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FOREWORD

POM 101, Performance Related Outage Inspections, is the first standard in a planned series of
power plant performance operation and maintenance standards. Related to and initially sponsored

and staffed by the Performance Test Code Standards Committee, these standards do not prescribe
testing activities, but if followed will assist in the improvement of power plant performance and
reliability.

In June 2007, the Performance Test Code Standards Committee approved the charter for'the
series of standards on operation and maintenance activities related to power plant perfonmance.
The ASME Board on Standardization and Testing approved this Standard on October %, 2013. It
was approved as an American National Standard by the ANSI Board of Standards~Review on
December 4, 2013.
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CORRESPONDENCE WITH THE PTC COMMITTEE

General. ASME codes and standards are developed and maintained with the intent to represent
the consensus of concerned interests. As such, users of this Standard may interact with the

Committee by proposing revisions and attending Committee meetings. Correspondence should
be addressed to:

Secretary, PTC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes
that appear necessary or desirable, as demonstrated by the experience gained from the application
of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Suchproposals should be
as specific as possible, citing the paragraph number(s), the proposed. wording, and a detailed
description of the reasons for the proposal, including any pertinent documentation.

Attending Committee Meetings. The PTC Standards Committe€é and PTC Committees hold
meetings or telephone conferences, which are open to the public./Persons wishing to attend any
meeting or telephone conference should contact the Secretary of the PTC Standards Committee.
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INTRODUCTION

This Standard contains a series of sections, each pertaining to specific equipment and/or
systems commonly found in power plants. Internal inspections covered in this document are

intended to take place when the equipment is out of service. Each section of this Standard can
be used independently and includes recommendations on what to look for during the inspection.,
For additional information on inspections that can be done when the unit is online, please consult
ASME POM 102, Operating Walkdowns of Power Plants; it is the second standard in the planned
series of POM standards and will be published soon.

vii
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PERFORMANCE-RELATED OUTAGE INSPECTIONS

1 [ OBJECT AND SCOPE

1.1 Object

[his Standard provides guidelines for equipment
indpections that are designed to ultimately improve the
th¢rmal performance or efficiency of the power plant.
By| following these guidelines, many issues identified
dufring an inspection, upon resolution, will also improve
th¢ reliability of the plant.

1.2 Scope

[his Standard provides guidelines for equipment
indpections of power plants using fossil fuels during
shfitdown or outage periods. Some portions of this docu-
mg¢nt may be applicable to other types of power plants.

2 | ACRONYMS

[he following acronyms are used in this Standard:
AH: Air Heater

ESJP: ElectroStatic Precipitator

FI: Forced Draft

G1: Gas Turbine

HER: High Pressure

HRSG: Heat Recovery Steam Generator

IP] Intermediate Pressure

LQI: Loss On Ignition

LATO: LockOut/TagOut

LPy Low Pressure

NIPT: NonDestructive Testing

OBM: Original [Equipment Manufacturer
P&GID: Preeéss and Instrumentation Diagram

PHE: Rersonal Protective Equipment

SOR:\Selective Catalytic Reduction system

mechanical failures, no matter how small, have effects
on both unit reliability and unit performance:|Identi-
fying the sources and root cause(s) are the\first §teps in
improving the overall performance ofja piece of equip-
ment and the power generating unit) of which| it is a
part. While these inspection guidelines are wrijtten to
ultimately enhance the plant’s-performance, all opserva-
tions should be noted andsacted upon.

Nonmandatory Appéndices A through J provide
details on activities te.be'¢ompleted prior to stafjting an
outage inspection.

3.1 Safety Considerations

All planf'safety procedures should be reviewed prior
to inspecting equipment and shall be followed.

Prier to inspecting or entering any equipmeht, it is
important to identify all potential hazards that may be
encountered. All energy sources must be removgd from
service or isolated to ensure, without failure, that no
energy can be released into the area or component
inspected. Nearby equipment supporting sistgr units
may remain in service. In sites with multiplg units,
ensure one is inspecting the correct piece of equipment.
Maintain a safe distance from rotating equipm¢nt and
moving parts that are encountered near the inspection
area.

Refer to Nonmandatory Appendix K for som¢ of the
safety considerations.

3.2 Preinspection Activities

Prior to any inspection, the following documepts and
information should be gathered and reviewed:

(a) the last inspection report

(b) recent operating data from control systenp histo-
rian and other available archives

(c) recent operating history as recalled by ¢urrent
plant operations staff

(d) actual versus expected performance for the com-

SNCR: Selective NonCatalytic Reduction system
UBC: UnBurned Carbon

3 GUIDING PRINCIPLES

Equipment reliability and performance have parallels.
Indications of poor performance are closely tied to those
of reduced reliability. Abnormal wear patterns, poor
cleanliness, increased corrosion and/or erosion, and

POTENt(5) Of IMterest
(e) as-built P&IDs and design specifications of the
system(s) of interest

3.3 Inspection Plan

A plan or checklist for the inspection should be devel-
oped prior to starting the actual inspection, covering
the objective of the inspection — whether this is a routine
inspection or the specific details if a performance deficit
has initiated the need for an extra inspection.
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The plan should include a list of the equipment to be
inspected and methods of accessing equipment where

special
The

PPE or confined spaces may be involved.
plan for the inspection should be reviewed and

discussed with plant operations staff for additional

inform

ation on operating history prior to starting the

inspection.
Equipment needed for the inspection should be orga-

nized
flashli

Duri
omme
(a) T
tured d
or fron
covera
area to
(b) H
on me
will be
(c)

3.5 Pq

The
ately f
(a) §
tions t
(b) 1
removsg
(c) H
tion ar
that ng
(d) S
as LOT
(e) T
in the
(f) S
approf

porary scaffolding or ladders.

spection Activities

g the inspection, the following activities are rec-
ded:
hspect the unit or piece of equipment in a struc-
irection, e.g., from top to bottom, bottom to top,
t to back. This will help to provide complete
be while minimizing time spent moving from one
another.
lecord all information as observed; do not rely
ntal notes. This is critical to ensure all findings
included in the inspection report.
bey all site safety rules.

stinspection Activities

following items should be completed immedi-
llowing the inspection:

eport the significant findings from the inspec-
the responsible plant contacts.

Report any safety issues found to correct and
the hazards.

nsure all tools and materials takeh.on the inspec-

e returned to their proper sterage locations and

thing was left out in the field.

ign out on the appropriate forms, as needed (such

O or confined space permits).

ocument all findinigs.in a report that is retrievable

uture.

ummarize dll'\recommended actions and alert

riate persennel as needed for implementation.

available to support equipment inspections:

thickness of metal pieces

6 REPORT OFRESULTS

the following information should be included:

involved in inspection

to extrapolations of future expectations

tion, including

(¢) Plan for a reinspection if recommended actions

require it.

4 SPECIFIC EQUIPMENT CONSIDERATIONS

Additional documentation on specific equipment con-
siderations is provided in the appendices.

MEASUREMENT

The following is a list of some of the instrdmentatfon

(a) digital/photographic camera

NOTE: Be sure to take notes with each pictiire — instrument|ID,
location, time, etc.

(b) ultrasonic depth meters*for determining wfall

(c) rulers and tape nieasures
(d) magnifying glasses

When reporting the results of an outage inspectipn,

(a)-site information
() date and time of inspection
(c) names, positions, and affiliations of persqns

(d) equipment included in inspection

(e) purpose of inspection

(f) instrumentation used during inspection
(¢) analytical methods used, if applicable
(h) findings from inspection

(i) conclusions and/or recommendations
(j) uncertainty considerations — may be applicaple

(k) appendices for data collected in support of inspec-

(1) raw data and measurements

(2) photos

(3) drawings or sketches

(4) P&IDs of selected systems, as appropriate
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NONMANDATORY APPENDIX A
AIR HEATER (TUBULAR)

GENERAL INSPECTION GUIDELINES

his is a general inspection procedure; not all areas
or [items will pertain to every air heater.

quipment reliability and performance have parallels.
Inglications of poor performance are closely tied to those
of [reduced reliability. Abnormal wear patterns, poor
cldanliness, increased corrosion, and mechanical fail-
ur¢s, no matter how small, have effects on both unit
reljability and unit performance. Identifying the root
cayise is the first step in improving the overall perform-
anfe of a piece of equipment and the power generating
unfit it is a part of. While these inspection guidelines are
wifitten to ultimately enhance the plant’s performance,
allfobservations should be noted and acted upon.

A

|.1 Prior to the Outage

[he following should be conducted prior to the
oufage:
a) Review the last inspection report.
b) Review recent operating history

¢ air in-leakage

¢ pressure drops, both air and flue gas sides

¢ efficiency and x-factor

¢ tube leak history and map

¢ abnormal operating events
¢) Contact plant operations fersadditional informa-
tion on operating history.
d) Obtain the following-drawings of the air heater
prior to inspection to aiditrthe inspection and report/
documentation:

¢ elevation

* penetrations

¢ instrumentation

¢ Jayout
e) Itis;recommended that thermography be used to
lodate,hot or cold spots on the external casing of the air

each other, obeying the outside safety watch perspn, and
evacuation plans.
(h) Gather personal safety equipment:
(i) Gather cameras, flashlights, and writing|equip-
ment, and ensure sufficient lanyards'are availablg for all
equipment brought into the air heater.

(j) If necessary, arrange for temporary scaffolfling or
ladders.

A-1.2 During the Inspection

The following shetild be conducted during the putage:
(a) Record allinformation as observed; do rjot rely
on mental fiotes. This is critical to ensure all findings
will be inchided in the inspection report.
(b). Obey all instructions from the outside safety watch
persen:

A-<1.3 After the Inspection

The following should be conducted after the putage:
(a) Report the significant findings from the [inspec-
tions immediately to the responsible plant cqntacts.
Safety issues require immediate reporting and |correc-
tion to remove the hazards.
(b) Ensure all material brought into the air h¢ater as
part of the inspection leaves with you.
(c) Sign out on the appropriate forms.
(d) Document all findings in a report that will be
retrievable in the future.
(e) Summarize all recommended actions.
(f) Plan for a reinspection if recommended Jactions
require it.

A-2 PROCEDURES PRIOR TO EQUIPMENT
SHUTDOWN

The procedures to be followed prior to shutdqwn are

£ollo3,
S—TOTTOWST

heater-while-it-is-inrservicerAny-spot-varying more-than
10°F from the general area should be documented, as it
may be caused by air in-leakage or loss of insulation.

(f) Make a plan or checklist on the items and areas
of interest that should be inspected. Identify which doors
(manways) you plan to use to enter and exit the air
heater.

(g) Make a safety plan and conduct a briefing prior
to entering the air heater. Ensure all participants are
aware of their responsibilities, including looking out for

(a) The equipment to be inspected should be taken
out of service. Equipment clearances or tagouts should
be signed by appropriate personnel.

(b) All energy sources, steam, soot blowers, fuels, and
chemical injection equipment such as ammonia must be
removed from service.

(c) Consider double block and bleed-valve isolation
for inspections if any connections exist to operating
units.
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(d) If other boiler back-pass maintenance activities
(e.g., economizer, cleaning, or replacement) will be con-
ducted during the outage, this inspection should be
scheduled to avoid those times when work will be
occurring directly overhead. Mechanical parts and tools
are heavy and if dropped may present a serious threat
to safety. If the ash hopper beneath the air heater has
been removed, the open areas should be covered to pre-

not be |bothered by feelings of claustrophobia.

A-3 CONDUCTING THE INSPECTION

A tupular air heater inspection should be undertaken
as a tegm effort. It is recommended that a minimum of
three individuals participate. Utilizing inspection team
membgrs from maintenance, engineering, and opera-
tions will broaden the view and improve the findings.
The palrticipants may rotate as the outside safety watch
or all three may enter simultaneously if the safety-watch
can be performed by another person. It is rec-
ded that one person serve as scribe and another
carry the camera or video-recording device. The notes/
records may be recorded in writing or via sound
recordfing to be transcribed immediately thereafter.
Upon ¢xiting the air heater, all notes, records, and photo-
graphs| should be duplicated and stored separately to
ensure|preservation of this information.

This(tube-leak check is a multipart inspection.— first
prior t¢ any cleaning, then after cleaning, and.even later
if needpd. The air side should not require cledning; there-
fore, ohe internal inspection of that paortion of the air
heater fis sufficient.

Manjfy tubular air heaters are desighed and built to
contain} two separate banks of tubes, located in series
with r¢spect to flue gas flow.\Tiwo separate banks of
tubes means double of nearly everything, from tube
sheets| to instrumentation. Ensure all notes and
recordings are accuratelylabeled for future reference to
the confrect bank of(tubes, e.g., upper or lower.

A-3.1

The first’inspection should be conducted prior to any
cleanir|g \activities in the air heater.

nitial Inspection — Before Cleaning

Note any signs of debris, foreign material, and corro-
sion products. Material and tools may have been inad-
vertently dropped from activities in the ductwork above
the air heater. Identifying the source of the foreign mate-
rial will assist in preventing its recurrence. Large pieces
of material may block the flow through a large number
of tubes, degrading the heat transfer capability of the air
heater. A localized concentration of corrosion products is

. e dacots oo of o ool A

Foreaty creatiorof-aprob - H vepti-
gation is warranted to determine the root cause gnd
potentially prevent recurrence.

Check to ensure instruments and their connecti¢pns
are not buried, covered, or insulated by mounds of gsh
or other debris.

A-3.2 Second Inspection — AfterCleaning

A second inspection should\be conducted after the
air heater is cleaned. This inSpection will enable thpse
entering the air heater to observe the actual mechanijcal
condition of the compenents.

Again, look for wear patterns from soot blowers gnd
look for cleaning patterns to identify any area misspd.
These are evidéneed by shiny spots or areas with acceler-
ated wear.

Note any signs of debris, foreign material, and corro-
sion products. Material and tools may have been ingd-
vertehtly dropped from activities in the ductwork abgve
the-air heater. Identifying the source of the foreign m4qte-
rial will assist in preventing its recurrence. A localized
concentration of corrosion products is typically the indi-
cation of a problem. A further investigation is warranfed
to determine the root cause and potentially prevent
recurrence.

A-3.3 Tube Sheets

The tube-to-tube-sheet seal should be inspected| to
ensure no leakage is occurring. Look for erosion or shiny
wear spots. The tube sheet should be flat and not warged
or uneven. If necessary, an ultrasonic depth gage can|be
used to determine any metal loss from the tube sh¢et.
There should not be signs of any flow between the edges
of the tube sheet and the sides of the air heater.

A-3.4 Tubes

The tubes should first be visually examined for dgm-
age, or the existence of foreign material, fouling, or sqal-
ing. This visual inspection may continue deeper into the

ChecKkthensulation on the mterior ol the casing walls;
ensure it is all in place and none has fallen. Check the
interior casing walls for indications of air in-leakage.
These may be manifested by discoloration or distinctive
fouling.

Photograph or sketch the locations of any debris. Piles
of ash may be significant; record their size and location.
Look for wear patterns from soot blowers and look for
cleaning patterns to identify any area missed. These are
evidenced by shiny spots or defined fouling patterns.

Tubes through the use of a video probe. II the tubes are
not clean or clear, the source of the fouling or foreign
material should be identified and the tubes should be
cleaned; otherwise, performance will suffer and tube
leaks may occur in the future.

The tube surfaces should be clean, free from debris,
and unscarred. If a coating exists, a sample should be
taken to later determine its content, source, and effect.
Debris and foreign material should be gathered and
removed, or arrangements should be made to ensure its
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removal. If a scar is noticed on a tube or tubes, it should
be inspected closely to determine if it is through the
wall or may potentially progress, eventually compromis-
ing the tube’s integrity prior to the next planned outage.
If tube leaks have occurred in the past, the map of
plugged tubes should be used to ensure all plugs are
intact. Ensure all plugs are secured and matched, i.e.,
each one on the inlet side is accompanied by one under-
nepthplugeine—the—same—tube—Quantitative—tube-wa
thickness measurements can be done with eddy-current
tegting.
[here are several methods to determine which, if any,
tulpes are leaking. The most commonly used method is
to [“pressurize” the air side of this heat exchanger by
stqrting a forced draft (FD) fan. Leaking tubes may then
be|identified by the airflow exiting from them. That
airflow rate is typically very low and difficult to sense.
Uding a very lightweight and thin piece of paper or
plastic sheet, cover a small number of tubes. If the sheet
risps, a leak is present. Other methods include the use
of ponic listening devices and the introduction of visible
smrfoke.

=

—

A

8.5 Seals

f visible, check the seals between the tube sheets and
the sides of the air heater.

A-3.6 Instrumentation

Hxamine the oxygen probes. Ensure they are undam=
agpd and not heavily fouled with ash. If extractive,
engure the sampling holes are open and unobstructed.
Verify the probes are fully inserted into the.duct.
Ensure all thermowells are in place. Thése are com-
nly and incorrectly used as a step). and subject to
ergsion and other damage. Ensure they. are undamaged
anfl not heavily fouled with ash.

heck the penetrations usedfor pressure measure-
m¢gnts and ensure they are-open and unobstructed.

.7 Soot Blowers

e soot blowers.should be checked for alignment.
ir supports sheuld be secure. The spray holes at the

Check the gasket material and seals on the manways
and other penetrations for potential air in-leakage
sources.

A-4 AIR-SIDE INSPECTION

The air side should be relatively clean. The existence
of fly ash there is the sign of a leak and its source should
pe deterinined. INOte dally : Ol dEDI1S5, [ S
rial, and corrosion products. Identifying the source of
the foreign material will assist in preventing ity recur-
rence. A localized concentration of corrosion pfoducts
is typically the indication of a problemi: A further Investi-
gation is warranted to determine ‘the root cayse and
potentially prevent recurrence;

A-4.1 Tubes

Look between the tubes’to identify any foreigh mate-
rial that may be cafight therein. If a scar is notjced on
a tube or tubes, it\should be inspected closely t¢ deter-
mine if it is through the wall or may potentially pgogress,
eventually <compromising the tube’s integrity prior to
the next.planned outage.

A-4.2-Tube Support Sheets

EXamine all tube support sheets for structuraljsound-
ness. These are installed to secure the tubes and prevent
tube damage due to vibration, and to promotg better
heat transfer by routing the air across the tubps. The
tube support sheets should be free of holes and firmly
in place.

A-4.3 Seals
If visible, check the seals between the tube sheets and

the sides of the air heater.

A-4.4 Instrumentation

Ensure all thermowells are in place. These afe com-
monly and incorrectly used as a step and subject to
physical damage.

Check the penetrations used for pressure mpasure-
ments and ensure they are open and unobstructed.

A-4.5 Penetrations

Examine the penetrations through the ductwdrk cas-
ing for signs of fatigue cracks, erosion, corrodion, or

Examine the penetrations through the ductwork cas-
ing for signs of fatigue cracks, erosion, corrosion, or
obstructions and pluggage. In advance of the inspection,
inspectors should familiarize themselves with the loca-
tion and purpose of these penetrations as identified on
design drawings.

obstructions. In advance of the inspection, inspectors
should familiarize themselves with the location and pur-
pose of these penetrations as identified on design
drawings.

Check the gasket material and seals on the manways
and other penetrations for potential air leakage.
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NONMANDATORY APPENDIX B
BLOWDOWN TANK

B-1 BLOWDOWN TANK INSPECTION GUIDELINES (m) If necessary, arrange for temporary scaffolding or

This(is a general inspection procedure; not all areas
or iten}s will pertain to every blowdown tank.

Equipment reliability and performance have parallels.
Indica}jons of poor performance are closely tied to those
of rediiced reliability. Abnormal wear patterns, poor
cleanlipess, increased corrosion, and mechanical fail-
ures, o matter how small, have effects on both unit
reliability and unit performance. Identifying the root
cause ip the first step in improving the overall perform-
ance of a piece of equipment and the power generating
unit it Is a part of. While these inspection guidelines are
writter] to ultimately enhance the plant’s performance,
all obsgrvations should be noted and acted upon.

B-2 QUTAGE

The ffollowing should be conducted prior to plant
shutdown:

(1) Review the last inspection report.
(b) Review recent operating history.
(c) Qeview feedwater chemistry.

(d) Review blowdown flow rates!

(e) Review steam turbine fouling:

(f) Review steam turbine damage due to solid-particle
erosior].

(g) Qontact plant opetations for additional informa-
tion o1} operating history.

(h) Obtain therdrawings and specifications of the
blowd¢wn tanképtior to inspection, to aid in the inspec-
tion ar|d report/documentation.

(i) Make-a plan or checklist on the items and areas

ladders.

B-3 CONDUCTING THE INSPECTION
B-3.1 During Inspection

During inspection, the followihg)shall be done:
(a) Inspect the vessel systematically, from top to Hot-
tom or left to right, to ensurésall internal areas recefve
adequate attention.
(b) Record all infofmation as observed; do not rely
on mental notes. This'is critical to ensure all findigs
will be included in“the inspection report.

B-3.2 Aftef Inspection

After inspection, the following shall be done:

(a)-Report the significant findings from the inspectfon
imfmediately to the responsible plant contacts. Safpty
issties require immediate reporting and correction| to
remove the hazards.

(b) Ensure all material brought into the blowdopn
tank as part of the inspection is withdrawn.

(c) Document all findings in a report that will|be
retrievable in the future.

(d) Summarize all recommended actions.

(e) Plan for a reinspection if recommended actigns
require it.

B-4 PROCEDURES PRIOR TO EQUIPMENT
SHUTDOWN

The procedures to be followed prior to shutdown pre
as follows:
(a) The equipment to be inspected should be talen
out of service. Equipment clearances or tagouts shoyild
be signed by appropriate personnel.
(b) All energy sources, steam, feedwater or recircyla-

of interest that should be inspected. The action plan
should be justified and based on historic performance
and maintenance.

(j) Make a safety plan and conduct a briefing prior
to the inspection.

(k) Gather personal safety equipment.

(I) Gather cameras, flashlights, and writing equip-
ment, and ensure sufficient lanyards are available for all
equipment that enters the feedwater heater.

tion pumps, layup, and chemical injection equipment
such as those supplying a nitrogen blanket shall be
removed from service.

(c) Consider double block and bleed-valve isolation
for inspections if any connections exist to operating
units.

Inspecting a blowdown tank usually involves entering
it through a manway with your head or upper body. It
still presents many of the same hazards as those spaces
in which your entire body enters the confined space.
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B-5 CONDUCTING THE INSPECTION

B-5.1 General

A blowdown tank inspection should be justified and
planned in advance. The frequency of inspection is
dependent upon the history of chemistry-related prob-
lems on the steam side and feedwater portion of the
plant. Scheduling when the tank will be open during an

tinhe exists to complete any required repairs. If wall
thickness data or weld nondestructive testing (NDT) is
depired, arrangements should be made to ensure person-
ne| with those capabilities and the related instruments
ar¢ available. The notes/records may be recorded in
wifiting or via sound recording to be transcribed imme-
digtely thereafter. Upon completing the inspection of
eafh blowdown tank, all notes, records, and photo-
graphs should be duplicated and stored separately to

enfure preservation of this information.

B-5.2 Internals

A visual inspection of the inside of a blowdown tank
ca be conducted with a video probe through an instru-
mgnt connection. While it is not normal practice to con-
dulct an internal inspection of the blowdown tank during
eath planned outage, occasional inspections can help
id¢ntify the causes of chemistry problems and potential

solutions. There is not a lot of physical space inside
the tank, though, and prior planning and very careful
movements will help one conduct a safe internal
inspection.

B-5.3 Cleanliness/Debris/Corrosion

Note any signs of debris, foreign material, and corro-
sion products. Identifying the source of the foreign mate-
Tial Will assist iln pIeventing its Tecuirence. Ihe jforeign
material should be removed prior to closing.thé| vessel.

The site glasses, if installed, should be verified to be
clean and clear, permitting a reasonable visdal indication
of level when the tank is in service!

B-5.4 Penetrations

Examine all penetrationsfor’structural soundpess. In
addition to a visual irispection, the welds 1nay be
checked via NDT methods.

B-5.5 Wall Thickness

The wall thiékness should be examined directly across
from each.high-energy penetration. Those hgve the
potentialMo cause erosion of the opposite wall by
impingement. The wall thickness of elbows on aiy lines
transporting wet steam can be checked using NI}T from
the outside of the pipe.
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NONMANDATORY APPENDIX C
CONDENSER STEAM SIDE

UIDELINES

This|is a general inspection procedure; not all areas
or iten)s will pertain to every steam condenser.

Equipment reliability and performance have parallels.
Indicaffions of poor performance are closely tied to those
of rediiced reliability. Abnormal wear patterns, poor
cleanlipess, increased corrosion, and mechanical fail-
ures, njo matter how small, have effects on both unit
reliability and unit performance. Identifying the root
cause ip the first step in improving the overall perform-
ance of a piece of equipment and the power generating
unit it {s a part of. While these inspection guidelines are
writter] to ultimately enhance the plant’s performance,
all obsgrvations should be noted and acted upon.

C141

The [following should be conducted prior to the
outage

(a) Review the last inspection report.

(b) Review recent operating history

* hir in-leakage/off-gas flow rates

¢ Hissolved oxygen in the condensate
* hctual versus expected backpressure
¢ tube leak history and map

¢ pbnormal operating events

(c) Jontact plant operations for-additional informa-
tion o1} operating history.

(d) (Pbtain the following dfawings of the condenser
prior tp inspection, to aid 4n'the inspection and report/
documpentation:

¢ plevation
® penetrations
¢ Instrumeritation
¢ layout
(e) If isxrecommended to use thermography to locate

Prior to the Outage

(h) Make a safety plan and conduct a briefing pifior
to entering the steam space. Ensure all participants’pre
aware of their responsibilities, including lookinglout ffor
each other, obeying the outside safety watch pefson, gnd
evacuation plans.

(i) Gather personal safety equipment.

(j) Gather cameras, flashlights;nand writing equfip-
ment, and ensure sufficient lanyards are available for|all
equipment brought into the/condenser.

(k) If necessary, arrange.for’ temporary scaffolding or
ladders.

C-1.2 During Inspection

The following&hould be conducted during the outajge:
(a) Inspect unit from top to bottom or vice-versa] as
componeénts are typically common across each hqri-
zontal¢plane.
(b)7Record all information as observed; do not rely
on mental notes. This is critical to ensure all findigs
will be included in the inspection report.
(c) Obey all instructions from the outside safety wafch
person.
(d) Avoid walking on the tubes. Utilize the tops| of
the support plates wherever possible.

C-1.3 After Inspection

The following should be conducted after the outajge:
(a) Report the significant findings from the inspec-
tions immediately to the responsible plant contagts.
Safety issues require immediate reporting and correc-
tion to remove the hazards.
(b) Ensure all material brought into the condenseq as
part of the inspection leaves with you.
(c) Sign out on the appropriate forms.
(d) Document all findings in a report that will |be
retrievable in the future.
(e) Summarize all recommended actions.
(f) Plan for a reinspection if recommended acti¢ns

hot or ¢otdspotsentheexternatcasingof the EP-turbine
and condenser shell. Any spot varying more than 20°F
from the norm should be documented.

(f) Check the off-gas flow and dissolved oxygen in
the hot well to determine if air in-leakage is higher than
desired.

(g) Make a plan or checklist on the items and areas
of interest that should be inspected. Identify which doors
(manways) you plan to use to enter and exit the
condenser.

require 1it.

C-2 PROCEDURES PRIOR TO EQUIPMENT
SHUTDOWN

The procedures to be followed prior to shutdown are
as follows:

(a) The equipment to be inspected should be taken
out of service. Equipment clearances or tagouts should
be signed by appropriate personnel.
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(b) Remove all energy sources, steam, feedwater or
recirculation pumps, fuels, and chemical injection equip-
ment such as the ammonia from service.

(c) Consider double block and bleed-valve isolation
for inspections if any connections exist to operating
units.

(d) If LP turbine maintenance is conducted during the

outage, this inspection should be scheduled to avoid
th : . . . _
hepd. Turbine parts and tools are heavy and if dropped
mdy present a serious threat to safety. If the turbine
caging has been removed, the open areas should be cov-
er¢d to prevent unanticipated ingress of tools and
pefsonnel.
e) Inspecting a condenser steam space involves
hejghts, close spaces, hard metal, and sharp edges.
Ingpectors should be physically fit and able to climb.
THey should not be bothered by feelings of
clqustrophobia.

CONDUCTING THE INSPECTION

.1 General

steam-side condenser inspection should be under-

.2 Cleanliness/Debris/Corrosion

ote any sighs)of debris, foreign material, and corro-
sign produgts-=Material and tools may have been inad-
vertently «dfopped onto the tubes or into the hot well.
Id¢ntifying the source of the foreign material will assist
in [pfeventing its recurrence.

the turbine bearings, which is in a high-velocity area.
All supports should be checked. The bearing slop drains
may run through the condenser steam space and eventu-
ally penetrate the condenser shell. If this pipe is
breached, it becomes a source of air in-leakage that is
difficult to identify during operation. A leak or crack in
this pipe also may introduce oil into the condenser. Some
designs of bearing slop drains contain flanged connec-

7

C-3.4 Supports

The support members ensure the condenser ip struc-
turally intact. These may experience ‘erosion and corro-
sion. Ensure they are intact, stable;.and able to bepr load.

C-3.5 Instrumentation

Examine the sensor tubing used for extraction} steam
pressures. The tubing‘typically spans a portior] of the
steam space and if’damaged will cause erroneoys mea-
surements ofcthe extraction steam pressuref Some
higher-pressure extraction steam pipes may alqo have
instrumenttubing containing the wires for tempgrature-
measuring devices. A loss of integrity will degrpde the
instrtument and yield a faulty, if any, signal.

The single most important parameter affecting power
plant performance is that of condenser backpgessure.
These measurements are recorded by devices putside
the condenser shell. To ensure the proper draihage of
any condensate forming inside the sensor tubing, that
tubing must slope continuously downward towdrds the
process. With the very high exhaust steam vdlocities
existing in the condenser steam space, basket [tips or
guide plates should be installed on the end ¢f each
backpressure sensor tube. Examine those velocityfreduc-
ing devices to ensure they are intact and contjnue to
serve the purpose for which they were designed |Expect
several sets of sensor tubing at each LP turbine exhaust.

There should be several sets of level taps fised to
monitor and control the condensate level in the hpt well.
Ensure all are open and free from debris.

All temperature probes should be encased in|a ther-
mowell. Temperature probes may be located on|the LP
turbine shell and in the hot well.

C-3.6 Baffle Plates

C-3.3 Internal Piping

All piping should be inspected to ensure it is secure
and contains no cracks or leaks. For feedwater heater
extraction lines, refer to section C-9 below. In addition to
the erosion caused by moisture impingement, corrosive
elements and high cycle fatigue due to induced vibra-
tions may be at work in this volume. The piping carrying
the off-gas flow is susceptible to corrosion due to the
nature of its contents. Many pipes are located around

Examine all baffle plates for structural soundness.
These are installed to prevent tube damage by absorbing
or deflecting the high energy flow entering the con-
denser and are subject to wear and failure. If any baffle
plates are found in the hot well, identify its source and
ensure the penetration it was covering is covered with
a replacement. Examine all unprotected penetrations for
signs that a baffle was previously installed and may
have torn loose.
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C-3.7 Spargers

Spargers permit the introduction of high-energy steam
or water into the condenser and reduce its impact on
the tubes and surrounding structures. They also enhance
the deaeration of makeup water. The holes on spargers
should be checked to ensure they are not enlarged or
constricted; either would reduce their effectiveness. The
sparger should be secured and not present a future dan-
ger to fiearby tubes.

C-3.8 Tubes

The fube surfaces should be clean, free from debris,
and urjscarred. If a coating exists, a sample should be
taken fo later determine its content, source, and effect.
Debris|and foreign material should be gathered and
removéd, or arrangements should be made to ensure
their rgmoval. An attempt should be made to determine
the soyrce of the debris and foreign material, and if it
is fromp within the condenser steam space, that area
should| receive thorough inspection. Look between the
tubes tp both identify any foreign material that may be
caught| therein and the condition of staking. If a scar is
noticed on a tube or tubes, it should be inspected closely
to determine if it is through the wall or may potentially
be thrqugh the wall soon.

C-3.9 Hot Well

The |hot well should be drained in advance of the
inspecfion, permitting a view of the entire volume. It
should|be free of debris and foreign material. The source
of debifis and foreign material found should be identified
to preyent recurrence. Actions should be initiated-to
remove¢ any sludge. Examine the entire bottominclud-
ing any “false” floors. Look in low-flow aré¢as, e.g., the
cornerg, or around supports or seams. Holes or cracks
permitfing air in-leakage can sometimes be identified
by disqoloration or the buildup of. corrosion products.
Examime the screens on the sump(s) for hot well or
conderjsate pumps. Ensure the streens are secure and
unobstructed.

C-3.10

Extrgction steamypiping routed from LP turbines to
feedwdter heaters-is typically found in the condenser

Feedwater Heaters*and Extraction Piping

steam space. Feedwater heaters are sometimes also
located in the condenser steam space. If these compo-
nents are covered with lagging type insulation, all sec-
tions should be examined to ensure the lagging is secure
and in place. The extraction steam piping typically con-
tains expansion joints, which have a life of 10 yr to 25 yr.
The failure mode is usually catastrophic, so any signs
of degradation of the corrugated bellows should be

expansion joints are covered for protection. Those covers
must be secure; otherwise they pose a threat tothe tu
located beneath them. Some expansion joints’ contpin
stabilization bars or other devices to limit their moye-
ment; those should be examined. The ‘specifications
those expansion joints should be reviewed in advafce
of the inspection, to ensure the-bars installed for ship-
ment are still not in place and viewed as normal devifes
but instead overly limit the ability of the expansion| to
function correctly.

C-3.11 Penetrations

Examine the-penetrations through the condenser sk
for signs of fatigue cracks, erosion, or corrosion.
advance of the inspection, inspectors should familiarjize
themseélves with the location and purpose of these pehe-
trations as identified on design drawings.

€-3.12 Turbine-Condenser Flange (Boot Seal)

On smaller units, the flanged joint between the turb
exhaust and the condenser may be metal to metal.
many units, that joint is comprised of a rubber, flexiple
boot seal, permitting some expansion and movemgnt.
That seal has a finite life and may catastrophically fpil,
causing a loss of vacuum and a unit trip. It may leak gnd
be the source of air in-leakage and poor backpresst
Therefore, the entire length of the boot seal should
inspected. Any burnished, worn, frayed, or discolo
spots should be examined closely and noted on
report. Some boot seals are covered by metal deflectq
The deflectors should be structurally sound and
loose. One may remove those deflectors for a better 1d
at the boot seal.

10
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NONMANDATORY APPENDIX D
CONDENSER WATER BOX AND TUBE-SIDE
INSPECTION GUIDELINES

o
1

I CONDENSER WATER BOX INSPECTION
GUIDELINES

[his is a general inspection procedure; not all areas
items will pertain to every steam condenser.
Equipment reliability and performance have parallels.
Inglications of poor performance are closely tied to those
of [reduced reliability. Abnormal wear patterns, poor
cldanliness, increased corrosion, and mechanical fail-
ur¢s, no matter how small, have effects on both unit
reljability and unit performance. Identifying the root
catise is the first step in improving the overall perform-
anfe of a piece of equipment and the power-generating
unfit it is a part of. While these inspection guidelines are
wifitten to ultimately enhance the plant’s performance,
alljobservations should be noted and acted upon.

D

or

|.1 Prior to the Outage

[he following should be conducted prior to the
oufage:
a) Review the last inspection report.
b) Review recent operating history

¢ actual versus expected cooling-water,-tempera-
tuge rise

¢ actual versus expected backpresstire

¢ tube leak history and map

¢ abnormal operating everits
¢) Contact plant operations_for additional informa-
tion on operating history.
d) Obtain the waterbexelevation drawings and tube
p prior to inspection, to aid in the inspection and
ort/documentdtion.
e) Make a plan*or checklist on the items and areas
of Interest that-should be inspected. Identify which doors
(manways).you plan to use to enter and exit each
wdter box.
fMake a safety plan and conduct a briefing prior

md
rej

to .
aware of their responsibilities, including looking out for
each other, obeying the outside safety watch person, and
evacuation plans.

(¢) Gather personal safety equipment.

(h) Gather cameras, flashlights, and writing equip-
ment, and ensure sufficient lanyards are available for all
equipment brought into the condenser.

(i) If necessary, arrange for temporary scaffolding or
ladders.

11

D-1.2 During Inspection

The following should be conducted during the putage:
(a) Inspect water box from top\te’ bottom qr vice-
versa. Also, at each level consisténtly move in tHe same
direction horizontally to ensure™ull coverage.
(b) Record all information as observed; do 1ot rely
on mental notes. This is/critical to ensure all findings
will be included in the\inspection report.
(c) Obey all instriictions from the outside safety watch
person.

D-1.3 Afterdnspection

The following should be conducted after the putage:

(a):Report the significant findings from the [inspec-
tions immediately to the responsible plant cqntacts.
Safety issues require immediate reporting and |correc-
tion to remove the hazards.

(b) Ensure all material brought into the water
part of the inspection leaves with you.

(c) Sign out on the appropriate forms.

(d) Document all findings in a report that is retgievable
in the future.

(e) Summarize all recommended actions.

(f) Plan for a reinspection if recommended
require it.

box as

actions

D-2 CONDUCTING THE INSPECTION
D-2.1 General

A condenser water box inspection should be|under-
taken as a team effort. It is recommended that p mini-
mum of two individuals participate. Utilizing inspection
team members from maintenance, engineerir
operations will broaden the view and improve t

tion can be performed by another person. It is recom-
mended that one person serve as scribe and another
carry the camera or video-recording device. The notes/
records may be recorded in writing or via sound
recording to be transcribed immediately thereafter.
Upon exiting condenser water boxes, all notes, records,
and photographs should be duplicated and stored sepa-
rately to ensure preservation of this information. Most
power plants contain two or more water boxes and all


https://asmenormdoc.com/api2/?name=ASME POM 101 2013.pdf

ASME POM 101-2013

notes should be properly labeled to ensure they refer to
the correct water box.

D-2.2 Cleanliness, Corrosion, and Cleaning

D-2.2.1 Initial Inspection. The initial inspection
should occur prior to any cleaning activities. The initial
inspection of the tube sheets shall verify surface cleanli-
ness. Debris, biogrowth, and sediment should be

(d) It is recommended that a second sample be taken
of these sampled tubes to determine if all removable
fouling has been successfully removed.

(e) If there is considerable fouling found in the sec-
ond-pass or even third-pass cleaning sample, it may be
determined that multiple cleaning passes are required.
If the tube debris is such that a cleaner cannot be shot,
or becomes lodged and unable to be removed, the suit-

remové¢d prior to any cleaning or testing ol the mndivid-
ual tules. Any loose debris and all debris lying within
the firdt few inches of the tubes should be removed. If
the delpris on the surface of the tube sheet is significant,
high-ptessure water cleaning should be performed.

D-2{2.2 Inspection After Cleaning. After cleaning
the tule sheet, a general inspection shall be conducted
to verify its condition. Any pitting, erosion, separation,
or oth¢r defects should be noted and plant personnel
informgd.

Inspgction of the tube-to-tube-sheet joints is required
to detgrmine potential problems and/or current issues
that hgve not been discovered. The inspection should
look fgr separation between the tube and tube sheet,
crackirlg, or general corrosion.

If the¢ tube sheet has an existing coating, the coating
shouldbe inspected for cracks, air pockets, chips, and/or
any mgjor loss of the coating that will leave the tube
sheet gxposed.

D-2]/2.3 Inspection for Fouling. Individual tubes
should|be inspected for fouling. Conduct a visual inspec-
tion ofthe tubes by scanning the entire tube sheet, look-
ing dofwn the inside diameter of the tubes for\iisual
compatison to determine if all areas are similarirn’clean-
liness qr if some areas, such as the top or bottem sections
of the fube sheet, have different levels of fouling.

This|visual inspection should be eonducted on both
the inlpt and outlet ends of the ttibes. In many cases,
one end of the tube may be sjgnificantly more fouled
than tHe other, as a result of water temperature and/or
flow cgnditions.

Notg the findings forureference as you proceed with
the remainder of the.inspection.

D-212.4 Mechanical Cleaners. To verify the amount
or the [presengelof down-tube fouling, it is suggested
that mechanieal tube cleaners, such as metal scraper or
brush-{ype-cleaners, be shot through sample tubes and

able—tubepltg—shoutdbe-instatted-intobothtire—inlet
and outlet ends of the tube.

(f) There are multiple tube-cleaning tool designs
available; therefore, it would be beneficial toevalupte
different-style cleaning tools in this sameway to detjer-

mine which tool is most effective.

D-2.2.5 Borescope/Videoscope:\~To further qualify
the extent of tube cleanliness, afyinspection can be d¢gne
by inserting a borescope or<videoscope into individpal
tubes.

In this type of inspection, it is recommended to inspect
prior to and after sample-tube cleaning. It is also recqm-
mended to inspect_from both the inlet and outlet enpds
of the tube and ds far down the tube length as possilple,
depending onithe length of scope or probe being used.

The results of the borescope inspection, combirjed
with the eomparison of the tube deposits gathered dur-
ing sample tube cleaning, are excellent ways to deter-
mine condenser cleanliness and the effectiveness of the
chosen cleaning method.

The video inspection also provides a means
determining the condition of the tubes and whether|an
eddy-current test is needed. Some tube damage can|be
observed visually and through the use of the videoscope.

Identifying the source of the foreign material will
assist in preventing its recurrence. Most cooling wadter
systems contain one or more methods of excluding flor-
eign material (e.g., screens, debris filters, et¢.).
Depending upon the material found, the componpnt
can be identified that failed or is unable to precludei
entrance into the condenser.

While in the water box, an inspection of any sacrifigi
anodes should be conducted to verify condition.

of

D-2.3 Eddy-Current Testing

Eddy-current testing on a sample of tubes providles
information to determine the general condition of the
condenser tubes.

that thedeposits being Termoved by these clearting tools
be captured in a container for qualitative and quantita-
tive analysis.

(a) This captured sample can be strained and filtered,
leaving only the fouling material in the sample.

(b) The fouling can then be analyzed for its quantita-
tive and qualitative content.

(c) Samples should be gathered from various sections
of the condenser, in order to determine if the fouling
material is consistent.
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Hfconsiderabtetube wattfossor tube pitting isToted,
it is recommended that you expand this testing to ana-
lyze the extent of the problem.

Plugging of tubes should be completed on those tubes
that exceed the standards set by the plant.

D-2.4 Expansion Joints

Flexible expansion joints may be located between the
cooling water piping and the water boxes to accommo-
date different thermal growth rates of those components
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during startup, operation, and shutdown. They should
be inspected to ensure no cracking, tears, or damage is
visible that may progress and create a leak or cata-
strophic failure during operation prior to the next
planned outage.

D-2.5 Instrumentation

There may be several sets of level taps used to monitor

(b) Verify the need for confined-space permitting and
complete appropriate training and record keeping.

(c) Perform an air quality test.

(d) There should be proper lighting, adequate to
inspect the water boxes and associated piping.

(e) Floor openings should be noted and proper cov-
erings should be installed to allow for safe maneuver-
ability throughout both water boxes.

an.A \.UlltlU} t}lc }CVC} ill ca\.}l VVCltCl }.}UA. }:llDuLC Cl}} dItT
open and free from debris.

All temperature probes should be encased in a ther-
mgwell. Temperature probes may be located in the cool-
ing water piping upstream/downstream of the water
bokes. The thermowells should be free of debris and
undamaged.

D-2.6 Penetrations

Hxamine the penetrations through the water box for
signs of fatigue cracks, erosion, or corrosion. In advance
of [the inspection, inspectors should familiarize them-
selves with the location and purpose of these penetra-
tions as identified on design drawings.

D

p.7 Valves

n addition to inlet and outlet isolation valves, the
wdter boxes may contain large valves used for back-
wdshing. Examine the seats and disks of all visible valves
to ensure they are free from obstructions and they pro-
vide a seal.

D-B  PROCEDURES PRIOR TO EQUIPMENT

SHUTDOWN

Prior to entry into the condenser, the following should
addressed:

a) Identify and resolve hazafds, thus eliminating
potential accidents.

be

(f) Verity the plant lockout/fagout proceduges and
the implementation of those procedures.

(g) Valves should be inspected to verify-full ghut-off
capability.

(h) The equipment to be inspected)should b
out of service. Equipment clearances or tagouts
be signed by appropriate perserinel. The coolin,
pumps shall be out of service.“The cooling water
shall be isolated; all inlet and outlet valves shall
and verified to be clesed and not leaking.

(i) Water-box draifis should be inspected to| assure
they are in proper working condition and no dbstruc-
tions exist. Obstructions should be removed #nd/or
plant personnel notified to ensure that water willl drain.
Once that/is verified, grating or plywood shquld be
installed over the drains to prevent damage to the drain
arid\for the safety of the crews.

(j) All energy or fluid sources (e.g., chemical in
spongy ball injection equipment) must be removyg
service.

(k) Inspecting condenser water boxes may involve
heights, close spaces, hard metal, and sharp|edges.
Inspectors should be physically fit and able tq climb.
They should not be bothered by feelings of claustro-
phobia.

(1) Prior to any inspection or cleaning progess, it
should be determined if scaffolding is required o reach
all areas of the tube sheet.

b taken
should
b water
system
be shut

ection,
d from
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NONMANDATORY APPENDIX E
COOLING TOWER OUTAGE INSPECTION GUIDELINES

E-1 INSPECTION GUIDELINES

This|is a general inspection procedure; not all areas
or itenfs will pertain to every cooling tower. Equipment
reliability and performance have parallels. Indications
of poor performance are closely tied to those of reduced
reliability. Abnormal wear patterns, poor cleanliness,
increased corrosion, and mechanical failures, no matter
how sthall, have effects on both unit reliability and unit
performance. Identifying the root cause is the first step
in impgoving the overall performance of a piece of equip-
ment ahd the power generating unit it is a part of. While
these inspection guidelines are written to ultimately
enhangde the plant’s performance, all observations should
be not¢d and acted upon.

E-1.1

(a) Tower. Understand the tower operation and con-
structign, as they will influence the inspection process.
Some ¢xamples include

e hatural draft, forced draft, crossflow, etc.
* materials of construction
¢ fill type: high efficiency, splash, etc.

(b) Tower Integrity. Plant operations can greatlyaffect
the intpgrity of the cooling tower. For instance, if the
yearly kapacity of the plant is 30%, then we can assume
the tower is sitting idle for extended periods of time. It
is impgrtant to understand the conse{uences of this type
of operation. An example is an ingrease in biological
activity or an increase in corro$ion rates, both of which
affect the integrity of the piping and fill.

(c) Drawings. P&IDs¢drawings will improve the
quality] of the inspection by

(1) improving (theability to communicate inspec-
tion findings and-any corrective actions that need to
take place.

(2] helping to determine the root cause of any fail-
ures idefitified during the inspection. For instance, if

General Inspection Considerations

is high in silica, there may be an increased potentjal
amorphous silica; therefore, cooling-tower fill would]
an extremely critical portion of the inspection:..Under-
standing if the makeup source varies wilkalso help
understand any failures identified duringthe inspectipn.
(e) Review of Operating Chemistry, Upsets in tower
chemistry can lead to many problems seen during
inspection. A good understaniding of the operating
chemistry, and all upsets experienced, can improve
ability to identify root causes’during the inspection
(f) Digital Photographs<Digital photographs are crjiti-
cal for any inspection¥Tt is one thing to describe what
was seeny; it is another to show what was seen. Digjtal
photographs hélp when sharing ideas with, as welll as
asking for assistance from, others. They are relatively
easy to share: Digital photographs also help to determjne
year-oyetryear conditions and allow for determinatjon
of improvement or worsening of any existing conditigns.
(¢) Analyses. Analyses are critical in understandjng
what may be causing a particular issue. They can help
identify root causes, as opposed to chasing down symp-
toms. Examples of pertinent analyses are
(1) water analyses — particularly makeup souice;
tower water if still some available
(2) biological analyses — any biofilms or sludge

collected during the inspection; particularly fill slimq or
basin sludge
(3) deposit analyses — any scaling seen in the fill,

fill fouling, and strainer fouling

(h) Equipment Inspection. When inspecting equfp-
ment, ensure that all measurements or recordings arg in
accordance with the manufacturers’ specifications. F
instance, belt tension, oil levels, blade pitch, and mgny
others need to all be within manufacturers’ specifica-
tions. Some may change setpoints in accordance wjith
their previous experience with similar, although not
same, types of equipment; this rarely ends up being a
positive change for the plant operations.

iron fottimg isfound-imrthe filt; understanding theentire
system may help determine the origin of the iron fouling
and how to prevent the recurrence.
(3) identifying heat exchangers supplied by the

cooling tower for subsequent inspections.

If P&IDs are not available, hand sketches are
acceptable.

(d) Makeup of the Water Source. Understanding the
chemistry of the makeup source can also help guide the
inspection. For example, if a particular makeup source
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E-1.2 Fan Inspection Guidelines

The following should be considered:

(a) fan deck support condition

(b) loose tension rods, staves, panels, bands, and
bracing

(c) missing air seals

E-1.2.1 Blades. Determine the following:
(a) Has there been a change in blade clearance from
the fan cylinder?
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(b) Is there any corrosion and fouling of the fan
blades?

(c) Is there any cracking in the fan blades, which is
sometimes brought on by abnormal obstructions?

(d) Is there improper pitch on fan blades?

(1) Is the tower operating with the proper L:G ratio?

All towers are designed for a certain L:G ratio. These
ratios are set by the manufacturer, and the blade pitch

(d) Is there failure of fasteners and/or wood deterio-
ration causing distribution trough leaks, spreading of
troughs, and unlevel troughs?

(e) Is there drying out of the tower during downtime,
causing cracks in the distribution system and conse-
quent leaks?

E-1.3.2 Distribution Nozzles.
to_distribution nozzles:

The following apply

is pdjusted—to—achieve thedesired -6 Changing—the
pitch will change the L:G.

(2) Has the amp draw on fan motors changed
redently?

(3) Many plants will re-pitch in order to decrease
th¢ amp draw on the motors. While this may save on
elgctricity use to operate the fan, the change in tower
efffciency will negate this savings.

e) Are all blades set at the same pitch?

/) Is the blade tip level in accordance with the design?

E-1.2.2 Gear Driven. Check gear-driven fans as
follows:

a) Drive shaft and coupling alignment should be
checked.

b) Check for misalignment in the fan drive mecha-
nigm from broken motor mounts, fungus, and iron rot
in wooden support members, and corrosion in steel sup-
poft members.

¢) Ensure proper lubrication of bearings and gears,
anfl check for leaky gearboxes.

d) Gearbox oil level and quality should be checked
and maintained according to the manufagturer’s
specifications.

.

E-1.2.3 Belt Drive. Belt tension systems and drive
ipnment should be checked on a monthly basis.

—_

a

E-1.2.4 Drive Shaft. The following applies to the
ve shaft:

a) Bearings should be Jubricated every 2,000 hr or
every 3 mo.

b) Check for correded drive shaft, oil lines, drive
shaft guard, and gearbox, often causing improper oil
leyel in the gearbex:

¢) Vibration“etutout switch (VCOS) must be opera-
tional anddmaintained.

dr

E-1.3 Water Distribution

(a) For spray nozzles, are there missing splas}l plates
or deteriorated splash boards?
(b) Are all nozzles intact?

(c) Are all nozzles present?
(d) Are nozzles obstructed with'scale or debijis?
Nozzles are critical to ensuze proper water djstribu-
tion and prevent channeling.(Channeling can cayse dry-
ing in areas of the fill, which{can lead to scale forfnation.
Channeling can also 1éad- to large amounts of water
falling across a smallisection of the fill, thus impeding
evaporation. Both-events decrease tower perforymance.
Improper waterflow will affect L:G and degrade fooling
tower performance.

E-1.3:3. Strainers. Check the following for stfainers:

(a)~Installed?

(b)yFree of obstruction?

(c) Any corrosion taking place?

(d) How often are they being cleaned?

(e) Any tower related issues due to lack of a
cleaning strainers?

PM for

E-1.3.4 TowerDecks. Some towers have wate} distri-
bution decks instead of a network of distribution|piping.
The following apply:

(a) The deck should have a uniform water leyel, and
the gravity distribution holes, which feed the dfstribu-
tion nozzles, should be free of obstruction. If th¢ water
level is not level, it is typically related to a risqr valve
synchronization issue. Is the water overflowing gver the
deck weirs? This can be an indication of imbglanced
flow control or obstruction of distribution holeq.

(b) Algae is of particular concern with systemg where
the decks are not closed and are exposed to sumplight.

(c) Because this area typically sees the hottest bulk
water temperatures, scaling and fouling typically occur
in the tower-deck section. This can be scale quch as
calcium carbonate, as well as iron or other metals

foulina
ol
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(a) If possible, visually inspect all headers for obstruc-
tion. This is particularly critical in systems that operate
with high-turbidity waters. Typically, when turbidity
levels are high, a large amount of debris can collect in
the ends of the headers, which will greatly affect proper
water distribution.

(b) Is there any scale and debris accumulation in the
water distribution system piping and nozzles?

(c) Is distribution piping corroded or broken?

[ i L1 . 1 . 1 1
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Even in field-erected towers that employ the use of a
lateral system, the tower decks may be uncovered, which
can lead to algae growth in the drift eliminators and fill
below. It is always advised that the decks be covered
and shielded from sunlight.

E-1.4 Fil

Consider the following;:
(a) Is any chemical attack observed?
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(b) Is there a biological surface attack causing fill
sagging?

(c) Is there deposition between fill sheets?

(d) If biological attack and scale are found, which
came first? Again, it is important to find the root cause,
not the symptom. Understanding the chemistry during
normal operation will help determine this.

(e) Is the tower located near a field or other industry,

(3) concrete damage due to excess sulfates, cracks,
and/or deformation?
(e) Check the presence and condition of screens ahead
of circulating water pumps.
(1) Are screens obstructed with debris? Where did
it come from? How do we prevent it from recurring?
(2) Is there corrosion of screens?
(f) Are there corrosion and fouling of pumps?

such agCoNcrete plants? Becautse TOWers act as very good
scrubbgrs, outside influences can cause fouling of the
fill, which can in turn cause physical damage. Debris
accumtilation on the fill can cause airflow disturbances,
which ¢an then alter the performance of the tower during
norma} operation.

(f) Thhe top section of the fill is most prone to deposi-
tion, dyie to the natural effects of the evaporation profile
across fthe fill.

(g) Are fill slats out of position?

(h) I there fill damage by ice, particularly in forced
draft tpwers?

(i) 14 there mud, oil, or scale accumulation?

(j) Apre there air and water leaks in casing walls? Cas-
ing wall leaks can cause short-circuiting of air and water,
thus degrading cooling tower performance.

E-1.5 Basin

Congider the following;:
(1) When was the basin last cleaned?
(b) Are there any water leaks?

E-1.6 Louvers

Consider the following;:
(a) Is there an obstruction? Check for
¢ algae
e debris
e scale
e mud
(b) Are there sagging louyer boards? If applicablé
there wood deterioration?
(c) Are there missing’lquvers?
(d) Is there corrosion of connection hardware?

is

E-1.7 Plenum

This is defined as the enclosed space between the dFift
eliminators ‘and the fan in the induced draft towers) or
the enclosed space between the fan and the fill in for¢ed
draft-towers. Broken or missing drift-eliminator slats
and'séctions caused by deterioration of wooden or mgtal
holders can cause bypass of air, drift loss, and improper
air distribution.

(1] Does the conductivity of the bulk water fluctu-  E-1.8 Chemical Injection
ate greptly, pz.irticularly durir}g downtime? This cagindi- E-1.8.1 Inhibitor Feed. Check line integrity. Dpes
cate a .leak., sm.ce y(?u are losing concentrated water and the location provide adequate mixing?
replacipg it with dilute makeup. . )

(2] If a leak is suspected, ensure there is not a basin E-1.8.2 Acid Feed. The fgllowmg apply:
level cpntrol issue causing an overflow;, 'which may be (a) Check for proper dilution
assuméd to be a leak. * Fed to side stream for motive/dilution wateyf?

(c) Qheck the basin sludge devel. Sludge can cause * Acid dilution box?

problemns in heat exchanger$ as well as tower fill. If a (b) Is there concrete or metallurgy damage near the
large amount of sludge is present, is there a large amount ~ injection point?
of biolggical growth underneath? This is typically associ- ACifi will be aggressive to all basin materials. of cpn-
ated wiith a black sludge and foul odor. Bioactivity can ~ Struction. The key is to ensure the feed system is setjup
be detfimental to the basin, regardless of the material properly.
of congtruction/ Anaerobic bacteria secrete acids that E-1.8.3 Bleach Feed. Check the following:
corrod¢ metals'and can cause deterioration of concrete (1) Is bleach distributed evenly across the backsjde
basins. of the tower?

(1 Isthe 0111{430 located—near nivnn]ah'ng water \Z//\ ID Plt}lllé ILCC U[ U}JD‘LL uLliUll ﬂll\.‘l Ll}/blalliged

pumps?

(2) Is the sludge at the ends of the basin?

(3) Is the sludge due to low flow areas?

(d) Is there visible deterioration or corrosion of the

basin? If so, is it being caused by

(1) high sulfates or chlorides? Sulfates are aggres-
sive to both galvanized and concrete basins; chlorides
are aggressive to both galvanized and stainless basins.

(2) cracks?
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bleach?
(c) For a wood tower, is bleach attacking the wood?
See wood inspection in para. E-1.10.

E-1.9 Piping and Valving

E-1.9.1 Blowdown. Answer the following:

(1) What is the method of blowdown?

(b) In reviewing the chemistry logs, have the cycles
of concentration been controlled consistently? If not, this
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could indicate a blowdown control issue, such as uncon-
trolled blowdown via leaks in the piping, basin, etc.
(c) Is the blowdown taken from the basin, riser, or
other? It should be off the return to where hot water is
blown down.
(d) Is the control system manual or automated? Are
there any issues experienced with the control system?
(e) Where does the discharge go?

E-1.10.1.3 Biological Internal Attack. This occurs
below the surface of the wood and goes undetected until
the infection spreads widely. The decay can be white
rot, attacking both cellulose and lignin and leaving a
spongy, stringy mass; or brown rot, attacking the cellu-
lose and leaving a brown cubelike pattern. This type of
attack is more apt to occur in warm, moist, but unflooded
portions of the tower.

(TTiow does ttaffect the prant and 15 furtiher
indpection of downstream equipment needed?

(2) Has the blowdown control caused any issues
with discharge permit limits?

E-1.9.2 Makeup. Answer the following:
a) How is makeup controlled?

(1) Is it based on a level sensor? If so, how well

dogs the system work? Excessive foaming in a cooling
toyver can have adverse effects on many level sensors.
(2) What is the source of the makeup water? Is it
high in metals or turbidity? Both can cause fouling in
otlier tower components such as fill.
(3) Has the tower experienced overflow incidents,
indlicating poor level control and uncontrolled blow-
down? This not only affects the chemical program, but
affects the program costs, both chemical and in water
usfge.

E-1.9.3 Risers. Answer the following:

a) Is piping intact?

b) Is water-distribution balance achieved during not-
mal operation?

¢) Are control valves operating as needed?

d) If a gravity-fed distribution system is/being used,
ar¢ the riser valves able to maintain theappropriate
wdter level throughout the distributiondeck?

m
'

1.10 Support Structure

E-1.10.1 Wood. The following outlines the mecha-
gms by which a wood strudture can be compromised.

E-1.10.1.1 Chemical Attack: Delignification Due to
Removal of Lignin, SLignin is the component that binds
to fhe cellulose fibérs, providing strength and hardening
of [the cell walls/ Excessive chlorination, less than 1.0
ppm for extended periods, or improper location of
bl¢ach feed can cause delignification. This typically
affects-ajthin layer on the external surface but it can be

.

n

E-1.10.1.4 Iron Rot. This is a chemigal|attack
caused by the formation of iron salts around.cofroding
ferrous parts that are in contact with wood! Th¢ wood
has a charred appearance and may beymorte susdeptible
to fungi attack.

E-1.10.2 Galvanized. Galvanized components are
very susceptible to white rust, which can be duefto high
pH, ie., above 8.3. White tust can appear as gither a
very tenacious or very softwhite, chalky formatign. Low
hardness levels can-also promote white rust forfnation.

Low pH can alse,cause a loss of the zinc coatirlg, thus
promoting corrosion.
Elevated chleride and sulfate levels can prom¢te cor-
rosion of/galvanized parts, particularly wet/drly areas
and aréas Where tower drift may come in contajct.
Consult the manufacturers’ operational mantals for
recommended water chemistry limits.

E-1.10.3 Structural Inspection. Consider {he fol-
lowing:
(a) Are there bowing columns?
(b) Are there sagging braces?
(c) Is there loss of any pieces of structure?
(d) For bolts and bracing,
(1) loose?
(2) deteriorating?
(3) stainless bolt corrosion due to high chloride con-
centrations in the bulk water?
(4) galvanized hardware may be used and|is sus-
ceptible to corrosion under high pH extremes, s well
as chloride and sulfate concentrations
(e) Whatis the appearance of the wood, and thf depth
at which the loose material could be scraped off with a
dull instrument?
(f) The breaking strength and brittleness of fill] splash
boards, and drift eliminators can be tested by Hand.
(g) When the surface of the wood material is tguched,
is it soft, stringy, spongy, or intact and solid?

mlugh deﬁpﬁl Lu[dﬂl plS!lS!Il.gﬁd CQII.d],t].QII.S'. it 1s most W TRSGecTE ST TeriaT oS —icehi
en mspecting ror imternal rot, an ice pick or

prevalent in the flooded sections of the tower.

E-1.10.1.2 Biological Surface Attack. This is com-
monly called soft rot. It

(a) is caused by fungi that attack the cellulose of damp
wood and primarily leave lignin.

(b) has a dark appearance on the wood surface. Active
growth of wood-destroying fungi is typically confined
to the surface layers unless the wood is allowed to dry
frequently.

screwdriver can be used for probing. How deep does
the probe penetrate the wood? How easily does it pene-
trate? A penetration of greater than 7 in. could be an
indication of internal rot. If the probe penetrates and
feels like when a stud is missing on a Sheetrock wall,
this is also an indication of internal rot.

(i) Striking a wood member with a hammer should
give good resonance if the wood is sound. If the sound
is a dull thud or hollow, internal rot may be present.
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E-1.11 Ladders and Walkways

Consider the following;:

(a) Are they stable and intact?

(b) Some are manufactured using galvanized parts
and are susceptible to corrosion as outlined in the section
above.

(c) Is all the connecting hardware present?

18
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NONMANDATORY APPENDIX F
ELECTROSTATIC PRECIPITATOR

his is a general inspection procedure; not all areas
or [items will pertain to every electrostatic precipitator.
ipment reliability and performance have parallels.
Inglications of poor performance are closely tied to those
of [reduced reliability. Abnormal wear patterns, poor
cldanliness, increased corrosion, and mechanical fail-
ur¢s, no matter how small, have effects on both unit
reljability and unit performance. Identifying the root
cayise is the first step in improving the overall perform-
anfe of a piece of equipment and the power generating
unfit it is a part of. While these inspection guidelines are
wifitten to ultimately enhance the plant’s performance,
allfobservations should be noted and acted upon.
[he following review should be conducted prior to
th¢ outage:
a) Review the last inspection report.
b) Review recent operating history’

(1) actual versus grain loading

(2) actual versus electrical readings

(3) maintenance work orders related to rappers,
wikes and plates, and shorts or field trips

(4) abnormal operating events
c) Contact plant operations for additional informa-
tion on the operating history.
d) Obtain the ESP elevation drawings prior to inspec-
tion, to aid in the inspection and feport/documentation.
e) Make a plan or checklist on the items and areas
of Interest that should be ingpected. Identify which doors
(mlanways) you plan to uise to enter and exit.
/) Make a safety plan and conduct a briefing prior
to [entering the ESP:Ensure all participants are aware
of [their responsibilities, including looking out for each
other, obeying the outside safety watch person, and
eviicuatiorf\plans.

¢) Eolloew proper lockout/tagout procedure, includ-

ing grounding actions.
\k\ Catbharnar SRR

—_

(i) Gather cameras, flashlights, and writing|equip-
ment, and ensure sufficient lanyards are availablg¢ for all
equipment brought into the ESP.

(j) If necessary, arrange for temporary Scaffolfling or
ladders.

F-2 INSPECTION PROCEDURES

F-2.1 During Inspection

The following should'be conducted during the putage:
() Don appropziate Personal Protection Equiipment
before inspection.
(b) Inspect ESP boxes from top to bottom gr vice-
versa. Algoy at each level consistently move in tHe same
directién Horizontally to ensure full coverage.
(c)’Record all information as observed; do 1jot rely
on‘mental notes. This is critical to ensure all findings
will be included in the inspection report.
(d) Obey all instructions from the outside|safety
watch person.

F-2.2 After Inspection

The following should be documented after the putage:

(a) Report the significant findings from the [inspec-
tions immediately to the responsible plant contficts.

(b) Safety issues require immediate reporting agnd cor-
rection to remove the hazards.

(c) Ensure all material brought into the ESP jas part
of the inspection leaves with you.

(d) Sign out on the appropriate forms.

(e) Document all findings in a report that will be
retrievable in the future.

(f) Summarize all recommended actions.

(g) Plan for a reinspection if recommended Jactions
require it.

F-3 SPECIFIC INSPECTION GUIDELINES

2l £oly 1
oanef-personarsarery-equtpinent

! In addition to the ESP operating history, other boiler and air
heater (AH) operating history, and recent test results (boiler gas
flow, boiler casing air in-leakage, fly ash unburned carbon
(UBC)/loss on ignition (LOI), AH air in-leakage and gas outlet
temperatures, SO, and SO; concentration, induced draft fan and/or
booster fan amp and power history, etc., will be useful as documen-
tation and for root cause analysis. If flue gas conditioning is used,
then operating history (flow, ppm) should be collected as documen-
tation and for root cause analysis.
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F-3.1 General

Inspection should comprise a multidisciplinary
team — operators, mechanical and I&E maintenance
staff, specialist/engineer, and OEM (consultants) if
required. All findings should be recorded and properly
documented in inspection data sheets with pictures.
This, together with previous reports, will serve as the
maintenance plan for the current outage. The main objec-
tive is to improve ESP performance, lower the outlet
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grain loading to downstream equipment, and lower the
gas flow/draft losses/fan power.
F-3.2 Inspection Categories

Due to different vintages and rapping devices, the
inspection is broadly categorized as follows.

F-3.2.1 Mechanical. General appearance and ash

(m) Check SNCR - skid, metering, dilution/injection
system and injection nozzles, setpoint versus actual, and
ammonia slip.

(n) SCR operating history — ammonia slip and
(total) SOs.

F-3.2.2 Instrumentation and Electrical. Inspect
(a) grounding and ground cables (doors, frame, etc.)
(b) TR sets — access area with insulators (tracking,

deposi

trodes

10n betore maintenance cleaning — ductwork appearances), ducts and cables, and associated caple
and exXpansion joints, cracks, wires or discharge elec-  trays

DE) and plates or collecting electrodes (CE), flow (c) rappers and rapper controls
conditjoning devices, any in-leakages, wet appearances, (d) controllers/automatic voltage contrgl - eheck get-

and urfusual buildup.

(a) Qheck for proper alignment and clearances of DE
and CH, and tolerance allowed.

(b) Rlate and wires (slacked and broken wires, bowed
plates,|corrosion, and erosion).

(c) Jondition of frames — plate assembly and rigid
DE.

(d) Insulators including rapper/shaft/vibrators and
stand-¢ff insulators of DE frame.

(e) Happers (hammers, pneumatic, vibrators, electro-
magnetic, electric, etc.), roof and side wall penetrations,
and rapper/shock bar.

(f) If chronic buildup exists and rapping energy/
G-forcg is a suspect, could conduct certain rapping inten-
sity tedt for inadequacy of G-force.

(g) Inlet gas conditioning devices — turning vanes,
straighttening devices, perforated plates, and rapping
system) if equipped.

(h) Qutlet gas conditioning devices — turning'vanes,
perforgted plates, and rapping system if equipped.

(i) Hoppers (plate and ESP proper interface and air
in-leakpge condition, ash bridging, deposition, rat hole),
vibratprs/fluidizing devices, level detectors, and
heaterg.

(j) Bypass — anti-sneakage jplates/devices, ash
hopper.

(k) If applicable, checK\¢endition and operating his-
tory wjth respect to the ESP flue gas inlet.

(I) Flue gas conditioning system — SO3; and ammo-
nia — pkid, metering, injection system, and nozzles.

tings and parameters after maintenance ©1 replacempnt
(e) ESP flue gas pressure drop — check conditionf of
sensing lines and transmitters
(f) particulate or opacity meniters (if equipped)
check condition

F-3.2.3 Wet Electrostatic. Precipitator (WESP). For
WESP applications, thé-attention to detail is the same
as dry ESP, with similat‘mechanical and electrical inspec-
tion of field alignment, DE and CE conditions, and elec-
trical equipment, The exception is the lack of a rappng
system; however, there is the wet or water side. Sifice
WESP is usually the last emissions control equipmpnt
and most-are designed to collect acid mist and mifor
carryover from scrubbers, attention should focus on Wet
and acidic corrosion as mentioned below.

F-3.3 Additional Subsystems

Inspect the following:

(a) wash water system, head tanks, and valves gnd
pumps

(b) purge and/or acid recycle and conductivity c
trol, and makeup water subsystems

(c) internal to each field (upflow stage): wash heads
nozzles, weirs, and troughs

(d) deposition along wet/dry zones, water coverag
distribution, and coloration on CE (if fiberglass, look
smoothness, peeling, uneven wet zones, etc.)

(e) DE insulator boxes — cleanliness/puddlinjg/
tracking; purge air annulus from insulator box (dry sifle)
to internal (wet side)

(f) purge air system — condition of heaters, dampjrs
and operators, headers and branches

n_
IS,

e/

for
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NONMANDATORY APPENDIX G
FEEDWATER HEATERS AND DEAERATORS

CTION GUIDELINES

is is a general inspection procedure; not all areas

experienced from the previous operating data analysis.
quipment reliability and performance have parallels.
Indlications of poor performance are closely tied to those
of [reduced reliability. Abnormal wear patterns, poor
cldanliness, increased corrosion, and mechanical fail-
ur¢s, no matter how small, have effects on both unit
reljability and unit performance. Identifying the root
catise is the first step in improving the overall perform-
anfe of a piece of equipment and the power generating
unfit it is a part of. While these inspection guidelines are
wifitten to ultimately enhance the plant’s performance,
allfobservations should be noted and acted upon:

G

1.1 Prior to the Outage

[he following review should be conducted prior to
outage:

a) Review the last inspection report.

b) Review recent operating history

¢ terminal difference

¢ feedwater temperattire rise

* drain cooler approach (where applicable)

¢ feedwater pressure drop
tube leak-history and map

¢ abnormal-Operating events
c) Contact'plant operations for additional informa-
tion on.eperating history.
d)-Obtain the drawings and specifications of each
fod . ; son toaid .
tion and report/documentation.

(e) Make a plan or checklist on the items and areas
of interest that should be inspected. This plan of which
feedwater heaters should be opened and inspected
should be justified based on historic performance and
maintenance.

(f) Make a safety plan and conduct a briefing prior
to the inspection.

(g) Gather personal safety equipment.

thd
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(h) Gather cameras, flashlights, and writing|equip-
ment, and ensure sufficient lanyards are availablg¢ for all
equipment that enters the feedwater heater.

(i) If necessary, arrange for temporary Scaffolfling or
ladders.

G-1.2 During the Inspection

The following should be ¢onducted during the putage:

(a) Inspect the heat €xchanger systematically, from
top to bottom or left.to-tight, to ensure all tuhes and
other internal areas-feceive adequate attention.

(b) Record all information as observed; do 1
on mental notes. This is critical to ensure all f
will be incldded in the inspection report.

ot rely
ndings

G-1.3_After the Inspection

Thefollowing should be documented after the putage:

(a) Report the significant findings from the [inspec-
tions immediately to the responsible plant cqntacts.
Safety issues require immediate reporting and |correc-
tion to remove the hazards.

(b) Ensure all material brought into the fee
heater as part of the inspection is withdrawn.

(c) Document all findings in a report that
retrievable in the future.

(d) Summarize all recommended actions.

(e) Plan for a reinspection if recommended
require it.

Hwater

will be

actions

G-2 PROCEDURES PRIOR TO EQUIPMENT
SHUTDOWN

The procedures to be followed prior to shutdqwn are
as follows:

(a) The equipment to be inspected should b
out of service. Equipment clearances or tagouts
be signed by appropriate personnel.

(b) All energy sources, steam, feedwater or refircula-

ion pumps, and layup and chemical injection equip-
ment such as those supplying a nitrogen blanket must
be removed from service.

(c) Consider double block and bleed valve isolation
for inspections if any connections exist to operating
units.

Inspecting a feedwater heater usually involves enter-
ing the end bell of the heat exchanger with your head
or upper body. While not a typical confined space since
egress is much easier, it still presents many of the same

b taken
should
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hazards as those spaces in which your entire body enters
the confined space.

G-3 CONDUCTING THE INSPECTION

A feedwater heater inspection should be justified and
planned in advance. The frequency of inspection is
dependent upon the history of operatron performance,
and

G-4.3 Tube ID

The tubes should first be visually examined for dam-
age, or the existence of foreign material, fouling, or scal-
ing. This visual inspection may continue deeper into the
tubes through the use of a video probe. If the tubes are
not clean or clear, the source of the fouling or foreign
material should be identified and the tubes should be
cleaned or performance will suffer and tube leaks may

heater vill be open durlng an outage should 1nc0rp0rate
any contingencies to ensure time exists to complete any
requirdd repairs. If eddy-current testing of the tubes or
other wall thickness data is desired, arrangements
should|be made to ensure personnel with those capabili-
ties andl the related instruments are available. The notes/
records may be recorded in writing or via sound
recordfing to be transcribed immediately thereafter.
Upon fompleting the inspection of each feedwater
heater,| all notes, records, and photographs should be
duplicdted and stored separately to ensure preservation
of this [information.

For fhose feedwater heaters located in the condenser
neck, fefer to the section on condenser steam space
inspection. The next four sections pertain to shell and
tube he¢at exchangers; the following section pertains to
deaerating heaters, and the last section pertains to both
types of heaters.

G-4 (CLEANLINESS, DEBRIS, AND CORROSION

Notg any signs of debris, foreign material, and corro-
sion prpducts. Identifying the source of the foreign mate-
rial will assist in preventing its recurrence.

Lealage of cold feedwater to the heater outlet can be
avoidefl if the partition plate and, theassociated hard-
ware afe intact. The partition plate’should be visually
inspecfed for any signs of wear or erosion. If signs of
wear dr erosion are evident,~the wall thickness of the
plate should be determined and compared to design.
Check [the hardware{ gaskets, or other materials that
keep tlhe partition plate in place and maintain the seal
n the feedwater inlet and outlet. Again, signs of
, bolt-hole”enlargement, or other signs of unin-

occur 1n the future.

If tube leaks have occurred in the past, the map| of
plugged tubes should be used to ensure allpliigs pre
intact. Quantitative tube wall thickness meastirements
can be done with eddy-current testing,

G-4.4 Shell Side

A visual inspection of the shéll side can be conduc

with a video probe through{an instrument connectipn.

G-4.5 Tube Support Sheets

The tube support‘plates should be secure and parallel
to each other, perpendicular to the tubes. The hofles
should not be-enlarged or uneven.

G-4.6 Baffle Plates

Examine all baffle plates for structural soundngss.
Thesé’are installed to prevent tube damage by absorbjng
or'deflecting the high energy flows entering the hedter
and are subject to wear and failure. If any unattached
baffle plate is found in the belly of the heater, identify
its source and ensure the penetration it was covering is
covered with a replacement. Examine all unprotecfed
penetrations for signs that a baffle was previouply
installed and may have torn loose.

G-4.7 Drain Cooler Section (Where Applicable)

Inspect the “can” surrounding the drain cooler sectjon
for cracks, holes, or other openings. It should conthin
the final pass of tubes.

G-4.8 Tubes

The external surfaces of the tubes should be clean gnd
undamaged. If fouling or scaling is identified, a sample
should be acquired to determine its composition gnd
source to prevent further buildup. Those surfaces shofild
be clean for maximum performance If the tubes expé¢ri-

The tube-to-tube-sheet seal should be inspected to
ensure no leakage is occurring. Look for erosion or shiny
wear spots. The tube sheet should be flat and not warped
or uneven. If necessary, an ultrasonic depth gage can be
used to determine any metal loss from the tube sheet.
There should not be signs of any flow between the edges
of the tube sheet and the heater shell. Inspect the seal
between tube to tube sheet, independently if it is welded
or compression fit.
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dent at some of the support sheets.

G-5 DEAERATORS AND THEIR DRAIN/STORAGE
TANKS

Deaerators are usually larger vessels than shell and
tube feedwater heaters, and can permit human entry.
However, there is not a lot of space, and prior planning
and very careful movements will help one conduct a


https://asmenormdoc.com/api2/?name=ASME POM 101 2013.pdf

ASME POM 101-2013

safe internal inspection. Once inside the heater, a video
probe can assist the inspection.

G-5.1 Cleanliness, Debris, and Corrosion

Note any signs of debris, foreign material, and corro-
sion products. Identifying the source of the foreign mate-
rial will assist in preventing its recurrence. Due to the
potentially corrosive atmosphere that may exist in a

G-5.3 Drain Tank

The internal supports should be examined to ensure
structural integrity. In addition to a visual inspection,
the welds may be checked via nondestructive testing
(NDT) methods.

G-6 EXTRACTION STEAM PIPING

depeTator while il Service, check 10T Signs ol 1Iow-
acgelerated corrosion (FAC) or other wear in all metal

components.
G-5.2 Trays

[he trays should be secure and undamaged. They
shpuld be checked for signs of wear.

The inside of extraction steam piping can be fiewed
using a flexible video probe as accessed throigh an
instrument connection, high-point vent;'‘er low-point
drain. The nonreturn check valve should be dhecked
to ensure it is in place and fully fungtional. (The wall
thickness of elbows on wet extraction steam lifies can
be checked using NDT from the outside of the pipe.)
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NONMANDATORY APPENDIX H
HEAT RECOVERY STEAM GENERATORS

H-1 [INTRODUCTION

This|is a general inspection procedure; not all areas
or itens will pertain to every HRSG. If HRSGs contain
upper|and lower dead air spaces, both should be
inspecfed to properly complete the procedure.

Equipment reliability and performance have parallels.
Indica{ons of poor performance are closely tied to those
of rediiced reliability. Abnormal wear patterns, poor
cleanlipess, increased corrosion, and mechanical fail-
ures, njo matter how small, have effects on both unit
reliability and unit performance. Identifying the root
cause ip the first step in improving the overall perform-
ance of a piece of equipment and the power generating
unit it {s a part of. While these inspection guidelines are
writter] to ultimately enhance the plant’s performance,
all obsgrvations should be noted and acted upon.

H-2 PROCEDURES PRIOR TO EQUIPMENT

HUTDOWN

Priog to inspection, check the following:

(a) the last inspection report

(b) if the unit is scheduled for SCR catalyst sample/
coupon testing

(c) the unit from front to rear, stack being the rear of
the unit

Obtdin a side elevation drawing 0f jthe unit prior to
inspecfion to aid in documentation,

Accgss doors are numbered' from front to rear. The
numbedr one (1) access door.is located in the CT’s outlet
ductwgrk just before thethigh-pressure superheater.

Befofe the unit is shub down for inspection, it is recom-
mendeyd to use thexmopgraphy to locate hotspots on the
externgl casing, The location(s) of any hotspot greater
than 130°F sheuld be documented.

Recqrd allinformation and findings on the inspection
report.

Consider double block and bleed valve isolation [for
drum inspections when two or more HRSGs are'tied to
a common steam turbine. Then confirm no leak-throygh

of the root valves on common systems, HE, IP, or LP.

H-3 DUCTWORK

Any part of the HRSG exterior that contains flue
and HRSG tubes is considered ductwork. Ductwork cpn-
figuration varies with eachwendor but typically consjsts
of insulation betweenlirter plates (HRSG interior) that
are held to an external casing by anchor pins. The HRSG
gas-tight exterigr casing is typically made from carlon
steel, and linér plates are generally made from stainlpess
steel in high¢temperature areas and carbon steel in Iqw-
temperature areas.

bas

H-3:3 Offline Visual Inspection

Inspect and record the overall condition of the HRSG
exterior casing and interior (liner plates). Check for m
ing or damaged sections, loose or missing fasteng
corrosion, and deposits on the interior of liner pla
Inspect all locations where pressure parts penetrate
external casing.

H-3.1.1 HRSG Exterior. Inspect and record the ovier-
all condition of the HRSG ductwork for
(a) hotspots on exterior ductwork. Areas where fhe
ductwork paint has stripped off and there is metal disqol-
oration may be due to hotspots. They can also be found
prior to shutdown using a thermographic camera.
(b) any openings (or cracks) in ductwork that allpw
flue gas to escape. Leaks can often be identified durjng
an offline inspection by the discolored smear flue gas
on the ductwork.
(c) water collection points. These points are susceppti-
ble to corrosion and may develop weep holes.

Repdrtthe significant findings from the MSpections
immediately to the responsible plant contacts. Safety
issues require immediate reporting and correction to
remove the hazards.

The equipment to be inspected should be taken out
of service. Equipment clearances or tagouts should be
signed by appropriate personnel.

All energy sources, steam, feedwater or recirculation
pumps, fuels, and chemical injection equipment such as
the ammonia must be removed from service.
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H-3.1.2 HRSG Interior. Inspect and record the gen-
eral condition of the liner plates (HRSG interior).

(a) Check for cracks, physical damage, and deforma-
tion in liner plates.

(b) Check welds for cracks.

(c) Record any missing sections.

(d) Check for loose or missing fasteners.

(e) Check tack welds on washers. These tack welds
prevent spinning and wear.
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(f) Check for deposits on liner plates, especially in
sections downstream in the HRSG. Collect samples for
testing.

(g) Check deposit distribution, if any. This gives an
indication of the types of operational/distribution con-
ditions that exist.

H-3.1.3 GT Outlet (Gas Inlet to HRSG). This area is
extremely turbulent. Liner attachments are usually on

Inspection frequencies are dependent upon plant
operational schedule and resource availability, and are
not recommended herein.

H-3.2 Ductwork Notes: Hotspots and Leaks

Hotspots usually occur in areas where there are miss-
ing liner plates and the insulation has broken down due
to exposure to flue gas. There are also areas where the

cldgser spacing with batten channels installed for addi-
tional support.

a) Inspect cover plates for misalignment, bending, or
wdrpage.

b) Liner plates at the area of open duct, especially
frgm the turbine exhaust to the first bank of tubes which
is pxposed to the highest velocity of GT exhaust, must
belinspected thoroughly.

¢) Check liner plates for deformation such as warp-
ing and buckling due to binding and high-temperature
ragnp rates.

d) Inspect studs for gouging due to rapid movement
of [liner plates.

e) Tack welds and nuts must be inspected for erosion.
f) Check for damaged or missing batten channels (it
mdy be difficult to identify missing sections). If any
mipsing sections are identified, debris may be located
downstream of the HRSG.

H-3.1.4 Penetrations. Inspect penetrations and
redord misaligned tubes. Check for physical damage(of
HRSG exterior ductwork and liner plates (and tubes)
frgm tubes due to vibration.

H-3.1.5 Supports, Guides, and Expansion Joints.
Ingpect supports, guides, and expansion joints.

H-3.1.6 Bypass Stack. The following apply to the
bypass stack:
a) Inspect the damper, guides, and ductwork interior.
b) Ensure that all insidé skin casings are intact.
c) Check inside skin (casings for

¢ misalignment

* missing sections

* binding

* warpage

¢ missing hold-down clips
d) Inspect the damper for missing components, worn

gujides, or binding. (c) misaligned tube elements.
u’?}‘dﬁmmm_ﬁﬁmﬂmmmm—

attention to the expansion joints and the blanking plate.

(f) Inspect the gas shields around the expansion joints
for damage.

If the bypass stack silencer and upper portions need
inspection, an outside contractor will be needed to install
rigging. An NDE contractor will be needed to perform
thickness testing of the stack walls. Still visually inspect
and record any physical damage that is visible from
base level.

Tiner plates are mtact (possibly warped) buf jhere is
insulation breakdown. In this case, the breakdpwn of
insulation may have been caused by mojsture d¢grada-
tion of the insulation.

Hotspots can best be found with(the thermographic
camera before shutdown.

H-4 HP SECONDARY SUPERHEATER
H-4.1 General

The front row is;easily accessible for inspectior]. It will
be difficult to ifispect the other rows of tubes.

(a) Most/tubes are top-supported with tube [pundle
guides at(the bottom; some are bottom-supporte¢d with
expansion guides located at the top.

(b)\Fubes are finned tubes.

(c)” Baffles are installed in the gas path to redfice gas
bypassing and improve heat transfer.

(d) When conducting an inspection, look as |deeply
in the tube bundles as possible for any defects.

H-4.2 Offline Visual Inspection

Inspect the overall condition of the tube elemehts and
fin structure. Check for

(a) cracks.

(b) damaged fins on tube elements.

(c) deformed tubes.

(d) deposits on tube elements and fins. Colleft sam-
ples for testing where possible.

(e) deposits or debris on roof and floor of HKSG.

(f) corrosion.

H-4.2.1 Tube Elements.
damage and check for

(1) damaged fins on tube elements.
(b) warped or deformed tubes.

Inspect tubes for physical

(e) deposits, corrosion, and debris. Collect samples
for testing where possible.

(f) deposit distribution.

Inspect deposit distribution and damaged fin distribu-
tion, if any, for any unusual patterns. This may give an
indication of operating and/or distribution problems in
HRSG.

Tube bundle misalignment may indicate tube-support
problems or thermal-expansion issues.
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H-4.2.2 Pole Baffles. Thorough inspection of the

existing baffles is very important at this location.

(a) Inspect baffles for warping.

(b) Inspect baffle welds for cracks.

(c) Check for missing or damaged guide vanes on
baffles.

(d) Inspect guide-vane welds for cracks.

(e) Inspect baffle penetrations.

H-5.2 Offline Visual Inspection

Inspect the overall condition of the tube elements and
fin structure. Check for

(a) cracks.

(b) damaged fins on tube elements.

(c) deformed tubes.

(d) deposits on tube elements and fins. Collect sam-
ples for testing where possible.

H-4.2.3 Side Baffles. The side baffles should be
thoroughly inspected, especially those in the HP second-
ary superheater since they are in the direct path of the
GT exhaust gas.

(a) Ihspect baffle for warpage.

(b) Ihspect baffle welds for cracks.

(c) (heck for missing or damaged sections.

(d) Inspect wall connection for cracks.

(e) dheck for excessive gaps that allow gas bypassing.
(f) dheck for binding due to thermal expansion.

H-4]2.4 Tube Sheets. Tube sheets are installed in
horizoftal sections; they help to keep tubes aligned dur-
ing op¢ration. During inspection, look as far as possible
in the thibe bundles for any damage, misalignment, miss-
ing sedtions, deposits, or abnormalities. Check for

(a) Warpage of tube sheets.

(b) dracks in welds or in tube-sheet material.

(c) damaged or missing sections.

(d) thisalignment. Misalignment may cause damage
to tubd fins.

H-412.5 Lower Shield. Inspect shield for

acks in welds or in shield material
amaged or missing sections
uide misalignment and missing bolts and

ECONDARY REHEATER

H-5.1 [General

The front row is easily accessible for inspection. It will
be diffjcult to inspéctjthe other rows of tubes.

(a) Most tubestare top-supported with tube bundle
guides|at the bottom; some are bottom-supported with
expangionguides located at the top.

(b) Tubesare finned tubes.

(e) deposits or debris on roof and floor of HRSG.
(f) corrosion.

H-5.2.1 Tube Elements. Inspect tubes,for

(a) physical damage.

(b) damaged fins on tube elements.

(c) warped or deformed tubes,

(d) misaligned tube elements:

(e) tube bundle misalignment.

(f) deposits, corrosiongand debris. Collect sampiles
for testing where possible.

(¢) deposit distribution.

Inspect deposit distribution and damaged fin distribpu-
tion, if any, for.any unusual patterns. This may give|an
indication ef)0perating and/or distribution problemg i
HRSG.

Tubé biindle misalignment may indicate tube support
problems or thermal expansion issues.

H-5.2.2 Center Baffle. Inspect center baffle for
(a) warpage

(b) cracks in welds

(c) missing or damaged sections

H-5.2.3 Side Baffles. The side baffles should|be
thoroughly inspected, especially those in the HP secod-
ary superheater since they are in the direct path of the
GT exhaust gas.

(a) Inspect baffle for warpage.

(b) Inspect baffle welds for cracks.

(c) Check for missing or damaged sections.
(d) Inspect wall connection for cracks.

(e) Check for excessive gaps that allow gas bypassihg.
(f) Check for binding due to thermal expansion.

H-5.2.4 Tube Sheets. Tube sheets are installed| i
horizontal sections; they help to keep tubes aligned dur-
ing operation. During inspection, look as far as possiple
in the tube bundles for any damage, misalignment, m

(c) Baffles are installed in the gas path to reduce gas
bypassing and improve heat transfer.

(d) When conducting an inspection, look as deeply
in the tube bundles as possible for any defects.

Care should be taken when entering this area, since
the Pyro-Bloc insulation may be installed and is dam-
aged easily. The Pyro-Bloc insulation is a ceramic fiber
with a coating of inorganic hardening agent and is sus-
ceptible to trampling. Plywood should be installed prior
to entering this section, to protect insulation.
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Ing sections, deposits, or any abnormalities.
(a) Inspect tube sheets for warpage.
(b) Check for cracks in welds or in tube-sheet material.
(c) Check for damaged or missing sections.
(d) Check for misalignment. Misalignment may cause
damage to tube fins.

H-5.2.5 Lower Shield. Proceed as follows:
(a) Inspect lower shield for warpage.
(b) Check for cracks in welds or in shield material.
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(c) Check for damaged or missing sections and loose
or missing fasteners.

H-5.2.6 Pyro-Bloc Module (If Applicable). A Pyro-
Bloc module is composed of two monolithic pieces of
edge grain ceramic fiber with an internal yoke and two
support tubes. It is covered with a sprayed-on inorganic
hardening agent to improve its velocity resistance. It
protects the outer casing from the flame generated from

(c) Check for pluggage due to foreign objects inside
nozzles. If extruded nozzles are installed, check for miss-
ing sections. If there are any missing sections, check if
the missing section(s) is logged in the catalyst or has
caused damage to the catalyst.

(d) Check for runner integrity. This is of critical impor-
tance; plugged nozzles can lead to severe system under-
performance. Any debris from the vaporization system

th¢ duct burners combined with the hot gas from the CT.
Refer to the manufacturer’s manual for more informa-
tion on the structure of the module.

a) Inspect module for damage.

b) Check for missing sections.

c) Check for deposits. Collect samples for testing
where possible.

d) Inspect hardening agent and assess if reapplica-
tion is needed.

e) Inspect downstream fins for ceramic fiber (evi-
dehce of Pyro-Bloc erosion).

==
1

5 DUCT BURNERS AND CATALYSTS

6.1 General

=
1

[he duct burners are located downstream from the
sedondary reheater. There are four rows of burner run-
nets; each row consists of a gas runner with orifices and
flajne retention baffles on the top and bottom of the
rufiner. The baffles help create a recirculation zone(to
asgure stable ignition and combustion.

9]

H

6.2 Offline Visual Inspection

Proceed as follows:
a) Inspect the overall condition of the burner runners
anfl baffles. Check for
(1) cracks.
(2) damaged elements.
(3) deformed elements.
(4) deposits. Colteet'samples for testing where
popsible.
b) For burner&unners and baffles
(1) inspect.for physical damage
(2) check for damaged supports on burner
emblies
(3)~check for warped or deformed baffles
(4) check for runner integrity

asy

VVil} lcad :,U P}uéécd llULLICD.
(e) Check for deformation and corrosion.
(f) Inspect injection lance wall penetrations.
(¢) Confirm the condition of tube banks’dowr,
for evidence of any deposits and pliigging.

H-6.3.2 CO Catalyst. Proceed\as follows:

(a) Look for evidence of flow imbalances (s
dusting pattern).

(b) Inspect the suppgrf frame (reactor) for d¢
tion or physical damage such as cracks.

(c) Check suppert-frame for corrosion.

(d) Check for catalyst deformation or physical
damage.

(e) Chéck for any shift in catalyst layer.

(f) Chieck for dust erosion of catalyst.

stream

trange

forma-

(g\Check catalyst for pluggage and dust
accumulation.

(h) Collect any corrosion and/or deposit gample
where applicable.

(i) Remove catalyst test sample for laboratory|testing
if required.

H-7 PRIMARY REHEATER
H-7.1 General

The front row is easily accessible for inspectior}. It will
be difficult to inspect the other rows of tubes.

(a) Most tubes are top-supported with tube pundle
guides at the bottom; some are bottom-support¢d with
expansion guides located at the top.

(b) Tubes are finned tubes.

(c) Baffles are installed in the gas path to redfice gas
bypassing and improve heat transfer.

(d) When conducting an inspection, look as|deeply

in the tube bundles as possible for any defects.

H-7.2 Offline Visual Inspection

(c) Inspect fuel supply piping.
(d) Inspect burner supports.

H-6.3 SCR Catalysts

H-6.3.1 Ammonia Injection Grid (AlG).
follows:
(a) Inspect for damage and binding.
(b) Inspect ammonia injection grid structure and
supports.

Proceed as
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Inspect the overall condition of the tube elements and
fin structure. Check for

(a) cracks.

(b) damaged fins on tube elements.

(c) deformed tubes.

(d) deposits on tube elements and fins. Collect sam-
ples for testing where possible.

(e) deposits or debris on roof and floor of HRSG.

(f) corrosion.
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H-7.2.1 Tube Elements. Proceed as follows:

(a) Inspect tubes for physical damage.

(b) Check for damaged fins on tube elements.

(c) Check for warped or deformed tubes.

(d) Check for misaligned tube elements.

(e) Check for tube bundle misalignment.

(f) Check for deposits, corrosion, and debris. Collect
samples for testing where possible.

(b) Tubes are finned tubes.

(c) Baffles are installed in the gas path to reduce gas
bypassing and improve heat transfer.

(d) When conducting an inspection, look as deeply
in the tube bundles as possible for any defects.

H-8.2 Offline Visual Inspection

Inspect the overall condition of the tube elements and

(g) Ihspect deposit distribution.

Inspgct deposit distribution and damaged fin distribu-
tion, iflany, for any unusual patterns. This may give an
indicatfion of operating and/or distribution problems in
HRSG.

Tubd bundle misalignment may indicate tube support
problefns or thermal expansion issues.

H-712.2 Center Baffle. Inspect center baffle for
(a) warpage

(b) gracks

(c) missing or damaged sections

H-7}2.3 Side Baffles. The side baffles should be
thorouphly inspected, especially those in the primary
reheatgr since they are in the direct path of the duct
burnerp and GT exhaust gas.

(a) Thspect baffle for warpage.

(b) Inspect baffle welds for cracks.

(c) dheck for missing or damaged sections.

(d) Inspect wall connection for cracks.

(e) Qheck for excessive gaps that allow gas bypassing.
(f) dheck for binding due to thermal expansion.

H-7]12.4 Tube Sheets. Tube sheets are installed in
horizontal sections; they help to keep tubes aligned dur-
ing op¢ration. During inspection, look as faras possible
in the tpibe bundles for any damage, misalignment, miss-
ing sedtions, deposits, or abnormalities:

(a) Ihspect tube sheets for warpage.

(b) (heck for cracks in welds©r jn tube-sheet material.

(c) (heck for damaged or(missing sections.

(d) Qheck for misalignmient. Misalignment may cause
damagp to tube fins.

H-7]2.5 Lower Shield. Proceed as follows:

(a) Ihspect tube.sheets for warpage.

(b) Qheckdforcracks in welds or in tube-sheet material.
(c) Qhedkfor damaged or missing sections.

(d) Check for misalignment.

fin structure. Check for
(a) cracks.
(b) damaged fins on tube elements.
(c) deformed tubes.
(d) deposits on tube elements and fins.)Collect sgm-
ples for testing where possible.
(e) deposits or debris on roof and-floor of HRSG,
(f) corrosion.

H-8.2.1 Tube Elements.t Proceed as follows:
(a) Inspect tubes for physical damage.

(b) Check for damaged fins on tube elements.
(c) Check for watped or deformed tubes.

(d) Check for_misaligned tube elements.

(e) Check-for)tube bundle misalignment.

(f) Checkfor deposits, corrosion, and debris. Collect
samples for testing where possible.
(g)>Inspect deposit distribution.

Inspect deposit distribution and damaged fin distrilpu-
tion, if any, for any unusual patterns. This may give|an
indication of operating and/or distribution problemg i
HRSG.

Tube bundle misalignment may indicate tube suppport
problems or thermal expansion issues.

H-8.2.2 Center Baffle. Inspect center baffle for
(a) warpage

(b) cracks in welds

(c) missing or damaged sections

H-8.2.3 Side Baffles. The side baffles should|be
thoroughly inspected, especially those in the primgary
reheater since they are in the direct path of the dpct
burners and GT exhaust gas.

(a) Inspect baffle for warpage.

(b) Inspect baffle welds for cracks.

(c) Check for missing or damaged sections.
(d) Inspect wall connection for cracks.

(e) Check for excessive gaps that allow gas bypassipg.

H-8 HP PRIMARY SUPERHEATER
H-8.1 General

The front row is easily accessible for inspection. It will
be difficult to inspect the other rows of tubes.

(a) Most tubes are top-supported with tube bundle
guides at the bottom; some are bottom-supported with
expansion guides located at the top.
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(f) Check for binding due to thermal expansion.

H-8.2.4 Tube Sheets. Tube sheets are installed in
horizontal sections; they help to keep tubes aligned dur-
ing operation. During inspection, look as far as possible
in the tube bundles for any damage, misalignment, miss-
ing sections, deposits, or abnormalities.

(a) Inspect tube sheets for warpage.
(b) Check for cracks in welds or in tube-sheet material.
(c) Check for damaged or missing sections.
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(d) Check for misalignment. Misalignment may cause
damage to tube fins.

H-8.2.5 Lower Shield. Proceed as follows:

(a) Inspect tube sheets for warpage.

(b) Check for cracks in welds or in tube-sheet material.
(c) Check for damaged or missing sections.

(d) Check for misalignment.

reheater since they are in the direct path of the duct
burners and GT exhaust gas.

(a) Inspect baffle for warpage.

(b) Inspect baffle welds for cracks.

(c) Check for missing or damaged sections.

(d) Inspect wall connection for cracks.

(e) Check for excessive gaps that allow gas bypassing.

(f) Check for binding due to thermal expansion.

==
1

D HP EVAPORATOR

D.1 General

==
[

he front row is easily accessible for inspection. It will
difficult to inspect the other rows of tubes.

a) Most tubes are top-supported with tube bundle
gulides at the bottom. Some are bottom-supported with
expansion guides located at the top.

b) Tubes are finned tubes.

c) Baffles are installed in the gas path to reduce gas
bypassing and improve heat transfer.

d) When conducting an inspection, look as deeply
the tube bundles as possible for any defects.

be

in

=
1

.2 Offline Visual Inspection

nspect the overall condition of the tube elements and
structure. Check for

a) cracks.

b) damaged fins on tube elements.

¢) deformed tubes.

d) deposits on tube elements and fins. Collect sam-
¢s for testing where possible.

e) deposits or debris on roof and floor of;HRSG.

f) corrosion.

H-9.2.1 Tube Elements. Proceed, as follows:
a) Inspect tubes for physical/damage.
b) Check for damaged fin$ on tube elements.
¢) Check for warped ox deformed tubes.
d) Check for misalighied tube elements.
e) Check for tubetbundle misalignment.
/) Check for depesits, corrosion, and debris. Collect
ples for testing where possible.
g) Inspect-deposit distribution.
nspectd€posit distribution and damaged fin distribu-
tion, if-any, for any unusual patterns. This may give an

indlication of operating and/or distribution problems in
fa¥anl

fin

—_—

p

sa

H-9.2.4 Tube Sheets. Tube sheets are inmstglled in
horizontal sections; they help to keep tubeg-alignged dur-
ing operation. During inspection, look a$ far as gossible
in the tube bundles for any damage, misalignment, miss-
ing sections, deposits, or abnormalities.

(a) Inspect tube sheets for watpage.
(b) Check for cracks in welds or in tube-sheet mjaterial.
(c) Check for damaged ‘of missing sections.
(d) Check for misalighfnent. Misalignment maly cause
damage to tube fins.

H-9.2.5 Lower'Shield. Proceed as follows:
(a) Inspect tube sheets for warpage.

(b) Checkdor cracks in welds or in tube-sheet mjaterial.
(c) Check for damaged or missing sections.
(d)>Check for misalignment.

H+10 IP SUPERHEATER
H-10.1 General

The front row is easily accessible for inspectior
be difficult to inspect the other rows of tubes.

(a) Most tubes are top-supported with tube
guides at the bottom; some are bottom-supports
expansion guides located at the top.

(b) Tubes are finned tubes.

(c) Baffles are installed in the gas path to red
bypassing and improve heat transfer.

(d) When conducting an inspection, look as
in the tube bundles as possible for any defects.

T will

bundle
d with

ice gas

deeply

H-10.2 Offline Visual Inspection

Inspect the overall condition of the tube elemehts and
fin structure. Check for

(a) cracks.

(b) damaged fins on tube elements.

(c) deformed tubes.

(d) deposits on tube elements and fins. Colleft sam-

Tube bundle misalignment may indicate tube support
problems or thermal expansion issues.

H-9.2.2 Center Baffle. Inspect center baffle for
(a) warpage

(b) cracks in welds

(c) missing or damaged sections

H-9.2.3 Side Baffles. The side baffles should be
thoroughly inspected, especially those in the primary
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ples for testing where possible.
(e) deposits or debris on roof and floor of HRSG.
(f) corrosion.

H-10.2.1 Tube Elements. Proceed as follows:
(a) Inspect tubes for physical damage.

(b) Check for damaged fins on tube elements.
(c) Check for warped or deformed tubes.

(d) Check for misaligned tube elements.

(e) Check for tube bundle misalignment.
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(f) Check for deposits, corrosion, and debris. Collect
samples for testing where possible.

(g) Inspect deposit distribution.

Inspect deposit distribution and damaged fin distribu-
tion, if any, for any unusual patterns. This may give an
indication of operating and/or distribution problems in
HRSG.

Tube bundle misalignment may indicate tube support

Bowed tubes indicate differential thermal expansion and
future tube failures at tube-to-header connections.

H-11.2 Offline Visual Inspection

Inspect the overall condition of the tube elements and
fin structure. Check for

(a) cracks.

(b) damaged fins on tube elements.

) 1 : .
problen IS Ot MaT CXPansIoT 1ISStes:

H-10.2.2 Center Baffle. Inspect center baffle for
(a) warpage

(b) dracks in welds

(c) missing or damaged sections

H-1p.2.3 Side Baffles. The side baffles should be
thoroyghly inspected, especially those in the IP
superhkater.

(a) Ihspect baffle for warpage.

(b) Ihspect baffle welds for cracks.

(c) heck for missing or damaged sections.

(d) Ihspect wall connection for cracks.

(e) Qheck for excessive gaps that allow gas bypassing.
(f) dheck for binding due to thermal expansion.

H-10.2.4 Tube Sheets. Tube sheets are installed in
horizontal sections; they help to keep tubes aligned dur-
ing op¢ration. During inspection, look as far as possible
in the thibe bundles for any damage, misalignment, miss-
ing seqtions, deposits, or abnormalities.

(a) Inspect tube sheets for warpage.

(b) (heck for cracks in welds or in tube-sheet material.

(c) Qheck for damaged or missing sections.

(d) Check for misalignment. Misalignment may cause
damagg to tube fins.

H-10.2.5 Lower Shield

(a) Ihspect tube sheets for warpage:

(b) Qheck for cracks in welds or in tube-sheet material.
(c) Qheck for damaged or niissing sections.

H-11
H-11.1

The front row,is:easily accessible for inspection. It will
be diffjcult totunspect the other rows of tubes.

(a) Most ttibes are top-supported with tube bundle
guides|at the bottom; some are bottom-supported with

HP/IP PRIMARY_ECONOMIZER
General

(c) deformed tubes. Jm

(d) deposits on tube elements and fins. Collett sgqm-
ples for testing where possible.

(e) deposits or debris on roof and floorrof HRSG.

(f) corrosion.

H-11.2.1 Tube Elements. Proceed‘as follows:
(a) Inspect tubes for physical-damage.

(b) Check for damaged fins 6n tube elements.
(c) Check for warped ordeformed tubes.

(d) Check for misalighed tube elements.

(e) Check for tube btindle misalignment.

(f) Check for deposits, corrosion, and debris. Collect
samples for testing where possible.
(g) Inspeetdeposit distribution.

Inspectdeposit distribution and damaged fin distripu-
tion, if any, for any unusual patterns. This may give|an
indication of operating and/or distribution problemg in
HRSG.

Tube bundle misalignment may indicate tube support
problems or thermal expansion issues. Record the loca-
tion of bowed tubes for analysis of the root cause of the
damage and for future inspections to monitor the charge
in damage or distortion. Distorted tubes may be locafed
at baffles or feeder and riser tubes.

H-11.2.2 Center Baffle. Inspect the center baffle [for
(a) warpage
(b) cracks in welds

(c) missing or damaged sections

H-11.2.3 Side Baffles. The side baffles should|be
thoroughly inspected, especially those in the HP pri
mary economizer tube.

(a) Inspect baffle for warpage.

(b) Inspect baffle welds for cracks.

(c) Check for missing or damaged sections.
(d) Inspect wall connection for cracks.

(e) Check for excessive gaps that allow gas bypassipg.

expansIOm guides focated at the top-

(b) Tubes are finned tubes.

(c) Baffles are installed in the gas path to reduce gas
bypassing and improve heat transfer.

(d) When conducting an inspection, look as deeply
in the tube bundles as possible for any defects.

Close inspection of adjoining headers at the floor loca-
tion is recommended. Differential expansion between
the IP and HP sections may result in damage. Pay atten-
tion to straightness of the bundle and individual tubes.
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(f) Check for binding due to thermal expansion.

H-11.2.4 Tube Sheets. Tube sheets are installed in
horizontal sections; they help to keep tubes aligned dur-
ing operation. During inspection, look as far as possible
in the tube bundles for any damage, misalignment, miss-
ing sections, deposits, or abnormalities.

(a) Inspect tube sheets for warpage.
(b) Check for cracks in welds or in tube-sheet material.
(c) Check for damaged or missing sections.
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(d) Check for misalignment. Misalignment may cause
damage to tube fins.

H-11.2.5 Lower Shield. Proceed as follows:

(a) Inspect tube sheets for warpage.

(b) Check for cracks in welds or in tube-sheet material.
(c) Check for damaged or missing sections.

H-12.2.3 Side Baffles. The side baffles should be
thoroughly inspected, especially those in the IP
superheater.

(a) Inspect baffle for warpage.

(b) Inspect baffle welds for cracks.

(c) Check for missing or damaged sections.

(d) Inspect wall connection for cracks.

(e) Check for excessive gaps that allow gas bypassing.

H-
H-12.1 General

he front row is easily accessible for inspection. It will
be|difficult to inspect the other rows of tubes.

1) Most tubes are top-supported with tube bundle
gulides at the bottom. Some are bottom-supported with
expansion guides located at the top.

b) Tubes are finned tubes.

c) Baffles are installed in the gas path to reduce gas
bypassing and improve heat transfer.

d) When conducting an inspection, look as deeply
in the tube bundles as possible for any defects.

n addition to the normal gas-side issues, it is critical
thgt NDE methods are utilized to determine the presence
and extent of flow-accelerated corrosion (FAC); see
pafa. H-12.2.6.

H-12.2 Offline Visual Inspection

nspect the overall condition of the tube elements and
fin| structure. Check for

a) cracks.

b) damaged fins on tube elements.

c) deformed tubes.

d) deposits on tube elements and fins:\Collect sam-
plgs for testing where possible.

e) deposits or debris on roof and\floor of HRSG.

f) corrosion.

H-12.2.1 Tube Elements.. Proceed as follows:

a) Inspect tubes for physical damage.

b) Check for damaged-fins on tube elements.

¢) Check for warped or deformed tubes.

d) Check for-isaligned tube elements.

e) Check fortube bundle misalignment.

f) CheckAor deposits, corrosion, and debris. Collect
samples:for testing where possible.
2) Inspect depos1t dlstnbutlon

tion, if any, for any unusual patterns Thls may give an
indication of operating and/or distribution problems in
HRSG.

Tube bundle misalignment may indicate tube support
problems or thermal expansion issues.

H-12.2.2 Center Baffle.
(a) warpage

(b) cracks in welds

(c) missing or damaged sections

Inspect the center baffle for

(f) Check for binding due to thermal expansipn.

H-12.2.4 Tube Sheets. Tube sheets are\instglled in
horizontal sections; they help to keep tubes-aligned dur-
ing operation. During inspection, lopk as far as gossible
in the tube bundles for any damage, misalignment, miss-
ing sections, deposits, or abnormalities.

(a) Inspect tube sheets forlwarpage.
(b) Check for cracks inwelds or in tube-sheet nfaterial.
(c) Check for damaged/or missing sections.
(d) Check for misalighment. Misalignment maly cause
damage to tube fins.

H-12.2.5, Lower Shield. Proceed as follows:
(a) Inspect tube sheets for warpage.

(b) @heck for cracks in welds or in tube-sheet njaterial.
(c)\Eheck for damaged or missing sections.

H-12.2.6 Flow-Accelerated Corrosion (FAC). | Flow-
accelerated corrosion occurs at the pressure and temper-
ature typically found in LP systems.

(a) 1f the alloy of the riser pipes to the LP drjum are
confirmed to be P-11 or an alloy with a minimum fhrome
equivalency content, the risk of FAC damage in t}
is small. If unsure of the alloy, it is recommendled that

installed material and, if not chrome alloy, then t
thickness should be mapped downstream a
change in flow direction of riser pipes and at th¢
tube bends to the header (i.e., check each bend)

The inspectlon will be necessary on an annual basis
until sufficient trend data is available to predict wastage
rates. Inspection frequencies should be extended for
units with chrome alloy components. Some units have
partial sections of tubing or piping with chrome alloys
and these areas will not require the same frequency of
inspection. A unit with chrome alloys may delay inspec-
tions until 5 yr of base load operations or less if operated
in a cyclic mode. Reassemble insulation and consider
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removable sections with periodic inspection mainte-
nance in mind.

H-13 FW HEATER
H-13.1 General

The front row is easily accessible for inspection. It will
be difficult to inspect the other rows of tubes.

H-13.2.3 Side Baffles. The side baffles should be
thoroughly inspected, especially those in the FW heater
tubes.

(a) Inspect baffle for warpage.

(b) Inspect baffle welds for cracks.

(c) Check for missing or damaged sections.

(d) Inspect wall connection for cracks.

(e) Check for excessive gaps that allow gas bypassing.

(a) Nlost tubes are top-supported with tube bundle
guides|at the bottom. Some are bottom-supported with
expangion guides located at the top.

(b) Tubes are finned tubes.

(c) Haffles are installed in the gas path to reduce gas
bypassing and improve heat transfer.

(d) When conducting an inspection, look as deeply
in the fube bundles as possible for any defects.

In addition to the normal gas-side issues, it is critical
that NIDE methods are utilized to determine the presence
and extent of flow-accelerated corrosion (FAC); see
para. H-13.2.6. This examination must include the return
bends ht the top of the economizer, and the outlet and
inlet pjping.

H-13.2

Inspgct the overall condition of the tube elements and
fin strycture. Check for

(a) gracks.

(b) damaged fins on tube elements.

(c) deformed tubes.

(d) deposits on tube elements and fins. Collect sam-
ples fof testing where possible.

(e) deposits or debris on roof and floor of HRS5G.

(f) c

H-1B3.2.1 Tube Elements. Proceed+asfollows:

(a) Inhspect tubes for physical darhage.

(b) Qheck for damaged fins on ‘tube elements.

(c) Qheck for warped or deformed tubes.

(d) Check for misaligned~tube elements.

(e) {heck for tube bundlé misalignment.

(f) dheck for deposits; corrosion, and debris. Collect
samplds for testing\where possible.

(g) Inspect dépesit distribution.

Inspgct deposit distribution and damaged fin distribu-
tion, iffany,Afor any unusual patterns. This may give an
indicatfion’ 6f operating and /or distribution problems in

Offline Visual Inspection

brrosion.

(f) Lheck 101 binding due to thermal exXpansion.

H-13.2.4 Tube Sheets. Tube sheets are installed i
horizontal sections; they help to keep tubes alighed dlr-
ing operation. During inspection, look as far as possible
in the tube bundles for any damage, misalignment, m
ing sections, deposits, or abnormalities.

(a) Inspect tube sheets for warpage.

(b) Check for cracks in welds©r in tube-sheet materjal.

(c) Check for damaged of/missing sections.

(d) Check for misalignfient. Misalignment may catise
damage to tube fins.

H-13.2.5 Lower Shield. Proceed as follows:
(a) Inspect tube sheets for warpage.

(b) Checkferkracksin welds or in tube-sheet materjal.
(c) Checkifor damaged or missing sections.

H-13.2.6 Flow-Accelerated Corrosion (FAC). The cfit-
ical afea to examine for FAC is the final return bend at
thetop of the economizer. NDE thickness measurements
should be used to map wastage rates in this zone. This
inspection should be done biannually.

H-13.2.7 InletHeader. Theinletheader/economifer
tube stub region is subject to thermal shock in service.
A biannual inspection of the pipe internal bore at the
tube holes is recommended.

H-14 SUPPORTS, GUIDES, AND EXPANSION
JOINTS

H-14.1 CT/HRSG Main Expansion Joint

H-14.1.1 General. The expansion joint is located
the GT exit and the HRSG inlet duct.

H-14.1.2 Visual Inspection. Inspect the overall c
dition of the expansion joint.

(a) Inspect joint cover plates.

(b) Ensure there is no binding of the plates but t‘Tey

at

1n-

are maintaining protection for the joint.

HRSG.

Typically corrosion is heavier in this area because of
cooler tubes.

Tube bundle misalignment may indicate tube support
problems or thermal expansion issues.

H-13.2.2 Center Baffle. Inspect the center baffle for
(a) warpage

(b) cracks in welds

(c) missing or damaged sections
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(c) Check tfor tears in tabric.
(d) Check for overextension.

H-14.2 General Ground Level

Walk around and under the HRSG exterior and exam-
ine every penetration. Check all the bellows expansion
joints, insulated pipe and header drains, tube bundles
guides, beam supports, column supports, and grouting.

(a) Check for loose or broken grouting on columns
and pedestals.
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(b) Check for pipes with damaged or missing
insulation.

(c) Check for deformed, cracked, or misaligned bel-
lows expansion joints.

(d) Check header and drain guides for alignment.

H-14.3 General Top Level

Walk around the top of the HRSG exterior and exam-

H-16 INTERMEDIATE-PRESSURE DRUM
H-16.1 General

Proceed as follows:

(a) Check for any deposits or debris upon entry. Any
debris found should be placed in a sample bottle and
sent to the lab for identification.

(b) Inspect condition of the manway and manway

in¢ every hanger, support, and downcomer penetration.
CHeck all the drum pedestals, line hangers, and gratings.
At]this level, inspections will be made inside the HP, IP,
anfl LP drums. Check for

a) lines and pedestals with out-of-alignment issues
b) pipes with damaged or missing insulation

¢) deformed, cracked, or misaligned expansion joints
d) alignment and condition of supports

==
1

15 HIGH-PRESSURE DRUM

15.1 General

==
[

Proceed as follows:

a) Check for any deposits or debris upon entry. Any

depris found should be placed in a sample bottle and

semt to the lab for identification.

b) Normal HP drum coating would be a light layer

black magnetite for optimal chemistry.

c¢) Inspect condition of the manway and manway gas-
surface.

d) Check for any cracks in external welds and any

signs of leaking.

e) Check forlock welds or jam nuts oftinternal bolted

attachments.

of

ke

H-15.2 Offline Visual Inspection

nspect the overall condition of the assemblies inside.
Anly debris found should™be placed in a sample bottle
anfl sent to the lab fof identification.

H-15.2.1 Chevion Dryers. Check

a) that cheyron dryers are in place and all brackets
secure

b) suppofts for damage or cracks

arg

H=1572.2 Vortex Duct. Check the vortex connector

gasket surface
(<]

(c) Check for any cracks in external weldsyand for
any signs of leaking.

H-16.2 Offline Visual Inspection

Inspect the overall condition of the assemblies
Any debris found should be placed in a sampl
and sent to the lab for identification.

H-16.2.1 Chevron Dyryers. Check that the dhevron
dryers are in place andrall brackets are secure.

H-16.2.2 Vortex -Duct and Separators. Ché¢ck the
vortex duct and«separators for cracking and alignment.

H-16.2.3_Piping and Tubing. Check

(a) the'general condition of tube penetrations
for cracks in welds or any physical damage.

(b)ytor plugged tubes.

(c) that the feedwater piping is intact.

(d) that all brackets and bolting are in place.

See Fig. H-16.2.3-1 for an example of an internjediate-
pressure drum.

inside.
b bottle

Check

H-17 LOW-PRESSURE DRUM AND INTEGRAL
DEAERATOR

H-17.1 General

Proceed as follows:

(a) Check for any deposits or debris upon entfy. Any
debris found should be placed in a sample bottle and
sent to the lab for identification.

(b) Inspect condition of the manway and nmanway
gasket surface.

(c) Inspect for evidence of FAC damage in the riser
baffle plates and the downcomer entrances.

(d) Check for any cracks in external welds
any signs of leaking.

ind for

H-17.2 Offline Visual Inspection

ductand separator for Cracking and atigmernt.

H-15.2.3 Piping and Tubing. Check

(a) the general condition of tube penetrations. Check
for cracks in welds or any physical damage.

(b) for plugged tubes.

(c) that the feedwater piping is intact.

(d) that all brackets and bolting are in place.

For an example of a high-pressure drum, see
Fig. H-15.2.3-1.
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Inspect the overall condition oI the assembplie inside.

H-17.2.1 Chevron Dryers. Check

(a) that the chevron dryers are in place and all brack-
ets are secure

(b) supports for damage or cracks

H-17.2.2 Drum Baffles. Proceed as follows:

(a) Check the baffles for cracking and alignment.

(b) Inspect baffles for FAC damage where the riser
tubes penetrate the drum. If damage is found, additional
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inspection is recommended for FAC damage in the LP
and feedwater sections.

H-17.2.3 Piping and Tubing. Check

(a) the general condition of tube penetrations. Check
for cracks in welds or any physical damage.

(b) for plugged tubes.

(c) that the feedwater piping is intact.

(d) that all brackets and bolting are in place

the overall condition of the stack damper, linkage, and
actuator. Check

(a) the damper for alignment, broken welds, and
missing components

(b) for any loose fasteners

(c) piping connections, solenoid fasteners, limit
switches, and any other controls for looseness

Refer to the manufacturer’s manual for maintenance

H-17.3| Integral Deaerator

Procped as follows:

(a) Inspect trays for damage and orientation, and that
they ate in place and have not shifted.

(b) Loosen bolts on upper tray retaining bar and slide
bar uppvard so that the trays can be removed.

section| floor must be removed.

(e) The spring-loaded nozzles should be inspected to
ensure|that they are in place and free of sediment and
deposif.

(f) Record all defects on the data sheet provided and
report them to the foreman and/or supervisor or outage
managgr.

See Figs. H-17.3-1 and H-17.3-2 for examples of inte-
gral ddaerators and low-pressure drums, respectively.

H-18
H-18.1

STACK AND STACK DAMPER

Stack

Inspgct the general condition of the stack:Check for
damage, cracks, and any unusual eondition where
possible.

It is frecommended that UT inspection of stack wall
thickngss should be done every 6 ‘yr.

H-18.2

Walk the access walkway around the stack at the
dampelr location and examine the damper area. Inspect

Stack Damper

puidetines:
for
at

H-18.2.1 Damper Flange. Inspect damper flange
damage or corrosion. Check for any signs of leakaggd
the flange.

H-18.2.2 Blades. Proceed as follows:

(a) Inspect the overall condition of-the damper blades.
(b) Check that the blade shaft-bearings are lubricafed
and appear to be working.

H-18.2.3 Blade Seals:Check blade seals for dam-
age, looseness, or missiig sections. Damaged or lopse
seals will prevent proper sealing and possibly prevent
damper operation{Damaged seals should be recorded
for immediate-réplacement.

H-18.2.4<Linkage. Proceed as follows:

(a) Linkage hinge pins ride in self-lubricating sintefed

bronze bearings. Check for metal (bronze) filings on gnd
areund the linkage.

(b) Check the linkage for damage.

H-18.2.5 Packing Glands. The manufacturer recqm-
mends inspecting packing glands after 3 mo of operatfon
and retightening as required. For offline inspectipn,
inspect glands for damage, corrosion, or anything
unusual.

H-18.2.6 Actuator. Proceed as follows:

(a) Inspect the actuator for damage.

(b) Check the actuator for missing pins, alignmdnt,
and signs of binding.

H-18.2.7 Limit and Torque Switches. Limit and
torque switches are located on the interior of the actpa-
tor. Refer to the manufacturer’s specific instructions [for
details.
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Fig. H-15.2.3-1 High-Pressure Drum

3ft, 10% in.
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——_gdum__ _

Typ. bar to panel,
trim to suit, five

places 8
Typ. angle topanel,
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Fig. H-16.2.3-1 Intermediate-Pressure Drum

(5 deg =7 N 15 deg 77,
6In,

Distribution plate to 3/16[\Seal -
distribution plate, 2% \p-
typical LS W
TP
1
I
| Support bar
[ 3/16|/ Seal  to drum
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Support panel
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—¢
e 11t,8i
2in. e
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Fig. H-17.3-1

Integral Deaerator
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Fig. H-17.3-2 Low-Pressure Drum

14deg=11in. 14deg=11in.

Support bar to

drum, typ. 3/16 |/ Seal

1y

!

Distribfition plate
to disfribution

plate, ftyp.
Weld pfter PWHT

3/16 [ Seal

3/16 Support par
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/‘\_J(_/' 3/16 Middle support
15'dég = 11% in. 15 deg = 11% in. 3/16 panel to drum
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NONMANDATORY APPENDIX |
BOILER SETTING AIR IN-LEAKAGE AND REGENERATIVE
(ROTARY) AIR HEATER INSPECTION GUIDELINES

I-4 INTRODUCTION

[his is a general inspection procedure. Not all areas
or|items will pertain to every boiler type and/or air
hehter.

Hquipment reliability and performance have parallels.
Indlications of poor performance are closely tied to those
of [reduced reliability. Abnormal wear patterns, poor
cldanliness, increased corrosion, and mechanical fail-
ure¢s, no matter how small, have effects on both unit
reljability and unit performance. Identifying the root
cagise is the first step in improving the overall perform-
anfe of a piece of equipment and the power generating
unfit it is a part of. While these inspection guidelines are
wifitten to ultimately enhance the plant’s performance,
allfobservations should be noted and acted upon.
oiler, ductwork, air heater, and fan inspections
shpuld be undertaken as a team effort. It is recom-
m¢nded that at least three individuals participate. Utiliz=

rove the findings. One may rotate as the“outside
safety watch or all three may enter simulfaneously if
th¢ safety-watch function can be perforfned by another.
It §s recommended that one person serve as scribe and
anpther carry the camera or videotecording device. The
nofes/records may be recorded ‘injwriting or via sound
re¢ording to be transcribed immediately thereafter.
Upon exiting the air heater,'all notes, records, and photo-
graphs should be duplicated and stored separately to
enfure preservation of this information.

[his is a multipartinspection; first prior to any clean-
ing, then after dleaning, and even later if needed. Ensure
alllnotes and'tecordings are accurately labeled for future
reflerence t0\the correct issues as identified.

I-2.1 Initial Review

The following review should be conducted prior to
the outage:
(a) Review the last inspection report.
(b) Review recent operating history for
(1) boiler efficiency
(2) regenerative air heater performance
¢ leakage

¢ efficiency
* x-ratio

(3) draft, pressure drops, both air'and flue ggs sides
(including all fans, ducts, wind box, furnace, conjection

pass, air heater, and air pollution control equippent)
(4) past inspection andyor'forced outage reports to

review trends/issues

(5) abnormal operating events
(c) Contact planf-operations for additional irfforma-
tion on operating\history.
(d) The equipment to be inspected should b¢ taken
out of service. Equipment clearances or tagouts{should
be signed\by appropriate personnel.
(e)>All energy sources, steam, soot blowers, fugls, and
chemiical-injection equipment such as ammonia ust be
removed from service. Consider double block anf bleed
valve isolation for inspections if any connectiofs exist
to operating units.
(f) If other boiler back-pass maintenance adtivities
(i.e., economizer cleaning or replacement) will pe con-
ducted during the outage, this inspection shquld be
scheduled to avoid those times when work ill be
occurring directly overhead. Mechanical parts anjd tools
are heavy and if dropped may present a serious threat
to safety. If maintenance activities in the areas ugstream
(or downstream) of the inspection area are taking place,
the area of inspection should be covered to grevent
unanticipated ingress of tools and personnel. [nspec-
tions involve heights, close spaces, hard metal, sharp
edges, and fly ash. Inspectors should be physigally fit
and able to climb, and should not be bothered by feelings
of claustrophobia.
(g) Obtain the following drawings prior to inspection
(as feasible) to aid in the inspection and rpport/
documentation: elevation, boiler, fans, airflow] ducts,
flue gas ducts, air heater, and general layout.

locate
hot or cold spots on the external casing of the air boiler,
ducts, and/or air heater. Thoroughly evaluate all deteri-
orated insulation and casing.

(i) Make a plan or checklist on the items and areas of
interest that should be inspected. Identify which access
doors you plan to use to enter and exit during the
inspection.

(j) Make a safety plan and conduct a briefing prior
to entering any confined space. Ensure all participants
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are aware of their responsibilities, including looking out
for each other, obeying the outside safety watch person,
and evacuation plans.

(k) Gather personal safety equipment.

(I) Gather cameras, flashlights, and writing equip-
ment, and ensure sufficient lanyards are available for all
equipment brought into the air heater.

(m) If necessary, arrange for temporary scaffolding or

of ash and overall boiler cleaning/vacuuming needs, as
well as areas of air infiltration by viewing air-washed
areas, mechanical discrepancies with tube alignment,
and/or any issues that would accelerate localized ero-
sion, change the furnace performance and dynamics,
impact heat transfer, etc.

Photograph, video, or sketch the general condition of
the unit. Piles of ash or slag may be significant; record

eport the significant findings from the inspec-

mediately to the responsible plant contacts.
Safety [issues require immediate reporting and correc-
tion to[remove the hazards.

(b) Bnsure all material brought into the boiler and/
or air leater as part of the inspection leaves with you.

(c) Sign out on the appropriate forms.

(d) Ipocument all findings in a report that is retrievable
in the future.

(e) Summarize all recommended actions.

(f) Hlan for a reinspection if recommended actions
requirq it.

NOTES:
(1) Th
and dud

e unit loses heat through the exterior walls(©f the furnace
work. If the surface temperature is reduced through insu-
lation of lagging, the amount of heat leaving the unit is reduced
and effi¢iency increases.
(2) Heat can be transferred in the following ways:
(a) ponvection — heat transfer from.a solid to a fluid (liquid
or gas) ¢f different temperature
(b) padiation — heat transfénrequiring no transfer medium
(c) ponduction — heat transfér through direct contact between
two surfaces of different femperatures
(3) Bgcause we are notyreally worried about heat transfer into
the groynd or structutes in direct contact with the ductwork or
insulatign, the tw@/main focuses should be convection and radia-
tion. Hqweverxconsidering that the losses are typically minimal
as comppred-6)other opportunities identified during an outage, all
of the bdilerinspection locations should be monitored — measured

theirsizesanddoertions—ooktorwearpatternstfrpm
soot blowers and look for cleaning patterns to idendify
any area missed. Also note any signs of debris,\forejgn
material, and corrosion products.

Check to ensure instruments and their connecti
are not buried, covered, or insulated by~mounds of
or other debris.

ns
sh

I-3.2 Second Inspection - Post-Cleaning/Scaffolding

A second and thorough\inspection should be cpn-
ducted after initial vaqmuming, cleaning of the boiler,
and/or a water wash-deWwn. This inspection will enaple
those entering the uhit to observe the actual mechanjcal
condition of the’components. Again, look for wear gat-
terns, cleanifig) patterns, alignment, and mechanifal
issues of amy sort. Note any signs of debris, forejgn
material,and corrosion products. Material and tools npay
have been inadvertently dropped from work in the dyct-
work-above the air heater. Identifying the source of the
foreign material will assist in preventing its recurrerjce.
A localized concentration of corrosion products is tyjpi-
cally the indication of a problem. A further investigatjon
is warranted to determine the root cause and potentiglly
prevent recurrence.

I-4 INSPECTIONS OF BOILER, DUCTS, AND FAN

AIR IN-LEAKAGE

A general inspection should have a preliminary cra
through inspection thatimmediately includes commepts
regarding the general boiler condition, tube alignmgnt,
areas of erosion, plugging, etc. This is considering that
the boiler condition and paths for air and gas deliv
can influence a unit’s performance in such a way that
combustion dynamics, thermal efficiency, and the ovier-
all ratio of the air and gas paths will influence the opgra-
tional performance and reliability of the unit. An outljne
of a general inspection follows.

with an infrared/thermal imaging camera to determine if there
are exterior heat losses that warrant insulation replacements that
may be required during an outage.

I-3 GENERAL INSPECTION
I-3.1 Initial Inspection — Prior to Cleaning

The first inspection should be conducted prior to any
cleaning activities as deemed safe for entry. This initial
inspection is for the purpose of identifying accumulation

40

I-4.1 Furnace Inspection

I-4.1.1 Lower Furnace. Proceed as follows:

(a) Note tube erosion and/or wastage (if any).

(b) Evaluate the lower slopes for quench cracking
from possible bottom ash water splash.

(c) Evaluate and inspect for any possible gouged,
crushed, sliced, and dented tubes.

(d) Seal trough-bottom ash hoppers erosion/
corrosion.
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(e) Note ash pit condition (refractory/general).

(f) Check the ash hopper water seal (if applicable).

(g) Check clinker grinder/drag chain (if applicable).

(h) Inspect sidewall and buckstay damage adjacent
to and behind the lower slopes as a result of possible
clinker falls.

I-4.1.2 Mid Furnace. Inspect the following:

» access doors

I-4.3 Wind Box/Secondary Air

Synchronize secondary air dampers and verify opera-
tion from inside and outside damper drive limits and
travel.

Inspect the following:

* burner tilts

¢ linkages

¢ draft gauges

b closure/seal

b refractory (inside furnace)

P wind box casing

b soot blower lance penetrations

b seals

b refractory (inside furnace)

b tube alignment/wind box/furnace casing
cohstruction

I-4.1.3 Lower and Mid-Upper Furnace. Inspect/
obperve the following;:

b tube alignment/wind box/furnace casing
cohstruction

b slag and fouling pattern

P burner zone condition

» furnace (lower slope and division wall — UT/
ergsion/corrosion)

b radiant section — UT/alignment/erosion/
cofrosion

b note any or all blisters/bulges

b convection passes — UT/alignment/erosion/
cofrosion

P economizer — UT/alignment/clipsylerosion/
cofrosion

I-4.1.4 Dead Air Spaces. Inspect the following:
b lower furnace

P nose arch apex

» penthouse

I-4.2 Fan Inspection

nspect the following for forced draft, induced draft,
primary air, seal dif, gas recirculation, over-fire air (if
bopsted), and butner cooling fans:

b fan housing

b fanswheel observations — fly ash erosion (tip
crdcks,Joose bolts or rivets, rubs)

inletvzanes - stroke flvash wear linkage bushinegs
T o] o]

I-4.4 Over-Fire Air

Inspect the following;:

¢ general condition

¢ dampers and registers

¢ tilt and yaw (tangentially fited units)

I-4.5 Instrumentation

Inspect the followingt

¢ airflow measureient elements

* pressure/taps/sensing lines/connections
¢ leak check$

* temperature/wells

I-4.6 Ductwork (Air Ducts, Gas Ducts, Economifzer
Hoppers)

Taspect the following;:

¢ fly-ash erosion

® expansion joints

* casing cracks — joint integrity, corrosion
¢ ductwork supports

¢ fly-ash weight accumulation damage

I-4.7 Expansion Joints

Inspect the expansion joints.

I-4.8 Burners: Signs of Erosion, Physical Damdge, or
Malformation

Inspect the following:

¢ mechanical tolerances

¢ condition/centering (wall fired)

e tilt/yaw adjustment (tangential fired)
® igniters

® air registers

¢ nozzle condition

* separated air zones

* burner refractory

¢ inlet louvers — outlet dampers (check stroke, fly
ash erosion, linkage pins/bolts)

® casing wear

* blade condition
shaft seals
inlet/outlet ducts/joints
inlet box screens (if applicable)
FD fan discharge duct/steam coils (if installed) —
cleanliness and condition

s—ondition
¢ angle

1-4.9 Burners: Refurbishment

Burners should be refurbished to design/optimum
conditions.

Inspect the following:

* fuel pipe orifices

¢ burner throat refractory

* coal pipe nozzle
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