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In addition to the incident investigation, the following is a summary of the steps taken by the Department of Public Safety
(Department) in the wake of the boiler failure on November 6, 2007.

1.

10.

11.

On November 19, 2007 the certificates of inspection for all four boilers were revoked. This action prohibited the
boilers from restarting until an inspection by Department inspectors was performed and a new certificate was
issued.
The Department performed an assessment on all solid fuel fired boilers in the Commonwealth to ensure that other
plants with solid fuel fired boilers were in compliance with the Code which required inspection and maintenance
of the Dead Air Space in the boiler. The compliance action was carried out by all of the state District Engineering
Inspectors on March 24, 2008. Based on this assessment, it was determined the other plants did comply with the
Code in this regard.
Before any repairs were allowed to be performed on any of the boilers at the Salem Harbor Plant:

a. The Department reviewed/discussed the proposed non-destructive examination (NDE) and repair scope

with DENE-Salem;
b. The Engineer-in-charge Steve Dulong of Dominion Energy New England (DENE-Salem) stepped down
from his responsibilities as the Engineer-in-charge;

c. Daniel Girard assumed the position of Engineer-in-charge.
The Department met with DENE-Salem management to review and discuss plant responsibilities with particular
attention to the Engineer-in-charge.
The Department met with the new Engineer-in-charge to review plant responsibilities.
The Department requested DENE-Salem to perform operator training and create procedures to identify boiler tube
leaks to ensure personnel safety in the event a leak is identified.
The Department formed a Boiler Task Group to consider and submit proposed changes to the Board of Boiler
Rules as a result of the incident.
As boiler repairs and NDE proceeded, the Department discussed results on the NDE with DENE-Salem and in
some cases increased the scope of NDE. It is noted that DENE-Salem also initiated decisions to increase the
scope of NDE several times as well. A review of all the NDE and repairs are attached.
The Department ordered pressure tests of the boilers and inspected each boiler before each boiler was allowed to
return to service.
On July 31, 2008, the Department revoked former Engineer-in-charge Steve Dulong’s 1* Class Engineer’s
License.
On July 31, 2008, the Department advised Insurance Inspector Robert Maule that based upon the results of its
investigation, it deemed him incompetent and untrustworthy to hold a Certificate of Competency to inspect
boilers in the Commonwealth. Such finding may lead to the revocation of his Certificate of Competency.
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INCIDENT FACT SHEET

DATE AND TIME:

LOCATION:

VICTIMS / FATAL:

OBJECT UNDER INVESTIGATION:

MANUFACTURER:

WITNESSES:

INSPECTORS:

INVESTIGATING LOCAL POLICE:

INVESTIGATING STATE POLICE:

November 6, 2007, 0846 hours
Dominion Energy New England
Salem Harbor Generating Station
24 Fort Avenue

Salem, MA 01970
(978) 740-8234

Mathew Ideilia ideceased)
Philii Robinson (deceased)

Mark Mansfield (deceased)

1957 B & W Boiler, NB #19517

The Babcock & Wilcox Company
800 Main Street, 4th Floor
Lynchburg, VA 24505 U.S.A.
1-800-BABCOCK (1-800-222-2625)
See Supplemental Interview List

Mark F. Mooney (lead inspector)
Edward S. Kawa

Detective John Doyle, Salem Police Department

Trooper Anthony LoPilato, Mass. State Police

INVESTIGATING OSHA INSPECTORS:
John Nesbitt, Industrial Hygienist
Alan Burbank, Compliance Safety and Health Officer
Lee Hathon, Mechanical Engineer

INCIDENT SUMMARY
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On November 6, 2007 at approximately 0800 hours, two (2) operations employees (Mathew
Indeglia, and Philip Robinson) and one maintenance employee (Mark Mansfield) were working
to tag out a pulverizer seal air fan under boiler #3. At 0846 hours, a series of division wall tubes
catastrophically failed within the east furnace lower slope dead air space. The steam boiler was
operating at 1900 PSI at the time of the failure. The furnace lower slope dead air space was
normally under a slight negative pressure. The failure of tubes within the furnace lower slope
dead air space caused that space to become rapidly pressurized resulting in a secondary
explosive rupture of the boiler casing around that space. It is believed that the tubes failed in a
pattern and manner as shown in this report as “apparent pattern of failure”. The failure caused
ash and steam/hot water, at a temperature of approximately 600°F, to be released toward the
immediate area where the three employees were standing. Based on witness accounts, the three
(3) employees were able to leave the area of the failure on their own, however, they all suffered
extensive burn injuries. All 3 died within 24 hours of the explosion.

Autopsies on Matthew Indeglia, Mark Mansfield, and Phil Robinson were performed by Dr.
John Parker of the Office of the Chief Medical Examiner. Dr. Parker determined that all three
victims drowned in their own secretions as a result of damage to the bronchi, trachea and lungs.
Dr. Parker also determined that each victim suffered significant burns.

As a result of the boiler failure, the boiler was immediately shut down and the facility managers
began the process of shutting down the remaining 3 boilers. Due to the massive release of
asbestos caused by the failure, the area was sealed off in accordance with the Division of
Occupational Safety requirements.

On November 19, 2007, the Department revoked the certificate of inspection for boilers #1
through #4 in accordance with Massachusetts General Law Chapter 146. (See appendix 5)

Point of failure

Dead Air Space (full of ash) \

Primary direction of casing failure \

Location of victims =
Location of “seal air fans”

Graphic representation of failure area

BACKGROUND INFORMATION
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Based on information gathered in the investigation, Dominion Energy New England — Salem
Harbor (DENE) is located at 24 Fort Avenue, Salem, Massachusetts. The facility is a 680
megawatt coal / oil fired power generating facility. The facility has 4 high pressure boilers, 3 of
which can burn coal or oil and a 4™ boiler which burns oil. Each boiler supplies steam to 4
individual steam turbines.

Boilers #1 and #2 are Babcock and Wilcox water tube steam boilers capable of producing
625,000 pounds of steam per hour. These boilers provide steam to a General Electric and a
Westinghouse turbine generating a total of 120 megawatts.

Boiler #4 is a Riley Stoker water tube steam boiler which burns oil or natural gas, capable of
producing 3,250,000 pounds of steam per hour. This boiler provides steam to a General Electric
turbine generating a total of 436 megawatts.

Boiler #3, where the failure occurred, is a 1957 Babcock & Wilcox (B & W) water tube steam
boiler, capable of producing 1,000,060 pounds of steam per hour. This boiler provides steam to
a General Electric turbine generating a total of 125 megawatts. Boiler #3 was manufactured for
the New England Power Company, and was placed into service on June 8, 1958. The boiler has
been operating on a continuous basis since that time, being brought off line only for required
inspections, maintenance and repair. Based on information obtained from previous inspection
reports, as of November 2007, the boiler had been in service for an estimated 433,000 hours with
approximately 364,000 hours in actual operation.

Salem Harbor

Generating Capacity Boiler#1

6%

Boiler #2
6%

Boiler #3 was designed and erected by the Babcock & Wilcox Company in accordance with the
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requirements of Section | of the American Society of Mechanical Engineers (A.S.M.E.) Boiler
and Pressure Vessel Code as well as Massachusetts Regulation 522 CMR at the time of
construction. (See appendix 2 — Manufacturers Data Report)

Based on statements from plant managers and supervisors, the facility was purchased by Pacific
Gas and Electric Corporation (PG & E) from New England Power Company. In 2005,
Dominion Resources Inc. Virginia purchased the facility and it is now under the control of
DENE.

The boiler is a natural circulation watertube boiler designed with a divided furnace, an
economizer, a reheater and a radiant and convection superheater. The boiler was designed to fire
coal but had an approximate ten (10) year period of firing oil in the 1970’s until it returned to
coal firing in the 1980°s. It is equipped with 4 pulverizers that feed 4 fuel elevations that are
located on the furnace front wall. Each elevation contains 4 burners. The boiler is rated at
1,000,060 pounds per hour steam flow with a maximum allowable working pressure of 2,275
PSI.

Based on witness accounts from Salem Harbor operations personnel interviewed, the boiler has
seen increased boiler cycling from minimum load to full load since the mid 1990’s. Several
witnesses stated that the boiler outages were reduced from 6 week outages down to 2 - 4 week
outages. Witness accounts indicated that this made it difficult for the plant to take care of all the
outstanding maintenance items and the plant went from a preventive maintenance mentality to
“putting out fires.” Plant personnel indicated that they believed that deregulation reduced the
parts inventory, which also had a negative impact on plant maintenance.

A review of DENE’s outstanding work orders demonstrated a large backlog of approximately
2,500 work orders on plant equipment.

BOILER #3 OVERVIEW
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Boiler #3 was constructed in 1957 by the Babcock and Wilcox Company. The boiler is
considered a high pressure (operating at 2,000 PSI) water tube boiler, which utilizes coal as the
primary source of fuel. The boiler is approximately 130 feet high, and hangs from the top of the
building structure and expands down. The boiler is equipped with an economizer, which is a
bank of tubes located in the boiler flue gas path designed to increase the boiler feedwater
temperature before it enters the boiler. It also has a primary and secondary superheater that takes
saturated steam from the steam drum, located at the top of the boiler, in order to supply high
quality dry steam to the steam turbine. The boiler also has a reheat superheater, which takes
steam from a stage in the steam turbine and reheats it. It is then returned back to the turbine.

The boiler has 4 waterwalls (tubes that are lined up to cover each of the 4 furnace walls). The
boiler has 4 coal burner levels, each of which contain 4 burners (16 burners total). The boiler is
equipped with 4 coal pulverizers. Each pulverizer supplies coal to 4 burners. Each burner mixes
air with the coal, which is ignited as it exits the burner. The products of combustion heat the
water in the waterwalls and then flow through the secondary superheater, reheat superheater,
primary superheater and finally past the economizer and out through components that reduce
plant air emissions.

The steam produced in the boiler supplies steam to a steam turbine that drives a generator, which
generates electricity. After the steam has passed throught the turbine, the steam is condensed.
The condensate is heated and pumped back into the boiler in one large steam/water loop.

The boiler water is treated with chemicals to prevent component corrosion and to ensure that a
high quality steam is produced.

The boiler runs under a balanced draft (the furnace pressure in the boiler is slightly negative). In
order to maintain a balanced draft, the boiler is equipped with a forced draft fan that supplies air
to the boiler, and an induced draft fan, which is located between the boiler and the stack. Fan
dampers are used to maintain proper draft.

Because excess air results in improper combustion, “tramp air” (uncontrolled air entering the
boiler from unintended locations) is minimized by a wet ash system. The waterwalls bend
toward the bottom of the boiler to form a slope that directs the ash to a water filled hopper. The
configuration of the waterwalls create a space within the boiler where there is no combustion. If
properly maintained, the waterwalls are designed to minimize the amount of ash that
accumulates in this space. This space is commonly referred to as a dead air space. If the spaces
between the tubes are not tight or filled with a refractory material, boiler ash can fill the void
space.

DENE, like most plants, use water to wash boilers down before an internal inspection. The dead
air space is a location where water from water washing can enter and combine with the ash. This
combination can become corrosive to metal if not cleaned or maintained periodically.

The following page gives a pictoral overview of this boiler.
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Sketch #1 — Boiler #3 Overview
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INCIDENT INVESTIGATION

On November 6, 2007 at 0846 hours, a catastrophic boiler failure occurred at the Salem Harbor
Generating Station located at 24 Fort Avenue, Salem, Massachusetts. Within two hours,
Massachusetts Emergency Management Agency Director Don Boyce notified the Department of a
boiler explosion at the above location. A preliminary investigation was immediately started by
Chief of Inspections-Mechanical Mark Mooney (Mooney) and assisted by Manager Edward S. Kawa
(Kawa) and District Engineering Inspector Steve Bakas. The victims of the incident, Mr. Mathew
Indeglia, Mr. Mark Mansfield, and Mr. Philip Robinson were given medical treatment on the scene
and transported to local hospitals where they died from their injuries. The scene was secured by the
Salem Police Department, and the State Police in conjunction with the Essex County District
Attorney’s Office (District Attorney’s Office), OSHA and the Department of Public Safety.

The failure occurred in an area of the boiler that was insulated with asbestos. The failure dispersed
the asbestos insulation and a large volume of ash throughout the boiler building. As aresult, access
to the failure location required specialized training and equipment. To assist in gaining immediate
access to the point of failure, the State Fire Marshal, in cooperation with the Salem Fire Department,
activated the hazardous material response unit in support of the Department of Public Safety’s (DPS)
investigation. The Massachusetts Division of Occupational Safety began working with the DENE
Salem Harbor personnel to develop an asbestos abatement plan.

An initial observation of the failure was performed by Mooney and Kawa. It was determined that
there were two short lengths of tube (tube stubs) missing from the ends of Tube #10 and Tube #11.
These stubs were short sections of tube that were fitted into the lower division wall header and
attached to the division wall tubes by a full penetration butt weld. These tube stubs separated from
the tube and header adjacent to circumferential welds. The search of the missing tube stubs began
shortly thereafter by the DPS in conjunction with the District Attorney’s office, OSHA, and DENE.
After an exhaustive search, the tube stub to tube #10 was located, buried in ash, in the approximate
area where the victims’ tool box was situated under the boiler. The tube stub to tube #11 has not
been located as of the date of this report.

Following the initial inspection of the failed components, a large section of the header and the failed
tube components were sent to a metallurgical lab (Structural Integrity Associates, Inc) for testing in
Austin, Texas, under the oversight of the DPS. DENE produced volumes of documents requested by
the DPS, OSHA and the District Attorney’s office. Thirty nine individuals were brought in for
questioning over the following months. (See Interview List in appendix).

Based on the interviews and documentation obtained in the investigation, it was determined that at
approximately 08:00 a.m., two maintenance mechanics (Mark Mansfield and Dan Connolly) were
working to lock out pulverizer seal air fan #3-1. They determined that this seal air fan could not be
isolated for repair until a common discharge valve on seal air fan #3-2 was repaired. Mr. Mansfield
went to the control room to get the proper lockout tags for seal air fan #3-2, while Mr. Connolly
made a visit to the restroom. Two operators (Mathew Indeglia and Philip Robinson) then went down
with Mr. Mansfield to lock out Seal Air Fan #3-2. As Mr. Connolly was leaving the restroom, the
plant alarm sounded indicating a boiler failure. As the failure occurred, Mr. Mansfield, Mr. Indeglia
and Mr. Robinson were in the area immediately below it. These men were able to exit the building,
but had suffered serious and ultimately fatal burns from the failure.
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Witness accounts gave no indication of any noticeable audible changes that could have warned
adjacent operators or maintenance people in the area of a tube leak. It was determined, by both the
discharge of the ash on the floor around the failure and the amount of ash buildup in the dead air
space opposite the area where the failure occurred, that ash was packed in the space where the
failure occurred. Further, several witnesses stated that it was common knowledge that the area was
packed with ash. Ash can have a muffling effect on an adjacent tube leak, which are typically very
loud. In addition, the area of the failure also had high operating noises caused by the coal
pulverizers, which may have also affected the victims’ ability to hear the leak.

Witness accounts and boiler operation trends show that Boiler #3 was routinely operated at a
capacity above the rated steam flow for the boiler. Operating boilers above rated capacity can have
a negative effect on the life of the boiler.

As part of the investigation, corrosion was considered as a possible cause. Based on witness
testimony, it was the common practice to water wash the waterwalls when the unit was taken off
line. The water would cascade to the lower section of the boiler including the lower dead air spaces.
Water and ash are known to create a highly corrosive environment for boiler components.

The boiler also has an injection system that sprays a liquid chemical, Urea, into the furnace in an
effort to reduce nitrous oxide emissions. Urea can mix with sulfur oxides to form ammonium
bisulfates or ammonium sulfate compounds, which, based on my training and experience, is known
to enhance corrosion and plugging in boiler air heaters.

Based on several witness accounts from the Salem Harbor operations personnel interviewed, it was
common for the urea injection ports to overspray following a boiler trip. It was noted however that
the substance was not present at the time of the first observation of the failed components several
days following the failure.

Further, when the west side dead air space was opened, these tubes did not have any obvious signs
of urea contamination. It was determined that the ash acted as an insulator from any excessive urea
slip (urea overspray). Combined with the large volume of ash that was in the dead air space, and the
time it takes for the Urea to leak down to the dead air space if not restricted by ash, the presence of
the Urea was discounted as a significant factor in the failure. Mooney and Kawa determined that the
corrosion of the tubes and header within the dead air space was caused primarily from the interaction
of the boiler metal with the ash and water (from boiler washing).

As the investigation proceeded, Mooney made a determination that all 4 boilers at the Salem Harbor
Station were in a dangerous condition. Upon this determination, on November 19, 2007, Mooney
revoked the certificate of inspections from all 4 boilers at the plant. Massachusetts General Law
Chapter 146 requires that a state inspection and pressure test must be performed on each boiler
before a new certificate of inspection is issued. (See appendix 5). Since the shutdown, all the
Boilers have undergone substantial non-destructive examination and/or repairs. They have been
inspected by the DPS and have been issued new certificates of inspection. Boilers #1 and #2 were
placed back into operation in May 2008 and Boiler #3 and #4 were placed back into service in July
2008.
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BOILER #3 INSPECTIONS

Massachusetts General Law Chapter 146 section 6 states that “all steam boilers and their
appurtenances ... shall be thoroughly inspected externally and internally at least once a year.”

In 2000, Massachusetts Board of Boiler Rules adopted the 1998 National Board Inspection Code
(NBIC) with 1999 addenda, and incorporated them into 522 CMR. Massachusetts commissioned
Insurance Inspectors are required to perform their inspections in accordance with the NBIC. The
NBIC is the standard that Massachusetts licensed engineers are required to use to ensure their boilers
are being maintained, repaired and inspected properly. As demonstrated further in this report, the
boiler was not properly inspected in accordance with the NBIC code, nor was it inspected in
accordance with the Manufacturer’s manual.

Following a first inspection by a State District Engineering Inspector, the annual inspection is
performed by an inspector of an insurance company. The responsibility of the insurance inspector is
to make a proper internal and external inspection of the boiler, in accordance with Massachusetts
regulations and the NBIC. If no discrepancies or unsafe conditions are found, the inspector shall
issue a certificate of inspection.

In April 2007, Boiler #3 was brought down for annual inspection and maintenance. On April 10,
2007, Insurance Inspector Robert Maule (Maule), of National Union Fire Insurance Company,
signed a certificate of inspection that he had performed the required inspection on Boiler #3 (See
appendix 3). However, the lower dead air spaces containing the division wall headers were not
opened for inspection at that time, and Maule’s report made no reference to the condition of the
furnace lower slope dead air space. (See appendix 11)

Based on statements made by Maule to Mooney and Kawa, on July 17, 2008, Maule stated that he
did not inspect the dead air spaces on Boiler #3. He further stated that he did not inspect these
spaces based on the fact that his personal past experiences never indicated these areas to be problem
areas. He also stated that he looked in all boiler spaces early in his career but stopped this practice
as his experience increased. Maule stated that since the failure, he has resumed inspecting all boiler
spaces.

In April 2007, DENE also hired a second inspector (Dennis Nygaard of Alstom Power) to perform a
private non-jurisdictional inspection as well. Mr. Nygaard indicated in his report that “no inspection
was completed to the furnace lower slope dead air space this outage since it was not opened.” (See
appendix 4) All evidence demonstrates that the furnace lower slope dead air space had not been
opened. During the entire interview process, no one could recall ever seeing, or having had seen
evidence, that the furnace lower slope dead air spaces were opened. Engineer-in-charge Steve
Dulong (Dulong) reported seeing documents that demonstrated that work had been performed in the
furnace lower slope dead air space in approximately 1999, but did not actually recall seeing it open
or anyone entering the space. He stated that the space had not been opened since he was the
Engineer-in-charge. Another witness stated that he recalled seeing a report indicating that it had
been opened in 1998,

When questioned regarding the failure to inspect the lower dead air spaces, Dulong stated that the
space was not opened because Maule did not request the space to be opened.
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Based on (1) the volume of ash that emptied into the area below the failure, (2) the volume of ash in
the west side dead air space, (3) the level of corrosion on the tubes and header in the lower dead air
space, and (4) the number of witnesses that confirmed the existence of ash in the lower dead air
space, we determined that the lower dead air space was full of ash prior to the failure. To determine
the volume of ash that was in the east dead air space in relation to the space, the DPS gained access
to the dead air space opposite the space the failure occurred in. This space was virtually a mirror
image of the area in which the failure occurred and was under the same operating conditions. This
space (west side dead air space) could not be entered because of the heavily packed ash filling the
space and blocking the entrance. The DPS ordered a channel in the ash, within the west side dead
air space, be dug to gain a better view the current conditions of the space. The ash in the space was
a mixture of fine ash and hardened solid rocklike form. The solid ash was broken up with poke rods
and shovels and vacuumed out of the space. Mooney observed the space to be nearly full of ash,
with the west side division wall header (directly opposite the one that was involved with the failure)
completely encased in ash. The header and tubes on the west side had similar corrosion to that
found on the east side. (See photos 42 — 53).

Compliance of other Boilers in the Commonwealth

In response to the Salem boiler explosion, the DPS identified thirty-three (33) other boilers at 16
locations across the Commonwealth that burned solid fuel with the potential of having dead air
spaces where ash could build up and create a problem if not periodically inspected.

On Monday, March 24, 2008, the State District Engineering Inspectors were briefed on a compliance
action, which occurred following the briefing.

The purpose of this compliance action was to identify all coal or solid fuel fired boilers in the
Commonwealth and to determine if they had a current certificate of inspection, as well as
determining if all of the spaces within the boiler that are accessible to an inspector had been opened
at the time of inspection.

All of the facilities were visited by the end of the day. Only one facility could not immediately
provide proper documentation, however it was able to produce the requested information the
following day.

In all of the facilities, all of the confined spaces, including all dead air spaces, in all 33 boilers were
opened and accessed within the past year. Of these boilers, twenty (20) of the 33 had dead air
spaces. Based on this assessment, it was determined that all of the boilers listed that had spaces
known to fill with ash had those spaces inspected within the past year.

January 2007 Leak
In January 2007, following a repair of a waterwall leak in Boiler #3, an additional leak was
identified below the waterwall slope in the dead air space, as it enters the east side furnace lower
slope dead air space. Based on witness accounts of maintenance personnel and the plant Quality
Control Person Ken Brusgalis (Brusgalis), the plant cut tubes out of the waterwall to access the leak
from the furnace side, due to the excessive ash buildup inside the furnace lower slope dead air space,
which hindered access. According to Brusgalis, the cause of this leak was determined to be
corrosion fatigue at a weld between the division wall and a membrane between the division wall and
the waterwall slope. Brusgalis indicated that the plant did not look further to determine if the
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problem was an isolated problem or if the same condition existed at other locations. Dulong stated
that he relied on others including Brusgalis to determine if further examination was necessary.
Decisions such as this are the sole responsibility of the Engineer-in-charge.

Several witnesses including Dulong, stated that control room operators were trained by co-
workers and did not go through a training program that would specifically educate them with the
knowledge to be able to identify tube leaks, or which trends should be watched for possible
indications of potential tube leaks. Dulong also stated that operators are not formally trained and
that their training is “passed down from one guy to the next.”

BOILER MANUFACTURER / EPRI BULLETINS

Startup / Shutdown Procedures
The Manufacturer (B & W) produced an operation and maintenance manual (Manual) for Boiler #3,
which is common industry practice. This document provides directions on how to properly operate
and maintain the boiler. Additionally, the Electric Power Research Institute (EPRI) conducts
research and development on technology, operations and the environment for the global electric
power sector, and provides helpful guides and bulletins to the power industry.

The Manual provides direction regarding shutdown procedures to ensure that the boiler is not cooled
too quickly, which can create unnecessary and excessive thermal stresses on boiler components.
Page 15 of the B & W Boiler manual, (See appendix 27) states, “[a]fter the firing equipment and
fans are out of service, the dampers, including the superheater and superheater bypass dampers,
when provided, should be closed in order to permit the unit to cool as slowly and uniformly as
possible.” It also goes on to state that “hastening the cooling of the furnace by allowing large
quantities of cool air to pass through the setting tends towards brickwork difficulties and
unnecessary stresses in the pressure parts.”

Further, in quick shutdowns, the Manual cautions operators to “not permit the drum temperature
difference to exceed the cooling cycle curve.” (See appendix 29). The cooling cycle curve is shown
in appendix 30. The Manual directs operators, on page 9, (See appendix 30) under “emergency
shutdown” to “stop the primary air fan and close the primary air control damper” and “stop the force
draft fan and close the force draft dampers” as well as “stop the induced draft fan and close the
induced draft damper.”

Based on witness statements, during boiler failures and shutdowns, plant control room operators
admitted to cooling down the boilers without following manufacturer procedures and did not take
measures to ensure the boilers were not cooled too quickly. Control room operators operating the
boiler stated that it was common for them to leave fans on to hasten cooling in order to begin repairs
sooner. Rapid temperature changes in boiler components create unnecessary and excessive thermal
stresses on boiler components.

Inspections
The Manual also provides instructions for operators for routine inspections. On Page 17 of the
Manual, (See appendix 31) it states “[i]n addition to routine operating inspections, a thorough
inspection, from the viewpoint of safety, should be made yearly at the time of the visit of the
Insurance Inspector or State Inspector. This should include a careful search for evidence of internal
and external corrosion, leakage of seams, leakage of expanded, screwed or welded joints, evidence
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of overheating, and the condition of structural supports.” It goes on to state “[i]t may be necessary
to remove small sections of brickwork or casing to make such inspection complete, but it should be
borne in mind that the parts which are most slighted, due to soot accumulation or difficulty of
access, may be the very parts in which trouble will develop.” The lower dead air space in which the
failure occurred had excessive soot accumulation as well as being a difficult place to access. Neither
Maule or Dulong ever opened or inspected this area.

The NBIC also requires that these areas be periodically cleaned and inspected. In accordance with
the NBIC, part RB-9050, “the maximum period between internal inspections or a complete in-
service evaluation of pressure retaining items shall not exceed one-half of the estimated remaining
service life of the vessel or ten years, wherever is less”. The method for estimating inspection
intervals for exposure to corrosion is given in Part RB-9110 of the NBIC and is determined by the
following formula:

Remaining life = tectuan = Lrequired)
(years) corrosion rate

DENE did not provide any documentation regarding any corrosion rates for any of the pressure
parts, and did not have any documentation of this form for any of the components within the dead air
spaces. Because this evaluation was not performed, the maximum period between internal
inspections or complete in-service evaluations and remaining life could not have been properly
determined.

EPRI Bulletins
In the 1980’s, the industry developed guidelines for extending the boiler life (boiler life extension
programs), including monitoring areas susceptible to failure for a variety of reasons such as
corrosion, erosion or boiler stresses.

In May 2000, B & W issued the “Standard Recommendations for Pressure Part Inspection During a
Boiler Life Extension Program” (BR-1701). It stated that lower temperature water and steam cooled
headers are not susceptible to creep but may be damaged by corrosion, erosion, or severe thermal
stresses. (See appendix 32) On page 5 of this document, it states that typical inspections of these
headers consist of:
o Visual Inspection
. Wet Fluorescent Magnetic Particle —a WFMT inspection should be performed on
welded attachments, handhold plugs, header end plate welds and 10% of tube to
header welds.

. Video Probe Inspection — An internal visual inspection can be performed to locate
internal problems.
. UTT - Should visual inspection reveal areas of wall loss from either corrosion or

erosion, then ultrasonic thickness data may be taken to assess header thickness.

DENE did not provide any documentation on these lower headers that would demonstrate that any of
these methods were used. During the interview process, Dulong indicated that he did not know
about any life extension studies for Boiler #3.

BOILER TREND DOCUMENTATION
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Based on my training and experience, when a boiler has a tube leak, it is common for certain
operational trends to react in a particular manner. As more water is added to a boiler to compensate
for the water lost through a leak, the amount of chemical concentration in a boiler will decrease
unless action is taken to increase the chemical feed. The boiler makeup water volume increases,
which can be seen in makeup trends. As a leak becomes more apparent, the rapid flashing of hot
water to steam within the fireside area or section occupies a greater volume, therefore boiler induced
draft fan dampers will open up in order to maintain the set furnace pressure. These automatic
changes result in increased minor fluctuations in furnace pressure. As a leak progressively worsens,
typically the boiler furnace pressure will become less stable.

Based on boiler trend information reviewed by the DPS, it was determined that the boiler failure
began to cause some changes in trends approximately 3 weeks before the failure and became more
apparent and progressively worsened to an irreversible condition approximately 45 minutes before
the failure (See appendices 22, 23, 24, 25).

Although the leak was in a dead air space, there were sufficient gaps between the boiler waterwall
and the dead air space for the leak to begin to show these typical fluctuations. As seen in appendix
23, the trends showed a slight decrease in boiler sodium and boiler pH, as well as a progressive
increase in boiler water (hotwell) makeup and a change in the furnace pressure amplitude and
frequency. This is a typical pattern leading to a failure. As previously explained, when a leak
worsens, an automatic control valve (boiler hotwell makeup control valve) begins to open to allow
new water into the boiler to compensate for water lost in the system. Boiler water can be lost though
the normal operation of a boiler (such as through boiler blowdowns), but these normal conditions
require operator knowledge and intervention. In viewing the boiler hotwell makeup control valve
trend for the month prior to the failure, the trend showed an obvious change in frequency and
volume beginning around October 20, 2007 and worsened in time. (See appendix 23)

Five days before the failure, the medium feedwater flow trend demonstrated a clear change in
amplitude and frequency. (See appendix 25) As steam is introduced into the furnace space, it creates
volumetric changes that have an effect on plant emissions. As a steam leak worsens, it can have an
effect on boiler carbon monoxide (CO) and boiler opacity (visible smoke) emissions. A review of
the Boiler #3 opacity also showed an increase in opacity in the six (6) hours prior to the failure.
There were seven (7) low level spikes in opacity within the 8 hours prior to the failure. (See
appendix 25) The boiler carbon monoxide emissions trends did not demonstrate anything that could
have been singled out as a clear indicator, however the unexplained loss in boiler water should have
been investigated. None of these trends were noticed by the plant personnel including Dulong.

METALLURGICAL FAILURE ANALYSIS

On December 7, 2007, Manager Edward Kawa escorted the failed components to the metallurgical
test lab (Structural Integrity Associates) in Austin, Texas. The metallurgical testing occurred
through the months of January and February 2008. In Structural Integrity Associates failure analysis
of the boiler components from the lower dead air space, it was noted in the executive summary, that
“there was no evidence uncovered during the examination of the header and tubing to indicate that
either excessive wall thinning due to external corrosion, or waterside corrosion fatigue cracking, or
base metal defects had played any role in the failure” (See appendix 6). However, in the technical
summary, it explained that a hypothesis of the suspected cause of failure was one that the division
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wall nipple tubes had ruptured after losing a substantial amount of its original wall thickness due to
external corrosion, and that “the defect grew in size, due to the interaction of corrosion and stress
with intermittent discontinuities in the remaining intact ligament of weld metal, until it finally
penetrated through the thickness of the weld and a small steam leak initiated.” (See appendix 7).

In the “Visual Inspection I” portion of the report, under “external surfaces — corrosion”, it states “it
was apparent that both the header and tubes had suffered some measurable amount of wastage due to
the external corrosion, with signs of widespread pitting attach visible on all surfaces.” (See appendix
8).

In the “Visual Inspection I1” portion of the report, under “results of EDS and XRD Analysis”, it
states “in all cases the deposit/scale accumulations were a mixture of elements associated with
combustion by-products, such as sulfur, silicon, sodium, potassium, calcium, and iron oxides. The
large amounts of sulfur and iron oxide are consistent with the observations regarding the surface
corrosion, which was believed to have been caused by acid attack related to the wetting of reactive
elements in the deposit, and particularly sulfur, during periods when the unit was not operating.”
(See appendix 9).

Also in the “Visual Inspection 11” of this report, it describes “white-colored compound observed on
Tube 5 identified as Urea. Witness accounts from the plant following the failure indicated that the
injection of the urea had continued for some time after the unit had tripped off line, so that the
presence of the urea in the deposit material appeared to be a secondary effect of the failure and was
not considered in any way unusual.” This is consistent with the DPS’s findings.

Based on the full context of the metallurgical report, external corrosion accelerated the failure.

Based on boiler trend data and the physical damage of the components around the area of failure, it
was evident that the boiler began to leak and progressively worsened over time until a catastrophic
event occurred. Boiler leaks at this pressure create a significant and discernable sound. Since no
witnesses heard any such sound, it is believed that the volume of packed ash within the space
significantly muffled the sound of the leak making it indiscernible even when people were
immediately adjacent to the leak. The high decibels of the coal pulverizers also aided in masking the
muffled sound of the leak.

As confirmed in the metallurgical failure analysis, the failure began as a result of a weld defect at
Tube 9, which grew in size due to corrosion and stress. The tube was also subjected to external
corrosion, which decreased the thickness of the tubes. As a result of these mechanisms, a small leak
initiated. The leak progressively worsened over time cutting adjacent tubes, which caused
secondary leaks. The progressive thinning resulted in tube 10 and tube 11 catastrophically
rupturing. The rapid release of 600 degree hot water at 1900 PSI into atmospheric pressure within
the dead air space caused the water to flash to steam resulting in the rapid pressurization of the dead
air space. The rapid pressurization of the dead air space caused the lower boiler casing within the
dead air space to fail, releasing the full force of the failure to the area immediately below the boiler,
where the victims were working.
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APPARENT PATTERN OF FAILURE

The following sketches present a graphic representation of the apparent series of events that
explain the damage to the tubes involved in and leading up to the catastrophic failure. It is the
opinion of the DPS that the initial leak began at a significant welding flaw and was exacerbated
by stress and external corrosion. That leak caused a series of collateral damage to adjacent
tubes, until the final catastrophic failure.

1. Tube 9 begins to leak as a result of a significant welding flaw at the time of manufacture, and
external corrosion
a. Leak strikes Tube 10 and 11 causing “collateral damage”

Tube
11
Leak 1

i Tube
9

2. Initial leak in Tube 9 continues to damage Tube 10 and 11
a. Tube 11 begins to leak and starts to damage Tube 9

Leak also damaging tube 10 (not shown between tube 9 & 11)

w ér

Leak 2 ' —— )

I
O —
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3. All leaks continue to progress.
a. Leak from Tube 11 results in a new leak in Tube 9, continues to damage Tube 10

Tube \

Tube

4. All leaks continue to progress and worsen
a. New leaks from collateral impingement damage develop

Tube \
11

Leak also damaging tube 10 Tube

—c —
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5. All leaks continue to progressively worsen over time
a. Tube 10 is thinned along one plane far below minimum wall thickness
b. Tube 11 is also thinned considerably below minimum wall thickness
c. Tube 10 fails catastrophically forcing steam/hot water in the direction of Tube 11
d. The lateral force applied by the failure of Tube 10 toward the weakened Tube 11 causes
Tube 11 to separate from the header.

Tube \
11
)

Tube 10 spraying tube 11

Tube

Tube 9 lower leak caused by tube 11

— et

6. View of tube arrangement on header looking down.
a. As stated in (5) above, the lateral force applied by the failure of Tube 10 toward Tube 11
caused the already weakened Tube 11 to separate from the header.

Avreas of thinning

2. Tube 11 stub separates from

Tube . Tube header as a result of thinning and
9 11 force of tube 10 rupture.
Header
Ti*ge 1. Tube 10 fails catastrophically. Tube

stub separates from header.
Force of failure directed at tube 11

NATIONAL BOARD INSPECTION CODE
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Part RB-2020 of the NBIC describes what owners or users should do to prepare a boiler for an
internal inspection. Paragraph 3 of this section (See appendix 12) states “[m]anhole and handhole
plates, wash out plugs, as well as inspection plugs in water column connections shall be removed as
required by the inspector. The boiler shall be cooled and thoroughly cleaned.” Part RB-3120 (b)
(See appendix 13) lists parts that should be removed as required to permit inspection. This section
repeats that manhole and handhole plates are components that should be opened. It also repeats in
(c) that “the boiler shall be cooled and thoroughly cleaned.” The manhole plate to access the dead
air space was not opened and therefore the space was not cleaned.

Part RB-2030 of the NBIC (See appendix 14) states that “[i]f a vessel has not been properly prepared
for an internal inspection, the inspector shall decline to make the inspection.” Despite of the lower
dead air space not being opened or cleaned out, Maule failed to decline to make the inspection and
issued a certificate of inspection.

Part RB-3133 of the NBIC (See appendix 13) describes types of defects. It states “[d]efects may
include bulged or blistered plates, cracks or other defects in welds or heat-affected zones, pinhole
leaks, improper or adequate safety devices, wasted or eroded material.” (Emphasis added) An
inspection of the lower dead air space, in accordance with the code, would have revealed wasted
material as a result of corrosive effect of the ash.

Part RB-3158 of the NBIC (See appendix 15) is part of the in-service inspection section of the code.
This particular section is dedicated to corrosion. Paragraph J states “[t]he surfaces of tubes should
be carefully examined to detect corrosion, erosion, bulges, cracks, or evidence of defective welds ...
A leak from a tube frequently causes serious corrosion or erosion on adjacent tubes.” Paragraph K
of this section (See appendix 16) also states “[i]n restricted fireside spaces such as where short tubes
or nipples are used to join drums or headers, there is a tendency for fuel and ash to lodge at junction
points. Such deposits are likely to cause corrosion if moisture is present and the area should be
thoroughly cleaned and examined.” Maule’s and Dulong’s failure to inspect or have the tubes
inspected violated these sections of the code.

Finally, Part RB-3280 of the NBIC (See appendix 17) states the following: *“[a]ny defect or
deficiency in the condition, operating and maintenance practices of the pressure vessel should be
discussed with the owner or user at the time of inspection and, if necessary, recommendations made
for the correction of such defect or deficiency.” Based on the above, it is apparent that the active
corrosion in the lower dead air space was something that should not have been overlooked and at a
minimum should have required periodic monitoring.

Massachusetts commissioned boiler inspectors, such as Maule, must also hold a National Board
Commission. The National Board requires commissioned inspectors to receive continuing education
courses each year to ensure they are familiar with the current NBIC. The NBIC code has the
following applicable changes since the 1999 version:

e Part RB-1010 “...[u]nderstanding the potential damage/deterioration mechanisms that can
affect the mechanical integrity of a pressure retaining item and knowledge of the inspection
methods that can be used to find these damage mechanisms are essential to an effective
inspection.” (See appendix 19)
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e Part RB-2000: “Visual examination is the basic method used when conducting an in-service
inspection of pressure retaining items. Additional examination and test methods may be
required at the discretion of the inspector to provide additional information to assess the
condition of the pressure retaining item.” (See appendix 19)

e Part RB-5525: “The refractory supports and settings should be carefully examined,
especially at points where the boiler structure comes near the setting walls or floor, to ensure
that deposits of ash or soot will not bind the boiler and produce excessive strains on the
structure due to the restriction of movement of the parts under operating conditions.” (See
appendix 20)

e Part RB5525: “Drums and headers should be inspected internally and externally for signs of
leakage, corrosion, overheating, and erosion.

e Part RB 5601: “There are many locations both internal and external where moisture and
oxygen combine causing primary concern for corrosion ...Unique parts associated with this
type of construction such as casing, expansion supports, superheater, economizer, soot
blowers, drums, headers, and tubes should be inspected carefully and thoroughly.” (See
appendix 21)

Despite these specific references in the NBIC, Maule failed to enter the dead air space and
inspect the components contained within it.

Further, RC-2030 of the NBIC states that “Repairs to pressure retaining items shall not be
initiated without the authorization of the Inspector, who shall determine that the repair methods
are acceptable.” Based on statements by both Dulong and Brusgalis it was determined that the
plant did not always receive proper authorization in accordance with this section.

CONCLUSIONS

Based on the investigation, the DPS has concluded that the following are the primary causes of the
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failure:

1.

Division wall tube #9 was identified with a significant through wall weld defect at the tube
to stub weld. Internal corrosion or corrosion fatigue propagated the defect to a leak.
Although tube stub #11 has yet to be found, it is evident that tube #11, as well as tube #10
sustained substantial collateral damage from steam/water impingement. The collateral
damage to tube #10 resulted in a catastrophic failure of tube #10. The force of the failure of
tube #10 and the thinned condition of tube #11 (from steam/water impingement) caused the
stub of tube #11 to separate from the tube and header. The failure allowed high pressure
steam and water to pressurize the dead air space until the boiler casing in that area failed.
This sent steam, water and ash, at approximately 600°F, into the immediate area below the
boiler.

Although the point of initial leak washed the metal away at the leak, as stated in the
metallurgical report, the entire header and tubes suffered from external corrosion. It was
determined that the external corrosion decreased the tube thickness. This reduction,
combined with the weld defect, caused the tube to be in a condition that resulted in the
failure. Annual inspection of this space would have significantly abated the degree of
corrosion in the space and observation of the current level of corrosion should have
prompted further examination.

Based on this investigation, the DPS has identified the following contributing factors:

1.

A Failure to inspect and maintain the Dead Air Spaces. Massachusetts regulation 522
CMR 2.02 places the responsibility of the operation and maintenance of steam boilers
under the Engineer-in-charge. Not a single witness, including the Engineer-in-charge
Dulong, could indicate when the dead air space had been opened for inspection or
maintenance since at least 1998 or 1999. The National Board Inspection Code
specifically highlights areas of concern that must be inspected, including tubes and
headers that may be exposed to, or covered with ash. Proper maintenance and inspection
of this area would have minimized the potential for external corrosion.

Failure of the Insurance Inspector to Inspect the Dead Air Space Annually.
Massachusetts General Law Chapter 146 section 25 requires steam boilers to be
inspected in accordance with the rules of the Board of Boiler Rules. Massachusetts
regulations 522 CMR 15.00 adopts the National Board Inspection Code. The boiler was
not inspected in accordance with the National Board Inspection Code which requires
“Drums and headers should be inspected internally and externally for signs of leakage,
corrosion, overheating, and erosion. (Part RB 5525).

Improper Delegation of Responsibilities to Unlicensed Personnel. During the
interview process it was clear that the Engineer-in-charge improperly delegated his
responsibilities to unlicensed individuals. This overall delegation of Dulong’s
responsibilities as the Engineer-in-charge to others resulted in a systematic breakdown in
which no one assumed responsibility for ensuring compliance with statutory and
regulatory requirements. Such improper delegation included:

a. Reliance on unlicensed individuals to oversee boiler repairs and allowing these

unlicensed persons to make decisions regarding the extent of the repairs and the

Page 21 of 104



non-destructive testing. Dulong relied on the Quality Control person (Brusgalis)
and others to evaluate other areas in the boiler to determine if the potential for
additional problems existed. Brusgalis, however, stated that these decisions were
in fact made by the mechanical maintenance group. Further, Dulong stated that
he relies on others to ensure repairs are performed in accordance with the Code.
These responsibilities rest with the Engineer-in-charge who is presumed to have
the requisite knowledge and experience to make such determinations. Following
the January 2007 tube repair, Dulong failed to properly investigate whether any
further action was necessary or was appropriate. Had the space been opened and
properly maintained, the extensive corrosion would have been noticed and a
properly licensed person should have determined that further testing was
appropriate.

b. Reliance on others to ensure that Authorized Inspectors were contacted before
boiler repairs were initiated in accordance with the NBIC. During the interview
process, Brusgalis admitted that repairs to the boilers were initiated and/or
completed prior to contacting the Authorized Inspector and Dulong did not
appear to understand that the Code required an Authorized Inspector to be
contacted prior to making repairs. Further both Dulong and Brusgalis stated that
the plant, and not the Authorized Inspector, determined whether a hydrostatic test
should be performed following a repair, in violation of the NBIC.

c. Reliance on others to ensure that the boiler was pressure tested per the direction
of the Authorized Inspector following a repair. The procedures followed by the
plant in performing boiler repairs failed to comply with the National Board
Inspection Code and the plant failed to properly pressure test Boiler #3 following
the last boiler repair in September 2007.

4. Failure to Implement The Boiler Condition Assessment and Life Extension Program. It
is the responsibility of the Engineer-in-charge to have knowledge of, or perform boiler
condition assessment and life extension studies, when recommended by the boiler
manufacturer or industry standards. Although plant personnel believed a life extension
program had been done on the plant in the 1980’s, it was evident from interviews that the
plant personnel did not know exactly what that plan required, and Dulong was not even
aware if one existed. As stated earlier, Babcock & Wilcox issued a document “Standard
Recommendations for Pressure Part Inspection During a Boiler Life Extension Program” in
May 2000. Since the space had not been opened since the issuance of this document from
the manufacturer, it is clear that the facility failed to follow these recommendations.

5. Improper Recognition of Existing Plant Hazards. Despite repeated common boiler
failures, the plant personnel had an unacceptable tolerance of boiler tube failures and did not
have a policy in place to examine other areas of potential concern for similar failures at the
time of a failure. Additionally, the plant did not have a policy or procedure in place to
educate or warn employees of failure mechanisms or how to identify them.

6. Improper Boiler Maintenance Practices. It has been the plant’s routine practices for
personnel to water wash the boiler furnace during a plant outage. This water was allowed to
enter the lower dead air spaces, which was full of ash, causing corrosion. There was no
effort taken to routinely remove this corrosive ash mixture from those spaces.
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7. Improper Plant Personnel Operating Practice It was a common plant practice to
accelerate boiler cooling following a boiler failure by fan cooling the boiler, resulting in
exceeding the manufacturers recommended boiler cool down parameters. This exacerbated
cyclic stresses on boiler components.

8. Failure of boiler operators to identify the leak prior to catastrophic failure. A review of
the boiler control system (DCS) trends demonstrated that the early indications of a tube leak
were becoming apparent, but were not identified by operating personnel.
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PHOTO LOG

Location:  Salem Harbor Generating Station Date: 11/06/2007

Investigating Inspector(s): Mark F. Mooney / Edward Kawa

Photo Number

Description

1 Salem Harbor Generating Station

2 Boiler 3 division wall header (facing north)

3 Boiler 3 division wall header (facing south)

4 Dead air space showing casing failure

5 Dead air space showing ruptured boiler casing
6 Work space immediately below point of failure
7 Area adjacent to point of area below failure

8 Area immediately below casing failure

9 Division wall header

10 Division wall header

11 Close up of tube 9 and header

12 Close up of tube 9 and header

13 Close up of header at tube 10 & 11

14 Close up of header at tube 9 & 11

15 Steam impingement indications between tube 9 & 11
16 Overview of header after being removed

17 Overview of header at failure area

18 Close up of header at tube 10 & 11

19 Overview of header at point of failures

20 Close up of tube 9

21 Close up of tube 9 top leak

22 Close up of tube 9 top leaks

23 Corrosion photos of tubes and header

24 Corrosion photos of tubes and header

25 Corrosion photos of tubes and header

26 Corrosion photos of tubes and header

27 Corrosion photos of tubes and header

28 Overview of header at point of failure

29 Close up of header damage from steam / water impingement
30 Close up of tube 10 showing poor weld
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PHOTO LOG

Location:  Salem Harbor Generating Station Date: 11/06/2007

Investigating Inspector(s): Mark F. Mooney / Edward Kawa

Photo Number | Description
31 Close up of tube 10 showing poor weld
32 Tube 10
33 Tube 10 showing damage from steam water impingement
34 Close up of tube 11
35 Close up of tube 10
36 Internal view of tube 9
37 View of header after cleaning
38 Cut away of tube 10 stub
39 Boiler #3 data plate
40 Boiler #3 data plate
41 Close up of tube 9 middle leak
42 West side dead air space before ash is completely removed
43 West side dead air space
44 West side dead air space
45 West side dead air space
46 West side dead air space ash
47 West side dead air space ash
48 West side dead air space tubes impacted with ash
49 West side dead air space after ash is removed
50 West side dead air space after ash is removed
51 West side dead air space after ash is removed — tube closeup
52 West side dead air space after ash is removed — header view
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1. Salem Harbor Generating Station
Dominion Energy New England

2. Boiler #3 Division Wall Header (facing north)
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3. Boiler #3 Division Wall Header (facing south)

4. Dead air sbae showing ruptured boiler casing (facing south)
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5. Dead air space showing ruptured boiler casing (looking down, facing south)

6. Work space immediately below point of failu (facing north)
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8. Area immediately below casing failure (facing south)

Page 29 of 104



Page 30 of 104



&

12. Cloe-p f tube an header |
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14. Close-up of header at tube 9 and 11
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15. Steam

16. Overview of header after being removed
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17. Overview of header at fallure area
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18. Close-up of header at tu“be 10 and 11
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19. Overview of header at point of failures

~ 20. Close-up of tube 9
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- 22. Close-up of tube 9 top leaks
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Tube and Header Corrosion Photos (23 — 27)
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29. Close-up of header damage from steam/water impingement
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30. Close-up of Tube 10 showing poor weld

31. Close-up of Tube 10 showing poor weld
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33. Tube 10 showing damage from steam / water impingement
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35. Close-up of Tube 10
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37. View of header after cleaning
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38. Cut away of Tube 10 stub (with bad weld)

39. Boiler Dataplate
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40. Boiler Dataplate
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43. West éide dead air space before ash is completely removed
Tubes encased in ash going to lower header
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44. West side dead air space. Ash on top of header

45. West side dead air spac before ash is co}npletely removed
Note level of ash behind tubes.




47. West S|de dead' air sbace before ash |scompletely removed
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48. West side dead air space before ash is completely removed
Note impacted ash between tubes above header (buried)

49. West side dead air space after ash is removed.
Prior level of ash is evident on division wall header
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50. West side dead air space after ash is removed.
Prior level of ash is evident on division wall header
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51. West side dead air space header after as is initially vacuumed out
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52. West side dead air space after ash is initially vacuumed out.
Difference in corrosion in tubes closest to header
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Appendix 1

AIG Inspection Report — Page 1

Dominion Resources, Inc.
Dominion Energy Salem Harbor
. 24 Fort Avenue

Salem, MA 01970

JURISDICTIONAL INSPECTION REPORT
April 10, 2007

All AXG Global Marine and Energy inspections and recommendations are purely advisory and for the purposc of assisting insureds in loss contrel
and salety procedures. No responsibility for management and operation of loss eontral and safety procedures iz assunied by AIG Global Marine
and Bnergy. Neither the Company's right ta mako inspections nor the making thereof nor any report thercon shall constitute an undertaking, on
behalf of or for the benefit of the Insured or ethers, to determine or warrant that such property is safe or healthfil, or is in compliance with any
law, rule or regulation. No insuranco coverage which an application may have becn submilted to the Company is deemed to be approved or
bound in any manner. .. .
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Appendix 1
AIG Inspection Report — Page 2

Dominion Resources, Inc.
Dominion Energy Salem Harbor =

175 Water Street 29" Floor, New York, NY 10038 April 10, 2007
: Page 2
RFS No.: 25182 )
Service Date: April 10, 2007
Technical Risks Consultant: R. Maule, AIG Global Marine and Energy
Conferred With: Steven Dulong, Manager F&H Operations and Maintenance, Operations

LOCATION OVERVIE

The Salem Harbor Station is a 680 mW fossil-fired generating facility located on a 65-acre
waterfront site in Salem, Massachusetts. Salem Harbor Station, which began commercial
operations in 1951, consists of three vnits that are capable of burning coal and oil and a fourth
unit, which burns only fiel oil. Deliveries of coal and fuel oil are currently made to the
deepwater port located at this facility. Additionally the fac111ty is located within the
Boston/Northeast Massachusetts load pocket. .

The number 1 and 2 boilers are each balanced draft units capable of producing. 625,000-1bs/hr .
steam and were manufactured by Babeock and Wilcox. The boilers are fired on pulverized coal -
or oil and natural gas is used for light-off purposes. The steam from the boilers is used as motive
steam in General Electric (unit 1) and Westinghouse (unit 2) tandem, double flow, reheat steam
turbines that are each rated at 60 mW. The generators are each rated at 75 MVA and 14,400
volts.

Babeock & Wilcox manufactured the unit 3 botler, which is a balanced draft unit capable of
generating 1,000,000 Ibs/hr steam at 2,225 psi and 1,000° F. The boiler is fired on pulverized
coal or oil and natural gas is vsed for light-off purposes. The steam is directed to a General
Electric tandem, double flow, reheat turbine that can produce 125 mW. The General Electric
generator is rated at 154 MV A and 14,400 volts.

The number 4 boiler is a pressurized furnace unit capable of generating 3,250,000 Ibs/hr steam
and ‘was manufactured by Riley Stoker. The boiler burns number 6 oil, natural gas or a
combination of the two. The boiler provides motive steam to the General Electric three casing,
guadruple flow, reheat steam turbine that is rated at 436 mW. The General Electric generator has
a rating of 528 MV A and 22,000 volts. Unit 4 was initially constructed as a peak shaving unit
(typically these type machines have larger clearances to allow it to be brought on line faster).
However, in response to the current demands of the grid, in recent years the steam turbine has
been modified to make it more efficient (closer clearances).

All AIG Global Marine and Bnergy inspections and recommendationg arc purcly advisory and for the purpose of assisting insureds in loss control
and safety procedures.. No responsibility for management and operation of Joss control and safety procedures is assumed by AIG Global Marine
and Energy. Neither the Company's right to make fnspestions nor the making therepf nor any report thereon shall eonstitute an underizking, on
behalf of or for the benefit of the Insured or athers, to determine or warrant that such property is safe or healthful, or is in compliance with any
taw, rule or regulation. No insurance coverage which an application may have been submitted to the Compaty is deemed to be approved or
bound in any manner.

ADODA48 {
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Appendix 1
AIG Inspection Report — Page 3

Derninion Resources, Inc.
Dominion Energy Salem Harbor

175 Water Street, 29 Floor, New York, NY 10038 April 16, 2007
: Page 3

UMMARY OF INSPECTION ACTIVITY

AIG Global Marine and Energy conducted an internal and external examination on the Dominion
Energy Salem Harbor unit 3 boiler on the above date to satisfy jurisdictional and loss prevention
requirements,  Our inspection was completed in conjunction with a scheduled major
disassembled inspection of the steam turbine generator associated with this boiler. As for the
boiler itself, the critical path repair item was the replacement of the blistered water wall tubes on
the west (rear) wall of the furnace. We will provide further details on this activity later in this
report. Additionally, a chemical cleaning of the watersides has been scheduled prior to returning
the unit to service. It was reported that this boiler, which is operated as a base loaded unit, has
performed satisfactorily since our last inspection. The nameplate information for the boiler is as
follows:

Babcock and Wilcox water tube boiler unit 3, NB19517, 2,225 psi MAWP, 1,000,000 pounds of
3 ,steam per hour, 1,000° superheater and reheat, 40,603- ft2 waterwall surface, built in 1957.

Denms Nygaard, Alstom Power field service engineer, has been on site durmg the outage
completing his internal and external spection of this boiler. Mr. Nygaard is brought on site
annually to inspect each of the boilers during their respective outages. Also, Warren Taylor and
Frank Timmons, both engineers with the Dominion Fossil and Hydro Technical Services g group
wete on site to provide technical support for the boiler outage activities.

Our inspection was completed in accordance with the Commonwealth of Massachusetts Statutes
and Regulations, the National Board Inspection Code (NBIC) and the National Union Fire
Insurance Company Quality Program. The inspection process consisted of a visual inspection of
the accessible waterside, gas side, instrumentation and controls, and the external areas of the
boiler. During our inspection we found the unit in satisfactory condition with no Cede viclations
identified. The Commonwealth of Massachusetis was notified and a Certificate of Operation will
be issued allowing the plant to operate the boiler for an additional year. All of our observations
and conditions requiring attention were discussed with Mr. Dulong, Manager, F&H Operations and
Maintenance, Operations.

There were no open jurisdictional recommendations from previous boiler inspections and as a
tesult of the inspection completed on this date no new recommendations were issued.

All Al3 Global Marine and Energy inspections and recommendations are purely advisory and for the purpose of assisting jnsureds it loss control
and safety procedures. No responsibility for manapeinent and operation of loss control and safety proceduras is assumed by AIG Global Marine
and Energy. Neither the Company's right to make inspections nor the making therenf nor any report thercon shall constitute an undertaking, on
behalf of or for the bonefit of the Insured or others, to determine or warrant ihat such property is saft or healthful, or is it compliance with any
law, rule or regulation. No fusurance coverage which an application may have been submilted to the Company is decmed to be appraved or
bound in any mauner. . R N
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AIG Inspection Report — Page 4

Dominion Resources, Tiic.
Dominion Energy Salem Harbor
April 10, 2007

Page 4

* Floor, New Yol

JURISDICTIONAL DISCUSSION

Welded Repairs and/or Alterations

The plant has completed repairs to various pressure refaining eomponents during the past year.
These repairs are typically on tubes that had failed while the beiler was in operation and the
exact number and extent of these repairs was not available at the time of our inspection. We
asked Mr. Dulong to forward the R-1 Reports for the welded repairs that were completed during
the past certificate period for our review,

Steam Drum

The steam drum was entered and found to be in very good condition. The internal surfaces of
the drum had a uniform [ayer of magnetite that was evenly distributed throughout the drum. The
longitudinal, circumferential and attachment welds were visually inspected and found free of
surface indications. The drum nozzle penetrations to the various boiler monitoring equipnrent
were examined and found clear from obstructions.  All of the moisture separating and componént
supports were properly installed and free of distortion.

‘The only area of concern we noticed in the steam drum was several loose dogs that are used to
securer the various baffle plates in the drum. The loose dogs were found near the center of the
drum and are the ones that are nsed to secure the fifth and sixth lower plates when ceunting from
the north end of the drum. These should be retightened prior to returning the unit to service.

The water treatment 13 accomplished with a dual train separate bed demineralizer type system
that has automatic regenerating capability. Each frain has the capacity to treat 100% of the
demineralized water requirements for unit 3. The system uses a high concentration of sulfuric
acid and sodium hydroxide for regeneration purposes. The regeneration effluent is discharged to
a neutralizing tank prior to being released to the waste water system. Based on our observations
of the internal portions of the steam drum, the water treatment program is considered to be very
good. .

Gas Sides

As we teported in our report for the August 29, 2006 inspection of this boiler, the unit was
suffering an inordinate number of waterwail tube failures. The plant found that the failed tubes
each had gas side blisters and their investigation into the cause revealed that one of the coal
pulverizers (mills) was not reducing load as directed by the boiler master. During the 2006
outage each tube in the affected area was given a close visual inspection by the plant staff and all
of the blistered arcas were identified (no non-destructive examination techniques were
employed). At that time the plant elected to repair the blistered area with the installation of
Dutchmen, window patches, or by building the blistered area up with weld metal. The method of
repair depended on the severity of the damage in the blistered area and the location of the
affected tube.

All AIG Global Marine and Prietgy Inspections and recommendations are purely advisory and for the purpose of assisting insureds in loss control
and safety procedures, No responsibility for management and operation of Toss control and safety procedures is assumed by AIG Global Marine
and Energy. Neither the Company's right to make inspections nor the making thereof nor any report therzon shali constitute an undertaking, on
behalf of or for the benefit of the Insured or others, (o determine or warrant thai such property is safe or healthful, or is in complisnce with any
law, rule or regulation. No insurance coverage which un application may have been submitted to the Company is deemed to be approved or
bound in any manmer, . - 5
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AIG Inspection Report — Page 5

Domimion Resourccs, Inc.
Dominior Energy Salem Harbor
April 10, 2007

Page 5

175 Water Strect 29"‘ Floor };Iew York NY 0038

In this boiler the secondary superheater assemblies are exposed to the lurninous furnace radiation
and to assure that the gasses do not bypass these assemblies, the rear waterwall tubes are bent
into a triangular shape (typically referred to as a bulluosc) to help direct the gasses toward the
superheater. Neatly all of the blisters were foumd in the bull nose area of the rear wall, For this
outage each of the tubes that form the bullnose will be replaced from a point just above and
below the bullnose.

Qur inspection of the final pass of several of the welds for the tube replacement described above
found them free of undercut, porosity, and slag inclusion. In each weld we inspected it appeared
as if the weld metal had been thoroughly incorporated into the base steel of the tube.

In our discussion of the repair with Mr. Taylor and Mr. Timmons they indicated that they would
have preferred it if the contractor had removed more of the past tube repair field welds as part of
the tube replacement. In their opinion, should any of the existing repair welds have projections
into the tube inside diameter (blow through during the welding of the root pass); these could
adversely affect the laminar flow of water through the fubes. By extending the length of the tube

* replacement several prior field welds could have been femoved and help eliminate future = -
waterside flow problems.

The secondary superheater tubes were free of excessive warpage due to overheat, however,

- several of the steel bands that are used to keep the secondary assemblies aligned had broken.
The bands will be repaired/replaced during this outage. Mr. Timmons stated that there are plans
to replace this superheater during the 2008 outage for this boiler.

Varicus access doors were entered to inspect the condition of the tube firesides and the boiler
refractory in the remaining sections of the boiler. The reheater assemblies were found with most
of the accessible aligning clips properly engaged and any that had deteriorated duiing the past
year were being replaced. We noticed that several of the reheat assemblies had “paired-off* (two
assemblies have moved so that they are in partial contact with each other) forming gas lanes. As
with most fluids in motion, the combustion gasses will take the path of least resistance and as
such the lanes offer an easier path for the gasses to pass through the reheater. These gas lanes
can be areas of higher than normal fireside erosion due to the accelerated gas flow and the by
products of buming coal. According to Mr. Nygaard the plant has not encountered any trouble
maintaining the proper reheat temperature. We will monitor this area for fireside erosion during
our futire inspections. .

The majority of the refractory used to seal the gas passes and around the openings in the upper
portions of the boiler were inspected and there were no mdlcatlons of spafling, excessive
cracking or areas of missing refractory material found.

The economizer was inspected from the access doors and we did not notice any areas of concern.

All AIG Global Marine and Energy inspections and recomunendations are pusely advisory and for the prrpose of assisting insureds in loss confrol
: and safety procedures. No responsibility for management and aperation of logs control 2nd safety procedures is assumed by AIG Global Marine
- and Energy. Neither the Company's right to make inspectious nor the making thereof nor any report thereon shall constilute an undertaking, on
behalf of or for the benefit of the Insured or others, to determine or warrant that such properly is safe or healthlul, ot is T compliance with any
law, tule or regulation. No insurance coverape which an spplication may have been submitted to the Company is deemed to be approved or
bound in any mannar.
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Dominion: Resources, Inc.

L L Ghal Makihe and EderGy Dominion Energy Salem Harbor
175 Water Street, 20" Floor, New York, NY 10038 7 April 10,2007

Pape 6

Safety Valves
The nameplate information for the safety valves on the boilers is as follows:
Valve Manufacturer | Set Pressure, psi | Capacity, ths/hr | Test Date

Steam Drum - Consolidated 2,220 276,113 See below
Steam Drum | Consolidated 2,200 167,450 See below
Steam Drum Consolidated 2,225 275,214 See below
ISteam Drum Consolidated 2,225 275,214 See below
Superheater Consolidated 2,125 112,415 See below
Superheater '| Consolidated 2,130 112,730 See below
Cold Reheat Consolidated 650 279,950 See below
Cold Reheat Consolidated 640 | 266,900 See below
Cold Reheat Consolidated 690 64,645 See below
Cold Reheat Consolidated 630 ) 262,770 See below
Hot Reheat | Consolidated 615 88,450 Ses below
Hot Reheat Consolidated 603 87,002 |Seebelow

In addition. to the:jurisdictionally required annual.lift. test.fan EVT 1ift. test-is .conductéd by .1 u. 0
Chahmers and Kubeck at this facility), each of the above valves is overhauled annually.

External Surfaces -
Externally, the boiler was found in good condition and well maintained. The boiler casings are
free from any visible signs of overheating or bowing. The pipe hangers and coruponent suppoits
were examined and found to be adequately supporting their static and dynamic loads.

The pressure and temperature gages, level indicators, and the various trip devices for the boiler
looked 1o be in good working order and well maintained. Mr. Dulong reported that the low
water cut out for the steam drum is tested on an annual basis by blowing down the water columns
for the drum. The digital Yarway level indicators are tested daily with a simulated test. The
various trip devices and their associated alarms are tested yearly. Additionally, the pressure gage
for the boiler is calibrated annually with the work to be compleied during the current outage.

‘We would like fo express our appreciation for the courtesy and cooperation extended us by Mr.
Dulong during our inspection. Should you have any questions or conunents on this process please
contact Bob Maule at 207-834-3767. : ‘

All AlG Global Mavine and Energy inspections and recommendations are purely advisory and for the purpose of assisting insureds in toss control
and safety procedures. No responsibility for management and operation of loss cantrol and safety procedures s assumed by AIG Global Marine
and Energy. Neither the Company's right to make inspeetions nor the making thereof nor any report thereon shall constitute an undertaking, on
‘behalf of or for the benefit of the Insured or others, to determine or warrant that such property is safe or healthful, or is in compliance with any
law, rule or regulation. Ne insurance coverage which an application may have been submitted to the Company is deemed to be approved or

beund in any manner. e [
. N
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al Wiarioe. api Erier

175 Water Street, 20% Floor, New York, NY 10038

Dominion Resourrces, Inc.
Dominion Energy Salem Harbor
: April 10, 2007
Page 7

This report has been distributed to:

Ms. Linda Barnett

Director — Corporate Risk Management
Dominion Resources Senvices, Inc.
Linda_Bamett@dom.com

Mr. John D: Munno

Manager — Corporate Risk Engineering
Daominion Resources Services, Inc,
John_D_Munno@dom.com

Mr. Mark S, Bocne

Corporate Risk Engineering
Dominion Resources Services, Inc.
Mark_S_Boone@dom.com

Mr. Hitten W. Berger, ACIT

Vice President

McGiiff, Seibels & Williams, Inc
Hberger@mcgriif.com

Mr. Melvin Murph

Manager — Corporate Risk Engineering
Dominion Resources Services, Inc.
Melvin_Murph@dom.com

Mr. Keith Parkinson

Senior Engineer/Assistant Vice President
AlG Europe (UK) Ltd
Keith.Parkinson@aig.com

All AIG Global Merine and Energy inspections and recommendations are purely advisory and for the purpose of assisting insureds in Ioss contral
and safoty procedures. No responsibility for management and operation of loss control and safety procedures is assumed by AIG Global Marine
and Bnergy, Neither the Company’s right to make inspections nor the making thereof nor any report thereon shall constitute an undertaking, on
behalf of or for the benefit of the Insured or others, to determine or warrant that such proporty is safe or healthfitl, or is in compliance with any
law, rule or regulation. No insurance coverage which an application may have been submitted to the Company is deemed to be approved or

Lound in any manner,
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FORM NO. P-3 MANUFACTURERS’ DATA REPORT FOR WATER-TUBE BOILERS, SUPERHEATERS,
WATERWALLS AND ECONOMIZERS

MWL s s . As Requited by the Provisions of the A.S.M.E. Code Rules Joq¢/
33420284210, Tt N
L Manulech , b? - The,ﬁ‘n_.bcook & Wilcox CGo. - Barberton, Ohio 5
- mhale (Hame and address of manufasturer)
2. Manuf d for ...Ihe Ney England Power Company Salem, Mass,
: (Name and address of purchaser) ;
3. Identification e ﬂ Ediant Heat Boiler, Bent Tube Roiler No, 19517
{Fype of Boller, superheater, waterwail, ) (fra, Serinl No.)
Natl. Board No..... 2004, Year Bullt .. 2297

(State and State No.)

'y

. The chemical and physical properties of all parts meet the requirements of material specifications of the A.S.M.E. Boller Code, The de-

sign, construction, and workmanship conform to A.S.M.E. Rules Teos AN S ppgeneses

LEr
Remarks: Manufactarers’ Partial Data Reports properly identfied and signed by Eommlssimiww
: @

lo![uwlng items of this report: e e ST p e A
ame t 1 s name, & ¥ing o B, M Y23]g58

See Separate P-3 Data For Behﬂat Section

THE KATIONAL BOARD OF aoiLeR B
& PRESSURE A ;

We certlfy the statement.in this data repott to be catrect.
Dm....ﬁm".géa.. 19..58. Signed....?r!.’.'? Babcock & Wilcox Go,

{lhnu!’utw:r) (Rdpresentative)
Certificato of Authorization Expires ... DSoenber 31, 19,58,
. A CERTIFICATE OF BOILER SHOP INSPECTION
Insurance C §' Serial Numb HSB-19517
BOILER WORKs OF ..1he Baboook & Wildox Co.. ... a..Barberton, Ohio .

- The Hartford 8.B.I. & I, Go.
(A11 Tubes, Shop Welds an.gj
of..._mgxﬁ:....ﬁom. ....... ., have [nspected parts of the boiler referred to as data items... 9%, Ta,, 8a,

%, 10, 11

I, the undersigned, inspector of ateum bollers employed by.

’ and have examined manufacturers’ data for items....
) and certify that the material, construction, and workmanship are in accordance with A.S.M.E. Boiler Code Rules,
" pate..November 18, 10 57 %}/ o Commi N [ A
' Tnspector” /}- Snm or Nsﬁ Board and No,

CERTIFICATE OF FIELD ASSEMBLY INSPECTJON
. /J B 7 9558,

1

I, the undersigned, Inspector of steam hoilers employed '\,

of. M » have pated the in this fi ' data report with the de-
5b, 6b, Tb, Bb, 9a, 10, 12

scribed boiler and. certify that parts referred to as data items &

il ik dnileapminipasiion; ore in:accordance with the requirements of
3 3F zg
© thé-A:S.MLE, Béiler Code. The described beiler was inspected and subjected 1o a hydrostatic test 0f.. .
- lb. per aq, in,
DATE W/ﬁ ﬁ_ ﬁ i ﬁ.&m R szfy
!u:)n!or State or Natl. Board unid No,

T~
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§ -
| 5(a) Druxs ~ e e _
. — - " Shel Pt . Tube Sheets > Tube ‘é{‘?te Ligament
Nog diameter | g Laismh In [ . Ciren )
.| [Inches ;. _Brand | ‘Materlal Spec, No. | Thilckness |Inalde Radius { Thickness |Insidé Radlus 1‘3;,‘3‘,"' freume |
2 66M . (48t -7 1/2{F,B. - | SA-212 B 5 3/&" 33" |5 3/4M | 337 .8307_[.4211
‘13 . : .
NE] i -
Longltud Joints | _Gircum, Joints - . Heads _ o
O] No.& Tniticey 5% |Btticey| Brand | Material Spee. Nov [ - Thickness Typess| Radius | Masholer |, siatic
1 j : - .
2 jo-#2 | 95 [3#2.| ,05 | P,B, | SARIZ B {4 3/40 | J 340 | % | 33" |2—16"Dia.|
# Indicate If 1, Seamess] 2, Fusion’ mllj,g;i -,)‘brga m1d=d| -l. Rim-d R whTndloate i 1. Flat; 2, Dished; 3, Ellipsoidals 4, Hemlspherieal. !
5(b) Bosiza Tipes- ’ ) 5(¢} Hsmuu Na. S
Diamé:’rl Thickn's| Material Syeciflut[ou No. (iiex or ainuoun) idat, Bpec. Nov Thickness)
2% 3%:210 e - ’ _ ' HIMISNIENITD. : {Shlpq Mat, Baen. Nm'ﬂukn:;:;ﬂ Tea-La,
6(a) Warsrwair Heaozes -& Dowvmdoméra | Heads or Ends 6(b). Warezrwart Tusus
No. | Size and S.Iu;pe "Matl. Spec. No, :Thlckuu - "Shape |, Thickness Matl. Spec, No, Te{fl Diamet'r| Thickn's| Matl. Spec. No,
15 [ 14" 0,D, [ SA=106 B [l 7/8" Liig-felb 1.7/8" | 8A-106 B g 71/32| 240 | S&-210°
2 (24 1/2"I,D,| 8A-106 G [1.%7/8" & | Hemie | 1 1/4" | SA-106 C . |.28% | SA~192
. . . T/ ) . 4 2| .380 | 84~-210
|2 128 1/4" on.| SA~106 € J1 7/8" .| Open i 3" 1,650 | 8~210
: : |- gi_31/32 2250 | 8A=210
7(s) Ecoyomizzs Héavras i ’ . . 7(b) Ecowomizen Tusgs
1131 3/"0,D _%L-_-m_‘l.l\[zﬂ_km : 2 1/4% 1220 8A-178 &
1 [12:3/4"0.B) 8A~106 B | 171/2m Fig.P2lb [1 5/8 SA-106 B
8(d) Sursneatsr Heioess _' ' [ ) B(b) Suremueares Tules
1117 3/470,D.) 8A-335P~11] 2 1/2" Fig.P2lb |2 3/  [8A-335P-11 2 31732] ,250 | SA-210
51" 0.D,. | SA~106B | 1 7/8% " A-106 B | - 2 33/32(,280 [SA-20
5 [11 3/4"0.D - 1 7/80 i 1.7/8 | L 5h 1,420 | SA-210.
112 5/8"1,D, 84-335P-11| 1 5%6@ Ellip. |1 3/8  [8A-335F~11 4 1350 | »n.
. 21 . L ] : 3n | ,650 n
120 1/2_@,1; w29/ -] Qpen | - 2 1/4 ! 300 M
23 1/2"0.1:! 81=335P-22] 4 3/8" | ENip, [2 3/4  |SA-335P=22 " 1.250 it
T - ] [Oontinied on|Pags 2
Do) Dmn?}a\nr&_ . (1) Econ,Cony 1.'.{2) mmmm TE) IS 1Y ) T O S 9(b) Tunzs pon Orhmn Parts
1) |8 5/8" 0.D.JSA-106 B Qpen'
{2 2 |1 1/410.D.] SA-335P~11 -1--.'?/16 *
2|13 3/4"0.D, -%L_-Bﬂi}‘-nll 1/4, u i _
(3)3° |13 3/4%e.D.| W 113/16 | Open | -~ - _
. 10 Orsxines (l) Steam l—ﬂ}n,ﬁ/&“_gan'gﬂlé%w ....... 4 (2) Safety Valye ,..30=2. 1/2" Weld r'Ol'l-'ﬂ--
. (Mo, Sleg, IH 2.;{#:51:3 cégun(:m 'éf bstu lsn:tT{qu;{:iNeazlgﬁw Ouhlaé)n Tnl 1‘;
H * . - [+} . 8 &
' @ }m '-s'in. n-a i‘;;;:?'}fuduwmllall} . @ Feed ''''''' I:n5 ‘ype, and Location of Connectiona) Hdr.
' F | ) ' A 1
(11 et Fan | S | facter | ShopBYdro. | yearg Surfuce . | Fietd hydro test .
a_[Boller 915441 | 2225 .0 3589 || Hepting surface 3358 | -
1 TWaterwall - T . E 13607 T:!ru;in I:jad.s. ; - <
¢ i Coe * .o - . - 13507 s heating surface
* [a [Superheater S T 186301 |t "eabemed for
ther Parts - - . safety vnIve capacity
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'nu-l_lrm.z‘ | o ' " . ﬂ;fBﬁlq‘S‘Jq
i : Heapgas Heads or Ends (7 ' Tuses

No. | Size and Shape | Matl. Spec, No. | Thickness Shape Thickness | Matl, Spec. No. .E"l?'f!" Diamet’s| Thickn's| Matl, Spec. No.

2 1/4 | 5220 | SA-210
W [.210 "
* | 200 n
L 2275 |8A~273T~
J 345 [SA=209T1a
" 280 o
" 215 | 0

9(a) OmnsaPanrs (1} @ [€)] (4) 9(b) Tuses Fon Orsten Pancs
a
b | | I
£ B :
d ook MO P

=1 aRACIAT -

MAY-33-195
.-..,m*ugx e TR '
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- . . PO . ]

FO-RM NO. P-3 MANUFACTURERS’ DATA REPORT FOR WATER-TUBE BOILERS, SUPERHEATERS,
. o WATERWALLS AND ECONOMIZERS
BaW1  334~028/-22 As Requifed by'the Provisions of thé A.S.M.E. Code Rules &4 4/

The Babeook & Wilcox Co., Bgrberton, Ohlo (7

L. M tured
. ed by (Name and address of manufacturer)

2. Manufactured for pamny 854.?“' Mass,,
X and address of purchaser)
3 Identification ..Rehept Section, With Radlent Heat Boiler Boiler No, ... 19917
{Type of holler, supert waterwall, fzer) (Mirs. Serial No.)
Natl. Board Now. k3007, Year Buill o b 000,

(State and State No.)

Fs

. The chemical and physical properties of all parts meet the requirements of materlal specifications of the A.S.M.E. Boiler Code. The de-

sigy, construction, and workmanship conform to A.SM.E. Rules Tes R N KRR

Remarks: Manufacturers’ Partial Data Reports properly identified and signed by Commissioned m@ﬁm@ﬁ !

following items of this report:

(Name of Part—Ttem number, manufacturer's name, and Idenltllliyi.u ata: N')

See Separate P-3 Data For Main Boiler Section

We certify the statement in this data report to be correct.

Datunfbm?‘::z.?f’l.. 1958.‘ Slsncd.....!'.h..o Baboock & Wilcox Go. . By.
(Manufacturer) (Representative)
N Decemb 8
| _ Certificate of Authorization Expires ....December 31, 19,78

CERTIFICATE OF BOILER SHOP INSPECTION
HSB-19517

Insurance Companles’ Serlal Number

BOILER WORKS OF The Babeock & Wilcox Oo. o Bﬂr‘berton, Ohio

loyed by.....the Hartford 8,B.I & I, Co.
o ({31 Fubes Bhop Welids Oniy) .
of....Barti }2‘?—4_.,99,19.!1 ...... . have inspected parts of the boiler referred to as date iternn......ﬁ&:...ﬁﬂm.‘.lgl...ll.m

T, the undersigned, inspector of steam boilers

2 : and have examined facturers’ data for itemsmum
and certlfy that the materlal, construction, and workmanship are in accordance with A.S.M.E. Boiler Code Rules,

paTe. Novenber. 185, 19.57.... W.Qﬁ»ﬁ? ..... Commisstons.....NBH #2:02. &

Inspa State B;I:N’;;f, Board and No.

CERTIFICATE OF FIELD ASSEMBLY INSPECTIOﬂ
1, the undersigned, inspector of steam bollers employed M’%/{‘?’kﬁd’aﬁ ﬁy ¥ D%:/ ...... N

ot /ﬁ""“ﬁ:. have compated the stat in this fact ' data report with the de-

scribed boiler and.certify that parts referred to as data items .....50s,.98.00s..12

PRI T dikiaaddmaieabion] iE: are in dance with the requirements of

the A.S.M.E. Boiler Code. The described biiler was insperted and subjected to a hydrostatic test of..m.. 2.

+ b, per sq. :
1""::“'“ ?—Ff_ I!‘J_f— ‘//';7%" : Commissions.., Ned ;?f/ :

Inspector Stute or Natl, Board and No,
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- . . PO . ]

FO-RM NO. P-3 MANUFACTURERS’ DATA REPORT FOR WATER-TUBE BOILERS, SUPERHEATERS,
. o WATERWALLS AND ECONOMIZERS
BaW1  334~028/-22 As Requifed by'the Provisions of thé A.S.M.E. Code Rules &4 4/

The Babeook & Wilcox Co., Bgrberton, Ohlo (7

L. M tured
. ed by (Name and address of manufacturer)

2. Manufactured for pamny 854.?“' Mass,,
X and address of purchaser)
3 Identification ..Rehept Section, With Radlent Heat Boiler Boiler No, ... 19917
{Type of holler, supert waterwall, fzer) (Mirs. Serial No.)
Natl. Board Now. k3007, Year Buill o b 000,

(State and State No.)

Fs

. The chemical and physical properties of all parts meet the requirements of materlal specifications of the A.S.M.E. Boiler Code. The de-

sigy, construction, and workmanship conform to A.SM.E. Rules Tes R N KRR

Remarks: Manufacturers’ Partial Data Reports properly identified and signed by Commissioned m@ﬁm@ﬁ !

following items of this report:

(Name of Part—Ttem number, manufacturer's name, and Idenltllliyi.u ata: N')

See Separate P-3 Data For Main Boiler Section

We certify the statement in this data report to be correct.

Datunfbm?‘::z.?f’l.. 1958.‘ Slsncd.....!'.h..o Baboock & Wilcox Go. . By.
(Manufacturer) (Representative)
N Decemb 8
| _ Certificate of Authorization Expires ....December 31, 19,78

CERTIFICATE OF BOILER SHOP INSPECTION
HSB-19517

Insurance Companles’ Serlal Number

BOILER WORKS OF The Babeock & Wilcox Oo. o Bﬂr‘berton, Ohio

loyed by.....the Hartford 8,B.I & I, Co.
o ({31 Fubes Bhop Welids Oniy) .
of....Barti }2‘?—4_.,99,19.!1 ...... . have inspected parts of the boiler referred to as date iternn......ﬁ&:...ﬁﬂm.‘.lgl...ll.m

T, the undersigned, inspector of steam boilers

2 : and have examined facturers’ data for itemsmum
and certlfy that the materlal, construction, and workmanship are in accordance with A.S.M.E. Boiler Code Rules,

paTe. Novenber. 185, 19.57.... W.Qﬁ»ﬁ? ..... Commisstons.....NBH #2:02. &

Inspa State B;I:N’;;f, Board and No.

CERTIFICATE OF FIELD ASSEMBLY INSPECTIOﬂ
1, the undersigned, inspector of steam bollers employed M’%/{‘?’kﬁd’aﬁ ﬁy ¥ D%:/ ...... N

ot /ﬁ""“ﬁ:. have compated the stat in this fact ' data report with the de-

scribed boiler and.certify that parts referred to as data items .....50s,.98.00s..12

PRI T dikiaaddmaieabion] iE: are in dance with the requirements of

the A.S.M.E. Boiler Code. The described biiler was insperted and subjected to a hydrostatic test of..m.. 2.

+ b, per sq. :
1""::“'“ ?—Ff_ I!‘J_f— ‘//';7%" : Commissions.., Ned ;?f/ :

Inspector Stute or Natl, Board and No,
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N U F IC BOILER/FIRED PRESSURE VESSEL—REPORT OF INSPECTION

NATIONAL UNION FIRE INSURANCE COMPANY
70 PINE STREET, NEW YORK, NEW YORK 10270

Standard Form For Jurisdictions Operating Under The ASME Code “;2‘;;5';"*“'"3 NUMBER
IDATE INSPECTED [CERT EXPDATE [CERTIFICATE POSTED ER NO URISDICTION NUMBER NATIONAL BOARD NO DOTHE_R NO
"04/107201 4 iler 3
1 | 04/10/2007 | 04/10/2008 | [X] Yes [] No r NB19517
OWNER NAME: X NATURE OF BUSINES;S KIND OF INSPECT CERT INSPECTION
Dominion Energy Salem Harbor IPP Power Generation int. (1 Ext. | [X] Yes[] No
2 | OWNER STREET ADDRESS OWNERS CITY STATE ZIP CODE
24 Fort Avenue Salem MA 01970
USERS NAME AT OBJECT LOCATION SPECIFIC LOCATION IN PLANT OBJECT LOCATION-COUNTY
Dominion Energy Salem Harbor Powerhouse Essex
3 USERS STREET ADDRESS USERS CITY STATE ZIP CODE
24 Fort Avenue Salem MA 01970
TYPE YEAR BUILT | MANUFACTURER
4 |OJer Kwr Clor [ other 1957 | Babcock and Wilcox
USE Steam FUEL METHOD OF FIRING PRESSURE GAGE TESTED
5 | IX] power [] Process [ ] Heating [_] Hwh [] other: | Coal Burner [Oyes [XNo
PRESSURE ALLOWED [ SAFETY RELIEF VALVES | EXPLAIN IF PRESSURE CHANGED
This Previous 2,225
6 | Inspection: 2,225 Inspection: 2,225
IS CONDITION OF OBJECT SUCH THAT A CERTIFICATE MAY BE ISSUED: HYDRO TEST (¥f Yes, Give PSI and Date)
7 B4 Yes [] No @rwo, exptain fully under conditions) [Clves Ppst: Date: B no
CONDITIONS: with respect to the intemnal surface, describe and state location of any scale, oil or other deposits. Give location and extent of any corrosion
i and state whether active or inactive. State location and extent of any erosion, grooving, bulging, warping, cracking or similar condition.
Report on any defective rivets, bowed, loose or broken stays. State condition of all tubes, tube ends, coils, nipples, etc. Describe any
adverse conditions with respect to pressure gage, water column, gage glass, gage cocks, safety valves, etc. Report conditions of setting
linings, baffles, supports, etc. Describe any major changes or repairs made since last inspection.
There were no adverse conditions seen during this inspection.
Safety valve capacity — 1,000,000 Ibs/hr
Heating surface — 40,603 sq. ft. (waterwalls)
8
REQUIREMENTS (List Code Violations)
There were no code violations.
9
10 NAME AND TITLE OF PERSON TO WHOM REQUIREMENTS WERE EXPLAINED
Steven Dulong, Operations Manager, 978-740-8264

| hereby Certify this is a true report of my inspection:

SIGNATURE OF INSPECTOR IDENT. NO. EMPLOYED BY IDENT. NO.

Maule, Robert, A
NUSB3

NATIONAL UNION FIRE INSURANCE
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6\(\? CERTIFICATE OF |
INSPECTION

Lo
TYPE OF PRESSURE VESSEL—AEM‘EMl
Date of Inspection SEF_ \&, | B»Zooh

Name of user TRDPAUDIOL  SALEM.  DATRER, RE-INSPECTIONS

Location of vessel & To®x PE Kind Date

Owners No._ W% \Q&\1 W Mo, YW
State No. - RSSO < S S S
Year built_\A 571 e e S N
Built by &5k O T T

This is to certify that the pressure vessel herein described has been i
for use in zccordance with the provisions of G. L., éls 1¢f§nb§lspe°ted

The Hartford Steam Boiler Insperhay and Insurance @ompgny

and may be operated at a

Pressure not to exceedl'_lls_FO“"ds Per S4-4re inch f

Temperature not tloexceed_______ °F (Hot Water Boiler. anly)

Ohe Hartford Steam Boiler Inopection and Insurance ampany

f%@wj ()Z/"\o Spsitors 'f_rP_u,\\o).Lf 1

3 Boiler .’rl.:#pecrai

Vice President

In accordance with Section 29, Chapter 146, General Laws,

notify this campany at once if any defect is discovered. i

POST IN CONSPICUOUS PLACE IN ENGINE OR BOILER ROOM OR
ADJACENT TO THE PRESSURE VESSEL.

TR {00 1EDY 10/RY (EN)
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Unit#3 Boiler
Inspection Section April 2007 Outage Inspection

Enclosures

Furnace Loyer Slone Dead dicSpace
1 f Conditions Found

No inspection was completed to the furnace lower slope dead air space this outage since it was not
opened.

Future Recommendations (Priority: B)

1. Install new gunnite on all tube surfaces from which it has detached.

Furnace Upper Arch Dead Air Space
1 Conditions Found

The furnace upper arch dead air space was vacuumed this outage to allow access to replace upper arch
tubing. All tubing was replaced across the boiler along the underside of the arch, Refractory was then
reinstalled on the tube surfaces inside the arch.

Penthouse
1  Conditions Found
A partial inspection was completed in the penthouse as only a portion of its area was vacuumed. The
area vacuumed was generally around the reheater and superheater outlet headers. Inspection to these
headers and tube nipples revealed no indications of cracks at weld areas.

No other headers were inspected as they were either covered in ash or were covered with insulation.
One hanger rod and collector beam located on the south end of the primary superheater outlet header
was angled approximately 30° with the hanger rod actually bent at the bottom. The hanger assembly
was recommended for repair. See Photo #5.4.3.1.1.

TFuture Recommendations (Priority: B
1. Repair the east hanger rod and U-bolt on the primary superheater outlet header.

Alstom Power / DocKit (Rev-2) Page 5-29 Printed on 6/29/2007

CONFIDENTIAL
DENE 1596
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Departonent of Frblec Sfety

One sbbeorton Place, Foom 7907
Boston, Massachusetts OOF 167

Deval L. Patrick (@é apze. /é’//’/@;&jﬁﬂ Kevin M. Burke

Govemor Secretary
Timothy P. Murray t% /J’/f‘/ﬁ;’-‘ffjj Thomas G. Gatzunis, P.E.
Li nt G Commission
leutenant Govermnor m/é’/// @ﬂyﬁ/{ﬁ sSioner

November 19, 2007

Mr. Steve Dulong
Chief Engineer
Dominion Generation
24 Fort Avenue
Salem, MA 01970

RE: Boiler Certificate of Inspection
Dear Mr. Dulong:

Based on the condition of Boiler #3 located at the Salem Power Plant, 24 Fort Avenue, Salem, MA, it is the
judgment of this inspector that Units #1, #2, #3 and #4 at that location are in a dangerous condition.

Therefore, this is formally notify you that pursuant to M.G.L. c. 146 § 21, all high pressure steam boilers the
Salem Power Plant are forbidden to be operated until such time that a certificate of inspection has been issued
by an inspector of the Department of public Safety. _ |

As we have discussed, the Department is willing to inspect the boilers in a timely manner as to minimize the
impact on the facility.

If you have any questions regarding this matter, please feel free to contact me. |

Sincerely,

Mark F. Mooney
Chief of Inspections — Mechanical
Department of Public Safety

Cc: Mike Fitzgerald, Station Director
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SI Report 0006937.00

Failure Analysis
of Boiler Components from the Lower Dead Air Space
Salem Harbor, Unit 3
Dominion Energy
Salem, Massachusetts

A. Executive Summary

In response to the catastrophic failure of a component in the lower dead air space in Unit
3 at the Salem Harbor Steam Plant, the plant’s owner, Dominion Energy, requested Structural
Integrity Associates, Inc. (SI) to examine the portion of the component that was suspected of
containing the initiation site and determine the cause of the failure. A visual survey had been
performed by Dominion personnel, and the source of the damage was traced to the west end of
the front division wall header. Based on that survey a section approximately 46 long was
removed from the west end of the header for the laboratory examination.

Based on evidence obtained during the examination of the header and the attached tubing,
it has been concluded that the failure initiated at the site of a weld defect in one of the nipple-to-
division wall tube butt welds. It appears that this defect was present following the original
construction of the unit. It is believed that in the course of the 48 years of the unit’s operation
the defect eventually grew to the point that a small steam leak developed, initiating a series of
secondary leaks due to the steam cutting of adjacent tubes and culminating in the disruptive
fracture of two of the nipples.

There was no evidence uncovered during the examination of the header and tubing to
indicate that either excessive wall thinning due to external corrosion, or waterside corrosion-
fatigue cracking, or base metal defects had played any role in the failure.

It has been emphasized that leaks in tubular butt welds in high pressure boilers are
relatively rare, and that when they do occur they seldom result in damage as extensive as that
which occurred at Salem Harbor 3. The evidence gathered during the metallurgical examination
of the header and tubing indicates that the pattern of steam cutting that developed as a result of
the first leak was unusually destructive, instigating a damage process that resulted in the

4
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complete rupture of two (2) sections of tubing, rather than additional localized leakage, which is
the more common result.

Where there is concern that similar defects may be present in other tubular butt welds,

non-destructive inspection techniques exist for identifying those defects. They include
radiography, enhanced ultrasonic testing, or a combination of both.

ﬁsrmcrural Integrity Associates, Inc.

www.structint.com
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B. Technical Summary

Following the catastrophic failure of a boiler component in the lower dead air space of
Unit 3 at Dominion Energy’s Salem Harbor Steam Plant, a portion of one end of the lower
division wall header, which included the full length of the nipples and approximately 2-3"
lengths of the attached division wall tubes, was removed from the unit and submitted to
Structural Integrity Associates, Inc. for laboratory examination. Dominion Energy requested that
all necessary tests be conducted on the header sample to determine, first, where the failure had
originated and, second, what was the nature of the condition that had instigated the failure. Both
the header and the attached tubing reportedly were original equipment, and at the time of the
failure Unit 3 had operated for approximately 48 years.

The section removed was from the west end of the header and was approximately 46”
long. This section was selected for examination by site investigators because the pattern of
consequential damage visible within a well-defined area in the approximate center of the
removed section pointed to this location as the likely failure origin. What could not be
determined based solely on a visual inspection of the damage to the header and tubing was the
failure initiation site. Complicating the examination was the fact that large portions of two of the
nipple tubes located within the apparent failure origin area — the tubes designated Tubes 10 and
11 — had separated completely from the header during the failure event, and the dislodged piece
(or pieces) from the nipple from Tube 11 had not been recovered at the time of the analysis.

In the course of the investigation of the header and tube sections, various hypotheses that
had been advanced to explain the failure were evaluated in the light of the physical evidence
obtained during both non-destructive inspections and destructive examination of selected areas
of the header and tubing. For example, one suspected cause of failure was that one of the

division wall nipple tubes had ruptured after losing a substantial amount of its origi

thickness due to external corrosion; the corrosion was assumed to have been caused by

prolonged exposure to reactive species in the ash that had accumulated in the dead air space.
This hypothesis, which appeared to be consistent with the heavily pitted appearance of the

external surfaces of both the header body and the tubing, was considered and then dismissed

when extensive wall thickness readings demonstrated that none of the tubes had suffered
sufficient wall loss, due to either external or internal corrosion, to jeopardize their continued

6
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reliable operation. Another proposed explanation for the failure focused on the backing rings
that had been used during the fabrication of the nipple-to-division wall tube butt welds. This
suggestion was plausible because these rings have been linked to the preferential formation of
corrosion-fatigue cracks in welds in water-touched surfaces, and if such a crack were to
propagate through the wall of one of the tubes at a weld, it could initiate a small leak that could
then trigger extensive consequential damage. However, no evidence of corrosion-fatigue

cracking was detected in any of the tubular welds supplied with the header section.

For the reasons stated, it was possible to eliminate excessive wall loss and corrosion-
fatigue cracking as possible explanations for the initial leak. The assessment therefore
considered other possible reasons for the fluid leakage. One possibility was the existence of a
mill-type defect in the base metal of either the header body or one of the tubes. Another
possibility was the presence of a defect in one of the nipple-to-header seal welds or one of the
nipple-to-division wall tube butt welds.

With regard to the possibility that a base metal defect was responsible for the failure,
careful and thorough examination of the available materials revealed no evidence to indicate that
a defect in either the header body or in any one of the division wall tubes had played any role in
the failure. It should be noted, however, that the missing piece, or pieces, of the nipple from
Tube 11 could not be included in the evaluation.

With regard to the possibility that a weld defect was responsible for initiating the series
of leaks and steam cutting that culminated in the catastrophic failure at the division wall header,
here the analysis of the sample material provided persuasive evidence that such a defect was the
point of origin for the failure. In particular, during the analysis an area of entrapped slag and
lack-of-fusion along the nipple-side fusion boundary was identified at the root of the nipple-to-
division wall tube butt weld for Tube 9. This defect was oriented in a direction that was
consistent with the pattern of steam cutting damage observed on the adjoining nipple tubes and
header body. Because the area of the weld where the defect in Tube 9 was located had suffered
substantial steam cutting damage from a secondary leak site located on an adjoining tube, it was
not possible to identify an intact leak path extending from the defect to the original outer surface
of the weld. However, the size of the defect in the portion of the weld that survived the steam
cutting damage, which exceeded the size of similar defects detected in any of the other welds

7
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examined from the header sample, and its favorable orientation with respect to the critical
secondary damage to nipple Tubes 10 and 11, are compelling pieces of evidence pointing to this
defect as the initiating source of the failure.

Based on the evidence obtained, a likely sequence of events that would explain the
magnitude of the damage is as follows: during the fabrication of the nipple-to-division wall tube
butt weld for Tube 9 a weld defect formed near the root of the weld; in this case the defect
consisted of entrapped slag and lack-of-fusion along the nipple-side fusion boundary. Over the
course of the many years of operation of the Unit 3 boiler at Salem Harbor, the defect grew in
size, due to the interaction of corrosion and stress with intermittent discontinuities in the

remaining intact ligament of weld metal, until finally it penetrated through the thickness of the
weld and a small steam leak initiated. This original leak then caused steam cutting of one or
more of the adjacent tubes (Tubes 10 and 11 being favorably oriented targets) until a second
consequential leak formed, at which point a complex pattern of ricocheting steam (with entrained
ash particles) was created. This then triggered further steam cutting of adjoining tubes and the
header body, itself, and culminated in the disruptive fracture of nipple Tubes 10 and 11. At this
point, events associated with the failure process are less certain. It is possible that the rapid
release of steam from Tubes 10 and 11 pressurized the dead air space, which then ruptured,
leading to an abrupt release of energy of sufficient magnitude to cause the extensive damage to
the lower end of the unit that was observed in the aftermath of the failure.

One piece of potentially significant evidence uncovered during the examination of the
nipple-to-division wall tube butt welds was the fact that all fifteen of the butt welds examined
appeared to have had weld metal added to their outer surface at some time after their initial
fabrication. In all cases the deposition of this supplemental weld metal was offset toward the
division wall tube side of the joint (the side opposite the lack-of-fusion defects in Tubes 1, 7, and
9). This suggests that the intent was to reinforce the fusion boundary area on that side of the
weld. Since it was reported by Dominion Energy that no records of supplemental welding exist,
the reason and timing for this added weld metal could not be determined.

If the catastrophic failure was, in fact, instigated by the weld defect in the nipple-to-
division wall tube butt weld for Tube 9, as appears likely, it is important to understand the
context of such failures. The ASME Boiler & Pressure Vessel Code, which establishes the rules

8
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governing the fabrication and testing of such welds for service in high pressure boilers, did not at
the time of the construction of the Salem Harbor unit, require non-destructive inspection of these
welds prior to service. The stated reason for this exemption is that under normal circumstances
these welds operate at low stresses and have proven to be highly tolerant of the types of defect
that are not infrequently encountered in fusion welds for carbon and low alloy steels. Extensive
industry experience has supported this exemption, since the number of significant failures caused
by weld defects in tubular butt welds has been very small. While there have been occasional
leaks in tubular butt welds, when such leaks occur they normally cause only a limited amount of
consequential damage in surrounding tubes, which then leads to an orderly shut-down of the unit
because of the difficulty in supplying sufficient make-up water. In this case, however, it appears
that the initial leak resulted in a highly unusual pattern of steam cutting damage that resulted, not
in additional leakage, but in the complete rupture of two adjoining tubes, with all of the
disruptive consequences of so massive and rapid a release of energy within an enclosed space.
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h. Six (6) plastic bags containing samples of external deposit/corrosion product that
were removed from selected areas on the header body. The bags were identified as
follows:

Northwest end of header at 9 o’clock position (171-1306)
East end of header at 9 o’clock position (1309)

Center of header at 9 o’clock position (1308)

Tube 11, 2’ above header (1311)

Tube 1, just above weld (--)

Tube 7, 2" above weld (1312)

Tube 8, 2” above weld (1310)

Between Tubes 5 and 7 at 12 o’clock position (171-1307)

Photographs of typical examples of the deposit that had been removed are presented in

“Section G: Destructive Examination”.

11 Visual Inspection

Prior to the beginning of the testing that would alter the surface condition of the samples,
each sample was inspected visually to characterize its general appearance and to identify
distinctive features that might serve as points of interest for the ensuing non-destructive and
destructive phases of the investigation. The results of the visual inspection are described in

detail below.

Header Body Segment and Loose Tube Sections

1. External Surfaces - Corrosion

In viewing the external surfaces of the header body and the attached tubing, it was
apparent that both the header and tubes had suffered some measurable amount of wastage
due to external corrosion, with signs of widespread pitting attack visible on all surfaces.
Examples of the surface corrosion are documented in Figures 13 and 14. There was no
obvious pattern to the surface corrosion that would indicate an operational influence;
instead, evidence of attack was visible around the circumference and along the length of
the header body segment, and along the full length of the tube sections. An inspection of
the cut ends of the division wall and supply tubes indicated that the overall amount of
wall loss due to the external corrosion was not severe, and a preliminary measurement of
the remaining wall thickness of several of the division wall tubes at the cut ends indicated
that in no case was the remaining wall thickness less than approximately 0.180".

The surface deposits and corrosion product remaining on the header and tube surfaces
varied in thickness, color, and the tenacity with which they adhered to the surface of the

14
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header or tubing. The color of the surface deposits varied from a light tan color to
reddish/brown and reddish/gray, reflecting in large part differences in the amount of
loose fly ash and other extraneous debris accumulated in the dead air space that had
become embedded in the surface deposits during the failure event. As with the corrosion
attack, itself, there was no clear pattern to be discerned in the distribution of the deposits
and corrosion product along the length and around the circumference of the header body
or along the length of the tubes, with all areas of the header body segment and tubing
exhibiting measurable accumulations of deposit and corrosion product.

2. External Surfaces — Steam-Cutting Damage

Evidence of surface damage due to steam cutting was visible in an area that was
centered on the missing nipples from Tubes 10 and 11, but that extended to include an
area bounded by Tubes 9 to 12. This cutting was the result of the impingement of
escaping steam containing entrained ash particles on exposed metal surfaces, and it had
caused substantial localized damage to the surfaces of both the header and the tubing in
that area. On the header body, itself, some of the most severe damage was located near
the base of Tube 9, as shown in Figure 15. The pattern of the cutting indicated that this
damage was caused by steam escaping from a point near the nipple-to-header weld on the
north-east side of Tube 9. The point of leakage near the base of Tube 9 was itself an area
that had been severely eroded by steam cutting, suggesting that this leakage was a
consequence of damage from yet another site.

There was extensive steam cutting damage on the north side of Tube 9 (i.e., the side
facing Tube 11), with damage of varying degrees of severity visible from approximately
2 above the nipple-to-DW tube butt weld down to the header body. This cutting had
opened an obliquely-angled slit in the division wall tube just above the butt weld and had
created a local area of gouging just below the butt weld, as documented in Figure 16. In
both major areas of steam cutting damage at and near the butt weld, the pattern of the
damage was consistent with cutting from a source away from Tube 9. Another hole had
been opened just above the nipple-to-header seal weld in this tube, as shown in the upper
photograph in Figure 16. Note that the edges of the hole are protruded outward,
indicating that at the time the hole opened there still was substantial internal pressure
acting on the tube.

On the segment of DW tubing from Tube 10, evidence of steam cutting was visible
just above the butt weld on one side of the tube extending from the point of separation
between the butt weld and the nipple tube upward approximately 11" along the length of
the tube. The cutting damage was most severe at a point approximately 4™ above the butt
weld, where a hole had formed in the tube, the edges of which were deformed outward.
Above the butt weld evidence of the cutting was observed approximately 180 degrees
around the circumference of the tube. At the point of separation between the weld area
and the nipple tube the area affected by the cutting extended approximately 100 degrees
around the circumference. Based on the description of the orientation of this tube section
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Sample 8: 12 o’clock Position Between #5 and #7  (171-1307)

Quter surface — the bulk of the material visible at this surface was reddish-gray in
color and was covered by a translucent glassy deposit that, in turn, was covered by a
thin coat of tan-colored fly ash particles; there also were a number of whisker-shaped
particles present on the surface.

Inner surface — the appearance at this surface was similar to that of the same surface
on Sample 6, as described above.

Sample 9: Tube 5 Header Outlet

This sample consisted of a small scraping of “typical” deposit from the OD surface of
Tube 5; it was removed for comparison with the distinctive white-colored deposit that
had accumulated at one location on the surface of the tube. The scraping consisted of
a number both tan and gray colored particles that were similar in size and shape to
particles visible on all of the tube surfaces.

Sample 10: Tube 5 Header Outlet White Deposit

This sample consisted of scrapings from a distinctive white-colored deposit that
concentrated in one area of Tube 5. The material scraped from the surface was
powder-like in consistency.

II. External Deposit/Scale Accumulations

b. Results of EDS and XRD Analyses

Representative specimens of the deposits were selected from each of the sample
bags for analysis using either EDS or XRD. The majority of the analyses were
performed using EDS, and the primary objective of these analyses was to characterize
the overall elemental composition of the bulk material on both the outside and inside
surfaces, and to examine in greater detail any unusual material formations that
appeared different from the bulk material. The results of these analyses are presented
in Table 3. In a few selected cases, particularly those containing the glassy-type
deposit that was observed on the surface of a number of the samples, specimens were
submitted for analysis by XRD, and the results of these analyses are presented in
Table 4.

A review of the results of the compositional analyses recorded in the tables
reveals that in virtually all cases the deposit/scale accumulati ixture of
elements associated with combustion by-products, such as sulfur, silicon, sodium,
potassium, and calcium, and iron oxides. The large amounts of sulfur and iron oxide
are consistent with the observations regarding the surface corrosion, Which was
believed to have been caused by acid attack related to the wetting of reactive elements

26

ﬁswcwral Integrity Associates, Inc.

www.structint.com

Page 78 of 104



27

Page 79 of 104

Appendix 9
Page 27 of SIA Report

SI Report 0006937.00

in the deposit, and particularly sulfur, during periods when the unit was not operating,

The translucent, glassy material that was observed on many of the specimens
appeared to consist largely of organic material, which can be only imperfectly
characterized by EDS. For this reason specimens of the translucent material were
submitted for XRD. The XRD results provided no clear indication of the source of
the glassy material. However, the white-colored compound observed on Tube 5 was
identified as urea, a material that reportedly was injected intentionally into the fuel
train during normal operation of the boiler. Reports from the plant following the
failure indicated that the injection of the urea had continued for some time after the
unit had tripped off line, so that the presence of the urea in the deposit material
appears to be a secondary effect of the failure and is not considered in any way
unusual.

Chemical Analysis

a. Header and Tubing Material

Specimens were removed from the header body and from selected nipple and DW
tubes for quantitative compositional analysis. The purpose of these analyses was to
verify that the specified material had been installed and that there were no
compositional anomalies that could have adversely affected the service performance
of the header or the tubing.

The results of the compositional analyses are presented in Table 5. As shown in
this table, in all cases the compositions were consistent with the carbon steel grades
that had been specified according to the original design drawings. The levels of
residual and other non-specified elements were within “normal” ranges for these
grades of steel produced at the time the unit was constructed, and there was nothing in
the compositions to suggest a potentially significant material deficiency.

b. Weld Metal

The chemical composition of the weld metal deposited when making the nipple-
to-header seal welds and the nipple-to-DW tube butt welds was evaluated using EDS.
The purpose of these analyses was twofold: first, to verify that the filler material used
in making the welds was compatible with the base metal; and, second, with respect to
the nipple-to-DW tube butt welds, to compare the composition of the material near
the root pass, which appeared to be “original” weld metal, with the composition of the
material at the weld cap, which appeared to have been added at some later time.

The results of the chemical analyses of the weld metal specimens are presented in
Tables 6 and 7. As shown in these tables, in all cases the weld metal compositions, as
determined by EDS, were consistent with the use of a carbon steel filler metal and
were, therefore, appropriate for the application. A comparison of the compositions of
the root and cap passes in the butt welds confirmed that the two materials were
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November 28, 2007

Mr. Robert Maule

RE: ' Dominion Generation Power Plant — Salem Harbor Plant Inspection
Dear Mr. Maule:

Pursuant to G.L. ¢. 146, the Department of Public Safety (the Department) is investigating the
failure of Boiler Unit #3 at the Salem Harbor Plant on November 6, 2007. As part of this
investigation, the Department is requesting the following information:

1. Any and all inspection reports for all inspections performed in calendar year 2007 on
Boiler Units nos. 1-4 at the Salem Power Plant located at 24 Fort Avenue, Salem,
Massachusetts.

2. Any and all notes and related inspectional documentation, photographs and/or videotapes
that you may have with regard to the inspections you performed on Boiler Units 1-4 at 24
Fort Avenue, Salem, Massachusetts in calendar year 2007.

3. A detailed list and location of what confined spaces you entered in order to perform the
inspections on Units 1-4 at the above location in calendar year 2007.

e meeeen- Please submit this jnformation. to my. attention on or before, December 9,2007. . ...
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ATTACHMENT A

List of Confined Spaces Entered To Perform
Calendar Year 2007 Boiler Number 1-4 Inspections

Appendix 11

Page 81 of 104

Boiler Number 1
Superheater assembly spaces
Reheater assembly spaces
Convective pass spaces
Furnace

Boiler Number 2

Steam drum _
Superheater assembly spaces
Reheater assembly spaces
Convective pass spaces
Fumnace

Boiler Number 3

Steam drum

Superheater assembly spaces
Reheater assembly spaces
Convective pass spaces
Furnace

Boiler Number 4

Steam drum

Superheater assembly spaces
Reheater assembly spaces
Convective pass spaces
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PART RB - INSERVICE INSPECTION OF PRESSURE RETAINING ITEMS

PART RB
INSERVICE INSPECTION

RB-2000 PERSONNEL SAFETY

RB-2010 SCOPE RB-2020 INTERNAL INSPECTION,
' BOILERS
The owner/user and Inspector shall deter- ‘
mine that the pressure-retaining iterns may  a. When a boiler is to be prepared for inter-

be entered safely. This shall include: nal inspection, the water should not be

withdrawn until the setting has been

a. potential hazards associated with entry sufficiently cooled at a rate to avoid
into the object have been identified by the damage to the boiler.

owner/ user and are brought to the atten-
tion of the Inspector, along with accept-  b. The owner or user should prepare a boiler

able means or methods for dealing with for internal inspection in the following
each of these hazards; manner:

b. coordination of eniry into the object by the 1. The fuel supply and ignition system
Inspector and an owner/vser representa- shall be locked out and /or tagged out,
tive(s) working in or near the object; in accordance with the owner/users

procedures.

¢ if personal protective equipment is re-
quired to enter an object, the necessary 2. Water shall be withdrawn and the
equipmentis available, and the Inspector water side thoroughly washed.

is properly trained in its use;

. Manhole and handhole plates, wash-
out plugs, as well as inspection plugs
in water column connections shall be
removed as required by the Inspector.
The boiler shall be cocled and

d. an effective energy isolation program is
in place and in effect that will prevent the
unexpected energizing, start up or release
of stored energy (lock out and/or tag out);

thoroughly cleaned.

e. all applicable safety regulations are ————
otherwise being followed. This includes 4. Anyleakage of steam or hot water into
applicable governmental, state, regional, the boiler shall be prevented by
and/or local rules and regulations. The disconnecting the pipe or valve at the
owner/user programs or the Inspectors’ most convenient point or any
employers’ safety programs or similar appropriate means approved by the
regulations also apply. In the absence of Inspector.
such rules, prudent and generally
accepted engineering safety procedures 5. Before opening the manhole(s) and
satisfactory to the Inspector shall be entering any part of a boiler which is
employed by the owner/user. connected to a common header with -

45
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NATIONAL BOARD INSPECTION CODE

PART RB
INSERVICE INSPECTION

RB-3100 INSPECTION OF BOILERS

RB-3110 GENERAL CONDITIONS

a. Boilers are designed for a variety of ser-
vice conditions. The temperature and
pressure at which they operate should be
considered in establishing inspection
criteria. This part is provided for guidance
of a general nature. There may be occa-
sions where more detailed procedures will
be required.

b. The condition of the complete installation,
including maintenance and operation, can
often be used by the Inspector as a guide
in forming an opinion of the care given to
the boiler.

¢. Usually the conditions to be observed by
the Inspector are common to both power
and heating boilers, however, where ap-
propriate, the differences are noted.

RB-3120 PRE-INSPECTION ACTIVITIES

a. A review of the known history of the
boiler should be performed. This should
include a review of information, such as;

1. Operating conditions

2. Date of last inspection

3. Current jurisdictional inspection
certificate

4. ASME Code Symbol Stamping or
mark of code of construction

5. National Board and/or jurisdiction
registration number

b. The following parts should be removed
as required to permit the inspection:

1. . Manhole and handhole plates
2. Washout plugs

3. Inspection plugs in water column
connectors '

Grates of internally fired boilers
Insulation and brickwork, as appropriate
Pressure gage should be removed for
testing, unless there is other informa-
tion to assess it’s accuracy.

O U1 3

c: Theboiler shall be cooled and thoroughly
cleaned.

RB-3130 ASSESSMENT OF
INSTALLATION, CAUSES OF
DETERIORATION, TYPES OF
DEFECTS

RB-3131 ASSESSMENT OF
INSTALLATION

The external inspection of a boiler is made to
determine if it is in a condition to operate
safely. Upon entering the boiler area, the
general cleanliness and accessibility of the
boeiler and its auxiliary apparatus should be
noted. The boiler fittings, valves and piping
should be checked for compliance with ASME
Code or other standards or equivalent
requirements.

RB-3132 CAUSES OF DETERIORATION
Deterioration of boilers may be caused by
improper or inadequate water treatment,
excessive fluctuations in pressure or termpera-
ture, or improper or lack of maintenance.

RB-3133 TYPES OF DEFECTS

Defects may include bulged or blistered plates,

cracks or other defects in welds or heat-affected ~ ™

zones, pinhole leaks, improper or inadequate
safety devices, wasted or erpded material.
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PARY RB - INSERVICE INSPECTION OF PRESSURE RETAINING TEMS

atmoéphereis obtained, All necesséry pre-
cautions shall be taken to eliminate the
possibility of explesion or fire.

. When a vessel is connected in a system

where there is the presence of liquid or
gases, the vessel shall be isolated by
closing, locking and/or tagging stop
valves. When toxic or flammable
materials are involved, additional safety
precautions may require removing pipe
sections or blanking pipelines before

‘entering the vessel. The means of

isolating the vessel shall be acceptable to
the Inspector and in compliance with
applicable occupational safety and health
regulations and procedures.

Prior to entering a vessel that contained
toxic or flammable gases or an inert
atmosphere, the vessel atmosphere
shall be tested by qualified personnel
using appropriate atmospheric testing
instruments.

Personal protective equipment and cloth-
ing shall be worneas appropriate. This may

.

include, among other items, protective
outer clothing, gloves, eye protection,and
foot protection. The atmosphere of the
vessel shall be tested to determine if
respiratory protection is required. The
Inspector shall have the proper training
governing the selection and use of any
personal protective equipment necessary
to safely perform each inspection.

I requested by the Inspector or required
by regulation or applicable procedure, a
responsible person (“attendant”) shall
remain outside the vessel at the point of
entry while the Inspector is inside and
shall monitor activity inside and outside
and communicate with the Inspector as
necessary. The attendant shall have a
means of summoning assistance if needed
and to facilitate rescue procedures for
those inside the vessel without personally
entering the vessel. '

IF A VESSEL HAS NOT BEEN PROPERLY
PREPARED FOR AN INTERNAL '
INSPECTION, THE INSPECTOR SHALL
DECLINE TO MAKE THE INSPECTION.

a7
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PART RB - INSERVICE INSPECTION OF FRESSURE RETAINING IFEMS

flange whete there may be repeated

flexing of the plate during operation and
around welded pipe and tube connec-
tions.

Lap joint boilers are subject to cracking
where the plates lap in the longitudinal
seam. If there is any evidence of leakage
or other distress at this peint, the Inspec-
tor should thoroughly examine the area
and, if necessary, have the plate notched
or slotted in order to determine whether
cracks exist in the seam. Repairs of lap
joint cracks on longitudinal seams are
prohibited.

Where cracks are suspected, it may be
necessary to subject the boiler to non-
destructivé examination to determine
their location.

RB-3158 CORROSION

C.

.

Corrosion causes deterioration of the
metal surfaces. It can affect large areas or
it can be localized in the form of pitting.
Isolated, shallow pitting is not considered
serious if not active.

The most common causes of corrosion in
boilers are the presence of free oxygen and
dissolved salts in the feedwater. Where
active corrosion is found, the Inspector
should advise the owner or user to obtain
competent advice regarding proper
feedwater treatment.

¥or the purpose of estimating the effect of
severe corrosion over large areas on the
safe working presstire, the thickness of the re-
maining sound metal should be determined
by ultrasonic examination or by drilling.

Grooving is a form of metal deterioration
caused by localized corrosion and may be
accelerated by stress concentration. This
is éspecially significant adjacent to riveted
joints.

All flanged surfaces, should be inspected,
particularly the flanges of unstayed heads.

53

Grooving in the knuckles of such heads is
common since there is slight movement
in heads of this design which causes a
stress concentration.

Some types of boilers have ogee or
reversed-flanged construction which is
prone to grooving and may not be readily
accessible for examination. The Inspector
should insert a mirror through an inspec-
tion opening to examine as much area as
possible. Other means of examination such
as theultrasonic method may be emploved.

Grooving is usually progressive and when
itis detected, its effect should be carefully
evaluated and corrective action taken.

. The fireside surfaces of tubes in horizon-

tal firetube boilers usually deteriorate
more rapidly at the ends nearest the fire.
The Inspector should examine the tube
ends to determine if there has been
serious reduction in thickness. The tube
surfaces in some vertical tube boilers are
more susceptible to deterioration at the
upper ends when exposed to the heat of
combustion. These tube ends should be
closely examined to determine if there has
been a serious reduction in thickness. The
upper tube sheet in a vertical “dry top”
boiler should be inspected for evidence of
overheating.

Pitting and corrosion on the waterside
surfaces of the tubes should be examined.
In vertical firetube boilers excessive cor-
rosion and pitting is often noted at and
above the water level. Excessive scale on
waterside surfaces should be removed
before the boiler is placed back in service.

The surfaces of tubes should be carefully
examined to detect corrosion, €rosion,

bulges, cracks, or evidence ot detective -

welds. Tubes may become thinned by high
velocity impingement of fuel and ash
particles or by the improper installation
or use of soot blowers. A leak from a tube
frequently causes serious corrosion or

erosion on adjacent tubes.
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NATIONAL BOARD INSPECTION CODE

k. Inrestricted fireside spaces such as where

short tubes or nipples are used to join

drums or headers, there is a tendency for
tuel and ash to lodge at junction points.

Such deposits are likely to cause corrasion
if moisture is present and the area should
be thoroughly cleaned and examined.,

RB-3159 MISCELLANEOUS

The piping to the water colurnn should
be carefully inspected to ensure that
water cannot accumulate in the steam con-
nection. The position of the water column
should be checked to determine that the
column is placed in accordance with
ASME Code or other standard or equiva-
lent requirements.

. The gas side baffling should be inspected.

The absence of the proper baffling or de-
fective baffling can cause high tempera-
tures and overheat portions of the boiler.
The location and condition of combustion
arches should be checked for evidence of
flame impingement which could result in
overheating.

Any localization of heat caused by
improper or defective installation or
improper operation of firing equipment
should be corrected before the boiler is
returned to service.

. The supports and settings should be care-

fully examined, especially at points where
the boiler structure comes near the setting,
walls or floor, to make sure that deposits
of ash or soot will not bind the boiler and
produce excessive strains on the structure
due to the restriction of movement of the
parts under operating conditions.

When tubes have been rerolled or
replaced, they should be inspected for
proper workmanship, Where tubes are
readily accessible, they may have been
over rolled. Conversely, when it is diffi-
cult toreach the tube ends they may have
been under rotled.

RB-3160 GAGES, SAFETY DEVICES,

AND CONTROLS

RB-3161 GAGES

a.

Ensure that the water level indicated is
correct by having the gage tested as follows:

1. Close the lower gage glass valve, then
open the drain cock and blow the glass
clear.

2. Close the drain cock and open the
lower gage glass valve, Water should
return to the gage glass immediately.

3. Closetheupper gage glass valve, then
" open the drain cock and allow the
water ta flow until it runs clean.

4. Close the drain cock and open the
upper gage glass valve. Water should
return to the gage glass immediately.

H the water return is sluggish, the opera-
tion should be repeated. A sluggish
response could indicate an obstruction in
the pipe connections to the boiler. Any
leakage at these fittings should be
promptly corrected to avoid damage to
the fittings or a false waterline indication.

Each hot water boiler should be fitted with

& temperature gage at or near the boiler

outlet that will at all times indicate the
water temperature.

Where required, all the pressure gauges
shall be removed, tested and their read-
ings compared to the readings of a
standard test gage or a dead weight tester.

The location of a steam pressure gage
should be noted to determine whether it
is exposed to high temperature from an
external source or to internal heat due to
lack of protection by a proper siphon or
trap. The Inspector should check that
provisions are made for blowing out the
pipe leading to the steam gage.

et~
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NATIONAL BOARD INSPECTION CCDE
RB-3263 CONTROLS _ 4. Progressive record including, but not .
. {imited to, the following: :
a. Any control device attached to a vessel
should be demonstrated by operation or a. Locationand thickness of monitor
the Inspector should review the proce- samples and other critical inspec-
dures and records for verification of tion locations.
proper operation,
b. Limiting metal temperature and
b. ‘Temperature measuring devices should be location on the vessel when this is
checked for accuracy and general condi- a factor in establishing the mini-
tion, - mum allowable thickness.
RB-3270 RECORDS REVIEW c. Computed required metal thick-
nesses and maximum allowable
a. TheInspector should review any pressure working pressure for the design
vessel log, record of maintenance, corro- temperature and pressure
sion rate record or any other examination relieving device opening pressure,
results, The Inspector should consult with static head, and other loadings.
the Owner or User regarding repairs or ‘
alterations made, if any, since the last in- d. Test pressure if tested at the time
ternal inspection. The Inspector should of inspection. '
review the records of such repairs or
alterations for compliance with applicable e. Scheduled (approximate) date of
requirements. next inspection
b. A permanent record shall be maintained f. Dateofinstallation and date of any
for each pressure vessel. This record shali significant change in service con-
include the following: ditions (pressure, temperature,
character of contents or rate of cor-
1. An ASME Manufacturers’ Data rosion);
Report or, if the vessel is not ASME
Code stamped, other equivalent speci- g Drawings showing sufficient de-
fications. ' tails to permit calculation of the
servicerating of all components on
- 2. Form NB-5 Boiler or Pressure Vessel pressure vessels used in process
Data Report - First Internal Inspection, operations subject to corrosive
may be used for this purpose. It shail conditions, Detailed data with
-show the following identification _sketches where necessary may
numbers as applicable. serve this purpose when drawings
' are not available.
National Board No.
Tarisdiction No. RB-3280 CONCLUSIONS
Manufacturer’s Serial No.
Owmer-User’s No. Any defect or deficiency in the condition,

operating and maintenance practices of the - -
3. Complete pressure relieving devic preéssure vessel should be discussed with the

information including safety or safe owner or user at the time of inspection and, if
relief valve spring data or rupture diskj]  necessary, recommendations made for the
data, and date of latest inspection. correction of such defect or deficiency.

&8
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NATIONAL BOARD INSPECTION CODE

RB-1000 GENERAL REQUIREMENTS
FOR INSERVICE
INSPECTION OF PRESSURE-
RETAINING ITEMS

RB-1010 SCOPE

Part RB provides guidelines and require-
ments for conducting inservice inspection
and testing of pressure-retaining items and
pressure relief devices. Appropriately, this
Part includes precautions for the safety of
inspection personnel. The safety of the In-
spector is the most important aspect of any
inspection activity.

Page 88 of 104

Understanding the potential damage/dete-
rioration mechanisms that can affect the me-
chanical integrity of a pressure-retaining item
and knowledge of the inspection methods that
can be used to find these damage mechanisms
are essential to an effective inspection. This
art includes a general discussion of various
damage mechanisms and effective inspection
methods. In addition, some specific guidance
is given on how to estimate the remaining life
of a pressure-retaining item and determine the
appropriate inspection interval.

RB-1020 ADMINISTRATION

Jurisdictional requirements describe the fre-
quency, scope, type of inspection, whether
internal, external or both, and type of docu-
mentation required for the inspection. The
Inspector shall have a thorough knowledge
of jurisdictional regulations where the item
is installed, as inspection requirements may

vary.

RB-1030 STAMPING

Authorization

When the stamping on a pressure-retaining
item becomes indistinct or the nameplate is
lost, illegible, or detached, but traceability

36

to the original pressure-retaining item is still
possible, the Inspector shall instruct the owner
or user to have the stamped data replaced.
All re-stamping shall be done in accordance
with the original code of construction, except
as modified herein. Requests for permission
to re-stamp or replace nameplates shall be
made to the jurisdiction in which the pres-
sure-retaining item is installed. Application
must be made on the Replacement of Stamped
Data Form NB-136 (Appendix 5). Proof of
the original stamping and other such data,
as is available, shall be furnished with the re-
quest. Permission from the jurisdiction is not
required for the reattachment of nameplates
that are partially attached. When traceability
cannot be established, the jurisdiction shall
be contacted.

When there is no jurisdiction, the replacement
of stamped data shall be authorized and wit-
nessed by a National Board Commissioned
Inspector and the completed Form NB-136
shall be submitted to the National Board.

Replacement of Stamped Data

The restamping or replacement of data shall
be witnessed by a National Board Commis-
sioned Inspector and shall be identical to the
original stamping.

The restamping or replacement of a code sym-
bol stamp shall be performed only as permit- A06
ted by the governing Code of Construction.

Replacement nameplates shall be clearly
marked “replacement.”

Reporting

Form NB-136 shall be filed with the jurisdic-
tion (if required) or the National Board by the
owner or user together with a facsimile of the
stamping or nameplate, as applied, and shall
also bear the signature of the National Board
Commissioned Inspector who witnessed the
replacement.
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PART RB — INSERVICE INSPECTION OF PRESSURE-RETAINING ITEMS

RB-1040 REFERENCE TO OTHER
CODES AND STANDARDS

Other existing inspection codes, standards
and practices pertaining to the inservice in-
spection of pressure-retaining items can pro-
vide useful information and references rela-
tive to the inspection techniques listed in Part
RB. Additionally, supplementary guidelines
for assisting in the evaluation of inspection
results and findings are also available. Some
acceptable guidelines are as follows:

National Board BULLETIN — National
Board Classic Articles Series

a.

American Society of Mechanical Engi-
neers — ASME Boiler & Pressure Vessel Code
Section V (Nondestructive Examination)

American Society of Mechanical Engi-
neers— ASME Boiler & Pressure Vessel Code
Section VI (Recommended Rules for the
Care and Operation of Heating Boilers)

American Society of Mechanical Engi-
neers — ASME Boiler & Pressure Vessel Code
Section VII (Recommended Guidelines for
the Care of Power Boilers Subsection Cé
- Inspection)

American Society of Mechanical Engineers
— ASME B31G (Manual for Determining
the Remaining Strength of Corroded Pipe-
lines)

American Petroleum Institute — API 572
Inspection of Pressure Vessels

American Petroleum Institute — API 574
Inspection Practices for Piping System
Components

American Petroleum Institute — API 579
Fitness-For-Service

RB-1050 CONCLUSIONS

During any inspections or tests of pressure-
retaining items, the actual operating and
maintenance practices should be noted by
the Inspector and a determination made as
to their acceptability.

Defects or deficiencies in the condition, oper-
ating and maintenance practices of the boiler,
pressure vessel or piping system equipment
should be discussed with the owner or user
at the time of inspection and recommenda-
tions made for correction of any such defects
or deficiencies.

RB-2000 PERSONNEL SAFETY AND
INSPECTION ACTIVITIES

(v

Uhe pressure-retaining item. See RB-3000.

isual examination is the basic method used
when conducting an inservice inspection of
pressure-retaining items. Additional exami-
nation and test methods may be required at
the discretion of the inspector to provide ad-
ditional information to assess the condition of

37

RB-2010 SCOPE

A proper inspection of a pressure-retaining
item requires many pre-inspection planning
activities including: safety considerations, an
inspection plan that considers the potential
damage mechanisms, selection of appropri-
ate inspection methods and awareness of
the jurisdictional requirements. This section
describes pre-inspection and post-inspection
activities applicable to all pressure-retaining
items. Specific inspection requirements for
pressure-retaining items are identified in
RB-5000 for boilers, RB-6000 for pressure ves-
sels and RB-7000 for piping.




PART RB — INSERVICE INSPECTION

All openings leading to external attachments,
4 such as water column connections, low water
fuel cut-off devices, openings in dry pipes, and
openings to safety valves, should be examined
to ensure they are free from obstruction.

RB-5525 MISCELLANEOUS

The piping to the water column should be
carefully inspected to ensure that water
cannot accumulate in the steam connection.
The position of the water column should
be checked to determine that the column is
placed in accordance with ASME Code or
other standard or equivalent requirements.

The gas side baffling should be inspected.
The absence of the proper baffling or defec-
tive baffling can cause high temperatures and
overheat portions of the boiler. The location
and condition of combustion arches should be
checked for evidence of flame impingement,
which-could result in overheating.

Any localization of heat caused by improper
or defective installation or improper operation
of firing equipment should be corrected before
the boiler is returned to service.

N

. f The refractory supports and settings should \
be carefully examined, especially at points
where the boiler structure comes near the
setting walls or floor, to ensure that deposits
of ash or soot will not bind the boiler and pro-
duce excessive strains on the structure due to
the restriction of movement of the parts under
\, operating conditions.

When tubes have been rerolled or replaced,
they should be inspected for proper work-
manship. Where tubes are readily accessible,
they may have been over rolled. Conversely,
when it is difficult to reach the tube ends they
may have been under rolled.

Drums and headers should be inspected in-
ternally and externally for signs of leakage,
corrosion, -overheating, and erosion. Inspect
blowdown piping and connections for expan-

—
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OF PRESSURE-RETAINING ITEMS

sion and ﬂexibility. Check header seals for
gasket leakage.

Soot blower mechanical gears, chains, pul-
leys, etc., should be checked for broken or
worn parts, Inspect supply piping to the
soot blowers for faulty supports, leakage,
and expansion and contraction provisions.
Check design for proper installation to allow
for complete drainage of condensate, which
may cause erosion.

Valves should be inspected on boiler feedwa--
ter, blowdown, drain, and steam systems for
gland leakage, operability, tightness, handle,
or stem damage, body defects and general
corrosion.

RB-5526 GAGES

Ensure that the water level indicated is correct
by having the gage tested as follows:

a. Close the lower gage glass valve, then
open the drain cock and blow the glass
clear.

b. Close the drain cock and open the lower
gage glass valve. Water should return to
the gage glass immediately.

¢. Close the upper gage glass valve, then
open the drain cock and allow the water
to flow until it runs clean.

d. Close the drain cock and open the upper
gage glass valve. Water should return to
the gage glass immediately.

If the water return is sluggish, the test should
be discontinued. A sluggish response could
indicate an obstruction in the pipe connec-"
tions to the boiler. Any leakage at these fit-
tings should be promptly corrected to avoid
damage to the fittings or a false waterline
indication.

Each hot water boiler should be fitted with a
temperature gage at or near the boiler outlet
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RB-5529 RECORDS REVIEW

A review of the boiler log, records of main-
tenance and feedwater treatment should be
made by the Inspector to ensure that regular

"and adequate tests have been made on the

boiler and controls.

The owner or user should be consulted re-
garding repairs or alterations, if any, which
have been made since the last inspection. Such
repairs or alterations should be reviewed for
compliance with the jurisdictional require-
ments, if applicable.

RB-5600 SPECIFIC INSPECTION
REQUIREMENTS FOR
BOILER TYPES

The following details are unique to specific
type boilers and should be considered when
performing inspections along with the general
requirements as previously outlined:

‘'RB-5601 WATERTUBE BOILERS

Typically constructed of drums, headers, and
tubes, boilers of this type are used to produce
steam or hot water commonly in large quan-

Unique parts associated with this type of con-
struction such as casing, expansion supports,
superheater, economizer, soot blowers, drums,
headers, and tubes should be inspected care-
fully and thoroughly in accordance with RB-
5500, as applicable.

tities. They range in size and pressure from .

small package units to extremely large field
erected boilers with pressures in excess of
3000 psig (20 MPa gage). These boilers may
be fired by many types of fuels such as wood,
coal, gas, oil, trash, and black liquor.

There are many locations both internal and
external where moisture and oxygen com-
bine causing primary concern for corrosion.

contain ash, which can form an abrasive grit
in the flue gas stream. The abrasive action of
the ash in high velocity flue gas can quickly
erode boiler tubes. Their size and type of
construction poses mechanical and thermal
cyclic stresses.

57

RB-5602 BLACK LIQUOR (KRAFT OR
SULFATE) RECOVERY
BOILERS

Boilers of this type are used in the pulp and
paper industry. Black liquor is a by-product
of pulping processing. It contains organic
and inorganic constituents and is concen-
trated from about 10% solids to at least 58%
solids for firing in the recovery boilers. The
organic material that is dissolved in the pulp-
ing process combusts and the spent pulping
chemicals form a molten pool in the furnace.
The molten material, or “smelt,” drains from
the furnace wall through smelt spouts into
a smelt dissolving tank for recovery of the
chemicals. Ultimately, the by-product of the
recovery process is steam used for processing
and power. Gas or oil auxilliary burners are
used to start the self-sustaining black liquor
combustion process and may be used to pro-
duce supplemental steam if sufficient liquor
is not available.

The recovery combustion process requires a
reducing atmosphere near the furnace floor
and an oxidizing atmosphere in the upper
furnace for completion of combustion. Pres-
sure parts within the furnace require protec-
tion from the reducing atmosphere and from
sulfidation. The rate of corrosion within the
furnace is temperature dependent. Boilers
operating up to 900 psi (6 MPa) typically have
plain carbon steel steam generating tubes
with pin studs applied to the lower furnace to
retain a protective layer of refractory or “fro-
zen” smelt. Above 900 psi (6 MPa) the lower
furnace tubes will typically have a special
corrosion protection outer layer. The most
common is a stainless steel clad “composite
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Appendix 23
Hot Well Makeup for Month of October 2007
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Boiler #3 Median Feedwater Flow
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Appendix 25
Boiler 3 Opacity
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L] L]
Dominion
Salem Harbor Station

24 Fort Ave
Salem, MA 01970

March 20, 2008

Mr. Mark Mooney
Commonwealth of Massachusetts
Department of Public safety
Chief of inspections

1 Ashburton Place, room 1301
Boston, MA 02108

Dear Mr Mooney,

Sincerely,

Jlerci Lbnlery

Steven A. Dulong
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S00T BLOWING (Cont'd)

When permanent soot blowers are installed, care must be taken to see that the
nozzles are maintained in thelr proper positions relative to the boiler tubes. If
the nozzles becoms displaced in such menner that there is direct impingement of
steam on the tubes, erosion of the metal will resuls. In operating scot blowers
or using & steam lance, no portion of the heating surface should be blown steadily
for too long a period, or similsr erosion will occur.

With fuels having a tendency toward the formation of slag on the boiler or
superheater surfaces adjacent to the furnace, slag-cleaning doors or blowers which
are Iinstalled should be used at such intervals as the draft lose and exit gas
temperatures indicate is necessary for commercial efficiency.

SHUTTING DOWH

Boiler unlte should be taken out of service at reguler intervals for internal
inspection, cleaning, and repair.

In taking e boiler out of service, the fuel-burning and preparation equipment,
together with the dreft apparatus, should be shut down in accordance with the
instructions for the type of firing system used. Particular attention should be
glven to the conditlion in which the fuel equipment is left and the method of arrive
ing at this condition, from the standpoint of tempereture and cleanliness, in order
to avold the possibility of damage, during or subsequent to the shutting down
because of overheating or an explosion.

After the firing equipment and fans are out of ssrvics, the dampers, including
the superheater and superheater by-pass dampers when provided, should be closed in
ermit the uni 8 glovwly and niformiv as nasaihia T e o

9 or requires any feed and the non-return steam valve hae closed, the
malin steam stop valve should be closed and, in the case of economizer installations
provided with reciroulating comnectlons, the valve in the economizer recirculstor
should be opened. The pressure should be allowed to drop naturally, without the
aid of any open vents or other intentional taking of steam from the unit in order
to increase the rate of decreasing the steam pressure. The superheater drains,

Hastenlog the cooling of the furnace by allowing large quantities of cool air to
pass through the setting tends towards brickwork difficulties end unnacessary
stresses in the pressure parts.

The use of a moderate amount of Induced or natural draft after the furnsce
brickwork has lost its color 1s permissible. ' '

When the steam pressure has dropped to about 25 pounds per square inch, the
steam drum vent valve should be opened to prevent ths formation of a vacuum within
the boiler by total condensation of steam. A vacuum within the unit may cause
future leakege of gasketed Joints.

In the case of large high-pressure bollers the foregoing procedure requires
such a long period of time that other methods of shutting down, using thermocouples
distributed over the pressure parts of the unit to establish the allowable rate of
cooling, become desirable in many cases. Such alternative procedure should be
thoroughly discussed with the boiler menufacturer before being used.

== .....The boller should not be emptied until the furnace has cooled to a temperature
at which“‘qge can enter and remein in the furnace. External cleaning of the heating

\
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BRINGING BOILBR TO PRESSURE (Cont'dl

such jobs, it is desirable to flood the drum before starting and high level gage
glasses are being used by some plants to indicate the water level to permit flood-
ing the drum with safety. When the top of the drum exceeds 175 F the boiler can be
blown down to normal level. The thermocouple located 24 inches from the top of the
drum can also be used as an indicator of drum level as there will be a sharp rise
in temperature of this couple as water level approaches the top of the drum. When
using this thermocouple as a guide, the unit should be fired until the bottom of
the drum is about 175 F; shut off the fire, fill the drum to the top, using the
temperature indiecated by the thermocouple located 24 inches from the top of the
drum as a warning for reducing the rate of feeding water and keep the drum filled
until the temperature of the top of the drum approaches 150 F; blow down to normal
water level and then fire up as mentioned above. Either of these two procedures
permits adherence to the fundamental prineciple that no hoiler is to be fired unless
the water level is showing in the gage glass.

QUICK SHUTDOWN

The most effective way to cool down large boilers uniformly and quickly is to
gradually reduce the pressure and the load on the unit, bringing the pressure down
to the minimum value possible that plant conditions will permit as the load is re-
duced. This leaves all pressure parts at a uniform reduced temperature when firing
is stopped. If the above is not possible, then extingulsh the fires and allow the

ly in assisting to speed the cooling down of large boilers. Whichever method is
used to cool the boller down, do not permit the drum temperature d1fferen¢e to ex-—
ceed the cooling cycle curve in Fig. 1.

The simplest way to keep the temperature differential within limits is to:
permit the pressure to drop until the temperature differential reaches the limit
on cooling curve FPig. 1, extinguish the flres; raise the water level untll the tem-
perature at the very top of the drum drops sufficlently to show that the drum is-
full, or water level is noted in the high level glass Lf such a gage glass is
available. Bhut off the water, and, with the water level at the top of the drum
and the fires shut off, allow the boiler to continue to cool down. When the tem—
perature differential again reaches the limit, repeat the procedure of injecting
feedwater. The quantities of water injected, subseguent to the first raising of
the water level, will be in proportion to the shrinkage of cooling and, accordingly,
will be guite small. 1In raising the water level to the top of the drum, it is im-
portant to keep water from going over into the superheater.

During the shutting-down period, the drum should be vented to remove any steam
which tends to colleet at the top of the drum. If the venting obtained by the
normal handling of the superheater drains does not provide sufficient venting, the
amount of dralning or venting may be increased.

When the pressure has reached zero, the unit may be filled and hydrostatically
tested or it may be drained, provided it has cooled sufficiently for a man to enter
and remain in the furnace.

FORCED SHUTDOWN

Handling of the unit on forced shutdown refer to Operating Instructlon “Protee-
tion of Boiler Drums" 1K-1a page 3.

CONFIDENTIAL
DENE 002832

Page 98 of 104



Appendix 29

L K—14 THE BABCOCK & WILCOX COMPANY 0

pli= '
NEW YORK, N. Y. 2-12-54
Page U
10
[T
- 0 \\
W o— N
Lo N
jg ET P
23 N
< hS
- y
N
W ~ N
< N -
EE :
CIE | N \
= ™
5o
20
& w N
E‘g A 0€0
E N N7
w < 9p (t“
=i L\
oo <
&5 A
i % IN
[T & e -
o N \
o
Ll <. \
£2 w S
= NN HE
& w N
w & M,
& p NAY
o<
(=
[F1)
ﬂ% s
5 N
o ow \\
32 \_
=2 \\ ]
= N
un
0 50 N 100 150 200 250 © 300

TEMPERATURE DI FFERENCE BETWEEN DRUM TOP AND BOTTOM, F.

QUICK STARTUP OF BOILERS
i ALLOWABLE TEMPERATURE DIFFERENTIALS Fig. |
IN BOILER DRUMS UP TO 6-1/2 IN. THICK SHELL

CONFIDENTIAL
DENE 002833

Page 99 of 104



Appendix 30

PR - THE BABCOCK & WILCOX COMPANY PRL1-1
/ 31-53 NEW YORK, N, Y.

Page 9

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

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

H. REGULAR SHUTDOWN

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

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

proceed as follows:

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

H.2 Stop the raw-fuel feeder.

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

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

H.4 Stop the primary air fan and e

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

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

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

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

J. EMERGENCY SHUTDOWN

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

J.1 Stop the raw-fuel feeder.

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

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

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

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

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

K. FORCED SHUTDOWN

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

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

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

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

SPECIAL INSPECTION - STATE OR INSURANCE

\

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

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

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

PROTECTION OF INTERNAL SURFACES - IRY STORAGE

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

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

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

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

Appendix 32

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

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

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

Tube Life Assessment

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

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

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

creep life and their replacement cost is high. Lower te

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

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

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

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

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

stresses.

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




" Typlcal Headsr

Temperature

Leit End Tube Leg Location Right End

Fig. 2 Steam temperature variation in a header.

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

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

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

Fig. 3 Localized stresses due to thermal gradiénls.
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torque plates, and tube stub to header welds. Steam piping flex-
ibility can cause excessive loads to be transmitted to the header
outlet nozzle. These stresses result in externally initiated cracks
at the outlet nozzle to header saddle weld. .

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

o Visual Inspection

o Wet Fluorescent Magnetic Particle Inspection-All major

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

o Metallurgical Replication-To examine the header for

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

® Ligament and Bore Hole Inspection-The major cause of

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

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

Al

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

headers, and superheater inlet and intermediate headers. Any

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

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

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

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

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

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

Attemperators

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

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

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

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

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

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

Attemperator Life Assessment

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






