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Failure Investigation Report — Mobil Pipeline Pegasus Rupture
March 29, 2013

Cvneciadkivina Coimamanars

On March 29, 2013, at approximately 2:37 p.m.l, local time, a pipeline rupture occurred on the Mobil
Pipe Line Company Pegasus Pipeline System, Patoka to Corsicana 20” Segment?, in Mayflower Arkansas.
The operator notified the National Response Center (NRC) on March 29, 2013 at 4:06 p.m. local time,
supplemented by a 6:04 p.m. local time report, and supplemented again by a third report placed at 3:25
a.m. on March 30, 2013, establishing the volume released as somewhere between a couple thousand
and ten thousand barrels of crude oil. The first PHMSA investigator arrived onsite the afternoon of
March 30, 2013.

At the time of the rupture, the pipeline was transporting Wabasca heavy crude and was operating at 708
psig' at the location of the failure. The rupture occurred in the Northwoods Subdivision, a residential
neighborhood of Mayflower, Arkansas. The subdivision and site terrain have drainage paths that lead to
Lake Conway, including storm drains leading to Dawson Cove south of the main body of Lake Conway.

Initial response by local emergency responders and public officials within 30 minutes of the release is
credited for preventing the flow of the released product into Lake Conway. City and county emergency
responders deployed booms and constructed earth dams to stem the flow of crude oil at various
locations downstream of the spill site.

The cause of the rupture was determined to have resulted from manufacturing related hook cracks that
merged during the service life of the pipe and other manufacturing issues related to areas of low
toughness in the heat affected zone that ultimately led to crack growth to the size where failure of the
long seam occurred®. Contributing factors to the accident were failure of the operator’s integrity
management program to identify the pipe as susceptible to seam failure, and failure of the operator to
carry out integrity management actions appropriate to pipe with such characteristics as further
described in Appendix E to this report.

For the purposes of this report, references are made to EMPCo, as the contract operator for Mobil Pipe
Line Company.

' Accident Report, Form 7000.1, Number 20130151 — 17953, Dated May 26, 2013, Supplemented June 25, 2013
and A st 15, 2013

? Line Drawing S-110B

* Hurst Laboratory Metallurgical investigation Report No. 64961, Rev. 1
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System Details

System Qverview

The Pegasus Pipeline is approximately 859 miles in length. It originates in Patoka, lllinois and terminates
in Nederland, Texas. There are 14 pump stations along the pipeline route and the current stated
maximum system capacity is 90,000 BPD from Patoka to Corsicana, and 120,000 BPD south of
Corsicana’. Normal flow is stated as 4,230 BPH.> The pipeline schematic is shown in Figure 1.
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Figure 1 Pegasus Pipeline

The pipeline was originally constructed and operated as three separate pipeline systems. The first
system (the Northern Section — Patoka to Corsicana) was constructed in 1947 and 1948 and col  sts of
648 miles of 20-inch diameter, 0.312" wall thickness (w.t.), grade APl 5X-42, low frequency electric
resistance welded (ERW) manufactured by Youngstown and 0.312” and 0.500” w.t. seamless pipe
manufactured by National Tube. From 1948 to 2002, the Northern Section transported crude oil north
from Corsicana to Patoka. The second system (Corsicana to Beaumont) was constructed in 1954 and
consists of 205 miles of 20-inch diameter, grade X-46, electric flash welded pipe manufactured by A.O.
Smith and 0.312” and 0.500” w.t. seamless pipe manufactured by National Tube.

From 1954 to 1995, the system transported crude oil south from Corsicana to Beaumont, Texas. The
third system (Beaumont to Nederland) was constructed in 1973 and consists of 6 miles of 16-inch
diameter, grade X-52, ERW pipe. The manufacturer is not known at this time. From 1973 to 1995, the
third system transported crude oil north from Nederland to Beaumont. In 1995, the second system

* CAO Hearing presentation by EMPCo, dated 5/2/2013
> EMPCo Form 6.3 dated 9/21/2009 — EMPCo-PHMSAQ15471
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reversed flow and was "tight-lined" with the third system, creating a single pipeline operation
transporting crude oil north from Nederland to the hub in Corsicana (collectively, the Southern Section).

Operating History

The Patoka to Corsicana Segment was operated from a south to north flow direction following its
construction in 1947 to 1948 until 2002, when it was idled and purged with nitrogen untif 2006. The
pipeline carried west Texas crude oil to Patoka, lllinois between 1948 and 1995. From 1995 to 2002 the
line carried both west Texas crude oil and foreign crude oil (via the Gulf of Mexico) northward.

In 2005, the Southern Section reversed flow to the south. The Northern Section flow was reversed
when it was returned to service in 2006, transporting crude oil towards the Gu!f of Mexico from Patoka,
lllinois. Prior to returning the Northern Section to service, the operator performed repairs previously
identified in the 2001 baseline integrity assessment, and performed Subpart E pressure tests as the
integrity reassessment and integrity confirmation for returning an idle line to service. Additionally, as a
part of the reversal project, the operator commissioned a hydraulic study utilizing Mustang Engineering.
The study analyzed flow rates for heavy and light crude at 66,000 barrels per day (BPD) to 93,000 BPD
respectively for a system configuration that included 7 pump stations and 25 motor operated valves
(MOVs).

From 2006 to the time of the accident in 2013, the Northern and Southern Sections were "tight-lined"
creating a single 859-mile pipeline operation transporting product south from Patoka to Nederland.
During this time the system was re-named the Pegasus Pipeline. In 2009, the capacity of the Pegasus
Pipeline was expanded to its present capacity with additional/reactivated pump stations and pump
units, and a hydraulic study was performed by Mustang Engineering to assess any potential surge issues
and establish operating set points. The study analyzed the pipeline system configuration which was now
comprised of 13 pump stations, 35 MOVs for six seasonal flow variations resulting in 210 case
simulations for flow rates ranging from 87,000 BPD to 101,500 BPD. The Groveton, Texas Pump Station
was added after the 2009 Hydraulic Surge Study was performed.

The MOP of the pipeline at the failure location was 865 psig'. The MOP was established by a Subpart £
pressure test on 24 January 2006, at a test pressure of 1091 psig (adjusted for elevation difference to
the failure location).® Prior to failure, the pipeline was reported to typically operate between 47° F and
78° F at pressures ranging between 240 psig and 820 psig. The pressure at the time of the failure was
estimated to be between 702 psig and 708 psig.

Mobil Pipe Line Company is the registered owner and operator of the Pegasus Pipeline which is
operated under a written service agreement by ExxonMobil Pipe Line Company (EMPCo)’. The
operating procedures and Integrity Management Plan, as well as the other various plans required by 49
CFR 195 and 49 CFR 194 are those developed and executed by EMPCo. The applicable Facility Response
Plan for the location of the pipeline rupture site is the Corsicana Response Zone, PHMSA Sequence
Number 103.

® pressure Test Report for Test Section 13, Conway, AR MP 312.64 —330.12, dated 1/24/2006
7 EMPCo Request for Hearing (by Counsel), dated 4/12/2013
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Pij 5 ifications
The Pegasus Pipeline system is comprised of three distinct segments as shown in Table 1°:
Segment Segment/HCA Date of Pipe Material Manufacturer MOP (psig)
Miles Construction
20" X42/ERW Youngstown
Patoka to 648/605.4 1947-1948 765 - 919
Corsicana [and Seamless] [National Tube]
Corsi 20" X42/EFW A.O. Smith
orsicana to | ,4¢ /199,53 1954 1022 - 1144
Beaumont [and Seamless] [National Tube]
16” ified
Beaumont to 5.9/5.9 1973 Unverified to 1028
Nederland X52/ERW Date

Table 1 — Pegasus Pipeline Pipe Specifications

The failure section was manufactured in 1947 by Youngstown, Grade B/X42, 20” O.D. x .312"” w.t., low
frequency ERW seam pipe. From the metallurgical testing performed, the pipe met the composition,
tensile and ultimate strength properties of both the 1947 - Grade B, and 2004 - X42, APl 5L
specifications)®

Product Specifications

The product that was being transported at the time of failure was Wabasca Heavy Crude Qil. This crude
oil is named for the Wabasca area of the northern Alberta, Canada oilfield from which it originates.
Most oil is produced from the Wabiskaw Sandstone, a formation equivalent to the one excavated in the
Athabasca Oil Sands, but from sub-surface. Wabasca Crude typically has an AP| Gravity ranging from
18.5° to 21.2°, whereas in comparison medium to light crude oils have API Gravities ranging from 30° to
40° and other heavy crude oils have APl Gravities ranging from 10.1° to 21.5°. Water has an equivalent
APl Gravity of 10°.
density of greater than 1, and would therefore sink in water, as would be the case with Undiluted
Bitumen which has an AP| Gravity of 8° - 10°.

Any petroleum product with an AP| Gravity less than 10° would have a relative

The data for other various heavy crude oils produced in North America and the Gulf of Mexico indicates
that whether or not the Wabasca Heavy Crude Qil was in fact obtained from conventional methods or
was a “Tar Sands” crude, its properties for APl Gravity, sulfur content and TAN (Total Acid Number) are
relatively the same’,

The National Academies of Science’ TRB Special Report 311: Effects of Diluted Bitumen on Crude Oil
Transmission Pipelines was issued in June 2013 wherein the central findings were:

The committee does not find any causes of pipeline failure unique to the transportation
of diluted bitumen. Furthermore, the committee does not find evidence of chemical or

8 Metallurgical Analysis Report Number 51695, Hurst Laboratories, dated 6/17/2006
° Congressional Research Service Report R42611, dated February 21, 2013
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physical properties of diluted bitumen that are outside of the range of other crude oils or
any other aspect of its transportation by transmission pipeline that would make diluted
bitumen more likely than other crude oils to cause releases.

Further, the specific findings determined that “Pipeline O&M practices are the same for shipments of
diluted bitumen as for shipments of other crude oils. O&M practices are designed to accommodate the
range of crude oils in transportation.”

Integrity Assessment History

In Line Inspection

The Northern Section of the Pegasus Pipeline is divided into two “testable” sections for the purposes of
performing in-line inspections. The first testable section extends from the Patoka, lllinois Terminal to
the Conway, Arkansas Pump Station and is approximately 318 miles in length. The second testable
section extends from the Conway, Arkansas Pump Station to the Corsicana Terminal and is slightly more
than 330 miles in length. More than 91% of each of the two testable segment’s mileage are considered
an HCA, or HCA-could-affect for the purposes of the application of Pipeline Integrity Management for
High Consequence Area regulations in 49 CFR 195.452. Table 2 summarizes the integrity inspection
assessments performed on these sections of the Pegasus Pipeline since its restoration of service in
2006".

Most Recent Integrity Assessments
Testable Diam | Length {mi) Previous Next Caliper/MFL TFI Date TFI Status Last
Segment {in) HCA {mi) Caliper/MFL | Caliper/MFL Status Hydrotest
Inspection Inspection Date
. i |
Patoka to 20 317.8 8/15/2010 8/15/2015 63 PT!\JI‘Repalrs 8/15/2010 All ang seam related 2005-2006
Conway 304.4 Remaining repairs complete
43 PTNI Repairs Received portion of
t . .
Conwayto |, 3304 1 512000 | 7/21/2015 | Remaining 2/6/2013 | preliminary data. 2005-2006
Corsicana 301.0 - . )
Validation digs pending

Table 2 — Pegasus Pipeline Northern Section Most Recent Integrity Assessmients

Hydrostatic Testing

During the hydrostatic tests performed in 2005 and 2006, there were 15 test failures experienced on
these two sections™. Appendix E, Tab F summarizes and discusses the hydrostatic test failures and the
results of the metallurgical analyses performed by Hurst Metallurgical Research Laboratory, Inc. and
prepared for ExxonMobil Pipeline Company.

In summary, six of the 27 test sections experienced fifteen (15) hydrostatic test failures, eleven (11) of
which were related to the ERW seam, three (3) resulting from pinhole leaks in girth welds that allowed
corrosion to develop over time, and one (1) failure in a section of seamless pipe that had an area of
severe damage and gouging on the external surface of the pipe. The failure of the seamless pipe was
the first indication to the operator that there was 0.312” wall seamless pipe in addition to the .500” wall
seamless pipe on the pipeline.

' asusin rity Manager :MPCo-PHMSA016173

* EMPCo Memo to File; Summary of Learnings from the 2005/2006 Hydrotest Failures and Root Cause
Metallurgical Analysis

Page 6 of 20




Failure Investigation Report — Mobil Pipeline Pegasus Rupture
March 29, 2013

The CVN (Charpy V-Notch} testing values are representative of the pipe’s toughness (resistance to crack
propagation) and are also discussed in greater detail in Appendix E of this report. “The essential
elements of a fracture-mechanics assessment as it is applied to a pipeline situation are the level of
nominal tensile stress (usually the pressure-induced hoop stress), the maximum size of a longitudinally
oriented defect (usually in terms of axial length and depth penetration through-the wall thickness of the
pipe), and the inherent resistance of the pipe material to propagation of the defect either through the
wall or along the axis of the pipe. The latter parameter is usually referred to as the “toughness” of the
material."*” All of the 2005-2006 hydrotest failures of the ERW seam exhibited low toughness at the
ERW bondline, as well as in some cases in the base metal.

Events Leading up to the Failure

The pipeline was operating under normal conditions with no pressure or operating restrictions,
described by the operator as “steady state conditions,” immediately prior to the rupture. There were no
maintenance activities affecting the operation of the pipeline immediately prior to the rupture.

At the first pump station upstream of the rupture site (Conway Pump Station approximately 15.5 miles
north of the accident site)?, the discharge pressure was 768 psig, and the pipeline was flowing at a rate
of 4,000+ BPH. At approximately 2:37 p.m. local time (Central Time Zone), the first indication that the
operator had of an abnormal condition on the pipeline was when the pipeline controller on duty on
Console 6 observed a low pressure alarm along with a high rate of pressure change alarm at the
Arkansas River Surveillance Site located at milepost 312, just under three miles south of the rupture site.

At approximately 2:38 p.m., the pipeline controller initiated shutdown of the pipeline, achieving
isolation of the rupture site from upstream pressure and supply sources at 2:53 p.m. local time. Field
personnel were notified of the situation observed by the pipeline controller and responded to the scene,
reaching the rupture location at 3:20 p.m. local time".

Emergency Response

The rupture site was in the Northwoods Subdivision, a residential neighborhood of Mayflower, Arkansas
the majority of which was constructed in 2006. The subdivision and site terrain have drainage paths
that lead to Lake Conway, including storm drains leading to an unnamed cove south of the main body of
Lake Conway.

Initial response by local emergency responders and public officials within 30 minutes of the release
aided in the prevention of the flow of the released product into Lake Conway. City and county
emergency responders deployed booms and constructed earth dams to stem the flow of crude oil at
various locations downstream of the spill site.

2 Final Report TTO Number 5, Low Frequency ERW and Lap Welded Longitudinal Seam Evaluation, Michael Baker,
Jr., Inc. in association with Kiefner & Associates and CorrMet Engineering Services, dated April 2004
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7000.1 report matched the operator’'s SCADA logs. The volume released was reported in the July 25,
2013 Supplemental 7000.1 report as 5,000 barrels.

PHMSA Response

PHMSA, SW Region sent an accident investigator to the site on Saturday, March 30, 2013, followed by
two more personnel on April 1, 2013, remaining on-site through April 12, 2013. The accident site was
managed under Incident Command and the lead agency was the United States Environmental Protection
Agency (USEPA) during the clean-up phase. PHMSA’s role during the clean-up phase was on-site
coordination and status situational updates until such time that the accident site was made safe and no
longer considered a “hot-zone” in terms of the clean-up and product recovery activities. The accident
site was made accessible and cleared for removal of the pipe on April 14, 2013. PHMSA, SW Region
accident team personnel returned to the site to observe and monitor the removal and handling of the
failed pipe section from the accident site. The site was excavated, the coating was removed, and the
pipe was cleaned and preserved by wrapping the pipe section in plastic wrap prior to transfer to the
metallurgical lab. A custody transfer protocol was used for the transportation of the pipe from the site
to the laboratory that would perform the metallurgical failure investigation. PHMSA inspectors
remained on site until April 17, 2013, after the pipeline replacement section installation was complete.

PHMSA issued Corrective Action Order (CAO) CPF No. 4-2013-5006H to Mobil Pipeline Company on April
2, 2013. On April 12, 2013, Mobil requested a hearing to address four items in the CAO. The hearing
was held on May 2, 2013, in the PHMSA SW Region Office, and was recorded by Mobil. The CAO was
confirmed in a Post-Hearing Decision issued by PHMSA on May 10, 2013, with a minor modification to
ltem 7 to clarify the pressure reduction pressures.

Investigation Findings & Contributing Factors

Accident Site

The accident site was in a Mayflower, Arkansas subdivision, approximately 25 miles north of Little Rock,
Arkansas at Latitude 34° 57’ 49.1” N and Longitude 92° 25’ 43.6” W. The leak site was on the pipeline
right of way between two single family dwellings. The released crude oil flowed downhill along the right
of way to the street as well as further south between two adjacent houses into the street, into the
stormwater drains, and ultimately to Dawson Cove south of Lake Conway. The released product did not
reach Lake Conway or impact any drinking water supplies. Twenty-two households were evacuated, and
there were minor impacts to flora and fauna in the immediate area. There were no reported injuries or
fatalities related to the release.
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The detailed results of the metallurgical evaluation are found in Hurst’s Report Number 64961, Rev.
3. Tl v e no definitive signs of fatigue failure exhibited in the prior hook crack areas above the
final failure origin area{s) due to the brittle nature of the low toughness material and the presence of
the scale or oxidation products which obscured the fracture morphology, specifically the possible
presence of any microscopic fatigue striations. Brittie materials are not typically subject to high cycle
fatigue failures, as they tend to fail relatively quickly from smaller defect sizes when subjected to cyclic
loading. Larger defects in brittle materials typically result in rapid overload failure during testing such as
the hydrotesting performed in 1991 and 2006 on this line. It may be surmised from the results of the
investigation conducted by Hurst Metallurgical Research Laboratory, inc. that the areas of relatively
more ductile material interspersed within the brittle zones of the ERW seam could have fractured
intermittently over time and connected with the brittle areas containing the hook cracks. The resultant
crack, while shallow and tight enough to be undetectable at the time by the ILI tools used for inspection
of the line, eventually reached a critical length, resulting in the failure of the low toughness ERW seam.”

The report documented evidence of:

hook cracks through multiple ductile and brittle zones, significant variance in hardness
between the various zones of the ERW seam. . . tightness and depth of the hook cracks
along multiple planes through the upset heat-affected zones, and . . . extremely low impact
toughness and elongation properties across the ERW seam.

The report concluded that the most likely failure scenario was:

“that some micro-cracking within the upset/heat-affected zones might have occurred
immediately following the pipe manufacturing. The micro-cracks then likely would have
merged by further cracking through the adjacent areas in the localized upset/HAZ zones
during service, forming a continuous hook crack in each of the localized areas to the critical
depths, at which point the remaining wall thickness, combined with the localized stress
concentration and residual stresses, could no longer support the internal hoop stresses and
resulted in the final failure.”

The findings of this metallurgical analysis were consistent with the previous findings of the Hurst
metallurgical reports for the investigations into the hydrostatic test failures listed in Table 3.
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Findings
As part of the investigation and review of documents, the following was determined:

e EMPCo did not consider this segment of piping to be susceptible to seam failure.

e EMPCo performed integrity assessments for external metal loss and mechanical damage within
the prescribed time frames. However, there was not an assessment performed within the
prescribed time frame that was capable of detecting seam anomalies or related defects.

e EMPCo experienced multiple failures during hydrotesting of the Northern Section of the Pegasus
Pipeline with similar failure causes related to ERW seam defects, but had not experienced an in-
service rupture related to ERW seam defects on the Pegasus system.

e EMPCo had experienced other in-service failures on other pipeline systems under its control
caused by ERW seam defects that were also not assessed within the prescribed time frame.

e The failure was a result of manufacturing defects in the ERW long seam, as determined by
metallurgical examination and testing.

e There were no signs of internal or external corrosion, or mechanical damage at the failed origin.

e There were no signs of overpressure or operational errors that influenced or contributed to the
failure.

e There were no signs that the product being transported influenced or contributed to the failure .

e The operator response was appropriate and was in accordance with the operator’s procedures
for emergency response.

e Pressure cycling and normal operation of the pipeline, combined with the very low toughness of
the ERW seam resulted in the growth of the original defects that were present at the time of
manufacture until they were no longer able to withstand the operating stresses.

Conclusions

The pipe failed as a result of defects that were present from the original manufacture of the pipe. Over
the life of the pipeline, the defects grew and failed when they could no longer support the internal hoop
stresses, resulting in the final failure.

The integrity assessments performed by hydrostatic testing were effective in addressing similar defects
as demonstrated in the 1991 and 2005-2006 hydrotests. The operator did not consider this segment of
piping susceptible to seam failure and did not select a tool capable of determining the full spectrum of
seam issues known to exist in the Pegasus Pipeline; therefore, the in-line inspections performed
subsequent to the hydrotests did not detect the defects that existed in the failed segment of pipe.

Contributing factors in the failure of the pipeline were the operator’s actions under its integrity
management program where the operator determined, incorrectly, that the pipeline was not
susceptible to seam failures, and as a result, failed to assess the pipeline with a method capable of
addressing that specific threat within the prescribed regulatory timeframes.
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Appendi._
Map and Photographs
NRC Reports

A
B
C Operator Accident/Incident Report to PHMSA
D Metallurgical Analysis

E

Discussion of Contributing Factors
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APPENDIX A
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TeleDetail

PHMSA

Pipeline & Mazardous
Materials Safely
Administration

(Version 4.0.0 PROD )

{Return to Search]

HMIS->INCIDENTS->TELEPHONICS

Rules of Behavior Home

NRC Number: 1042466
Call Date: 03/29/2013 Call Time: 17:06:16

Caller Information
First Name: LARRY Last Name: HAWTHORNE
Company Name: EXXON MOBIL PIPELINE
Address: 800 BELL ST.
City: HOUSTON ©  State: >
Country: usa ¢ Zips
Phone 1: 0038790313 Phone2.
Organization Type: ‘PRIVA Is caller the spiller? SYes @No 2 Ng Response
Confidential: “¥es @No & No Response

Discharger Information

First Name: LARRY = LastName: HAWTHORNE
Company Name: EXXON MOBIL PIPELINE
Address: 800 BELL ST.
City: HOUSTON - State: T
Country: usa -z T T
Phone 1: ‘038790313 " Phone 2: T
Organization Type: PRIVA

Spill Information
State: AR County: FAULKNER
Nearest City: MAYFLOWER . Zip Code: T
Location

50 STARLIGHT

Spill Date:
DTG Type:
Incident Type
Description

03/29/2013 (mm/dd/yyyy) Spill Time:
Si

elect DTG Type > -

13:15:00  : (24hh:mm:ss)

Reported Incident Type PIPELINE

CALLER STATED THAT THEY HAD A PRESSURE DROP ON A PIPELINE.

UNKNOWN AMOUNT OF CRUDE OIL HAS BEEN DISCHARGED.

Materials Inyolved

CALLER STATED THAT AN

Materiat / Chris Name Chris Code Total Qty. Water Qty.
OIL: CRUDE OIL 0 UNKNOWN AMOUNT
Medium Type: ! <- Select Modum Type -

Additional Medium Information:

GROUND

Page 1 of 2

Logout Menu

http://hmis.phmsa.dot.gov/hmis/telephonics/Teledetail.aspx?showresult=Y... 10/24/2013



TeleDetail Page 2 of 2

Injuries: ' Fatalites:
Evacuations: “:Yes @ Ne - Unknown  No. of Evacuations: ‘ )
Damages: ¥ Yes @ No i Unknown  Damage Amount:

Federal Agency Notified: #:Yes ¢ No @ Unrknown State Agency Notified: ¢ VYes ¢ No & Unknown
Other Agency Notified: 1 Yes £ No @ Unknown

Remedial Actions
OSRO IS EN ROUTE TO THE SITE.

Additional Info

Latitude

Degrees: T Minutes: 57 Seconds: 49 Quadrant: N
Longitude

Degrees: 92 Minutes: 25 Seconds: 44 Quadrant: W
Distance from City: Direction: T
Section: e Township:

Range: T Mitepost:

{"Rescinded Comments (max 250 characters)

{"e< Pravicus | 1.10f3 exti

http://hmis.phmsa.dot.gov/hmis/telephonics/Teledetail.aspx?showresult=Y... 10/24/2013



TeleDetail

PHMSA

Pipeline & Hazardous
Matenials Safety
Administration

(Version 4.0.0 PROD )

{Return to Search]

Page 1 of 2

HMIS->INCIDENTS->TELEPHONICS

Rules of Behavior Home Logout

NRC Number: 1042476 )
Call Date: 03/29/2013 Call Time: 19:04:32
Caller Information
First Name: TRAD Last Name: MASSENGALE
Company Name: EXXON MOBIL PIPELINE
Address: 800 BELL ST.
City: HOUSTON State: ™
Country: usaA  Zip: T
Phone 1: ST N
Organization Type: PRIVA: Is caller the spiller? @Yes TTNo Ne Response

Confidential: Yes &No UUNe Response
Discharger Information
First Name: THAD  Last Name: MASSENGALE
Company Name: MOBIL PIPELINE
Address: 800 BELL ST.
City: HOUSTON State: ™
Country: Zip:
Phone 1: Phone 2:

Organization Type:

Spill Information

State: AR County:
Nearest City: MAYFLOWER Zip Code:
Location

FAULKNER

SEE LAT AND LONG

03/29/2013 (mm/dd/fyyyy) Spill Time:

Spill Date:

DTG Type: m~
Incident Type e
Description

15:20:00  : (24hh:mm:ss)

Reported Incident Type PIPELINE

CALLER STATED THAT THERE WAS A RELEASE OF AN UNKNOWN AMOUNT OF CRUDE OIL FROM A
THE CAUSE IS UNKNOWN. CALLER ALSO STATED THAT THIS
INCIDENT MAY BE A SIGNIFICANT MATERIAL RELEASE BUT THE AMOUNT IS UNKNOWN AT THIS
TIME. THIS REPORT IS IN REFERENCE TO NRC REPORT NUMBER 1042466.

TRANSMISSION PIPELINE.

Materials Involve

Materiat / Chris Name  |Chris Code [Total Qty. Water Qty.
OIL: CRUDE OIL 0 UNKNOWN AMOUNT |0 UNKNOWN AMOUNT
Medium Type: i <- Select Medu

Additional Medium Information:

http://hmis.phmsa.dot.gov/hmis/telephonics/TeleDetail.aspx?showresult=...

Menu

10/24/2013



TeleDetail Page 2 of 2

Injuries: Fatalites:
Evacuations: @ Yes I No U inknown  No. of Evacuations: o
Damages: “2Yes @ No I Unknown  Damage Amount: )

Federal Agency Notified: < Yes:" No @& Unknowr State Agency Notified: 7 Yes 7. No & Unknown
Other Agency Notified: Yes 11 No & Unknown

Remedial Actions
SHUTDOWN SYSTEM AND ALL OF THE VALVES ARE CLOSED.

Additional Info

Latitude

Degrees: 34 Minutes: 57 Seconds: 49 Quadrant: N
Longitude

Degrees: 2 Minutes: 25 Seconds: 43 Quadrant: W
Distance from City: Direction: o
Section: T Township:

Range: T Milepost:

{_Rescinded Comments (max 250 characters)

2.20f3

http://hmis.phmsa.dot.gov/hmis/telephonics/TeleDetail.aspx?showresult=...  10/24/2013



TeleDetail Page 1 of 2

HMIS->INCIDENTS->TELEPHONICS

Pipeline & Hazardous
Materiais Safety . R
PHMSA Administration (Version 4.0.0 PROD ) Rules of Behavior Home Logout Menu

[Return to Search]

NRC Number: 1042498
Call Date: 03/30/2013 Call Time: 04:25:32

Caller Information
First Name: Thap T Last Name: MASSENGALE
Company Name: EXXON MOBIL PIPELINE
Address: 800 BELL ST.
City: HOUSTON  State: ™
Country: usa  Zip: T
Phone 1- SRR N — -
Organization Type: PRIVA Is caller the spiller? @Yes ©No TUNo Response
Confidential: Ti¥es & No No Response

Discharger information

First Name: THAD  Last Name: MASSENGALE
Company Name: EXXON MOBIL PIPELINE
Address: 800 BELL ST.
City: HOUSTON  State: |
Country: A Zip:
Phone 1: Phone 2:
Organization Type:

Spill Information
State: AR County: FAULKNER
Nearest City: MAYFLOWER . Zip Code: -
Location

50 STARLIGHT

Spill Date: 03/29/2013 (mm/dd/yyyy) Spill Time: 1315:00 | (24hh:mm:ss)
DTG Type: (e Select DTG Type - -

Incident Type e, Reported Incident Type PIPELINE

Description

««+*THIS IS AN UPDATED REPORT, REFER TO NRC REPORT #1042466***. THE AMOUNT
RELEASED HAS YET TO BE DETERMINED POTENTIALLY A FEW THOUSAND BARRELS UP TO 10,000
BARRELS HAVE BEEN DISCHARGED. THE CALLER STATED THAT PRODUCT HAS RELEASED INTO
FLUME PIPES AND INTO A POND, A TRIBUTARY OF LAKE CONWAY.

INITIAL REPORT: CALLER STATED THAT THEY HAD A PRESSURE DROP ON A PIPELINE. CALLER
STATED THAT AN UNKNOWN AMOUNT OF CRUDE OIL HAS BEEN DISCHARGED.

Materials Involyed

Materiat / Chris Name  |Chris Code [Total Qty. \Water Qty.
OIL: CRUDE OIL 0 UNKNOWN AMOUNT |0 UNKNOWN AMOUNT
Medium Type: [ Select Medium Ty

Additional Medium Information:
/ CATCH POND

http://hmis.phmsa.dot.gov/hmis/telephonics/TeleDetail.aspx?showresult=...  10/24/2013



TeleDetail

Injuries: Fatalites:

Evacuations: #VYes T INo L Unknown  No. of Evacuations: N "

Damages: Ui ¥es " No @ Unknown  Damage Amount: ’ )

Federal Agency Notified: " Yes ¢ No @ Unknown  State Agency Notified: 7% Yes “ No @ Unknown
Other Agency Notified:  <:Yes ¢ No & Unknown

Remedial Actions

DAMMED OFF THE AREA, VAC TRUCKS & FRAC TANKS AND ON-SCENE, CREWS ARE REMEDIATING
THE POND.

Additional Info
ADDITIONAL INVESTIGATION WILL BE CONDUCTED IN THE DAYLIGHT.

Latitude

Degrees: Minutes: Seconds: Quadrant:
Longitude

Degrees: Minutes: Seconds: Quadrant:
Distance from City: Direction: ——
Section: o Township:

Range: T Milepost:

[ “Rescinded Comments (max 250 characters)

3.30f3

http://hmis.phmsa.dot.gov/hmis/telephonics/TeleDetail.aspx?showresult=...

Page 2 of 2

10/24/2013



Failure Investigation Report — Mobil Pipeline Pegasus Rupture
March 29, 2013

APPENDIX C

Page 18 of 20



NOTICE: This report is required by 49 CFR Part 195. Failure to report can result in a civil penalty not to OMB NO: 2137-0047
exceed $100,000 for each violation for each day that such violation persists except that the maximum civil EXPIRAT.ION DATE: 01/31/2014
penalty shall not exceed $1,000,000 as provided in 43 USC 60122. i

Original Report 04/26/2013
Date:

'U U.S Department of Transportation No. 20130151 - 18227

Pipeline and Hazardous Materials Safety Administration

A federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply
with a collection of information subject to the requirements of the Paperwork Reduction Act unless that collection of information displays a current valid
OMB Control Number. The OMB Control Number for this information collection is 2137-0047. Public reporting for this collection of information is estimated
to be approximately 10 hours per response (5 hours for a small release), including the time for reviewing instructions, gathering the data needed, and
completing and reviewing the collection of information. All responses to this collection of information are mandatory. Send comments regarding this
burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden to: Information Collection Clearance
Offi HM e of Pipeline Safety (PHP-30) 1200 New Jersey Avenue, SE, Washington, D.C. 20590.

Important: Please read the separate instructions for completing this form before you begin. They clarify the information requested and provide specific
examples. If you do not have a copy of the instructions, you can obtain one from the PHMSA Pipeline Safety Community Web Page at

Original: Supplementél:

Report Type: (select all that apply) Yes
Last Revision Date: 06/25/2013
1. Operator's OPS-issued Operator Identification Number (OPID): 12628
2. Name of Operator MOBIL PIPE LINE COMPANY
3. Address of Operator:
3a. Street Address 800 BELL STREET, Room 623F
3b. City HOUSTON
3c. State Texas
3d. Zip Code 77002
4. Local time (24-hr clock) and date of the Accident: 03/29/2013 14:37
5. Location of Accident:
Latitude: 34.96406
Longitude: -92.42859
6. National Response Center Report Number (if applicable): 1042466
7. Local time (24-hr clock) and date of initial telephonic report to the .
National Response Center (if applicable): 03/29/2013 16:06
8. Commodity released: (select only one, based on predominant Crude Oil
volume released)
- Specify Commaodity Subtype:
- If "Other" Subtype, Describe:
- If Biofuel/Alternative Fuel and Commaodity Subtype is
Ethanol Blend, then % Ethanol Blend:
%:
- If Biofuel/Alternative Fuel and Commodity Subtype is
Biodiesel, then Biodiesel Blend (e.g. B2, B20, B100):
B
9. Estimated volume of commodity released unintentionally (Barrels): 5,000.00
10. Estimated volume of intentional and/or controfled release/blowdown
(Barrels):
11. Estimated volume of commodity recovered {Barrels): 2,000.00
12. Were there fatalities? No
- If Yes, specify the number in each category:
12a. Operator employees
12b. Contractor employees working for the Operator
12c. Non-Operator emergency responders
12d. Workers working on the right-of-way, but NOT
associated with this Operator
12e. General public
12f. Total fatalities (sum of above)
13. Were there injuries requiring inpatient hospitalization? No
- If Yes, specify the number in each category:
13a. Operator employees
13b. Contractor employees working for the Operator
13c. Non-Operator emergency responders

Form PHMSA F 7000.1 (Rev. 12-2012)




13d. Workers working on the right-of-way, but NOT
associated with this Operator

13e. General public

13f. Total injuries (sum of above)

14. Was the pipeline/facility shut down due to the Accident?

Yes

- If No, Explain:

- If Yes, complete Questions 14a and 14b: (use local time, 24-hr clock)

14a. Local time and date of shutdown:

03/29/2013 14:52

14b. Local time pipeline/facility restarted:

- Still shut down? (* Supplemental Report Required) Yes
15. Did the commodity ignite? No
16. Did the commodity explode? No
17. Number of general public evacuated: 83

18. Time sequence (use local time, 24-hour clock):

18a. Local time Operator identified Accident:

03/29/2013 14:38

18b. Local time Operator resources arrived on site:

If Yes, Complete Questions (2-12)

. State:

If No, Complete Questions (13-15

i

Arkansas

2

3. Zip Code: 72106

4. City Mayfiower

5. County or Parish Faulkner

6. Operator-designated location: Survey Station No.
Specify: 16621+46

7. Pipeline/Facility name:

Pegasus 20 inch

8. Segment name/ID:

Conway to Jessieville

9. Was Accident on Federal land, other than the Quter Continental Shelf

(0CS)? No
10. Location of Accident: Pipeline Right-of-way
11. Area of Accident (as found): Underground
Specify: Under sail
- If Other, Describe:
Depth-of-Cover {in): 24
12. Did Accident occur in a crossing? No

- If Yes, specify below:

- If Bridge crossing —

Cased/ Uncased:

- If Railroad crossing —

Cased/ Uncased/ Bored/drilled

- If Road crossing —

Cased/ Uncased/ Bored/drilled

- If Water crossing —

Cased/ Uncased

- Name of body of water, if commonly known:

- Approx. water depth (ft) at the point of the Accident:

- Select:

13. Approximate water depth (ft) at the point of the Accident:

14. Origin of Accident:

- In State waters - Specify:

- State:

- Area:

- Block/Tract #:

- Nearest County/Parish:

- On the Outer Continental Shelf (OCS) - Specify:

- Area:

- Block #:

15. Area of Accident:

1. Is the pipeline or facility:

Interstate

2. Part of system involved in Accident:

Onshore Pipeline, Including Valve Sites

- If Onshore Breakout Tank or Storage Vessel, Including Attached
Appurtenances, specify:

3. Item involved in Accident:

Pipe

Form PHMSA F 7000.1 (Rev. 12-2012)




- If Pipe, specify:

Pipe Seam

3a. Nominal diameter of pipe (in): 20

3b. Wall thickness (in): 312

3c. SMYS (Specified Minimum Yield Strength) of pipe (psi): 42,000
3d. Pipe specification: 5LX-42

3e. Pipe Seam , specify:

Longitudinal ERW - Low Frequency

- If Other, Describe:

3f. Pipe manufacturer: Youngstown
3g. Year of manufacture: 1947
3h. Pipeline coating type at point of Accident, specify: Coal Tar
- If Other, Describe:
- If Weld, including heat-affected zone, specify:
- [f Other, Describe:
- If Valve, specify:
- If Mainline, specify:
- If Other, Describe:
3i. Manufactured by:
3i. Year of manufacture:
- If Tank/Vessel, specify:
- If Other - Describe:
- If Other, describe:
4. Year item involved in Accident was installed: 1947

5. Material involved in Accident:

Carbon Steel

- If Material other than Carbon Steel, specify:

6. Type of Accident Involved: Rupture
- If Mechanical Puncture — Specify Approx. size:
in. (axial} by
in. (circumferential)
- If Leak - Select Type:
- If Other, Describe:
- If Rupture - Select Orientation: Longitudinal
- If Other, Describe:
Approx. size: in. (widest opening) by | 1.5
in. (length circumferentially or axially) | 267.5

. Wildlife impact:

Yes
1a. If Yes, specify all that apply:
- Fish/aquatic Yes
- Birds Yes
- Terrestrial Yes
2. Soil contamination: Yes
3. Long term impact assessment performed or planned: Yes
4. Anticipated remediation: Yes
4a. If Yes, specify all that apply:
- Surface water Yes
- Groundwater
- Soil Yes
- Vegetation Yes
- Wildlife Yes
5. Water contamination: Yes
5a. If Yes, specify all that apply:
- Ocean/Seawater
- Surface Yes
- Groundwater
- Drinking water: (Select one or both)
- Private Well
- Public Water Intake
5b. Estimated amount released in or reaching water (Barrels): 2,000.00

5¢. Name of body of water, if commonly known:

Unnamed ditches and isolated area of the cove south of
Lake Conway, Arkansas

6. At the location of this Accident, had the pipeline segment or facility

been identified as one that "could affect" a High Consequence Area Yes
(HCA) as determined in the Operator's Integrity Management Program?
7. Did the released commodity reach or occur in one or more High Yes

Conseguence Area (HCA)?

7a. If Yes, specify HCA type(s): {Select all that apply)

- Commercially Navigable Waterway:

Form PHMSA F 7000.1 (Rev. 12-2012)




Was this HCA identified in the "could affect”
determination for this Accident site in the Operator's
Integrity Management Program?

- High Population Area:

Yes

Was this HCA identified in the "could affect”
determination for this Accident site in the Operator's
Integrity Management Program?

Yes

- Other Populated Area

Was this HCA identified in the "could affect" determination
for this Accident site in the Operator's Integrity
Management Program?

- Unusually Sensitive Area (USA) - Drinking Water

Was this HCA identified in the "could affect” determination
for this Accident site in the Operator's Integrity
Management Program?

- Unusually Sensitive Area (USA) - Ecological

Was this HCA identified in the "could affect” determination
for this Accident site in the Operator's Integrity
Management Program?

8. Estimated Property Damage:

8a. Estimated cost of public and non-Operator private property
damage

0

8b. Estimated cost of commodity lost

500,000

8c. Estimated cost of Operator's property damage & repairs

1,000,000

8d. Estimated cost of Operator's emergency response

44,000,000

8e. Estimated cost of Operator's environmental remediation

0

8f. Estimated other costs

RIR R len|en| o

2,000,000

Describe:

Temporary housing and living expences for affected
residences

1. Estimated pressure at the point and time of the Accident (psig):

$ 47,500,000

708.00

2. Maximum Operating Pressure (MOP) at the point and time of the
Accident (psig):

865.00

3. Describe the pressure on the system or facility relating to the
Accident (psig):

Pressure did not exceed MOP

4. Not including pressure reductions required by PHMSA regulations
(such as for repairs and pipe movement), was the system or facility

relating to the Accident operating under an established pressure No
restriction with pressure limits below those normally allowed by the
MOP?
- If Yes, Complete 4.a and 4.b below:
4a. Did the pressure exceed this established pressure
restriction?
4b. Was this pressure restriction mandated by PHMSA or the
State?
5. Was "Onshore Pipeline, Including Valve Sites" OR "Offshore
Pipeline, Including Riser and Riser Bend" selected in PART C, Question Yes

27

- If Yes - (Complete 5a. — 5e. below)

5a. Type of upstream valve used to initially isolate release
source:

Remotely Controlled

5b. Type of downstream valve used to initially isolate release
source:

Remotely Controlled

5c. Length of segment isolated between valves (ft):

95,040

5d. Is the pipeline configured to accommodate internal
inspection tools?

Yes

- If No, Which physical features limit tool accommodation?

select all that apply)

- Changes in line pipe diameter

- Presence of unsuitable mainline valves

- Tight or mitered pipe bends

- Other passage restrictions (i.e. unbarred tee's,
projecting instrumentation, etc.)

- Extra thick pipe wall (applicable only for magnetic
flux leakage internal inspection tools)

- Other -

- If Other, Describe:

5e. For this pipeline, are there operational factors which
significantly compiicate the execution of an internat inspection tool
run?

No

Form PHMSA F 7000.1 (Rev. 12-2012)




- |f Yes, Which operational factors complicate execution? (select all that apply)

- Excessive debris or scale, wax, or other wall buildup

- Low operating pressure(s)

- Low flow or absence of flow

- Incompatible commodity

- Other -

- If Other, Describe:

5f. Function of pipeline system:

> 20% SMYS Regulated Trunkline/Transmission

6. Was a Supervisory Control and Data Acquisition (SCADA)-based

involved in the Accident?

system in place on the pipeline or facility involved in the Accident? Yes
If Yes -
6a. Was it operating at the time of the Accident? Yes
6b. Was it fully functional at the time of the Accident? Yes
6¢. Did SCADA-based information (such as alarm(s),
alert(s), event(s), and/or volume calculations) assist with Yes
the detection of the Accident?
6d. Did SCADA-based information (such as alarm(s),
alert(s), event(s), and/or volume calculations) assist with Yes
the confirmation of the Accident?
7. Was a CPM leak detection system in place on the pipeline or facility No

-If Yes:

7a. Was it operating at the time of the Accident?

7b. Was it fully functional at the time of the Accident?

7¢. Did CPM leak detection system information (such as
alarm(s), alert(s), event(s), and/or volume calculations) assist
with the detection of the Accident?

7d. Did CPM leak detection system information (such as
alarm(s), alert(s), event(s), and/or volume calculations) assist
with the confirmation of the Accident?

8. How was the Accident initially identified for the Operator?

CPM leak detection system or SCADA-based information
(such as alarm(s), alert(s), event(s), and/or volume
calculations)

- If Other, Specify:

8a. If "Controller", "Local Operating Personnel", including
contractors", "Air Patrol", or "Guard Patrol by Operator or its
contractor" is selected in Question 8, specify the following:

9. Was an investigation initiated into whether or not the controller(s) or
control room issues were the cause of or a contributing factor to the
Accident?

Yes, but the investigation of the control room and/or
controller actions has not yet been completed by the
operator (Supplemental Report Required)

- If No, the Operator did not find that an investigation of the
controller(s) actions or control room issues was necessary due to:
(provide an explanation for why the operator did not investigate)

- if Yes, specify investigation result(s): (select all that apply)

- Investigation reviewed work schedule rotations,
continuous hours of service (while working for the
Operator), and other factors associated with fatigue

- Investigation did NOT review work schedule rotations,
continuous hours of service (while working for the
QOperator), and other factors associated with fatigue

Provide an explanation for why not:

- Investigation identified no control room issues

- Investigation identified no controfler issues

- Investigation identified incorrect controller action or
controller error

- Investigation identified that fatigue may have affected the
controller(s) involved or impacted the involved controller(s)
response

- Investigation identified incorrect procedures

- Investigation identified incorrect control room equipment
operation

- Investigation identified maintenance activities that affected
control room operations, procedures, and/or controller
response

- Investigation identified areas other than those above:

scribe:

Form PHMSA F 7000.1 (Rev. 12-2012)




1. As a result of this Accident, were any Operator employees tested
under the post-accident drug and alcohol testing requirements of DOT's Yes
Drug & Alcohol Testing regulations?

- If Yes:
1a. Specify how many were tested: 2
1b. Specify how many failed: 0

2. As aresult of this Accident, were any Operator contractor employees

tested under the post-accident drug and alcohol testing requirements of No

DOT's Drug & Alcohol Testing regulations?
- if Yes:

2a. Specify how many were tested:

2b. Specify how many failed:

IfE al Corrosion: .
1. Results of visual examination:

- If Other, Describe:

2. Type of corrosion: (select all that apply)
- Galvanic
- Atmospheric
- Stray Current
- Microbiological
- Selective Seam
- Other:

- If Other, Describe:
3. The type(s) of corrosion selected in Question 2 is based on the following: (select all that apply)
- Field examination
- Determined by metallurgical analysis
- Other:

- If Other, Describe:

4. Was the failed item buried under the ground?
-If Yes:
O4a. Was failed item considered to be under cathodic
protection at the time of the Accident?
If Yes - Year protection started:
4b. Was shielding, tenting, or disbonding of coating evident at
the point of the Accident?
4c¢. Has one or more Cathodic Protection Survey been
conducted at the point of the Accident?
If "Yes, CP Annual Survey" — Most recent year conducted:
If “Yes, Close Interval Survey" — Most recent year conducted:
If "Yes, Other CP Survey" — Most recent year conducted:

- If No:

4d. Was the failed item externally coated or painted?
5. Was there observable damage to the coating or paint in the vicinity of
the corrosion?

- Other:
7. Type of corrosion (select all that apply): -
- Corrosive Commodity
- Water drop-out/Acid
- Microbiological
- Erosion
- Other:

- If Other, Describe:

8. The cause(s) of corrosion selected in Question 7 is based on the following (select all that apply): -
- Field examination

- Determined by metallurgical analysis
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- Other:

- If Other, Describe:

9. Location of corrosion _(select all that apply): -

- Low point in pipe

- Elbow

- Other:

- If Other, Describe:

10. Was the commaodity treated with corrosion inhibitors or biocides?

11. Was the interior coated or lined with protective coating?

12. Were cleaning/dewatering pigs (or other operations) routinely
utilized?

14, List the year of the most recent inspections:

14a. API Std 653 Out-of-Service Inspection

- No Out-of-Service Inspection completed

14b. API Std 653 In-Service Inspection

Accident?

15a. If Yes, for each tool used, select type of internal inspection tool and indicate most recent year run: -

- Magnetic Flux Leakage Tool

Most recent year:

- Ultrasonic

Most recent year:
- Geometry

Most recent year:
- Caliper

Most recent year:
- Crack

Most recent year:
- Hard Spot

Most recent year:

- Combination Tool

Most recent year:

- Transverse Field/Triaxial

Most recent year:

- Other

Most recent year:

Describe:

16. Has one or more hydrotest or other pressure test been conducted since
original construction at the point of the Accident?

If Yes -

Most recent year tested:

Test pressure:

17. Has one or more Direct A ment been conducted on this segment?

- If Yes, and an investigative dig was conducted at the point of the Accident::

Most recent year conducted: ]

- If Yes, but the point of the Accident was not identified as a dig site:

Most recent year conducted:

18. Has one or more non-destructive examination been conducted at the
point of the Accident since January 1, 20027

18a. If Yes, for each examination conducted since January 1, 2002, select type of non-destructive examination and indicate most
recent year the examination was conducted:

- Radiography

Most recent year conducted:

- Guided Wave Ultrasonic

Most recent year conducted:

- Handheld Ultrasonic Tool

Most recent year conducted:

- Wet Magnetic Particle Test

Most recent year conducted:

- Dry Magnetic Particle Test

Most recent year conducted:

- Other

Most recent year conducted:

Describe:
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ving if any ! Force Damage sub:
forces causing the Accident generated in
conjunction with an extreme weather event?

6a. If Yes, specify: (select all that apply)
- Hurricane
- Tropical Storm
- Tornado
- Other

- If Other, Describe

the Accident?
1a. If Yes, for each tool used, select type of internal inspection tool and indicate most recent year run: -
- Magnetic Flux Leakage

Most recent year conducted:

- Ultrasonic

Most recent year conducted:
- Geometry

Most recent year conducted:
- Caliper

Most recent year conducted:
- Crack

Most recent year conducted:
- Hard Spot

Most recent year conducted:

Combination Tool

Most recent year conducted:

Transverse Field/Triaxial

Most recent year conducted:

- Other

Most recent year conducted:
Describe:
2. Do you have reason to believe that the internal inspection was
completed BEFORE the damage was sustained?
3. Has one or more hydrotest or other pressure test been conducted since
original construction at the point of the Accident?
-If Yes:

Most recent year tested:
Test pressure (psig):
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4. Has one or more Direct Assessment been conducted on the pipeline
segment?
- If Yes, and an investigative dig was conducted at the point of the Accident:
Most recent year conducted:
- If Yes, but the point of the Accident was not identified as a dig site:
Most recent year conducted:
5. Has one or more non-destructive examination been conducted at the
point of the Accident since January 1, 20027
5a. If Yes, for each examination, conducted since January 1, 2002, select type of non-destructive examination and indicate most
recent year the examination was conducted:
- Radiography

Most recent year conducted:

- Guided Wave Ultrasonic

Most recent year conducted:

- Handheld Uitrasonic Tool

Most recent year conducted:
- Wet Magnetic Particle Test

Most recent year conducted:
- Dry Magnetic Particle Test

Most recent year conducted:

- Other

Most recent year conducted:

. Did the operator get prior notification of the excavation activity?
6a. If Yes, Notification received from: (select all that apply) -
- One-Call System
- Excavator
- Contractor
- Landowner

7. Do you wahf PHMSA to”upload thé follEJWing in ornﬂétion to
DIRT (www.cga-dirt.com)?

8. Right-of-Way where event occurred: (select all that apply) -
- Public

- If "Public”, Specify:

- Private

- If "Private”, Specify:

- Pipeline Property/Easement

- Power/Transmission Line

- Railroad

- Dedicated Public Utility Easement
- Federal Land

- Data not collected

- Unknown/QOther

9. Type of excavator:

10. Type of excavation equipment:

11. Type of work performed:

12. Was the One-Call Center notified?
12a. If Yes, specify ticket number:
12b. If this is a State where more than a single One-Call Center
exists, list the name of the One-Call Center notified:

13. Type of Locator:

14. Were facility locate marks visible in the area of excavation?

15. Were facilities marked correctly?

16. Did the damage cause an interruption in service?
16a. If Yes, specify duration of the interruption (hours)

17. Description of the CGA-DIRT Root Cause (select only the one predominant first level CGA-DIRT Root Cause and then, where

available as a choice, the one predominant second level CGA-DIRT Root Cause as well):

Root Cause:
- If One-Call Notification Practices Not Sufficient, specify:
- If Locating Practices Not Sufficient, specify:
- If Excavation Practices Not Sufficient, specify:
- If Other/None of the Above, explain:
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e

ndustrial, Man-made, or Other Firc/Explosion as Primary Ca

|5 Damag t ther Motorized Vehicle/Equipn o1
1. Vehicle/Eunmer)toerated by: _ ) ‘ )

Joats s, Drilliy

2. Select one or more of the following |IF an extreme weather event was a factor:
- Hurricane
- Tropical Storm
- Tornado
- Heavy Rains/Flood
- Other

Co Quiestic | . ,

3. Has one or more internal inspection tool collected data at the point of

the Accident?

3a. If Yes, for each tool used, select type of internal inspection tool and indicate most recent year run:
- Magnetic Flux Leakage

Most recent year conducted:

- Ultrasonic

Most recent year conducted:
- Geometry

Most recent year conducted:
- Caliper

Most recent year conducted:
- Crack

Most recent year conducted:
- Hard Spot

Most recent year conducted:

- Combination Tool

Most recent year conducted:

- Transverse Field/Triaxial

Most recent year conducted:

- Other

Most recent year conducted:
Describe:
4. Do you have reason to believe that the internal inspection was
completed BEFORE the damage was sustained?
5. Has one or more hydrotest or other pressure test been conducted
since original construction at the point of the Accident?
- If Yes:

Most recent year tested:
Test pressure (psig):
6. Has one or more Direct Assessment been conducted on the pipeline
segment?
- If Yes, and an investigative dig was conducted at the point of the Accident:
Most recent year conducted: |
- If Yes, but the point of the Accident was not identified as a dig site:
Most recent year conducted:
7. Has one or more non-destructive examination been conducted at the
point of the Accident since January 1, 20027
7a. If Yes, for each examination conducted since January 1, 2002, select type of non-destructive examination and indicate most
recent year the examination was conducted:
- Radiography

Most recent year conducted:
- Guided Wave Ultrasonic

Most recent year conducted:

- Handheld Ultrasonic Tool

Most recent year conducted:
- Wet Magnetic Particle Test

Most recent year conducted:
- Dry Magnetic Particle Test

Most recent year conducted:

- Other

Most recent year conducted:
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Describe:

Origln‘al Manufacturlng related (NO girth weld or other

K

welds formed in the field)

The sub- cause selected below is basedion the following: (select all that apply)

- Field Examination

- Determined by Metallurgical AnaIyS|s

- Other Analysis

- If "Other Analysis", Describe:

- Sub-cause is Tentative or Suspected; Still Under Investigation
Supplemental R Re ort req unred ‘

tru i i
2. Llst contnbutlng factors (select a// that apply)

Yes

- Fatigue or Vibration-related

Specify:

- If Other, Describe:

- Mechanical Stress:

- Other

__If Original Manufacturing:related (NOT gir

2. List contributing factors: (select all that apply)

- Fatigue or Vibration-related:

Specify:

- If Other, Describe:

- Mechanical Stress:

- Other

Yes

- if Other, Describe:

Investigating other possible contributing factors.

4. Additional facférs: (select all thét apply):

- Dent

- Gouge

- Pipe Bend

- Arc Burn

- Crack

Yes

- Lack of Fusion

- Lamination

- Buckle

- Wrinkle

- Misalighment

- Burnt Steel

- Other:

Yes

- If Other, Describe:

Investigating other possible contributing factors.

5. Has one or more internal inspection tool collected data at the point of
the Accident?

Yes

5a. If Yes, for each tool used, select type of internal inspection tool and indicate most recent year run:

- Magnetic Flux Leakage Yes
Most recent year run: 2010
- Ultrasonic
Most recent year run:
- Geometry
Most recent year run:
- Caliper Yes
Most recent year run: 2010
- Crack
Most recent year run:
- Hard Spot

Most recent year run:
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- Combination Tool

Most recent year run:
- Transverse Field/Triaxial Yes
Most recent year run: 2012

- Other

Most recent year run:
Describe:
6. Has one or more hydrotest or other pressure test been conducted since

original construction at the point of the Accident? Yes
- If Yes:
Most recent year tested: | 2006
Test pressure (psig): 1,082.00
7. Has one or more Direct Assessment been conducted on the pipeline No
segment?

- If Yes, and an investigative dig was conducted at the point of the Accident -
Most recent year conducted: |
- If Yes, but the point of the Accident was not identified as a dig site -
Most recent year conducted:
8. Has one or more non-destructive examination(s) been conducted at the
point of the Accident since January 1, 20027
8a. If Yes, for each examination conducted since January 1, 2002, select type of non-destructive examination and indicate most
recent year the examination was conducted: -
- Radiography

No

Most recent year conducted:

- Guided Wave Ultrasonic

Most recent year conducted:

- Handheld Ultrasonic Tool

Most recent year conducted:
- Wet Magnetic Particle Test
Most recent year conducted:

- Dry Magnetic Particle Test

Most recent year conducted:

- Other

Most recent year conducted:

1. Specify: (select all that apply) -
- Control Valve
- Instrumentation
- SCADA
- Communications
- Block Valve
- Check Valve
- Relief Valve
- Power Failure
- Stopple/Control Fitting
- ESD System Failure
- Other

- If Other — Describe:

| LT Othe
5. Describe:
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- Comple ny Ec uipﬂ‘ t Fz

6. Additional factors that contributed to the equipment failure: (select all that apply)
- Excessive vibration
- Overpressurization
- No support or loss of support
- Manufacturing defect
- Loss of electricity
- Improper installation
- Mismatched items (different manufacturer for tubing and tubing
fittings)
- Dissimilar metals
- Breakdown of soft goods due to compatibility issues with
transported commodity
- Valve vault or valve can contributed to the release
- Alarm/status failure
- Misalignment
- Thermal stress
- Other

ther, Des

77

cribe:

-IfO

- Inadequate procedure

- No procedure established
- Failure to follow procedure
- Other:

- If Other, Describe:
4. What category type was the activity that caused the Accident?
5. Was the task(s) that led to the Accident identified as a covered task
in your Operator Qualification Program?

5a. If Yes, were the individuals performing the task(s) qualified for
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This incident is currently under investigation.

File Fuill Name

Emergency Response and Environmental Remediation costs are combined in section D (8d & 8e).

Preparer's Name

Thad Massengale

Preparer's Title

Pipeline Safety Advisor

Preparer's Telephone Number

7136562258

Preparer's E-mail Address

thad.massengale@exxonmobil.com

Preparer's Facsimile Number

7136568232

Authorized Signature's Name

Mark D. Weesner

Authorized Signature Title

SHE Manager

Authorized Signature Telephone Number

7136560227

Authorized Signature Email

mark.d.weesner@exxonmobil.com

Date

06/25/2013
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NOTICE: This report is required by 48 CFR Part 185, Failure to report can result in a civil penalty not to OMB NO: 2137-0047
exceed $100,000 for each violation for each day that such violation persists except that the maximum civil EXPIRA'I:]ON DATE: 01/31/2014
penalty shall not exceed $1,000,000 as provided in 48 USC 60122, i

Original Report 04/26/2013
Date:

(./ U.S Department of Transportation No. 20130151 - 17953

Pipeline and Hazardous Materials Safety Administration

A federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply
with a collection of information subject to the requirements of the Paperwork Reduction Act unless that collection of information displays a current valid
OMB Control Number. The OMB Control Number for this information collection is 2137-0047. Public reporting for this collection of information is estimated
to be approximately 10 hours per response (5 hours for a small release), including the time for reviewing instructions, gathering the data needed, and
completing and reviewing the collection of information. All responses to this collection of information are mandatory. Send comments regarding this
burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden to: Information Collection Clearance
Officer, PHMSA, Office of Pipeline Safety (PHP-30) 1200 New Jersey Avenue, SE, Washington, D.C. 20590.

Important: Please read the separate instructions for completing this form before you begin. They clarify the information requested and provide specific
examples. If you do not have a copy of the instructions, you can obtain one from the PHMSA Pipeline Safety Community Web Page at

Original: Supplemental Final:

Report Type: (select all that apply) Yes
Last Revision Date:
1. Operator's OPS-issued Operator Identification Number (OPID}): 12628
2. Name of Operator MOBIL PIPE LINE COMPANY
3. Address of Operator:
3a. Street Address 800 BELL STREET, Room 623F
3b. City HOUSTON
3c. State Texas
3d. Zip Code 77002
4. Local time (24-hr clock) and date of the Accident: 03/29/2013 14:37
5. Location of Accident:
Latitude: 34.96406
Longitude: -92.42859
6. National Response Center Report Number (if applicable): 1042466
7. I__ocal time (24-hr clock) e.md da.te of |n.|t|al telephonic report to the 03/29/2013 16:06
National Response Center (if applicable):
8. Commodity released: (sefect only one, based on predominant c .
rude Oil
volume released)
- Specify Commodity Subtype:
- If "Other" Subtype, Describe:
- If Biofuel/Alternative Fuel and Commodity Subtype is
Ethanol Blend, then % Ethanol Blend:
%!
- If Biofuel/Alternative Fuel and Commodity Subtype is
Biodiesel, then Biodiesel Blend (e.g. B2, B20, B100):
B
9. Estimated volume of commodity released unintentionally (Barrels): 5,000.00
10. Estimated volume of intentional and/or controlled release/blowdown
(Barrels):
11. Estimated volume of commodity recovered (Barrels): 2,000.00
12. Were there fatalities? No
- If Yes, specify the number in each category:
12a. Operator employees
12b. Contractor employees working for the Operator
12c. Non-Operator emergency responders
12d. Workers working on the right-of-way, but NOT
associated with this Operator
12e. General public
12f. Total fatalities (sum of above)
13. Were there injuries requiring inpatient hospitalization? No
- If Yes, specify the number in each category:
13a. Operator employees
13b. Contractor employees working for the Operator
13c. Non-Operator emergency responders
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13d. Workers working on the right-of-way, but NOT
associated with this Operator

13e. General public

13f. Total injuries (sum of above)

14. Was the pipeline/facility shut down due to the Accident?

Yes

- If No, Explain:

- If Yes, complete Questions 14a and 14b: (use local time, 24-hr clock)

14a. Local time and date of shutdown:

03/29/2013 14:52

14b. Local time pipeline/facility restarted:

- Still shut down? ¢* Supplemental Report Required) Yes
15. Did the commodity ignite? No
16. Did the commodity explode? No
17. Number of general public evacuated: 83

18. Time sequence (use local time, 24-hour clock):

18a. Local time Operator identified Accident:

03/29/2013 14:38

18b. Local time Operator resources arrived on site:

03/29/2013 15:20

2. State Arkansas

3. Zip Code: 72106

4. City Mayflower

5. County or Parish Faulkner

6. Operator-designated location: Survey Station No.
Specify: 16621+46

7. Pipeline/Facility name:

Pegasus 20 inch

8. Segment hame/ID:

Conway to Jessieville

9. Was Accident on Federal land, other than the Outer Continental Shelf
(0OCS)?

No

10. Location of Accident:

Pipeline Right-of-way

11. Area of Accident (as found): Underground
Specify: Under soil
- If Other, Describe:
Depth-of-Cover (in): 24
12. Did Accident occur in a crossing? No

- If Yes, specify below:

- If Bridge crossing —

Cased/ Uncased:

- If Railroad crossing —

Cased/ Uncased/ Bored/drilled

- If Road crossing —

Cased/ Uncased/ Bored/drilled

- If Water crossing —

Cased/ Uncased

- Name of body of water, if commonly known:

- Approx. water depth (ft) at the point of the Accident:

- Select:

13. Approximate water depth (ft) at the point of the Accident: B

14. Origin of Accident:

- In State waters - Specify:

- State:

- Area:

- Block/Tract #:

- Nearest County/Parish:

- On the Outer Continental Shelf (OCS) - Specify:

- Area:

- Block #:

. ls ’Ehe pipelin‘e or facilit

Interétate

2. Part of system involved in Accident:

Onshore Pipeline, Including Valve Sites

- If Onshore Breakout Tank or Storage Vessel, Including Attached
Appurtenances, specify:

3. Item involved in Accident:

Pipe
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- If Pipe, specify: Pipe Seam
3a. Nominal diameter of pipe (in): 20
3b. Wall thickness (in): 312
3c. SMYS (Specified Minimum Yield Strength) of pipe (psi): 42,000
3d. Pipe specification: 5LX-42

3e. Pipe Seam, specify:

Longitudinal ERW - Low Frequency

- If Other, Describe:

3f. Pipe manufacturer: Youngstown
39. Year of manufacture: 1947
3h. Pipeline coating type at point of Accident, specify: Coal Tar
- If Other, Describe:
- |f Weld, including heat-affected zone, specify:
- If Other, Describe:
- If Valve, specify:
- If Mainline, specify:
- If Other, Describe:
3i. Manufactured by:
3j. Year of manufacture:
- If Tank/Vessel, specify:
- If Other - Describe:
- If Other, describe:
4. Year item involved in Accident was installed: 1947

5. Material involved in Accident:

Carbon Steel

- If Material other than Carbon Steel, specify:

6. Type of Accident Involved: Rupture
- If Mechanical Puncture — Specify Approx. size:
in. (axial) by
in. (circumferential)
- If Leak - Select Type:
- If Other, Describe:
- If Rupture - Select Orientation: Longitudinat
- If Other, Describe:
Approx. size: in. (widest opening) by | 1.5
in. (length circumferentially or axially) | 267.5

- If Other - Describe:

1. Wildlife impact:

1a. If Yes, specify all that apply:

- Fish/aquatic Yes

- Birds Yes

- Terrestrial Yes
2. Soil contamination: Yes
3. Long term impact assessment performed or planned: Yes
4. Anticipated remediation: Yes

4a. If Yes, specify all that apply:

- Surface water Yes

- Groundwater

- Sail Yes

- Vegetation Yes

- Wildlife Yes
5. Water contamination: Yes

5a. If Yes, specify all that apply:

- Ocean/Seawater

- Surface Yes

- Groundwater

- Drinking water: (Select one or both)

- Private Well
- Public Water Intake

5b. Estimated amount released in or reaching water (Barrels): 2,000.00

5c. Name of body of water, if commonly known:

Unnamed ditches and isolated area of the cove south of
Lake Conway, Arkansas

6. Atthe location of this Accident, had the pipeline segment or facility

been identified as one that "could affect" a High Consequence Area Yes
(HCA) as determined in the Operator's Integrity Management Program?
7. Did the released commodity reach or occur in one or more High Yes

Consequence Area (HCA)?

7a. If Yes, specify HCA type(s): (Select all that apply)

- Commercially Navigable Waterway:
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Was this HCA identified in the "could affect"
determination for this Accident site in the Operator's
Integrity Management Program?

- High Population Area:

Yes

Was this HCA identified in the "could affect"
determination for this Accident site in the Operator's
Integrity Management Program?

Yes

- Other Populated Area

Was this HCA identified in the "could affect" determination
for this Accident site in the Operator's Integrity
Management Program?

- Unusually Sensitive Area (USA) - Drinking Water

Was this HCA identified in the "could affect” determination
for this Accident site in the Operator's Integrity
Management Program?

- Unusually Sensitive Area (USA) - Ecological

Was this HCA identified in the "could affect” determination
for this Accident site in the Operator's Integrity
Management Program?

8. Estimated Property Damage:

8a. Estimated cost of public and non-Operator private property
damage

0

8b. Estimated cost of commodity lost

500,000

8c. Estimated cost of Operator's property damage & repairs

1,000,000

8d. Estimated cost of Operator's emergency response

13,600,000

8e. Estimated cost of Operator's environmental remediation

0

8f. Estimated other costs

AR [R|er| o

1,300,000

Describe:

Temporary housing and living expences for affected
residences

Total estimated property damage (sum of above

$ 16,400,000

708.00

1. Estimated pressure at the point and time of the Accident (psig)

2. Maximum Operating Pressure (MOP) at the point and time of the
Accident (psig):

873.00

3. Describe the pressure on the system or facility relating to the
Accident (psig):

Pressure did not exceed MOP

4. Not including pressure reductions required by PHMSA regulations
(such as for repairs and pipe movement), was the system or facility

relating to the Accident operating under an established pressure No
restriction with pressure limits below those normally allowed by the
MOP?
- If Yes, Complete 4.a and 4.b below:
4a. Did the pressure exceed this established pressure
restriction?
4b. Was this pressure restriction mandated by PHMSA or the
State?
5. Was "Onshore Pipeline, Including Valve Sites" OR "Offshore
Pipeline, Including Riser and Riser Bend" selected in PART C, Question Yes

27

- If Yes - (Complete 5a. — 5e. below)

5a. Type of upstream valve used to initially isolate release
source:

Remotely Controlled

5b. Type of downstream valve used to initially isolate release
source:

Remotely Controlled

5c. Length of segment isolated between valves (ft):

95,040

5d. Is the pipeline configured to accommodate internal
inspection tools?

Yes

- If No, Which physical features limit tool accommodation?

select all that apply)

- Changes in line pipe diameter

- Presence of unsuitable mainline valves

- Tight or mitered pipe bends

- Other passage restrictions (i.e. unbarred tee's,
projecting instrumentation, etc.)

- Extra thick pipe wall (applicable only for magnetic
flux leakage internal inspection tools)

- Other -

- If Other, Describe:

5e. For this pipeline, are there operational factors which
significantly complicate the execution of an internal inspection tool
run?

No
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- If Yes, Which operational factors complicate execution? (select all that apply)

- Excessive debris or scale, wax, or other wall buildup

- Low operating pressure(s)

- Low flow or absence of flow

- _Incompatible commaodity

- Other -

- If Other, Describe:

5f. Function of pipeline system:

> 20% SMYS Regulated Trunkline/Transmission

6. Was a Supervisory Control and Data Acquisition (SCADA)-based

system in place on the pipeline or facility involved in the Accident? Yes
If Yes -
6a. Was it operating at the time of the Accident? Yes
6b. Was it fully functional at the time of the Accident? Yes
6c. Did SCADA-based information (such as alarm(s),
alert(s), event(s), and/or volume calculations) assist with Yes
the detection of the Accident?
6d. Did SCADA-based information (such as alarm(s),
alert(s), event(s), and/or volume calculations) assist with Yes
the confirmation of the Accident?
7. Was a CPM leak detection system in place on the pipeline or facility No

involved in the Accident?

- If Yes:

7a. Was it operating at the time of the Accident?

7b. Was it fully functional at the time of the Accident?

7c. Did CPM leak detection system information (such as
alarm(s), alert(s), event(s), and/or volume calculations) assist
with the detection of the Accident?

7d. Did CPM leak detection system information (such as
alarm(s), alert(s), event(s), and/or volume calculations) assist
with the confirmation of the Accident?

8. How was the Accident initially identified for the Operator?

CPM leak detection system or SCADA-based information
(such as alarm(s}), alert(s), event(s), and/or volume
calculations)

- if Other, Specify:

8a. If "Controller", "Local Operating Personnel", including
contractors”, "Air Patrol", or "Guard Patrol by Operator or its
contractor” is selected in Question 8, specify the following:

9. Was an investigation initiated into whether or not the controller(s) or
control room issues were the cause of or a contributing factor to the
Accident?

Yes, but the investigation of the control room and/or
controller actions has not yet been completed by the
operator (Supplemental Report Required)

- If No, the Operator did not find that an investigation of the
controller(s) actions or control room issues was necessary due to:
(provide an explanation for why the operator did not investigate)

- If Yes, specify investigation result(s): (select all that apply)

- Investigation reviewed work schedule rotations,
continuous hours of service (while working for the
Operator), and other factors associated with fatigue

- Investigation did NOT review work schedule rotations,
continuous hours of service (while working for the
Operator), and other factors associated with fatigue

Provide an explanation for why not:

- Investigation identified no control room issues

- Investigation identified no controller issues

- Investigation identified incorrect controller action or
controller error

- Investigation identified that fatigue may have affected the
controller(s) involved or impacted the involved controller(s)
response

- Investigation identified incorrect procedures

- Investigation identified incorrect control room equipment
operation

- Investigation identified maintenance activities that affected
control room operations, procedures, and/or controlier
response

- Investigation identified areas other than those above:
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1. As aresuit of this Accident, were any Operator employees tested
under the post-accident drug and alcohol testing requirements of DOT's | Yes
Drug & Alcohol Testing regulations?
- If Yes:
1a. Specify how many were tested:
1b. Specify how many failed: 0
2. As aresult of this Accident, were any Operator contractor employees
tested under the post-accident drug and alcohol testing requirements of No
DOT's Drug & Alcohol Testing regulations?
- If Yes:

2a. Specify how many were tested:
2b. Specify how many failed:

- If Other, Describe:

2. Type of corrosion: (select all that apply)
- Galvanic
~ Atmospheric
- Stray Current
- Microbiological
- Selective Seam
- Other:

- If Other, Describe:
3. The type(s) of corrosion selected in Question 2 is based on the following: (select all that apply)
- Field examination
- Determined by metallurgical analysis
- Other:

- If Other, Describe:

4. Was the failed item buried under the ground?
-IfYes:
D4a. Was failed item considered to be under cathodic
protection at the time of the Accident?
If Yes - Year protection started:
4b. Was shielding, tenting, or disbonding of coating evident at
the point of the Accident?
4c. Has one or more Cathodic Protection Survey been
conducted at the point of the Accident?
If “Yes, CP Annual Survey" — Most recent year conducted:
If "Yes, Close Interval Survey” — Most recent year conducted:
If "Yes, Other CP Survey" — Most recent year conducted:

- If No:
4d. Was the failed item externally coated or painted?
5. Was there observable damage to the coating or paint in the vicinity of
the corrosion?

esults of visual examination:
- Other:

7. Type of corrosion (select all that apply): -

- Corrosive Commodity

- Water drop-out/Acid

- Microbiological

- Erosion

- Other:

- If Other, Describe:

8. The cause(s) of corrosion selected in Question 7 is based on the following (select all that apply): -
- Field examination

- Determined by metallurgical analysis
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- Other:

- If Other, Describe:

9. Location of corrosion (select all that apply): -
- Low point in pipe
- Elbow
- Other:

- If Other, Describe:
10. Was the commodity treated with corrosion inhibitors or biocides?
11. Was the interior coated or lined with protective coating?
12. Were cleaning/dewatering pigs (or other operations) routinely
utilized?

lessel.
14. List the year of the most recent inspections:
14a. API Std 653 Out-of-Service Inspection
- No Out-of-Service Inspection completed
14b. API Std 653 In-Service Inspection

Accident?

15a. If Yes, for each tool used, select type of internal inspection tool and indicate most recent year run: -
- Magnetic Flux Leakage Tool

Most recent year:

- Ultrasonic

Most recent year:
- Geometry

Most recent year:
- Caliper

Most recent year:
- Crack

Most recent year:
- Hard Spot

Most recent year:

- Combination Tool

Most recent year:

- Transverse Field/Triaxial

Most recent year:

- Other

Most recent year:
Describe:
16. Has one or more hydrotest or other pressure test been conducted since
original construction at the point of the Accident?
If Yes -

Most recent year tested:
Test pressure:
17. Has one or more Direct Assessment been conducted on this segment?
- If Yes, and an investigative dig was conducted at the point of the Accident::
Most recent year conducted: |
- If Yes, but the point of the Accident was not identified as a dig site:
Most recent year conducted:
18. Has one or more non-destructive examination been conducted at the
point of the Accident since January 1, 20027
18a. If Yes, for each examination conducted since January 1, 2002, select type of non-destructive examination and indicate most
recent year the examination was conducted:
- Radiography

Most recent year conducted:

- Guided Wave Ultrasonic

Most recent year conducted:

- Handheld Ultrasonic Tool

Most recent year conducted:

- Wet Magnetic Particle Test

Most recent year conducted:

- Dry Magnetic Particle Test

Most recent year conducted:

- Other

Most recent year conducted:
Describe:
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conjunction with an extreme weather event?

6a. If Yes, specify: (select all that apply)

- Hurricane

- Tropical Storm

- Tornado

- Other

the Accident?

1a. If Yes, for each tool used, select type of internal inspection tool a

nd indicate most recent year run: -

Magnetic Flux Leakage

Most recent year conducted:

- Ultrasonic

Most recent year conducted:
- Geometry

Most recent year conducted:
- Caliper

Most recent year conducted:
- Crack

Most recent year conducted:
- Hard Spot

Most recent year conducted:

Combination Tool

Most recent year conducted:

Transverse Field/Triaxial

Most recent year conducted:

- Other

Most recent year conducted:

Describe:

2. Do you have reason to believe that the internal inspection was
completed BEFORE the damage was sustained?

3. Has one or more hydrotest or other pressure test been conducted since
original construction at the point of the Accident?

- If Yes:

Most recent year tested:

Test pressure (psig):
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4. Has one or more Direct Assessment been conducted on the pipeline
segment?
- If Yes, and an investigative dig was conducted at the point of the Accident:
Most recent year conducted:
- If Yes, but the point of the Accident was not identified as a dig site:
Most recent year conducted:
5. Has one or more non-destructive examination been conducted at the
point of the Accident since January 1, 20027
5a. If Yes, for each examination, conducted since January 1, 2002, select type of non-destructive examination and indicate most
recent year the examination was conducted:
- Radiography

Most recent year conducted:

- Guided Wave Ultrasonic

Most recent year conducted:

- Handheld Ultrasonic Tool

Most recent year conducted:

- Wet Magnetic Particle Test

Most recent year conducted:

- Dry Magnetic Particle Test

Most recent year conducted:

- Other

Most recent year conducted:
Describe:

6. Did the operator get prior notification of the excavation activity?
6a. If Yes, Notification received from: (select all that apply) -
- One-Call System
- Excavator
- Contractor
- Landowner

7. Do you want PHMSA to u‘pload the foIIowiﬁg |nfoffﬁéﬁon to CGA-‘
DIRT (www.cga-dirt.com)?
8. Right-of-Way where event occurred: (select all that apply) -

- Public

- If "Public", Specify:

- Private

- If "Private", Specify:

- Pipeline Property/Easement

- Power/Transmission Line

- Railroad

- Dedicated Public Utility Easement
- Federal Land

- Data not collected

- Unknown/Other

9. Type of excavator:

10. Type of excavation equipment:

11. Type of work performed:

12. Was the One-Call Center notified?
12a. If Yes, specify ticket number:
12b. If this is a State where more than a single One-Call Center
exists, list the name of the One-Call Center notified:

13. Type of Locator:

14. Were facility locate marks visible in the area of excavation?

15. Were facilities marked correctly?

16. Did the damage cause an interruption in service?
16a. If Yes, specify duration of the interruption (hours)

17. Description of the CGA-DIRT Root Cause (select only the one predominant first level CGA-DIRT Root Cause and then, where

available as a choice, the one predominant second level CGA-DIRT Root Cause as well):

Root Cause:
- If One-Call Notification Practices Not Sufficient, specify:
- If Locating Practices Not Sufficient, specify:
- If Excavation Practices Not Sufficient, specify:
If Other/None of the Above, explain:
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- Hurricane

- Tropical Storm

- Tornado

- Heavy Rains/Flood

- Other

e « o
| collected data a

3. Has one or more internal inspection too
the Accident?

3a. If Yes, for each tool used, select type of internal inspection tool and in

dicate most recent year run:

- Magnetic Flux Leakage

Most recent year conducted:

- Ultrasonic

Most recent year conducted:
- Geometry

Most recent year conducted:
- Caliper

Most recent year conducted:
- Crack

Most recent year conducted:
- Hard Spot

Most recent year conducted:

- Combination Tool

Most recent year conducted:

- Transverse Field/Triaxial

Most recent year conducted:

- Other

Most recent year conducted:

Describe:

4. Do you have reason to believe that the internal inspection was
completed BEFORE the damage was sustained?

5. Has one or more hydrotest or other pressure test been conducted
since original construction at the point of the Accident?

- If Yes:

Most recent year tested:

Test pressure (psig):

6. Has one or more Direct Assessment been conducted on the pipeline
segment?

- If Yes, and an investigative dig was conducted at the point of the Accident:

Most recent year conducted:

- If Yes, but the point of the Accident was not identified as a dig site:

Most recent year conducted:

7. Has one or more non-destructive examination been conducted at the
point of the Accident since January 1, 2002?

7a. If Yes, for each examination conducted since January 1, 2002, s
recent year the examination was conducted:

elect type of non-destructive examination and indicate most

- Radiography

Most recent year conducted:

- Guided Wave Ultrasonic

Most recent year conducted:

- Handheld Ultrasonic Tool

Most recent year conducted:

- Wet Magnetic Particle Test

Most recent year conducted:

- Dry Magnetic Particle Test

Most recent year conducted:

- Other

Most recent year conducted:
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1. The sub-cause selected below is based on the following: (sé/ect all that apply)

- Field Examination

- Determined by Metallurgical Analysis

- Other Analysis

- If "Other Analysis”, Describe:

- Sub-cause is Tentative or Suspected; Still Under investigation
Supp

stru ion
2. List contributing factors: (select all that apply)

- Fatigue or Vibration-related

Specify:

- If Other, Describe:

- Mechanical Stress:

- Other

- Orlg facturin ed (NOT girth weld
2. List contributing factors: (select all that apply)

- Fatigue or Vibration-related:

Specify:

- If Other, Describe:

- Mechanical Stress:

- Other

-If Other_, Describe:

ompl 9
4. Additional factors: (select all that apply

).

- Dent

- Gouge

- Pipe Bend

- Arc Burn

- Crack

- Lack of Fusion

- Lamination

- Buckle

- Wrinkle

- Misalignment

- Burnt Steel

- Other:

- If Other, Describe:

5. Has one or more internal inspection tool collected data at the point of
the Accident?

5a. If Yes, for each tool used, select type of internal inspection tool a

nd indicate most recent year run:

- Magnetic Flux Leakage

Most recent year run:

- Uitrasonic

Most recent year run:
- Geometry

Most recent year run:
- Caliper

Most recent year run:
- Crack

Most recent year run:
- Hard Spot

Most recent year run:
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- Combination Tool

Most recent year run:

- Transverse Field/Triaxial

Most recent year run:

- Other

Most recent year run:
Describe:
6. Has one or more hydrotest or other pressure test been conducted since
original construction at the point of the Accident?
- If Yes:

Most recent year tested:
Test pressure (psig):
7. Has one or more Direct Assessment been conducted on the pipeline
segment?
- If Yes, and an investigative dig was conducted at the point of the Accident -
Most recent year conducted: |
- If Yes, but the point of the Accident was not identified as a dig site -
Most recent year conducted:
8. Has one or more non-destructive examination(s) been conducted at the
point of the Accident since January 1, 20027
8a. If Yes, for each examination conducted since January 1, 2002, select type of non-destructive examination and indicate most
recent year the examination was conducted: -
- Radiography

Most recent year conducted:

- Guided Wave Ultrasonic

Most recent year conducted:

- Handheld Ultrasonic Tool

Most recent year conducted:

- Wet Magnetic Particle Test

Most recent year conducted:

- Dry Magnetic Particle Test

Most recent year conducted:

- Other

Most recent year conducted:

Describe:

- Control Valve

- Instrumentation

- SCADA

- Communications

~ Block Valve

- Check Valve

- Relief Valve

- Power Failure

- Stopple/Control Fitting
- ESD System Failure
- Other

- If Other — De

- If Other — Describe:

Other — Describe:

- If Other — Describe:
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6. Additional factors that contributed to the equipment failure: (select all that apply)
- Excessive vibration

- Overpressurization

- No support or loss of support

- Manufacturing defect

- Loss of electricity

- Improper installation

- Mismatched items (different manufacturer for tubing and tubing
fittings)

- Dissimilar metals

- Breakdown of soft goods due to compatibility issues with
transported commodity

- Valve vault or valve can contributed to the release

- Alarm/status failure

- Misalignment

- Thermal stress

- Other

- If Other, Describe

- Inadequate procedure

- No procedure established
- Failure to follow procedure
- Other:

- If Other, Describe:
4. What category type was the activity that caused the Accident?
5. Was the task(s) that led to the Accident identified as a covered task
in your Operator Qualification Program?

5a. If Yes, were the individuals performing the task(s) qualified for
the task(s)?
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2. Specify:

Still under investigation, cause of Accident to be

Preparer's Name

Thad Massengale

Preparer's Title

Pipeline Safety Advisor

Preparer's Telephone Number 7136562258
Preparer's E-mail Address thad.massengale@exxonmobil.com
Preparer's Facsimile Number 7136568232

Authorized Signature's Name

Mark D. Weesner

Authorized Signature Title

SHE Manager

Authorized Signature Telephone Number 7136560227
Authorized Signature Email mark.d.weesner@exxonmobil.com
Date 04/26/2013
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METALLURGICAL INVESTIGATION OF A
FRACTURED SECTION OF THE 20" O.D.
PIPELINE AT MILEPOST 314.77 IN THE
CONWAY TO CORSICANA SEGMENT OF
THE PEGASUS CRUDE OIL PIPELINE

REPORT NO. 64961, REV. 1

Prepared for
ExxonMobil Pipeline Company and the
Pipeline and Hazardous Materials Safety Administration
pursuant to Corrective Action Order CPF 4-2013-5006H



1.0

2.0

3.0

4.0

TABLE OF CONTENTS

INTRODUCTION

1.1  Brief Narrative of the Incident
1.2 Scope of the Investigation

1.3  Development of Test Protocol

BACKGROUND INFORMATION

2.1
2.2
2.3
2.4

Pipe Manufacturing and Coating
Inspection and Service History
Specifications

Items Received for Testing

METALLURGICAL EXAMINATION, TESTING, AND ANALYSIS

3.1 Visual and Macroscopic Observations

3.2  As-Received Condition of the Pipe and Coating
3.3  Coating Removal Process

3.4  Condition of the Pipe Following Coating Removal
3.5 Dimensional Measurements

3.6  Residual Stresses

3.7  Fractographic Examinations

3.8 Crack Measurements

3.9 Metallographic Evaluation

3.10 Microhardness Surveys

3.11 Tensile Tests

3.12 Charpy V-Notch Impact Tests

3.13 Chemical Analyses

CONCLUSION

4.1  Technical Causes of Failure

4.2 Failure Scenario

Page i



TABLES
Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12
Table 13
Table 14
Table 15
Table 16
Table 17
Table 18
Table 19
Table 20

APPENDICES

Appendix I

Out-of-Roundness Measurements/Calculations
Wall Thickness Measurements along Fracture Surface
Hook Crack(s) Depth

Crack Width Estimates

Microhardness Survey at Fractured Area
Microhardness Survey at Fractured Area
Microhardness Survey at Intact Area

Tensile Test - ERW Transverse

Tensile Test - Base Metal Transverse

Tensile Test - Base Metal Longitudinal

Tensile Test - Sub-sized Round Transverse

Charpy V-notch Impact Test - ERW Transverse

Page ii

Charpy V-notch Impact Test - Heat-Affected Zone (HAZ) Transverse

Charpy V-notch Impact Test - Base Metal Transverse
Chemical Analysis - OES Base Metal

Chemical Analysis - EDS Fracture Surface

Chemical Analysis - EDS Fracture Surface

Chemical Analysis - EDS Fracture Surface

Chemical Analysis - EDS O.D. Corrosion

Chemical Analysis - EDS O.D. Bitumen Coating

Test Protocol

Appendix II Chain of Custody

Appendix III Coating Removal Photographs and Documents
Appendix IV UT Wall Thickness Results

Appendix V Location of Specimen Removal



1.0

1.1

1.2

METALLURGICAL INVESTIGATION OF A FRACTURED SECTION
OF THE 20" O.D. PIPELINE AT MILEPOST 314.77 IN THE CONWAY

TO CORSICANA SEGMENT OF THE PEGASUS CRUDE OIL PIPELINE

INTRODUCTION

Brief Narrative of the Incident

On March 29, 2013 at 2:37 pm CST, a drop in pressure was detected
within the Pegasus Pipeline of the Conway to Corsicana line segment by
ExxonMobil Pipeline Company (EMPCo) at their Operations Control
Center in Houston, Texas. The cause of the pressure drop was the
rupture of a section of the pipeline at Milepost 314.77 in Mayflower,
Arkansas. The operating pressure at the time of failure was estimated to
be between 702 psig and 708 psig.

Scope of the Investigation

Hurst Metallurgical Research Laboratory, Inc. (HurstLab) was retained
by EMPCo, with approval by the U.S. Department of Transportation,
Pipeline and Hazardous Materials Safety Administration (PHMSA), to
provide technical support in the investigation of the failed section of the
pipeline, as well as conduct and direct the required metallurgical tests to
determine, if possible, the root cause of the failure, pursuant to Corrective
Action Order CPF 4-2013-5006H.

The investigation of the cracked section of the pipeline conducted by
HurstLab is a joint effort by various staff members of the Laboratory,
which includes some of the report writing and analysis conducted by
Susan Dalrymple-Ely, Materials Analyst and metallurgical tests conducted
by Clint Myers, Staff Metallurgist of the Laboratory. The investigative
effort made by this Laboratory also includes a review of the UT data and
SEM fractographs provided by approved vendors.



1.3

2.0

2.1

2.1.1

2.1.2
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The investigation conducted by this Laboratory is primarily based on the
tests and analyses performed in accordance with the approved test
protocol, review of the available information, and research conducted by
this Laboratory. We reserve the right to change, amend, or omit our
opinions, as warranted, based upon any additional information or further
test results that may be obtained or made available to this Laboratory.

Development of Test Protocol

On April 13, 2013, a preliminary metallurgical test protocol was
development by HurstLab following the general guideline entitled
“Metallurgical Laboratory Examination Protocol” dated 05/08/2007
for metallurgical failure investigation of pipeline prepared by PHMSA.
Following various revisions that were made to incorporate the changes
requested by PHMSA, a protocol entitled “Pegasus Line - Conway to
Corsicana M.P. 314.77, Mechanical and Metallurgical Testing and Failure
Analysis Protocol”, referenced as Test Protocol Rev. 4, CPF No. 4-2013-
S5006H, Amended 4/18/13, was developed and was approved by PHMSA.
A copy of the final approved protocol is presented in Appendix I.

BACKGROUND INFORMATION

Pipe Manufacturing and Coating

The subject section of the 20" Patoka to Corsicana #1-20" North Pipeline,
the segment from Conway to Corsicana, consisted of approximately
50' long sections of 20" O.D. x 0.312" thick wall DC Electric Resistance
Welded (ERW) pipe that was manufactured in 1947 and 1948 by
Youngstown Sheet and Tube Company in Youngstown, Ohio. The welded
pipe was manufactured from Open Hearth Steel meeting Grade B
mechanical requirements.

The O.D. surface of the pipeline was coated with some type of a viscous
bitumen or coal-tar coating, on top of which was a layer of somewhat
harder but more brittle fibrous coating. No details concerning the
coating type or process were available. The pipeline had reportedly
been impressed current cathodically protected since installation, with
possible anodes as well. The weight of the coated pipe was reported to
be 65.71 1bf/ft.
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2.2 Inspection and Service History

2.2.1 The subject section of pipeline was placed in service in 1948, and was
buried approximately 3' below ground in native sandy clay soil. The
pipeline carried crude oil from west Texas to Patoka, Illinois between
1948 and 1995. From 1995 to 2002 the line carried both west Texas
crude oil and foreign crude oil (via the Gulf of Mexico) northward. In
December 2002 the line was purged and idled with nitrogen. The pipeline
containing the subject section of the pipe was successfully hydrostatic
tested on January 24, 2006 at 1082 psig, which established a calculated
MAOP of 866 psig at the failure location, based upon the Arkansas
River ROV test site pressure at 1091 psig adjusted for elevation difference
to the failure location. The line was then placed back in service
transporting crude oil south towards the Gulf of Mexico, and remained in
service up until the time of the failure.

2.2.2  Prior to failure, the pipeline was reported to typically operate between
47°F and 78° at pressures ranging between 240 psig and 820 psig. The
pressure at the time of the failure was estimated to be between 702 psig
and 708 psig. The fractured segment of the pipeline was located in a
cleared right-of-way at the edge of a subdivision. No trees, roads, or
buildings were located directly above the pipeline where the fracture
occurred. As shown in Photograph No. 1, two (2) homes were built in
close proximity to the pipeline, with driveways crossing over the pipeline
at two (2) points downstream of the fractured segment. During
construction of the homes, the pipeline may have experienced vehicle
loadings caused by construction equipment and/or vehicles crossing the
pipeline at multiple locations, including over the fractured segment.
There was no indication of construction, digging, localized flooding, or
other ground movements in the area of the fractured segment occurring
during or immediately prior to the pipeline rupture.

2.3 Specifications

2.3.1 At the request of EMPCo, the subject pipe was compared to two (2)
versions of the API SL specification throughout this report, both the
edition that was in effect at the time the pipe was manufactured, and the
current edition of said specification, both of which are detailed below.
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2.3.1.1 At the time the pipe was manufactured in 1947 and 1948, the
specification in effect was API STD. 5-L, 10™ Edition, August 1945. Per
this specification, the smelting type of steel was reportedly Open
Hearth Steel, the pipe was classified as an Electric Welded Pipe, and the
strength was specified to meet Grade B requirements. This edition will be
referred to as API 5-L, 10™ Edition throughout the report and the
accompanying tables.

2.3.1.2 The currently applicable edition of the specification is ANSI/API 5L, 44"
Edition, Effective October 1, 2007, with Errata dated January 2009,
Addendum 1 dated February 2009, Addendum 2 dated April 2010, and
Addendum 3 dated July 2011. The requirements for PSL 1 Welded Pipe,
Grade X42 will be used for comparison, with the exception of the Charpy
V-Notch (CVN) impact tests. For the CVN impact tests, there are no
requirements for PSL 1 Welded Pipe, so the requirements for PSL 2
Welded Pipe will be referenced instead. This edition of the specification
will be referred to as API 5L, 44™ Edition throughout the report and
accompanying tables.

2.4 Items Received for Testing

2.4.1 On April 16, 2013 at approximately 1:50 pm CST, HurstLab received
two (2) cut sections of pipe, and various other items from the failure
location in Mayflower, Arkansas, which had been transported on a flatbed
trailer. The two (2) sections of pipe were each wrapped in protective
plastic with the open ends of the pipe sealed, and with the entire
surface covered with plastic padding to protect from damage during
loading/unloading and transportation. A 55 gallon steel drum, containing
the coating that was removed in the field where the pipe was sectioned
transversely, as well as a small bag containing possible calcareous
deposits, were also received. The two (2) sections of pipe are described
below in the same manner they are referenced throughout the report.

1) 33' 11-1/2" Long Fractured Section of a 20" O.D. x 0.312" wall Pipe;
Removed from Milepost 314.77 in the Conway to Corsicana Pegasus
Crude Oil Pipeline after it failed in service in Mayflower, Arkansas.
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2) 19' 10" Long Intact Section of a 20" O.D. x 0.312" wall Pipe; Removed
from Milepost 314.77 in the Conway to Corsicana Pegasus Crude Oil
Pipeline after it failed in service in Mayflower, Arkansas.

The Chain of Custody documents for the sections of pipe, as well as the
steel drum of coating material and the possible calcareous deposits as
well as the photographs documenting the evidence in the as-received
condition are presented in Appendix II of this report.

METALLURGICAL EXAMINATION, TESTING AND ANALYSIS

Visual and Macroscopic Observations

A 49' 9-1/2" long section of the Pegasus Pipeline, which fractured over
a length of 22' along the ERW seam and 3" into the base metal at
Milepost 314.77 in Mayflower, Arkansas, as shown in Photographs No. 1
through No. 3, was removed from the ground by sectioning through
three (3) locations of the pipeline following removal of the coating at those
areas on the O.D. surface. The pipeline was transversely sectioned
3' upstream from the north girth weld through the adjoining intact pipe,
33' 11-1/2" from the north cut end, and 1' downstream from the south
girth weld through the adjoining intact pipe.

The sections of pipe were received at HurstLab on April 16, 2013. The
protective plastic, wrapping, and end plugs from both 33' 11-1/2" and
19' 10" long sections of the pipeline were carefully removed following
receipt for examination and documentation of the evidence in the
as-received condition, and to allow examination of the general condition
of the pipe sections, such as the fracture, ERW seam and girth weld
conditions, coating condition, evidence of any corrosion, mechanical
damage, etc. Photographs No. 4 through No. 7 display the pipe
sections in the as-received condition, and following removal of the
plastic and wrapping.

Examination of the 33' 11-1/2" long section of the pipe revealed a 22'long
fracture along the ERW weld seam, which traversed diagonally,
approximately 3" in length, into the base metal near the south end of the
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fracture. The fracture faces had been coated with a protective white
grease in the field following the pipeline rupture to help preserve the
fracture faces for subsequent analysis. All four (4) cut ends of the pipe
sections were marked in the field denoting the location of the ERW seam,
the relative position in ground, direction of the crude oil flow, station
number and field cut match line in each section of the pipe. Photographs
No. 8 and No. 9 display the as-received condition of the pipe and field
markings on the pipe sections.

3.2 As-Received Condition of the Pipe and Coating

3.2.1 Following unloading of the pipe from the transport truck and unwrapping
of the protective material, the pipe was closely inspected to ascertain and
document the as-received condition of the pipe and the coating. The
33'11-1/2" long section of pipe contained a circumferential girth weld at
the north end, and an approximately 3' long section of the adjoining
intact pipe. The fracture, which followed the ERW seam at the
12:00 o’clock position of the pipe, extended 22' 3" in length, with one
fracture tip terminating in the north girth weld and the other in the
base metal adjacent to the ERW seam. The maximum separation of the
open crack was approximately 1-3/8" wide near the center of the crack,
12' from the north girth weld.

3.2.2 Examination of the coating showed a number of areas where the coating
was damaged or split adjacent to the ERW seam. The maximum
width and depth of the various splits in the coating on the O.D. surface
of the pipe adjacent to the ERW seam, between the 10:30 and 1:30 o’clock
positions, were measured and photographically documented.
Photographs No. 10 through No. 23 show the condition of the coating
from 3' north of the north girth weld, referenced to as -3' from the north
girth weld, to the girth weld at O0', and all the way to 50' 9-1/2" south
of the north girth weld. As previously mentioned, the coating had
been removed in the field from the areas where the pipe had been
transversely sectioned.
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Coating Split

Distance from Maximum Maximum
North Girth Weld Width Depth Notes

Some coating had been removed

_ 1 1 " *
3 0 1 during sectioning in the field
(0} 4' 2" 0.10"
4' 8' 0.5" 0.14" . .
Longitudinal fracture or
8' 12 0.5" * rupture of the pipe
12 16 * 0.07" extended from the north
irth weld at 0' to 22’
16' 20' 0.25" 0.09" girith weld at = to
20’ 24' 0.5" 0.10"
24 28’ 1.5" 0.10"
28 30"11-1/2" 1" 0.05" Some coating had been removed
30'11-1/2" 35 1" 0.15" during sectioning in the field
35' 39’ 1" 0.10"
39’ 43’ 0.75" 0.11"
43’ 47" 0.5" 0.11"
47 50" 9-1/2" 1 N Some coating had been removed

during sectioning in the field

*Not measurable at location.

The total thickness of the coating was estimated to be approximately 0.15"
based on relatively intact areas of the coating, so some of the splits in the
coating noted in the table above had likely penetrated to the base metal
of the pipe.

In addition to the splits noted above, the coating at the bottom, or
6 o’clock position of the pipe was wrinkled, with the coating appearing to
have sagged downward during the years the pipe lay buried. Although the
coating did not appear stretched over the top and sides of the pipe, excess
coating was folded over at the bottom of the pipe. Several places had
small areas of coating missing, although it is not known at what point the
coating loss had occurred during service. Additional photographs of the
pipe and coating in the as-received condition are displayed in Photographs
No. 24 through No. 64.
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3.3 Coating Removal Process

A procedure for a safe removal of the coating from the O.D. surface of the
pipe was developed and approved by EMPCo and PHSMA, and is listed in
Section A4 of the Test Protocol in Appendix I.

The coating on the O.D. surface of the pipe was carefully removed on
April 22, 2013 by Watkins Construction Company, LLC. (Watkins), a
vendor contracted directly with EMPCo. Prior to proceeding, the
contracted workers were briefed by HurstLab personnel as to the
importance of preserving the fracture surface and integrity of the pipe;
HurstLab personnel supervised the removal of the coating to ensure the
safe removal of the coating.

The coating on both pipe sections was first wet down with water, and each
pipe section was then tightly wrapped in plastic wrap to securely collect
all the coating. To remove the coating it was first cracked by tapping, and
was then gently peeled off. First striking the coating with a resin hammer
was tried; when the resin hammer did not crack the coating a steel mallet
was used. The steel mallet was tapped against the coating, cracking the
coating but not damaging the pipe underneath. The pipe sections were
then cleaned using mineral spirits. Extreme care was taken to prevent
any damage to the pipe or the fracture surface that could have affected
the metallurgical investigation.

All of the coating removed from the pipe sections at HurstLab, as well
as the steel drum containing the coating that was removed in the field
by EMPCo personnel, was collected and retained at EMPCo’s facility
in Corsicana, Texas. Appendix III shows several representative
photographs of the coating removal process and contains the document
signed by the employees of Watkins who removed the coating following the
briefing by HurstLab personnel.

3.4 Condition of the Pipe Following Coating Removal
3.4.1 Following removal of the O.D. coating in accordance with the specified

guidelines, the pipe sections were re-examined to ascertain and
photographically document the conditions of the pipe. The bottom of the
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pipe sections between approximately 4 and 8 o’clock, at the locations
where the coating had wrinkled and sagged, was covered with a reddish-
orange substance, likely a mixture of the surrounding native sandy soil
that the pipe had been buried in and various corrosion products resulting
from contact between the pipeline and moisture. Some corrosion pitting
was visible within this area, as well as at various locations along the O.D.
surface where the coating had previously split and allowed moisture to
contact the surface of the pipe. No preferential or knife-like corrosion was
present along the ERW seam at 12 o’clock.

3.4.2 The depth of the corrosion pitting at the various locations around the O.D.
surface of the fractured pipe section was measured using a certified and
calibrated caliper, and the results are summarized in the following table.

Distance Circumferential Depth of Corrosion Pitting
from North Location
Girth Weld (o’clock position) Minimum Average Maximum
-3'to 0’ All No Corrosion Pitting Visible
0' to 4' 7:30 to 10:00 0.006" 0.017" 0.029"
1:30 to 3:00 0.008" 0.013" 0.026"
4' to 8'
6:45 to 10:00 0.002" 0.013" 0.037"
3:45 to 5:00 0.004" 0.011" 0.022"
8'to 12'
7:30 to 11:15 0.002" 0.011" 0.026"
3:00 to 5:00 0.003" 0.013" 0.033"
12'to 16'
6:30 to 10:00 0.003" 0.017" 0.031"
2:45 to 5:15 0.005" 0.015" 0.031"
16' to 20'
7:00 to 10:00 0.006" 0.012" 0.021
2:45 to 5:00 0.004" 0.020" 0.033
20' to 24'
7:15 to 10:00 0.005" 0.010" 0.021
24' to 28’ All No Corrosion Pitting Visible
28' to 31' All No Corrosion Pitting Visible

As shown, all of the corrosion pitting occurred between the 1:30 and
11:15 o’clock positions on the fractured section of pipeline; no pitting
corrosion was observed at the 12 o’clock position where the ERW seam
was positioned in the pipe. The average pitting depth over the entire
section of the pipe was determined to be 0.014", and the maximum depth
at any location was 0.037", which are approximately 4.5% and 12%,
respectively, of the total wall thickness of the pipe. No corrosion pitting
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was present at either cut end of the fractured pipe section. Photographs
showing the corrosion pitting on the east and west sides of the pipe
following removal of the coating are displayed in Photographs No. 65
through No. 82.

3.4.3 The I.D. surface of both pipe sections was examined using oblique
lighting and pivoting mirrors and magnifying glasses prior to sectioning.
No corrosion pitting was visible on the I.D. surface of either the fractured
or intact sections of pipe. However some shallow bottomed depressions
were observed at random locations.

Following sectioning of the 33' 11-1/2" long and the 19' 10" long pipe
lengths, the 1.D. surfaces at several areas were more closely examined.
Multiple shallow depressions, including those noted above, were visible
around the entire circumference of the I.D. surface. The depressions
were very smooth in appearance and contained no visible corrosion
products, suggestive of mechanical deformation as opposed to corrosion
pitting. No evidence of any significant corrosion pits was visible on the
[.D. surface. Photographs No. 83 and No. 84 show representative areas
of the I.D. surface.

3.5 Dimensional Measurements

3.5.1 The out-of-roundness at intact locations at either end of the fracture, as
well as at the south cut end of the 33' 11-1/2" long fractured section of
pipe, was determined as specified in Section 10.2.8.3 of API 5L, 44™
Edition. At each of the three (3) locations, four (4) measurements of
the I.D. were taken, spanning between 12:00 and 6:00 o’clock, 1:30 and
7:30 o’clock, 3:00 and 9:00 o’clock, and 4:30 and 10:30 o’clock using a
certified and calibrated I.D. micrometer. In accordance with the method
specified in the aforementioned section of API 5L, 44™ Edition, the out-of-
roundness at each location was then determined to be the difference
between the largest and smallest I.D. measurement. The calculated out-
of-roundness at each location is displayed in the following table, along
with the API requirements.
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Circumferential Location [.D. Measurement
of Measurement (o’clock) Distance from North Girth Weld
Begins Ends -6" 271" 371"
12:00 6:00 19.3652" 19.363" 19.392"
1:30 7:30 19.463" 19.375" 19.457"
3:00 9:00 19.353" 19.390" 19.357"
4:30 10:30 19.350" 19.354" 19.437"
Calculated 0.111" 0.036" 0.100"

Out-of-Roundness

API 5L, 44™ Edition, Table 10, Pipe Except End

0.400"
Out-of-Roundness tolerance for D = 20"

As shown, at each of the locations tested the calculated out-of-roundness
was determined to be within the allowable tolerance specified in API SL,
44" Edition, Table 10, for welded pipe with a nominal O.D. between
6.625" and 24". The results of the multiple .D. measurements and the
out-of-roundness calculations are recorded in Table 1.

3.5.2 Wall thickness measurements of the failed pipe were made at 2" intervals
along the fracture adjacent to each mating fracture surface, using a
certified and calibrated micrometer. The measurements were taken
beginning at a location 40" south of the north girth weld and terminating
at the crack tip, located 267", or 22' 3", from the north girth weld.
Although the other crack tip was located at the north girth weld,
the distance between the mating fracture surfaces was too small to allow
for accurate wall thickness measurements at or directly adjacent to the
north girth weld.

The smallest wall thickness was measured to be 0.310" and the largest
was 0.321". The average wall thickness was calculated to be 0.315", while
the nominal specified wall thickness for the 20" O.D. pipe was 0.312".
The complete results of the wall thickness measurements taken on
either side of the crack using a certified and calibrated digital micrometer
are recorded in Table 2.
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3.5.3 The wall thickness of the fractured pipe was measured at numerous
locations both at and away from the fracture by SGS-PfiNDE, Inc.
(PfiNDE), an approved third party vendor using the non-destructive
ultrasonic test method.

3.5.3.1 A grid or ‘map’ of ultrasonic wall thickness measurements, covering from
12" upstream to 12" downstream of the fracture and around the entire
360° circumference of the pipe, were taken at 2" intervals over a total
pipe length of 24.67'. The wall thickness was determined to range
between 0.288" and 0.316" along the evaluated length. No internal
corrosion areas were noted, although a linear inclusion in the mid-wall
area of the pipe was noted on the CMAPPs (AUT) inspection. The complete
results of the ultrasonic wall thickness measurements of the fractured
pipe are recorded in Appendix IV.

3.6 Residual Stresses

3.6.1 As the pipe containing the fracture was sectioned for fractographic
examination, a significant amount of displacement of the sectioned
portion of pipe was observed near the crack tip adjacent to the north girth
weld, as shown in Photograph No. 85, indicating that the pipe had been
under a considerable amount of constraint since it was manufactured,
placing the ERW seam under sustained tension forces, which contributed
to the increase in stresses at the ERW seam joint. The separation of the
fracture faces confirms elastic spring back in the circumferential
direction, indicating the presence of circumferential residue stresses likely
associated with the original forming and ERW seam welding of the pipe.
However, the extent to which these residual stresses may have
contributed to the initiation of the hook cracks or the final fracture is
unknown at this time.

3.7 Fractographic Examination

3.7.1 The mating fracture faces of the entire 22' 3" long fracture were visually
examined using oblique lighting prior to removal of the coal-tar coating,
but following removal of the protective grease with mineral spirits,
acetone, and a nylon brush. A thorough, careful examination of both
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mating fracture faces revealed fine chevrons or radial lines emanating
from the fracture zone at a distance between 19' 10" and 21' 6-1/4" from
the north girth weld, indicating that the final fracture, which resulted in
the leakage of the crude oil, originated from this zone. Visual examination
of the mating fracture faces from the distance between 1/4" and 26" south
of the north girth weld revealed evidence of upturned grain flow lines or
bands, and/or inclusions near the outer wall. However, there was no
evidence of any chevron marks pointing to this fracture zone, indicating
that the fracture did not initiate from this zone, but rather propagated
through the surface imperfections. Photograph No. 86 displays overall and
close-up views of the fracture origin and the tip areas, as well as field
markings on the pipe.

The fracture zones from a distance between 19' 10" and 20' from the
north girth weld was further examined to characterize the fracture
morphologies. Fractographic examination revealed flat, highly oxidized,
fracture zones predominantly in the upper half (adjacent to the O.D.
surface) of the fracture surface along the ERW seam, which are
characteristic of hook cracks. Examination further revealed radial lines
emanating from the tips of the hook cracks, indicating that the final
fracture, which occurred during service and resulted in the leakage of the
crude oil, originated from the tips of hook cracks that had reduced the
effective cross-sectional area of the wall at the ERW seam location. A
hook crack is defined in API Bulletin STL as “Metal separations resulting
from imperfections at the edge of the plate of skelp, parallel to the surface,
which turn toward the inside diameter or outside diameter pipe surface
when edges are upset during welding.” Photograph No. 87 displays the
final fracture initiation sites with insert photographs, revealing the hook
cracks, final fracture zones, and the direction of the fracture propagation.
The secondary fracture zone, found from a distance between 1/4" and 26"
from the north girth weld, contained ERW seam manufacturing
imperfections in the upset/HAZ area that had most likely cracked during
the final rupture, and is displayed in Photographs No. 88 through No. 94.

3.7.2 A section of the pipe containing the hook cracks, which measured
approximately 3-1/2" to 4" in width and approximately 40" in length, was
cut and removed from the pipe for closer examination of the O.D. and I.D.
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surfaces, and characterization of the fracture morphology. Photographs
No. 95 and No. 96 display the cut sections. Close-up examination of the
fracture face from a distance between 18' 10" and 19' 10-1/4" from the
north girth weld revealed fine chevrons pointing to the hook cracks,
indicating that the final fracture originated from the hook cracks and
rapidly propagated upstream toward the north girth weld through the
HAZ of the ERW seam. Photographs No. 97 through No. 100 display the
evidence of chevrons pointing to the hook cracks. Further examination
of the fracture face from a distance between 19' 10" and 20' 8" from the
north girth weld revealed continuation of the hook cracks and
transitioning of the radial lines into vertical lines, indicating the primary
fracture origins to be between 20' 2-3/8" and 20' 7-3/8", as displayed in
Photographs No. 101 through No. 103. Examination of the remaining
fracture surface of the selected fracture face revealed continuation of the
hook cracks with intermittent termination and continuation up to a
location approximately 20' 11" from the north girth weld, and occasional
hook cracks near the I.D. surface of the pipe with chevrons pointing in
the opposite direction, indicating that the remaining final fracture
propagated toward the south end and terminated in the base metal, as
displayed in Photographs No. 104 through No. 110.

In addition to the total depth of the hook cracks, the length and depth
below the O.D. surface of various fracture zones on the fracture surface
were measured as per the client’s request. The darker smooth areas on
the fracture surface, all beginning at the O.D. surface, indicated areas of
the hook cracks that contained a tightly adhered layer of oxide scale from
exposure to moisture; the length and maximum depth of each of these
areas was measured. Several axial ridges were also visible on the fracture
surface within the hook cracks, formed most likely as a result of the
microstructural conditions of the upturned banded grain structure
within the ERW seam upset and primary HAZ and potential microcracks
through which the fracture occurred. The following table records the
measurements, along with the distance from the north girth weld and
reference to the photographs showing the various fractographic features.



Fracture
Zone Photograph

Number Number
1 101
2 102
3 102 - 103
4 102
5 102 - 103
6 103
7 103
8 104
9 104
10 104 - 105
11 105 - 106
12 106 - 107
13 107
14 107

3.7.3

Distance from
North Girth Weld

20' 3/8" to 20' 7/8"
20'2-1/8" to 20' 2-5/8"
20' 3" to 20' 4-3/8"
20' 3" to 20' 3-3/4"
20' 3-7/8" to 20' 4-1/8"
20' 4-5/8" to 20' 7-5/8"
20' 4-5/8" to 20' 6-3/8"
20' 7-7/8" to 20' 8-1/8"
20' 8-5/8" to 20' 9"
20'9-1/8" to 20' 11-1/4"
21'1/8"to 21' 1-1/2"
21'3" to 21' 4-3/8"

21'5" to 21' 5-1/2"

21'5-1/2"to 21' 5-7/8"

Feature
Appearance
Darker
Smooth Area
Darker
Smooth Area

Darker
Smooth Area

Ridge

Ridge

Darker
Smooth Area

Ridge

Darker
Smooth Area

Darker
Smooth Area

Darker
Smooth Area

Darker
Rough Area
Darker
Rough Area
Darker
Rough Area

Darker
Smooth Area

Total
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Depth Below

Length O.D. Surface

1/2"

1/2u

1-3/8"

3/4"

1/4"

3"

1-3/4"

1/4"

3/8”

2-1/8"

1-3/8"

1-3/8"

1/2u

3/8”

0.125"

0.063"

0.085"

0.061"

0.058"

0.150"

0.113"

0.046"

0.063"

0.048"

0.062"

0.031"

0.042"

0.020"

An approximately 5-1/2" long section of the fracture surface containing

the primary final fracture origins and some of the hook cracks between a
distance of 20' 2-1/2" and 20' 8" from the north girth weld was removed,
electrolytically descaled, cleaned using alkaline Endox® 214 solution, and

examined at low magnifications to ascertain the general condition of the

pipe surface at the O.D. and I.D. surfaces along the ERW seam near the

fracture origins.

The mating fractured surface was not cleaned to

preserve the sample for the later evaluation of the condition of the scale

or oxidation that was present on the fractured face.
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Close-up examination of the cleaned fracture face containing hook
cracks and the final fracture origins revealed that one of the final fracture
origins was at a location where the outer coal-tar coating had split
diagonally during service. Some of the coal-tar had melted onto the
fracture surface. The examination also revealed localized melting of the
pipe metal caused by the copper electrode contacts that were apparently
originally used to weld the skelp to form the ERW pipe. Photographs
No. 111 through No. 116 display the O.D. surface condition of the pipe
near the fracture origins.

Close-up examination of the fracture face between a distance of 20'2-1/2"
and 20' 8" from the north girth weld revealed highly oxidized hook
cracks and the final fracture originating from the hook cracks, which were
present to a maximum depth of 0.150". Photographs No. 117 through
No. 122 display the hook cracks and the origins from where the final
fracture initiated and propagated north toward the north girth weld along
the ERW seam and south into the base metal south of the fracture origins.

3.7.4 The hook cracks and the final fracture zones across the entire fracture
face from the O.D. to the I.D. of the pipe at two (2) of the several fracture
origins, located at 20' 5-5/16" and 20' 6-3/4" from the north girth weld,
as shown in Photographs No. 117 through No. 122, were examined at
higher magnifications using a Scanning Electron Microscope (SEM) to
further characterize the fracture morphologies. The SEM examination of
the hook cracks revealed fractures through the multiple planes across the
weld upset, HAZ, and/or fusion line of the ERW seam, which were covered
with tightly adhered scale or oxidation products obscuring the fracture
morphology. However, the fractures through multiple planes in the
weld upset, HAZ, and/or fusion line suggest that the cracks propagated
through the path of least resistance. There was some evidence of what
appeared to be intergranular fracture in an extremely small area of the
hook crack, which can be attributed to the prior grain structure of the
material. The final fracture zone revealed essentially cleavage to quasi-
cleavage fracture, indicative of brittle instantaneous failure. The fracture
through the weld flash near the [.D. surface revealed evidence of ductile
fracture. Photographs No. 123 through No. 150 document the fracture
morphologies at the fracture origin locations.
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3.8 Crack Measurements

3.8.1 Fractographic examination of the fracture face between 19' 10" and
22' revealed the presence of the hook cracks along the multiple planes
of the ERW seam between a distance of 19' 10-1/8" and 21' 9-1/2";
however, the hook cracks were predominantly located between
19'10-1/8"and 20'11-3/8",and 21'2"and 21'9-1/4", as measured from
the north girth weld. The maximum depth of the hook cracks, from where
the final fracture initiated during service and lead to the rupture of the
pipeline, was 0.150"; however, the depth of the hook cracks varied
between 0.016" and 0.150", as recorded in Table 3.

3.8.2 The mating fracture faces in the crack origins area from where the final
fracture had initiated between a distance of 20' 2-1/2" and 20' 8" were
reconstructed and sectioned transversely across the fractured ERW seam,
more specifically at distances of 20' 3-3/4", 20' 4-7/8", and 20' 5-1/2"
from the north of the girth weld, and were prepared for metallographic
examination as well as the crack width measurements. Additional cross-
sections were also removed through the fractured ERW seam from a
distance of 20' 6-13/16" and intact seam from a distance of 35' 8-1/2"
and prepared for metallographic examination.

3.8.3 The maximum width and depth of the hook cracks were measured at
several locations and were found to be 0.0038" and 0.150", respectively.
It should be noted here that the hook crack width measurements were
made following reconstruction of the two (2) mating fracture faces and,
therefore, the values shall be considered as approximates only. Table 4
records the hook cracks width measurements.

3.9 Metallographic Evaluation

3.9.1 Microstructural examination of the cross-sections removed transversely
through the ERW seam at a distance of 20' 4-7/8" and 20' 6-13/16"
from the north girth weld and prepared for metallographic
examination was performed to characterize the microstructural conditions
of the ERW seam at the fracture origin locations. Microstructural
examination revealed hook cracks through the ERW upset/HAZ along
the realigned inclusions and upturned bands of extremely brittle
untempered martensite.
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Both cross-sections removed through the final fracture origins and
prepared for metallographic examination confirmed the presence of hook
cracks through the excessive amount of manganese sulfide inclusions and
bands which were essentially parallel to the ERW fusion line, an
undesirable condition that was apparently created during the skelp
forming and ERW processes. The microstructure of the upturned bands
consisted of very brittle, hard untempered martensite, while the ERW
upset/HAZ area consisted of a mixed-microstructure with grain boundary
ferrite, unresolved bainite, and some untempered martensite, which is
undesirable since this microstructure possesses extremely low ductility.
The secondary HAZ and the base metal consisted of grain boundary
ferrite and pearlite.

Microstructural examination also revealed evidence of localized melting
and cracking to a shallow depth at the electrode contact areas at the O.D.
locations parallel to the weld seam. Photographs No. 151 through No. 202
document the microstructural condition of the ERW seam at the locations
of the hook cracks from where the final fracture had initiated and
predominantly propagated upstream toward the north girth weld.

3.9.2 A cross-section was removed transversely through the intact portion of
the ERW seam of the 49' 9-1/2" section of the pipeline at a distance of
35' 8-1/2" from the north girth weld and prepared for metallographic
examination to characterize the microstructural condition of the
ERW seam.

The microstructural examination revealed excessive amounts of
predominantly manganese sulfide stringers and some oxide inclusions,
several of them aligned parallel to the fusion line in the upset area of the
ERW seam, which is a highly undesirable condition and can lead to the
formation of hook cracks. The microstructural examination of the cross-
section following etching in a 2% Nital solution revealed the presence of
some upturned bands, however not as severe as those found in the
fractured seam. The microstructure of the upturned bands consisted of
brittle untempered martensite, while the upset/HAZ away from the bands
consisted of mix-microstructure of grain boundary ferrite, bainite, and
some untempered martensite. Photographs No. 203 through No. 220
document the microstructural condition of the intact ERW seam.
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3.9.3 Longitudinal cross-sections were removed through the corrosion pitting
at representative areas on the O.D. surface and through the shallow
indentations on the I.D. surface, and were metallographically prepared
and etched in a solution of 2% Nital. On the O.D. surface multiple pits
filled with oxides and corrosion products were visible, extending to a
maximum depth of 0.008" on the metallographically prepared cross-
sections. Following etching, the non-uniform pits were confirmed to be
the result of material loss due to corrosion, with no evidence of grain
deformation or mechanical damage. As previously noted, all of the
corrosion pitting was observed between the 1:30 and 11:15 o’clock
positions on the fractured section of pipe, and no pitting corrosion was
observed at the 12:00 o’clock position where the ERW seam was
positioned in the pipe. The corrosion observed on the O.D. surface did
not contribute to the pipeline failure.

Examination of the [.D. surfaces on the metallographically prepared
cross-sections revealed that the shallow depressions were smooth
indentations, between 0.137" and 0.189" wide and up to 0.007" deep. The
I.D. surface and the surfaces of the indentations were smooth, with no
visible oxide scale, and in the etched condition some grain deformation
was visible at the edges of the indentations, indicating mechanical
damage. However, the thickness of the microstructural band containing
partial decarburization on the I.D. surface remained constant, indicating
that the impressions occurred most likely during the hot-rolling of the
steel or manufacturing of the pipe and not during service. The L.D.
surface indentations did not contribute to the pipeline failure.
Photographs No. 221 through No. 226 display representative areas of the
O.D. and I.D. surfaces on the metallographically prepared longitudinal
cross-sections in both the as-polished condition and following etching in
a solution of 2% Nital.

3.10  Microhardness Surveys

3.10.1 Vickers microhardness surveys were performed on the metallographically
prepared cross-sections at both the representative fractured and intact
locations of the ERW seam on the pipe sections in accordance with the
test method specified in ASTM E384-11¢'. The Vickers microhardness
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values were converted to equivalent Rockwell B or C scale values based
on the conversions provided in ASTM E140-07, Tables 1 and 2. It should
be emphasized that the hardness equivalents are approximates based
on equations developed from empirical data, and are typically higher than
the results obtained by testing using the larger Rockwell indenter and
much higher load forces.

3.10.2 Vickers microhardness surveys were performed on the metallographically
prepared cross-sections removed from representative fractured areas of
the ERW seam at 20' 4-7/8" and 20' 6-13/16" from the north girth weld.
Each cross-section was evaluated along the fracture surface, including
along the hook crack(s), the hardened martensitic upturned grains, and
the final fracture zone, as well as in the ERW seam at the fusion line, the
HAZ and the base metal. The results of the Knoop microhardness surveys
at fractured locations of the pipe are summarized in the following table.

Average Hardness, Rockwell Equivalent
Cross-section

Location Heat- At Fracture Surface ERW
(from North Base Affected Hook Hardened Final Fusion
Girth Weld) Metal Zone Crack Upturned Grains Fracture Line
20'4-7/8" 96 HRB 100 HRB 29 HRC 52 HRC 28 HRC 42 HRC

20'6-13/16" 100 HRB 21 HRC 29 HRC 49 HRC 29 HRC 32 HRC

As shown, the hardness varied extensively along the fracture surface of
the hook crack(s) within the upturned grains. The hardened, martensitic
microstructure was 20 to 23 Rockwell C hardness points higher than the
adjacent microstructure within the upturned grains and along the fusion
line in the ERW seam. The hardness decreased the farther away from the
ERW seam, resulting in approximately a 30 Rockwell C hardness point
difference between the ERW seam and the softer base metal. The large
difference in hardness is undesirable and results in increased internal
stresses, which can contribute to crack initiation and propagation. The
complete results of the Vickers microhardness surveys, including
micrographs showing the locations of each indentation on the
metallographically prepared cross-sections removed through the crack are
displayed in Table 5 and Table 6.
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3.10.3 A Vickers microhardness survey was also performed on the
metallographically prepared cross-section that was removed through the
ERW seam at a representative intact area approximately 35' 8-1/2" from
the north girth weld for comparison with the data from the fractured
location. The results of the Vickers microhardness survey of the intact
area are displayed in the following table.

Cross-section

Location Hardness, Rockwell Equivalent
(from North Base Heat-Affected Upturned Grain ERW
Girth Weld Metal Zone Flow Lines Fusion Line
35'8-1/2" 100 HRB 99 HRB Varied between Varied between
average average 21 HRC and 54 HRC 23 HRC and 54 HRC

As shown, the cross-section removed from an intact area of the pipe also
contained a hardened martensitic microstructure within the upturned
grain flow pattern of the ERW seam at the O.D. surface. The fusion line,
HAZ, and base metal hardnesses of the intact cross-section were similar
to those areas on the fractured cross-sections, including the large
variation between the ERW seam and the base metal of the pipe. The
complete results of the Vickers microhardness survey, including a
micrograph of the metallographically prepared cross-section removed from
the ERW seam in an intact area, are displayed in Table 7.

3.11 Tensile Tests

3.11.1 In order to determine the ultimate tensile stress, yield stress at a 0.5%
offset, and percent elongation of the pipe, multiple tensile test specimen
blanks were removed through the ERW seam, as well as in both the
transverse and longitudinal directions away from the seam, on the intact
19" 10" long section of pipe as shown in Appendix V. All of the test
specimens were machined to have a 2" long gauge length, a 1-1/2" wide
reduced section, and represented essentially the entire wall thickness,
with only slight sanding to remove minor surface imperfections or, as
noted, the weld flash.

3.11.2 Six (6) transverse tensile test specimen blanks were removed through the
ERW seam and were then flattened as specified in both the 10™ Edition
and the 44™ Edition of API 5L. The tensile test specimens were then
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machined and tested in accordance with ASTM A370-12a and the
applicable sections of each edition of the API SL specification. The results
of the transverse tensile tests through the ERW seam, along with the
tensile requirements from both the 10™ Edition of API 5-L that was in
effect at the time the pipe was manufactured and the current API 5L, 44™
Edition are shown in the following table.

Sample Ultimate Yield Fracture
Identification Stress (psi) Stress (psi) Elongation (%) Location
Transverse, Through ERW Seam,
101,000 77,000 4 HAZ
Weld Flash Included, Sample 1
Transverse, Through ERW Seam,
93,500 79,000 5 HAZ
Weld Flash Included, Sample 2
Transverse, Through ERW Seam,
102,000 84,000 23 Base Metal
Weld Flash Included, Sample 3
Transverse, Through ERW Seam,
85,500 73,000 3 HAZ
Weld Flash Removed, Sample 1
Transverse, Through ERW Seam,
85,500 75,000 3 HAZ
Weld Flash Removed, Sample 2
Transverse, Through ERW Seam,
92,500 77,000 5 HAZ
Weld Flash Removed, Sample 3
API 5-L, 10™ Edition, Electric
. 60,000 None None Not
Welded Pipe, Open Hearth o . . .
minimum Specified Specified Applicable
Steel, Grade B
API 5L, 44™ Edition, PSL 1, 60,200 None None Not
Welded Pipe, Grade X42 minimum Specified Specified Applicable

As shown, all of the tensile test specimens, regardless of whether the
specimens contained the weld flash, met the minimum ultimate stress
requirements specified in both API 5-L, 10™ Edition and API 5L, 44™
Edition. The complete results of the transverse tensile tests through the
ERW seam are recorded in Table 8.

3.11.3 Multiple base metal transverse tensile test specimen blanks were removed
from the pipe, at locations 90° from the ERW seam and 180° from the
ERW seam, and were flattened prior to machining. Longitudinal base
metal tensile test specimen blanks were also removed from the pipe at a
location 90° from the ERW seam. All of the tensile test blanks were
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machined and tested in accordance with ASTM A370-12a and the
applicable sections of sections of each edition of API SL. The results of
both the transverse and longitudinal base metal tensile tests, along with
the tensile requirements from both the 10" Edition of API 5-L that was in
effect at the time the pipe was manufactured and the current API 5L, 44™
Edition are shown in the following table.

Sample Ultimate Yield
Identification Stress (psi) Stress (psi) Elongation (%)
Transverse, 90° from
87,000 59,000 30
ERW Seam, Sample 1
Transverse, 90° from
86,500 59,000 31
ERW Seam, Sample 2
Transverse, 90° from
89,000 62,000 28
ERW Seam, Sample 3
Transverse, 180° from
87,000 63,000 28
ERW Seam, Sample 1
Transverse, 180° from
85,500 60,000 28
ERW Seam, Sample 2
Transverse, 180° from
87,500 64,000 28
ERW Seam, Sample 3
Longitudinal, 90° from
89,000 64,500 31
ERW Seam, Sample 1
Longitudinal, 90° from
90,000 66,500 31
ERW Seam, Sample 2
Longitudinal, 90° from
90,500 68,500 31
ERW Seam, Sample 3
API 5-L, 10™ Edition, Electric Welded 60,000 35,000 X
) o o Unknown
Pipe, Open Hearth Steel, Grade B minimum minimum
API 5L, 44™ Edition, PSLI, 60,200 42,100 27%
Welded Pipe, Grade X42 minimum minimum minimum

'The required minimum elongation specified on the tensile requirements table in the

provided paper copy of API 5-L, 10™ Edition is illegible.

As shown, all of the base metal tensile test specimens, in both the
transverse and longitudinal directions, met the requirements specified in
both API 5-L, 10™ Edition and API 5L, 44" Edition. Although the
measured yield stress typically exceeded the minimum ultimate stress
requirement, it should be noted that there were not any maximum
strength requirements. The complete results of the base metal transverse
and longitudinal tensile tests are recorded in Tables 9 and 10.
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3.11.4 Sub-sized round, non-flattened transverse tensile test specimen blanks
were removed through the ERW seam, 90° from the ERW seam, and 180°
from the ERW seam on the intact section of pipe, and were machined and
tested in accordance with the applicable sections of API SL and ASTM
A370-12a. The results of the non-flattened transverse tensile tests are
summarized in the following tables.

Sample Ultimate Yield
Identification Stress (psi) Stress (psi) Elongation (%)
Transverse, Through ERW Seam,
99,600 65,100 21
Weld Flash Removed, Non-flattened
API 5-L, 10" Edition, Electric Welded 60,000 None None
Pipe, Open Hearth Steel, Grade B minimum Specified Specified
API 5L, 44™ Edition, PSLI, 60,200 None None
Welded Pipe, Grade X42 minimum Specified Specified
Sample Ultimate Yield
Identification Stress (psi) Stress (psi) Elongation (%)
Transverse, 90° from
86,100 56,700 27
ERW Seam, None-flattened
Transverse, 180° from
83,600 57,900 22
ERW Seam, None-flattened
API 5-L, 10" Edition, Electric Welded 60,000 35,000 1
. o o Unknown
Pipe, Open Hearth Steel, Grade B minimum minimum
API 5L, 44™ Edition, PSLI, 60,200 42,100 27%
Welded Pipe, Grade X42 minimum minimum minimum

'The required minimum elongation specified on the tensile requirements table in the
provided paper copy of API 5-L, 10™ Edition is illegible.

As shown, the sub-sized, non-flattened transverse tensile test specimens
met the requirements specified in both API 5-L, 10™ Edition and API 5L,
44™ Edition. The complete results of the sub-sized, non-flattened
transverse tensile tests are recorded in Table 11.

3.12  Charpy V-Notch Impact Tests

3.12.1 Test blanks for multiple sets of transverse Charpy V-Notch (CVN) impact
test specimens were removed from the intact 19' 10" long section of
pipe as shown in Appendix V. Sets of half-sized 10 mm x 5 mm test
specimens were machined per Section 9.8 of API 5L, 44™ Edition and
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ASTM A370-12a and were notched in the fusion line of the ERW seam,
the primary HAZ of the ERW approximately 1 mm from the fusion line,
and the base metal. Then for each notch location, one (1) set of three (3)
specimens was tested per ASTM A370-12a at the selected test
temperatures of plus 32°F, plus 65°F, plus 80°F, and plus 95°F. Base
metal specimens were also tested at additional temperatures.

3.12.2 The results of the CVN impact tests for each location and each test
temperature are recorded in the following tables.

V-Notch Location: ERW Fusion Line

Specimen Test Impact Lateral Percent
Number Temperature Value (ft-1bf) Expansion (mils) Shear (%)

1 0 0
Plus 95°F

Plus 80°F

Plus 65°F

Plus 32°F

W N = W N = W N ~ W N
N W W W N W W N w w N w
SO O O = O = = O O O =
O ©O O O O O O © o o o

V-Notch Location: ERW Primary Heat-Affected Zone

Specimen Test Impact Lateral Percent
Number Temperature Value (ft-lbf) Expansion (mils) Shear (%)
1 3 3 0
2 Plus 95°F 3 4 0
3 4 6 0
1 5 7 0
2 Plus 80°F 4 5 0
3 8 5 0
1 3 2 0
2 Plus 65°F 3 1 0
3 5 2 0
1 4 0 0
2 Plus 32°F 3 0] 0
3 4 0 0
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V-Notch Location: Base Metal

Specimen Test Impact Lateral Percent
Number Temperature Value (ft-1bf) Expansion (mils) Shear (%)
1 10 16 15
2 Plus 95°F 10 12 10
3 10 14 10
1 9 9 5
2 Plus 80°F 9 10 5
3 9 13 5
1 10 13 5
2 Plus 65°F 10 14 5
3 10 13 5
1 8 8 5
2 Plus 32°F 9 12 5
3 9 10 5
1 5 1 0

Zero°F
2 4 2 0
1 Minus 32°F 2 0 0

As shown, the impact values at each notch location were essentially the
same between plus 32°F and plus 95°F, while the base metal impact
values at O°F were half the values at 32°F and above, and continued to
drop with lower temperatures. The fusion line of the ERW seam had the
lowest impact values and the base metal, as expected, had the highest
values. The lateral expansion and percent shear was essentially zero at
the fusion line of the ERW seam, and the lateral expansion was only
slightly higher in the HAZ. The base metal had the largest lateral
expansion and percent shear values. The results of the CVN impact tests
are recorded in Tables 12, 13, and 14.

At the time the pipe was manufactured, no CVN impact tests or
requirements were specified in APL 5-L, 10" Edition. Likewise, there are
no impact requirements for Type PSL 1 welded pipe in the current 44"
Edition of API SL. The only impact requirements for comparison are that
in the 44™ Edition of API 5L, for all notch locations on Type PSL 2 welded
pipe, Grade <X60, half-size transverse test specimens are required to have
a 10 ft-1bf minimum average for a set of three test specimens and 8 ft-1bf
minimum for a single individual test specimen, when tested at a test
temperature of plus 32°F.
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3.12.3 The CVN impact test results were then intended to be used to determine
the lower shelf energy, upper shelf energy, the ductile-to-brittle transition
temperature for the base metal, and if possible, the ERW seam, by plotting
the results and developing an S-curve graph. The ductile-to-brittle
transition temperature for the ERW fusion line and HAZ can not be
determined, because the results of the impact tests at these areas were
essentially the same regardless of test temperature. All of the CVN impact
test specimens notched in the ERW seam, whether at the fusion line or in
the HAZ, failed in an essentially brittle manner, therefore the ductile-to-
brittle transition temperature is above 95°F and is outside the scope of
this investigation.

However, additional tests at a temperatures below plus 32°F were
performed on transverse CVN impact test specimens machined from the
base metal because the base metal test specimens did fracture in a more
ductile manner. The lower shelf would be considered to be around 2 ft-1bf
for the size tested, or 4 ft-1bf for a full-size test specimen.

3.13  Chemical Analyses

3.13.1 An approximately 2" by 2" section was removed away from the ERW seam
on the intact 19' 10" long section of pipe, as shown in Appendix V, and the
surface was sanded smooth in preparation for determining the chemical
composition of the pipe using the Optical Emission Spectroscopic (OES)
test method in accordance with ASTM E415-08, with the percent carbon
determined by an approved vendor using the combustion method
specified in ASTM E1019-11. The results of the chemical composition
analysis, as well as the compositional requirements for both the 10"
Edition of API 5-L that was in affect at the time the pipe was
manufactured and the current API 5L, 44™ Edition are shown in the
following table.
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API 5L, 44™ Edition,

3.13.2

Sample Electric Welded Pipe, Open PSL 1, Welded Pipe,
Element (wt%) Tested Hearth Steel, Grade B Spec. Grade X42 Specification
Carbon 0.30 0.30 max 0.26 max
Manganese 1.47 0.35 to 1.50 1.30 max
Phosphorus 0.017 0.045 max 0.030 max
Sulfur 0.031 0.06 max 0.030 max
Silicon <0.01 l l
Chromium <0.01 ' 0.50 max
Nickel 0.04 l 0.50 max
Molybdenum <0.01 ' 0.15 max
Copper 0.02 l 0.50 max
Aluminum <0.01 ' '
Niobium <0.01 l ’
Vanadium <0.01 ' ’
Titanium <0.01 l ’
Base Base Base

'Analytical range not specified for element.
2Sum of Niobium + Vanadium + Tantalum = 0.15% maximum

As shown, the pipe met the chemical composition that was specified in
API 5-L, 10™ Edition at the time of the pipe manufacture, but does not
meet the compositional requirements specified in the current API 5L, 44™
Edition for welded pipe. The complete results of the OES chemical

analysis of the pipe are recorded in Table 15.

The foreign materials on the fracture surfaces, the O.D. surface, and the
tightly adhered, very viscous black coating of the pipe was analyzed using
the Energy Dispersive X-ray Spectroscopic (EDS) test method in
accordance with ASTM E1508-12a in order to determine the elements
present and the relative amounts of each. It should be noted that the
fracture surface was protected with white grease prior to shipment to the
laboratory, which was removed with the mineral spirit and acetone, and
therefore the results of the EDS analysis may not be taken at the face
value. Furthermore, it should also be noted that EDS is a semi-
quantitative test method, and that the results should be used as
comparative or relative values only. It should also be noted that the EDS
used was not capable of detecting light elements, those elements with

atomic weights less than fluorine.
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The following table shows the results of the EDS analysis at three (3)
different locations of the fracture surface.

Fracture Surface Fracture Surface Fracture Surface

Element (wt%) EDS-1 EDS-2 EDS-3
Magnesium 3.980 1.925 2.084
Aluminum 3.484 4.776 3.118

Silicon 12.974 12.032 8.578
Sulfur 4.081 2.144 3.006
Chlorine 2.794 2.377 1.864
Potassium 0.975 0.883 0.698
Calcium 1.162 0.874 1.198
Titanium 0.810 0.836 !
Manganese 1.603 1.056 1.541
Iron 68.137 73.097 77.912

'Element not detected.

As shown, in addition to iron and manganese from the base metal of the
pipe, high levels of silicon, aluminum, and magnesium, were detected,
most likely due to soil adhering to the fracture surface; similarly the
calcium, potassium, and titanium were also likely from the surrounding
soil. High levels of the corrosive elements chlorine and sulfur were also
detected, although no pitting corrosion had yet occurred on the fracture
surfaces. The complete results of the EDS analyses of the material on the
fracture surfaces, including line spectra and SEM images of each location,
are recorded in Tables 16, 17, and 18.

3.13.3 The chemical composition of the reddish-brown products on the O.D.
surface of the pipe was also evaluated using the EDS test method. The
results of the EDS analysis are displayed in the following table.

Reddish-Brown
Element (wt%) Product on O.D.

Magnesium 0.417
Aluminum 6.783
Silicon 33.882
Sulfur 0.391
Potassium 1.679
Titanium 0.949
Manganese 0.306

Iron 55.594
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As shown, the products on the O.D. surface of the pipe were composed of
primarily silicon with aluminum and potassium, in addition to the iron
from the base metal of the pipe. The reddish-brown product on the O.D.
surface of the pipe was likely soil that had migrated through the splits in
the coating of the pipe. Some of the products may also have been from
corrosion of the pipe, although it should be stressed that there was no
evidence of significant localized or pitting corrosion on the received
sections of pipe. The results of the EDS analysis of the products on the
O.D. surface of the pipe are recorded in Table 19.

3.13.4 The viscous black bitumen, or coal-tar, coating that was on the O.D.
surface of the pipe underneath the layer of fibrous coating was also
analyzed using the EDS test method. The results of the test are displayed
in the following table.

Black Bitumen

Element (wt%) Coating
Magnesium 4.522
Aluminum 6.942

Silicon 42.773
Sulfur 65.763
Silver 0.000

No specific chemical composition of the coating was available for
comparison. Bitumen is a highly viscous mixture composed primarily of
highly condensed polycyclic aromatic hydrocarbons that is used as a
waterproof coating for buried pipe, among other uses such as paving
roads. The results of the EDS analysis of the viscous black coating on
the O.D. surface of the pipe are recorded in Table 20.

4.0 CONCLUSION
4.1 Technical Causes of Failure
Based on the inspection, testing, and evaluation performed in accordance

with the approved metallurgical test protocol, review of the background
information, and technical research, the following is HurstLab’s opinion.
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The failure of the pipeline at Milepost 314.77 in the Conway to Corsicana
section of the Pegasus crude oil pipeline located in Mayflower, Arkansas,
which occurred at 2:37 pm CST on March 29, 2013, resulted because of
the reduction of the wall thickness in the upset zone of the Electric
Resistance Weld (ERW) seam caused by the presence of manufacturing
defects, namely the upturned bands of brittle martensite, combined with
localized stress concentrations at the tips of the hook cracks, low fracture
toughness of the material in the upset/HAZ, excessive residual stresses
in the pipe from the initial forming and seam and girth welding processes,
and the internal pressure creating hoop stresses.

The hook cracks, with maximum dimensions of 0.0038" in width, 0.150"
in depth, and 13-1/4" in length, as measured on the examined section of
the fracture surface, were present in the ERW seam prior to the incident
for an unknown period of time. The weak upturned fibers or bands
of untempered brittle martensite were created during the manufacturing
of the pipe. The presence of the tightly adhered scale or oxidation
products on the fracture faces of the hook cracks suggests that the hook
cracks had been present for an unknown period of time. It is unclear,
however, whether the hook cracks occurred immediately after
manufacturing or during service. The hook cracks initiated and
followed the brittle upturned grain flow lines or bands that were created
during the manufacturing of the pipe due to effects of the stresses
induced by hydrostatic testing, thermal stresses, residual stresses,
and/or pressure cycles.

The hook cracks may not have all occurred simultaneously, as suggested
by variation in coloration of the scale or oxides on the fracture surface
and the macroscopic features of the fracture. The hook cracks and
potential microcracks in the upset/heat-affected zones may have then
merged due to stresses during service.

Failure Scenario

Based on the preceding conclusion, the evidence of the hook cracks
through multiple ductile and brittle zones, significant variance in
hardness between the various zones of the ERW seam, the tightness
and depth of the hook cracks along multiple planes through the upset
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heat-affected zones, and the extremely low impact toughness and
elongation properties across the ERW seam, it is highly probable
that some micro-cracking within the upset/heat-affected zones might
have occurred immediately following the pipe manufacturing. The
micro-cracks then likely would have merged by further cracking through
the adjacent areas in the localized upset/HAZ zones during service,
forming a continuous hook crack in each of the localized areas to the
critical depths, at which point the remaining wall thickness, combined
with the localized stress concentration and the residual stresses, could no
longer support the internal hoop stresses and resulted in the final failure.

Submitted by,

Mahesh J. Madhani
Chief Metallurgist

Revised on July 9, 2013 to clarify the findings and to make editorial changes.
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MP314.77

Photograph No. 1

The photographs provided by EMPCo of the 20" O.D. x 0.312" wall pipe at
Milepost 314.77 of the Conway to Corsicana Pegasus crude oil pipeline, which
failed on Friday, March 29, 2013 at 2:47 pm CST in Mayflower, Arkansas,
display a straight, linear crack at approximately the 12:00 o’clock position.
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Photograph No. 2

Photograph No. 3

The photographs display close-up views of the crack tips near the north
girth weld in the ERW seam of the pipe and the south end in the base
metal, respectively.
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Photograph No. 4 Photograph No. 5

The photographs display the fractured section of the pipe in the as-received condition
and following removal of the outer protective wrapping material.
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Photograph No. 6

The photograph displays the intact section of the pipe in the as-received
condition with the outer protective wrapping material.
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Photograph No. 7

The photograph displays the intact section of the pipe following removal of the
2" protective wrapping material.



Page 38 of 185
Report No. 64961, Rev. 1

Photograph No. 8

The photograph displays the fractured pipe section following removal of the
2™ wrapping material, revealing the fracture faces coated with grease to protect
from post-incident corrosion.
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Photograph No. 9

The photograph displays the intact section of the pipe following removal of
the 1°* protective wrapping material.
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Photograph No. 10

Photograph No. 11

As-received Condition of the Coating

Split Width Split Depth

Circumferential Distance from
Location North Girth Weld Maximum Maximum
-3'to 0' 1" -

10:30 o’clock to 1:30 o’clock
0' to 4' 2" 0.10"

The photographs display overall top views of the pipe adjacent to the fractured pipe from
approximately 3' north of the north girth weld (-3') to the center of the north girth weld (0'),
and the fractured pipe from the center of the girth weld to 4' south of the north girth weld,
respectively, in the as-received condition prior to removing the coating. The fracture in the
pipe along the ERW seam terminated at the north girth weld. The fracture was extremely
tight at the girth weld but was measured to be approximately 13/16" in width approximately
4' south of the north girth weld. Relatively narrow longitudinal and transverse splits were
present in the coating. The coating had been removed from the adjacent intact pipe prior to
sectioning approximately 3' north of the north girth weld.
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Photograph No. 12

Photograph No. 13

As-received Condition of the Coating

Circumferential Distance from Split Width Split Depth
Location North Girth Weld Maximum Maximum
4' to 8' 0.5" 0.14"

10:30 o’clock to 1:30 o’clock
8 to 12' 0.5" -

The photographs display overall top views of the fractured pipe from 4' south to 8 south of
the north girth weld, and from 8' south to 12' south of the north girth weld, respectively, in

the as-received condition prior to removing the coating. Longitudinal and transverse splitting
is present in the coating, and some of the coating is missing on either side of the fracture.
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Photograph No. 14

Photograph No. 15

As-received Condition of the Coating

Circumferential Distance from Split Width Split Depth
Location North Girth Weld Maximum Maximum
12'to 16’ - 0.07"
10:30 o’clock to 1:30 o’clock
16' to 20’ 0.25" 0.09"

The photographs display overall top views of the fractured pipe from 12' south to 16' south
of the north girth weld, and from 16' south to 20' south of the north girth weld, respectively,
in the as-received condition prior to removing the coating. Longitudinal and transverse
splitting is present in the coating, and some of the coating is missing on either side of
the fracture.
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Photograph No. 16

Photograph No. 17

As-received Condition of the Coating

Circumferential Distance from Split Width Split Depth
Location North Girth Weld Maximum Maximum
20' to 24’ 0.5" 0.10"
10:30 o’clock to 1:30 o’clock
24' to 28' 1.5" 0.10"

The photographs display overall top views of the fractured pipe from 20' south to 24' south
of the north girth weld, and from 24' south to 28' south of the north girth weld, respectively,
in the as-received condition prior to removing the coating. At approximately 22' south of the
girth weld, the fracture in the ERW seam turned into the pipe material, progressing several
inches prior to terminating. The damaged area of coating near the pipe fracture extended
longitudinally past the fracture tip several feet.
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Photograph No. 18

Photograph No. 19

As-received Condition of the Coating

Circumferential Distance from Split Width Split Depth
Location North Girth Weld Maximum Maximum
28'to 31' 1" 0.05"

10:30 o’clock to 1:30 o’clock
31' to 35' 1" 0.15"

The photographs display overall top views of the fractured pipe from 28' south to 31' south
of the north girth weld, and from 31' south to 35' south of the north girth weld, respectively,
in the as-received condition prior to removing the coating. The approximately 49'9-1/2" long
pipe was sectioned in the field transversely approximately 31' south of the north girth weld.
The coating was removed in the field approximately 13" in either direction from the transverse
cut prior to sectioning.
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Photograph No. 20

Photograph No. 21

As-received Condition of the Coating

Circumferential Distance from Split Width Split Depth
Location North Girth Weld Maximum Maximum
35' to 39' 1" 0.10"

10:30 o’clock to 1:30 o’clock
39' to 43’ 0.75" 0.11"

The photographs display overall top views of the fractured pipe from 35' south to 39' south
of the north girth weld, and from 39' south to 43' south of the north girth weld, respectively,

in the as-received condition prior to removing the coating. Longitudinal splitting is visible
on the surface of the coating.
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Photograph No. 22

Photograph No. 23

As-received Condition of the Coating

Circumferential Distance from Split Width Split Depth
Location North Girth Weld Maximum Maximum
43'to 47' 0.5" 0.11"

10:30 o’clock to 1:30 o’clock
47" to 51' 1 -
The photographs display overall top views of the fractured pipe from 43' south to 47' south
of the north girth weld, and from 47' south to 51' south of the north girth weld, respectively,
in the as-received condition prior to removing the coating. Longitudinal splitting is visible

on the surface of the coating. Some of the coating had been removed from the adjacent area
pipe prior to sectioning.
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Photograph No. 24

Photograph No. 25

The photographs display overall views of the west side of the pipe from 7:30 to
10:30 o’clock, adjacent to the fractured pipe from approximately 3' north of the
girth weld (-3') to the center of the north girth weld (0'), and the fractured
pipe from the center of the girth weld to 4' south of the north girth weld (+4'),
respectively, in the as-received condition prior to removing the coating.
The lower half of the pipe contains disbonded and wrinkled coating.
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Photograph No. 26

The photograph displays an overall view of the west side from 7:30 to 10:30 of
the fractured pipe from 4' south to 8 south of the north girth weld in the
as-received condition prior to removing the coating. The lower half of the pipe
contains disbonded and wrinkled coating, and some openings in the coating are
present where the coating had begun to sag.
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Photograph No. 27

Photograph No. 28

The photographs display overall views of the west side between 7:30 and 10:30
of the fractured pipe from 12' south to 16' south of the north girth weld,
and from 16' south to 20' south of the north girth weld, respectively, in the
as-received condition prior to removing the coating. The lower half of the
pipe contains disbonded and wrinkled coating, along with some openings in
the coating.
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Photograph No. 29

Photograph No. 30

The photographs display overall views of the west side from 7:30 to 10:30 of the
fractured pipe from 20' south to 24' south of the north girth weld, and from
24' south to 28' south of the north girth weld, respectively, in the as-received

condition prior to removing the coating. The lower half of the pipe contains
disbonded and wrinkled coating.
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Photograph No. 31

Photograph No. 32

The photographs display overall views of the west side from 7:30 to 10:30 of the
fractured pipe from 28' south to 31' south of the north girth weld, and from
31' south to 35' south of the north girth weld, respectively, in the as-received
condition prior to removing the coating. The pipe had been sectioned
transversely approximately 31' south of the north girth weld. The lower half of
the pipe contains disbonded and wrinkled coating.



Page 52 of 185
Report No. 64961, Rev. 1

Photograph No. 33

Photograph No. 34

The photographs display overall views of the west side between 7:30 and 10:30
of the fractured pipe from 35' south to 39' south of the north girth weld, and
from 39' south to 43' south of the north girth weld, respectively, in the
as-received condition prior to removing the coating. The lower half of the pipe
contains disbonded and wrinkled coating.
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Photograph No. 35

Photograph No. 36

The photographs display overall views of the west side from 7:30 to 10:30 of
the fractured pipe and adjacent intact pipe from 43' south to 47' south of
the north girth weld, and from 47' south to 51' south of the north girth weld,
respectively, in the as-received condition prior to removing the coating. The
coating had been removed from the adjacent intact pipe prior to allow for
sectioning. The lower half of the pipe contains disbonded and wrinkled coating.
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Photograph No. 38

The photographs display overall bottom views of the pipe from 4:30 to
7:30 o’clock adjacent to the fractured pipe from approximately 3' north of the
north girth weld (-3') to the center of the north girth weld (0'), and the
fractured pipe from the center of the north girth weld to 4' south of the north
girth weld (+4'), respectively, in the as-received condition prior to removing the
coating. The coating had been removed from the adjacent intact pipe prior to
sectioning in the field. The coating on the lower half of the pipe is sagging and
contains wrinkles.
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Photograph No. 39

Photograph No. 40

The photographs display overall bottom views of the fractured pipe from 4:30 to
7:30 from 4' south to 8' south of the north girth weld, and from 8' south to
12" south of the north girth weld, respectively, in the as-received condition prior

to removing the coating. The coating on the lower half of the pipe is sagging
and contains wrinkles.



Page 56 of 185
Report No. 64961, Rev. 1

Photograph No. 42

The photographs display overall bottom views of the fractured pipe from 4:30 to
7:30 from 12' south to 16' south of the north girth weld, and from 16' south to
20' south of the north girth weld, respectively, in the as-received condition prior
to removing the coating. The coating on the lower half of the pipe contains
wrinkles and has sagged.
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Photograph No. 43

Photograph No. 44

The photographs display overall bottom views of the fractured pipe from 4:30 to
7:30 from 20' south to 24' south of the north girth weld, and from 24' to
28' south of the north girth weld, respectively, in the as-received condition prior
to removing the coating. The coating on the lower half of the pipe contains a
significant amount of wrinkles and has sagged quite a bit.
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Photograph No. 45

Photograph No. 46

The photographs display overall bottom views of the fractured pipe from 4:30 to 7:30
from 28' south to 31' south of the north girth weld, and from 31' south to 35' south of
the north girth weld, respectively, in the as-received condition prior to removing the

coating. The fractured pipe was sectioned transversely approximately 31' south of
the north girth weld into two sections.
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Photograph No. 47

Photograph No. 48

The photographs display overall bottom views of the fractured pipe from 4:30 to
7:30 from 35' south to 39' south of the north girth weld, and from 39' south to
43' south of the north girth weld, respectively, in the as-received condition prior
to removing the coating. The coating on the lower half of the pipe had sagged
quite a bit and contains a significant amount of wrinkles.
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Photograph No. 49

Photograph No. 50

The photographs display overall bottom views of the fractured pipe from 4:30 to
7:30 and the adjacent intact pipe from 43' south to 47' south of the north girth
weld, and from 47' south to 51' south of the north girth weld, respectively, in
the as-received condition prior to removing the coating. The coating on the
lower half of the pipe contains a significant amount of wrinkles. The coating on
the lower half of the pipe contains wrinkles.
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Photograph No. 51

Photograph No. 52

The photographs display overall views of the east side of a pipe from 1:30 to
4:30 adjacent to the fractured pipe from approximately 3' north of the north
girth weld (-3') to the center of the north girth weld (0'), and the fractured pipe
from the center of the north girth weld to 4' south of the north girth weld (+4'),
respectively, in the as-received condition prior to removing the coating. The
lower half of the pipe contains wrinkled coating.
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Photograph No. 53

Photograph No. 54

The photographs display overall views of the east side of the fractured pipe from
1:30 to 4:30 from 4' south to 8' south of the north girth weld, and from 8' south
to 12' south of the north girth weld, respectively, in the as-received condition
prior to removing the coating. The lower half of the pipe contains sagging and
wrinkled coating.
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Photograph No. 55

Photograph No. 56

The photographs display overall views of the east side of the fractured pipe from
1:30 to 4:30 from 12' south to 16' south of the north girth weld, and from
16' south to 20' south of the north girth weld, respectively, in the as-received
condition prior to removing the coating. The lower half of the pipe contains
sagging and wrinkled coating.
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Photograph No. 57

Photograph No. 58

The photographs display overall views of the east side of the fractured pipe from
1:30 to 4:30 from 20' south to 24' south of the north girth weld, and from
24' south to 28' south of the north girth weld, respectively, in the as-received
condition prior to removing the coating. The coating on the lower half of the
pipe contains sagging and wrinkles.
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Photograph No. 59

Photograph No. 60

The photographs display overall views of the east side of the fractured pipe from
1:30 to 4:30 from 28' south to 31' south of the north girth weld, and from
31' south to 35' south of the north girth weld, respectively, in the as-received
condition prior to removing the coating. The lower half of the pipe contains
sagging and wrinkled coating.
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Photograph No. 61

Photograph No. 62

The photographs display overall views of the east side of the fractured pipe from
1:30 to 4:30 from 35' south to 39' south of the north girth weld, and from
39' south to 43' south of the north girth weld, respectively, in the as-received
condition prior to removing the coating. The coating on the lower half is
wrinkled and sagging.
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Photograph No. 63

Photograph No. 64

The photographs display overall views of the east side of the fractured pipe
from 1:30 to 4:30 and adjacent intact pipe from 43' south to 47' south of the
north girth weld, and from 47' south to 51' south of the north girth weld,
respectively, in the as-received condition prior to removing the coating. The
coating had been removed from the adjacent intact pipe prior to sectioning. The
coating on the lower half of the pipe is wrinkled and sagging.
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Photograph No. 65

Photograph No. 66

Circumferential Distance from Depth of Corrosion Pitting
Location North Girth Weld Minimum Average Maximum
All -3'to 0’ No Corrosion Pitting Visible
7:26 o’clock to 10:07 o’clock 0' to 4' 0.006" 0.017" 0.029"

The photographs display overall views of the west side of the pipe adjacent to
the fractured area of the pipe, from approximately 3' north of the north girth
weld (-3') to the center of the girth weld (0'), and the fractured pipe from
the center of the girth weld to 4' south of the girth weld (+4'), respectively, after
the removal of the coating. The lower half of the pipe shows corrosion pitting
on the O.D. surface where the coating had wrinkled and sagged.
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Photograph No. 67

Photograph No. 68

Circumferential Distance from Depth of Corrosion Pitting
Location North Girth Weld Minimum Average Maximum
6:41 o’clock to 10:07 o’clock 4' to 8' 0.002" 0.013" 0.037"
7:03 o’clock to 11:16 o’clock 8 to 12' 0.002" 0.011" 0.026"

The photographs display overall views of the west side of the fractured pipe from
4' south to 8' south of the north girth weld, and 8' south to 12' south of the
north girth weld, respectively, after the removal of the coating. The lower half

of the pipe shows corrosion pitting on the O.D. surface where the coating had
wrinkled and sagged.
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Photograph No. 69

Photograph No. 70

Depth of Corrosion Pitting

Circumferential Distance from
Location North Girth Weld Minimum Average Maximum
6:29 o’clock to 9:55 o’clock 12'to 16' 0.003" 0.017" 0.031"
6:52 o’clock to 10:07 o’clock 16' to 20’ 0.006" 0.012" 0.021"

The photographs display overall views of the west side of the fractured pipe from
12' south to 16' south of the north girth weld, and 16' south to 20' south of the
north girth weld, respectively, after the removal of the coating. The lower half
of the pipe shows corrosion pitting on the O.D. surface where the coating had
wrinkled and sagged.
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Photograph No. 71

Photograph No. 72

Circumferential Distance from Depth of Corrosion Pitting
Location North Girth Weld Minimum Average Maximum
7:15 o’clock to 9:55 o’clock 20' to 24’ 0.005" 0.010" 0.021"
All 24' to 28’ No Corrosion Pitting Visible

The photographs display overall views of the west side of the fractured pipe from
20' south to 24' south of the north girth weld, and 24' south to 28' south of the
north girth weld, respectively, after the removal of the coating. The lower half

of the pipe shows corrosion pitting on the O.D. surface where the coating had
wrinkled and sagged.
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Photograph No. 73

Circumferential Distance from Depth of Corrosion Pitting
Location North Girth Weld Minimum Average Maximum
All 28'to 31" No Corrosion Pitting Visible

The photograph displays an overall view of the west side of the fractured pipe
from 28' south to 31' south of the north girth weld, respectively, after the
removal of the coating. The fractured pipe was sectioned in the field
transversely approximately 31' south of the north girth weld to allow for removal
of the fractured section of pipe. No corrosion pitting is visible on the O.D.
surface near the transverse cut at the south end of the fractured section of
the pipe.
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Photograph No. 74

Photograph No. 75

Circumferential Distance from Depth of Corrosion Pitting
Location North Girth Weld Minimum Average Maximum

All -3'to 0’ No Corrosion Pitting Visible

All 0' to 4' No Corrosion Pitting Visible

The photographs display overall views of the east side of the pipe adjacent to
the fractured pipe from approximately 3' north of the girth weld (-3') to the
center of the north girth weld (0'), and the fractured pipe from the center of the
girth weld to 4' south of the north girth weld (+4'), respectively, after the removal
of the coating. No corrosion pitting is visible on the O.D. surfaces on the
fractured or intact pipe around the north girth weld.
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Photograph No. 76

Photograph No. 77

Circumferential Distance from Depth of Corrosion Pitting
Location North Girth Weld Minimum Average Maximum
1:31 o’clock to 3:03 o’clock 4' to 8' 0.008" 0.013" 0.026"
3:49 o’clock to 4:57 o’clock 8 to 12' 0.004" 0.011" 0.022"

The photographs display overall views of the east side of the fractured pipe from
4' south to 8' south of the north girth weld, and 8' south to 12' south of the
north girth weld, respectively, after the removal of the coating. The lower half

of the pipe shows corrosion pitting on the O.D. surface where the coating had
wrinkled and sagged.
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Photograph No. 78

Photograph No. 79

Depth of Corrosion Pitting

Circumferential Distance from
Location North Girth Weld Minimum Average Maximum
3:03 o’clock to 4:57 o’clock 12'to 16' 0.003" 0.013" 0.033"
2:40 o’clock to 5:20 o’clock 16' to 20’ 0.005" 0.015" 0.031"

The photographs display overall views of the east side of the fractured pipe from
12' south to 16' south of the north girth weld, and 16' south to 20' south of the
north girth weld, respectively, after the removal of the coating. The lower half
of the pipe shows corrosion pitting on the O.D. surface where the coating had
wrinkled and sagged.
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Photograph No. 80

Photograph No. 81

Circumferential Distance from Depth of Corrosion Pitting
Location North Girth Weld Minimum Average Maximum
2:40 o’clock to 4:57 o’clock 20' to 24’ 0.004" 0.020" 0.033"
All 24' to 28’ No Corrosion Pitting Visible

The photographs display overall views of the east side of the fractured pipe from
20' south to 24' south of the north girth weld, and 24' south to 28' south of the
north girth weld, respectively, after the removal of the coating. The lower half

of the pipe shows corrosion pitting on the O.D. surface where the coating had
wrinkled and sagged.
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Photograph No. 82

Circumferential Distance from Depth of Corrosion Pitting
Location North Girth Weld Minimum Average Maximum
All 28'to 31" No Corrosion Pitting Visible

The photograph displays an overall view of the east side of the fractured pipe
from 28' south of the north girth weld to 31' south of the north girth weld,
respectively, after the removal of the coating. No corrosion pitting was visible
on the O.D. surface near the transverse cut at the south end of the fractured
section of the pipe.
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Photograph No. 83

Photograph No. 84

The photographs display representative areas of the I.D. surface at an intact
area of the pipe, showing the smooth, shallow impressions that resulted from
mechanical damage, most likely during the hot-rolling of the steel or

manufacturing of the pipe. No evidence of corrosion pitting was observed on
the I.D. surface.
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Photograph No. 85

The photograph shows the displacement of the pipe by approximately
2-31/32" following sectioning through the intact portion of the adjoining pipe,
indicative of the presence of significant residual stress.
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Photograph No. 86

The photographs display overall and close-up views of the 33' 11-1/2" long
section of a fractured 20" O.D. x 0.312" wall pipe, which was removed from
the Conway to Corsicana section of the Pegasus Crude Oil Pipeline at
Milepost 314.77 in Mayflower, Arkansas.
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Photograph No. 87

The photographs display overall and close-up views of one of the mating fracture faces from where
the final rupture had occurred, resulting in the leakage of crude oil on March 29, 2013. The
fractographs show the presence of hook cracks adjacent to the fusion line near the O.D. surface
along the ERW seam, between a distance of 19' 10" and 21' 6-1/4" from the north girth weld, and
radial lines emanating from the ends of the hook cracks as well as chevron marks revealing the crack
propagation direction, which is denoted by the arrows.
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Photograph No. 88

The photograph displays the presence of manufacturing imperfections that
were found between a distance of 1/4" and 2' 2" from the north girth weld in
the path of the final fracture.
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Photograph No. 89

Photograph No. 90

The photographs display evidence of manufacturing imperfection, i.e. the
upturned bands near the O.D. in the fracture path of the final fracture.
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Photograph No. 91

Photograph No. 92

The photographs display the continuation of the manufacturing imperfections
in the path of the final fracture.
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Photograph No. 93

Photograph No. 94

The photographs display evidence of chevron marks pointing downstream
toward the fracture origins. The arrows point to some of the fine chevrons.
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Photograph No. 95

Photograph No. 96

The photographs display the O.D. and I.D. surfaces of a section of the pipe that
was removed between a distance of 18' 10" and 22' as measured from the
north girth weld and which contained hook cracks along the ERW seam, from
where the final failure initiated on March 29, 2013.



Page 87 of 185
Report No. 64961, Rev. 1

Fine chevrons -

Crack propagation
toward north girth weld

Photograph No. 97

Fine chevrons

Crack propagation

Photograph No. 98

The photographs display close-up views of the fracture face between a distance
of 18" 10" and 19' 4" from the north girth weld of the pipe section, showing
faint evidence of chevrons pointing toward the right (south end) near the
fracture origins.



Page 88 of 185
Report No. 64961, Rev. 1

-

Crack propagation

Photograph No. 99

B

Crack propagation

Photograph No. 100

The photographs display close-up views of the fracture face between a distance
of 19' 4" and 19' 10" from the north girth weld of the pipe section, showing
chevrons pointing toward the right (south end) near the fracture origins. The
arrow in Photograph No. 100 points to the beginning of the hook cracks.



Page 89 of 185
Report No. 64961, Rev. 1

</

Crack propagation

Photograph No. 101

(_/ Fracture transition

Crack propagation through Weld Flash

Photograph No. 102

The photographs display close-up views of the fracture face between a distance
of 19' 10" and 20' 4" from the north girth weld, showing radial lines, marked
by the blue arrows, which originated from hook cracks through the grain flow
or banding formed during manufacturing the ERW seam.
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Photograph No. 103

Crack propagation

The photograph displays a close-up view of the fracture face between a distance
of 20' 4" and 20' 8" from the north girth weld, showing vertical radial lines
emanating from the hook cracks, which are marked by the blue arrows,
indicating the primary fracture initiation sites which resulted in the 22' 3" long
fracture along the ERW seam of the 49' 9-1/2" long pipe.
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Fracture transition

through Weld Flash \_’

Crack propagation

Photograph No. 104

R ——

Crack propagation

Photograph No. 105

The photographs display close-up views of the fracture face between a distance
of 20" 8" and 21' 1" from the north girth weld, showing radial lines
emanating from the hook cracks, marked by the blue arrow, and chevrons
pointing to the cracks, revealing some of the final fracture origins.
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Crack propagation

Photograph No. 106

>

Crack propagation

Photograph No. 107

>

Crack propagation

Photograph No. 108
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The photographs display close-up views of the fracture face between a distance of 21' 1"
and 21' 10" from the north girth weld showing radial lines emanating from the
hook cracks. The blue arrows point to the radial lines, indicative of some of the final

fracture initiation sites.
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Crack propagation

Photograph No. 109

Photograph No. 110

The photographs display close-up views of the fracture face between a distance
of 21' 10" and 22' from the north girth weld, showing the final fracture
which terminated in the base metal of the pipe, diagonally to a distance of
approximately 3".
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Photograph No. 111

Photograph No. 112

The photographs display the O.D. and [.D. surfaces adjacent to one of the
mating fracture faces which contained multiple hook cracks. The arrow points
to an area where the coating was apparently damaged prior to the incident.
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Photograph No. 113

\ Fractured End —7

Photograph No. 114

The photographs of the outside surface of the fractured ERW seam at a distance
between 20' 4-1/2" and 20' 6" from the north girth weld show evidence of what
appears to be crack or melting caused by copper electrode contacts during
the ERW seam fabrication. The arrows point to these imperfections.
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Photograph No. 115

Photograph No. 116

The photographs display close-up views of the copper electrode contact marks
in the heat-affected zone of the ERW seam, at the arrow, on the O.D. surface
and the presence of copper.
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Photograph No. 117

Photograph No. 118

The photographs display the mating fracture faces between a distance of
approximately 20' 2-1/2" and 20' 8" from the north girth weld, revealing hook
cracks in the heat-affected zone of the ERW seam to a maximum depth of 0.150"
as measured from the O.D. surface, and vertical lines emanating from the tips
of the hook cracks, indicative of the final fracture origin sites.
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Hook cracks
(discolored area)

Photograph No. 119

Hook cracks
(discolored area)

Photograph No. 120

The photographs display the mating fracture faces revealing some of the
fracture origin site(s) at a distance of approximately 20' 5-5/16" from the north
girth weld, which were later examined at higher magnifications using a
Scanning Electron Microscope (SEM) to characterize the fracture morphologies.
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Hook cracks
(discolored area)

Photograph No. 121

Hook cracks
(discolored area)

Photograph No. 122

The photographs display the mating fracture faces revealing some of the
fracture origin sites at a distance between 20' 5-3/4" and 20' 7-1/2" from the

north girth weld, which were later examined at higher magnifications using an
SEM to characterize the fracture morphologies.
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Hook
Crack(s)

Final
Fracture

Photograph No. 123 Y

The SEM fractograph taken of one of the final fracture origin sites at a distance
of 20" 5-5/16" from the north girth weld shows an hook crack and
the final fracture zone. The fracture locations within the rectangles
were examined at high magnifications to further characterize the fracture
morphologies. The dotted line denotes the transition zone between the hook
cracks and the final fracture.
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Area-A
Photograph No. 124

The SEM fractograph taken of the Area-A of the hook crack near the O.D.
surface, as displayed in Photograph No. 123, displays essentially a nondescript
featureless fracture surface. Note the absence of any fracture features, likely
due to the metal-to-metal contact from the mating fracture faces of the crack
and post-crack oxidation. The fracture locations labeled as Location-1A and
Location-1B were examined at higher magnifications to further characterize the
fracture morphology.
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Area-A, Location-1A
Photograph No. 125

Area-A, Location-1B
Photograph No. 126

The SEM fractographs of the two (2) fracture locations labeled as Location-1A
and Location-1B in Area-A of the hook crack zone near the O.D. display
tightly adhered oxidation product, suggesting that the crack had occurred
some time prior to the final fracture.
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Area-B
Photograph No. 127

The SEM fractograph taken of the Area-B of the hook crack zone, as displayed
in Photograph No. 123, reveals a nondescript, featureless fracture surface. The
fracture location labeled as Location-2A was examined at higher magnification
to further characterize the fracture morphology.
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Area-B, Location-2A
Photograph No. 128

The SEM fractograph taken of the Area-B at Location-2A of the hook crack
zone, as displayed in Photograph No. 127, reveals tightly adhered oxidation
product on the fracture surface.
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Area-C
Photograph No. 129

The SEM fractograph taken of the Area-C of the hook crack zone, as displayed
in Photograph No. 123, reveals a nondescript, featureless fracture surface. The
fracture locations, labeled as Location-3A, Location-3B, Location-3C, and
Location-3D, were examined at higher magnifications to further characterize the
fracture morphologies.
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Area-C, Location-3A
Photograph No. 130

Area-C, Location-3B
Photograph No. 131

The SEM fractographs taken of the Area-C at Location-3A and Location-3B of
the hook crack zone, as displayed in Photograph No. 129, reveal tightly adhered
oxidation product.
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Area-C, Location-3C
Photograph No. 132

Area-C, Location-3D
Photograph No. 133

The SEM fractographs taken of the Area-C at Location-3C and Location-3D of
the hook crack zone, as displayed in Photograph No. 129, reveal tightly adhered
oxidation product.



Page 108 of 185
Report No. 64961, Rev. 1

Area-D
Photograph No. 134

The SEM fractograph taken of the Area-D of the hook crack zone, as displayed
in Photograph No. 123, reveals a nondescript, featureless fracture surface.
The fracture location within the rectangle was examined at a higher
magnifications to characterize the fracture morphology.
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Area-D within the rectangle
Photograph No. 135

The SEM fractograph taken of the Area-D within the rectangle of the
hook crack zone, as displayed in Photograph No. 134, reveals tightly adhered
oxidation product.
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Area-E
Photograph No. 136

The SEM fractograph taken of the Area-E in the transition zone between the
hook crack and the final fracture zones, as displayed in Photograph No. 123,
reveals anondescript, featureless fracture surface. The fracture location labeled

as Location-5A was examined at higher magnification to characterize the
fracture morphology.
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Area-E, Location-5A
Photograph No. 137

The SEM fractograph taken of the Area-E at Location-5A displays some
evidence of oxidation product in the hook crack and evidence of quasi-cleavage

separation in the final fracture zone, indicative of pre-existing crack and final
brittle fracture, respectively.
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Hook
Crack(s)

Final
Fracture

Area-E, Location-5A, Location within rectangle
Photograph No. 138

The SEM fractograph taken of the Area-E at Location-5A, as displayed in
Photograph No. 137, confirms the oxidation on the hook cracks and the final
fracture in the brittle manner.
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Area-F
Photograph No. 139

The SEM fractograph taken of the Area-F of the final fracture zone, as shown
in Photograph No. 123, displays unresolved cleavage separation fracture
features and faint evidence of ductile microvoid coalescence.
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Area-F, Location-6A
Photograph No. 140

The SEM fractograph taken of the Area-F at Location-6A of the final fracture
zone confirm the presence of predominantly brittle failure with some isolated
areas of ductile failure, as indicated by the presence of cleavage separation
and patches of microvoid coalescence, respectively.
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Final
Fracture

1 mm

Photograph No. 141

The SEM fractograph taken of the several fracture origin sites at a distance
of 20' 6-3/4" from the north girth weld shows an hook crack and the
final fracture zone. The fracture areas within the rectangles were examined at
higher magnifications to further characterize the fracture morphologies.
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Area-1
Photograph No. 142

The SEM fractograph taken of the Area-1 of the hook crack fracture zone, as
displayed in Photograph No. 141, reveals a highly oxidized fracture surface. The
fracture areas, labeled as 1 and 2, were examined at higher magnification to
further characterize the fracture morphologies.



Page 117 of 185
Report No. 64961, Rev. 1

Area-1, Location-1
Photograph No. 143

Area-1, Location-2
Photograph No. 144

The SEM fractographs taken of the fracture zones labeled as Location-1 and
Location-2 in Area-1 of the hook crack reveal a highly oxidized surface and
evidence of what appears to be intergranular fracture in a very small fracture
zone, respectively. The intergranular fracture may have resulted along the
ferrite grain boundaries.
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Area-2
Photograph No. 145

The SEM fractograph taken of the Area-2 of the hook crack, as displayed in
Photograph No. 141, reveals the tightly adhered oxidation product. The area

within the rectangle was examined at higher magnification to further
characterize the fracture morphology.
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Area-2, within the rectangle
Photograph No. 146

The SEM fractograph taken of the Area-2 within the rectangle in the hook crack,
as displayed in Photograph No. 145, reveals a nondescript, featureless fracture
surface covered with tightly adhered oxidation product.
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Area-3

Area-3
Photograph No. 148

The SEM fractographs taken of the Area-3 of the final fracture zone, as
displayed in Photograph No. 141, reveal cleavage separation, indicative of
brittle failure.
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Area-4
Photograph No. 149

Area-4
Photograph No. 150

The SEM fractographs taken of the Area-4 of the final shear fracture zone at
the I.D. of the pipe reveal evidence of microvoid coalescence, indicative of
rapid ductile failure.
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Hook
Crack(s)

Final
Fracture

Weld Flash =

20' 4-7/8" from the North Girth Weld
As-polished, ~25x
Photograph No. 151

A composite view of the mating cross-sections removed through the fracture
origins area at a distance of 20' 4-7/8" from the north girth weld and prepared
for metallographic examination displays evidence of nonmetallic inclusions
along the fracture faces and also parallel to the fusion line near the upper half
of the pipe wall. Note that the weld flash on the I.D. surface of the pipe was
not trimmed off flush with the I.D. surface.
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20' 4-7/8" from the North Girth Weld 20' 4-7/8" from the North Girth Weld

As-polished, ~50x As-polished, ~50x
Photograph No. 152 Photograph No. 153

The micrographs display the upturned inclusions essentially parallel to the fusion line in
the ERW upset/HAZ area, as well as along the fracture faces. Note that vertically aligned
inclusions are one of the main contributing factors to the formation of hook cracks.



Page 124 of 185
Report No. 64961, Rev. 1

0.002 inch

20' 4-7/8" from the North Girth Weld
As-polished, ~200x
Photograph No. 154

)

20' 4-7/8" from the North Girth Weld
As-polished, ~1000x
Photograph No. 155

0.0005 inch
[ —

The micrographs display evidence of folds at the O.D. surface at the fusion line,
which was apparently not fully fused, and the presence of post-fracture

oxidation at the mid-wall area along the hook crack fracture face.
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0.002 inch

'

"0.005 inch

20' 4-7/8" from the North Girth Weld
As-polished, ~100x
Photograph No. 156

The micrographs display an excessive amount of elongated manganese sulfide
inclusions in the diagonal and vertical planes in the upset/HAZ area of the
ERW seam. Note the hook crack along and through the realigned inclusions.
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0.002 inch

[ —

20' 4-7/8" from the North Girth Weld
As-polished, ~200x
Photograph No. 157

-
- -

0.002 inch
—_—

20' 4-7/8" from the North Girth Weld
As-polished, ~200x
Photograph No. 158

The micrographs display the manganese sulfide inclusions in the axial
direction of the pipe near the I.D. surface of the ERW, which were not affected
by the welding process.
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\ HAZ

Fusion Line

20' 4-7/8" from the North Girth Weld
2% Nital etch, ~20x
Photograph No. 159

A composite view of the mating cross-sections removed through the fracture
origins area at a distance of 20' 4-7/8" from the north girth weld and prepared
for metallographic evaluation shows hook cracks along the brittle upturned
bands in the upset/HAZ area, and the final failure from the tip(s) of the
hook crack(s). Again, note that the weld flash was not trimmed off flush with
the I.D. surface.
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20' 4-7/8" from the North Girth Weld
2% Nital etch, ~25x
Photograph No. 160

The micrograph displays a hook crack through the upturned bands, which
consists of untempered brittle martensite in the upset/HAZ of the ERW seam.
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20' 4-7/8" from the North Girth Weld 20' 4-7/8" from the North Girth Weld
2% Nital etch, ~100x 2% Nital etch, ~100x
Photograph No. 161 Photograph No. 162

The micrographs display the mating fracture faces of hook cracks near the O.D. of
the ERW joint. The microstructure consists of grain boundary ferrite and unresolved
bainite with some acicular martensite.
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20' 4-7/8" from the North Girth Weld 20' 4-7/8" from the North Girth Weld
2% Nital etch, ~100x 2% Nital etch, ~100x
Photograph No. 163 Photograph No. 164

The micrographs display the mating fracture faces of the hook cracks near the mid-wall
of the ERW joint. Note the presence of mix-microstructure in the upset/HAZ of the ERW
seam. The upturned bands consist of essentially untempered brittle martensite and the
matrix outside of the bands consists of ferrite and unresolved bainite.
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20' 4-7/8" from the North Girth Weld 20' 4-7/8" from the North Girth Weld
2% Nital etch, ~100x 2% Nital etch, ~100x
Photograph No. 165 Photograph No. 166

The micrographs display the mating fracture faces of the final crack near the [.D. of the
ERW joint. Note the presence of mix-microstructure in the HAZ of the ERW seam

consisting of patches of untempered acicular martensite, grain boundary ferrite, and
unresolved bainite.
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20' 4-7/8" from the North Girth Weld
2% Nital etch, ~100x
Photograph No. 167

20' 4-7/8" from the North Girth Weld 20' 4-7/8" from the North Girth Weld
2% Nital etch, ~500x 2% Nital etch, ~500x
Photograph No. 168 Photograph No. 169

The micrographs display the microstructure of the material in the upset/HAZ between
the O.D. and the mid-wall where the upturned bands were formed during the ERW seam
manufacturing, consisting of the untempered brittle martensite in the banded area

and essentially grain boundary ferrite and unresolved bainite with some patches of
untempered martensite in the non-banded area.



Page 133 of 185
Report No. 64961, Rev. 1

Hook
Crack(s)

Final
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-« Weld Flash

20' 6-13/16" from the North Girth Weld
As-polished, ~25x
Photograph No. 170

A composite view of the mating cross-sections removed through the fracture
origins area at a distance of 20' 6-13/16" from the north girth weld and
prepared for metallographic examination displays evidence of nonmetallic
inclusions along the fracture faces, and also parallel to the fusion line near the
upper half of the pipe wall. Note that the weld flash on the [.D. surface was
not trimmed off flush with the 1.D. surface of the pipe.
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20' 6-13/16" from the North Girth Weld 20' 6-13/16" from the North Girth Weld

As-polished, ~50x As-polished, ~50x
Photograph No. 171 Photograph No. 172

The micrographs display the upturned inclusions essentially parallel to the fusion line in
the ERW upset/HAZ area, as well as along the fracture faces.
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0.002 inch
20' 6-13/16" from the North Girth Weld
As-polished, ~200x
Photograph No. 173
k4

4 . : 0.0005 inch
' - ELLITR

20' 6-13/16" from the North Girth Weld
As-polished, ~1000x
Photograph No. 174

The micrographs display the presence of several manganese sulfide inclusions
aligned parallel to the fusion line and evidence of some post-hook crack
oxidation along the fracture face near the mid-wall.
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» 0.005inch

20' 6-13/16" from the North Girth Weld
As-polished, ~100x
Photograph No. 175

The micrographs display an excessive amount of elongated manganese
sulfide inclusions aligned in the diagonal and vertical planes in the
upset/HAZ area of the ERW seam. Note the hook crack(s) along and through
the realigned inclusions.
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y 0.002 inch
. Incl

20' 6-13/16" from the North Girth Weld
As-polished, ~200x
Photograph No. 176

The micrograph displays the manganese sulfide inclusions in the axial
direction of the pipe near the I.D. surface of the ERW, which were not affected
by the welding process.
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20' 6-13/16" from the North Girth Weld
2% Nital etch, ~20x
Photograph No. 177

The composite view of the mating cross-sections removed through the fracture
origins area at a distance of 20' 6-13/16" from the north girth weld and
prepared for metallographic evaluation shows hook crack(s) following the
upturned grains and inclusions in the upset/HAZ area.
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20' 6-13/16" from the North Girth Weld
2% Nital etch, ~25x
Photograph No. 178

The micrograph displays the hook crack(s) following the upturned bands,
which consists of untempered brittle martensite.
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20' 6-13/16" from the North Girth Weld 20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x 2% Nital etch, ~100x
Photograph No. 179 Photograph No. 180

The micrographs display the mating faces of the hook crack(s) at the O.D. in the ERW seam.
The microstructure consists of grain boundary ferrite and unresolved bainite with some
acicular martensite.
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20' 6-13/16" from the North Girth Weld 20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x 2% Nital etch, ~100x
Photograph No. 181 Photograph No. 182

The micrographs display hook crack(s) following the upturned bands of acicular martensite
and manganese sulfide inclusions.
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20' 6-13/16" from the North Girth Weld 20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x 2% Nital etch, ~100x
Photograph No. 183 Photograph No. 184

The micrographs display the mating fracture faces of the final fracture near the [.D. of the
ERW joint. The microstructure consists of grain boundary ferrite, unresolved bainite, and
bands of acicular untempered martensite.



20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x
Photograph No. 185

20' 6-13/16" from the North Girth Weld
2% Nital etch, ~500x
Photograph No. 186
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Decarburized
Surface

The micrographs display the evidence of surface decarburization along the
O.D. surface near the ERW seam and the presence of copper from the

electrode contact during the initial seam welding of the pipe.



Page 144 of 185
Report No. 64961, Rev. 1

20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x
Photograph No. 187

20' 6-13/16" from the North Girth Weld
2% Nital etch, ~500x
Photograph No. 188

The micrographs display the evidence of surface decarburization along the
[.D. surface near the ERW seam.
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20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x
Photograph No. 189

20' 6-13/16" from the North Girth Weld
2% Nital etch, ~500x
Photograph No. 190

The micrographs display one of the contact marks which resulted from the
electrical contact between the electrode supplying the welding current and the
pipe surface. Note cracks through resolidified metal near the ERW seam
within the primary HAZ.
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Seco_n-dz:i.ry. HAZ

Fusion Line to Base Metal
2% Nital etch, ~25x
Photograph No. 191

The micrograph displays the microstructural phases between the fusion line
and the base metal of the ERW seam.
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Fusion Line
2% Nital etch, ~100x
Photograph No. 192

Fusion Line
2% Nital etch, ~100x
Photograph No. 193

The micrographs display untempered bainitic/martensitic microstructure at
the fusion line of the ERW seam.
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20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x
Photograph No. 194

W - sy 3 ,;.M;q e

20' 6-13/16" from the North Girth Weld
2% Nital etch, ~500x
Photograph No. 195

The micrographs of the primary HAZ display mix-microstructure consisting of
grain boundary ferrite and untempered acicular martensite.
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20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x
Photograph No. 196

20' 6-13/16" from the North Girth Weld
2% Nital etch, ~500x
Photograph No. 197

The micrographs of the secondary HAZ display essentially the grain boundary
ferrite and unresolved pearlite.
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20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x
Photograph No. 198

AR, ] 0.001 inch
Pt ¥ . b i-" g A | —

20' 6-13/16" from the North Girth Weld
2% Nital etch, ~500x
Photograph No. 199

The micrographs of the base metal display the grain boundary ferrite and
lamellar pearlite.
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20' 6-13/16" from the North Girth Weld
2% Nital etch, ~100x
Photograph No. 200

20' 6-13/16" from the North Girth Weld 20' 6-13/16" from the North Girth Weld
2% Nital etch, ~500x 2% Nital etch, ~500x
Photograph No. 201 Photograph No. 202

The photographs display banded microstructure in the ERW upset area adjacent to the
fusion line, consisting of untempered acicular martensite with entrapped ferrite and ferrite
with unresolved bainite in the adjacent non-banded matrix.



Page 152 of 185
Report No. 64961, Rev. 1

35' 8-1/2" from the North Girth Weld
As-polished, ~25x
Photograph No. 203

The micrograph of a cross-section removed from the intact ERW seam at a
distance of 35' 8-1/2" from the north girth weld displays an excessive amount

of manganese sulfide inclusions, some aligned parallel and diagonal to the
fusion line during the seam welding process.
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0.005 inch
—_—

35' 8-1/2" from the North Girth Weld
As-polished, ~100x
Photograph No. 204

0.001 inch
_

35' 8-1/2" from the North Girth Weld
As-polished, ~500x
Photograph No. 205

The micrographs display evidence of some oxidation to a shallow depth of
0.0015" in the upset/HAZ.
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0.005 inch
—_—

35' 8-1/2" from the North Girth Weld
As-polished, ~100x
Photograph No. 206

0.005 inch
_—

35' 8-1/2" from the North Girth Weld
As-polished, ~100x
Photograph No. 207

The micrographs display an excessive amount of manganese sulfide inclusions
aligned parallel and diagonal to the fusion line in the upset/HAZ near the O.D.
of the ERW seam joint.
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s 0.005 inch
—_—

35' 8-1/2" from the North Girth Weld
As-polished, ~100x
Photograph No. 208

0.005 inch
i

35' 8-1/2" from the North Girth Weld
As-polished, ~100x
Photograph No. 209

The micrographs display an excessive amount of manganese sulfide inclusions
aligned parallel and diagonal to the fusion line in the upset/HAZ near the
mid-wall of the ERW seam joint.
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0.005 inch
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35' 8-1/2" from the North Girth Weld
As-polished, ~100x
Photograph No. 210

0.005 inch
_—

35' 8-1/2" from the North Girth Weld
As-polished, ~100x
Photograph No. 211

The micrographs display an excessive amount of manganese sulfide inclusions,
many of them aligned parallel and diagonal to the fusion line in the upset/HAZ
near the I.D. of the ERW seam joint.
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0.005 inch
—

35' 8-1/2" from the North Girth Weld
As-polished, ~100x
Photograph No. 212

0.001 inch
_

35' 8-1/2" from the North Girth Weld
As-polished, ~500x
Photograph No. 213

The micrographs display unfused, expelled weld flash near the 1.D. of the
ERW seam joint.
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35' 8-1/2" from the North Girth Weld
2% Nital etch, ~20x
Photograph No. 214

The micrograph of the cross-section removed through the intact ERW seam
at a distance of 35' 8-1/2" from the north girth weld and prepared for
metallographic examination shows upturned as well as downturned bands in
the upset/HAZ, with some bands aligned parallel to the fusion line.
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35' 8-1/2" from the North Girth Weld
2% Nital etch, ~25x
Photograph No. 215

The micrograph displays a composite view of the ERW seam cross-section
following etching in a