). The last
columnin Table Il indicates the equivalent carbon emissions per MBtu fouling loss, stated in
accordance with accepted |PCC [1995] practice.

Consider a coal-fired unit , Big Bend, Tampa Electric (Putman and Hornick). If the rate of
heat loss due to fouling is 34.968 MBtu/h, and assuming that the condenser is cleaned, then



the carbon emissionsiif the unit is operating at this load for 8000 hours per year will be as
follows.

34.968 x 64.987 x 8000
2.00

Carbon Emissions =

Carbon Emissions = 9.09 million poundsof carbon per year

ADDITIONAL CASE(9)

Australia

A significant amount of work has been done in Australiato quantify the effects of improved
plant performance on reducing CO, emissions. The following three sets of results
demonstrate the plant performance improvements and CO, reductions achieved through the
application of Conco System’stechnology at three major power plants.

Bayswater Power Station, NSW
Four x 660 mw Steam Turbogenerator/black coal fired boilers.
Savings per annum/Turbogenerator unit.
e 5% improvement in condenser back-pressure
e 0.15% improvement in unit thermal efficiency
e $500,000/0perationa (fuel) savings
e 26,000 tonnes greenhouse gas (CO,) reduction
Bayswater Power Station is considered the most efficient Power Generator in Australia

Kwinana Power Station, WA
Five x 200 mw Steam Turbo Generator/natural gas fired boilers
Savings per annum/Turbo Generator unit.
e 1.5 kpaimprovementsin vacuum obtained (back pressure reduced)
e 8% gainin heat transfer coefficient
e $278,000 operational (fuel savings)
e 13,329 tonnes greenhouse gas (CO,) reduction

Wallerawang Power Station, NSW (Hovland et al (9))
Two x 500 mw Steam Turbogenerators/black coal fired boilers
Savings per annum/generator unit
e 3to 6 kpaimprovement in back pressure
e  $203,731 operationa (fuel) savings Unit 7
e  $293,512 operational (fuel) savings Unit 8
e 2,992,380 cubic feet/day greenhouse gas (CO,) reduction Unit 7
e 4,311,056 cubic feet/day greenhouse gas (CO,) reduction Unit 8
Giving a combined (two unit) reduction of greenhouse gas (CO,) emissions of 2.7 billion cu.
ft. per annum
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India

Unchahar

At National Thermal Power Company of India’ s (NTPC) Unchahar Plant, 2200 Mw unit, a
reduction in CO, emissions of 8000 tonnes per year was achieved through application of
Conco tube cleaning technology.

e |mprovementsin Vacuum 14 mm Hg

e Improvementsin Heat Rate 31 kcal/kWh

e Fuel Savings 9,400 tonnes/year
e CO, Reductions 11,750 tonnes/year

Source: CENPEEP Performance Optimiser (Optimisation by using state-of-the-art technologies), NTPC,
December, 1998.

Typical 210 Mw
The Center for Power Efficiency & Environmental Protection (CENPEEP), of National

Thermal Power Company of India (NTPC), has performed air inleakage surveys and reports
these savings as aresult of areduction of air in-leakage on atypical 210 Mw unit.

e Improvement in Vacuum 7.2 mm Hg

e Improvement in Heat Rate 16.0 kcal/kWh

e Fuel Saving 6,400 tonnes/year
e CO; Reduction 8,000 tones/year

Source: CENPEEP Performance Optimiser (Optimisation by using state-of-the-art technologies), NTPC,
Mar ch, 2001.

CONCLUSION

Improvements in power plant performance and reductions in CO, emissions through the
application of state-of-the-art technologies for condenser cleaning and air in-leakage
detection are achievable. This paper demonstrates the correlation between improved
condenser performance and areduction in CO, emissions. When cleaning the condenser it is
imperative to select the most effective method, yielding the best results. Literally, tonnes of
emissions have been avoided due to the implementation of these sound practices. The
technology is available for deployment in the APEC region.
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Conco Type C3S Tube Cleaner Conco Type C4S Tube Cleaner
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Figure3.0 Figure4.0
Conco Water Gun Conco Portable Booster Pump

TubeWall Cleaner Blades Deposits
Figure5.0
C4S Tube Cleaner in Action
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Figure 6.0 Figure7.0
Conco Hex Cleaner Conco Cal Buster

Figure8.0
Conco Stainless Steel Tube Cleaning Brush
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SAMPLING

EXHAUST TO GAS SAMPLE SR
ATMOSPHERE | ANALYZER COIN%ITION- @
\ CONDENSER
| OFF-GAS
SECOND STRIP
TECHNICIA| CHART
STATION RECORDER
AIR REMOVAL
SYSTEM OUTLET WATER
BOX
INL:(;\(NATER / AIR HORN
PLENUM
D

CONDENSER TUBE BUNDLE

TECHNCIAN

IN WATERBOX
CONTROLLING
TRACER GAS

INJECTION

Figure 9.0
General setup for tubewater leak test

Figure 10 Figure 11
The Fluorotracer Analyzer™ Technician at Monitor
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CLEAROUT TIME

RESPONSE
MAGNITUDE OF
REPONSE

INITIAL
RESPONSE
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RELEASE

BASE LINE

RESPONSE

TIME

TIME
Figure 12
Chart Recording of atypical leak response

iure 13 Figure 14
Technician with Plenum SF6-Pak Hand-held Tracer Gas Dispenser
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Generator Load = 398.941 MW
Fouling L osses = 34.968MBTU/h
PRESENT CLEAN
CONDITIONS CONDITIONS
C.W. Flow = 228258.700 249200.000 GPM
Condenser Duty = 1838.382 1803.414 MBTU/h
Exhaust Flow = 1810.699 1782.084 Klb/h
Inlet Temperature = 90.570 90.570 Deg F
Outlet Temperature— A = 107.022 105.358 Deg F
Steam Temperature — = 123.950 115.946 Deg F
Back Pressure - A= 3.844 3.077inHg
Outlet Temperature— B = 107.031 105.357 Deg F
Steam Temperature — = 124.180 115.943 Deg F
Back Pressure -- B= 3.868 3.077inHG
Tablel
Condenser Performance Calculations
Condenser Lossesin MBTU/h
Generator Load = 398.941 MW
Total Losses = 34.968 MBTU/h
Tablell
Total Lossesin MBTU/h
C, HV, by, CO,/ Ib,, Carbon/
Fuel Ib/Ib/fuel Btu/lby, MBtu L oss MBtu L oss
Bituminous coa 0.8 13,930 238.1 64.987
Fuel oil 0.863 18,558 179.4 48.950
Natural gas 0.749 25,128 115.0 31.376
Tablelll

Carbon Dioxide Emissions, by, CO, per MBTU L osses
(Source: Putman, R.E., 2001, Steam Surface Condensers)
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