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Safe Steam Air Decoking
With Infrared Ther mography

By Ty Keeth

Since the inception of mechanical decoking aggpig” in the 1990’s, many
equipment owners have moved away from the traditistgam air decoke. The truth is
steam air decoking is still a valuable resource for kemgocombustible material from 1D
surfaces of fired equipment. Steam air decoking hasaseemeback in recent years as
equipment owners have noticed significant changesimvdy their units behave and
how often they have to come down for unscheduled maintendntil recently it has
been reserved for equipment with common headers dipteudiameter tubes that would
not allow for mechanical cleaning. Often stories of eopgipt damage feed equipment
owner’s fears of the possibility of damage as a redultilization of this technique to
decoke their equipment. As consideration about theroginttion of steam air decoking
of fired heaters in fouling service has reemerged, tlee t#lthe “burn out gone bad” in
years past have often been the first item up for digmusalthough some make for great
story telling, most are exaggerated and leave out the gyricaase or causes of damage
to the equipment. Properly executed, a steam air decakeedde solution to problems
of decreasing operational periods between necessary co&ealeand more strict
maintenance schedules. With additional knowledge anaregments in technology,
steam air decoking is safer and more efficient than.ev
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Some of the myths and common mistakes of steam air decoke.

When discussing steam air decoking, one of the pyinencerns is the “runaway”
decoke. This is the loss of control of the decoke duhegritroduction of air or “burn”
phase that would allow for melting of the tube metats severe damage to the
equipment. While there are many instances where a rynaweedited as the cause of
heater damaged there is little or no information maddadbie after the mentioned event
to explain what occurred in the way of investigationasiufe analysis, only the
accusation that the decoke burn was to blame. For a ryrniaveacur there would have
to be complete loss of control of oxygen to the dokeale the tubes during the burn by a
significant breach of the tube wall or several tubesibaneously. If a breach of the tube
wall were to occur during the burn stage, a properly sinddagailable steam supply will
keep the burn under control with less danger to the egqupthan during normal
operations as a crack or hole in a u-bend under steasupeewould not allow sufficient
oxygen to enter the ID and hot flammable product will respilling on to the burners.
Breaches during the burn phase would only occur as a oésulie wall erosion during
normal operation, excessive spalling or temperaturestiaat metallurgical limits.
Extreme over temperature (melting point) could contriboiteibe catastrophic failure in
an improperly controlled decoke burn, but only a few minatéemperature exceeding
the allowable maximum by 50°F or 75°F will have a neglgimpact on tube life
estimates. Remaining tube life estimates are basedanatans set forth in API 530 or
the Omega model and rely on temperature and pressure tmidetéme of expected use
to failure. A tube life estimate example for 9% chrdoiges may be 20 years of service
at 1325°F and 200 PSI. A typical decoke maximum allowable tetupe may be
1300°F target and 1350°F allowable for the procedure. No signifibamiges in the tube
life estimate occur for 1400°F at 40 PSI for 30 minutes whéeburn is occurring in the
involved section of tube. Operations will often use aseovative operating maximum
allowable tube skin temperature of 1250° F to allow roonufd&known areas of higher
temperature due to localized fouling or impingement during ncoperation. Areas
would be unknown due to location of the fouling or flam@ingement in relation to
available thermal couple locations. Not until lowetical temperatures are achieved
does any real reduction in projected life occur, but damalgeccur quickly and will
exponentially increase with added temperature above meiadlitimit of the tube
material. During most decokes it is found that the tubeievith indications of
combustion will rise 150 to 250°F above non-involved aodédke tube. Performing the
first stages of a decoke burn at approximately 1050°F wileaeltiarget tube
temperatures for optimal burning with the type of befoemtioned limits. Deformation
of the tube is a very common concern as is noted aften decoking. This is a common
issue that is 100% preventable. The cause of deformatéextéssive temperature
achieved during a burn phase. Several procedural mistakestghute to the higher than
allowed tube metal temperatures. Hold times at lowepégatures is one of the most
common. Many procedures will use excessive spalling to remmored of the more
porous material that is easier to ignite. While the last& a relatively low tube
temperature due to high steam flow and low box temperaiurejll be introduced at the
same time the box temperatures are raised for the burn.
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This creates a perfect environment for overheating otbipeaising the available
oxygen to more than is required prior to internal tubeptFatures reaching ignition
temperature for the target material. Another cause@heating is where firebox
temperatures will be at or near upper limits before a [murealized, creating an
opportunity for excessive tube metal temperatures imashort time. Visual detection
or commonly used color comparison charts will only ed\airn indications several
minutes after a decoke burn has initiated and tube tempesdtave already risen to
temperatures above 1250° F. leaving little time for acquzontrolled balance of the
burn before maximum allowable temperatures are reactsedir dasses over an area
where fuel (coke) is available for combustion it wél tonsumed. Typically only a few
tubes at a time will be involved and can easily be trekieh infrared technology, but
this can vary based on the amount of available combustiéilerial, volume of air, and
heater design (multi-pass vs. single pass).Total coottbe tube metal temperatures can
be obtained through infrared monitoring and a qualified te@migho understands these
relationships. Reducing the possibility of exceeding tenipexdimits along with
minimizing the risk of erosion makes a steam air decafex shan normal operation in
this respect.

Brittle tube walls from carburizatiomould likely be a result of extended periods of
excessive tube metal temperatures undetected during heated operation due to
unidentified areas of localized fouling and not as a redulie decoke process. These
areas may not be seen by thermocouples in as litBareches away from the location of
the TI. Cooling and reheating these areas in preparatiaetoke is a catalyst to
premature tube failure that could occur in this time pero@ell as pressure on the
damaged grain structure of the metals. Failure would onfgddezed at this stage, but
would have been the case with or without the decoke protéss scenarioLow
pressures used (40 psi typically at inlet) during a burn timeitpossibility of a breach
occurring due to pressure as flow rate is the desired mddmuremoval of ash or other
deposit materials and pressure is a result of achievirtgotonm flow. Actual pressure
would be lower past the point of injection. Properlyrtegi personnel with infrared
cameras can determine very quickly when and where a bginsband adjust steam air
ratios to control tube temperatutegore they are an issue while adjusting firebox
conditions to meet the needs of the affected aredkelavent of tube over temperature,
often inexperienced personnel wish to cool the tubes aklguais possible by removing
burners and returning large steam flows to the heatenaBa to the tube metals is much
more likely to occur by quickly cooling or shocking theduhetals. This can result in
stress cracking. All movements must be controllegrevent tube metal damage.
Additionally, snuffing of the decoke burn at these stagesalso make it difficult to
reignite and can be detrimental to the quality of thegulare.

Steaming or spalling of the tube ID is not bettantburning. Many feel that removal
of as much material as possible is better than renttwalg the burn. Erosion of u-bends
is the major concern with steam velocity. Thin laye&reoke in the u-bend help protect
the tube metals from steam cutting or erosion and wgpldally be the first coke
removed during a spall. The most important thing to conslideng spalling is the
possibility of erosion and take steps to minimize anwlate it. One common error is the
use of high steam volume and pressures for extended pefitae in preparation for a
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steam air decoke. Equipment in an open configuration veéte much higher velocities
at similar pressure than a closed system.

Light spalling with observation of the discharge is kst way to prepare the heater for
the burn process. Shocking of the tubes in certain texye ranges can aid in fracturing
the coke deposits to aid in ignition, but must be conttalléhin allowed temperature
ranges. An experienced technician will observe the efflioeking at volume and
consistency of coke particles to determine when air dimiintroduced. With complete
control of tube metal temperatures and pressures, thevandble realized from a steam
air decoke when compared to normal operation is steamityelThe potential for u-
bend damage can be reduced significantly by minimizing spallidgariorming the
procedure at low inlet pressures. Often ultrasonic thicktesting is performed on tubes
only after the decoke process. When erosion is obsetvedften just blamed on
decoking in general. UT inspections of u-bend outside densmishould be completed
prior to and after decoke when possible for signs of damadjéha procedure can be
adjusted accordingly. Additional inspections such asaa&fidins, and various other
metallurgical tests performed by clients have concludatalproperly administered
steam air decoke can have little or no detectable edfetiibe thickness or grain
structure, including u-bends. Removal of tube sectionsqeusike for internal
inspections show smooth polished surfaces almost mikeom appearance. A secondary
concern of excessive spalling and shocking of tubes woytdtastially plugging the
tube with coke. This would be an additional argument forgusiinimal steam as for
maintaining flow until the decoke technician observestmlitions of the heater and
effluent.

One of the common methods for decoke controleisuie of thermal indicators
attached in various locations and coil outlet temperatuged to control movements
during a decoke burn. While these can be useful additiofoamation, they can also
mislead personnel into making adjustments to the heatecain be detrimental to the
tube materials or the quality of the decoke process.ratireechnology can see all or
most of the tubes in the radiant sections of theeneatd give accurate data that can be
utilized by qualified personnel to make the correct char@esservative decoke
methods and thermal couples may be utilized when burningghrthe convection pass
is desired. The decoke procedure can be slowed and the tachwiikc watch for the
emergence of burn indication to exit the convectioneamdr the radiant tubes before
continuing with an optimized procedure.

Some say there is no “proof” of the state eféljuipment at the completion of the
decoke procedure. ITI typically utilizes a proof burn phasere/all steam is removed
from the heater for a period of time and tube metasased to maximum allowable
limits. During this stage, any combustible materials wduich and can be seen by
infrared equipment to ensure the area does not exceadhble temperature. Additional
information can be obtained by operations if desired byp$iag the air for levels of
oxygen and carbon dioxide to ensure when or if burningasroag. Infrared images
recorded throughout the burn phase will document whaene ibdications begin and
when they are no longer present. Pre and post decokesthfreapections can illustrate
the effectiveness of the decoke whether by mechanicahsnar steam air decoke.
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While there are true stories of damage to equipmeingddecoke, it can be shown
that excessive spalling, excessive temperature, poor procedndesexperienced or not
properly trained and equipped personnel account for theseetadmd are compounded
by condition of the tubes at the start of the proceduadéor limits placed by poorly
designed steam/air controls to the heater and limiiaton available resources.

Many reported failures have been the result of operapiersonnel utilizing an
optimized decoke procedure in the absence of the qualifemkdaechnician. All of
these issues are correctable with the exception ofrexidamage.

Thetruth about steam air decoking.

Clients report the return to historical run tinafier returning to at least partial steam
air decoke schedule. Polishing of tube ID surfaces help reétaaility for materials to
attach to the tube walls. While deformation of the tub@nges in tube sizes, and other
design issues may affect the quality or the ability ofeechanical cleaning, they do not
affect the steam air decoke process. Incomplete rdrobeake material will decrease
the run for the following operational period. Complegmoval along with polishing of
tube ID surfaces will extend run times reducing the additiexpense of unit shut downs
for decoking only allowing for more total run time! In somstances we have seen run
times increase from 3-4 month intervals with mechamilesning to over 12 months with
a return to steam air decoking and the addition of gocelnensive inspection program to
address contributing fouling issues such as burner cleaninigeandbalance issues along
with early identification of localized fouling indicatis.

Non-combustibles can be removed. Most calciulibassalts, coppers, sulfur and
other non-combustible material will be released frooapsulation in coke and carried in
the effluent. While it is possible for some to remaitha tubes, depending on tube ID
condition (smooth tubes will release easier while raugscratched tubes can aid in
attachment) and location of the deposit (tube wall nsapsulated), it is usually not of
concern. A follow-up infrared inspection can determinéefé are any remaining
insulating materials and how they affect tube metaperatures. Mechanical cleaning
may be recommended for removal of these materialsrotaing schedule, depending
on the severity and type of process.

A properly administered steam air decoke procedurbeeaone safely, in a timely
manner, with no loss of material from tube surfacesranreduction in tube life. The key
is making sure you have the right tools and the right pefoplthe job and a quality
procedure that allows for the safest most efficienblegossible. Additional benefits
can be realized from reduction of personnel and quick tounakrtimes. Emergency
decokes can be completed in as little as 24 hours froto oil in some instances, with
the typical turnaround time of 36 to 48 hours easily acbievaTotal time required can
vary based on available resources (steam and air), degigmg sizes, restrictions),
consistency of internal deposits, and limitations duadtficient procedures. Decoke
time can be reduced by giving qualified personnel the ahiligdfust as needed to
ensure the combustion of material is never allowesld&ed by steam and maintain as
much oxygen as tube temperature limitations will allowbd metal temperatures
become the control in this method rather than a cldbis will not only safely increase
the speed, but will improve the quality of coke removalas.
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Example Steam Air Decoke Time Table

Cool Down and flush = 10 hours
Blinds/u-bends = 4 hours
Decoke (typical) =12 hours
Cool down = 8 hours
Blinds/U-bends = 4 hours
Return to service
Total time involved = 38 hours

While it is common to see estimates of up to 48htmurcompletion of the decoke
portion alone, often the current procedure or inadequate ptaane the only limitations
preventing completion in as little as one shift. Throagtimization of procedures and
using only qualified personnel, decoke times can often be reédiyc®0% or more from
the typical in-house procedure. With available resouradspte heaters and/or passes
can be decoked simultaneously. A typical 4 pass Cokegeterater should take
approximately 18-20 hours for completion of the decoke podfdhe maintenance
schedule while a smaller HDS (Hydrodesulfurization) éeeean be completed in 6-8
hours. Regeneration of catalyst of a steam methaoemwef may take up to 36 hours.

Pigging vs. Steam Air.

Although many choose one side or the other like a€‘tgieat” or “less filling”
commercial, both technologies have positive and negatnieudes associated with
them. Both are highly dependent on the quality and expera&mmersonnel, both can be
completed in similar amounts of time, and both cdneae acceptable results that vary
from process to process and heater to heater. Infraspdations following mechanical
cleanings reveal that internal deposits can be leftdghamnical pigging, even if the chart
shows no loss of contact with the walls while steantan potentially leave non
combustibles. While it is possible to damage u-bends durirepansdir decoke if too
high steam velocities are used, scarring of the tubs Hdt. You can’t get steam or air
stuck in a tube either. Claims of higher speed by mechasieahing are not always true,
they depend on the project. With little or no damagelhe tmetals (only if both are
conducted properly) it's a wash. Cost is harder to compagging has a cost structure
that can be easily be seen. Steam air decokes hagdltatscannot be as quickly
calculated in steam, air, and fuel gas usage. Charg89 fmarty decoke control are
generally less than 25% of a mechanical cleaning crewangreent charges. After
adding in the cost of resources, steam air decokisdllisery competitive with potential
added benefits. While pigging has been around for about 26, wta@am air decoke has
been there from the beginning. Advancements in techp@od understanding gained
have improved both methods considerably. So which isrBattiimately the choice
should be made based on your equipment design, tube congitocess, available
resources, and intended results rather than unsulaséahtir outdated claims and half
truths. Modification of decoke procedures will often mateam air decoking the
preferred method of coke removal.
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If unit downtime costs a conservative $15,000 per howsinrevenue, removing one
decoke annually could save an estimated $1.8 millionrdgdler year or $18 million over
a 10 year period! Reducing a single outage time by 24 hoursavé $360,000 in lost
revenue. How much does your unit loose per hour while moioiduction? Don't forget
to add in the cost of reduced production of other units a&ffielcy your unit. A typical ITI
infrared inspection program for one unit with 4 averagelszers and two steam air
decokes is estimated at approximately $60,000 annually. That'sraiglbt&@000%
return on investment before you add in reduced potentialfailbees and unplanned
shutdowns.

Infrared Thermal Imaging, Inc. utilizes one teclamdper shift), one client operator,
and process board control for the procedure, freeing up yosorpeel for other duties
and no bulky equipment to take up valuable turnaround spaeeded. ITI has
extensively trained personnel who have performed hundfetkokes with zero
incidents! As much of the generation of operations perddhat are familiar with
decoking have retired or are no longer in field positiansl, many that remain only
assisted the more experienced operators with the procEsltoe20 years ago, the need
for experienced decoke technicians has grdWnead technicians have between 10 and
20 years experience and will typically perform as maegrstair decokes annually as
most operations personnel would be exposed to in th&ercarhis gives the client
access to knowledge gained from multiple heater types aocggses and with much
more exposure than an operator that may decoke 1 or 2 ainmeially. EQuipment
owners provide the engineering limitations for tube iretawable temperatures and our
personnel will ensure that these limits are maintaiRedcedure reviews and
recommendations are included with our service to creatstamized procedure that
offers the greatest equipment protection with the ni@istest decoke for your
equipment possible.

If you are considering or currently use steam aiokieg, we would be happy to
discuss any questions or concerns you may have. Contaated Thermal Imaging,

Inc. at 1-877-484-6244 to discuss how we can help with your fired heater irtgpec
and/or decoking needs.
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