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Abstract: This report discusses the March 24, 2023, natural gas-fueled explosion and
fire at Building 2 of the R.M. Palmer Company, a candy manufacturer located in West
Reading, Pennsylvania. The explosion destroyed the manufacturer’s Building 2 and
caused significant structural damage to its adjacent Building 1 and other surrounding
structures. In total, 7 people were killed, 10 people were injured, and 3 families were
displaced from a neighboring apartment building.

Safety issues identified in this report include degradation of a retired service tee,
insufficient consideration of threats to pipeline integrity, the risk associated with
unmarked private pipeline assets crossing public rights-of-way (for example, a public
street), delayed evacuation of Building 2 despite detection of natural gas, natural gas
safety messaging that may not reach certain members of the public, insufficient
guidance on gas leak emergency procedures, absence of natural gas detection
alarms in commercial buildings, and insufficient accessibility of gas distribution line
valves.

As part of this investigation, the National Transportation Safety Board issued
recommendations to the Pipeline and Hazardous Materials Safety Administration, the
Occupational Safety and Health Administration, 50 states along with the
Commonwealth of Puerto Rico and the District of Columbia, the Commonwealth of
Pennsylvania, the Pennsylvania Public Utility Commission, the American Gas
Association, the American Petroleum Institute, the Gas Piping Technology
Committee, the Common Ground Alliance, the International Code Council, the
National Fire Protection Association, UGI Corporation, and R.M. Palmer Company.
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Executive Summary

What Happened

On March 24, 2023, around 4:55 p.m., natural gas, which was transported
through a UGI Corporation-owned pipeline, leaked into and accumulated in the
basement of an R.M. Palmer Company candy factory building in West Reading,
Pennsylvania. The gas ignited, causing an explosion and fire that killed 7 Palmer
employees, injured 10 people, and destroyed the building. Another Palmer building,
as well as an adjacent apartment building, were also severely damaged. Three
families were displaced from the apartment building.

What We Found

In 2021, a UGI Corporation crew retired the Aldyl A polyethylene service tee,
joining UGI's gas main to the service line for Palmer Building 2. The crew capped off
the retired tee, which had been installed in 1982, and installed a new tee. The retired
Aldyl A tee remained connected to the natural gas distribution system. We found that
natural gas had migrated from the retired Aldyl A service tee through the ground
then into the Palmer Building 2 basement, chocolate pipe conduits, and Building 1,
and fueled the explosion in the Building 2 basement. We found that the 1982 retired
service tee leaked because of degradation (slow crack growth of the Aldyl A tower
shell and thermal decomposition of the Delrin insert) caused by exposure to elevated
temperatures. Steam escaping through a crack in a corroded steam pipe nearby had
significantly elevated the ground temperatures near the tee. We found that the
omission from PA's One Call law of certain assets whose lines transport steam or
other high temperature substances across public rights-of-way can pose a risk during
nearby excavation. We further found that widespread adoption of best practices on
811 center membership can increase awareness of certain underground pipelines
that cross public rights-of-way and prevent an accident like this one.

We found that, without sufficient threat information available for analysis in its
distribution integrity management program (DIMP), UGI could not effectively evaluate
and address the risk to pipeline integrity of plastic piping in elevated temperature
environments and that by not addressing the threat posed by the steam pipe, UGI's
DIMP was not effective in preventing the accident. We further found that operators
may not be aware of where they may have plastic natural gas assets that are
vulnerable to degradation in elevated temperature environments, so appropriate
mitigations may not be in place. In this accident, we found that UGI lacked
procedures and training for its field crews to report sources of elevated temperatures
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near their assets thus the threat posed by the steam pipe was not identified, and
mitigative measures were not implemented. In addition, industry guidance
highlighting the threat to pipeline integrity of exposure to elevated temperatures
could improve awareness so that operators can effectively identify and manage the
threat.

Although several employees reported smelling the gas in the buildings before
the explosion, few evacuated. We found that had Palmer implemented natural gas
emergency procedures and training before the accident, employees and managers
could have responded by immediately evacuating and moving to a safe location. We
further found that when businesses that use natural gas do not have natural gas
emergency procedures and training, employees may be unaware or unsure of what
to do if they smell natural gas. Further, we determined that natural gas alarms can
alert people of a gas leak so they can evacuate the area; however, natural gas
customers may not be aware of the necessity of such alarms. We also found that,
because of their consensus-based nature and wide reach, model building or gas
codes can be effective instruments to address natural gas-related risks to employees
of businesses that use natural gas. Because adoption of these fuel gas codes and
other rules related to natural gas alarms depends on state and local policies,
widespread requirement of natural gas alarms will rely on action at the state and local
level.

We found that natural gas pipeline operator public awareness programs may
not reach certain members of the public who do not directly receive bill stuffers,
making them potentially unaware of natural gas safety guidance. Further, because
customers vary significantly in the number of occupants or residents, criteria for
designating emergency valves that only count customers may not accurately reflect
who could be affected by a natural gas outage or emergency or the severity of the
effect. We also found that UGI did not effectively inspect and maintain its valves
through its valve maintenance program, which led to a delay in shutting off gas to the
affected area. Lastly, we found that the Pennsylvania Public Utility Commission
refused to provide investigative information pursuant to the NTSB's federal authority.

We determined that the probable cause of the explosion was degradation of a
retired 1982 Aldyl A polyethylene service tee with a Delrin polyacetal insert that
allowed natural gas to leak and migrate underground into the R.M. Palmer Company
candy factory buildings, where it was ignited by an unknown source. Contributing to
the degradation of the service tee and insertwere significantly elevated ground
temperatures from steam escaping R.M. Palmer Company’s corroded underground
steam pipe, located near the service tee, that had been unmarked and cracked.
Contributing to the steam pipe crack was soil movement and R.M. Palmer Company'’s
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lack of awareness of the pipe’s corroded state. Contributing to the natural gas leak
was UGI Corporation’s lack of awareness of the nearby steam pipe, which led to an
incomplete integrity management program evaluation that did not consider or
manage the risk posed by the steam pipe. Contributing to the accident’s severity was
R.M. Palmer Company’s insufficient emergency response procedures and training of
its employees, who did not understand the hazard and did not evacuate the buildings
before the explosion.

What We Recommended

We recommended that the Pipeline and Hazardous Materials Safety
Administration (PHMSA) issue an advisory bulletin reviewing the details of this
accident to natural gas distribution pipeline operators and advising them to address
the risk associated with Aldyl A service tees with Delrin inserts by replacing or
remediating them. We also recommended that PHMSA issue an advisory bulletin to
operators referencing DIMP regulations and encouraging a one-time inventory of all
plastic assets that are located in environments that experience or are at risk of
elevated temperatures, identifying plastic assets in elevated temperature
environments, and evaluating and mitigating risks to deter the degradation of these
assets. In addition, we recommended that UGl inventory all its plastic natural gas
assets that may be in elevated temperature environments and address the risk
associated with these assets. We reiterated a 2021 recommendation to PHMSA to
evaluate industry implementation of gas distribution pipeline integrity management
requirements and develop updated guidance for improving the effectiveness of the
requirements.

We further recommended that PHMSA find effective ways for operators to
communicate with people who live, work, or congregate near natural gas distribution
pipelines and help operators improve public awareness of natural gas safety. We
then recommended that, based on these findings, the American Petroleum Institute
update its public awareness standard to provide specific guidance to natural gas
distribution pipeline operators on effective safety communications.

We recommended that the Occupational Safety and Health Administration
require employers whose facilities use natural gas to implement natural gas
emergency procedures and that Palmer revise its natural gas emergency procedure
to direct all employees to immediately evacuate to a safe location when they smell
natural gas. We also recommended that Pennsylvania modify its law on underground
utility protection to require all owners and operators of pipelines transporting steam
or other high-temperature materials located in public rights-of-way to register their
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assets with Pennsylvania One Call and that the Common Ground Alliance identify
opportunities for improving adoption of its best practices on 811 center membership.
To make sure operators consider consequences and emergency response times in
determining the locations of critical valves, we recommended the Pennsylvania Public
Utility Commission assess operators’ methodology for this determination.

We recommended that the American Gas Association share the details of this
accident with its members, encouraging them to evaluate the effectiveness of their
public awareness programs and to promote the installation of natural gas alarms. We
also recommended that the Gas Piping Technology Committee develop guidance to
ensure natural gas pipeline operators’ DIMPs appropriately assess and address
threats to plastic pipelines from nearby temperature-elevating assets.

We recommended that 50 states, Puerto Rico, and the District of Columbia
require the installation of natural gas alarms and that the International Code Council
and the National Fire Protection Association revise codes to provide for natural gas
emergency procedures and revise the fuel gas codes to provide for the required
installation of natural gas alarms.

Finally, we recommended that the Commonwealth of Pennsylvania review and
amend its statutes to facilitate sharing investigative information with the NTSB.
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1 Factual Information

1.1 The Accident

On March 24, 2023, about 4:55 p.m. local time, a natural gas-fueled explosion
and fire occurred at Building 2 of the R.M. Palmer Company candy factory in West
Reading, a borough in Berks County, Pennsylvania. The explosion destroyed Building
2 and caused significant structural damage to the adjacent Building 1 and other
surrounding structures, including an apartment building. (See figure 1.) In total,

7 people were killed, 10 people were injured, and 3 families were displaced from
their apartments. The accident caused an estimated $42 million in property
damage.’ Weather conditions at the time of the accident were clear with no
precipitation, the temperature was 52°F, and winds were about 5 mph from the
southwest by south.

" Visit ntsb.gov to find additional information in the public docket for this NTSB accident
investigation (case number PLD23LR002). Use the CAROL Query to search safety recommendations
and investigations.



https://www.ntsb.gov/
https://data.ntsb.gov/Docket?ProjectID=106953
https://data.ntsb.gov/carol-main-public/basic-search
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Figure 1. Overhead image of t

he accident. (Source: Western Berks Fire Department.)

&

1.1.1 Arealayout

Building 2, a two-story brick structure, was located at 17 South 2nd Avenue in
West Reading. The four-story brick Building 1 was located at 77 South 2nd Avenue,
south of Building 2. Cherry Street, a public right-of-way (alley), separated the two
buildings. The affected apartment building, which comprised three households, was
located 5 feet north of Building 2. (See figure 2.)
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Building 2

(exploded building)

17 South 2nd Avenue

B South 2nd Avenue

o vt e ?
= S SN e

t. (Source: Google Photos.)

Figure 2. South 2nd Avenue before the acciden

UGI Corporation owned and operated natural gas pipeline assets located
within the public right-of-way near the accident site.? Natural gas was distributed to
Palmer Buildings 1 and 2 from a UGI natural gas main that ran lengthwise underneath
Cherry Street (Cherry Street main). Near the intersection with South 2nd Avenue, the
Cherry Street main transitioned from a short section of steel and then reduced to a
1.25-inch-diameter Aldyl A main, which was installed in 1982 (see section 1.5.1).4
Aldyl A is the trademarked name of a polyethylene plastic gas pipeline product that
was manufactured by the DuPont chemical company using a proprietary polymer
resin. At the time of the accident, the Cherry Street main was operating about 53
pounds per square inch, gauge (psig). The maximum allowable operating pressure of
the Cherry Street main was 60 psig. The main was about 3 feet below the road
surface.

Palmer produces chocolate novelty candies for sale in the United States and
internationally and has been in business in Pennsylvania since 1948. It has about 550
full-time employees and about 300 seasonal workers. Palmer’s facilities at the time of
the accident comprised six buildings, two in West Reading and four in Wyomissing,

2 (a) See section 1.5 for UGI company information. (b) This report uses the term asset to refer to
the specific elements of a pipeline distribution system.

3 A gas main is a natural gas distribution pipeline that serves as a common source of supply for
more than one service line. Service lines transport gas to a customer.

*1n 1982, the Aldyl A gas main was installed by inserting it into a bare steel main from 1911. As
was common practice at the time, once the Aldyl A main was inserted, the steel main was then
abandoned. An abandoned pipeline is one permanently removed from service, no longer containing
natural gas, as defined in Title 49 Code of Federal Regulations (CFR) 192.3.

3
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Pennsylvania. In West Reading, Building 1 was used for candy production and as
corporate headquarters, and Building 2 was used for candy production. Palmer-
owned pipes (private pipes) ran underneath Cherry Street between Buildings 1 and
2: a steam pipe that delivered steam from the boiler to heat areas of Building 2, a
condensate pipe that channeled condensation back to the boiler, and two conduits
that together contained six supply pipes that delivered liquid chocolate from storage
tanks in the basement of Building 2 to production areas in Building 1.> One conduit
contained four chocolate supply pipes, and the other conduit contained two
chocolate pipes. (See figure 3.) Electric heat tape affixed to the outside of the
chocolate pipes kept the chocolate from solidifying in the pipes. The top of the steam
pipe was about 1.5 feet below the road surface.®

Steam pipe

Condensate pipe ’
Condensate pipe Steam pipe

Chocolate pipe \
conduit

Chocolate pipe conduits

Chocolate pipe
conduit

Figure 3. Arrangement of Palmer-owned pipes.

> These pipes were partially destroyed in the explosion and are no longer in use.

¢ Palmer began production in Building 2 in the mid-1960s. The National Transportation Safety
Board (NTSB) interviewed a former Palmer employee who indicated the steam pipe had been installed
before he began working there in the mid-1970s.
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The Palmer-owned pipes laid above and perpendicular to the gas main, with
steam flowing from Building 1 to Building 2. Palmer kept maintenance records of the
steam heating system boiler unit. These records indicated that the unit was checked
daily by Palmer mechanics and inspected annually by a contractor, but Palmer did not
have any maintenance records for the steam pipe to Building 2.

1.1.2 Service Line and Tee Replacement at Palmer Building 2

Two years before this accident, on February 16, 2021, a UGI crew conducted a
routine inspection of the Building 2 gas meter, which at the time was in the
basement.” The crew detected gas inside the basement of Building 2 and at the
service curb valve outside the building. UGI recorded this as a “grade C" leak, which
required immediate attention or repair, and began a project to replace the service
line and service tee from the Cherry Street gas main to Building 2 and to move the
meter outdoors as required by UGI procedures. The service tee joined the service
line to the main. The alignment of the private pipes and natural gas distribution
system assets after the replacement project is shown in figure 4.

" This type of inspection, required by UGl's Gas Operations Manual (GOM) and federal

regulation to be conducted every 3 years on a medium-pressure system, is described further in section
1.5.2.
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—~—— South 2nd Avenue gas main 4@

Building 2

1
B Building 2 service line Cherry Street gas main
- (@)
B8 Palmer-owned pipes Building 1 service line T Cherry Street

S. 2nd Avenue

Building 1

@ 1982 retired service tee, Building 2
O 2021 active service tee, Building 2
@ 1982 service tee, Building 1

Not to scale

Figure 4. Natural gas distribution system and Palmer-owned pipes.

Before beginning excavation to replace the service line and move the gas
meter, UGI submitted an emergency underground utility line locate request to the
Pennsylvania One Call System (PA One Call) to mark existing utilities so UGI could
repair a gas leak at Building 2.8 Pennsylvania’s Underground Utility Line Protection
Law, Pennsylvania Act 287, as amended, requires owners or operators of
underground lines that serve one or more customers or consumers in Pennsylvania to
be a member of PA One Call, a privately funded nonprofit corporation that facilitates
utility line location in all Pennsylvania counties.? PA One Call's interpretation of this
law did not require Palmer to be a member, so its underground pipes were not
included in the PA One Call database.

8 Pennsylvania has recognized and adopted the uniform pavement marking colors outlined in
the Common Ground Alliance's Best Practices Guide for underground piping or other utility assets.

? See Pennsylvania Statutes, Title 73 P.S. Section 176 et. Seq.

6
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After the accident, the NTSB interviewed UGI crewmembers about the 2021
replacement of the Building 2 service line. A member of the UGI crew recalled seeing
a subsurface white powder during excavation, located west of the service tee that
they were replacing. The crewmember said that a Palmer employee came to the
excavation site and indicated there was a steam pipe in the ground near or next to
the white powder, the purpose of which was unknown. The UGI crewmember stated
that he did not observe the steam pipe itself.

The crew did not attempt to expose the steam pipe to determine the actual
location of the pipe or its distance from natural gas assets and did not notify UGI
integrity management staff of a steam line in the vicinity of the assets. Palmer was not
a PA One Call member, and was not required to be, so the locations of their
underground pipes had not been marked.

The crew continued the excavation and completed the retirement of the
original service line and tee and installation of the new service line and tee to the east
of the old ones.™® (See section 1.5.1 for a description of the typical process.) (See
figure 5.) Upon completion of the project, the 1982 service line stub and tee
remained attached to the gas main and exposed internally to full gas system
pressure. UGI's standard and common industry practice for replacement of a service
line and tee is to cap the tee and leave the tee attached to the main, exposed to full
gas system pressure, and to install a new tee and service line nearby.

'° This report uses the term retired to describe a natural gas asset that is no longer in use but
that still contains natural gas. In this accident, the 1982 Aldyl A service tee to Building 2 was retired,
therefore it is referred to in the report as the retired service tee.
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N\

o Service line to 17 South 2nd Avenue
Capped service line stub

N\

Aldyl A service tee

(1982, retired) \

( —

Replacement service tee
/ (2021, active)

Figure 5. Cherry Street gas main and Building 2 service tees, viewed from above.

A review of PA One Call records indicated that no further work exposed the
original service tee after February 16, 2021.

1.1.3 Natural Gas Leak and Explosion

On March 24, 2023, about 1.5 hours into the second shift at Palmer’s West
Reading facilities, employees in and around Buildings 1 and 2 began to smell natural
gas odors, and some reported the smell to their supervisors." Employees described

" Palmer production employees worked in shifts: the first shift was from 7:00 a.m. to 3:00 p.m.,
the second from 3:00 p.m. to 11:00 p.m., and the third from 11:00 p.m. to 7:00 a.m. In postaccident
interviews with the NTSB, first-shift Palmer employees working in both Buildings 1 and 2 on March 24
did not recall a strange odor or one associated with natural gas.
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this odor in various ways. Some identified it as a natural gas odor, others described it
as a peculiar or strange odor."

1.1.3.1 Building 1

About 65 employees, both production and office workers, were working in
Building 1 at the time of the accident, with candy in production at that location.
Several second-shift Palmer employees, working on the third and fourth floors in
production areas that faced Cherry Street, told the NTSB they reported a gas odor to
the second-shift supervisor between 4:20 and 4:46 p.m." Some employees recalled
that the second-shift supervisor told them they could go home early, but they told the
NTSB they were concerned leaving would count against their workplace
attendance.’ In a postaccident interview with the NTSB, the second-shift supervisor
stated she did not smell gas before the explosion. They did not leave the building
before the explosion.

The Palmer receptionist, who worked in Building 1, told the NTSB that about
4:45 p.m., another employee who had already left for the day called from her car and
notified the receptionist of a peculiar smell outside between Buildings 1 and 2, which
the employee could not identify.

A custodian working the second shift in Building 1 told the NTSB that he
smelled gas a little after 4:30 p.m. and reported it to the receptionist and his
supervisor some time later.'® He recalled asking his supervisor if she was going to
leave the building on account of the natural gas odor. The supervisor responded that
she was not going to leave, and she thanked him for letting her know about the odor.
The custodian then self-evacuated from Building 1. Palmer management did not
evacuate Building 1 before the explosion, and no employees pulled the fire alarm.

12 Because natural gas is odorless, strong-smelling chemical additives called odorants are
mixed with natural gas before distribution to help reduce the risk that leaks will go unidentified. The
most common odorant added to natural gas is methanethiol, or methyl mercaptan, which has a
characteristic “rotten egg” or sulfurous odor.

¥ These employees estimated the reporting times based on their second shift's typical break
time.

4 According to interviews with Palmer employees, the company’s attendance policy penalized
unreported or unexcused absences and leaving early from a shift.

'® The Palmer receptionist did not confirm this report when interviewed by the NTSB.

9
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1.1.3.2 Building 2

During the second shift, seven production employees were assigned to
Building 2 in West Reading to clean and change over candy production equipment.
The second shift employees who had worked in or entered Building 2 on the day of
the accident told the NTSB that they did not smell gas at the beginning of their shift,
about 3:00 p.m.

An assistant line technician working on the first floor of Building 2 told the
NTSB that, about 4:30 p.m., he and his team leader, the lead line technician, heard
the second-shift production employees working on the first floor of Building 2
complaining of a gas smell. The assistant line technician stated that he and the lead
line technician went to the area of the complaint, where they too smelled a gas odor.
He added that he self-evacuated from Building 2 soon after arriving there, because
the smell of gas was strong enough to hurt his eyes, causing him physical pain.

An employee who packaged chocolates (packer) was one of the production
employees working on the first floor of Building 2 who had complained of the gas
smell. In an interview with the NTSB, the Building 2 packer recalled the lead mechanic
entering Building 2 and saying he had smelled “a very strong gas smell” in that
building and in Building 1. The packer stated that the lead mechanic then exited
Building 2 to find out more about the gas odor. The lead line technician exited the
building around the same time. The Building 2 packer and four other production
employees remained inside; the packer stated that at the time of the accident, her
understanding of employee protocol during such a situation was that they must stay
at their workstations and await instructions from a supervisor. She told the NTSB she
had worked at Palmer for 4 years.

The NTSB reviewed surveillance camera data of Buildings 1 and 2 just before
the explosion. Table 1 shows times and employee movements.
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Table 1. Surveillance camera data from in and around Buildings 1 and 2 before the

explosion.

Location

Description

4:42 p.m.

4:42 p.m.

4:43 p.m.

4:44 p.m.

4:47 p.m.

4:49 p.m.

4:52 p.m.

4:53 p.m.

4:54 p.m.

4:54 p.m.

4:55 p.m.

4:55 p.m.

Building 1

Building 2

Building 2

Building 2

Cherry Street

Building 1

Cherry Street

Cherry Street

Building 2

Cherry Street

Building 2

Building 2

Palmer receptionist received call from an off-duty
employee who reported a strong odor outside the
buildings

Lead mechanic entered Building 2

Assistant line technician exited Building 2

Lead mechanic exited Building 2 and met with lead
line technician

Lead mechanic and lead line technician looked at the
gas meter, which was attached to the southwest wall
of Building 2 facing Cherry Street

Custodian had discussion with receptionist,
motioning to his head and face

Truck driver looked at gas meter with lead mechanic

Plant manager and lead mechanic looked at gas
meter and sidewalk below it

Plant manager and lead mechanic entered Building 2
through basement door on Cherry Street

Human resources director looked at gas meter and
sidewalk below it

Human resources director appeared to be smelling
the area as she entered Building 2 through front
door; lead line technician held door for her

Explosion

A truck driver who was on Cherry Street delivering liquid chocolate by hose
into Building 1 told the NTSB that, while working around his truck, he smelled an
unfamiliar odor. He discussed it with the Palmer lead mechanic, who was standing
outside Building 2 with the Palmer plant manager; the truck driver recalled the lead
mechanic suggesting the odor could be “raw sewage” or “methane.”'® The truck
driver told the NTSB that the lead mechanic and plant manager entered the

' Methane is the primary component of natural gas.
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basement of Building 2 just before the explosion. Palmer management did not
evacuate Building 2 before the explosion, and no employees pulled the fire alarm.

1.2 Injuries and Damages from the Explosion and Gas Fire

The explosion killed seven Palmer employees.'” Six died from blast injuries and
one from extensive thermal burns. All were in Building 2 at the time of the explosion.

Three Palmer employees and the truck driver sustained serious injuries in the
blast and subsequent fire. One of these three Palmer employees, the Building 2
packer, was inside Building 2 at the time of the explosion. The other Palmer
employees who sustained serious injuries, the lead line technician and assistant line
technician, were positioned near Building 2's front entrance, and the truck driver was
on Cherry Street. Three Palmer employees near the buildings received minor injuries.
Three bystanders, who assisted the injured after the explosion, also received minor
injuries. The explosion destroyed Building 2 and severely damaged Building 1.

1.3 Emergency Response

A total of 30 fire and rescue companies, 15 law enforcement agencies,
9 emergency medical services, and 2 local urban search and rescue companies
responded to the accident. The Pennsylvania Emergency Management Agency sent a
supporting task force.'® Before the NTSB launched an official investigation on
March 28, various federal and state agencies, along with UGI, also responded.'?

Y The Palmer plant manager, human resources director, and lead mechanic, as well as four of
the production employees working on the first floor of Building 2, were killed in the explosion.

'® Pennsylvania Task Force 1, which is coordinated through the Philadelphia Fire Department,
is one of 28 Federal Emergency Management Agency Urban Search & Rescue response teams.

19 (a) Federal and state agencies included the Pipeline and Hazardous Materials Safety
Administration (PHMSA), the US Chemical Safety and Hazard Investigation Board; the Occupational
Safety and Health Administration (OSHA); the Bureau of Alcohol, Tobacco, Firearms and Explosives;
and the Pennsylvania Public Utility Commission (PA PUC). (b) The NTSB sent an investigator on March
25, 2023, to monitor the accident in person. Once the NTSB determined it had jurisdiction over the
investigation according to 49 U.S.C. 1131(a)(1)(D), it officially launched investigators on March 28. The
NTSB has jurisdiction over certain natural gas pipeline accidents occurring while natural gas is in
transportation, rather than those originating from customer-owned piping or appliances within a
building.
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1.3.1 R.M. Palmer Emergency Response

A Palmer packer who had been working the second shift on the third floor in
Building 1 told the NTSB that, when the explosion occurred, the north wall of
Building 1 seemed to explode and cause the floor to crack. After the explosion, she
recalled that people began to run and that many people were screaming. Alarms
went off throughout Building 1, and the Building 1 packer ran with other employees
toward the building exits. A mechanic, also working in Building 1, stated that the
building shook from the explosion, causing many employees to fall to the ground.
The mechanic added that he shouted for people to get out of the building as he and
other employees ran toward the exits. All staff who had been working in Building 1
exited to the parking lot, where an employee conducted a headcount. Building 2 was
destroyed.

1.3.2 Local Emergency Response

Around 4:56 p.m., personnel from the City of Reading Fire Department, a half
mile away from the Palmer buildings, heard the explosion and self-dispatched to the
accident scene to suppress the fire and search for victims in the building rubble. The
Berks County Department of Emergency Services received the first 9-1-1 call about
the explosion at 4:57 p.m. The West Reading, Wyomissing, and Spring Township Fire
Departments also arrived to assist with extricating victims. In a postaccident interview
with the NTSB, a City of Reading Fire Department deputy chief recalled seeing heavy
fire coming from the rubble of Building 2, with flames more than 40 feet high
extending through the pile of debris.

Around 5:00 p.m., the City of Reading Fire Department requested that UGI
respond to the incident. About 13 minutes later, the City of Reading fire chief
reported fire under the sidewalk pavement near Building 2. Incident command was
transferred around 5:21 p.m. from the City of Reading to the West Reading fire chief,
who later told the NTSB he smelled gas and observed flash fires over the firefighters
as they moved through the rubble.?° Firefighters from the West Reading Fire
Department searched Building 1 after hearing reports of a possible gas leak. They
reported a gas-fed fire in the basement of Building 1, coming from an underground

2 Three incident commanders worked alongside one another as a unified command to
manage different response operations. The West Reading Fire Chief took command of the fire and
rescue scene. The West Reading Police Chief secured the area, accounted for employees, and blocked
traffic. Personnel from Western Berks Ambulance handled incident command for the emergency
medical services.
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conduit (carrying the chocolate pipes) that ran beneath Cherry Street between
Buildings 1 and 2.

The West Reading fire chief recalled that after the explosion, UGI had reported
problems closing underground gas main valves to isolate the gas system or stop the
flow of gas feeding the fire (see section 1.3.3 for further details).?' After the natural
gas system was isolated around 6:15 p.m., the main fire went out, and firefighters
extinguished the remaining pockets of fire. Emergency response personnel also
rescued five people from the apartments next to Palmer Building 2.

Search and rescue operations continued for 3 days through March 27, 2023,
when the last accident victims were found.

1.3.3 UGI Emergency Response

After the explosion, UGI worked to isolate the gas system in the area of the
accident. The first UGl employee to respond to the accident was a mechanic who had
been working nearby. In an interview with the NTSB, he recalled that UGI dispatch
called to notify him of the explosion and that he arrived at the incident location
around 5:19 p.m. He received valve identification numbers over the phone and was
directed to shut off two underground gas main valves near the exploded building.

The UGI mechanic closed the first valve, at South 2nd Avenue and Franklin
Street, about 5:30 p.m. (Figure 6 shows the locations of the valves UGI closed or
attempted to close in response to the accident.) He recalled that when he went to the
second valve at South 2nd Avenue and Penn Avenue, the valve identification number
that he had received did not match the valve itself. A UGI representative later stated
that the South 2nd Avenue and Penn Avenue valve was inaccessible and paved over
and that consequently this valve was not closed during the response. 22 The UGI
representative stated later that personnel tried to verify the gas valve's identification
numbers and were unable to do so. At the time, they were not viewing the paved-
over gas valve but instead a water valve that, for an undetermined reason, had a gas
valve cover. UGl had designated this valve, and all the other valves it closed or

2! Valves are closed to isolate a pipeline segment.

2 tis not typical practice for a gas valve to be paved over.
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attempted to close during its response to the accident, as secondary valves.? More
information on inspections of these valves can be found in section 1.5.3.

UGl added that upon encountering this issue, the UGI mechanic used
geographic information system (GIS)-based maps and records to identify the next-
closest valve needed to isolate the main segment; this valve was located at South 3rd
Avenue and Penn Avenue. The UGI mechanic subsequently closed the South 3rd
Avenue and Penn Avenue valve about 5:50 p.m., shutting off gas flowing north to
south. He then moved to the final valve at South 4th Avenue and Penn Avenue that,
when closed, shut off gas flowing west to east and completed the isolation of the gas

system in the affected area.

e
Elevated
railroad
tracks

LEGEND

. Valve not closed during response
A
— UGI GAS MAIN _\c\“
&
%
E R.M. Palmer Company X
)
. =
0.05 mi =

Figure 6. Underground gas main valves involved in response to the March 24 incident.

2 (a) UGl referred to the valves necessary for the safe operation of a distribution system, as
specified by 49 CFR 192.747, as critical valves and those not necessary for the safe operation of a
distribution system as secondary valves. (b) UGI's secondary valves were subject to design
requirements in 49 CFR 192.181, "Distribution line valves.” For more on the regulatory application of
these requirements, see https://www.phmsa.dot.gov/regulations/title49/section/192747 and
https://www.phmsa.dot.gov/regulations/title49/section/192181.
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UGI emergency responders told the NTSB that they were not able to close the
final valve at South 4th Avenue and Penn Avenue until about 6:15 p.m. because of
dirt and debris inside the valve box. Once a vacuum truck arrived and removed the
debris, the UGl emergency responders closed the valve, isolating the gas system in
the area of the explosion about 1 hour after the responders first arrived on the scene.

1.4 R.M. Palmer Facilities and Heating System

At Palmer’'s West Reading facilities, candy operations involved molding,
decorating, and foiling chocolate in four production areas located in Buildings 1
and 2.2 Liquid chocolate was delivered at least daily by truck from an outside
supplier and transferred by hose and piping into storage tanks in the basements of
Buildings 1 and 2, which ranged in capacity from 4,000 to 7,700 gallons. The
chocolate was kept liquid in the tanks by an ambient room temperature of 105-110°F,
which was maintained by ceiling-mounted natural gas-fueled heaters. The liquid
chocolate was then pumped from the tanks through the chocolate supply pipes to
the various production areas within Buildings 1 and 2. Aside from the Building 2
basement heaters, other natural gas-fueled appliances at the accident location
included a water heater in the Building 2 basement, a natural gas-fueled steam boiler
located to the east of Building 1 for heating both buildings, and a gas-fueled
generator outside Building 1 used as a backup energy source for the computer
system.

Palmer’s heating system was active at the time of the accident and had been
for the previous several months. According to Palmer, steam flowed periodically from
the boiler, which operated at 15 psig, based on heat demand in Building 2. The
steam flowed to a regulator valve in Building 1 that dropped the pressure to 9 psig,
and from there through a pipe underneath Cherry Street to Building 2.%°
Condensation from the steam heating system collected in a tank in the Building 2
basement and was pumped periodically back through the condensate pipe to the
boiler.

In an interview with the NTSB, the truck driver who was making a delivery at the
time of the accident stated he could recall the construction on the day of the 2021
UGl service tee replacement, because he had waited for the UGI crew to finish their
work before completing his delivery. The truck driver stated that after that day, when

% Foiling involved adding foil wrappings to the molded candies.

5 At 9 psig, the temperature of saturated steam is 237°F.
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it was cold out, he would see steam rising from the section of asphalt covering the
service tee replacement, and only that section.

1.5 UGI Corporation

UGI Corporation’s subsidiary UGI Utilities Inc. serves about 688,000 natural gas
customers and 63,000 electric customers in Pennsylvania and Maryland. UGI's annual
throughput is about 314 billion cubic feet of natural gas and 1 billion kilowatt-hours
of electricity. UGI's natural gas assets near the accident site are described in
section 1.1.

1.5.1 Cherry Street Gas Main and Service Information

The Cherry Street Aldyl A gas main was installed in 1982. Service tees were
used to branch off the main to provide gas service to Buildings 1 and 2. The tees
were composed mostly of Aldyl A polyethylene components. Such tees had inserts
and caps made of polyoxymethylene homopolymer, also known as polyacetal or
Delrin.?¢ The NTSB reviewed the specifications for Aldyl A service tees with Delrin
inserts. The specifications indicate a maximum ground temperature of 100°F.

These tees were designed to perform three functions: (1) form a leak-free
connection with the gas main, (2) form a leak-free connection to downstream service
line piping, and (3) perforate the gas main to allow gas to enter the service line. The
first function was accomplished by saddle fusing the tee to the gas main.?’ To
complete the second function, service line piping and fittings were attached to the
tee’s outlet. Once a leak-free connection was established, the third function was
accomplished using a cutter that was housed in the tower of the service tee. To
complete this function, the cutter was lowered using a wrench until its tip cut a
circular hole in the top of the gas main. The cutter was next raised to clear the cut
hole and allow gas to enter the service line. The tee was then sealed by installing a
threaded cap with rubber O-ring on top of the tee’s tower. (See figure 7.)

2 For more on the NTSB Materials Laboratory examination of the Building 2 service tee, see
section 1.6.2.1.

%7 Saddle fusing joins a saddle—a fitting that holds a tee onto a pipe—to the pipe by heating the
external surface of the pipe and the matching surface of the fitting.
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Figure 7. Aldyl A service tee and its components.

After the accident, the NTSB interviewed the crewmembers who had installed
the new service tee and line to Building 2. None could recall the exact process of the
2021 service line and tee replacement, but they outlined the typical process. This
included shutting off the gas flow at the old service tee by lowering the tee’s internal
tap to stop the flow of gas into the service line, cutting off the service line, and
capping the remaining service line stub.?® The internal tap in the service tee was then

28 (a) This type of tee is also known as a tapping tee. (b) A service line stub is a short section of
capped-off pipe that remains attached to a retired tee, as the tap itself is not designed to stop all the
gas flow into the service line when it is lowered in the tee.
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raised to reintroduce gas flow to the service line stub, and a soap test was conducted
to verify the repair was leak free.?’

1.5.2 UGI Leak Surveys Since 2011

UGI performed leak surveys (inspections to identify leaks) on (or over) the
Cherry Street main in July 2011, July 2015, and June 2019, and on the service line to
Building 2 in November 2014, August 2017, and August 2020.3° No leaks were found

during any of these surveys.

UGl also conducted three indoor leak surveys, two as part of its inside service
line inspection program (Inside SLIP) and one when replacing some meters.3" A 2018
Inside SLIP survey and a 2020 meter replacement found no leaks. The Inside SLIP
survey on February 16, 2021, found a leak inside the Building 2 basement and just
outside the building, and the meter was moved and the service line and tee replaced.
(see section 1.1.2.)

1.5.3 Valve Inspections

UGI's GOM included procedures for valve maintenance and guidelines for
maintaining and inspecting critical valves (also referred to in the industry as operating
or emergency valves) and secondary valves. The procedures required that critical
valves be inspected annually, that secondary valves be inspected at least once every
5 years, and that, during inspections, valves must be operated to determine whether
they would work in an emergency. According to records from UGl and the
Pennsylvania Public Utility Commission (PA PUC), the four valves that UGI personnel
tried to close to isolate the system following the March 24, 2023, explosion were
secondary valves and had been inspected on a regular, 5-year schedule as set by

27 In a soap test, a soapy mixture is applied to piping surfaces to check for air or gas leaks.
Bubbles will form at the site of a leak. Procedures for the retirement of service lines in the GOM include
a soap test once the work is complete.

30 Leak survey types and frequencies are specified in the GOM. Survey schedules vary based
on pipeline materials and location. The regulatory schedule specified by 49 CFR 192.723 for leak
surveys in business districts is once a year at intervals no longer than 15 months and outside business
districts at least once every 5 calendar years at intervals no longer than 63 months. UGI did not
consider the accident location to be a business district.

31 Inside SLIP surveys were required by the GOM to be conducted every 3 years.
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UGL.*2 UGI's reports of the most recent inspections of the four valves UGI attempted
to operate in response to this accident are shown in table 2.

Table 2. Reported valve inspections.

Date

Valve Locaton . . Reported Result
(Time Before the Accident)

March 23, 2021

South 2nd Avenue/Penn Avenue (24 months)

Cleaned valve box or pit

South 3rd Avenue/Penn Avenue April 16,2020 Turned/key on
(35 months)
South 4th Avenue/Penn Avenue March 2, 2022 Turned/key on, cle'aned
(12 months) valve box or pit
South 2nd Avenue/ March 2,2022 Turned/k "
Franklin Street (12 months) urnedriey o

The gas valve at South 2nd Avenue and Penn Avenue was not positively
identified by UGI's mechanic during the emergency response; he was unable to verify
the gas valve's identification number to confirm that it was the valve he intended to
shut off. In July 2024, at the NTSB's request, UGI excavated the site and found the gas
valve under a layer of asphalt near two water valves (water valves A and B).

A 2018 photograph provided by UGI of South 2nd Avenue and Penn Avenue is
shown in figure 8 along with an inset image of the uncovered gas valve and water
valve A from UGI's 2024 excavation. The gas valve is not visible in the 2018 image. A
UGI representative stated that during the 2021 inspection, UGI personnel likely
located a nearby water valve that had a gas cover (water valve A) and that they had
likely inspected that valve.® He further stated that the appearance of and the
mechanism used to operate the types of water and gas valves found at that location
were nearly identical.

32 Although PHMSA is primarily responsible for developing, issuing, and enforcing safety
regulations for pipelines, states assume intrastate regulatory, inspection, and enforcement
responsibilities under an annual certification with PHMSA. UGl is regulated by the PA PUC, which
adopts the federal standards as their own. See Pennsylvania Code, Title 52, Chapter 59, “Gas Service.’

U

33 Valve identification numbers are typically located on plastic tags affixed to valve lids.
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Water valve A

Water valve A

Water valve B

Figure 8. South 2nd Avenue and Penn Avenue intersection in 21 8 (main image) and during
an excavation in 2024 (inset); water valve A had a gas cover. (Source: Google Street view via
UGl.)

The NTSB reviewed UGI's criteria for designating what it called critical valves.
Under the criteria, UGl installs critical valves based on blocks containing a maximum
of 1,000 customers that would be affected in an outage or emergency. The customer
count does not distinguish between schools, businesses, or individual residences.
Secondary valves are installed for operational convenience or to facilitate
construction. If these valves are readily accessible, they may be used in an
emergency.

1.6 Postaccident Examinations and Testing

After the accident, several responding organizations evaluated the site and the
affected gas distribution system, and the NTSB launched an investigation on
March 28, 2023. Between March 28 and April 27, the NTSB conducted a series of
examinations and tests to determine the source of the natural gas that had fueled the
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explosion. The following section presents the results of responding organizations’
evaluations before March 28 and of examinations and tests conducted or overseen
by the NTSB after its investigation began.

1.6.1 On-Scene Examinations
1.6.1.1 Explosion and Fire Origin Investigation

A federal, state, and local law enforcement team investigated the origin and
cause of the Building 2 explosion and fire.3* According to their report, the origin of
the explosion and fire was the southwest quadrant of the Building 2 basement. The
report describes three burn patterns, all in the southwest corner of the basement:
one where the chocolate pipe conduits entered the basement; one to the right of the
conduits, where a long-unused gas pipe (not pressurized with gas) entered the
basement; and one around cracks and voids in the basement wall. The basement
contained many pieces of mechanical and electrical equipment that could have
provided an ignition source. The precise ignition source could not be determined,
and the incident was classified as accidental.

1.6.1.2 UGI Odorant Checks and Leak Survey

After the accident on March 24, UGI performed odorant checks and found that
odorant was readily detectable.® UGI performed leak surveys and initial bar hole
testing daily starting on March 24 along the closest gas mains serving the Palmer
buildings that were accessible at the time, on the sidewalk along South 2nd Avenue
between Franklin Street and Penn Avenue.?® No gas was detected.

The day after the accident, on March 25, the PA PUC oversaw a UGI contractor
performing a leak survey on Cherry Street adjacent to Building 2 using remote
methane leak detector equipment. The leak source could not be identified by these
tests. The PA PUC further oversaw gas quality sampling and bar hole testing that,

3 The team included the Bureau of Alcohol, Tobacco, Firearms and Explosives; the
Pennsylvania State Police; the West Reading Police Department; and the local fire marshal.

35 UGl used odorant detection equipment to test the odorant concentration at five locations on
the natural gas distribution system, including two near the Palmer buildings.

3¢ Bar hole testing describes a gas measurement technique in which a small diameter hole is
made in the ground, a bar hole probe is inserted into the hole, and a gas measurement is made. This
technique identifies the extent of the natural gas in the ground in all directions from the depth of the
pipeline upward.
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along with similar testing from UGI, indicated the natural gas likely came from UGl’s
system rather than from a source of naturally occurring methane.?®

1.6.1.3 Gas Migration Study and Bar Hole Tests

On March 30, the NTSB directed and oversaw a gas migration study,
beginning with 14 planned bar hole readings and extending to 43 readings in a 3-by-
3-foot grid on South 2nd Avenue at the Cherry Street intersection.® Gas was
detected adjacent to Building 2 at the intersection of Cherry and South 2nd Avenue.
Readings ranged from 0% to 17% gas in air by volume. The flammable or explosive
range of natural gas is between 5% and 15% gas in air by volume.

On April 22,2023, when Building 1 had been stabilized and the area between
Buildings 1 and 2 became safe for people to access, the NTSB conducted another
gas migration study using bar hole testing on Cherry Street. The NTSB detected gas
between the main and curb lines adjacent to Building 2. Readings ranged from 0% to
0.80% gas in air by volume. The results of the March and April bar hole tests are
shown in figure 9.

37 Echelon Applied Geochemistry, which conducted the testing for the PA PUC, analyzed gas
geochemistry and soil gas concentration data. The NTSB was present during this test.

38 A gas migration study is an analysis of bar hole testing results to assess the extent in all
directions of natural gas migration in the ground.
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Figure 9. Bar hole test readings conducted in March 2023 (left side of image) and April 2023 (right side of image).
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1.6.1.4 Flow Rate Test and Airflow Observations

On April 23, the NTSB directed and oversaw a flow rate test, in which UGI
personnel pressurized the Cherry Street main with compressed air to quantify the
leak rate of the gas that had been detected near Building 2 during the March and
April gas migration studies.?? Flow test results indicated that a leak rate of about
115 cubic feet per minute (natural gas equivalent) was present in the Cherry Street
main when it was pressurized to about 39 psig.*°

During the flow rate test, investigators went to the Building 1 basement and
viewed the two underground chocolate pipe conduits that connected Buildings 1
and 2 to find possible pathways for gas migration. This was the same area where
firefighters observed a fire during their initial response to the accident (see
section 1.3.2). The NTSB observed air flow entering the basement through the
conduits. When the flow rate test was terminated, investigators no longer detected air
flow through the conduits.

1.6.1.5 Pressure Tests

UGI crews evaluated the integrity of the natural gas assets near the accident
site as they became safe to access. First, a pressure test was conducted on the South
2nd Avenue main on March 29. The tested section held pressure for the length of the
test, 1.5 hours. Next, on April 2, an accessible portion of the Cherry Street main was
also pressure tested and held pressure for 1.5 hours.*' The service line to the boiler
house behind Building 1 was tested and held pressure for 1.5 hours.

On April 22, after the bar hole testing confirmed natural gas concentrations in
the ground, the NTSB oversaw an initial pressure test of the portion of Cherry Street
main between Buildings 1 and 2. The gas main failed to hold pressure. NTSB
investigators smelled gas near the service riser to Building 2 and from an excavated
area on South 2nd Avenue.*? When the service line to Building 2 was pressure tested

37 A flow rate test measures the volumetric flow of gas over a time interval at a specific
temperature and pressure.

40 The maximum allowable operating pressure of the Cherry Street main was 60 psig.
4 The tested section was approximately 20 feet in length and located at the intersection of
Cherry Street and South 2nd Avenue. This portion of the Cherry Street main encompassed the

transition from 2-inch steel to 1.25-inch Aldyl A.

42 Ariser is a pipe that connects underground piping to aboveground piping and assets, such
as the gas meter.
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on April 26, it lost about 5 psig in 5 minutes of testing, indicating a relatively large
leak. Further pressure testing confirmed the presence of a leak in the segment that
contained the active and retired service tees to Building 2. Pressure testing also
revealed a small leak in the service line to Building 2. The pipeline and its riser were
sent to the NTSB Materials Laboratory for further testing. (See section 1.6.2.3.)

1.6.1.6 Air Flow Velocity and Smoke Tests

On April 24, a representative from the Occupational Safety and Health
Administration (OSHA) conducted air flow velocity measurements to determine the
rate of air flow between Buildings 1 and 2 in their postaccident conditions. The
representative took the measurements from the Building 1 basement at the opening
of the two underground chocolate pipe conduits. The average baseline air flow
velocity around the pipe conduits was 2 feet per minute. When the Cherry Street gas
main was pressurized with air to 26 psig, air flow velocity measurements at the
conduits increased from baseline, ranging 8.8 to 21 feet per minute.

The Pennsylvania State Police deputy fire marshal connected a smoke
generator to the chocolate pipe conduits in the basement of Building 2 and started it
up to investigate whether gas could flow between the two buildings. Smoke was
observed in the basement and on the third floor of Building 1.

To further test the interaction between the chocolate pipe conduits and the
ground around the gas pipelines, the NTSB used rags to block the spaces in the
conduit opening around the chocolate pipes in the Building 1 basement. When the
smoke generator was restarted in the Building 2 basement, smoke emanated from
the ground near the Building 2 foundation and the gas service line. (See figure 10.)
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J Smoke exiting
{ excavation

Figure 10. Smoke from conduit visible near gas service line to Building 2.
1.6.1.7 Excavation

On April 26, the excavation of Cherry Street just south of Building 2 exposed
the natural gas pipelines and other components, along with Palmer’s chocolate
conduits, steam pipe, and condensate line, shown in figure 11.

Active service Retired service p= 4 Steam pipe
tee location tee location ¥ (diameter: 4 in.)

Condensate pipe
: . : (diameter: 2 in.)
4 Gas main 5
(diameter: 1.25in.)

Service line
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Figure 11. Excavation of pipes at the accident location.
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As the retired service line to Building 2, which was under pressure, was being
unearthed, the NTSB observed that air was coming from the top of the retired 1982
service tee. The service tee's cap and a portion of its insert were missing.*® The NTSB
oversaw as UGI sifted the soil from the excavation but did not recover the cap or the
upper portion of the insert; the lower portion of the insert remained with the service
tee. The NTSB removed the remaining portions of the retired service tee, along with
the section of 1.25-inch-diameter Aldyl A gas main to which the tee had been
attached, and sent them to the NTSB Materials Laboratory for evaluation (see section
1.6.2).

The NTSB also removed a marker ball, which UGI had placed next to the
Building 2 service tees as part of the 2021 replacement project, and retained it for
examination at the NTSB Materials Laboratory.*

1.6.1.8 Visual Inspections

Also on April 26, the Pennsylvania State Police deputy fire marshal visually
inspected what remained of the Building 2 basement. Investigators in the basement
of Building 1 pointed a flashlight through the chocolate pipe conduits toward the
Building 2 basement to see whether air flow through the conduits could have been
obstructed by insulation or other material. The deputy fire marshal observed light
through the conduits. (See figure 12.)

3 The UGl field crew would have reinstalled the cap of the retired service tee to seal it upon
installation of the new Building 2 tee in 2021.

4 A marker ball is a hollow sealed sphere, made from a thermoplastic polymer and partially
filled with a leveling fluid, that is used to identify plastic underground utilities.
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Figure 12. A view of one of the chocolate pipe conduits from the Building 2 basement.

| C

Investigators also observed corrosion and a through-wall crack of
approximately 4 inches on the underground steam pipe that had been exposed in
the NTSB'’s postaccident excavation. This pipe was located about 15.5 inches above
and 23 inches to the west of the retired service tee.*® Visual observation of the length
of the exposed pipe showed external corrosion, which can also be seen in figure 11.
The NTSB oversaw as UGl removed surface rust from the steam pipe (outside of the
section containing the through-wall crack) to take wall thickness measurements. The
thickest measurement was 0.216 inches and the thinnest was 0.148 inches. The

% The pipe was between 25 and 30 feet from the Building 1 service tee.
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cracked section of the steam pipe was sent to the NTSB Materials Laboratory for
examination (see section 1.6.2.5).4¢

1.6.2 Laboratory Examinations and Research

From June 26 to June 30, 2023, the NTSB examined the natural gas piping,
tees, steam pipe, and related pipeline components retained from the accident scene.
Detailed descriptions of these examinations are below.

1.6.2.1 Aldyl A Retired Service Tee

The NTSB examined the retired service tee's tower, which is the cylindrical
barrel on the top of the tee that houses the cutter. The tower was a two-piece
assembly consisting of a cylindrical Delrin insert surrounded by an Aldyl A outer shell.
The inner surface of the insert was threaded to guide the internal cutter and to secure
the service tee cap, and the outer surface contained longitudinal and circumferential
ribs. The Aldyl A shell was molded and formed around the insert, with corresponding
grooves that interlocked with the ribs on the insert to resist axial and rotational
movements during cutting and capping.

A visual examination of the retired service tee revealed a 1.9-inch fracture
through its polyethylene tower shell, from the top of the tower nearly to its base. (See
figures 13 and 14.) The fracture was centered in one of the longitudinal grooves
located on the inner surface of the shell and had initiated at a line-like impression in
the groove consistent with a mold parting line.#

4 The NTSB observed a subsurface white powder surrounding the Palmer steam pipe and
other assets that had been exposed. A third-party laboratory examination determined that the powder
was predominantly calcium carbonate. The NTSB investigation did not determine the source or
purpose of the powder.

47 A mold parting line is a line left by two halves of a mold.
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Figure 13. Longitudinal fracture in retired service tee.
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Fractured insert
(portion missing)

Figure 14. Interior of retired service tee tower with top portion of Delrin insert missing.

One of the fracture surfaces was cleaned and examined. It exhibited features
consistent with fracture initiation from slow crack growth.* The slow crack growth
region originated on the interior surface of the shell, between 0.325 inches and
0.430 inches from the top of the tower. From there it progressed through the wall, to
the top of the tower and toward its base. Toward the top of the tower, the fracture
surfaces were flat, comparatively featureless, and exhibited fibrils.*” Near the base,
the flat, featureless regions of the fracture surface transitioned to hackle consistent
with a fast fracture following slow crack growth.*® (See figure 15.)

“8 Slow crack growth is a time- and temperature-dependent type of polymer failure occurring
under low stress levels.

49 Fibrils are filaments of polymeric material that form bridges between opposing crack faces.

50 Hackle refers to line-like features on a fracture surface that run in the local direction of
cracking.
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Figure 15. (Top image) Longitudinal fracture from top to base of tower. (Lower image)
Detailed image of slow crack growth region.

A visual assessment of the retired service tee’s Delrin insert showed that it too
was fractured, with a transverse fracture located near the bottom of the insert. A
region of the fracture, which was closest to the steam pipe before the accident, had a
crazed and fibrous appearance.®' Elsewhere, the fracture had a granular and porous
appearance. The outer surface of the insert showed surface cracking and volume loss,
which is visible in figure 16 along with the fracture origin. This was the first accident
NTSB has investigated involving a longitudinal fracture from thermal degradation of
an Aldyl A service tee with Delrin insert.

' Crazing is a network of fine cracks that often precede fracture in some polymers.
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Figure 16. Image of fracture surface on Delrin insert for retired service tee.

1.6.2.2 Aldyl A Gas Main

X-ray CT scans revealed a small crack in the 1.25-inch Aldyl A Cherry Street
main, located underneath the Building 2 active service tee saddle, where bubbles
had appeared in an earlier leak test.>> The NTSB observed that the crack was visible
on the inner pipe surface, measured 0.39 inches in length, and was centered just
upstream of the tee outlet. Examination of the fracture surface indicated that the

52 (a) The saddle of the active service tee had been fused to the main but also clamped to it by
an undersaddle. (b) This leak test measured a flow rate of 0.6 standard cubic feet per hour.
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crack had initiated on the outer surface of the pipe and that it exhibited progressive
start-stop and slow crack growth features.

1.6.2.3 Polyethylene Service Line

The NTSB examined the active Building 2 polyethylene service line, in which
pressure testing had revealed a small leak, and the service line's flexible steel and
rubber riser. They observed a cut where the wall of the service line had impinged
upon a sharp, deformed edge on the flexible riser's downstream fitting. Stretching
and deformation of the flexible riser led to the formation of the sharp edge. These
mechanical damage features were consistent with explosion damage.

1.6.2.4 Building 1 Service Tee

The NTSB examined the service tee to Building 1, which like the Building 2
service tee had been installed in 1982 and was composed of Aldyl A material with a
Delrin insert. The tower shell, insert, and cap did not show cracking or material
decomposition.

1.6.2.5 Steam Pipe

The NTSB examined a 46-inch segment of the steam pipe that had been
recovered from the accident site. The pipe was made of steel and was 4 inches in
diameter, with a wall thickness of between 0.20 and 0.22 inches.>® The sample of pipe
examined by the NTSB displayed varying levels of wall thickness loss. The steam pipe
had been deformed by shear forces (acting on opposite sides of the pipe) near the
middle of the segment, with the direction of shear downward.

Within the sheared region, the pipe was corroded on its outer surface and
cracked. Within the examined section, the smallest wall thickness measurement,
0.038 inches, occurred near the edge of one of the cracks.>* The cracks were located
on the east-facing side of the pipe, facing the Building 2 retired tee, and were
inclined relative to the longitudinal axis of the pipe. The longest crack was about 4

53 These measurements are consistent with 3.5-inch schedule 40 pipe (nominal pipe size).

>* This thickness was 17% of the pipe’s initial (nominal) wall thickness.
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inches long and had formed along a compressive buckle within the sheared region.%®
Two shorter cracks branched off the 4-inch crack. (See figure 17.)

4-inch crack

Short cracks
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Figure 17. Through-wall cracks in steam pipe.
1.6.2.6 Marker Ball

The plastic marker ball retained from the accident site was observed to have
collapsed inward from both the top and the bottom. The seam that had sealed the
two halves of the marker ball had also separated, allowing much of the liquid
contents of the ball to escape.

1.6.2.7 Simulation

The NTSB Materials Laboratory conducted a finite element simulation to study
the effect on the surrounding environment of an intact steam pipe—one with no
crack—operating at 10 psig, with modeled ground temperatures of 40°F and 60°F
from regional historical data. For the range of ground temperature and soil
properties studied and for the likeliest condition of steam flowing unassisted through
the pipe, the temperature at the location of the retired service tee was 27°F to 40°F
above the ground temperature.

1.6.2.8 Photographic Study

As UGl worked on the service line replacement project on Cherry Street on
February 16,2021, a Palmer employee took a photograph of the work.

> This sort of buckling or outward deflection occurs when a material is subjected to
compressive stresses beyond a certain level.
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(See figure 18.) The NTSB reviewed the photograph to estimate the extent and
location of excavation with mechanized equipment, and the photographic study
showed that the excavation took place around the same location as the crack in the
steam pipe. (See section 1.6.2.5.) The study showed that the west edge of the
excavation was located within about 1 foot of the location of the steam pipe and that
the excavation extended south of the location of the crack. The study was unable to
determine the depth of the excavation.

Figure 18. UGI crew during service line replacement project, 2021. (Photo courtesy Palmer.)
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1.7 Regulations, Advisories, and Standards

1.7.1 Pipeline and Hazardous Materials Safety Administration

Federal pipeline safety regulations are found in Title 49 Code of Federal
Regulations (CFR) Parts 190 through 199, with 49 CFR Part 192 covering the minimum
federal safety standards for transportation of natural and other gas. For the gas
distribution system involved in this accident, Pipeline and Hazardous Materials Safety
Administration (PHMSA) regulations apply to main and service lines up to the outlet
of the gas meter. PHMSA regulations include requirements for the gas distribution
operator to manage the integrity of its system, maintain its valves, and conduct public
awareness programs. The agency also issues advisory bulletins to provide guidance
and awareness to the industry on specific safety concerns.

Federal regulations specify location, accessibility, and maintenance
requirements for distribution line valves. Natural gas pipeline operators must
determine which of their valves are necessary for operating or emergency purposes.
PHMSA specifies that the valves used for operating or emergency purposes must be
placed in a “readily accessible location,” and those that are necessary for the safe
operation of a distribution system must be maintained annually, with time between
inspections not to exceed 15 months.>¢

Federal regulations require natural gas pipeline operators to maintain a public
awareness program that meets criteria in the first edition of the American Petroleum
Institute’s (API) Recommended Practice (RP) 1162, which offers guidance on public
awareness program development, stakeholder audiences, message content, delivery
methods, documentation, record keeping, and program evaluation.?” The first edition
of APIRP 1162, released in 2003, is incorporated by reference into the federal
regulations; the standard is now in its third edition. The four stakeholder audiences
outlined in RP 1162 are (1) the affected public, (2) local and state emergency
response and planning agencies, (3) local public officials and governing councils, and
(4) excavators.®® According to RP 1162, a public awareness program must

% See 49 CFR 192.181, “Distribution line valves,” and 49 CFR 192.747, "Valve maintenance:
distribution systems.”

57 See 49 CFR 192.616, "Public awareness.”

%8 The affected public defined by the first edition of API RP 1162 includes residents of both
single- and multifamily structures as well as “places of congregation,” or places where people
assemble or work on a regular basis.
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communicate to the affected public that they live or work near a pipeline, how to
recognize and respond to a pipeline emergency, and protective actions in the event
of a natural gas leak. Bill stuffers, or inserts included in monthly gas bills, are specified
as a baseline (that is, must be conducted at minimum) public awareness activity in

RP 1162 with a baseline frequency of twice annually.>? Targeted distribution of print
materials is specified as a supplemental activity. For the emergency officials
stakeholder group, the standard specifies once-yearly print materials or group
meetings as a baseline public awareness activity.

In November 2002, PHMSA issued an advisory bulletin notifying pipeline
operators of the susceptibility of older plastic pipe, like Aldyl A, to premature brittle-
like cracking.®® In the bulletin, PHMSA stated that “piping installed in areas with
higher ground temperatures or operated under higher operating pressures will have
a shorter life” (PHMSA 2002). An updated advisory bulletin was issued on August 28,
2007, and added Delrin-insert tapping service tees to the list of pipe materials that
are susceptible to brittle-like cracking (PHMSA 2007).

1.7.2 Pennsylvania Public Utility Commission

The PA PUC enforces 49 CFR Part 192 regulations for all gas distribution
operators in the state and imposes additional requirements through state code. The
PA PUC has inspected UGI for safety compliance with the Pipeline and Hazardous
Materials Safety Administration’s minimum federal safety standards.

The PA PUC reports for UGI's distribution integrity management program
(DIMP) showed that for the years 2018, 2020, 2021, and 2022, the PA PUC found no
compliance concerns with UGI's program.®' The 2019 inspection found that UGlI's
DIMP did not comply with federal and state DIMP requirements to identify threats,
evaluate and rank risks, and identify and implement measures to address risks.

7 Natural gas distribution companies frequently mail bill stuffers, or printed brochures, along
with customer gas bills.

%0 Brittle-like cracking initiates in the pipe wall but does not immediately result in a full break; it
leads to stable crack growth at relatively low stress levels and often correlates with slow crack growth.

¢' A DIMP is a performance-based program resulting from the Pipeline Inspection,
Enforcement and Protection Act of 2006, which requires pipeline operators such as UGl to collect and
manage data on pipeline integrity.
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1.7.3 Occupational Safety and Health Administration

Federal OSHA regulations are found in 29 CFR Chapter XVII and apply to most
private-sector employers and workers in all 50 states (including Palmer in
Pennsylvania), the District of Columbia, and other US jurisdictions. OSHA's authority
generally applies to private-sector employers, but it allows states to assume
responsibility for occupational safety and health for the private sector as well as for
state and local employers and workers under an OSHA-approved state plan.
Pennsylvania is a federal OSHA state, meaning it does not have an OSHA-approved
state plan.

OSHA requires that employers have an emergency action plan that includes
procedures for employees to follow during workplace emergencies.® The plan must
include escape procedures and routes and accountability of employees after an
emergency evacuation. Title 29 CFR 1910.38, "Emergency action plans,” only applies
when referenced in another OSHA standard.®® Two OSHA standards referencing
29 CFR 1910.38 applied to Palmer at the time of the accident: one standard states
that companies must maintain an employee alarm system, and the other states that
companies must have fire extinguishers.®

1.7.4 Codes

The Commonwealth of Pennsylvania requires that all its boroughs follow the
Pennsylvania Uniform Construction Code for all buildings and structures within a
borough. At the time of the accident, West Reading had adopted the Pennsylvania
Uniform Construction Code and the 2015 edition of the International Fire Code (IFC),
and Pennsylvania had adopted the 2018 edition of the International Building Code,
which applies to the safe construction of buildings or structures and references parts

2 See 29 CFR 1910.38, "Emergency action plan.”

63 Title 29 CFR 1910.38(a) states the following: “Application. An employer must have an
emergency action plan whenever an OSHA standard in this part requires one.”

%4 See 29 CFR 1910.157, "Portable fire extinguishers,” and 29 CFR 1910.164, “Fire detection
systems.” OSHA defines an employee alarm system as “any piece of equipment and/or device
designed to inform employees that an emergency exists or to signal the presence of a hazard
requiring urgent attention.” See OSHA's Evacuation Plans and Procedures eTool.
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of the 2018 editions of the IFC and the International Fuel Gas Code (IFGC).%° The
International Code Council (ICC) administers the IFGC and IFC.% The IFC requires a
fire safety and evacuation plan, but not a natural gas emergency procedure. IFGC
addresses the design and installation of gas-fueled appliances and fuel gas systems
past the outlet of the gas meter, which are not covered by federal or state
transportation safety standards. Like the IFGC, the National Fuel Gas Code, referred
to as National Fire Protection Association (NFPA) 54, provides minimum safety
requirements for the design and installation of fuel gas piping systems and is
administered by the NFPA, a nonprofit organization that issues widely adopted
consensus codes and standards designed to minimize the risk and effects of fire.
NFPA committees are responsible for revision of the codes and standards through an
American National Standards Institute-accredited process. NFPA 54's Annex D, which
is included only for informational purposes and does not contain requirements, lists
immediate actions to be taken when natural gas is detected inside a building,
including clearing the area of all occupants, eliminating ignition sources, shutting off
gas supply, and calling 9-1-1.¢7 NFPA also has a fire code, NFPA 1, which contains a
fire safety and evacuation plan but not one specific to natural gas.

% (a) Building codes are a set of requirements for building design, construction, operations,
and maintenance that are officially adopted and may be enforced by a jurisdiction. Palmer’'s West
Reading facilities were built before the development of the borough’s codes department. In general,
buildings built to the codes of their time can remain in their original state even as codes are updated.
(b) The IFC is primarily a maintenance code addressing fire safety within a building.

% The ICC is accredited under the American National Standards Institute and develops these
codes through technical committees.

7 Pennsylvania has adopted NFPA 54 only for industrial and commercial use of propane and
other liquid petroleum gases. The standard did not apply to Palmer, because the company did not use
these chemicals in Buildings 1 and 2. For more, see Pennsylvania Code Title 34, Chapter 13.4,
“Adoption of National Standards.”
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1.8 Plans, Procedures, and Programs

1.8.1 R.M. Palmer
1.8.1.1 Emergency Response Procedures

Palmer's emergency plan manual, which the company referred to as the Red
Book, addressed food and employee safety for all Palmer facilities.®® The Red Book
included an emergency contact list with phone numbers for federal, state, and local
law enforcement; the National Response Center; and utility companies such as UGI,
Palmer’s contact for natural gas emergencies. The Red Book also contained maps
indicating emergency shut-off locations for all utilities within Palmer’s facilities,
including the gas shut-off in Building 2, which was located on the inside wall of the
basement facing Cherry Street. The Red Book did not include a procedure for when
to call UGI or when or how to shut off gas. Palmer maintenance employees
interviewed by the NTSB stated they had not been trained in gas leak detection.

The company’s crisis management plan, part of the Red Book, listed various
potential threats to business operations, such as fire, power failure, storm damage,
flood, civil unrest, and equipment failure. A natural gas emergency was not listed
among the threats in the crisis plan, and the Red Book did not contain procedures
specifically addressing natural gas emergencies. Procedures were included for facility
evacuation in general emergency situations. Evacuation was prompted by alarms
triggered by activation of sprinklers, manual pull stations, or smoke and heat
detectors. The Red Book directed employees to “stop all activities and proceed to the
nearest exit and then to their designated muster point[s]” and specified that
evacuation drills should be held “periodically.” The Red Book listed muster points
and evacuation route maps for Buildings 1 through 4.

In interviews with the NTSB, the Palmer chief executive officer (CEO) and vice
president of operations and technical services (VP) considered a natural gas leak a
low risk at the accident location, stating that the buildings’ natural gas use was
relatively minimal and that if a leak were to occur, employees would have “time to
react to things.”

8 Palmer developed the employee safety guidelines in the Red Book in 2005, using guidance
from OSHA, the National Institute for Occupational Safety and Health, the US Environmental Protection
Agency, the Pennsylvania Department of Environmental Protection, the NFPA, and Industrial Risk
Insurers. At the time of the accident, the Red Book had been most recently revised in August 2022.
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1.8.1.2 Safety Training

According to interviews with Palmer employees, their employee safety training
mostly pertained to performing job tasks. Palmer did provide some employees
additional training on safety equipment like fire extinguishers. Most employees
interviewed by the NTSB recalled familiarity with the evacuation procedure in the Red
Book and reported that the company conducted annual fire drills. The NTSB's review
of Palmer records related to fire and emergency evacuation drills showed that
evacuation times varied, with 5 minutes from the pull of the fire alarm as the shortest
evacuation time.

The Palmer employees interviewed by the NTSB stated that they were never
trained on how to respond to a natural gas emergency. When asked by the NTSB
about experience with or knowledge of how to respond to a natural gas odor, several
Palmer employees cited personal experience with or knowledge of natural gas in
their homes or those of their neighbors.

1.8.1.3 Equipment Maintenance

The Palmer CEO and VP stated that maintenance department mechanics were
responsible for repair and maintenance of most production equipment. They told the
NTSB that when employees identified an issue, they were to report it to the
maintenance department, which decided whether the issue would be addressed by
in-house mechanics or by hiring a contractor. The Palmer CEO and VP further stated
that these mechanics generally were trained on the job (meaning very little formal or
classroom training on their job duties) and that, because maintenance and repair of
natural gas appliances fell outside the maintenance department’s scope of work, it
was typically performed by a contractor. The Palmer CEO indicated, however, that
Palmer maintenance staff “might check for a leak.”

The NTSB interviewed a Palmer chocolate unloader, who recalled smelling a
gas odor near the boiler house east of Building 1 on March 23, 2023, the day before
the accident. He then checked the boiler house gas meter for leaks and found none.
The chocolate unloader told the NTSB that checking for leaks was not a standard
procedure of Palmer’s, but one based on his own personal maintenance experience.

Palmer had a safety committee made up of employees and managers from
various shifts and job titles that met monthly to discuss potential safety issues with
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equipment or operations and how to fix these issues.®” According to Palmer
management, inspections for tripping hazards, machine guards, blocked emergency
exits, and other issues took place weekly. Employees could also raise safety issues or
potential issues to the committee. The NTSB interviewed Palmer employees who had
attended safety committee meetings over the years, and none recalled discussing
gas operations or emergency response to natural gas emergencies in the meetings.

The contractor who maintained Palmer’s natural gas-fueled appliances
reported to the NTSB that they had not performed any work on the appliances in the
3 years before the accident.

1.8.2 UGI Corporation
1.8.2.1 Procedures

UGlI's Gas Operations Manual (GOM) outlined procedures for first- and second-
party excavation activities.”” The GOM did not require crews to contact PA One Call
when using “soft dig” methods like vacuum extraction or shallow tilling but suggested
crews use the service to locate other utilities in the area. The GOM did require crews
to contact PA One Call when using mechanical equipment (for example, excavators,
jackhammers, or pavement saw cutters).

UGl's Emergency Plan included emergency procedures for UGI personnel to
take when reacting to an explosion, fire, or both that may be caused by a release of
gas from UGl assets. The procedures covered both indoor and outdoor leaks and
specified actions UGI personnel must take when arriving on scene, contacting local
authorities, and dealing with natural gas assets involved in a release. The plan
specified that if it is unclear which valves need to be closed, a UGl first responder
must contact central dispatch, a senior area engineering manager, or the on-call
engineering leader to determine which valves to close and other steps to isolate the
system.

%9 Palmer's natural gas-fueled equipment and appliances, described earlier in this section, fell
under the scope of the safety committee.

70 First-party excavation activities are conducted in a pipeline’s right-of-way by the pipeline
operator's own personnel. Second-party excavation activities are conducted by a contractor.
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1.8.2.2 Integrity Management

Integrity management (IM) programs identify, assess, and manage pipeline
safety risk. In pipeline IM plans, the risk of an adverse event is the product of both its
likelihood and its consequences. IM is a continuous, iterative process in which
information on risk is gathered, risk is reduced or mitigated, and risk is reevaluated,
with the IM process evolving over time. In some cases, as with UGI, IM programs are
required by regulation.”’

UGl used incident data maintained by PHMSA as its system of record for
incident information. Before March 24, 2023, UGI attributed no incidents to Aldyl A
service lines or mains. According to PHMSA data, UGI reported nine significant
incidents involving the company’s assets since 2010. Aside from the accident
discussed in this report, UGI attributed the other incidents to damage from natural
force, excavation, or other outside force; incorrect operation; and material failure.”?

1.8.2.2.1 Risk Management

UGI IM staff told the NTSB that the program managed pipeline risks by
completing targeted assessments; reducing risks through repairs, replacements, or
other actions; and continual evaluation and improvement. UGI required periodic
inspections and patrols but did not require any additional integrity assessments on its
assets in the vicinity of the accident site.”?

UGl's DIMP was centrally managed and administered. Inspections required by
UGI's GOM were the primary data sources that UGI personnel used to collect
information on distribution assets. The DIMP used a relative risk model for evaluating
gas mains to guide decisions about asset replacement. The DIMP also used
quantitative and subject-matter expert (SME) model (that is, qualitative evaluation) to
identify asset risks.

"1 UGl is required by 49 CFR Part 192 Subpart P to have a gas DIMP.

2 One of the material failure incidents occurred on July 2, 2017, in Millersville, Pennsylvania,
and involved a plastic service line installed in 1998. The other occurred on December 25, 2020, in
Swiftwater, Pennsylvania, and involved a plastic main installed in 2019.

73 Integrity assessments are elements of an IM program by which operators evaluate the
condition of pipelines or assets subject to identified threats and take actions to mitigate the threats, if
identified. UGI had reviewed and evaluated the threats in its assets near the Palmer facilities and had
determined no integrity assessments were warranted.
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UGI DIMP documents listed the Guide for Gas Transmission, Distribution, and
Gathering Piping Systems (GPTC Guide), managed by the Gas Piping Technology
Committee (GPTC), as one of the references used to develop and maintain this
program.’* The GPTC Guide describes heat sources and steam pipes as hazards to
plastic gas mains and services that should be evaluated. The guide also provides
information on the evaluation of plastic gas main and service line installations near
heat sources to determine mitigative measures. The GPTC Guide further notes that to
assess the applicable threats and risks to natural gas pipeline systems, a pipeline
operator's DIMP must identify the characteristics of the pipeline’s design and
operations along with significant environmental factors. A DIMP must also collect
information on steam pipes or other heat sources causing elevated temperatures and
must provide the information to the IM program for evaluation.

UGI's system of record for natural gas main data and leak survey results was
Smallworld GIS, and its system of record for service lines was an in-house gas service
web application. At the time of the accident, UGI had captured no data in these
systems about privately owned subsurface assets. UGI likewise did not record any
damage to privately owned assets in any of its databases; further, PA One Call
required excavators to report such damage, and if UGl reported such damage, the
damage would be logged by UGI’s claims team. UGI training did not provide any
instruction to field personnel on steam lines or other private assets as possible threats
to natural gas assets.

1.8.2.2.2 Risk Models

At the time of the accident, UGI used three risk models to identify and evaluate
risks to the pipeline distribution system: (1) the Optimain model, used exclusively for
prioritizing gas main replacement; (2) the data-driven risk model (DDRM); and (3) the
SME risk model; the latter two models were used to identify risk in gas mains and
service lines. The threat categories used in UGI's risk model were (1) corrosion; (2)
natural forces; (3) excavation damage; (4) other outside force damage; (5) pipe, weld,
or joint failure; (6) equipment failure; (7) incorrect operation; and (8) other, such as
exceeding service life.”®

74 GPTC is a consensus group comprised of industry representatives and government
regulators that develop guidance for the natural gas operators on practices and procedures to comply
with requirements of federal pipeline safety regulations.

S Operators are required by 49 CFR 192.1007(b) to consider specific threat categories in their
IM programs.
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The DDRM was a quantitative model that estimated the probability and
consequence of failure for asset groups based on the type of asset, pressure,
material, and other factors. UGl used the SME risk model to validate the findings of
the DDRM and, when applicable, to evaluate risk at a more granular level than was
possible in the DDRM.

In the SME model, a total risk score was derived from an SME assessment of a
DDRM asset group and threat to pipeline integrity. SMEs determined probability
factors for asset failure based on whether each threat contributed to failure and the
extent to which the threat had been observed by UGI. The model also assigned a
consequence factor, developed by UGI to amplify the magnitude of the consequence
for identified asset types. UGI had not developed a consequence factor for Aldyl A
fittings, evaluating the threat and consequences of Aldyl A to be the same as other
polyethylene fittings.

After the accident, UGI provided the NTSB with an estimation of the extent
(amount) of Aldyl A in its system.”® Reported Aldyl A and potential Aldyl A are shown
in table 3.77

Table 3. Estimated UGI Aldyl A and total assets.

Active Services Retired Services
(number of lines) (number of lines)

Material Category

Reported Aldyl A (1965-2001) 32 1,211 48

Potential Aldyl A (including reported

installation dates of 1965-1986) 636 86,891 6,482

Total, any material 12,337 617,069 Unknown

76 UGI estimated the amount of Aldyl A by identifying in Smallworld GIS and its gas service web
application all DuPont-manufactured pipe installed from 1965 to 1991, Uponor-manufactured pipe
installed from 1991 to 2001, or pipe classified with Aldyl A as its material type.

7 Historical records of natural gas pipeline operators often indicate only that a pipe material is
polyethylene and do not necessarily specify the type of polyethylene. In its review of records, UGI
identified situations in which piping may be Aldyl A but was not reported as such, referring to these as
“potential Aldyl A."
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Before the explosion, UGI had studied records of leaks and failures associated
with the Aldyl A tees with the Delrin insert. The study concluded that these tees had a
history of leakage from the black service tee caps. It further stated that leaks had
been found through normal operations, leak surveys, and odor complaints and had
not resulted in serious consequences.

UGI stocked repair kits for Aldyl A service tees, which modified the tees and
eliminated the black caps, but did not mandate that crews use the repair kits
whenever they encountered Aldyl A.”® After the accident, UGI estimated that from
2020 to 2023, a total of 3,193 Aldyl A repair kits had been issued to field crews.

1.8.2.3 Pipeline Safety Management System

Representatives from UGI stated that the company began implementing their
pipeline safety management system (PSMS) in 2015. In 2019 and again in 2024, UGI
used a self-assessment model to evaluate its PSMS maturity, which UGI recorded as
“developing” with several elements implemented.”? In 2022, UGI established a PSMS
Governance Committee that focused on continuous improvement by addressing
priorities within each PSMS element.

1.8.2.4 Public Awareness Program

UGI's public awareness program in the West Reading area informed its
customers about the natural gas distribution and transmission system, signs of a
pipeline leak, and what to do if a gas odor is detected. A section of UGI's website
titled “Smell Gas? Act Fast!” contained a contact number for UGI and instructions to
leave the area and to call UGI, 9-1-1, or both.

A UGI representative provided the NTSB a summary of its public awareness
efforts for Palmer, specifically for Buildings 1 and 2. These included mailings of
scratch-and-sniff brochures in both English and Spanish to Building 1 in December
2022 and January 2023, a February 2020 advertisement in the Reading Eagle, and
booths at a Reading Phillies game in August 2018 and at Junior League of Reading
touch-a-truck events from 2016 to 2019. Ongoing efforts included gas safety classes

8 UGI stated one of its regions (UGI North) had installed repair kits anytime crews encountered
Aldyl A service tees with black caps while working on replacement projects.

’? These include hiring a full-time PSMS lead, updating its Governance Committee charter, and
considering PHMSA advisory bulletins and NTSB recommendations into its incident investigations.
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at local schools, on-hold messaging at the UGI call center, social media posts, and bill
stuffers.

The NTSB reviewed UGI's data on the effectiveness of its public awareness
messaging to stakeholder audiences.?® The data indicated that 62% of respondents
recalled receiving information from a pipeline company within the past 2 years, and
36% did not. A UGl survey from 2020 indicated that, within the stakeholder category
of the affected public, about 31% had read all or some of UGI's natural gas safety bill
stuffer, 21% had “just scanned it,” 38% did not know whether they had read it, and 8%
had not read it. Data from a 2022 UGl report on its public awareness program
effectiveness showed that 41% considered themselves somewhat well-informed
about pipelines in their community, 31% considered themselves either not at all or
not too informed, and that 27% considered themselves very well-informed. The same
report contained data on what respondents would do in a pipeline emergency, with
86% of respondents stating they would call 9-1-1, 62% stating they would flee the
area, and 42% stating they would call the pipeline company.®'

1.9 Postaccident Actions

1.9.1 Occupational Safety and Health Administration Investigation

OSHA opened an investigation into the accident and issued Palmer two
serious and six other-than serious violations.82 These violations are summarized in
table 4.83

8 These data are contained variously in UGl's 2020 Effectiveness Measurement, UGI 2022
Effectiveness Measurement, and UGI Four-Year Evaluation (2020).

8 Respondents were able to select more than one answer.

82 (a) A serious violation as designated by OSHA exists when a workplace hazard could cause
an accident or illness likely resulting in death or serious physical harm, unless the employer did not
know or could not have known of the violation. Other-than-serious is a violation directly related to job
safety and health but not serious in nature. (b) Palmer contested the violations.

8 OSHA initially cited Palmer under the general duty clause of the Occupational Safety and
Health Act of 1970 for failing to evacuate workers during a natural gas leak that resulted in an
explosion causing multiple fatalities. During abatement of the citations, OSHA withdrew the general
duty citation and replaced it with a citation under the Emergency Action Plan standard, 29 CFR
1910.38, as described in section 1.7.3. As part of the settlement agreement, Palmer agreed to several
actions, including a specific natural gas leak procedure and training of its employees. It is stated in the
agreement that these actions were not required of the company before the accident.
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Table 4. Palmer OSHA-issued violations.

Regulation Type Basis
Palmer failed to review its emergency action plan elements (such
29 CFR Serious as fire, hazardous chemicals, and electrical emergencies) with
1910.38(f)(2) employees covered by the plan when the employees’
responsibilities under the plan changed
Flexible cords in heat tape used to warm chocolate pipes
29 CFR . o .
.. Serious between Buildings 1 and 2 were not spliced or tapped as
1910.305(g)(2)(ii) . .
required by regulation
29 CFR . No exit sign on a Building 1 basement door as required by
1910.37(b)(2) Sinerden Seiteus regulation that each exit must be clearly visible and marked
An OSHA 301 incident report form or equivalent was not filled
29 CFR . S . .
1904.29(b)(2) Other-than-Serious | out for each of 10 employee injuries or illnesses entered in the
‘ OSHA 300 log or equivalent
Seven workplace-related deaths and 3 serious workplace-related
29 CFR Other-than-Serious injuries were not entered on the OSHA 300 log or equivalent
1904.29(b)(3) 'OUS " Within 7 calendar days of receiving information that a recordable
injury or illness has occurred
29 CFR1904.40(a)  Other-than-Serious The OSHA 300 log or equivalent Wa.s not'pr.owded ‘Fo an
authorized government representative within 4 business hours
Palmer did not determine the presence, location, or quantity of
29 CFR Other-than-Serious asbestos-containing materials or presumed asbestos-containing
1910.1001(j)(3)(i) materials at the worksite or exercise diligence in informing
employees about them
Palmer failed to train employees and temporary workers on the
29 CFR Other-than-Serious | hazardous chemicals in the workplace including, but not limited
1910.1200(h)(1) P a

to, ethyl alcohol

TOSHA 301 incident forms and OSHA 300 logs are the official records of workplace-related injuries or
illnesses submitted by an employer.

1.9.2 Pennsylvania Public Utility Commission

After the explosion, safety staff from the PA PUC Bureau of Investigation and

Enforcement asked UGl about leaks and work in the West Reading area. The PA PUC
staff elevated their presence throughout the West Reading area in the months after
the explosion. On April 10, 2023, the PA PUC sent a letter advising UGI to stop any
planned work involving joining assets to Aldyl A piping until the company reviewed
its standards, procedures, plans, and training related to Aldyl A piping and other
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“first-generation plastics.” Further, the PA PUC recommended UGI review its public
awareness program and its messaging to non-English-speaking populations.

1.9.3 R.M. Palmer

Since the accident, Palmer has completed the following actions:

Developed a procedure for how employees should respond to a natural
gas leak and trained supervisors and management on it. The procedure
directs employees to stop work if an odor is detected; determine
whether the odor could be dangerous, such as the rotten-egg smell of
natural gas; and evacuate immediately if so, or if employees begin to
feel unwell. The procedure also notes that the maintenance department
now has a portable natural gas detector that may be used to help
detect natural gas.

Installed in all its buildings externally monitored natural gas alarms. The
alarm company calls Palmer supervisors when natural gas safety levels
are exceeded. According to the new natural gas procedure, supervisors
who are notified by the alarm company must evacuate the workers
immediately using the Palmer intercom system.

Developed an annual English- and Spanish-language workplace
emergency safety training program for all employees. The training
includes odor awareness with a scratch-and-sniff card to familiarize
employees with the smell of natural gas.

Removed the natural gas heaters and gas piping from the basement of
the other production buildings and replaced them with electric heaters.

1.9.4 UGI Corporation

Since the accident, UGI has completed the following actions:
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Conducted walking leak surveys in the area of the accident site and
mobile leak surveys of all bare steel and plastic mains installed before
1989 in West Reading.?

Reviewed its Aldyl A assets and developed a new database entry for
plastic pipe and fittings in its database to allow evaluation of the specific
types, vintages, and sources of plastic pipe and fittings historically
installed by UGl and its predecessor companies.

Developed a new procedure to standardize the remediation of Aldyl A
tapping tees, which uses electrofusion repair fittings developed
specifically for the tees and updated related operational procedures.®

Created retirement guidance for all service tees with added GPS data
showing the location of retired service tees.

Evaluated procedures related to discovery or exposure of unmarked
assets.

Adjusted its IM program, revising procedures to add information
collection requirements for plastic pipes when exposed as part of other
activities, incorporating data collection and digitization of material
failure reporting, and adding a records correction form to the GIS
revision and asset data correction process.

Created an electronic database in which to record information on
distribution system risks and threats, along with a program to train SMEs
on its use.

8 (a) In a walking survey, a technician walks near or over gas mains and service lines and up to
each meter set in the survey area while carrying a handheld leak-detection instrument. (b) Mobile leak
surveys deploy vehicles (such as cars or aircraft) with mobile data collection equipment to detect
elevated methane concentrations.

8 An electrofusion repair fitting is a plastic pipe fitting with a built-in heating element that melts
the plastic at the joining interface, creating a weld.
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e Requested that GPTC revise its guidance to recommend natural gas
distribution system operators replace or remediate Aldyl A tapping tees
and Delrin inserts whenever these are encountered in the field.%

e Modified its public awareness program, revising current public
communications on “what to do if you smell gas” (including a scratch-
and-sniff card) and hiring a communications agency to deploy a new
natural gas safety campaign for the general public, with expanded
Spanish-language communications. UGl also deployed a public
awareness pilot program, meeting with facilities managers for 128 of
their largest nonresidential customers, and distributing natural gas
safety awareness communications kits. UGI reported that the pilot
program was well received, and customers often requested more
materials.

e Evaluated its public communications to see where it could share
information on natural gas alarm availability and implemented a training
program for state police and fire investigators.

e Replaced natural gas mains in the immediate vicinity of the accident site
and along Penn Avenue from 2nd Avenue to Park Road.

e Identified 34 natural gas customers in its service territory that could be
operating below-ground steam systems to determine whether these
systems conflicted with UGl assets. UGl found 14 of these customers that
required further investigation on whether the systems conflict with UGI
assets and should be remediated. UGl is also applying a risk index
model to each of the 14 customer locations with potential conflicts
between UGI assets and customer-owned, below-ground steam
systems. As conflicts are identified, UGI will initiate remediations that will
include, if necessary, the relocation of UGl assets, replacement with steel
mains or service lines, or both.

e Updated its general installation requirements in the GOM and the
Pennsylvania Design One Call cover letter and issued a companywide
technical advisory bulletin to continue identifying heat-generating

8 GPTC voted to approve UGI's recommendation. See BSR-GPTC-7380.1-2022-TR-2023-
14.pdf (aga.org)
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sources and to raise awareness for field employee escalation when
these sources are discovered.

e Requested that West Reading Borough and the Western Berks Water
Authority replace the water valve box cover at South 2nd Avenue and
Penn Avenue with an appropriately marked cover and that they confirm
that none of their water valve covers are marked as gas covers.

e Modified its valve inspection program, implementing a geospatial
collection system to locate and document valves; updating procedures
for valve identification, validation, record keeping, and for when
discrepancies are found in the field; and adding marker balls to all
excavated valves.

1.10 Pennsylvania Public Utility Commission Party Removal

In accordance with federal regulations, the NTSB designated PA PUC as a party
to this investigation based on its oversight of UGl as a natural gas pipeline operator in
Pennsylvania and because the PA PUC could provide technical personnel to assist in
the investigation, which it did.?” In June 2023, the NTSB requested that the PA PUC
produce its inspection reports of UGI's DIMP for the 5 years before the accident.®
The PA PUC declined to provide the reports, citing state confidential security
information nondisclosure laws. The PA PUC's interpretation of these laws considered
the NTSB to be a “member of the public,” thus requiring the information to be
withheld.

In September 2023, the NTSB revoked the PA PUC's party status for violating
NTSB party guidance by not providing the requested inspection reports.?? Also in
September, the NTSB issued a subpoena to the PA PUC to produce the inspection
reports. After lengthy legal action, the NTSB obtained the reports from the PA PUC
on April 23, 2024, more than 9 months after the investigation identified the need for
them.

8 See 49 CFR 831.11.
8 UGI provided the DIMP reports themselves to the NTSB on April 19, 2024.

8 A description of the NTSB party system and the guidance provided to parties can be found
on the NTSB's website.
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2 Analysis

2.1 Introduction

On March 24, 2023, around 4:55 p.m. local time in West Reading,
Pennsylvania, natural gas leaked from a crack in a retired Aldyl A service tee with
Delrin insert into the basement of Palmer Building 2 and ignited, causing an
explosion and fire that killed 7 Palmer employees, injured 10 people, destroyed
Building 2, and damaged another Palmer building.

The analysis will discuss the following safety issues:

Degradation of a retired Aldyl A service tee that was accelerated by
elevated ground temperatures from a corroded and cracked steam pipe
nearby.

UGI's insufficient consideration of pipeline integrity threats, particularly
Aldyl A service tees with Delrin inserts at elevated temperatures.

Presence of unmarked and unreported private assets crossing public
rights-of-way, excluding them from PA One Call and increasing the risk
of damage to them.

Delayed evacuation of Palmer’s Building 2 despite detection of natural
gas by employees and others.

Natural gas safety messaging from pipeline operator public awareness
programs that may not reach certain members of the public.

Insufficient guidance on natural gas emergency procedures.
Absence of natural gas alarms in commercial buildings.

Insufficient accessibility of gas distribution line valves.

The NTSB's review of the circumstances that led to this accident found the
following areas either were not factors in or were not causal to the accident:

Pipeline overpressurization. The pressure at the Cherry Street main at
the time of the accident was about 53 psig, lower than the system’s
maximum allowable operating pressure of 60 psig.

Local emergency responder actions. The response of the fire
departments and law enforcement agencies was timely and
appropriate. Emergency response personnel were on the scene even
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before the first 9-1-1 call, and there was no indication that the response
exacerbated any injuries.

Therefore, the NTSB concludes that neither of the following issues were causal
to the accident: (1) pipeline overpressurization or (2) local emergency responder
actions.

2.2 The Accident

About 4:55 p.m. on March 24, a natural gas-fueled explosion and fire
destroyed Palmer’s Building 2, killed 7 people, and injured 10 others. The explosion
damaged Building 1 to the south of Building 2 and an apartment building to the
north, displacing 3 families.

At least 13 minutes before the explosion, multiple Palmer employees reported
smelling a gas odor in both Buildings 1 and 2.7° The smell was strong enough to
cause some employees to leave the buildings. Many other employees—including
several who were killed in the explosion—were in the buildings when the explosion
occurred. Some surviving employees indicated they did not know what to do about
the odor, and others stated they had remained in the buildings because they were
concerned that evacuation would count against their workplace attendance. Three of
the victims entered Building 2 just before the explosion in an apparent attempt to
find the source of the gas odor. All seven people killed in the accident were inside
Building 2 at the time of the explosion.

Local and state emergency services arrived on the scene just after the accident
to begin firefighting and rescue operations. Flash fires were observed above and
around the firefighters as they moved about the accident site, and firefighters
recalled a gas-fed fire in the basement of Building 1 coming through a chocolate pipe
conduit between the two buildings, indicating gas was still burning after the initial
explosion. About 5:00 p.m., the City of Reading Fire Department contacted UGI, and
UGl first responders subsequently isolated the gas system around 6:15 p.m. The fires
were extinguished soon after.

2.2.1 Source of Natural Gas that Fueled the Explosion

An investigation conducted by local, state, and federal law enforcement
determined that the explosion and fire originated in the southwest quadrant of the

%0 A Palmer employee recalled smelling gas near the boiler room behind Building 1 the day
before the accident, but the investigation did not determine that this was related to the leak at
Building 2.
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Building 2 basement, where natural gas had accumulated until it reached an
explosive concentration and ignited, and that the ignition source was unknown.

Bar hole tests conducted 6 days after the accident showed underground gas
concentrations near the Cherry Street and South 2nd Avenue intersection, which, at
the time, was the closest accessible area to the explosion site. The tests indicated that
gas had leaked from the distribution system on Cherry Street and spread
underground. When a leak source is below ground, paved surfaces like roads or
walkways inhibit natural gas from venting, resulting in further migration underground
and through paths like cracks or holes. Further bar hole tests conducted on April 22,
about a month after the accident, showed residual gas underground near the
Building 2 service line.”” The bar hole tests showed that enough gas had been
present underground at the time of the accident to still cause residual gas
measurements a month later.

A law enforcement investigation report indicated that natural gas had entered
the basement of Building 2 in the area where the chocolate conduits entered the
basement, as well as through a crack in the building foundation and a location where
an unused gas pipe entered the building.

Postaccident visual examinations of the chocolate pipe conduits revealed an
unobstructed pathway for airflow between Palmer Buildings 1 and 2. To determine
whether natural gas could flow between the buildings, the NTSB observed as a
deputy fire marshal placed a smoke generator in the basement of Building 2. NTSB
investigators saw the smoke emanating from the ground next to the Building 2
basement, close to the service line, indicating a path between the basement of
Building 2 and the ground surrounding the gas distribution system. The NTSB saw
smoke exiting the conduits in the basement of Building 1, confirming the ability of
gas to flow from the Building 2 basement to the Building 1 basement through the
conduits. The NTSB also found smoke on the third floor of Building 1. This
observation was consistent with employee reports of a gas odor in various areas of
Building 1 before the accident. These examinations and tests indicated that natural
gas had been escaping from UGI's gas distribution system in the vicinity of Cherry
Street into the ground and from there migrating to the Building 2 basement, through
the chocolate pipe conduits, and to Building 1.

To determine the point of natural gas release from the distribution system, the
NTSB conducted incremental pressure testing and excavations. With these tests the
NTSB identified three leaks coming from the gas distribution system near the

91 Between the March and April bar hole tests, some of the gas had vented through previous
bar holes, cracks, and open areas in the pavement.
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southwest quadrant of Building 2.72 The largest leak was at the Building 2 service tee
that had been retired in 1982 and capped off but was still connected to the natural
gas distribution system at full gas system pressure, as was UGI standard and common
industry practice. The NTSB Materials Laboratory examination of the tee revealed that
it was fractured through its tower from the top to nearly the bottom, forming a
1.9-inch crack that was open at one end. The insert was completely fractured near the
bottom, and its upper portion and cap were not present, providing an open path for
gas to escape. Slow crack growth features of the fracture, discussed below, indicated
that the crack had been present before the explosion. Therefore, the NTSB concludes
that natural gas migrated from the Aldyl A retired service tee through the ground
then into the Palmer Building 2 basement, chocolate pipe conduits, and Building 1,
and fueled the explosion in the Building 2 basement.

Further examination of the longitudinal fracture in the tower shell of the retired
service tee to Building 2 revealed that it was flat and featureless with fibrils,
transitioning to hackle near the base of the tower, which is indicative of slow crack
growth. The retired service tee’s Delrin insert had a through-wall fracture that showed
crazing on the side closest to the steam pipe and porous and granular features
elsewhere. The outer surface of the Delrin insert showed surface cracking and volume
loss, indicative of decomposition.

The main factors driving slow crack growth are stress, temperature, and
material susceptibility. Polyethylene pipe specifications provide limits on pipe
operations and operating environments that include the temperature of the
operating environment. Operating outside of these environments can accelerate the
rate of defect growth. The specifications for Aldyl A piping systems, which included
service tees with Delrin inserts, indicated a maximum ground temperature of 100°F.
The slow crack growth in the Aldyl A tower shell and the thermal decomposition of
the Delrin insert were consistent with exposure to elevated temperatures, although
the investigation could not determine the exact ground temperatures surrounding
the Building 2 service tee before the accident. The susceptibility of certain Aldyl A
polyethylene resins to slow crack growth has been documented extensively and is
discussed below (Palermo 2011, Haine 2014). Because the growth rate of such cracks
increases exponentially with temperature, small increases in temperature can lead to
comparatively large changes in crack growth rate.

92 A small leak in the active polyethylene service line to Building 2 exhibited a cut in the line
that the NTSB determined was consistent with damage from the explosion. Another leak was identified
in the NTSB Materials Laboratory on the Aldyl A gas main underneath the 2021 replacement service
tee; having a measured flow rate of 0.6 standard cubic feet per hour, the NTSB determined this leak
was very small and did not contribute to the accident.
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Published data indicate that Delrin polyacetal will start to show signs of aging
with time and that higher temperatures accelerate the onset of aging effects (Delrin
2024).7* However, the service tee at Building 1 also contained a Delrin insert from
1982 but did not exhibit any of the material degradation of the retired Building 2 tee
insert. Although the 40-year-old Delrin Building 2 service tee insert might have aged
in any thermal environment, its extensive material degradation (particularly when
compared to the Building 1 service tee insert, which had been installed at the same
time) indicates that, as with the Aldyl A tower shell, the temperature in the
surrounding environment had been significantly elevated for enough time to facilitate
the degradation. Thus, the service tee and the Delrin insert were likely exposed to
elevated temperatures for a sustained period of time, which led to slow crack growth
and thermal decomposition, respectively, that allowed natural gas to be released
from the gas distribution system. The NTSB concludes that the 1982 retired service
tee leaked because of degradation caused by exposure to elevated temperatures;
more specifically, slow crack growth of the Aldyl A tower shell and thermal
decomposition of the Delrin insert.

Running perpendicular to the Cherry Street natural gas main, about 2 feet to
the west of the retired tee and about 15 inches above it, was a steam pipe owned by
Palmer.? The pipe was part of a steam heating system used seasonally to provide
heat to parts of Building 2. When the NTSB excavated the section of Cherry Street
that contained the natural gas main and Building 2 service tees, a section of the
Palmer steam pipe was found heavily corroded, with a 4-inch through-wall crack. The
NTSB further examined the cracked segment of the steam pipe and determined the
wall had been corroded to less than 20% of its original thickness in the vicinity of the
crack. The corrosion-induced wall loss on the pipe would have significantly reduced
the force needed to cause it to crack. The location of the crack indicated that, at some
point before the accident, an external load had been applied to the steam pipe that
exceeded its shear strength where the pipe wall had been thinned extensively by
corrosion, causing the pipe to shear locally and the crack to form.

Finite element simulations conducted by the NTSB Materials Laboratory found
that in the most probable scenarios, the heat from an intact steam pipe could only
increase the ground temperature near the retired tee by about 27°F to 40°F above

%3 For example, samples of select grades of Delrin stored at 135°F to 140°F showed a notable
loss of tensile strength after about 7 years. The same types of samples stored at room temperature
retained their strength after 20 years.

4 This steam pipe was about 25 to 30 feet from the Building 1 service tee.
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the baseline ground temperature. In other words, without the crack, the steam pipe
had limited capacity to increase the temperature of its surroundings.

As noted above, the NTSB found a small crack in the Cherry Street gas main
underneath the active service tee to Building 2. The 0.3%9-inch crack in the gas main,
which was also made of Aldyl A, was too small to have contributed to the accident,
but it also exhibited features consistent with progressive slow crack growth that
further indicated a significantly elevated temperature environment. The crack
surfaces exhibited start-stop features consistent with thermal expansion and
contraction of the service tee saddle and undersaddle, also known as thermal stress
cycling, likely due to fluctuations in ground temperature as high-temperature steam
flowed periodically through the pipe based on heating demand in Building 2 and
escaped through the steam pipe crack.”

The NTSB also examined a collapsed plastic marker ball, first installed in 2021,
that had been recovered from the accident site and determined that the ball’s seam
had ruptured in a manner consistent with a buildup of internal pressure inside the ball
caused by an elevated temperature environment. The same thermal fluctuations in
the ground temperature that caused thermal stress cycling in the Cherry Street gas
main subsequently collapsed the ball inward. Collapsed marker balls are rarely, if
ever, encountered in routine utility work, indicating that seasonal changes in ground
temperature likely did not contribute to the state of the marker ball. The high
temperatures needed to degrade the retired service tee, initiate slow crack growth in
the Cherry Street gas main, and rupture the marker ball seam were consistent with
direct release of steam into the ground surrounding the steam pipe and retired
service tee.” Therefore, the NTSB concludes that steam escaping through the crack
of the corroded steam pipe significantly elevated the ground temperature at the
location of the retired service tee, which accelerated its degradation and ultimately
led to its failure.

% The NTSB considered whether the heat tape that had been affixed to the outside of the
chocolate pipes could have caused elevated ground temperatures and determined it could not have
raised the ground temperature enough to cause the degradation of the retired service tee. The pipes
were situated inside a larger pipe conduit, and the air inside the conduit likely prevented direct heat
transfer to the ground.

%6 Further, had the retired service tee displayed the level of degradation in 2021 that was
visible upon postaccident excavation, the UGI crew would not have been able to complete the tee
replacement project, which required them to install a threaded service tee cap and conduct a soap test
to make sure the tee was free of leaks.
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The NTSB reviewed an image of the UGI crew taken by Palmer during the 2021
service line replacement project. The image showed that UGl had been excavating
with mechanized equipment around the same location as the crack in the steam pipe.
Further, a UGI crewmember stated in an interview with the NTSB that a subsurface
white powder, later determined to be calcium carbonate, had been visible during the
2021 excavation. The NTSB did not determine the purpose of the powder, but it
further indicated the proximity of the UGl work to the steam pipe itself, as the powder
was visible both in the Palmer photograph and when the NTSB excavated a section of
Cherry Street after the accident. A review of PA One Call records did not show any
other excavation projects in this area since 2021. The shearing of the pipe is
consistent with loss of soil support that left the steam pipe vulnerable to shear and
failure given the localized corrosion.?” However, it could not be determined what
specific event or events caused the pipe’s ultimate failure. Further, evidence
recovered from the scene did not indicate why more extensive corrosion had
occurred where the pipe failed.

In an interview with the NTSB, a truck driver who made daily deliveries of
chocolate to Palmer’'s West Reading facilities recalled that, at some point after the
UGl service tee replacement and gas meter relocation project on February 16, 2021,
he would occasionally see steam rising from the section of asphalt pavement that UGI
had replaced during the project. He did not recall seeing the steam before the
project. This recollection is consistent with the steam pipe cracking and beginning to
release steam and heat into the ground sometime between the UGl service tee
replacement project and the accident.

Palmer management was aware of UGI's meter relocation project and,
according to recollections from a UGI crewmember, of the location of the steam pipe
as well. Palmer records indicated that the steam heating system boiler unit was
inspected annually by one of their maintenance contractors and checked daily by
Palmer mechanics; however, Palmer did not have maintenance records on the steam
pipe itself. The extensive corrosion found on the steam pipe in the area of the crack
further indicated the pipe had not been maintained. Therefore, the NTSB concludes
that Palmer’s lack of awareness of corrosion-induced wall loss on the steam pipe from
Building 1 to Building 2 left the steam pipe vulnerable to localized shear and cracking
when external loads changed, which led to steam heating the ground near the retired
service tee after UGI's 2021 service tee replacement project.

97 External corrosion was observed along the entire length of the steam pipe when it was
exposed after the accident. Although the remaining wall thickness was measured at some locations,
the detailed evaluation focused on the portion that contained the through-wall crack. This section was
sent to the NTSB Materials Laboratory.
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2.2.2 Delayed Evacuation

At Palmer’s facilities in West Reading, natural gas was used for the Building 2
basement heating system, the boiler for the steam heat system, and a backup
generator. In interviews with the NTSB, Palmer management characterized the risk
associated with a natural gas leak as “low” because they had few natural gas-fired
appliances at that location. The perception was that the possibility of any natural gas
leak would therefore be relatively minimal. The company’s emergency plan manual,
the Red Book, listed UGI's emergency number and contained floor plans with utility
shut-off locations but lacked a procedure for when to use the number or how to shut
off the gas. The company'’s crisis management plan listed various potential threats to
business operations but did not include a natural gas emergency in this list. Likewise,
the Red Book contained procedures on how to respond to some of these threats but
not to natural gas. Palmer did not provide employee training on natural gas hazards
and how to respond to the smell of gas.

The flammable and explosive hazards of natural gas have long been
recognized by the pipeline industry. To reduce the chances that natural gas leaks will
go undetected, federal regulations require the addition of an odorant to natural gas
distribution pipelines. General best practices for when natural gas is detected are to
immediately evacuate to a safe distance and then call either the gas operator or
9-1-1. For example, UGI's website instructs anyone smelling a gas odor to “act fast”
and leave the area and call UGI, 9-1-1, or both.

Employees working in both Buildings 1 and 2—and some outside of the
buildings—recalled smelling gas or a strange odor on the afternoon of March 24,
2023. In interviews with the NTSB, many Palmer employees stated that they knew that
the distinctive sulfurous odor indicated natural gas, but others recalled expressing
initial confusion as to what the smell was. Some employees asked their supervisors for
guidance but were not told to evacuate; one employee in Building 1 and another in
Building 2 self-evacuated. Witness accounts and surveillance camera data indicated
that many employees in Building 2 at the time of the accident had been aware of the
gas smell at least 13 minutes before the explosion. None of the employees that were
aware of the natural gas odor pulled the fire alarm when it was detected, and Palmer
management did not issue an evacuation order.

Palmer's CEO told the NTSB that employees were empowered to evacuate for
safety reasons. But some employees interviewed after the accident stated that they
did not evacuate Building 1 even after smelling gas because they were concerned it
would count against their workplace attendance. A survivor of the explosion, who was
in Building 2 when it exploded and had smelled gas there, told the NTSB that she

62



Pipeline Investigation Report

Report Number PIR-25-01

thought employees were supposed to wait for instructions from their supervisor in
such a situation. Surveillance camera data and interviews with other Palmer
employees indicated that the lead mechanic, human resources director, and plant
manager were in the process of investigating the leak at the time of the explosion, in
which all three were fatally injured. Without a natural gas emergency evacuation
procedure, Palmer management and employees were not offered a clear
understanding of the critical danger of a natural gas leak; even Palmer management
did not know to immediately evacuate the building in case of a natural gas odor.

The Red Book contained an orderly evacuation procedure for general
emergencies that Palmer employees were trained on as part of regularly conducted
fire drills. Fire alarms, triggered manually or by automatically operated smoke or fire
detectors, indicated to employees that they should evacuate. The NTSB reviewed
company records of past fire drills and evacuations and found that an orderly
evacuation could take place in under 5 minutes.

Further, had someone pulled the fire alarm once the odor was reported in
Building 2 (13 minutes before the explosion), it is likely that employees could have
evacuated with enough time to reach a safe distance from the eventual explosion.
Therefore, the NTSB concludes that had Palmer implemented natural gas emergency
procedures and trained their employees and managers on them before the accident,
the employees and managers could have understood the danger they faced and
could have responded by immediately evacuating and moving to a safe location
away from both buildings. Since the accident, Palmer has installed natural gas alarms
in all their buildings, developed an annual workplace safety training program in both
English and Spanish, replaced natural gas heaters in all their buildings with electric
heaters, and developed an emergency procedure for how to respond to a natural gas
leak.

Palmer’'s new procedure tells employees to determine whether an odor could
be dangerous before deciding to evacuate and notes that portable natural gas
detectors are available to help detect natural gas. The NTSB is concerned that by
telling employees to judge whether an odor is dangerous—and by noting the
availability of portable natural gas detectors—the new procedure could lead to
employees investigating natural gas odors rather than immediately evacuating to a
safe location. Three of the employees fatally injured in this accident were
investigating the gas odor at the time of the explosion instead of evacuating.
Therefore, the NTSB recommends that Palmer revise its natural gas emergency
procedure to direct all employees to immediately evacuate upon smelling natural gas
odorant and to specify a safe evacuation location.
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2.3 Insufficient Consideration of Known Threats from Plastic Piping

The vulnerability to slow crack growth, also called brittle-like cracking, of early
vintage Aldyl A and other early vintage polyethylene piping materials under certain
environmental (such as high ground temperatures), installation, and service
conditions has been extensively documented.?® In 1998, the NTSB issued a special
investigation report, Brittle-Like Cracking in Plastic Pipe for Gas Service, which
concluded that the procedure used in the United States to rate the strength of plastic
pipe may have overrated the strength and resistance to brittle-like cracking of much
of the plastic pipe manufactured and used for gas service from the 1960s through the
early 1980s. The report found that much of this early vintage plastic piping may
therefore be susceptible to premature brittle-like cracking failures when subjected to
stress intensification (NTSB 1998). In response, PHMSA and its predecessor, the
Research and Special Programs Administration, issued four advisory bulletins
addressing brittle-like cracking in plastic pipe materials.

The 2002 bulletin Notification of the Susceptibility to Premature Brittle-Like
Cracking of Older Plastic Pipe warned that “brittle-like cracking (also known as slow
crack growth) can substantially reduce the service life of polyethylene piping systems”
(Research and Special Programs Administration 2002). The bulletin specifically cited
certain Aldyl A piping material manufactured by DuPont Company before 1973-the
same material as the retired Building 2 service tee—as potentially susceptible to
brittle-like cracking.”” A 2007 update to the advisory bulletin added Delrin-insert
tapping tees to the list of polyethylene pipe materials susceptible to brittle-like
cracking.

District heating systems that use underground steam pipes like the one used
by Palmer can be found throughout the United States, particularly in large cities like
New York; San Francisco, California; Philadelphia, Pennsylvania; and Denver,
Colorado. Of the 68 district heating systems still operating, just over half were built
before 1950-with one-quarter built before 1900 (Pierce 2022). The extent of district
heating systems nationwide means that other natural gas pipeline operators may
have assets near steam pipes. Research has established that elevated temperatures
can affect the pressure rating of polyethylene plastic piping, with one study citing the

%8 These conditions, outlined in a 2002 PHMSA advisory bulletin, include rock impingement,
shear and bending stresses from such factors as nearby excavation or frost heave, damaging squeeze-
off practices, and installation in areas with higher ground temperatures.

%7 In the 1970s, DuPont found that some Aldyl A pipe samples made between 1970 and 1972
had low-ductile inner wall characteristics resulting from excessive temperature settings during the
extrusion process (Haine 2014).
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adverse effects of district heating systems on polyethylene gas pipelines (Akhmerova
and others 2021).

Early vintage Aldyl A piping is limited to operating conditions below 100°F,
and operating outside these conditions increases the risk of slow crack growth. For
plastic piping in general, the risk of damage grows as temperatures increase above
typical ground temperatures. Modern plastics (including later vintages of Aldyl A) are
more resistant to damage at higher temperatures than earlier vintages. Operators
base the maximum operating pressure for plastic piping on the properties of the pipe
and an assumed maximum environmental temperature; as seen in this accident, the
release of steam can raise that temperature, creating an environment in which the
piping was not originally designed to operate. To address the risks associated with
plastic piping, pipeline operators must be aware of where these assets are located in
their system and which ones may be susceptible to slow crack growth or other
degradation from outside factors, such as heat. Before the accident, UGI had
evaluated the threat and consequences of early vintage Aldyl A to be the same as
other polyethylene fittings in its risk models, counter to PHSMA guidance. UGl was
not able to conduct a complete inventory of its plastic assets, including manufacturer,
with available records. The Palmer steam pipe had not been recorded or identified in
UGl's records, precluding UGI from identifying the elevated temperature
environment as a threat. The NTSB concludes that because UGI did not have
sufficient threat information available for analysis in its DIMP, it could not effectively
evaluate and address the risk to pipeline integrity of its plastic piping in elevated
temperature environments.

UGI strengthened its data collection and record correction procedures and is
working to remediate Aldyl A service tees with Delrin inserts as they are discovered in
the field, using new operational procedures and electrofusion repair fittings
developed specifically for the tees. UGl is also conducting a complete analysis of all
its assets that may be exposed to elevated temperature environments to evaluate and
address this threat to pipeline integrity, but this effort needs to be completed.
Therefore, the NTSB recommends that UGl inventory all its plastic natural gas assets
that may be located in elevated temperature environments and address the risk
associated with these assets.

The NTSB is concerned that the extent of the use of plastic natural gas assets
throughout the country, including Aldyl A, and their susceptibility to degradation in
elevated temperature environments raise the risk of an accident like this one. This
accident demonstrates the need to quantify the extent of plastic piping assets in
natural gas pipeline systems that are at risk of exposure to elevated temperatures.
Historical asset records on pipe installed more than 40 years ago may not be
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accurate, possibly complicating operators’ efforts to assess the extent of plastic
piping throughout their systems, as UGl experienced. A 2014 study of natural gas
pipeline operators in California demonstrated uncertainty similar to UGI's regarding
the extent of the operators’ Aldyl A assets (Haine 2014). The NTSB concludes that
given the widespread adoption of plastic piping, including Aldyl A assets, and the
unreliability of historical asset records, operators may not be aware of the locations of
their plastic natural gas assets that are vulnerable to degradation in elevated
temperature environments, thus appropriate mitigations may not be in place.

Specific guidance from PHMSA on identifying and evaluating the risks
associated with plastic piping in elevated temperature environments would reduce
the chances of a similar accident occurring in the future. Once pipeline operators
have identified the extent of the threat in their systems, they can evaluate risks and
implement mitigations where necessary. Therefore, the NTSB recommends that
PHMSA issue an advisory bulletin to all regulated natural gas distribution pipeline
operators referencing DIMP regulations and encouraging operators to:

e Complete a one-time inventory of all plastic assets that are located in
environments that experience or are at risk of elevated temperatures;

e Continue, during maintenance and new construction projects, to identify
plastic assets that are in elevated temperature environments; and

e Evaluate and mitigate risks to deter the degradation of these assets.

Although the failure of Aldyl A tees with Delrin inserts is well documented, this
is the first accident NTSB has investigated in which thermal degradation of an Aldyl A
service tee with Delrin insert resulted in a fracture that released a substantial amount
of natural gas and led to an explosion. Less-severe Delrin insert and cap failures have
been documented: 2 years after the 2007 PHMSA advisory bulletin, a 2009 Gas
Technology Institute report detailed several insert and cap failures in Aldyl A service
tees with Delrin inserts (Mamoun, Maupin, and Miller 2009). Further, data reported to
the Plastic Pipe Database Committee show that about 20% of failures of Aldyl A
fittings manufactured by DuPont and Uponor were likely caused by the tee with the
Delrin insert (American Gas Association 2024).

The NTSB acknowledges that most documented cases of insert and cap
failures in Aldyl A service tees have resulted in low-volume leaks; however, we
believe that these data must be reassessed in light of this accident. Thus, the NTSB
concludes that the severity of this accident, combined with the documented history of
failure of Aldyl A service tees with Delrin inserts, indicates a risk associated with the
continued use of these components.
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Although the 2007 PHMSA advisory bulletin noted that Delrin-insert tapping
tees were susceptible to slow crack growth, the NTSB believes that operators need to
be alerted to the potentially severe consequences of the tees’ degradation. The NTSB
therefore recommends that PHMSA issue an advisory bulletin that reviews the details
of the March 24, 2023, natural gas-fueled explosion and fire in West Reading,
Pennsylvania, and advises all regulated natural gas distribution pipeline operators to
address the risk associated with Aldyl A service tees with Delrin inserts, including
replacing or remediating them.

As part of its IM program, before the accident UGI had reviewed records of
leaks and failures associated with Aldyl A service tees with Delrin inserts. They
concluded that the tees had a history of leakage from the black Delrin caps and
noted that these leaks had been found through normal operations and did not result
in serious consequences. However, the vulnerability of early vintage Aldyl A materials
to slow crack growth indicate that the Delrin caps were not the only material failure
risk that UGI's IM program should have considered. Even though a UGI crewmember
recalled a Palmer employee telling them about the presence of Palmer’s steam pipe
in 2021, UGI had neither trained nor instructed field personnel to report unknown
private pipelines to its IM program for evaluation as a pipeline integrity threat. The
pipe was not exposed and was not documented in UGl records, preventing UGl's IM
program from evaluating the potential threat of the steam pipe. The NTSB concludes,
therefore, that had UGI developed procedures and training for its field crews to
report potential sources of elevated temperatures (such as steam pipes) found in the
vicinity of natural gas assets, the threat posed by the steam pipe could have been
identified and assessed through UGl’s DIMP, and mitigative measures could have
been implemented.

Underground steam pipelines are not the only subsurface assets that pose a
threat to natural gas systems and to plastic pipes and fittings in general. A 2007 study
cited underground high-voltage electric cables as a source of elevated ground
temperatures (Palermo, Zhou, and Farnum 2007). The NTSB previously investigated
an accident in South Riding, Virginia, in which heat generated by a damaged
electrical line caused the natural gas service line to soften, weaken, and leak, allowing
gas to migrate into a home, where it ignited and exploded (NTSB 2001). The NTSB is
currently investigating a natural gas explosion that destroyed a home and killed two
people in Bel Air, Maryland, in August 2024.%° The preliminary report for the
investigation states that the home’s plastic gas service line had been installed in a

1% The preliminary report for this ongoing investigation can be found on its web page
(investigation number PLD24LR006).
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common trench with the home's electrical cables and was found with a hole on the
bottom of the pipe, and the home had experienced an electrical power outage just
before the explosion.

The GPTC Guide states that natural gas pipeline operators should consider
heat sources as a hazard to plastic gas main and service lines during construction and
offers information on evaluating plastic gas main and service line installations near
heat sources for possible mitigative measures. In its DIMP guide material, the
referenced GPTC Guide does not mention effects on plastic pipes placed near steam
lines or otherwise exposed to potentially elevated temperatures. When a hazard is
identified, a pipeline operator must collect information and provide the information
to its IM program for evaluation, which did not happen when UGI's field crew
encountered the steam pipe near its natural gas assets buried under Cherry Street.
The NTSB concludes that additional industry guidance highlighting the threat to
pipeline integrity of plastic pipeline exposure to elevated temperatures could
improve awareness of this threat so that other operators may identify and effectively
manage it through their DIMPs. The NTSB therefore recommends that the GPTC
develop guidance for natural gas pipeline operators to ensure that their DIMPs
appropriately assess and address threats to plastic pipelines posed by nearby assets
that may elevate the temperature of the environment near the pipeline.

After the accident, UGl identified which of its customers may have steam
systems located near natural gas assets and is analyzing these areas to determine
mitigation measures. UGI updated its procedures to augment surveillance and
documentation of steam pipelines in field maps and reporting of such assets to
engineering staff. UGl also revised its design manual for determining the route of new
or replacement gas assets and for considering separation standards for utilities that
present a high safety risk, including steam and electric lines.

This accident, and others investigated by the NTSB, highlight the importance
of natural gas pipeline operators strengthening their DIMP programs to more
effectively address pipeline safety risks before they result in a catastrophic accident.
Our investigation of a 2018 natural gas-fueled explosion at a residence in Dallas,
Texas, found that the natural gas pipeline operator had neither adequately
considered nor mitigated against threats degrading its pipeline system, the
likelihood of failure associated with these threats, or the potential consequences of
such a failure in its IM program (NTSB 2021). Therefore, the NTSB recommended that
PHMSA

evaluate industry’s implementation of the gas distribution pipeline
integrity management requirements and develop updated guidance for
improving their effectiveness. The evaluation should specifically

68




Pipeline Investigation Report

Report Number PIR-25-01

consider factors that may increase the likelihood of failure such as age,
increase the overall risk (including factors that simultaneously increase
the likelihood and consequence of failure), and limit the effectiveness of
leak management programs. (P-21-2)%

Of note, in 2023, PHMSA issued a notice of proposed rulemaking (NPRM) that,
among other things, would require operators to identify and minimize the risks to
their systems from specific threats in their DIMP plans (for example, the presence of
certain materials, age, overpressurization of low-pressure systems, and extreme
weather and other geohazards).'® The NTSB supported the NPRM. As of the date of
this report, PHMSA is still developing the guidance language for improving the
effectiveness of pipeline IM program requirements. The final rule will need to be
reviewed to determine if NTSB Safety Recommendation P-21-2 has been satisfied. A
final rule is scheduled to be published in 2025.1%3

UGI had developed a DIMP, which was reviewed yearly by the PA PUC.
However, as stated earlier, UGI's DIMP had not identified the need to address the
threat posed by subsurface assets. The NTSB thus concludes that by not addressing
the threat posed by the steam pipe, UGI's DIMP was not effective in preventing the
accident. Thus, the current accident again illustrates the importance of strengthening
DIMP requirements throughout the natural gas pipeline industry. Therefore, the NTSB
reiterates Safety Recommendation P-21-2 to PHMSA.

2.4 Unmarked Private Assets in Public Rights-of-Way

Pennsylvania’s Underground Utility Line Protection Law requires owners and
operators of underground lines serving one or more customers to register with PA

191 Safety Recommendation P-21-2 is currently classified Open—Acceptable Response.

192 The NPRM, “Pipeline Safety: Gas Pipeline Leak Detection and Repair,” can be found at
https://www.federalregister.gov/documents/2023/05/18/2023-09918/pipeline-safety-gas-pipeline-
leak-detection-and-repair. In August 2024, API released RP 1187, “Pipeline Integrity Management of
Landslide Hazards.”

19 The unified agenda for this rulemaking can be found at
https://www.regulations.gov/docket/PHMSA-2021-003%9/unified-agenda.
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One Call (PA One Call 2024).7%4 Based on the definitions within Amended
Pennsylvania Act 287, the Underground Utility Line Protection Law, Pennsylvania did
not require Palmer to be a member of PA One Call.

The Common Ground Alliance’s (CGA) Best Practices Guide contains a uniform
pavement marking color code, which Pennsylvania used. The code includes steam
pipelines along with other potentially dangerous materials transported by pipeline
such as gas, oil, petroleum, or gaseous materials. The guide recommends marking
the location of underground steam pipes with yellow pavement paint. The CGA
guide further explains in Best Practice 3-32 that owners and operators of private
assets who are not members of an 811 center like PA One Call will not be notified of a
planned excavation, and the center will not locate their assets.

Had Palmer’s privately owned steam pipelines been registered with PA One
Call, these assets would have been identified and marked with a uniform pavement
marking as recommended by CGA. Pavement markings indicating the location of
Palmer’s steam pipelines as well as UGI assets would have been the best practice to
alert anyone excavating near the steam pipe of its presence before they began
digging.

Palmer's condensate pipe, chocolate pipes, and steam pipe underneath
Cherry Street crossed a public right-of-way.'% Public rights-of-way are subject to
excavation not only for utility work, but also for building construction and road work.
The entities that perform this work can include utility companies, private contractors,
and homeowners. The NTSB concludes that the omission from PA One Call of certain
assets transporting high-temperature materials like steam that are located in a public
right-of-way can pose a risk to anyone excavating in the vicinity. Damage to these
unmarked assets can also damage and degrade nearby assets. Therefore, the NTSB
recommends that the Commonwealth of Pennsylvania modify its Underground Utility
Line Protection Law to require all owners and operators of pipelines transporting

1% The law, Title 73 P.S. Section 176 et. Seq., defines as a “line” or “facility” “underground
conductor or underground pipe or structure used in providing electric or communication service, or
an underground pipe used in carrying, gathering, transporting, or providing natural or artificial gas,
petroleum, propane, oil, or petroleum and production products, sewage, or water or other service to
one or more transportation carriers, consumers, or customers thereto.” The definition of “line” or
“facility” further includes “unexposed storm drainage and traffic loops that are not clearly visible” and
“oil and gas well production and gathering lines.” The term “facility owner” does not include, among
other listed things, a person serving the person’s own property through the person’s own line, if the
person does not provide service to any other customer.

% The steam pipe and Palmer’s other pipes are no longer in use after the explosion.

70



Pipeline Investigation Report

Report Number PIR-25-01

steam or other high-temperature materials located in public rights-of-way to register
their assets with PA One Call.

The best practices presented in CGA'’s Best Practice Guide contain both
practice statements and practice descriptions, which together provide greater detail
to assist with implementation of the practices. Best Practice 3-26 offers clear guidance
on who should be members of an 811 center: an entity transporting products or
services for consumption or use by means of an underground facility, or for its own
use by means of an underground facility in or crossing a right-of-way or utility
easement. Although the guidance is clear, the NTSB is concerned that states other
than Pennsylvania may also lack requirements for pipelines transporting steam to
register with their 811 centers. With stakeholder groups encompassing excavators,
gas distribution and transmission companies, state regulators, and more, CGA is well-
positioned to conduct outreach on its best practices for 811 center membership.
Thus, the NTSB concludes that broad nationwide adoption of CGA’s recommended
Best Practice 3-26 on 811 center membership can help prevent accidents similar to
this one by increasing awareness of underground private assets, like some steam
pipes, that cross public rights-of-way. Therefore, the NTSB recommends that CGA
identify and pursue opportunities for improving adoption of its best practices on 811
center membership, including updating its best practices guide and encouraging
states to adopt the updated guidelines.

2.5 Public Awareness and Preparedness

Education and awareness about natural gas are critical to help organizations
understand the risk to their facilities and employees and to motivate them to
implement policies, procedures, and training to mitigate risks associated with natural
gas hazards. For this reason, federal regulations adopted by state pipeline regulators
require natural gas pipeline operators to comply with public awareness program
standards outlined in API RP 1162, the first edition of which was released in 2003 and
is incorporated by reference into the regulations. API RP 1162 is now in its third
edition. One of the objectives of such programs is to educate the affected public on
how to recognize and respond to a pipeline emergency. As described in the first
edition of API RP 1162, the affected public includes people living in single- and
multifamily residences as well as “places of congregation” such as businesses or
schools with natural gas service.

APIRP 1162's baseline communication requirement for the affected public is
twice-annual bill stuffers, and these were part of UGI's public awareness program.
However, business mail that includes the gas bill and stuffers often is directed to a
dedicated department at an organization (such as accounting) and not always seen
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by all employees. UGl also communicated safety messages through other channels,
such as television, radio, newspaper, and social media, as well as community events
like baseball games. Like bill stuffers, most of these are one-way communications
from UGI with no guarantee that their customers received the information or paid
attention to it.

The NTSB has investigated accidents in which ineffective aspects of operators’
public awareness programs have led to a lack of public understanding of natural gas
hazards. In 2013, we investigated the explosion of a public housing apartment in
Birmingham, Alabama, when natural gas in the apartment ignited (NTSB 2016). We
found that residents had smelled gas as far back as 2 weeks before the explosion but
had not informed the gas company or local authorities; after the accident, the
pipeline operator bolstered its dissemination of natural gas safety information to its
customers. In our investigation of a 2014 apartment building explosion in New York
City, we found that the operator’s public awareness programs “did not effectively
inform customers and the public about both the importance of reporting a gas odor
and the number to call to report a gas odor” (NTSB 2015). The NTSB's investigation of
a 2010 natural gas transmission pipeline rupture in San Bruno, California, found that
the Pacific Gas and Electric utility company had not corrected a deficient public
awareness program that had left the affected public alarmingly unaware of pipeline
safety or even pipeline proximity (NTSB 2011).

In interviews with the NTSB after the accident, Palmer management could not
recall receiving natural gas safety information from UGI through any means, and they
told the NTSB that they believed that their West Reading facilities were at low risk for
a natural gas explosion and that employees would have time to react to a leak.
Palmer management based this assessment on the minimal natural gas usage in
Buildings 1 and 2. However, as demonstrated in this accident and others, any gas leak
is dangerous, no matter how minimal the gas usage may be. The underestimation of
the danger associated with natural gas leaks indicates that Palmer management had
not been adequately informed about these risks.

Effectiveness data on UGI's public awareness program gathered before the
accident showed that about one-third of respondents described themselves as either
“not too informed” or “not at all informed” about pipelines in their community; a
separate survey indicated only about one-third of the affected public who responded
had read some or all of UGI's natural gas safety brochure. The data on UGI’s public
awareness program effectiveness, along with Palmer’s deficient understanding of the
risks associated with natural gas leaks, indicate room for improvement. The NTSB is
concerned that the communications sent by natural gas pipeline operators to their
customers in businesses or places of congregation do not adequately inform those
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who do not directly receive gas bills of natural gas safety. The NTSB thus concludes
that natural gas pipeline operator public awareness programs may not reach
members of the public in places of congregation or in multifamily residential
buildings who do not directly receive bill stuffers; thus, these members of the public
may be unaware of the natural gas safety guidance to immediately report a natural
gas odor.

After the accident, UGI modified its public awareness program, revising its
public communications on “what to do if you smell gas” and developing a new
natural gas safety campaign with expanded Spanish-language communications. UGI
also has implemented a public awareness pilot program, meeting with and
distributing natural gas safety awareness communications kits to their commercial
and industrial customers. UGl reported that the additional outreach was well received
and that many customers requested additional kits. The NTSB remains concerned
that other natural gas distribution pipeline operators may have the same
communications issues that UGI previously had with businesses such as Palmer.
Effective safety communications are techniques that have proven to be successful in
engaging relevant populations—that is, people who live, work, or congregate within
the coverage area of a pipeline system—and in ensuring that these audiences receive
and understand the safety message. The customer engagement with UGI's
postaccident public awareness pilot program indicates effective safety
communication with its customers and that operators have ample room and ability to
improve upon their communications about natural gas safety. Therefore, the NTSB
recommends that PHMSA identify effective means for natural gas distribution
pipeline operators to communicate with people who live, work, or congregate within
the coverage area of a natural gas distribution pipeline system and implement a plan
to help operators drive continuous improvement in public awareness of natural gas
safety. The NTSB further recommends that API review the findings and plan from
PHMSA's actions on P-25-3 and update its RP 1162 to provide specific guidance to
natural gas distribution pipeline operators on effective safety communication with
people who live, work, or congregate within the coverage area of a natural gas
distribution pipeline system.

2.5.1 Natural Gas Alarms

Public awareness is an effective tool to encourage adoption of safety devices
like natural gas alarms. The first edition of API RP 1162 requires that public awareness
programs include safety messages about the awareness of hazards and prevention
measures as well as leak recognition and response but does not specifically require
these programs to disseminate safety messages about natural gas alarms. UGl's
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public awareness materials distributed before the accident were consistent with
federal regulations, and although the materials promoted the use of smoke and
carbon monoxide alarms, they did not address natural gas alarms. Following the
accident, UGI now includes safety messages encouraging the purchase of natural gas
alarms in its public awareness materials. The NTSB concludes that installing natural
gas alarms can alert people of a gas leak so they can evacuate the area; however,
natural gas customers may not be aware of the necessity of such alarms.

The NTSB believes that messages about the benefits of natural gas alarms are
critically important and could save lives when natural gas alarms are installed. The
NTSB further believes that the natural gas industry can help shape the effectiveness of
public awareness program delivery methods so that people in businesses, schools,
residences, and other places of congregation are better informed, both about natural
gas hazards and the necessity of natural gas alarms. The American Gas Association,
which represents natural gas pipeline operators throughout the US, can facilitate
industry efforts to improve public awareness program delivery methods and to
improve safety, most critically through increasing the installation of natural gas
alarms. Therefore, the NTSB recommends that the American Gas Association share
the details of the March 24, 2023, natural gas-fueled explosion and fire in West
Reading, Pennsylvania, with its members, encouraging them to evaluate the
effectiveness of their current delivery methods of public awareness programs and to
promote the installation of natural gas alarms in businesses, residences, and other
places of congregation that they serve.

Evacuation should occur immediately upon detection of the presence of
natural gas. In 1976, the NTSB made its first recommendation to require natural gas
detection to provide early warning of leaks.' Most recently, after a 2016 building
explosion in Silver Spring, Maryland, and then again after the 2018 home explosion in
Dallas, we made recommendations to the ICC and the NFPA to require natural gas
alarms with methane detection in residences (NTSB 2019).7%” We recommended the
|ICC work with the Gas Technology Institute and NFPA to

1% As a result of its investigation of an April 22, 1974, natural gas explosion in a commercial
building in New York City, the NTSB recommended that the US Department of Housing and Urban
Development advance guidelines for the installation of gas detection instruments in buildings. The
recommendation was classified Closed—Acceptable Action in 1985 based on the lack of practical and
affordable technology at the time.

97 Over the years the NTSB has referred variously to these systems as methane detectors;
methane detection systems; and, as in this report, natural gas alarms.
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Incorporate provisions in the International Fuel Gas Code that requires
methane detection systems for all types of residential occupancies with
gas service. At a minimum, the provisions should cover the installation,

maintenance, placement of the detectors, and testing requirements.
(P-19-6)"08

We made a similar recommendation to the NFPA:

In coordination with the Gas Technology Institute and the International
Code Council, revise the National Fuel Gas Code, National Fire
Protection Association 54 to require methane detection systems for all
types of residential occupancies with gas service. At a minimum, the
provisions should cover the installation, maintenance, placement of the
detectors, and testing requirements. (P-19-7)%

Continuous monitoring systems such as a natural gas alarm can provide early
warning of a gas leak and can warn people to evacuate well before natural gas
ignites.”"® An alarm offers a clear signal that there is an unsafe or emergency
condition and, particularly in a workplace environment in which fire drills are a
familiar practice, tells employees what they must do—evacuate. In the case of this
accident, an alarm would have made it clear to Palmer employees that an emergency
existed.

Palmer's evacuation procedures at the time of the accident directed
employees to leave the building when a fire alarm sounded. Considering the absence
of natural gas emergency procedures at Palmer, had the company installed natural
gas alarms before the accident, the sound of the alarm would have warned Palmer
employees to evacuate before the explosion. Further, for those who were worried
that evacuating would compromise their employment, an alarm would give them the
reassurance they were doing the right thing. Therefore, the NTSB concludes that had
natural gas alarms been installed inside Buildings 1 and 2, an alarm could have
alerted employees to the natural gas leak, likely prompting them to evacuate,

198 NTSB Safety Recommendation P-19-6 is classified Open—Unacceptable Response based on
pending adoption of provisions requiring methane detection systems in residences into the IFGC.

199 NTSB Safety Recommendation P-19-7 is classified Open—Acceptable Alternate Response
based on the pending incorporation of NFPA 715 into NFPA 54 or other appropriate code.

110 Although it was not the case in this accident, odorant can be stripped from natural gas in
certain situations. The NTSB investigation of the Dallas explosion found that the soil had absorbed and
depleted the natural gas odorant, eliminating the opportunity for occupants to detect it.
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reducing or eliminating the fatal consequences of the explosion. Following the
accident, Palmer did install natural gas alarms.

Recognizing the safety benefits of natural gas alarms in building evacuation
and emergency response, some pipeline operators have begun to install natural gas
alarms in buildings with natural gas service (Leon 2022). In 2020, the ICC reported
that the NFPA was developing NFPA 715, “Standard for the Installation of Fuel Gases
Detection and Warning Equipment.” The standard was issued in 2022 and covers the
“selection, design, application, installation, location, performance, inspection, testing,
and maintenance of fuel gas detection and warning equipment in buildings and
structures” (NFPA 2023). Like all standards, NFPA 715 offers detailed technical criteria
that can be used to meet a code, however, it has not yet been incorporated into
NFPA 54. The NTSB believes that NFPA 715 is a comprehensive standard that could
be incorporated by reference into the fuel gas codes. Therefore, the NTSB
recommends that the ICC revise the IFGC to provide for required installation of
natural gas alarms that meet the specifications of NFPA 715 for buildings that use
natural gas. The NTSB likewise recommends that the NFPA revise NFPA 54 (the
National Fuel Gas Code) to provide for required installation of natural gas alarms that
meet the specifications of NFPA 715 for buildings that use natural gas.

Although some states incorporate NFPA and ICC codes into their laws by
reference, states vary in which codes they adopt, enforcement mechanisms, and
general laws pertaining to the use of natural gas and natural gas alarms in buildings
where people congregate.” The NTSB concludes that because adoption of codes
and other rules related to natural gas alarms depends on state and local policies,
widespread requirement of natural gas alarms will depend on state and local action.
Therefore, the NTSB recommends that 50 states, the Commonwealth of Puerto Rico,
and the District of Columbia require the installation of natural gas alarms that meet
the specifications of NFPA 715 in businesses, residences, and other buildings where
people congregate that could be affected by a natural gas leak. The NTSB has
investigated accidents in which a natural gas leak caused an explosion after the gas
migrated from the site of the leak to the site of the explosion, from home explosions
in Annandale, Virginia, and Bowie, Maryland, in the 1970s, to South Jordan, Utah, in
2024 (NTSB 1972, NTSB 1974).12

" Buildings where people congregate include schools, workplaces, and recreational facilities.

"2 In the Annandale and Bowie accidents, the explosions occurred about 240 feet and 110 feet
away from the leaks, respectively. In the South Jordan accident (PLD25FR001), subsurface gas
extended about 250 feet from the leak.
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2.5.2 Companies’ Emergency Response Procedures

As a private company, Palmer is regulated by OSHA under its authority to set
health and safety standards for private-sector employers. Emergencies can be either
natural or manmade, and some can be anticipated and planned for. Emergency
response procedures can reduce serious injury or loss of life. OSHA does not have an
occupational safety and health standard requiring natural gas emergency response
procedures, however. During its postaccident inspection of the March 24 incident,
OSHA issued several citations to Palmer. None of the regulations cited would have
required the company to have an emergency response plan that addresses natural
gas hazards.

According to the American Gas Association, about 5.6 million businesses
receive natural gas service. As with Palmer, businesses with natural gas service are
not required by OSHA to have an emergency response procedure for a gas leak or
related training for employees. Palmers’ Red Book had no procedures that addressed
natural gas emergencies. Palmer had consulted federal and state agency guidance as
well as the NFPA when developing the Red Book. The Red Book addressed other
procedures and safety measures required by OSHA—for example, evacuation routes
and documentation of fatalities and serious injuries—so it is likely that the company
would have included natural gas emergency response procedures had these been
required.

As seen in this accident, companies may not recognize a natural gas leak as a
serious hazard that needs to be addressed in their emergency response procedures.
There are no requirements for natural gas emergency response procedures in the
IFGC, which Pennsylvania has adopted. A federal requirement mandating workplace
natural gas emergency response procedures could prevent a similar accident to the
one in this report. The NTSB concludes that when businesses that use natural gas do
not have natural gas emergency procedures and training, employees may be
unaware or unsure of the steps they should take if they smell natural gas, thus placing
them at risk should a leak occur. With no OSHA regulation specifically requiring an
emergency response procedure for natural gas leaks, companies lack official
direction on how to protect their workers from natural gas hazards in their buildings.
Therefore, the NTSB recommends that OSHA require employers whose facilities use
natural gas to implement natural gas emergency procedures. After the accident,
Palmer developed natural gas emergency response procedures and workplace safety
trainings in both English and Spanish, addressing the safety issue of delayed
evacuation during a natural gas leak.
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An emergency response procedure can prepare building occupants to
respond if a natural gas leak occurs or if a natural gas alarm sounds. Neither of the
fuel gas codes—the IFGC, which Pennsylvania has adopted, and NFPA 54, which other
states have adopted—contain requirements for natural gas emergency response
procedures. The IFC (the fire code adopted by Pennsylvania) requires a fire safety
and evacuation plan, but it is not specific to natural gas; similarly, the NFPA fire code
(NFPA 1) also does not contain a natural gas-specific emergency procedure.

Model codes like the IFC, IFGC, NFPA 1, and NFPA 54 incorporate consensus
standards to protect against hazardous conditions. The code development process is
participatory and transparent, establishing broadly accepted code requirements that
are adapted and adopted by state and local jurisdictions. The NTSB thus concludes
that the consensus-based nature and wide reach of the model codes, such as
building or fire codes, make them effective instruments to address natural gas-
related risks to employees of businesses that use natural gas. Although these codes
may include the fuel gas codes IFGC and NFPA 54, other codes such as the fire codes
may be appropriate locations for natural gas emergency response procedures. As
noted earlier, the ICC administers the IFC and IFGC. Therefore, the NTSB
recommends that the ICC revise the appropriate nationally adopted building or fire
codes to provide for natural gas emergency procedures. The NTSB likewise
recommends that the NFPA revise the appropriate nationally adopted building or fire
codes to provide for natural gas emergency procedures.

2.6 Valve Accessibility

During a natural gas emergency such as an explosion or fire, valves along the
gas distribution lines are operated to shut off the flow of gas, assisting gas technicians
and local emergency responders who are at the scene. Gas continuing to flow into
the system can delay emergency response operations and place responders at risk of
injury from an ongoing gas fire or secondary explosion.

During the emergency response, the UGI mechanic followed company
procedures for closing valves to isolate the natural gas system, working with UG
supervisors to determine which valves to close and other steps to isolate the system.
As is typical during the response to an accident involving gas distribution systems,
the UGI mechanic attempted to close the valves closest to the accident; these were all
secondary valves. Pipeline operators often choose to close the valves closest to the
leak to limit the impacted area and reduce the time it takes to burn off the remaining
gas in the affected area.
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After the UGI mechanic closed the first valve about 5:30 p.m., he encountered
difficulty locating the next valve necessary to shut off the rest of the gas flow. The
mechanic found a valve with a gas cover in the area, but the valve itself had no plastic
tag with a valve number. In July 2024, UGI excavated the site at the NTSB's request
and discovered that the correct gas valve had been paved over, and the mechanic
had likely been looking at a nearby water valve. Because the UGI mechanic could not
positively identify this valve as the correct one, he moved on to two other valves to
fully isolate the system. The second of these valves (at South 4th Avenue and Penn
Avenue) was not accessible until dirt and debris in the valve box was removed, so it
was not closed until 6:15 p.m. Although this valve was designated as a secondary
valve, it had been inspected by UGI about 12 months before the accident, and
according to UGl's records, the valve box was cleaned at that time. Nonetheless, dirt
and debris had accumulated again and delayed isolation of the gas distribution
system.

The NTSB reviewed a 2018 image of South 2nd Avenue and Penn Avenue, in
which a pair of water valves (valves A and B) are visible but not the gas valve, which
was found to be paved over when UGI excavated the valve in 2024. UGI's valve
maintenance procedures include 5-year inspections for secondary valves, indicating
that UGI would have attempted to inspect this valve while it was paved over,
including its most recent documented inspection on March 23, 2021. However, there
is no evidence that UGI was aware that the valve had been paved over. In
communications with the NTSB, UGI pointed out that the presence of water valve A,
which had a gas cover, and suggested that UGI inspectors may have inspected the
wrong valve, since both operate in a similar manner. The NTSB has not identified
evidence that contradicts this theory, but it was not possible to determine definitively
why the paved-over valve was not identified during the 2021 inspection (or previous
inspections). The inaccessibility of the paved-over valve and the debris within another
valve, both of which were relevant to the emergency response, demonstrates that
deficiencies in UGI's valve maintenance program reduced UGl's ability to quickly
isolate its system following a leak. The NTSB concludes that UGI did not effectively
inspect and maintain its valves through its valve maintenance program, leading to a
delay in shutting off gas to the affected area.

After the accident, UGI requested that West Reading Borough make sure water
valves were marked with appropriate covers. UGl has also implemented an enhanced
valve maintenance program including the use of marker balls to support proper valve
identification. The NTSB believes that this effort will improve UGl's valve maintenance
program by better equipping UGl inspectors to confirm valve locations.
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In this accident, the most expedient valves to access to shut off the gas were
secondary valves, and the critical valves (subject to a more-frequent inspection
schedule) were not used. The GPTC Guide suggests factors for a natural gas pipeline
operator to consider when designating what UGI referred to as critical valves (those
defined by 49 CFR 192.747 as valves necessary for the safe operation of a distribution
system, also known in the industry as operating or emergency valves) on high-
pressure distribution lines. These include the total number and type of customers,
particularly hospitals, schools, and commercial or industrial users that would be
affected by outage or emergency; the number of valves necessary to isolate the area;
and the time required for available personnel to isolate the system. The NTSB
reviewed UGI's criteria for designating its critical valves, and although the criteria
considered the number of customers between critical valves, the criteria made no
reference to whether UGl also considered the type of customer or an estimate of the
time required to isolate the system. Therefore, the NTSB concludes that because
customers vary significantly in the number of occupants or residents, criteria for
designating emergency valves that only count customers may not accurately reflect
who could be affected by a natural gas outage or emergency or the severity of the
effect.

Federal regulations offer criteria for the installation of distribution valves, and
GPTC offers guidance for consideration of valve locations, including those necessary
for the safe operation of a distribution system, or what UGI called critical valves. The
regulations give natural gas operators discretion within those parameters to
determine the best location of their valves. As a state-certified program, the PA PUC
evaluates each operator’'s implementation of the requirements of 49 CFR 192.747
and determines whether the implementation is reasonable and will result in an
effective isolation plan. Therefore, the NTSB recommends that the PA PUC assess the
methodology used by natural gas pipeline operators to determine where emergency
valves should be located to ensure the operators are properly considering
consequences and emergency response times as well as population sizes.

2.7 Withholding Safety-Related Information from the NTSB

PHMSA requires pipeline operators to evaluate risks from all threats to the
pipeline system integrity through their DIMPs. In our investigation of the March 24,
2023, explosion, the NTSB sought information on the PA PUC's observations and
oversight of UGI, requesting DIMP inspection reports from the PA PUC in June 2023.
During inspections, the PA PUC collects and analyzes data on an operator’'s DIMP and
determines if the program complies with pipeline safety regulations; this information
is then documented in inspection reports. The PA PUC declined to produce the
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reports, citing state security information nondisclosure laws that support withholding
information from “members of the public” and treating the NTSB as a member of the
public. Therefore, in September 2023, the NTSB removed the PA PUC as a party to
the investigation, after which the PA PUC could not participate in information sharing
among parties during the investigation. During its time as a party, PA PUC was
otherwise responsive to the NTSB and assisted in the investigation. The NTSB then
issued a subpoena for the reports; after lengthy legal action, the NTSB was able to
obtain the reports from the PA PUC in April 2024.

Federal law authorizes the NTSB to require, by subpoena or otherwise, the
production of necessary evidence during an accident investigation.'"® Further, federal
regulations allow the NTSB to obtain any information related to an accident under
investigation.'* The PA PUC's inspection records of UGI's DIMP were material to the
investigation because they contained information on UGI's knowledge of and
compliance with pipeline safety regulations and safety bulletins or notifications from
PHMSA or other agencies. The NTSB thus concludes that the PA PUC's refusal to
provide investigative information pursuant to the NTSB’s federal authority added to
delays in the investigation and safety recommendations. The NTSB recognizes
Pennsylvania’s concern about the security of pipeline information and the
ramifications of potential disclosure. However, the NTSB has processes that prevent
the release of information that could be harmful to individuals or to the public.
Therefore, the NTSB recommends that the Commonwealth of Pennsylvania review its
statutes and amend them to clarify that confidential security information disclosure
restrictions do not apply to the NTSB when it is conducting an accident investigation.

"3 Title 49 U.S.C. Section 1113.

14 Title 49 CFR 831.13.
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3 Conclusions

3.1 Findings

1.

10.

Neither of the following issues were causal to the accident: (1) pipeline
overpressurization or (2) local emergency responder actions.

Natural gas migrated from the Aldyl A retired service tee through the ground
then into the R.M. Palmer Company Building 2 basement, chocolate pipe
conduits, and Building 1, and fueled the explosion in the Building 2
basement.

The 1982 retired service tee leaked because of degradation caused by
exposure to elevated temperatures; more specifically, slow crack growth of
the Aldyl A tower shell and thermal decomposition of the Delrin insert.
Steam escaping through the crack of the corroded steam pipe significantly
elevated the ground temperature at the location of the retired service tee,
which accelerated its degradation and ultimately led to its failure.

R.M. Palmer Company's lack of awareness of corrosion-induced wall loss on
the steam pipe from Building 1 to Building 2 left the steam pipe vulnerable to
localized shear and cracking when external loads changed, which led to
steam heating the ground near the retired service tee after UGI Corporation’s
2021 service tee replacement project.

Had R.M. Palmer Company implemented natural gas emergency procedures
and trained their employees and managers on them before the accident, the
employees and managers could have understood the danger they faced and
could have responded by immediately evacuating and moving to a safe
location away from both buildings.

Because UGI Corporation did not have sufficient threatinformation available
for analysis in its distribution integrity management program, it could not
effectively evaluate and address the risk to pipeline integrity of its plastic
pipingin elevated temperature environments.

Given the widespread adoption of plastic piping, including Aldyl A assets,
and the unreliability of historical asset records, operators may not be aware of
the locations of their plastic natural gas assets that are vulnerable to
degradation in elevated temperature environments, thus appropriate
mitigations may not be in place.

The severity of this accident, combined with the documented history of
failure of Aldyl A service tees with Delrin inserts, indicates a risk associated
with the continued use of these components.

Had UGI Corporation developed procedures and training for its field crews to
report potential sources of elevated temperatures (such as steam pipes)
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

found in the vicinity of natural gas assets, the threat posed by the steam pipe
could have been identified and assessed through UGI's distribution integrity
management program, and mitigative measures could have been
implemented.

Additional industry guidance highlighting the threat to pipeline integrity of
plastic pipeline exposure to elevated temperatures could improve awareness
of this threat so that other operators may identify and effectively manage it
through their distribution integrity management programs.

By not addressing the threat posed by the steam pipe, UGI Corporation’s
distribution integrity management program was not effective in preventing
the accident.

The omission from the Pennsylvania One Call System of certain assets
transporting high-temperature materials like steam that are located in a
public right-of-way can pose a risk to anyone excavating in the vicinity.

Broad nationwide adoption of the Common Ground Alliance’s recommended
Best Practice 3-26 on 811 center membership can help prevent accidents
similar to this one by increasing awareness of underground private assets,
like some steam pipes, that cross public rights-of-way.

Natural gas pipeline operator public awareness programs may not reach
members of the public in places of congregation or in multifamily residential
buildings who do not directly receive bill stuffers; thus, these members of the
public may be unaware of the natural gas safety guidance to immediately
report a natural gas odor.

Installing natural gas alarms can alert people of a gas leak so they can
evacuate the area; however, natural gas customers may not be aware of the
necessity of such alarms.

Had natural gas alarms been installed inside Buildings 1 and 2, an alarm
could have alerted employees to the natural gas leak, likely prompting them
to evacuate, reducing or eliminating the fatal consequences of the explosion.
Because adoption of codes and other rules related to natural gas alarms
depends on state and local policies, widespread requirement of natural gas
alarms will depend on state and local action.

When businesses that use natural gas do not have natural gas emergency
procedures and training, employees may be unaware or unsure of the steps
they should take if they smell natural gas, thus placing them at risk should a
leak occur.

The consensus-based nature and wide reach of the model codes, such as
building or fire codes, make them effective instruments to address natural
gas-related risks to employees of businesses that use natural gas.
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21. UGI Corporation did not effectively inspect and maintain its valves through its
valve maintenance program, leading to a delay in shutting off gas to the
affected area.

22. Because customers vary significantly in the number of occupants or residents,
criteria for designating emergency valves that only count customers may not
accurately reflect who could be affected by a natural gas outage or
emergency or the severity of the effect.

23. The Pennsylvania Public Utility Commission’s refusal to provide investigative
information pursuant to the National Transportation Safety Board's federal
authority added to delays in the investigation and safety recommendations.

3.2 Probable Cause

The National Transportation Safety Board determines that the probable cause
of the explosion was degradation of a retired 1982 Aldyl A polyethylene service tee
with a Delrin polyacetal insert that allowed natural gas to leak and migrate
underground into the R.M. Palmer Company candy factory buildings, where it was
ignited by an unknown source. Contributing to the degradation of the service tee and
insert were significantly elevated ground temperatures from steam escaping R.M.
Palmer Company’s corroded underground steam pipe, located near the service tee,
that had been unmarked and cracked. Contributing to the steam pipe crack was soil
movement and R.M. Palmer Company's lack of awareness of the pipe’s corroded
state. Contributing to the natural gas leak was UGI Corporation’s lack of awareness of
the nearby steam pipe, which led to an incomplete integrity management program
evaluation that did not consider or manage the risk posed by the steam pipe.
Contributing to the accident’s severity was R.M. Palmer Company's insufficient
emergency response procedures and training of its employees, who did not
understand the hazard and did not evacuate the buildings before the explosion.
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4 Recommendations

4.1 New Recommendations

As a result of this investigation, the National Transportation Safety Board
makes the following new safety recommendations.

To the Pipeline and Hazardous Materials Safety Administration:

Issue an advisory bulletin to all regulated natural gas distribution pipeline
operators referencing distribution integrity management program regulations
and encouraging operators to:

e Complete a one-time inventory of all plastic assets that are located in
environments that experience or are at risk of elevated temperatures;

e Continue, during maintenance and new construction projects, to identify
plastic assets that are in elevated temperature environments; and

e Evaluate and mitigate risks to deter the degradation of these assets.
(P-25-1)

Issue an advisory bulletin that reviews the details of the March 24, 2023,
natural gas-fueled explosion and fire in West Reading, Pennsylvania, and
advises all regulated natural gas distribution pipeline operators to address the
risk associated with Aldyl A service tees with Delrin inserts, including replacing
or remediating them. (P-25-2)

|dentify effective means for natural gas distribution pipeline operators to
communicate with people who live, work, or congregate within the coverage
area of a natural gas distribution pipeline system and implement a plan to help
operators drive continuous improvement in public awareness of natural gas
safety. (P-25-3)

To the Occupational Safety and Health Administration:

Require employers whose facilities use natural gas to implement natural gas
emergency procedures. (P-25-4)

To 50 States, the Commonwealth of Puerto Rico, and the District of Columbia:

Require the installation of natural gas alarms that meet the specifications of
National Fire Protection Association 715 in businesses, residences, and other
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buildings where people congregate that could be affected by a natural gas
leak. (P-25-5)

To the Commonwealth of Pennsylvania:

Modify your Underground Utility Line Protection Law to require all owners and
operators of pipelines transporting steam or other high-temperature materials
located in public rights-of-way to register their assets with the Pennsylvania
One Call System. (P-25-6)

Review your statutes and amend them to clarify that confidential security
information disclosure restrictions do not apply to the National Transportation
Safety Board when it is conducting an accident investigation. (P-25-7)

To the Pennsylvania Public Utility Commission:

Assess the methodology used by natural gas pipeline operators to determine
where emergency valves should be located to ensure the operators are
properly considering consequences and emergency response times as well as
population sizes. (P-25-8)

To the American Gas Association:

Share the details of the March 24, 2023, natural gas-fueled explosion and fire
in West Reading, Pennsylvania, with your members, encouraging them to
evaluate the effectiveness of their current delivery methods of public
awareness programs and to promote the installation of natural gas alarms in
businesses, residences, and other places of congregation that they serve.
(P-25-9)

To the American Petroleum Institute:

Review the findings and plan from the Pipeline and Hazardous Materials Safety
Administration’s actions on P-25-3 and update your Recommended Practice
1162 to provide specific guidance to natural gas distribution pipeline
operators on effective safety communication with people who live, work, or
congregate within the coverage area of a natural gas distribution pipeline
system. (P-25-10)

To the Gas Piping Technology Committee:

Develop guidance for natural gas pipeline operators to ensure that their
distribution integrity management programs appropriately assess and address
threats to plastic pipelines posed by nearby assets that may elevate the
temperature of the environment near the pipeline. (P-25-11)
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To the Common Ground Alliance:

Identify and pursue opportunities for improving adoption of your best
practices on 811 center membership, including updating your best practices
guide and encouraging states to adopt the updated guidelines. (P-25-12)

To the International Code Council:

Revise the International Fuel Gas Code to provide for required installation of
natural gas alarms that meet the specifications of National Fire Protection
Association 715 for buildings that use natural gas. (P-25-13)

Revise the appropriate nationally adopted building or fire codes to provide for
natural gas emergency procedures. (P-25-14)

To the National Fire Protection Association:

Revise National Fire Protection Association 54 (the National Fuel Gas Code) to
provide for required installation of natural gas alarms that meet the
specifications of National Fire Protection Association 715 for buildings that use
natural gas. (P-25-15)

Revise the appropriate nationally adopted building or fire codes to provide for
natural gas emergency procedures. (P-25-16)

To UGI Corporation:

Inventory all your plastic natural gas assets that may be located in elevated
temperature environments and address the risk associated with these assets.
(P-25-17)

To R.M. Palmer Company:
Revise your natural gas emergency procedure to direct all employees to

immediately evacuate upon smelling natural gas odorant and to specify a safe
evacuation location. (P-25-18)

4.2 Previously Issued Recommendation Reiterated in This Report

The National Transportation Safety Board reiterates the following safety
recommendation.

To the Pipeline and Hazardous Materials Safety Administration:
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Evaluate industry’s implementation of the gas distribution pipeline integrity
management requirements and develop updated guidance for improving their
effectiveness. The evaluation should specifically consider factors that may
increase the likelihood of failure such as age, increase the overall risk
(including factors that simultaneously increase the likelihood and consequence
of failure), and limit the effectiveness of leak management programs. (P-21-2)

Safety Recommendation P-21-2 is reiterated in section 2.3 of this report.

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

JENNIFER L. HOMENDY MICHAEL GRAHAM
Chairman Member

ALVIN BROWN THOMAS CHAPMAN
Vice Chairman Member

J. TODD INMAN
Member

Report Date: March 18, 2025
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Appendixes

Appendix A: Investigation

The National Transportation Safety Board (NTSB) was notified of this accident
on March 25, 2023. An NTSB investigator arrived at the scene on March 25, and the
NTSB launched an official investigation on March 28. The NTSB team consisted of an
investigator-in-charge, pipeline operations investigators, an emergency response
investigator, integrity management investigators, a materials laboratory investigator,
a fire investigator, a video recording investigator, a systems safety investigator, and a
photograph specialist investigator. The parties to the investigation are the Pipeline
and Hazardous Materials Safety Administration, West Reading Fire Department,
Pennsylvania State Police, Spring Township Fire Department, West Reading Borough
Police, UGI Utilities Inc. (a UGI Corporation subsidiary), and R.M. Palmer Company.
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Appendix B: Consolidated Recommendation Information

Title 49 United States Code 1117(b) requires the following information on the
recommendations in this report.

For each recommendation—

(1) a brief summary of the Board's collection and analysis of the specific
accident investigation information most relevant to the recommendation;

(2) a description of the Board's use of external information, including studies,
reports, and experts, other than the findings of a specific accident investigation, if any
were used to inform or support the recommendation, including a brief summary of
the specific safety benefits and other effects identified by each study, report, or
expert; and

(3) a brief summary of any examples of actions taken by regulated entities
before the publication of the safety recommendation, to the extent such actions are
known to the Board, that were consistent with the recommendation.

To the Pipeline and Hazardous Materials Safety Administration:

P-25-1

Issue an advisory bulletin to all regulated natural gas distribution pipeline
operators referencing distribution integrity management program regulations and
encouraging operators to:

e Complete a one-time inventory of all plastic assets that are located in
environments that experience or are at risk of elevated temperatures;

e Continue, during maintenance and new construction projects, to identify
plastic assets that are in elevated temperature environments; and

e Evaluate and mitigate risks to deter the degradation of these assets.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.3, Insufficient Consideration of Known Threats from Plastic
Piping. Information supporting (b)(1) can be found on pages 64-69; (b)(2) and (b)(3)
are not applicable.

P-25-2
Issue an advisory bulletin that reviews the details of the March 24,
2023, natural gas-fueled explosion and fire in West Reading, Pennsylvania,

90




Pipeline Investigation Report

Report Number PIR-25-01

and advises all regulated natural gas distribution pipeline operators to
address the risk associated with Aldyl A service tees with Delrin inserts,
including replacing or remediating them.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.3, Insufficient Consideration of Known Threats from Plastic
Piping. Information supporting (b)(1) can be found on pages 64-69; (b)(2) and (b)(3)
are not applicable.

P-25-3

|dentify effective means for natural gas distribution pipeline operators to
communicate with people who live, work, or congregate within the coverage area of
a natural gas distribution pipeline system and implement a plan to help operators
drive continuous improvement in public awareness of natural gas safety.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.5, Public Awareness and Preparedness. Information
supporting (b)(1) can be found on pages 71-73; (b)(2) and (b)(3) are not applicable.

To the Occupational Safety and Health Administration:

P-25-4
Require employers whose facilities use natural gas to implement
natural gas emergency procedures.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.5.2, Companies’ Emergency Response Procedures.
Information supporting (b)(1) can be found on pages 77-78; (b)(2) and (b)(3) are not
applicable.

To 50 States, the Commonwealth of Puerto Rico, and the District of Columbia:

P-25-5

Require the installation of natural gas alarms that meet the specifications of
National Fire Protection Association 715 in businesses, residences, and other
buildings where people congregate that could be affected by a natural gas leak.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.5.1, Natural Gas Alarms. Information supporting (b)(1) can
be found on pages 73-76; (b)(2) and (b)(3) are not applicable.

91



Pipeline Investigation Report

Report Number PIR-25-01

To the Commonwealth of Pennsylvania:
P-25-6

Modify your Underground Utility Line Protection Law to require all owners and
operators of pipelines transporting steam or other high-temperature materials
located in public rights-of-way to register their assets with the Pennsylvania One Call
System.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.4, Unmarked Private Assets in Public Rights-of-Way.
Information supporting (b)(1) can be found on pages 69-71; (b)(2) and (b)(3) are not
applicable.

P-25-7

Review your statutes and amend them to clarify that confidential security
information disclosure restrictions do not apply to the National Transportation Safety
Board when it is conducting an accident investigation.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.7, Withholding Safety-Related Information from the NTSB.
Information supporting (b)(1) can be found on pages 80-81; (b)(2) and (b)(3) are not
applicable.

To the Pennsylvania Public Utility Commission:
P-25-8

Assess the methodology used by natural gas pipeline operators to determine
where emergency valves should be located to ensure the operators are properly
considering consequences and emergency response times as well as population
sizes.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.6, Valve Accessibility. Information supporting (b)(1) can be
found on pages 78-80; (b)(2) and (b)(3) are not applicable.
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To the American Gas Association:
P-25-9

Share the details of the March 24, 2023, natural gas-fueled explosion and fire
in West Reading, Pennsylvania, with your members, encouraging them to evaluate
the effectiveness of their current delivery methods of public awareness programs and
to promote the installation of natural gas alarms in businesses, residences, and other
places of congregation that they serve.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.5, Public Awareness and Preparedness. Information
supporting (b)(1) can be found on pages 71-73; (b)(2) and (b)(3) are not applicable.

To the American Petroleum Institute:
P-25-10

Review the findings and plan from the Pipeline and Hazardous Materials Safety
Administration’s actions on P-25-3 and update your Recommended Practice 1162 to
provide specific guidance to natural gas distribution pipeline operators on effective
safety communication with people who live, work, or congregate within the coverage
area of a natural gas distribution pipeline system.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.5, Public Awareness and Preparedness. Information
supporting (b)(1) can be found on pages 71-73; (b)(2) and (b)(3) are not applicable.

To the Gas Piping Technology Committee:
P-25-11

Develop guidance for natural gas pipeline operators to ensure that their
distribution integrity management programs appropriately assess and address
threats to plastic pipelines posed by nearby assets that may elevate the temperature
of the environment near the pipeline.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.3, Insufficient Consideration of Known Threats from Plastic
Piping. Information supporting (b)(1) can be found on pages 64-69; (b)(2) and (b)(3)
are not applicable.
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To the Common Ground Alliance:
P-25-12

Identify and pursue opportunities for improving adoption of your best
practices on 811 center membership, including updating your best practices guide
and encouraging states to adopt the updated guidelines.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.4, Unmarked Private Assets in Public Rights-of-Way.
Information supporting (b)(1) can be found on pages 69-71; (b)(2) and (b)(3) are not
applicable.

To the International Code Council:
P-25-13

Revise the International Fuel Gas Code to provide for required installation of
natural gas alarms that meet the specifications of National Fire Protection Association
715 for buildings that use natural gas.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.5.1, Natural Gas Alarms. Information supporting (b)(1) can
be found on pages 73-76; (b)(2) and (b)(3) are not applicable.

P-25-14

Revise the appropriate nationally adopted building or fire codes to provide for
natural gas emergency procedures.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.5.2, Companies’ Emergency Response Procedures.
Information supporting (b)(1) can be found on pages 77-78; (b)(2) and (b)(3) are not
applicable.

To the National Fire Protection Association:
P-25-15

Revise National Fire Protection Association 54 (the National Fuel Gas Code) to
provide for required installation of natural gas alarms that meet the specifications of
National Fire Protection Association 715 for buildings that use natural gas.
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Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.5.1, Natural Gas Alarms. Information supporting (b)(1) can
be found on page 115; (b)(2) is not applicable; and (b)(3) is not applicable.

P-25-16

Revise the appropriate nationally adopted building or fire codes to provide for
natural gas emergency procedures.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.5.2, Companies’ Emergency Response Procedures.
Information supporting (b)(1) can be found on pages 77-78; (b)(2) and (b)(3) are not
applicable.

To UGI Corporation:
P-25-17

Inventory all your plastic natural gas assets that may be located in elevated
temperature environments and address the risk associated with these assets.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.3, Insufficient Consideration of Known Threats from Plastic
Piping. Information supporting (b)(1) can be found on pages 64-69; (b)(2) and (b)(3)
are not applicable.

To R.M. Palmer Company:
P-25-18

Revise your natural gas emergency procedure to direct all employees to
immediately evacuate upon smelling natural gas odorant and to specify a safe
evacuation location.

Information that addresses the requirements of 49 USC 1117(b), as applicable,
can be found in section 2.2.2, Delayed Evacuation. Information supporting (b)(1) can
be found on pages 62-63; (b)(2) and (b)(3) are not applicable.
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The NTSB is an independent federal agency charged by Congress with investigating every
civil aviation accident in the United States and significant events in the other modes of transportation—
railroad, transit, highway, marine, pipeline, and commercial space. We determine the probable causes
of the accidents and events we investigate and issue safety recommendations aimed at preventing
future occurrences. In addition, we conduct transportation safety research studies and offer information
and other assistance to family members and survivors for each accident or event we investigate. We also
serve as the appellate authority for enforcement actions involving aviation and mariner certificates
issued by the Federal Aviation Administration (FAA) and US Coast Guard, and we adjudicate appeals of
civil penalty actions taken by the FAA.

The NTSB does not assign fault or blame for an accident or incident; rather, as specified by
NTSB regulation, “accident/incident investigations are fact-finding proceedings with no formal issues
and no adverse parties ... and are not conducted for the purpose of determining the rights or liabilities
of any person” (Title 49 Code of Federal Regulations section 831.4). Assignment of fault or legal liability
is not relevant to the NTSB's statutory mission to improve transportation safety by investigating
accidents and incidents and issuing safety recommendations. In addition, statutory language prohibits
the admission into evidence or use of any part of an NTSB report related to an accident in a civil action
for damages resulting from a matter mentioned in the report (Title 49 United States Code section
1154(b)).

For more detailed background information on this report, visit the NTSB Case Analysis and
Reporting Online (CAROL) website and search for NTSB accident ID PLD23LR002. Recent publications
are available in their entirety on the NTSB website. Other information about available publications also
may be obtained from the website or by contacting —

National Transportation Safety Board
Records Management Division, CIO-40
490 L'Enfant Plaza, SW

Washington, DC 20594

(800) 877-6799 or (202) 314-6551

Copies of NTSB publications may be downloaded at no cost from the National Technical
Information Service, at the National Technical Reports Library search page, using product number
PB2025-100103. For additional assistance, contact—

National Technical Information Service
5301 Shawnee Rd.

Alexandria, VA 22312

(800) 553-6847 or (703) 605-6000
NTIS website
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