Heat exchanger operation and maintenance practices
By Mike Catapano and Eric Svensson

The balance of plarfBOP) category otutility power plantheat exchangers @édten overlooked
whenmaintenance managers evaludwe needor preventive maintenanc&hesound eliable
operation of the turbine, generator, pumps, fans, air compressors, @ten directly linked to

the proper care and maintenance of these various types of BOP heat exchakgeyproper
care of your BOP heat exchangeas often awid the suffering of more costly consequences as
direct result ofnadequate cooling due to clogged or fouled tubes or by-corgamination
caused byeatexchanger tube or tube joint failures

This article aims to provide a basic understanding oftteemal, hydraulic and chemical
(metallurgical) issues that challenge the responsible system engineer who is charged with their
proper care, and offers specific guidelines for operational and maintenance ptadtalps

establish a successfulgventatve maintenance program

References or the basics

Two references are strongly recommended as required re@adijain a woking knowledge of
the various typeand configurationsf shell and tube heat exchangers. The firtheStandards
of the Tubular Echanger Manufacturers Association (TEM&gecondlythe Heat Exchanger
Instituteguidelines for Power Plant Heat Exchangersichcompliments the TEMA standards
because it specifically deals widimd contains informatioaboututility powergenerating hat
exchanger applications.

Common BOPheatexchangers

BOP heat exchangers are of various types and configurations, from basic shell and tube
exchangers to platnd frame=xchangers, finned coils, doubgépe exchangers and many
others. Each hats own adantages and disadvantages and each can require different
maintenance approaches.



Figurel. Shell andubeheatexchanger Figure2. Plateandframeexchanger

Theseauxiliary exchangersliffer widely, using varioufluidsto be heated or cooleds vell as

which medium is on the tube side and which is on the shelllsialsois importanto know

which sideis operating at the higher pressure siang failureswill result inleakage from the

higher to the lower sid&ecause of this, each exchang#ers different challenges in the

operation andanaintenance programs. The approach to corrective maintenance also varies based
on the specifics of the exchanger.

Common BOP golers includemain turbinelubeoil coolers,stationair compressornter
coolers,condensateoolers,auxiliary lubeoil coolers,hydrogencoolers,air gjectorglandsteam
condensers and otle2eCommon BOFheaters includefuel gas orfuel oil heatersauxiliary
boilers,reboilers,air andglycol heatersas well as other applicatis.

Figure3. Main turbinelubeoil coolers Figure4. Generatowir cooler



Figure5. Fuelgasheater Figure 6. Removedauxiliary boiler internals

Service vater systems

Now that we have introduced some of the tmasnmon BOP hegt exchangers, ormaust now
gain an understanding of the systems they are typically an integral part of. Sinasthe m
popul ar BOPO&s awewildudheriolr discussionswitioelxaenpleseqgtiipment
coolersthat utilizeservice wateas the cooling mediumStation service water systems arener
icl dospd d ( c ool i riapeni(rivex, éake)or pond¥ystems. Opersystems can be
either fresh obrackish waterconsistencyand as one would expect, different environments
demand dferent water chemical treatmerdsad yield differenfouling andcorrosion potentials.

Categoriesof typical problems andsusceptibilities

The following outlines some of the more common problems associated with BOP heat
exchangers:

Designs with poor/marging@erformance
Configurations with por maintainability
Corrosion susceptibility based on materialsaistruction
Lack of online performance monitoring

Propensity for foulingdogging
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Improper maintenance procedures
1 Lack of Preventative Maintenanpkans
Each of these issuesdiscussedurtherbelow.

Poor/marginal performance designs



Often, many small er exchangers ©®EMdedgosand ht fof
are fitted into thé&icomponent packagerovided by the supplier. Sometintbgse exchangers
areselected based on order of magnitude rating of the total amount of heat to be trarisferred
arenot actually sizedr constructedor all of the specifics of the applicatioBast iron dished
heads, relativelyhin tubesheetsnadequgely spacedaffle/supportplates anaverallpoor

quality constructiorusuallyresult in premature failuref theseexchangersand in some cases

the cost to repair and maintain these units is more than the cost of a new excdiaergdas
typically no onservatism in these designs that allow for adequate performanoenfiber of
tubesfail, or becomeclogged. This usuallyesultsin higher tube velocitiesvhich can result in
tubeinlet erosionin the remaining free tubeshis is particularl)compouned in the summer
months when the service water can be much hotter.

Due to he parakl configuration of the entire service wasgstem one cannoassume that the

tube side cooling water flow is designed. Thactual flow will be based on the systenatie
characteristics, and the pressure drop that exists inpa@aahel cooler branchlrhe cooling water

will always take the path of least resistance, so depending on manual valve positions, details of

each piping run, changes in elevatitre degree of duling/suspended debris/mud/sétc., we

mighthave more or much less cooling wdtew than we suspect. In mostcaseswe j ust don
know how much cooling water @gctuallyflowing through the exchanger

Figure7. Tubeandligamenterosionof tube sheetFigure8. Tubeto tubesheet joint leaks in a
lubeoil cooler

Poor maintainability configurations

Often, if an exchanger is in a difficult to access location, it goes ignored. The ability to remove a
head or waterbox to géill access to the tubdeld andconduct maintenance is paramoumt
extending the life of these exchangers. In some cases, changes in design to the piping runs or
head configurationof the exchangershould be considered to assistd more easily facilitate
maintenance.



Corrosion susceptibility - materials of construction

Obviously the materialsiust be compatible with the fluids on both sides of the exchamger
are typically selected based on resistance to the potpril@emsof the application.BOP
exchangers are typityamade of lowergrade materials that are susceptible to various different
types of corrosion. The attack can benpounded by the effect of the type of deposits/debris
that precipitate out of the cooling water flow. Thigght manifest into other corrasn
susceptibiliies specific to each exchanggrplication which must also be identified and where
possible, mitigated.

In somecases thermightbe amix of different materialsvithin a given exchangeusuallynon
ferrous pras3 andferrous (steel). fierefore the system engineer must always be concerned with
thegalvaniccorrosionpotentials Additionally, the tube material affects the rate of hestsfer;
therefore, if considering a change in tube material for a specific exchanger, it musized te
ensure that the proper amountafface is providetbr the application.
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Figure9. Galvaniccorrosion of a heat exaelnger waterbox
Fouling/clogging

Closed coolingvaterloops that employ cooling towers typically suffer degradation in
performancedue to foulingfrom calcium carbonate and other hard water deposits that
accumulaten the tubes. Open cooling water systems can result in tube fouling deleri® and
biological deposits. Fouling results in degraded heat transfer perfornbanedth time
excessive foulingan result ircloggingwith higher pressure drops due to grasead or silt
blocking and reducing the normal cooling water flo@®ggingcan resulin increased erosion
due to highetocalizedvelocities inthe lessaffected tubedn addition,other types of corrosion
mechanisms (unde&teposit corrosiorgrevice corrosionMIC, etc.)can compound the situation

Need for online performance monitoring



To ensure that the compounding effect of excessive fouling/clogging is minimieed,
recommend oiine performance monitoring.ré&ndingtube sidghermal rise and pressure drop
parameters across the exchanger knglpto identify the most optimum cleaning schedule
necessaryo preclude foulingrom manifesting into cloggingand the arious other problems as
a result.

Figure10. Exchanger clogged with mud Figure1l Clogging that resulted in additional
corrosion otthe heat exchanger head

Figure12. Corrosion otheatexchangerchannel Figre13. Corrosionof partitionribs in head
Tube failures and plugging

Often, tube leaks that develop in BOP exchangers go unnoticed until significant damage to the
exchanger has already occurred. The exception is usubdpil coolers, where a cross
contamination of the systems ocs, and the leak must be identified and corrected promptly.
Sometimes these failures cause environmental issues when oil leaks into th&/mer.

choosing a plugging device, consideration must be given with respect tsidelgressure, shell
side presure, tube surface irregularities and the potential to loagartime, due toeither



deterioration or thermal cyclind\nother consideration is the additional stresses imparted to the
exchanger based on how the plug is instalRkdg materialshould becompatible with the
parent heat exchanger tube material.

Figure 14. Mechanicakealplugs installed in @ondensateooler
Lack of preventative maintenanceplan

Many plants do not have a proact®Bl plan for thes@OP exchangers, typically waiting uhti

there are obvious signs of damage before repairing the exch@ihgelack ofplanned

scheduled cleaningnd rautine maintenance is almost always a contributing factor when major
repairs to an exchanger are requileds imperative ¢ develop a progm that works. The
scheduleanbe arbitrary at first, but should be adjustgth time, based on the trended

timeframe to reach unacceptable loss in thermal performance or excessive pressure drop across
the exchanger. ttan be further biased by thefasind conditions between inspections and the
propensity for failures/problems with the specific exchanger.

In this regard a full lifecycle management plan offers the best approbuwigtterm, reliable
operation forlhose critical BOP exchangers. Basedlenresults oéxchangeperformance
monitoring trendsaPreventative Maintenance Schedcds be developetthat includeghe
following activities

1 Routine cleaning
1 Inspections,dstingand required repairs
1 Failure @useanalysis
This lifecycle managemeanpproach shall be the subject of a future article.

Repair options



Despite the best efforts establishingpreventative maintenangeogramgo extend the lives of
BOP exchangers, the exchangers will inevitably fail or become damaged at some point. A
numker of repair optiongxist for various problems experience by BOP exchanfjers

plugging leaking tubes, to retubing or exaampletereplacement tube bundles. In mamases,
custom repairs to headsiterboxes and tulsheetsnight berequired independe¢mnf tube

bundle failuresin cases whermlet erosiondamage iprevalenttfube sleeving or epoxy coating
of tubesheets and waterboxaght help extend the life of the exchanger until a replacement can
be procured. For smaller exchangers, especiallyhine plant has several of the same type, it is
often advantageous to have a spare exchanger wéundie swapped in place with the existing
exchanger. The removed exchanger can then be cleanpdemaded for reusea a shop
environment andeadyfor re-installation during the next cycle.

Figure21. Tube Erosion Figure22. Tube sleeves inserted to
minimize erosion



