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G:3 Pulverized-fuel furnaces should be operated by makin
and by avoiding extremes. Even though a wrong conditien exis
ignition, a quick change in either re
alr flow should be avoided and all ch
existing conditions.,

¢ changes gradually
ts, such as loss of
—igniting the fuel or in changing the rate of
anges should be made with full knowledge of

H. REGULAR SHUTDOWN

When it is desired io shut down a direct-fired pulverized-fuel

fired unit and
the unit is coming off the line in the normal way,

proceed as follows:

H.1 Open the tempering air valve to the pulverizer and close the hot air con-
trol valwve simultaneously to maintain the same alr flow through the pulverizer,
Continue operation for about five minutes or until the pulverized-fuel and air mix—
ture leaving the pulverizer is approximately 100 F. It is recommended that a light-
er be placed in service in the last pulverized-fuel burner coming off,

H.2 Stop the raw-fuel feeder.

H.3 Stop ‘the pulverizer when empty. When the flame (at the burners in connec—
tion with the pulverizer being shut down) goes out, the pulverizer may be considered

empty for shutting down purposes. The operator will usually notice a more metallic
sound being emitted from the pulverizer.

H.4 Stop the primary air fan and e

lose the fuel-air valves in the burner lines,
and the primary air control damper,

H.5 8top the forced-draft fan and close ‘the forced

-draft dampers and the in-
dividual burner secondary air dampers.

H.& Stop the induced-draft fan and close the induced-draft damper.

J. EMERGENCY SHUTDOWN

When an emergency shut down is necessary and there is sufficient time to permit
clearing the pulverizer, proceed as follows:

J.1 Stop the raw-fuel feeder.

J«2 ©Stop the pulverizer when a ﬁecided-metallic sound is notedI

”7 J.3 Stop the primary air fan and close the primary air control damper.

J.4 Close the hot-air control valve and the fuel-air wvalves in the burner
lines. - '

J.5 BStop the forced-draft fan and elose the forced-draft dampers and the in-
dividual burner secondary alr dampers.

k J.8 Stop the induced-draft fan and close the induced-draft damper. )

K. FORCED SHUTDOWN

In case a shutdown of the pulverizer ocecurs and the pulverizer has not run emp-
ty, the equipment should again be put into service within 30 minutes after the
- shutdown according to the method described under "E. REGULAR STARTING". It should
be remembered that in this case, the pulverizer already has a supply of partly
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INSPECTION AND CLEANING - EXTERNAL (Cont'd)

befcre the unit 1s put back in service, 8o that the heating up of the unit will
thoroughly dry the water out of all crevices, pockete, porous refractortes , or
other places where it may have collected and may cause corrosion 1f allowed to
remain. If water or steam washing is done at some other time during an outage
the unit should be immediately fired sufficlently to dry 1t thoroughly. Where the
sulphur content of the fuel is high it is advisable, before washing, to neutralize
the acid condition of the scot by wetting down the surfaces exposed to the gases
vith an alkall solution. '

The inspection should also include the Tuel-burning equipment, especially
those parts which are not accessible when the unit is In service, and repairs, or
replacements should be made to permit proper functioning of the equipment as well
a8 to reduce the possibility of interruptions during subsequent operation.

" A check of all soot blowers should be a regular maintensnce item during regu-
lar scheduled boiler outages. Tubes in zones of soot blowers should be inspected
closely for any signs of metal loss dune to fly ash or steam cutting. Direct
impingement of steam on tubes may result from the shifting of the soot blower
element, or from growth of blower oloments which may move the nozzles out of
register with the spaces bstween the tubes. Polishing of tubes can result from
high soot blower pressure, especially on coal-fired Jobs where the fly ash is
highly abrasive. In this case, a reduction of blowing pressure should be made,
either by adjustment of the orifice in adjustable orifice head blowers s or by
installation of smaller orifice plates after the soot blower head flanges, depend-
ing on the type of scot blower head on the unit. In hot locations the steam
nozzles of the elements may shrink; they should therefore be checked for correct
inside diamster, and enlarged if necessary.

SPECIAL INSPECTION - STATE OR INSURANCE

\

In addition to routine operating inspections, & thorough imspection from the
viewpoint of safety should be made yearly at the time of the visit of the
Insurance Inspector or State Inspector. . This should include a most careful search
for evidence of internal and external corrosion, leekage of sesme, leakage of
expanded, screwed or welded Joints, evidence of overheating, and the condition of
the structural supports. It may be necessary to remove small sections of brick-
vork or cesing to make such inspection complete, but it should be bornme in mindthat
the parts whichare most slighted, dus to soot accunmlation or difficulty of access,

mey be the very parts in which trouble will develop. )

Bollers to be held out of mervice mmst be carefully prepared for the idle
period and closely watched during the outage to reduce the possibility of corrosion
to the minimum.

PROTECTION OF INTERNAL SURFACES - IRY STORAGE

When 1t is known that a boiler will be stored for a considerable length of
time and allowance can be made for a brief period of preparation for demanded
service, the dry storage method is recommended. In this method, the unit is
emptied, thoroughly cleaned internsally and externally, dried, and then closed up
tight to exclude both moisture and air. Trays of 1lime, ailica gel, or other
moisture absorbent may be placed in the drums to absorb the molsture in the air
trapped by the cloaing up of the boiler. The pens should not be more than three
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e Ultrasonic Thickness Inspection-UTT should be per-
formed in sootblower lanes and any areas identified by
visual examination as potential sites of ive wall loss,

o Internal Oxide Thickness Inspection-Internal oxide thick-
ness measurements should be taken and remaining creep
rupture lives calculated for the alloy tube materials in the
hottest regions of the superheater and reheater, A large
number of inspection locations should be taken on the
initial inspection. Ideally the alloy tube material
(SA213T11,8A213T22) is tested at location where metal
temperatures are greatest, A good location is immediately
upstream at transition welds to the next grade material.
For example, a good location to test T11 material is im-
mediately upstream of the transition to T22 material. In
general, the locations are selected based on hotlest loca-
tion but must also consider accessibility. Future inspec-
tion locations can be reduced based on results of the ini-
tial inspection, history, tube material, dimensional
changes, and visual inspections.

Water-cooled Water-cooled tubes include those of the econo-
mizer, boiler bank and furnace. The convection pass sidewall
and screen tubes may also be water-cooled . These tubes oper-
ate at or below saturation temperature and are not subject to
significant creep. Modern boilers in electric utilities and many
industrial plants operate at high pressures. Because these boil-
ers are not tolerant of water-side deposits, they must be chemi-
cally cleaned periodically, which results in some tube material
loss. Proper water chemistry control will limit tube inside sur-
face material loss due to ongoing operations and cleaning. The
importance of maintaining water quality and keeping ID tube
surfaces clean cannot be overly stressed. Extensive damage of
waterwall circuits has often resulted from excessive deposition
that can'lead to aggressive corrosion and hydrogen damage. On
cycling boilers a serious problem has also been corrosion-fa-
tigue damage at lower furnace attachment points such as
buckstays and windbox attachments. Corrosion fatigue leads to
ID initiated cracking that is very difficult to detect by nonde-
structive methods. Research sponsored by EPRI is currently
ongoing to address this NDE need.®

Externally, water-cooled tubes are subject to damage. Ero-
sion is most likely to occur on tube surfaces in the boiler or
economizer bank from sootblowing or ash particle impi

Appendix 32

e Visual Inspection — A visual inspection will generally find
severe erosion, corrosion and thermal shocking, and nu-
merous other problems such as damage from slag falls,
local overheat, swelling, etc. Based on the visual inspec-
tion, additional methods may be recommended.

o Ultrasonic Thickness Inspection — UTT is by far the most
often used inspection method on water-cooled tubes. Ini-
tially a comprehensive thickness inspection should be per-
formed. This results in baseline data that may be com-
pared to future, limited scope inspections.

o EMATS Based Inspection — This form of inspection is
used to locate tube ID under deposit corrosion, pitting or
other tube ID problems such as hydrogen damage. Sys-
tems are available for tube thickness mapping®™ and are in
development for detection of corrosion-fatigue damage.

Tube Life Assessment

For alloy superheater tubes, life assessment methodologies
are well established.™ Tube remaining life can be determined
using creep rupture properties of materials and life fraction
analysis methods. A caution when using these life prediction
methods is to use the data as a compliment to other data such as
tube analysis and failure history. Material creep properties have
wide variation from heat to heat. Remaining life predictions
should therefore provide a guideline to help establish trends
relative to failures and time of replacement and should not be
used as an exact life caleulation.

For low temperature tubing, life prediction is done by com-
paring wall loss trends to a predetermined flag or replacement
criteria. As a general guideline B&W r ds a flag of 70%
original specified wall thickness for water-cooled tubes. For
damage mechanisms such as hydrogen damage, cracking or cor-
rosion-fatigue, no atlempt is made to predict life — the goal for
these tubes is identificalion of damaged tubes with 1 ded
replacement.

Headers
Headers and their associated problems can be grouped ac-"
cording to operating temperature. High temperature steam-car-

creep life and their replacement cost is high. Lower te

Erosion of waterwall tubes can also result from sootblower op-
eration, Corrosion of the water-cooled tubes can result from
reducing atmospheres associated with mal-distributed burner air
or result from staged combustion on low NOx burner installa-
tions. Some types of coal ash can promote corrosion of waterwall
tubes as well.

Steam- and/or Water-Cooled—External to Setting Of spe-
cial concern are some unique problems that have led to failures
of tubing that is outside the boiler settings. These type failures
have a potential for exposing plant personnel to safety hazards,
Examples are supply or riser tubes on units that have had water
chemistry control problems when using chelants. Excessive
chelant can attack tubing aggressively and lead to thinning and
failures. More recently, corrosion-fatigue has been identified
on older units (>30 years operation) as the root cause mecha-
nism of riser tube failure in the penthouse. In both instances,
whether chelant attack or corrosion-fatigue, the failures tended
to be catastrophic with a large piece of tube rupturing.

A typical condition assessment inspection of water-cooled
tubes would consist of the following:

Babcock & Wilcox
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ture water- and steam-cooled headers are not susceptible to creep

bul may be damaged by corrosion, erosion, or severe thermal

stresses.

gh temperature The high temperature headers are the su-
perheater and reheater outlets which operate at a bulk tem-
perature of 900F (482C) or higher. Headers operating at high
temperature experience creep under normal conditions. In ad-
dition to material degradation resulting from creep, high tem-
perature headers can experience thermal and mechanical fatigue.
Creep stresses in combination with thermal fatigue stress lead
to failure much sooner than those resulting from creep alone.
There are three factors influencing creep fatigue in superheater
high temperature headers: combustion, steam flow and boiler
load. Most manufacturers design a boiler with burners arranged
in the front and/or rear walls. Heat distribution within the boiler
is not uniform: burner inputs can vary, air distribution is not
uniform, and slagging and fouling can occur. The net effect of
these combustion parameters is variations in heat input to indi-
vidual superheater and reheater tubes. When combined with
steam flow differences between tubes within a bank, signifi-
cant variations in steam temperature entering the header can




" Typlcal Headsr

Temperature

Leit End Tube Leg Location Right End

Fig. 2 Steam temperature variation in a header.

ocecur (Fig. 2). Changes in boiler load further aggravate the tem-
perature difference between the individual tube legs and the bulk
header. As boiler load increases, the firing rate must increase to
maintain pressure. During this transient, the boiler is tempo-
rarily over-fired to compensate for the increasing steam flow
and decreasing pressure. During load decreases, the firing rate
decreases slightly faster than steam flow in the superheater with
aresulting decrease in tube outlet temperature relative to that
of the bulk header. As a consequence of these temperature gra-
dients, the header experiences localized stresses much greater
than those associated with steam pressure (Fig. 3) and can re-
sult in large ligament cracks (Fig. 4).

In addition to the effects of temperature variations, the ex-
ternal stresses associaled with header expansion and piping loads
must be evaluated. Header expansion can cause damage on cy-
cling units resulting in fatigue cracks at support attachments,

Stress
(ksi):
22.2
235
205
17.56
146 &8
11.6
8.50

Fig. 3 Localized stresses due to thermal gradiénls.

Page 103 of 104

Appendix 32

torque plates, and tube stub to header welds. Steam piping flex-
ibility can cause excessive loads to be transmitted to the header
outlet nozzle. These stresses result in externally initiated cracks
at the outlet nozzle to header saddle weld. .

Condition assessment of high temperature headers should
include a combination of non-destructive examination (NDE)
techniques that arc targeted at the welds where cracks are most
likely to develop:

o Visual Inspection

o Wet Fluorescent Magnetic Particle Inspection-All major

header welds, including the outlet nozzle, torque plates,
support lugs and plates, circumferential girth welds should
be WFMT inspected. Initially, 100% of the tube stub to
header welds should be WFMT inspected. After the
baseline WFMT inspection, future WFMT inspections
may be limited to 10-25% of the tube stub to header welds.
o Ultrasonic angle beam shear wave examination of major
welds—This is particularly important if the header has any
long seam welds. In general, B&W follows EPRI-estab-
lished guidelines for examination of these welds.®

o Metallurgical Replication-To examine the header for

creep damage, metallographic replication should be per-
formed. Typically, between 6-12 replicas are taken on the
header tube stubs, header circumferential or longitudinal
pipe welds, and nozzle to header welds. Locations for
replicas are typically in the areas of highest temperature
or stress.

® Ligament and Bore Hole Inspection-The major cause of

header end-of-life in the US is creep fatigue. This results
in ligament and bore hole cracking. A total of two to three
of the hottest or highest stressed areas should be inspected.
B&W strongly believes that effective bore hole examina-
tion must be preceded by removal of the high tempera-
ture oxide. It is important that the base metal of the header
be examined for cracking (Fig. 5). B&W developed a
unigque process for this inspection which is called the Hone
& Glow® exam.

Low temperature The low temperature headers are those
operating at temperatures below which creep is a consideration.
These include waterwall headers, economizer inlet and outlet

Al

Fig. 4 Large ligament cracks on header ID.
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Fig. 5 Header bore hole cracking.

headers, and superheater inlet and intermediate headers. Any

in most electric utility and indus-
trial power generation boilers, are located outside the hostile
environment of the combustion zone. An exception is the econo-

il 1} head i oflen located 1o th raan
and is subject to unique problems associated with cycling, Boil-
ers that are held overnight in a hot standby condition without
firing can experience severe d to the ect inlet
Reader in a very short time. TRis damage is typically caused by
thermal shock.

¢ magnitude ol the thermal shock 15 a function of the tem-
perature differential between the unheated feedwater and the
inlet header. It is also a function of water flow, which is usually
large because the feedwater piping/valve train is sized for rated
boiler capacity. The thermal shock is worse near the header
feedwater inlet and rapidly decreases as flow passes into the
header and tubes. Economizer inlet headers have also experi-
enced damage associated with flow-accelerated corrosion. In
general the primary concern with most of the low temperature
headers is internal and external corrosion, especially during out

r Typical inspections of these headers consist of: \
® Visual Inspection

e Wet Fluorescent Magnetic Particle—A WFMT inspection
should be performed on welded attachments, handhole
plugs, header end plate welds, and 10% of tube to header
welds.

tion can
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As noted previously, high temperature headers on older units
were typically made of SA335P22 alloys and will eventually
need to be replaced due to reaching their end-of-life. Accurate
quantification of header life is difficult since damage is aftrib-
uted to creep fatigue and is driven by locally high stresses, tem-
peratures and cycles that are not readily measured. Software
tools have been developed under projects sponsored by EPRI.
The software BLESS™ which resulted from this work provides
for prediction of crack initiation as well as crack growth 1o pre=—
dict or quantify life. The difficulty is in accurately defining
operating parameters and material properties. Material sampling
and testing may be y to fully i the analysis
for best results. In general, based on B&W experience, analyti-
cal programs such as BLESS have been used as a tool along
with other data to help make short term decisions for headers
that have already experienced significant cracking, i.e. BLESS
can be invaluable to help make a run/repair decision. For most
projects, an attempt is not made to quantify remaining life by
analysis. From empirical expérience and re-inspection programs,
sufficient data is normally available to make decisions for life
extension projects. Economic analysis of risk and unavailabil-
ity are a key part of this process.

Attemperators

The attemperator, or desuperheater, is located in the piping
of the superheater and is used for steam temperature control,
The spray attemperator is the most common type used. In the
spray unit, high quality water is sprayed directly into the super-
heated steam flow where it vaporizes to cool the steam. The
attemperator is typically located in the piping between the pri-
mary superheater outlet header and the secondary superheater
inlet header. Steam exiting the primary header at temperatures
of 800 to 900F (427 to 482C) enters the attemperator, where
relatively cool water [300F (149C)] is sprayed into the steam
and reduces the temperature to the inlet of the secondary super-
heater. Because of the large temperature difference between the
steam and spray water, parts of the attemperator experience ther-
mal shock each time it is used. Over a period of years this leads
to thermal fatigue and eventual failure.

Condition t of the ator requires removal
of the spray nozzle assembly. The thermal stresses occurring in
the attemperator are most damaging at welds, which act as stress
concentrators. The spray head and welds on the nozzle assem-
bly are examined visually and by liquid penetrant PT to ensure
there are no cracks. With the spray head removed the liner can
be examined with a video or fiber optic probe. For larger

e Video Probe Inspection—An internal visual insp
be performed to locate internal problems.

o UTT-Should visual inspection reveal arcas of wall loss
from either corrosion or erosion, then ultrasonic thick-

\ ness data may be taken to assess header thickness.
Header Life Assessment

For low temperature headers, the life is not necessarily fi-
nite in the normal life spans of the boiler. Replacement of low
temperature headers will result from unique damage such as
thermal fatigue and cracking. Instances of damage to low tem-
perature headers are very much dependent on the specific plant
and operating history. Low temperature headers are more likely
to be replaced as part of unit upgrades or as tandem replace-
ment with other components such as wall panels.

Babcock & Wilcox
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attemperators, it may be necessary to remove radiograph plugs
before and after the attemperator to better view the critical liner
welds,

Attemperator Life Assessment

Spray flow attemperators are critical in the condition assess-
ment program since they are in the closed loop of the super-
heater. Failures in the attemperator can lead to collateral dam-
age in the superheater leading to tube failures. If left undetec-
ted over a long period of time, attemperator failures have the
potential to lead to piping failure as a result of thermal fatigue.
In general, the attemperator is treated as a preventive mainte-
nance item. They should be periodically inspected following 10
years operation. It is prudent to maintain spares on hand for
eventual replacement of the spray head assembly.






