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ARAN S, National Transportation Safety Board
Washington, D.C. 20594

Preliminary Report

Accident No.: DCA10MP008

Type of System: 30-inch natural gas transmission pipeline

Accident Type: Pipeline rupture

Location: San Bruno, CA

Date: September 9, 2010

Time: About 6:11 p.m., Pacific Daylight Time

Owner/Operator: Pacific Gas & Electric Company

Fatalities/Injuries: Eight fatalities, multiple injuries

Pipeline Pressure: 386 pounds per square inch gauge (psig) at the time of rupture
Quantity Released: Approximately 47.6 million standard cubic feet (MMSCF)

On September 9, 2010, at approximately 6:11 p.m. Pacific Daylight Time(1), a 30-inch diameter natural
gas transmission pipeline (Line 132) owned and operated by Pacific Gas & Electric Company (PG&E)
ruptured in a residential area in San Bruno, California. On September 10, the NTSB launched a team to

| California to investigate this tragedy. Vice Chairman Christopher Hart was the NTSB Board Member on
scene in San Bruno. ‘

The rupture on Line 132 occurred near mile post (MP) 39.33, at the intersection of Earl Avenue and
Glenview Drive in the city of San Bruno. Approximately 47.6 million standard cubic feet (MMSCF) of
natural gas was released as a result of the rupture. The rupture created a crater approximately 72 feet
long by 26 feet wide. A pipe segment approximately 28 feet long was found about 100 feet away from
the crater. The released natural gas was ignited sometime after the rupture; the resulting fire destroyed
37 homes and damaged 18. Eight people were killed, numerous individuals were injured, and many
more were evacuated from the area.

The Incident Command was set up by the local fire department. The immediate response by local
emergency responders, as well as three strategic drops of fire retardant and water by air, assisted in
stopping the spread of the fire.

According to PG&E records, Line 132, which is regulated by the California Public Utilities Commission
(CPUC), was constructed using 30-inch diameter steel pipe (API 5L Grade X42) with 0.375-inch thick
wall. The pipeline was coated with hot applied asphalt, and was cathodically protected. The ruptured

} pipeline segment was installed circa 1956. The specified maximum operating pressure (MOP) for the
ruptured pipeline was 375 pounds per square inch gauge (psig). According to PG&E, the maximum
allowable operating pressure for the line was 400 psig.

Just before the accident, PG&E was working on their uninterruptable power supply (UPS) system at
Milpitas Terminal, which is located about 39.33 miles southeast of the accident site. During the course
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of this work, the power supply from the UPS system to the supervisory control and data acquisition
(SCADA) system malfunctioned so that instead of supplying a predetermined output of 24 volts of
direct current (VDC), the UPS system supplied approximately 7 VDC or less to the SCADA system.
Because of this anomaly, the electronic signal to the regulating valve for Line 132 was lost. The loss of
the electrical signal resulted in the regulating valve moving from partially open to the full open position
as designed. The pressure then increased to 386 psig. The over-protection valve, which was
pneumatically activated and did not require electronic input, maintained the pressure at 386 psig.

At about 5:45 p.m., the SCADA system indicated that the pressure at Martin Station, which is
downstream of the rupture location, exceeded 375 psig. The SCADA system indicated that the pressure
at Martin Station continued to increase until it reached about 390 psig at about 6:00 p.m. At 6:08 p.m,, it
dropped to 386 psig. At 6:11 p.m., the pressure at Martin Station decreased from 386 to 361.4 psig;
within one minute the pressure dropped to 289.9 psig.

PG&E dispatched a crew at 6:45 p.m. to isolate the ruptured pipe section by closing the nearest mainline
valves. The upstream valve (MP 38.49) was closed at about 7:20 p.m. and the downstream valve at
Healy Station (MP 40.05) was closed at about 7:40 p.m. Once the ruptured section was isolated and the
gas flow was stopped, the resulting fire from the ruptured line self-extinguished. Later that evening,
PG&E isolated the natural gas distribution system serving residences in the area, and within a minute of
stopping the gas flow at about 11:30 p.m., fires from escaping natural gas at damaged houses went out.

When the NTSB arrived on scene on September 10, the investigation began with a visual examination of
the pipe and the surrounding area. The investigators measured, photographed, and secured the
approximately 28-foot-long ruptured pipe segment. On Monday, September 13, the ruptured pipe
segment and two shorter segments of pipe, cut from the north and south sides of the rupture, were crated
for transport to an NTSB facility in Ashburn, Va., for examination.

The examination revealed that the ruptured segment was 27 feet 8 inches long at its longest length, and
consisted of a pipe section and four smaller pipe pieces (pups) between 3 feet 8.5 inches and 3 feet 11
inches long (pups are numbered one through four from south to north).

The segment north of the rupture (north segment) was 15 feet 9 inches long and consisted of a pipe
section and two pups, 3 feet 7 inches and 4 feet 7 inches long (numbered five and six from south to
north).

The section south of the rupture (south segment) was 12 feet 4.5 inches long at its longest length; it
contained no pups.

All pipe pieces and pups showed fairly uniform wall thickness of 0.36 to 0.38 inches.

There were longitudinal fractures in the first and second pup of the ruptured segment and a partial
circumferential fracture at the girth weld between the first and second pup. There was a complete
circumferential fracture at the girth weld between the fourth pup in the ruptured segment and the fifth
‘pup in the north segment. The longitudinal fracture in the first pup continued south into the pipe ending
in a circumferential fracture in the middle of the pipe.

The following laboratory work on the pipe has been completed:

e Written documentation, photo documentation and visual inspection of the pipe.
¢ Removal of the asphalt coating from outside of the three pipe segments in preparation for non-
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destructive examination work.
Radiography of the girth welds and select scams.
Microbiological testing of the pipe surface (samples currently being analyzed).
Ultrasonic wall thickness measurements.
Magnetic particle inspection of welds and seams.
3-D laser scanning of the pipe pieces for a digital dimensional record of the evidence.
Measurement of the longitudinal and circumferential pup dimensions.
Removal of key fracture surfaces from the ruptured segment for further laboratory examination at
the NTSB materials lab in Washington.

The following additional work is currently on-going:

Precision cleaning of the fracture surfaces on the pieces cut from the ruptured pipe segment.
Hardness and microhardness testing.

Optical fractographic analysis and photodocumentation of the fracture surfaces on the pieces cut
from the ruptured pipe segment.

Preliminary scanning electron microscopy of the fracture surfaces on the pieces cut from the
ruptured pipe segment

Additional factual updates will be provided and distributed via media advisory as investigative
information is developed.

Footnote

1. All times mentioned in this report refer to Pacific Daylight Time, unless otherwise specified.
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National Transportation Safety Board
Washington, D.C. 20594

Safety Recommendation

Date: January 3, 2011
In reply refer to: P-10-1 (Urgent)

The Honorable Cynthia L. Quarterman

Administrator

U.S. Department of Transportation

Pipeline and Hazardous Materials Safety Administration
East Building, 2nd Floor

1200 New Jersey Ave., SE

Washington, D.C. 20590

On September 9, 2010, about 6:11 p.m. Pacific daylight time,' a 30-inch-diameter natural
gas transmission pipeline (Line 132) owned and operated by Pacific Gas and Electric Company
(PG&E) ruptured in a residential area in the city of San Bruno, California. The accident killed
eight people, injured many more, and caused substantial property damage. The rupture on Line
132 occurred near milepost 39.33, at the intersection of Earl Avenue and Glenview Drive in
San Bruno. About 47.6 million standard cubic feet of natural gas were released as a result of the
rupture. The rupture created a crater about 72 feet long by 26 feet wide. A ruptured pipe segment
about 28 feet long was found about 100 feet away from the crater. The released natural gas was
ignited sometime after the rupture; the resulting fire destroyed 37 homes and damaged 18.

When the National Transportation Safety Board (NTSB) arrived on scene on
September 10, the investigation began with a visual examination of the pipe and the surrounding
area. The investigators measured, photographed, and secured the ruptured pipe segment. On
September 13, the ruptured pipe segment and two shorter segments of pipe, cut from the north
and south sides of the ruptured segment, were crated for transport to an NTSB facility in
Ashburn, Virginia, for examination.

According to PG&E as-built drawings and alignment sheets, Line 132 was constructed
using 30-inch-diameter seamless steel pipe (API SL Grade X42) with a 0.375-inch-thick wall.
The pipeline was coated with hot applied asphalt and was cathodically protected. The ruptured
pipeline segment was installed circa 1956. According to PG&E, the maximum allowable
operating pressure (MAOQOP) for the line was 400 pounds per square inch, gauge.

The NTSB’s examination of the ruptured pipe segment and review of PG&E records
revealed that although the as-built drawings and alignment sheets mark the pipe as seamless API

' All times mentioned in this letter refer to Pacific davlight time, unless otherwise specified.
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5L Grade X42 pipe, the pipeline in the area of the rupture was constructed with longitudinal
seam-welded pipe. Laboratory examinations have revealed that the ruptured pipe segment was
constructed of five sections of pipe, some of which were short pieces measuring about 4 feet
long. These short pieces of pipe contain different longitudinal seam welds of various types,
including single- and double-sided welds. Consequently, the short pieces of pipe of unknown
specifications in the ruptured pipe segment may not be as strong as the seamless APl 5L Grade
X42 steel pipe listed in PG&E’s records.” It is possible that there are other dlSCI’BpanCles between
installed pipe and as-built drawings in PG&E’s gas transmission system. It is critical to know all
the characteristics of a pipeline in order to establish a valid MAOP below which the pipeline can
be safely operated. The NTSB is concerned that these inaccurate records may lead to incorrect
MAOPs.

The MAOP for a pipeline can be established by conducting a hydrostatic pressure test
that stresses the pipe to 125 percent of the desired MAOP without failure. In a hydrostatic
pressure test, a pipe segment is typically filled with water at a specific pressure for a specific
period of time to test the strength of the pipe. Hydrostatic testing requirements and restrictions
for natural gas pipelines are specified in Title 49 Code of Federal Regulations (CFR) Part 192,
Subpart J. The spike test is a variation of the hydrostatic pressure test in which a higher
hydrostatic pressure, usually 139 percent of the MAOP, is applied for a short period of time
(typically about 30 minutes). The spike test is intended to eliminate flaws that may otherwise
grow and cause failure during pressure reduction after the hydrostatic test or resulting from
normal operational pressure cycles. It is advantageous to include a spike test because it limits the
time the line is at the higher pressure to reduce the potential amount of crack growth. Although
hydrostatic testing is recognized to be a direct and effective methodology for validating an
MAOP, its implementation requires that operating lines be shut down, which may adversely
affect customers dependent on the natural gas supplied by the pipeline, particularly if the pipe
fails during the test, which could necessitate a protracted shutdown. Consequently, |t is
preferable to use available design, construction, inspection, testing, and other related records’ to
calculate the valid MAOP.

The NTSB is concerned that other pipeline operators, including interstate operators
regulated by the Pipeline and Hazardous Materials Safety Administration, may have
discrepancies in their records as well. Therefore, the NTSB makes the following safety
recommendation to the Pipeline and Hazardous Materials Safety Administration:

> PG&E’s records identify Consolidated Western Steel Corporation as the manufacturer of the accident segment
of Line 132. However, after physical inspection of the ruptured section, investigators were unable to confirm the
manufacturing source of some of the pieces of ruptured pipe. Determining the identity of the manufacturer of these
pieces of pipe is an ongoing part of the investigation.

3 Some relevant records may not currently be in PG&E’s possession, such as those that may reside with the city
of San Bruno, San Mateo County. the state of California, or former employees or contractors of PG&E. During the
investigation of the collapse of the 1-35W Highway Bridge in Minneapolis, Minnesota, on August 1, 2007, NTSB
investigators interviewed retired engineers and other technical personnel who had worked on the design of the
bridge in the early 1960s. In the course of their interviews, NTSB investigators were provided with critical
engineering records related to the bridge design that had been personally retained by one of the retired employees of
the company that had designed the bridge. See Collapse of I-35W Highway Bridge, Minneapolis, Minnesota,
August I, 2007, Highway Accident Report NTSB/HAR-08/03 (Washington, DC: National Transportation Safety
Board, 2008), pp. 78, 103, on the NTSB website at <http://www.ntsb.gov/publictn/2008/HAR0803.pdf>.



Through appropriate and expeditious means such as advisory bulletins. and
posting on your website, immediately inform the pipeline industry of the
circumstances leading up to and the consequences of the September 9, 2010,
pipeline rupture in San Bruno, California, and the National Transportation Safety
Board’s urgent safety recommendations to Pacific Gas and Electric Company so
that pipeline operators can proactively implement corrective measures as
appropriate for their pipeline systems. (P-10-1) (Urgent)

The NTSB also issued safety recommendations to the California Public Ultilities
Commission:

Develop an implementation schedule for the requirements of Safety
Recommendation P-10-2 (Urgent) to Pacific Gas and Electric Company (PG&E)
and ensure, through adequate oversight, that PG&E has aggressively and
diligently searched documents and records relating to pipeline system
components, such as pipe segments, valves, fittings, and weld seams, for PG&E
natural gas transmission lines in class 3 and class 4* locations and class 1 and
class 2° high consequence areas® that have not had a maximum allowable
operating pressure established through prior hydrostatic testing as outlined in
Safety Recommendation (P-10-2) (Urgent) to PG&E. These records should be
traceable, verifiable, and complete; should meet your regulatory intent and
requirements; and should have been considered in determining maximum
allowable operating pressures for PG&E pipelines. (P-10-53) (Urgent)

If such a document and records search cannot be satisfactorily completed, provide
oversight to any spike and hydrostatic tests that Pacific Gas and Electric Company
is required to perform according to Safety Recommendation (P-10-4). (P-10-6)
(Urgent)

Through appropriate and expeditious means, including posting on your website,
immediately inform California intrastate natural gas transmission operators of the
circumstances leading up to and the consequences of the September 9, 2010,
pipeline rupture in San Bruno, California, and the National Transportation Safety
Board’s urgent safety recommendations to Pacific Gas and Electric Company so
that pipeline operators can proactively implement corrective measures as
appropriate for their pipeline systems. (P-10-7) (Urgent)

The NTSB also issued safety recommendations to the Pacific Gas and Electric Company:

* Class 3 refers to any location unit that has 46 or more buildings intended for human occupancy. Class 4 refers
to any class location unit where buildings with four or more stories above ground are prevalent.

* Class | refers to an offshore area or any class location unit that has 10 or fewer buildings intended for human
occupancy. A class 2 location is any class location unit that has more than 10 but fewer than 46 buildings intended
for human occupancy.

% A high consequence area is any class 3 or 4 location or any area where a potential impact radius of 660 fect
would contain mere than 20 buildings intended for human occupancy.




Aggressively and diligently search for all as-buiit drawings, alignment sheets, and
specifications, and all design, construction, inspection, testing, maintenance, and
other related records, including those records in locations controlled by personnel
or firms other than Pacific Gas and Electric Company, relating to pipeline system
components such as pipe segments, valves, fittings, and weld seams for Pacific
Gas and Electric Company natural gas transmission lines in class 3 and class 4
locations and class 1 and class 2 high consequence areas that have not had a
maximum allowable operating pressure established through prior hydrostatic
testing. These records should be traceable, verifiable, and complete. (P-10-2)
(Urgent)

Use the traceable, verifiable, and complete records located by implementation of
Safety Recommendation P-10-2 (Urgent) to determine the valid maximum
allowable operating pressure, based on the weakest section of the pipeline or
component to ensure safe operation, of Pacific Gas and Electric Company natural
gas transmission lines in class 3 and class 4 locations and class 1 and class 2 high
consequence areas that have not had a maximum allowable operating pressure
established through prior hydrostatic testing. (P-10-3) (Urgent)

If you are unable to comply with Safety Recommendations P-10-2 (Urgent) and
P-10-3 (Urgent) to accurately determine the maximum allowable operating
pressure of Pacific Gas and Electric Company natural gas transmission lines in
class 3 and class 4 locations and class 1 and class 2 high consequence areas that
have not had a maximum allowable operating pressure established through prior
hydrostatic testing, determine the maximum allowable operating pressure with a
spike test followed by a hydrostatic pressure test. (P-10-4)

In response to the recommendation in this letter, please refer to Safety Recommendation
P-10-1 (Urgent). If you would like to submit your response electronically rather than in hard
copy, you may send it to the following e-mail address: correspondence@ntsb.gov. If your
response includes attachments that exceed 5 megabytes, please e-mail us asking for instructions
on how to use our secure mailbox procedures. To avoid confusion, please use only one method of
submission (that is, do not submit both an electronic copy and a hard copy of the same response
letter).

Chairman HERSMAN, Vice Chairman HART, and Members SUMWALT, ROSEKIND,
and WEENER concurred in these recommendations.

[Original Signed]

By: Deborah A.P. Hersman
Chairman
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NATIONAL TRANSPORTATION SAFETY BOARD
Office of Research and Engineering

Materials Laboratory Division

Washington, D.C. 20594

January 21, 2011

MATERIALS LABORATORY FACTUAL REPORT Report No. 10-119
A. ACCIDENT

Place : San Bruno, CA

Date : September 9, 2010

Vehicle : Natural Gas Transmission Pipeline

NTSB No. : DCA1OMP0OO8
Investigator : Ravi Chhatre, RPH-20

B. COMPONENTS EXAMINED
Three pieces of 30 inch diameter pipe.
C. DETAILS OF THE EXAMINATION

From September 30, 2010 through October 8, 2010, a Metallurgical Group was
convened at a facility in Ashburn, VA for the purpose of documenting and examining the
ruptured pipeline pieces and determining which portions of the pipe should be removed for
further examination at the Materials Laboratory in Washington, DC. Members of the group
included:

1) Donaid Kramer, Ph.D., Materials Engineer, NTSB

2) Ravindra Chhatre, Investigator in Charge, NTSB

3) Robert Fassett, Director — Integrity Management & Technical Services, PG&E
4) Joshua Johnson, P.E., Materials Engineer, PHMSA Office of Pipeline Safety
5) Sunil Shori, Utilities Engineer, State of California Public Utilities Commission
6) Paul Tibbals, P.E., Sr. Materials Technology Engineer, PG&E

C.1. DOCUMENTATION OF AS-RECEIVED CONDITION

The as-received pipe was comprised of eight lengths of pipe in three separate
sections as illustrated by the schematic in figure 1 and the photographs in figures 2-5. The
pipeline had a north alignment at this location and the flow of gas was to the north under
typical conditions. The southern section of pipe measured 12 foot — 4 inch at its longest
point and was comprised of a single piece of long pipe (commonly referred to as a joint) as
shown in figure 2. The center section was 27 foot — 8 inch at its longest point and was

' A joint is a single length of pipe, typically 20 feet or greater in length.
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comprised of the same long joint continuing from the southern section as well as four
shorter lengths of pipe (pups) as shown in figures 3 and 4. The northern section of pipe
measured 15 foot — 9 inch and was comprised of two pups and a long joint as shown in
figure 5. For convenience the pups were numbered 1 through 6 in the south to north
direction. The circumferential welds (i.e. girth welds) that joined the pups were numbered
sequentially from south to north as C1, C2, and so on through C7.

The center section had circumferential fractures at both ends. One fracture was
through the long joint to the south of pup 1 as shown in figure 4. The other fracture was at
the girth weld between pup 4 and pup 5 (girth weld C5 in figure 1) as shown in figures 3
and 6. There was a longitudinal fracture in pup 1 that continued in the long joint south of
pup 1 to the circumferential fracture at the south end of the center section, visible in figure
3. There were circumferential fractures in girth weld C2 between pup 1 and pup 2 on both
sides of the pup 1 longitudinal fracture as shown in figures 7a and b. In the
counterclockwise direction, the circumferential fracture measured 27 inch (Note: Clockwise
and counterclockwise directions are assigned as a rotation about the longitudinal axis of
the pipeline looking north). At the end of the fracture there was a 10 inch diameter circular
depression in the pipe. In the clockwise direction, the circumferential fracture measured
6.25 inch, at which point it intersected with a longitudinal fracture in pup 2 as shown in
figure 7b. The longitudinal fracture in pup 2 extended 29.25 inch from girth weld C2 at
which point it branched in two, visible in figure 7a and 7c. One branch continued in the
longitudinal direction to within 3 inch of girth weld C3 (Note: This was only visible after
removal of the coating as shown in figure 7c). The other branch was angled 66° to the
longitudinal direction and measured 18 inch. The circumferential fracture at the north end of
the center section deviated from girth weld C5 along a 3.5 inch circumferential length up to
1 inch longitudinally in pup 4 at the location shown in figure 6.

The southern section had a helical fracture at its north end as shown in figure 2c.
Out of plane bending was cbserved along a 5 inch length along the top of the pipe,
consistent with the point of final fracture. The bending deformation started at the
longitudinal seam as shown in figures 2b and 8 and continued north and clockwise from
this point. The fracture ran along the west side of the seam for approximately 1.5 inch,
transitioned across the seam and continued on the east side of the seam. A circumferential
crack was observed from the inside of the pipe where the main fracture intersected the
seam. The crack propagated through the seam and continued for approximately 1.25 inch
along the east side of the seam.

There was a 10° deformation bend in the pipe in the vicinity of pup 2 that caused the
section to lie partly on its western side as shown in figure 4. The pipe showed continuously
varying ovalization from pup 2 through pup 4, visible in figure 6. The minor radius,
measured from inner wall to inner wall varied from 16.0 inch at the south end of pup 2 to
26.2 inch at the north end of pup 4. By comparison, the inner radius of an undeformed
nominal 30 inch diameter 0.375 inch wall pipe is 29.2 inch. The southern and northern
sections each had a fractured end that mated with one of the fractures on the center
section. The true top of the center section was located by mating fracture features and
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longitudinal seams on the center section with features on the northern and southemn
sections that had their true tops labeled prior to removal from the pipeline.

The long joint south of pup 1, pup 6, and the long joint north of pup 6 all had
longitudinal seams with visible weld beads on the outside of the pipe as shown in figures 2a
and 5¢. There were no visible weld beads on the outside of pups 1 — 5. A gap was
observed along the longitudinal direction on the inside wall of pup 3 at the circumferential
position indicated in figure 6 and shown in greater detail in figure 9. The gap ran along the
entire length of the pup. Longitudinal weld beads were observed on the inside of pup 4 and
pup 5. The weld bead on the inside of pup 4 is labeled in figure 6. An example of the weld
bead on the inside of pup 5 is shown on a cut section of pipe in figure 10a. The weld was
0.312 inch wide and had a rippled surface consistent with a manual fusion welding process.
Each weld spanned the entire length of the pup. A longitudinal weld was observed on the
inside of pup 6 as shown on a cut section of pipe in figure 10b. The weld bead was 0.625
inch wide and had a smooth appearance consistent with an automated submerged arc
welding process. The circumferential distance from the top of the pipe of the seams on the
long joints, the seams on pups 3 — 6, and the longitudinal fractures (along seam welds as
shown below) along pup 1 and pup 2 from the top of the pipe are listed in Table 1.

The appearance of the pipe coating was consistent with hot applied asphalt, parts of
which had been exposed to elevated temperatures. Examples of the coating condition on
the southern sections are shown in figures 2 and 11. No coating was observed on the
bottom half of the pipe starting 3 foot — 4 inch from the cut end and continuing to the
fractured end. The visible pipe surface was an orange color. The coating on the top half of
the pipe close to the fracture exhibited features consistent with drips, sags, and charring as
shown in figure 11a. The coating flow patterns were complex with longitudinal and
circumferential flow occurring in different regions. Close to the cut end, the coating features
were more consistent with as-applied asphalt as shown in figure 11b. No coating was
observed on much of the sides and bottom of the northern section as shown in figure 5c.
Much of the visible pipe surface was an orange coior. Along the top close to the fracture
(pup 5) the surface was black and had a slight gloss as shown in figure 12a. Moving away
from the fracture, drip marks were observed along the top of pup 6 (not shown). Toward the
cut end, the sides and bottom showed little to no indications of heat exposure as shown in
figure 12b. The coating on the top and sides of the center section (in its resting position and
not as installed) had either a charred or glossy appearance in various locations as shown in
figure 13. In some locations, the coating appeared to be comingled with soil. On the
underside of the pipe (in its resting position) between pup 1 and pup 2 there was a partially
attached piece of coating approximately 32 inch in length, the start of which is indicated by
an arrow in figure 13a. There was also an approximately 18 inch wide strip of coating
attached to the underside running from pup 1 and continuing south to within 6 foot of the
southern fracture, the start of which is also indicated in figure 13a. There were also regions
on the underside where no coating was observed and the pipe surface was visible. One
region on pup 4 near the girth weld fracture is shown in figure 14a. The region was
approximately 12.5 inch at its longest and 6 inch at its widest. The visible pipe surface had
an orange/brown appearance. A second region from the underside of the long joint south of
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pup 1 is shown in figure 14b. No coating was observed over a cluster of small patches each
approximately 2 inch in diameter. The visible pipe surface had an orange/brown
appearance. Similar areas of no coating were observed on the undersides of pups 1, 2, and
3.

C.2. REMOVAL OF ASPHALT COATING AND VISUAL EXAMINATION

In preparation for non-destructive testing, the asphalt coating was removed from the
pipe. The bulk of the coating was carefully chipped off by hand using brass hammers and
flexible metal putty knives. The fracture surfaces were taped and covered by a split rubber
hose and then each pipe section was grit blast using olivine blast media. The areas on
either side of the girth welds were blasted to white (SSPC — SP5 / NACE No. 1) while the
rest of the surface was blasted to near white (SSPC — SP10 / NACE No. 2). The southern
section was grit blast over an approximately 1 foot wide by 7 foot long strip centered about
the longitudinal seam as shown in figure 15. On the center section, the entire exterior of
pups 1 — 4 was grit blast as was an approximately 18 inch length of the outer diameter
surface on the long joint south of pup 1 as shown in figure 16. On the northern section, the
entire exterior of pup 5 and pup 6 was grit blast as well as 18 inch of the long joint to the
north of pup 6 as shown in figure 17.

The cleaned pipe was examined visually. There were no visible areas of general
external corrosion on the grit blast surfaces nor were there any visible areas of corrosion on
the inner diameter surface of the pipe. Upon close inspection, round-bottom pits ranging in
depth from 0.004 inch to 0.012 inch were occasionally observed on the outer diameter
surface as shown for pup 2 in figure 18. On pups 3, 4, and 5, the appearance of the outer
diameter surface longitudinal seams were consistent with mechanical removal of a weld
bead (pups 1 — 2 were inconclusive due to masking of the surface). Pipe markings were
found on pup 4 approximately 4.5 inch from girth weld C5 and 90° clockwise of the
longitudinal seam as shown in figures 19a and b. The markings included the number “30”,
two instances of a backwards “P", five lines arranged in a “zigzag®, and two stamps similar
in appearance to a circle-with-a-half-moon.

The longitudinal weld beads on the long joint south of pup 1 (south joint) and the
long joint north of pup 6 {north joint) were visually examined near their butt welded ends
(near girth welds C1 and C7). The outer weld beads for the south and north long joints are
shown in figures 20a and b, respectively. The outer weld bead on the south joint had a
uniform appearance up to the girth weld. The weld bead on the north joint by contrast
showed widening and variation in width approaching girth weld C7, consistent with a
“squirt” weld". The inner weld beads on the south and north long joints are shown in figures
21a and b, respectively. The inner weld bead on the south joint was ground starting 1.75
inch from girth weld C1. The inner weld bead on the north joint was ground starting
approximately 12 inch from girth weld C7.

# Automatic welding units in use at Consolidated Western at least as late as 1849 had a tendency to produce pipe
with cracked seams 5 to 8 inch from the ends. The ends were chlpped out and repaired using a semi-automatic
“squirt” weld unit to complete the longitudinal weid at each end'.
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A number was painted on the inside wall of the long joint south of pup 1 near girth
weld C1. The paint had faded and the numbers were partly obscured by dirt, rust, and
oxidation. The numbers are shown in figure 22 where the contrast of the photo has been
altered. The best estimate of the number was 1299(?) — 12-(?). The number and number
format was consistent with 0.375 inch wall thickness X52 pipe purchased in 194923

A length of welding rod was found fused to the C2 girth weld on the inside of pup 2
as shown in figure 23. The location was approximately 90° counterclockwise of the
longitudinal fracture in pup 2.

C.3. CHORD LENGTH AND WALL THICKNESS MEASUREMENTS

The pup chord lengths and wall thicknesses were measured by tape measure and
ultrasound, respectively. The chord lengths were measured at four locations at 90° intervals
starting at the top of the pipe. The data are listed in table 2. The chord length for pup 2 at
the 6 o’clock position could not be measured due to deformation to the pipe. The length of
pups 1 - 5 (taken along the top of the pipe) varied between 43 inch and 46.75 inch. Pup 6
measured 54.25 inch along its top. The ultrasonic thickness measurements were taken at
30° intervals starting at the top of the pipe, taking care to stay a minimum of 1 inch from the
longitudinal seams. The mean, minimum, and maximum values are listed in table 3. All of
the thickness measurements can be found in Appendix A, table A1. The pipe within this

| pipeline segment was reported as 0.375 inch nominal wall thickness pipe®. The measured
mean wall thickness values varied between 0.359 inch and 0.381 inch from pup 2 to pup 4,
respectively. PG&E and APi sgeclflcatlons in the 1948 to 1954 time frame allowed a -10%
tolerance on walt thickness>3°. The thickness values were consistent with nominal 0.375
inch wall thickness pipe. The variation in wall thickness for an individual piece of pipe
varied between 1.1 and 2.8 percent, consistent with pipe that was formed from a rolled
plate.

The wall thicknesses of the long joint south of pup 1 and the long joint north of pup 6
were checked by micrometer and a series of wall thickness measurements on the bottom of
the southern section were made by ultrasound. The wall thickness of the long joint south of
pup 1 was 0.371 inch, consistent with nominal 0.375 inch wall thickness pipe. The wall
thickness of the long joint north of pup 6 was 0.315 inch, consistent with nominal 0.3125
inch wall thickness pipe. The ultrasound wall thickness measurements on the long joint
south of pup 1 were taken starting 3 inch from the cut end of the southern section
continuing every 3 inch through the 45-inch mark. The measurements were taken along a
longitudinal line at the 6 o’clock position and along longitudinal lines 12 inch on either side.
The mean, minimum, and maximum wall thickness values are shown in table 4. The
complete data set can be found in Appendix A, table A2. The mean wall thickness for the
three longitudinal lines varied between 0.381 inch and 0.382 inch. The minimum wall
thickness varied between 0.377 inch and 0.378 inch.
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C.4. RADIOGRAPHY, MAGNETIC PARTICLE, AND WELD INSPECTION

The longitudinal seams on all pups and all intact circumferential girth welds (C1 - C4
and C6 — C7) were examined by radiography using an iridium 192 isotope recorded on Fuiji
type 80 film that measured 4.5 inch x 17 inch. The long joint south of pup 1 was examined
by radiography along the center section and along the grit blast area shown in figure 15 on
the southern section. The long joint north of pup 6 was examined by radiography over a 24
inch length north of pup 6. The radiographs were interpreted by an American Society for
Nondestructive Testlng (ASNT) certified Level IlI" inspector in accordance with the current
API specification’. The discontinuity definitions, the acceptance criteria for the current API
specification, and the acceptance criteria for the 1956 edition® can be found in Appendix B.
A dlscontlnwty is defined as an interruption of the typical structure of a material. A defect is
defined as, “a discontinuity or discontinuities that by nature or accumulated effect render
the weld unable to meet minimum applicable acceptance standards or specifications™.
There were no records indicating radiography was performed as part of the project in 1956. L
ASA B31.1.8-1955 (predecessor to ASME B31.8) left the use of radiography, the number
and the location of welds examined to the discretion of the operating company'®
Adherence to AP| 1104 was not a code requirement until January 17, 1961 when it became
incorporated into CPUC General Order 112",

The longitudinal seams showed various defects including lack of penetration,
incomplete fusion, slag inclusion, porosity, and undercutting. No defects were detected
along the longitudinal seam of the long joint south of pup 1. Porosity was observed along a
12 inch length adjacent to pup 1 that was within the acceptance criteria of APl 11047, The
longitudinal seams of pup 1 and pup 2 could not be examined by radiography as they were
fractured. The longitudinal seam on pup 3, of which 1.5 inch is visible in figure 24, exhibited
a lack of penetration defect along its entire lengthV. The longitudinal seam on pup 4
exhibited incomplete fusion, porosity, and undercutting defects on all radiographs along its
length. A slag inclusion defect was observed between 12 inch and 36 inch from girth weld
C4. The longitudinal seam on pup 5 exhibited a lack of penetration defect along its entire
length. The first 15 inch of the longitudinal seam along pup 5 is shown in figure 25. The
longitudinal seam on pup 6 exhibited porosity discontinuities on all radiographs along its
length. The porosity in the region 0 — 12 inch from girth weld C6 was within the acceptance
criteria of APl 1104 while the porosity elsewhere did not meet the acceptance criteria. See
Appendix B for the complete list of indications on the longitudinal seams.

The girth welds exhibited various defects including lack of penetration, incomplete
fusion, burn through, slag inclusion, crack, porosity, undercutting, and excess
reinforcement. All girth welds exhibited incomplete fusion, slag inclusion, and porosity
defects on at least one radiograph. Lack of penetration defects were exhibited on all intact

" Level lll inspectors have been certified by ASNT as qualifying to common examinations developed and
administered by an independent third party.

" The term “lack of penetration” is used in this document to indicate an observed lack of weld filler metal in the
through-thickness direction of the weld joint.
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girth welds except C1 and C6. Undercutting defects were exhibited on all intact girth welds
except C2 and C3. Four plug welds were observed on pup 4 adjacent to girth weld C4. An
example radiograph of girth weld C3 is shown in figure 24. See Appendix B for the
complete list of indications on the girth welds.

Magnetic particle inspection was conducted on the intact longitudinal seams, girth
welds, the outside surface of pup 1, the inside surface of pup 1, and the accessible inside
surfaces of pup 2 using the wet fluorescent method. Results were interpreted by an ASNT
Level Il certified inspector. Three locations on pup 5 showed indications using the
magnetic particle method shown in figure 26a. The features were consistent with a lack of
fusion. One region, shown in figure 26b, was centered 5.5 inch north of the C5 girth weld.
The other two regions were approximately 26 inch north of the C5 girth weld and were 0.5
inch to 1.0 inch in length. No other indications were observed on the pipe.

A visual weld inspection was conducted by an American Welding Society certified
inspector. The appearance of the longitudinai weld in the long joint south of pup 1 and the
long joint north of pup 6 was consistent with a submerged arc welding process. No
imperfections were found on the longitudinal welds except for pups 1 — 3 for which lack of
weld penetration along the 1D surface was observed. Also noted, no evidence of an
external weld bead was observed on pups 1 — 5*. The longitudinal weld bead on pup 5 had
been visibly ground. The appearance of the girth welds was consistent with a shielded
metal arc welding process. Arc strike and undercut imperfections were observed on the
outside diameter of girth weld C1 as shown in figure 27a. Piug welds were observed on
pup 4 near C4 and C5 at 90° intervals around the circumference. Undercut and a 1/16”
gouge were observed on the outside diameter of girth weld C6. Visual inspection of the
inside diameters was consistent with a back welding process rather than welding from the
outside diameter. The welds had a poor weld profile consistent with low welding amperage
and exhibited various features including cold lap, incomplete fusion between the weld metal
and the base metal, slag, under fill along the weld joint, and lack of penetration. An
example is shown for a portion of girth weld C2 on the inner diameter shown in figure 27b.
The imperfections observed on the girth welds can be found in Table 5.

C.5. FRACTOGRAPHY

Before cutting samples from the pipe pieces, the geometry of the three sections of
pipe was analyzed using a three-dimensional digital laser scanner to record the overall
dimensions of the pipe pieces. Then the following fracture surfaces were cut from the pipe
using a plasma cutter and transported to the NTSB Materials Laboratory in Washington,
DC where the Metallurgical Group conducted a laboratory examination from October 12,
2010 through October 22, 2010.

1) 52 inch-long section containing the pup 1 counterclockwise fracture face starting
8 inch upstream of girth weld C1 continuing to fractured girth weld C2 (Figure

Y There is no known prohibition against removing the weld bead on the outer diameter surface in APl 5LX or
PG&E material specifications, as long as the resultant pipe meets mechanical testing requirements.
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28a) (Note: Clockwise and counterclockwise directions are assigned as a rotation
about the longitudinal axis of the pipeline looking north.);

2) 85 inch-long section containing the pup 1 and pup 2 clockwise fracture faces
starting 8 inch upstream of girth weld C1 continuing to where the cut intersected
the fracture in pup 2 angled at 66° to the longitudinal seam (Figure 28b);

3) 8 inch-long section of pup 2 counterclockwise fracture face including the mating
fracture face of girth weld C2 included in item number 1 above (Figure 28c);

4) 6 inch ring from pup 4 containing the fracture at girth weld C5 (Figure 28d).

The fracture surfaces were cleaned with alternating applications of mild detergent/rinse
water and toluene using a nylon bristie brush. Weli adhered dirt and surface rust were
removed using acetate replicating tape softened with acetone, pressed onto the fracture
surface, allowed to dry, and the tape peeled off.

C.5.a. Fractography of Longitudinal Fracture

The features on the fracture surface of the long joint south of pup 1 were consistent
with overstress fracture with the crack propagating from pup 1. Over the first 3.5 inch
adjacent to girth weld C1 (see figure 1), the fracture surface had 45° shear lips along the
inner and outer third of the wall and a flat region in the middie third as indicated in figure 29.
Moving further away from pup 1 the fracture profile transitioned to a 90° flat fracture
consistent with an accelerating fracture. Partial chevron" features pointing in the direction
of pup 1 were observed consistent with overstress fracture.

At the other end of the longitudinal fracture, there were features along the pup 2
longitudinal seam consistent with overstress in out-of-plane shear propagating from girth
weld C2. The counterclockwise half of the longitudinal seam adjacent to C2 is shown in
figure 30. The inner half of the seam had a color and texture similar to the inner wall of the
pipe, consistent with lack of weld penetration. The outer half of the seam showed a shear
lip and a smeared fracture surface consistent with out of plane shear. The pipe wall on the
clockwise half of the fracture exhibited outward bending deformation as shown in figure 31.
The bending curvature was greatest adjacent to girth weid C2 and decreased continuously
approaching the mid length of pup 2. There was no outward bending deformation on the
counterclockwise side of the longitudinal seam on pup 2. The fracture surface and bending
deformation were consistent with a crack propagating from girth weld C2.

There were fracture features on girth weld C2 consistent with overstress in mixed
tension and shear consistent with a crack propagating from the pup 1 longitudinal seam.
Approaching the pup 2 longitudinal seam, a shear lip was visible along the girth weld as
shown in figure 32a consistent with out of plane shear. At the location where the pup 1
longitudinal seam met the girth weld (see figure 28c), a longitudinal crack was visible in the
weld cap as shown in figure 32b. The crack did not continue through the wall of the pipe

¥ Chevron marks are "V" shaped features with the tip of the V pointing opposite the direction of propagation.
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underneath the cap. The fracture features were consistent with a crack originating in the
longit.'dinal seam of pup 1.

The crack initiation site was found along the pup 1 longitudinal seam at the location
shown in figure 33a. The counterclockwise half of the longitudinal seam at the initiation site
is shown in figure 33b. The inner half of the seam had a color and texture similar to the
inner diameter surface of the pipe, consistent with a lack of weld penetration. The outer half
of the seam had a rough texture consistent with a tensile overstress fracture.

The lack of penetration was seen along the entire length of the fractured pup 1
longitudinal seam. The lack of penetration depth and total wall thickness were measured at
10 locations starting 4.25 inch downstream (south) of girth weld C1 and spaced at 4 inch
intervals along the pup 1 longitudinal seam from calibrated digital images taken on an
optical microscope (measured after the conclusion of the group examination). The data are
included in Appendix C. The average lack of penetration depth was 0.140 inch + 0.021 inch
(1 standard deviation). The average wall thickness on the counterclockwise side of the
seam was reduced from 0.367 inch measured in the rest of the pipe to 0.312 inch + 0.015
inch. The average percent weld penetration was 55% = 7%. Specifications for pipe
purchased by PG&E in 1948 and 1949 defined an injurious defect to be one that reduced
the wall thickness to less than 90 per cent of the specified wall thickness. The defect was
considered repairable if the depth did not exceed 33 — 1/3 per cent of the specified wall
thickness and provided the length of the defect was not greater than a length equivalent to
one diameter of the pipe (30 inch)*®. An API 5LX Standard on High-Test Line Pipe from
1954 considered all cracks, sweats, leaks, or other defects in welds to be injuriouss.

An apparent crack arrest mark was observed using a stereomicroscope between
20.3 inch and 22.7 inch north (downstream) of the C1 girth weld and was identified as the
initiation site. The location of the initiation site is indicated in figure 33a. The arrest mark is
indicated in figure 33b and in figure 34 by a yellow dotted line labeled “2". The lack of
penetration depth at the initiation site was 0.150 inch. The wall thickness was reduced to
0.332 inch. The percent weld penetration was 55%. The fracture surface in the area labeled
zone “1” in figure 34 had a slightly darker tint than the fracture surface in the area labeled
zone "3". Porosity was observed at the root of the weld as indicated in figure 35. The crack
arrest mark was 2.4 inch at its widest and was within 0.057 inch of the outer diameter
surface at the 21.4 inch mark, its deepest point, also shown in figure 35. In contrast to the
rough texture observed over most of the fracture surface, a thin band of flat fracture was
seen along the crack arrest mark starting at the 22 inch mark and continuing to the north -
extent of the crack arrest mark at 22.7 inch. Interpretation of the fracture morphology at the
crack arrest mark between the 20.3 inch and 22 inch marks was inconclusive. A
micrograph of the fracture surface at the 22.7 inch mark is shown in figure 36. A higher
magnification optical micrograph was taken in the region indicated by the black rectangle
and is shown without annotations in figure 37a and with annotations in figure 37b. Two
dotted yellow lines are superimposed on the micrograph in figure 37b. The area in zone 2
between the dotted yellow lines had a flat morphology compared to the rough morphology
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in zones 1 and 3 consistent with progressive fracture. The band was 0.005 inch wide where
indicated in the figure and widened as it approached the end of the initiation site.

Scanning electron microscopy (SEM) of the fracture initiation site indicated three
regions with different fracture morphologies. Referring to figure 34, dimples were observed
on the rough fracture surface in zone 1 as illustrated by the SEM micrograph in figure 38,
consistent with ductile fracture originating from the root of the weld. The fracture surface
along zone 2 was oxidized and largely devoid of features except for a few locations
between the 22 and 22.7 inch marks that had been protected by asphalt that had flowed
onto the fracture surface. Those regions showed occasional feathery features and, in a few
instances, striated features aligned with the crack arrest mark as shown in the SEM
micrograph in figure 39. The fracture surface in zone 3 was smooth with hackie marks
propagating across the surface as shown in the SEM micrograph in figure 40, consistent
with quasicleavage fracture. An inhibited acid solution (ASTM G1 Solution C.3.5)"? was
used to remove rust on the fracture surface to see if it would reveal additional fracture
features, however no additional features were observed.

In summary, the fracture features in the center section of pipe were consistent with a
crack that initiated in the pup 1 longitudinal seam between 20.3 inch and 22.7 inch north of
the C1 girth weld as shown in figure 41. The direction of crack propagation consistent with
the fracture features is indicated by the white arrows in the figure. The crack initiated in a
manner consistent with ductile overstress from the root of the weld. At the boundary of the
ductile overstress region, features consistent with progressive crack growth were observed.
Moving toward the outer diameter surface, quasicleavage features were observed
consistent with overstress and final rupture. The fracture features were consistent with one
branch of the crack propagating south into the long joint south of pup 1 and toward the
point of final fracture. The fracture features were consistent with the other branch
propagating north until it intersected the C2 girth weld. The fracture features were then
consistent with the crack propagating in the counterclockwise and clockwise directions
along the C2 girth weld. The counterclockwise branch propagated 27 inch toward the true
top of the pipe and arrested. The clockwise branch propagate 6.25 inch where it intersected
the pup 2 longitudinal seam. The out of plane bending and shear on the pup 2 longitudinal
seam fracture surface were consistent with the crack continuing to propagate north along
the pup 2 longitudinal seam where it arrested.

C.5.b. Fractography of Circumferential Girth Weld Fracture

Examination of much of the circumferential fracture at gith weld C5 was
inconclusive as the fracture features that might indicate direction of propagation could not
be conclusively discriminated from the microstructure of the weld. However, there were
several spots indicated by yellow arrows in figure 42 where features similar to chevron or
radial lines could be discriminated that enabled a partial determination of the direction of
crack propagation. An example macrophotograph is shown in figure 43. The examination
indicated that the girth weld fracture likely originated along the east side of the pipe with at
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least one branch crack propagating across the bottom of the pipe and around the west
side. No signs of corrosion or perforations in the weld were observed.

C.5. METALLOGRAPHY

The microstructure of the longitudinal seam welds on all pieces of pipe was
examined by cross section metallography (Note: Metallographic cross sections were
evaluated after the conclusion of the group examination). Samples were mounted and
polished according to standard laboratory protocols'® and microetched with a 2% Nital
solution ™.

The microstructure of the seam weld in the long joint south of pup 1 was consistent
with a double submerged arc welding process as shown in figure 44. The microstructure of
the weld was consistent with the first pass along the outer diameter surface and the second
pass along the inner diameter surface. The weld pool from the outer pass was 0.659 inch
wide at the outer diameter, the weld pool from the inner pass was 0.723 inch wide at the
inner diameter, and the two passes overlapped in the middle of the weld by 0.10 inch. The
outer diameter weld cap was 0.095 inch proud of the outer diameter surface. The inner
diameter weld cap was 0.123 inch proud of the inner diameter surface. There was a 5°
angle between the tangent lines to the inner diameter surface on either side of the seam.
The heat affected zone had an hourglass shape. it was 0.77 inch wide at the outer
diameter, decreased to a width of 0.61 inch in the center of the wall, and increased to a
width of 0.81 inch at the inner diameter.

The weld microstructure for pup 1 was consistent with a fusion welding process with
filler metal laid down into the weld joint along the outer diameter surface of the seam and a
ground down weld cap. A typical cross section 9 inch north of girth weld C1 is shown in
figure 45. The two sides of the seam were matched up in the longitudinal direction, and
glued together for mounting and polishing. The two sides of the seam are within 0.005 inch
or less of one another in the longitudinal direction. The point of deepest weld penetration
was 0.185 inch and was off center of the seam by 0.084 inch. The wall thickness on the
counterclockwise side of the seam had been reduced to 0.315 inch by grinding. At its
widest, the weld was 0.662 inch. There was a 0.030 inch radial offset between the mating
edges of the plate and a 15° angle between the tangent lines to the inner diameter surface
on either side of the seam. The heat affected zone decreased in width continuously from
0.88 inch wide near the outer diameter surface to 0.72 inch near the inner diameter
surface.

The plane of fracture was not in line with the longitudinal seam, but rather started
offset 0.070 inch from the seam as shown in figure 46 before dispiacing back toward the
seam as it propagated toward the outer diameter surface to an offset of 0.017 inch. A 45°
bevel was observed on the clockwise side of the seam that did not match up with the seam
profile on the counterclockwise side. There was a visible reduction in grain coarsening
along the bevel. The weld penetration depth changed abruptly at the edge of the
counterclockwise face by 0.020 inch consistent with a gap present at the edge due to the
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presence of the bevel on the clockwise side. The distance from the end of the bevel to the
outer diameter surface was 0.159 inch.

The weld microstructure for the pup 2 and pup 3 longitudinal seams was similarly
consistent with a fusion welding process with filler metal laid down into the weld joint along
the outer diameter surface of the seam and a ground down weld cap. Example weld
microstructures for pup 2 taken 9 inch south of girth weld C3 and pup 3 taken 10 inch north
of girth weld C3 are shown in figures 47 and 48, respectively. The maximum depth of weld
penetration for pup 2 was 0.202 inch in line with the seam. There was no measureable
reduction in wall thickness or angle between tangent points on opposite sides of the seam.
The weld at its widest point measured 0.722 inch across. The heat affected zone
decreased in width continuously from 0.84 inch at the outer diameter surface to 0.66 inch at
the inner diameter surface.

The plane of fracture started offset 0.041 inch from the seam as shown in figure 45
before displacing back in line with the seam as it propagated toward the outer diameter
surface. A 30° bevel was observed on the counterclockwise side of the seam and a 28°
bevel was observed on the clockwise side of the seam. The distance from the end of the
30° bevel to the outer diameter surface was 0.173 inch.

The maximum depth of weld penetration for pup 3 was 0.165 inch and was off center
by 0.029 inch. There was a 0.022 inch radial offset between mating edges of the plate. The
heat affected zone decreased in width continuously from 0.91 inch at the outer diameter
surface to 0.73 inch at the inner diameter surface. The crack through the weld started in
line with the seam.

The weld microstructure for pup 4 and pup 5 was consistent with a fusion welding
process with filler metal laid down into the weld joint along the outer diameter and inner
diameter of the seam and grinding of the outer diameter weld cap. Example microstructures
for pup 4 taken 8 inch south of girth weld C5 and pup 5 taken 5.5 inch north of girth weld
C5 are shown in figures 49 and 50, respectively. For pup 4, the weld penetrated through
the wall thickness except for a region of lack of penetration at 0.222 inch below the outer
diameter surface and a 0.067 inch long teardrop-shaped root crack at the base of the inner
diameter weld. The weld along the outer diameter appeared to have been completed in two
passes as illustrated in figure 48. The first pass achieved a depth of penetration of 0.222
inch at its deepest. The second pass achieved a depth of penetration of 0.104 inch. The
number of passes along the inner diameter was indeterminate but achieved a depth of
penetration of 0.113 inch measured from the inner diameter surface. The widest weld width
along the outer diameter was 0.597 inch. The widest weld width along the inner diameter
was 0.460 inch. There was apparent grinding on the outer diameter surface on the left side
of the seam as depicted in the micrograph which reduced the wall thickness from 0.380
inch to 0.360 inch. There was a 13° angle between the tangent lines to the inner diameter
surface on either side of the seam. The heat affected zone had an hourglass shape. It
measured 0.75 inch at the outer diameter, decreasing to 0.44 inch and increasing to 0.50
inch at the inner diameter.
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For pup 5, the maximum depth of weld penetration on the outer diameter surface
was 0.073 inch and the maximum depth of weld penetration on the inner diameter surface
was 0.072 inch. The weld bead on the inner diameter surface was raised 0.044 inch at its
highest. The inner diameter surface was undercut by 0.018 inch as indicated in figure 49.
The widest weld width along the outer diameter was 0.356 inch. The widest weld width
along the inner diameter was 0.413 inch. There was a 0.041 inch radial offset between the
mating edges of the plate and a 5° angle between the tangent lines to the inner diameter
surface on either side of the seam. The heat affected zone for the outer and inner diameter
welds were semi-circle shaped and did not meet. The heat affected zone of the weld on the
outer diameter measured 0.45 inch at its widest and 0.15 inch at its deepest. The heat
affected zone on the inner diameter measured 0.47 inch at its widest and 0.20 inch at its
deepest.

The weld microstructure for pup 6 was consistent with a double submerged arc
welding process as shown in figure 51. The microstructure of the weld was consistent with
the first pass along the outer diameter surface and the second pass along the inner
diameter surface. The weld pool from the outer pass was 0.631 inch wide at the outer
diameter, the weld pool from the inner pass was 0.660 inch wide at the inner diameter, and
the two passes overlapped in the middie of the weld by 0.18 inch. The outer diameter weld
cap was 0.110 inch proud of the outer diameter surface. The inner diameter weld cap was
0.115 inch proud of the inner diameter surface. There was a 5° angle between the tangent
lines to the inner diameter surface on either side of the seam. The heat affected zone had
an hourglass shape. It was 0.74 inch wide at the outer diameter, decreased to a width of
0.60 inch in the center of the wall, and increased to a width of 0.76 inch at the inner
diameter.

The weld microstructure of the seam weld in the long joint north of pup 6 was
consistent with a double submerged arc welding process as shown in figure 52. The
microstructure of the weld was consistent with the first pass along the outer diameter
surface and the second pass along the inner diameter surface. The weld pool from the
outer pass was 0.554 inch wide at the outer diameter, the weld pool from the inner pass
was 0.675 inch wide at the inner diameter, and the two passes overlapped in the middle of
the weld by 0.13 inch. The outer diameter weld cap was 0.113 inch proud of the outer
diameter surface. The inner diameter weld cap was 0.102 inch proud of the inner diameter
surface. There was a 5° angle between the tangent lines to the inner diameter surface on
either side of the seam. The heat affected zone had an hourglass shape. It was 0.58 inch
wide at the outer diameter, decreased to a width of 0.60 inch in the center of the wall, and
increased to a width of 0.74 inch at the inner diameter.
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Table 1: Circumferential distance of longitudinal seams and longitudinal fractures measured
from the top of the pipe.

Pipe Piece / Feature

Circumferential Distance from
Top of Pipe, inch

Long Joint South of Pup 1 — DSAW Seam

2.88 inch — Clockwise

Pup 1 — Longitudinal Fracture

18.50 inch - Clockwise

Pup 2 — Longitudinal Fracture

24.75 inch - Clockwise

Pup 3 — Longitudinal Seam

27.25 inch — Counterclockwise

Pup 4 — Longitudinal Seam

15.25 inch — Clockwise

Pup 5 — Longitudinal Seam

34.25 inch — Counterclockwise

Pup 6 — DSAW Seam

0.38 inch - Counterclockwise

Long Joint North of Pup 6 — DSAW Seam

11.50 inch — Counterclockwise

Table 2: Chord length measurements for pups 1 — 6 measured along the top of the pipe and at

90° intervals.
Pipe Piece 12 o'clock Chord | 3 o'clock Chord | 6 o'clock Chord | 9 o'clock Chord
Length, inch Length, inch Length, inch Length, inch
Pup 1 44.50 44.50 44.62 44.38
Pup 2 45.25 45.38 N/A 45.12
Pup 3 46.12 45.50 46.00 46.25
Pup 4 46.75 46.88 47.00 46.75
Pup 5 43.00 43.00 42.75 43.00
Pup 6 54.25 54.88 55.88 55.00

Table 3: Mean, minimum, and maximum wall thickness data for pups 1 — 6. Percent wall
thickness variation is the difference between the maximum and minimum wall thickness values
divided by the mean wall thickness.

Pup Mean Wall Min. Wall Max. Wall Percent Wall
Thickness, inch | Thickness, inch | Thickness, inch | Thickness Variation
Pup 1 - 0.367 0.365 0.369 1.1
Pup 2 0.359 0.353 0.363 2.8
Pup 3 0.364 0.360 0.368 2.2
Pup 4 0.381 0.377 0.385 - 2.1
Pup 5 0.366 0.363 0.369 1.6
Pup 6 0.363 0.361 0.366 1.4
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Table 4: Mean, minimum, and maximum wall thickness data along the bottom of the southermn
section as measured by ultrasound. The wall thickness was measured every 3 inch through
the 45 inch mark along a longitudinal line at the 6 o’clock position and 12 inch on either side.

Position Mean Wall Thickness, | Min. Wall Thickness, | Max. Wall Thickness,
inch inch inch
6 o'clock 0.381 0.378 0.384
12 inch CCW 0.382 0.377 0.389
of 6 o'clock
12 inch CW
Of 6 o’clock 0.381 0.377 0.383

Table 5: Weld imperfections observed during visual weld inspection.

Girth Weld Inside Diameter Outside Diameter

C1 Cold Lap, Excess Weld Cap, Undercut, Arc Strikes

Icicles, Over Lap
C2 Cold Lap, Lack of Fusion, N/A

Under Fill, Lack of

Penetration

C3 Undercut, Burn Through, N/A

Weld Concavity
C4 Undercut, Excess Weld Cap, None. Plug welds noted

Cold Lap, Misalignment

CS - Fractured Undercut, Under Fill, Lack of None. Plug welds noted

Penetration
C6 Weld Concavity, Excessive Undercut, 1/16 inch gouge
Cap
C7 Lack of Penetration, Weld N/A

Concavity, Misalignment
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Pup 1

27ft-8in «— Girth Weld C1
Long
Joint

Fracture through
I I Long Joint
12ft-4in ﬁ
Cut End > . Typical direction

of gas flow

Figure 1: Schematic of pipe showing location of girth welds and fractures. Longitudinal fracture
not depicted.
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Figure 2: Southern section of pipe as received; a) Top side of pipe; b) East side of pipe; c)
West side of pipe.
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b)

Figure 4: Center section of pipe; a) Orientation of the “true” top of the pipe at the north end; b)
Orientation of the true top of the pipe and the east side of the pipe viewed along an axial
direction.
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Figure 5:

Longitudinal Seam

Northern section of pipe as received; a) Top side of pipe; b) East side of pipe; c)
West side of pipe.
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Fractu re Wlseviating frbrﬁ “ _
Girth Weld

Figure 6: Fracture through the girth weld between pup 4 and pup 5 at the north end of the
center section. The view is iooking south. Pup 3 and pup 2 are also visible.
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Girth Weld North
| _North

Girth Weld

C2

b)

Figure 7: The longitudinal and circumferential fractures in pup 1 and pup 2; a) overhead view
of the east side of the pipe; b) side view of east and bottom sides of the pipe.
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Figure 7 (cont.): c) Continuation of the longitudinal fracture in pup 2 past the branching point
was visible after removal of the coating.
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INCHES

Figure 8: Fracture, a crack, and out of plane bending at a longitudinal seam on the southern
section.
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ure 10: a) Longitudinal weld bead observed on the inside of pup 5; b) Longitudinal weld
bead observed on the inside of pup 6.
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b)

Figure 11: Condition of the asphalt coating on the southern section; a) Adjacent to the
circumferential fracture; b) Away from the fracture close to the cut end.
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Girth Weld C5
Fracture

b)

Figure 12: Condition of the asphalt coating on the northern section; a) Top of pup 5 adjacent
to the girth weld fracture; b) Away from the fracture close to the cut end.
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Figure 13: Condition of the asphalt coating on the center section; a) East side / bottom of long
joint and pup 1; b) East side / bottom of pup 4 adjacent to girth weld fracture.
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b)

Figure 14. Examples on the underside of the center section where no coating was observed;
a) Underside of pup 4 near the girth weld fracture; b) Underside of long joint to the south of

pup 1.
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Figure 15: Condition of the southern section of pipe after grit blasting and magnetic particle
inspection.
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‘Measurements

Figure 17: Condition of the northern section of pipe after grit blasting. Dots of gel from the
ultrasonic thickness measurements are visible on pup 5 and pup 6.
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Figure 18: Photograph of pup 2 on the outer diameter adjacent to the longitudinal fracture after
grit blasting, magnetic particle inspection, and manual laboratory cleaning of the surface.
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Figure 19: Pipe markings found on pup 4; a) The number “30”, backwards “P” and five lines
forming a “Zigzag"; b) Marking forming a circle and half-moon.
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b)

Figure 20: a) Outer weld bead on the long joint south of pup 1. There was no apparent “squirt”
weld adjacent to girth weld C1; b) Outer weld bead on the long joint north of pup 6. There was
an apparent “squirt” weld adjacent to girth weld C7. The photographs are taken after grit
blasting and magnetic particle inspection and prior to sample removal for cross-section
metallography.
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Grinding of
Weld Bead

b)

Figure 21: a) Inner weld bead on the long joint south of pup 1. The weld bead was ground
over 1.75 inch. The photograph was taken after grit blasting and magnetic particle inspection;
b) Inner weld bead on the long joint north of pup 6. The weld bead was ground over
approximately 12 inch. The photograph was taken in the laboratory after the section of pipe
was removed using a plasma cutter.
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b)

Figure 22: Photographs of number painted on the inside of the long joint south of pup 1. The
contrast has been altered to enhance the visibility of the numbers.



DCA10MP008 Report No. 10-119
Page No. 40

Figure 23: Laboratory photo showing length of welding rod fused to the inside of the C2 girth
weld on the inner diameter of pup 2.
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Figure 24: Radiograph of girth weld C3 from 0 inch — 15 inch (see Tabile B2) between pup 2
and pup 3. Part of the pup 3 longitudinal seam is visible.
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Figure 25: Radiograph of the pup 5 longitudinal seam from 0 inch — 12 inch (see Table B1)
adjacent to the C5 girth weld fracture.
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b)

Figure 26: a) Pup 5 showing the location of features detected by magnetic particle inspection
b) Macrophotograph of the feature 5.5 inch north of the C5 girth weld.
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Figure 27: a) Weld imperfections indicated by visual examination on the external surface of
girth weld C1; b) Weld imperfections indicated by visual examination on the internal surface of
girth weld C2. The photograph was taken after magnetic particle inspection.




DCA10MP008 Report No. 10-119
' Page No. 45

b)

Figure 28: Laboratory photos of the sections cut from the pipe for fractographic examination;
a) Pup 1 counterclockwise fracture surface; b) Pup 1 and pup 2 clockwise fracture surface;
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Intersection of Pup 1
and. C2 Girth Weld

Figure 28 (cont.): c) Section taken from pup 2; d} Ring cut from north end of pup 4 containing
girth weld C5 fracture.
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Figure 29: Counterclockwise fracture surface on the long joint south of pup 1 (see figure 28a).
Partial chevron marks and 45° shear lips on the inner and outer wall were consistent with
overstress fracture emanating from pup 1.
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Figure 30: Counterclockwise half of longitudinal fracture on pup 2 (see figure 28c). Out of
plane shear was observed along the longitudinal seam.
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Pup 2 Longitudinal Seam

North : Location-of Pup 1
F Longitudinal Seam

Fhazsarree

Figure 32: a) Shear lip on girth weld C2 fracture surface approaching the pup 2 longitudinal
seam; b) Longitudinal crack in girth weld C2 in line with the longitudinal seam in pup 1.
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Figure 35: Micrograph of the initiation site in pup 1 at the 21.4 inch mark, the deepest point of
the crack arrest mark. The profile of the arrest mark is indicated by the black arrows.
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Figure 36: Micrograph of the north end of the initiation site at the 22.7 inch mark. A higher

magnification view of the fracture surface in the black box is shown in figure 37.
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b) 2

Figure 37: Photomicrograph of the north end of the fracture surface at the 22.7 inch mark. A
flat fracture surface region at the crack arrest mark was observed between the yellow dashed
lines in the bottom micrograph; a) micrograph without annotations; b) micrograph with
annotations.
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, Attty :
100 pm EHT = 10.00 kv Mag= 585X Signal A = SE1 NTSB Materials Lab |
| ’
| | WD= 14mm Reference Mag = Out Dev. Photo No. = 3050 13 Oct 2010

Figure 38: Scanning electron micrograph from zone 1 of the initiation site. Dimples were
observed on the fracture surface consistent with ductile fracture.
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10 um EHT = 10.00 kv Mag= 375K X Signal A = SE1 NTSB Materials Lab
WD= 13mm  Reference Mag = Out Dev. Photo No. = 3046 13 0ct 2010

Figure 39: Scanning electron micrograph from zone 2 of the initiation site near the 22 inch
mark. Striated features were observed on the fracture surface.
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20 um EHT = 10.00 ¥V Mag= 839X Signal A = SE1 NTS8 Materials Lab
| | WD= 14 mm Reference Mag = Out Dev. Photo No. = 3049 13 Oct 2010

Figure 40: Scanning electron micrograph from zone 3 of the initiation site. The fracture surface
had a smooth appearance with hackle marks propagating across the surface consistent with
quasicleavage fracture.
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gio 'n:t_ south of pup 1

Figure 41: Photograph of center section showing the location of the initiation site in pup 1 and
white arrows indicating the direction of crack propagation consistent with the observed fracture
' features.
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Figure 42: Photograph of the south half of the girth weld fracture at C5 between pup 4 and pup
5. The view is of the half associated with pup 4 viewed in the south direction (north out of the
page). Yellow arrows in the figure indicate where the location and direction of crack
propagation could be determined.
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U

Di'rection of Crack
Propagation

Figure 43: Example macrophotograph of the girth weld fracture surface approximately 150°
clockwise from the true top of the pipe. The red arrows indicate lines on the fracture surface
that point back in the direction of the crack origin.



_ "90BlNS J8)aWelp
Jauul Buoje ssed puooas woyy jood pjam — smoule sBuel) ‘@oeuns Jsjawelp 18jno Buoje ssed jsiy woly jood pjam — smolle
an|g "$5920.d Buipjam oJe pabiowiqns a|gnop B YHIM JUS]SISUOD SEM PIBM 8U] JO 8iNJONAS0IDIW 8Y] "L D PI3M yub jo
yInos youl g uayey | dnd jo yynos julol Buoj ayy ul weas [euipniibuol sy} Jo UCNISS SSOID olydesbojelaw payol3 yp ainbiy

80BUNG JB}aWel JaIn0

T I\

Z9 ‘oN ebed
6L 1-0} "ON poday 800dWOLYDd




"wieas aoepns Jsjawelp 1ayno Buore Auepunoq jood pjam
— SMOJJE BNjg "Weas ay} JO soens JsjoLelp 4ejno oy} Buoje ssa200.1d Buipjam UOISN) B LM JUS)SISUDD SBM Plam aU} JO
ainjonyisoioiw ay uonoalip reuipniibuol ay) Ul youl 000 WyIm 0} peubije ase weas ay) jo sapis oM} 8yl L9 piem yuib
JO yuou youi g uaye) | dnd ul weas jeuipnjiBuol sy} jJo uonoas ssoua ainjoely Buijew siydesbojjersw payniy ¢ 9anbi4

19840 [BIPEY |/

i

- apIS BSIMOoIAIUN0D —— SpIS SSIMYO0D

. A 2 wogiieueg A |
| ‘auoz peleyy 1een |
PBJOBYY JESH u WY JesH

. S0BLNG JBJaWeI(] I8N0

e eeee————————————————————————

€9 'ON abed
6L1-01 "ON wodey 8004INOLYOA




-ainjoely Jo aueyd ayj je uonenauad
Jo Yidep pue weas ay) wWwoJj }asyo ayy Bumoys (i ainby as) | dnd ul Weas 8U} JO MBIA uonjeopubew JaybiH 9 ainbi4

TG AT e
uezo

TR

apis 9SMOO[DIBIUNGYD “_,”m_,u_w.,;mm__iwn_o .

-+ ydeq voneneusd
R uy abueyn nmww

~uoisng o xumwnu\ :

9 'ON abed
611-01 "ON Hoday 800dW0LVOAd



‘Weas aoeuns Jajewelp
Jajno Buoje Ailepunoq jood pjem — SMOLIE anjg "WESS 8y} JO 8JBHNS Ja}aLUelp Jayno ay) Buoje ssadoid Buipjam uoisny |
€ L)IM JUSISISUOD Sem Plam aU) JO SINjONUISOIDIW 8y | "youl GO0 Uy SI uoloallp [eulpniibuo] ey} ul dnaur "gD plem
yuiB Jo yinos youl g uae) g dnd ur weas jeuipniibuo] ay) Jo uonoes ssolo seoe) Bunew aydeiSojelaw payo)3 ;¢ ainbi4

|8rsg, 8¢

oIS
9SIMYO0]218)UN0Y)

© 3pIS SSIMNO0ID

suoz |

auoz - PSjOaYly JeeH

- paoayy jesH.

Houl L¥0°C

220BUNG i@1aWel] Jaino

i
69 ‘oN ebed
611-01 'ON Hoday 800dN0LYDQ




"Weas aoeyns Jajawelp Jayno buoje Alepunog jood pjam — smolle anjg
"Weas au) jo soeuns J8)awelp 181no ay) Guoje ssacoid Buipjam UOISN) B UM JUS)SISUCD SEM PjoM aY] JO 81NjonIsoIdIW
au] "€D Piem yuib jo ypou youl g usye) € dnd ul weas jeuipnyBuoj ay} Jo uonoes ssoso slydelbojeaw payol3 gy ainbi4

‘auoz
pejoayy jeeH

32BHNG J9JaWEI(] JB)N0 b

g9 ‘ON abed
6L 1-01 "ON Hodey 80040 L YDA




*90BMNS Jajawelp Jauul Huoje ssed wol Alepunoq jood pjam — smolie pay ‘@oeuns
1o)@welp J18yno Buoje ssed puodses Woly Alepunoq [ood pjam — smoue afiuel( ‘soeuns JajaWelp Jsno Buoge ssed ysuy
woJ Aiepunog [ood pjem — SMOLIe an|g “WEeas ay} Jo 90elNS JojaLelp Jauul ay) Buole ssao0.d Buipjam uoIsSn} e pue wess
8y} Jo aoeuns Jajowelp Jeno auy Buoje ssasoid Buipiem uoisny ssed-lNW B Yim JUSISISUOD SEM plam 8} JO 21NjoNnJsooILL
ayl ‘SO plem yb jo yinos youl g usye} ¢ dnd ul weas [euipmibuo] 8yj Jo UCIOBS SSOJD oiydesbojje}aw pays3 :6¥ ainbig

e WCUN |
peloalY 1BoH.

. euoz
. Pawayy jeeH

19 'ON abed
611-01 "ON Hoday 800dIN0LYOQ




‘SWEas 20BNs Ja)ae|p Jauul pue 1ajno Buoje seuepunoq [00d pjem — SMOLE anjg "Wesas au)} jo aoeuns
Jajawelp Jauur ay) Buoje ssesosd Buipjem uoISny B pue Wess ay) Jo SoeUNns Jajawelp Jayno ay) Buoe ssasoid Suipjam
UOISN} B LJIM JUSISISUOD SEM PIaM 3y} JO 2Injon)S0IdILL 8| "UOISN) JO Yoe| pajeaipul uondadsul ajoied onaubew ajaym
GO Plam yuib jo yuou youl g'g uaye) g dnd ul weas [euipnyiBuo| auy jo uopoas ssouo olydelbojiejow payciy :0s a4nbig

4_.‘ nosapun

uoleaIpu| co_ma.u_
20BLNG J91BWel(q J19)ND 10 YoeT spiue Benw

89 ‘oN ebed
611-01 "ON yoday 800dN0LYDQ




‘0BNS Jajawelp Jauu buoje ssed puoses woly [ood pjem — smoue abuelQ "aoepns Jejewelp 190 Buole ssed jsiy wolj
jood pjam — smouie anjg ‘ssao0id Bupjam ose pafiiawigns ajgnop B YIM JUSISISUDD SEM P[aM By} JO 8:NONNRSOIDIW B4 |
‘g7 plem yuib Jo yyou youi g uaxe} g dnd ay ul weas feuipnibuo) ey Jo uoidas ssouo dlydesbojejsw payol3 g ainbig

80BHNG J)aWei(] J2N0

L o ——

69 'ON abed
61 1-0) 'ON Hoday 800dWO0LYDQ




‘aoeuns Jajallelp

Jauui Buole ssed puodas wol} jood pjam — smoue abueiQ ‘aoeuns Jajawelp Jaino Buoje ssed jsil Wolj [0od pjam — smole

an|g ‘ssas0.d Buipjem 2Je pabiswiqgns ajgnop B YIMm JUSJSISUOD SEM P|oM U} JO ainjonljsoloiu ayl "/ piem yuib Jo yuou
youi 1 usye) g dnd jo ypou juiol Suo| ay) ul weas Jeuipnyibuol ay) jo uoloas ssoto oiydesbojjejaw psyoly :zg ainbi4

90BUNG J3}BLURI(] JBINO

0. ‘oN afied
611-01 "ON Hodey 800dW0L YDA




s S —

DCA10MP0O08

Report No. 10-119
Page No. 71

[rr——————U————————————————————.—————

APPENDIX A: ULTRASONIC THICKNESS DATA

Table A1: Ultrasonic thickness measurements for the 6 pups measured at approximately 30°
intervals.

Wall Thickness at Clock Position Relative to Top of Pipe, inch

Pipe | 12:00 | 1:00

Piece

2:00 | 3:00 | 4:00

5:00

6:00 | 7:00

8:00

9:00 | 10:00 | 11:00

Pup 1 | 0.367 | 0.365

0.367 | 0.366 | 0.368

0.367

0.367 | 0.369

0.369

0.365 | 0.369 | 0.368

Pup 2 | 0.363 | 0.361

0.360 | 0.359 | 0.353

0.354

0.355 | 0.359

0.359

0.361 | 0.361 | 0.359

Pup 3 | 0.365 | 0.366

0.363 | 0.364 | 0.365

0.360

0.362 | 0.363

0.363

0.364 | 0.366 | 0.368

Pup 4 | 0.377 | 0.381

0.379 | 0.379 | 0.381

0.382

0.380 | 0.378

0.385

0.385 | 0.381 | 0.380

Pup 5 | 0.368 | 0.365

0.366 | 0.366 | 0.366

0.366

0.369 | 0.363

0.368

0.363 | 0.367 | 0.367

Pup 6 | 0.366 | 0.362

0.363 | 0.361 | 0.362

0.362

0.364 | 0.362

0.361

0.363 | 0.363 | 0.361

Table A2: Ultrasonic thickness measurements for the 6 pups measured at approximately 30°
intervals.

Distance from Cut . Wall Thickness 12 | Wall Thickness CW of
End of Southern o‘{iﬂlcmzfﬁ?:f ?rt‘ cah inch CCW of 6 o’clock | 6 o’clock Position,
Saction, inch ' Position, inch inch
3 0.384 0.377 0.382
6 0.382 0.381 0.382
9 0.382 0.377 0.383
12 0.382 0.383 0.382
15 0.383 0.385 0.381
18 0.381 0.389 0.379
21 0.378 0.379 0.380
24 0.381 0.383 0.381
27 0.380 0.384 0.380
30 0.379 0.384 0.379
33 0.381 0.383 0.380
36 0.381 0.388 0.380
39 0.380 0.384 0.381
42 0.380 0.380 0.381
45 0.380 0.380 0.377
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APPENDIX B: RADIOGRAPHIC INDICATIONS

Table B1: Description of weld discontinuities and comparison of rejection limits between API
1104 — 1956 and 2005 editions.

Lack of Penetration — Incomplete filling of the weld groove with weld metal.

1956

2005

Individual indication not to exceed 1 inch. Total
length of indications in 12 inch not to exceed 1
inch. Total length in 2 succeeding 12 inch
lengths not to exceed 2 inch. Individual
indications separated by at least 6 inch.

Individual indication not to exceed 1 inch.
Aggregate length of indications in any
continuous 12 inch length not to exceed 1
inch.

Incomplete Fusion — Lack of a bond between weld beads or between a weld bead and the

parent metal.

1956

2005

Individual indication not tc exceed 1 inch. Total
length of indications in 12 inch not to exceed 1
inch. Total length in 2 succeeding 12 inch
lengths not to exceed 2 inch. Individual
indications separated by at least 6 inch.

Incomplete Fusion (due to cold lap):
Individual indication not to exceed 2 inch.
Aggregate length of indications in any
continuous 12 inch length not to exceed 2
inch.

Burn-Through - A portion of the root bead where excessive penetration has caused the weld

puddie to be blown into the pipe.

1956

2005

Individual burn-through not to exceed 0.5 inch.
Total length of burn-through in 12 inch not to
exceed 1 inch. Total length of burn-through in 2
succeeding 12 inch lengths not to exceed 2
inch. Individual defects separated by at least 6
inch.

Maximum dimension not to exceed 0.25
inch. Sum of maximum dimensions not to
exceed 0.5 inch in any continuous 12 inch
length.

Slag Inclusion (Elongated) — A non-metallic solid trapped in the weld metal or between the
weld metal and parent metal, usually found at the fusion zone.

1956

2005

Length not to exceed 2 inch and width not to
exceed 1/16 inch. Parallel slag lines considered
individual indications if width exceeds 1/32
inch. Total length in 12 inch not to exceed 2
inch. Total length in 2 succeeding 12 inch
lengths not to exceed 4 inch. Adjacent defects
separated by at least 6 inch.

Length not to exceed 2 inch and width not to
exceed 1/16 inch. Parallel slag lines
considered individual indications if width
exceeds 1/32 inch. Total length in any
continuous 12 inch not to exceed 2 inch.
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Slag Inclusion (Isolated) — Isolated slag inclusions are irregularly shaped and may be located

anywhere in the weld.

1956

2005

Maximum width not to exceed 1/8 inch. Total
length in 12 inch not to exceed 0.5 inch. No
more that 4 inclusions of maximum width in 12
inch. Total tength in 24 inch not to exceed 1
inch. Adjacent inclusions separated by 2 inch.

Maximum width not to exceed 1/8 inch. Total
length in any continuous 12 inch not to
exceed 0.5 inch. No more than 4 inclusions
with maximum width in any continuous 12
inch.

Porosity — Gas trapped by the solidifying weld metal before the gas can escape from the

surface of the molten puddle.

1956

2005

Maximum dimension not to exceed 1/16 inch.
Distribution in accordance with standard
figure.

Maximum dimension not to exceed 1/8 inch or
25% of the nominal wall thickness.
Distribution in accordance with standard
figure. For Cluster Porosity, size of cluster not
to exceed 1/2 inch and aggregate length not
to exceed 1/2 inch in any continuous 12 inch
length. For hollow-bead porosity, length not to
exceed 1/2 inch. Aggregate length not to
exceed 2 inch in any continuous 12 inch
length. Individual indications greater than 1/4
inch to be separated by 2 inch minimum.

Cracks

1956

2005

No cracks allowed. Minor cracks in surface
and filler beads may be repaired if so
authorized. Minor cracks defined as cracks
visible in surface bead not more that 2 inch in
length.

No cracks except shallow crater cracks or star
cracks. Length of shallow crater crack or star
crack not to exceed 5/32 inch.

Undercutting — A groove melted into the parent material adjacent to the toe or root of the weld

and left unfilled by weld metal.

1956

2005

Undercutting adjacent to cover bead not to
exceed 1/32 inch in depth and 2 inch in
length. Undercutting adjacent to root bead not
to exceed 2 inch in length.

Aggregate length adjacent to cover bead or
root bead in any continuous 12 inch not to
exceed 2 inch.
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Table B2: Radiographic discontinuities found on the longitudinal seams. An “X" designates a
defect that did not meet the present day APl 1104 acceptance criteria. An “O” designates a
discontinuity that was within the acceptance criteria of present day API 1104. The location

numbers indicate distance in inches from the nearest upstream girth weld.

Location Lack of | Incomplete Slag Porosity | Undercut
Penetration | Fusion Inclusion

Long South Joint
120-132 0
Pup 3
0-15
12-27
24-36
33-50
Pup 4
0-12
12-24
24-36
36-45
Pup 5
0-12
12-24
21-36
33-42
Pup 6
0-12
12-24
24-39
39-51
Long Joint North
0-12 X
12-24

K| XXX
O

XXX ([
x
XXX

KX |X|X

X|X|X|O| [OX|O|O] [X[X|X|X| [O|C|O
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Table B3: Radiographic discontinuities found on girth welds C1 — C4. An "X’ designates a

defect that did not meet the present day APl 1104 acceptance criteria. An “O" designates a

discontinuity that was within the acceptance criteria of present day API 1104, The location
numbers indicate distance in inches around the circumference of the pipe.

Location Lack of Incomplete | Burn- Slag Crack | Porosity | Undercut Excess

Penetration | Fusion Through | inclusion Reinforcement
c1

0-12 X X

12-24

21-36

36-48

48-63

60-72

72-84

XK XXX X[ <[ >| >
XK XX XX X[ <[ Ky XX

X|X

81-93

c2

6-15

12-24

24-36

33-48

45-60

x

X[

60-72

c3

0-15

12-24

24-36

36-48

48-60

60-72

72-84

84-0

C4

012

12-24

24-36

36-48

48-60

60-72

72-84

XXX X2 [P XK 2K| K[ 2K 2K |2 22X XK [ X
XK KX K[ XXXK| [ 2[R [ XK|X] [ XXX
XKD X[ {52322 12X | XX KX X[ X [ X

P B I d PP P P P I P d P P P P d P P B

84-0

L4
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Table B2 (cont.): Radiographic indications found on girth welds C6 — C7.

Location

Lack of
Penetration

incomplete
Fusion

Burn-

Through

Slag
Inclusion

Crack

Porosity

Undercut

Excess
Reinforcement

Cé

0-15

X

X

X

12-24

X

21-36

X

36-48

48-60

C

60-72

72-84

XX

84-0

XIX([X]| [O]X|>X}|X

c7

0-12

12-24

24-36

36-48

48-60

x| X

60-72

72-84

X|X|X|X[ |CiO| [X

81-0

M X HAX KX XKK| [ XXX | OO >
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APPENDIX C: WELD PENETRATION MEASUREMENTS

Table C1: Lack of penetration depth measurements and total wall thickness measurements
along the fractured pup 1 longitudinal seam. The depth measurements were taken on

calibrated digital images taken using an optical microscope.

Distance

Lack of

Total Wall

Weld

Location | from C1 Girth |  Penetration | Thickness, | Penetration PF?;';?: a‘g’:r"d
Weld, inch Depth, inch inch Depth, inch
1 4.25 0.115 0.319 0.204 63.9
2 8.25 0.129 0.318 0.189 50.4
3 12.25 0.143 0.281 0.138 49.1
4 16.25 0.145 0.300 0.155 51.7
5 20.25 0.170 0.326 0.156 47.9
6 24.25 0.168 0.319 0.151 47.3
7 28.25 0.141 0.305 0.164 53.8
8 32.25 0.120 0.304 0.184 60.5
9 36.25 0.160 0.322 0.162 50.3
10 40.25 0.112 0.329 0.217 66.0
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Keynote Remarks
Chairman Deborah A.P. Hersman
Transportation Research Board, 90th Annual Meeting
Washington, DC — January 26, 2011

Thank you, Dr. Vest [President of the US National Academy of Engineering].

It is an honor to share the stage with Chairman Oberstar and Administrator Garvey this afternoon.
You've already heard about their work that has made America's roads, rails and runways safer.

If it weren't for Chairman Oberstar 1 wouldn't be here today... literally.

Not only has Jim Oberstar been a personal mentor since I started my career as a congressional staffer,
but when he was a Congressional staffer he helped craft the bill that created the NTSB. And he has
always been a champion of the NTSB's mission,

Jane Garvey has been a role model for many women in transportation. Aside from her many
professional accomplishments, I can personally attest that she is a real class act.

Last week Dr. Gridlock referred to this event as a Lollapalooza of transportation, but I've always felt that
this is the transportation research Olympics. Bob Skinner, Suzanne Schneider, and the TRB staff have
done an amazing job putting this conference together.

Thank you for inviting me to be your speaker today, because the truth is, when people meet me on the
job they usually say, "I hope I don't see you again."

I try not to take it personally because usually when you see someone from the NTSB we're at the scene
of an accident and something has gone terribly wrong.

Usually when you see the NTSB, it's already too late.

For those of you not familiar with the NTSB, we have investigated thousands of accidents and incidents
and issued over 14,000 recommendations over our 40-year history. Today, I'm going to talk about four
investigations to give you a taste of some of the cross-modal lessons learned, ranging from complex to
relatively simple.

Because the TRB audience is so diverse, hopefully this speech will be like a cafeteria with something for
everyone. For operators, there's the complex challenge of building a positive safety culture, For
designers and builders, there's a simple lesson in keeping good records. And for regulators, [ want to
convey to you that the decisions you make regarding exemptions to regulations are just as important as
the regulations themselves.

Investing in safety is not discretionary; like justice, safety deferred is safety denied.

http://www.ntsb.gov/speeches/hersman/daph110126.html 2/17/2011
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No matter what your role, when you leave today I hope you take away a new perspective on safety
cuiture, record-keeping, and aging infrastructure, so you will never be in the position of being "too late."
The first accident occurred in June 2009. I was in my office when I heard about an accident on Metro's
Red Line. As we drove through rush hour traffic to the crash, none of us could understand how two
trains could collide on a system designed to keep trains apart.

I recall very clearly the chaos of the accident site.

On that warm summer evening, emergency responders, press crews, residents and politicians came
together to assist, report, understand and eventually mourn on that overpass above the train tracks.

There were 9 fatalities. It was the worst accident in WMATA's history.

What's not as well known is in the five years before the accident, a handful of smaller accidents
preceded it, including one nearby at the Woodley Park station, and the NTSB had more business with
WMATA than all other transit properties combined.

What's even less known is that in 2005, four years before, Metro experienced two near-miss events
within minutes of each other under the river between Virginia and DC. They stemmed from the same
type of component failure that caused the Fort Totten accident.

Metro's engineers responded to the 2005 incidents by devising an effective test to detect the failure.

But nobody was minding the store, and WMATA failed to ensure that the new procedures were adopted
and understood by their maintenance crews, so the opportunity to prevent the next crash was lost.

What Metro needed in 2005 was a safety culture that ensured that the lessons learned were
communicated to all parts of the organization.

When the collision occurred in 2009, it was too late.
The second accident I'd like to mention occurred last September.

As commuters were arriving home and families were sitting down to dinner in San Bruno, California, a
30 inch diameter natural gas pipeline exploded.

You probably all remember the dramatic TV footage — and perhaps thinking to yourself, could
something like that happen in my neighborhood?

A 28-foot section of the pipeline blasted out of the ground and landed 100 feet away.
Over an hour passed before the valves were manually closed and the gas stopped flowing.
Scores of homes were destroyed, and 8 people were dead.

Our investigators were told that the pipe involved in the explosion was a seamiess factory manufactured
pipe.

But even a layperson could see the patchwork of welds marking the pipe.

http://www.ntsb.gov/speeches/hersman/daph110126.html 2/17/2011
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This misinformation was not a minor record-keeping oversight.

In the years since the pipe was put into service, decisions regarding inspections, operating pressures, and
risk management plans were all based on facts that were just plain wrong.

While the investigation is still ongoing, earlier this month the NTSB issued urgent recommendations
calling for hydrostatic pressure testing to establish the safe maximum operating pressure of the pipeline.

Some of you may know that requirements for hydrostatic testing already exist — requirements
established in 1970.

Ironically, the San Bruno pipeline was exempted because it was installed in 1956, so it was
grandfathered from the testing requirements.

The operator has not been able to produce documentation on the origins of the pipe, the installation of
the pipe, or the early inspection of the pipe.

But no one realized this until after the pipeline exploded. And then it was just too late.

Chairman Oberstar, I know there are many highway interests here today and all of them are familiar
with the 2007 bridge collapse in Minneapolis.

I don't have to get into the details of our investigation of this accident to tell you that when that bridge
collapsed, it was already too late.

The cause of the accident was gusset plates that were under-designed.

Since we're on the subject of record-keeping, I thought I would mention that neither the bridge owner
nor designer had copies of the detailed gusset calculations.

Ultimately, we interviewed a retired engineer who had copies of some preliminary gusset design
calculations -- in his basement - that helped us verify why those plates were under-designed.

He held onto those records the way we all keep files and mementos from our lives — things we just never
quite get around to throwing away. Things we figure might be important one day.

And they were important. As San Bruno and Minneapolis demonstrate, record keeping is critical.
You may be tempted to think that the computer age has solved this problem that everything you do is
saved and stored forever. But if you're like me, you know that regardless of whether your filing system

is paper or electronic, it's the ability to retrieve what you've filed that's most important.

So unless you want NTSB investigators sifting through boxes in your basement after you're retired, keep
flawless records and make sure that those who come after you can find them.

The final accident I will mention occurred in December 2005.

Shortly after take-off from Miami, the right wing literally separated from the fuselage of a Chalk's
Mallard airplane.

http://www.ntsb.gov/speeches/hersman/daph110126.html 2/17/2011
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Losing a wing may seem like a freak occurrence -- but trouble at Chalks was widely known.
The wing of the 58-year-old airplane had been weeping fuel for months.

FAA inspectors knew employees sealed the cracks in the wing but nobody addressed the underlying
structural problem.

The airline had an anemic safety culture and its employees knew that shortcuts were being taken.

In fact, 3 of the 6 captains at Chalks left the company in the year before the accident due to their
concerns about safety.

And if that wasn't enough, DOT had identified Chalks as a carrier in financial distress 18 months before.
But nobody connected the dots.

Nobody prevented an unairworthy plane from taking off.

And when the wing fell off in flight —it was too late for the 2 pilots and 18 passehgers on board.

Ironically, the FAA has a program for aging aircraft that requires greater safety oversight. Believe it or
not, the five-decade-old Mallard was exempted from the program.

If the San Bruno pipeline was a case of grandfathering, it's bordering on senility when an airplane is too
old for the aging aircraft program!

Let's go back to the three lessons learned...

In Chalks, the pilots, the mechanics, the management and even the FAA inspectors all had a role in
establishing a positive safety culture.

Like WMATA, it's not enough to do just what falls under your job description. You need to think about
how the job you do relates to the jobs of others.

Similarly, if you're going to build a transportation project that's going to stand for decades, as in San
Bruno and Minneapolis, the foundation of future operating decisions may well be based on the original
documentation. Make sure your records stand the test of time.

All of the examples I've mentioned have something else in common: advancing age.

A 58-year-old plane. A 55-year-old pipe. A 40-year-old bridge. And the youngest, the Washington
Metro system — though just 33 years old at the time — was running on a system without available
replacement parts.

We believe — and Americans have the right to assume — that our infrastructure is built to last. And
indeed it does last. The Transcontinental Railroad dates back to the Civil War, and the Brooklyn Bridge
was built in 1883.

We definitely got the extended warranty on some of those landmark projects. Unfortunately at the rate
we're going we really needed the lifetime guarantee,
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Congress has passed over a dozen extensions for the FAA and at least half a dozen extensions for
highway programs, primarily because they cannot agree on tough issues like financing.

The decisions made, or not made, in the coming months affect all of us in this room but, more
importantly, determine the transportation realities for all Americans.

The fact is, the outlook for increased funding for infrastructure projects is grim, and safety programs are
in jeopardy as we face reduced federal spending.

Right now, the real question for all of us is how hard these programs will be hit.

It's not my role as NTSB Chairman to weigh in on funding sources, but when it comes to investing in
safety, we can pay now, or we can pay later.

In my role at the NTSB, I'm often put in the position of being a truth teller. So as an agent of reality it's
my job to tell you that the concept of a lifecycle no longer exists.

Just because the train or plane you design is meant to last 30, 40 or 50 years doesn't mean it won't be
around for 75.

The NTSB will always be there in an aftermath of an accident to figure out what happened. But that's
only half the job. The other half is prevention.

When the Metro trains crashed, when the San Bruno pipeline burst, when the I-35 Bridge collapsed, and
when the Chalks wing separated, it was already too late.

But it's not too late to stop future accidents.

We know that history repeats itself when lessons are not well-leamed.

Let's build on the work of Administrator Garvey and Chairman Oberstar by creating a culture of safety,
making sure that aging infrastructure is not exempted from safety requirements, and keeping records not
just for your successor, but for your successor's successor.

Taxpayers don't have the option to buy a warranty on their local transportation project. This room holds
the best insurance policy for our transportation system: YOU - the professionals that design, construct,

maintain and regulate.

Your legacy can be a transportation system that keeps America running — and running safer — for
generations to come.

Thank you.
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