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I. INTRODUCTION

Following seam failures in 1986 on two hazardous liquid pipelines
operated by the Williams Pipe Line Company (Williams) in Minnesota
in which two fatalities, one injury, and significant product lecss
occurred, the Office cf Pipeline Safety (OPS) focused attention on
the electric resistance weld (ERW) process which had been used in
the manufacture of the pipe. Careful metallurgical examination of
the failed pipe by OPS, Packer Engineering, and Battelle Columbus
Laboratories (Battelle) identified a number of potential problems
with the ERW seam welding process that had not been addressed in
prior research. The Battelle report prepared for OPS concluded
that selective corrosion was the basic cause of this failure. An
initial review of Williams' incident reports suggested the
possibility that other defects of a near critical size (which could
grow under adverse environmental conditions) might exist elsewhere.
Prior experience, coupled with the Williams' incident, suggested

that the problem might be widespread.

As a result of its evaluation, OPS initiated a review of the
quality of some manufacturers' ERW welding processes and the future
reliability of pipeline segments containing defective ERW seam
welds. This technical report, which is based on the OPS accident

information data base and other available information regarding ERW



pipe, addresses the safety and reliability of ERW pipe. This
report is intended to be a technical report, providing findings on
which policy decisions may be determined. For example, the need
to requires hydrostatic testing of hazardous liquid pipelines, such
as ERW, which have not previously been tested, is currently under
consideration. During the preparation of this report, the data
collected warranted immediate action in the form of an Alert Notice
(Appendix D) which OPS sent in January 1988 to all natural gas and
hazardous liquid pipeline operators, and a second notice in March

1989.

B. History of ERW Pipe

ERW pipe is manufactured by a process wherein steel strips are
continuously welded after being mechanically formed into tubular
shapes. As these tubular shapes move through a series of
resistance heating and forging operations, a welded seam is
produced (Figure 1). The speed of pipe movement through the
so-called "fins" or welding and forging heads, the frequency of
the current used to heat the pipe, the amount of forging pressure,
tolerances on the edges to be joined, and cleanliness are but a few

of the critical variables.

The first process for manufacturing ERW pipe was invented in 1929.
By 1930 it was being installed as line pipe carrying liquid

petroleum, including highly volatile liquids (HVL) . Republic Steel



had acquired the patent for this process, which used low frequency
(about 250 Hertz (Hz)) current to provide heat for fusion of the
weld seam. Because of the advantages of using ERW pipe (low basic
materials cost, thin and uniform walls, easier handling, and higher

pressure rating), demand for ERW pipe grew rapidly.

In order to circumvent Republic's patent rights and enter this
rapidly growing market, Lone Star Sheet and Tube of Texas developed
a process that used direct current (d.c.) rather than alternating
current (a.c.) for seam fusion heat. These two processes, one
using a.c. and the other using d.c., were the only ones in early
general use. Duringkthe period just prior to 1970, a gradual
transition to high frequency current for fusion heat, typically at
about 450 thousand Hz began. This, together with nondestructive
testing (NDT) (e.g., x-ray and ultrasonic testing) placed directly
in the production line plus heat treatment of the weld, represented

the most significant of many improvements in the manufacture of ERW

pipe.

The industry manufacturing specification for higher strength pipe,
American Petroleum Institute (API) Specification S5LX included
manufacturing standards for ERW pipe in its initial edition in
1947. 1In the mid 1970s, the API Pipeline Transportation Committee
sponsored a research program by Battelle directed toward
developmerit of improved tests and procedures for-evaluating weld

quality in ERW line pipe. Battelle developed a program which



resulted in improved ERW weld inspection and bonding
characteristics as well as mill test procedures. Later editions
of API 5LX (incorpcrated into API 5L in the early 1980s) introduced
these improved manufacturing and testing techniques, providing a

significart advancement in ERW pipe quality.

The introduction of federal reguirements in 49 CFR Parts 192 and
195, which incorporated API Specification S5LX (now 5L), and
subsequent editions, has resulted in a reduction in the number of

incidents involving seam splits in ERW pipe.



II. FINDINGS

There have been 172 ERW seam failures in hazardous liquid
pipelines during 1968-1988 (Table 1) and 103 ERW sean
failures in natural gas transmission pipelines during

1970-1988 (Table 6).

During the period just prior to 1970, a gradual
transition to high frequency current for fusion heat plus
other quality control improvements in the manufacture of
ERW pipe has led to a decrease in the number of ERW seam
failures. This decrease is so significant that it
probably cannot be attributed to any other factors than
the change to high frequency current and quality control

improvements.

Ninety-eight percent of the hazardous liquid pipeline
ERW seam failures occurred on pipeline constructed prior
to 1970 (Table 3). Ninety five percent of the natural
gas transmission pipeline ERW seam failures occurred on

pipelines constructed prior to 1970 (Table 7).

The failure rate of pre-1970 ERW Pipelines carrying
hazardous liquids is about three times that of pre-1970

ERW pipe carrying natural gas.



The two principal causes of hazardous liquid service
failures on ERW pipe where a metallurgical analysis has
been performed are manufacturing defects or associated
specific environmental attack on these manufacturing
defects (Table 4). Similar data is not available for gas

transmission pipeline failures.



III. ANALYSIS OF INFORMATION

A. Hazardous Liguid Pipelines

A.1 Data Base for Hazardous Liquid Pipeline Incidents

The data base for hazardous liguid pipeline ERW failures used in
this report is the OPS liquid pipeline accident data base. This
data was obtained using Accident Report - Hazardous Liquid Pipeline
- DOT Form 7000-1 (OMB No. 2137=-0047). The data in the accident
report form was revised in 1985, but the form number was not
changed. In accordance with §195.50, these reports must be
submitted to DOT if there is a release of the hazardous liquid
transported resulting in any of the following:

(a) Explosion or fire not intentionally set by the
operator.

(b) Loss of 50 or more barrels of liquid.

(¢) Escape to the atmosphere of more than five barrels
a day of highly volatile liquids.

(cl) Death of any person.

(e} Bodily harm to any person resulting in one or more
of the following:
Loss of consciousness.
Necessity to carry the person from the scene.
Necessity for medical treatment.
Disability which prevents the discharge of normal
duties or the pursuit of normal activities beyond the
day of the accident.

(f; Estimate property damage to the property of the
operator or others, or both, exceeding $5,000.

\

(1.
(2,
(2.
(4

Part C of the above referenced form, "Origin of Liquid or Vapor
Release," contains 14 specific leak sources, one of which, the

"longitudinal weld," was the characteristic denoting a seam



failure. 1In most cases, it could only be inferred that the seam
was an ERW seam since there were no requirements to identify the
seam weld type. Since the bulk of the pipe mills were producing
only ERW pipe during this period, this is not an unreasonable

assumption.

Data collected by the OPS staff during the 1968-1977 time period
was consolidated on an annual basis and presented in a report
entitled "Summary of Liquid Pipeline Accidents, 1968-1977" and that
data was used in this report. The data used in this "Summary of
Liquid Pipeline Accidents, 1968-1977" was verified by discussing
each failure with operators to make sure that the failure was in
an ERW seam. OPS records do not include metallurgical reports for
this period 1968-1977 for liquid pipeline accidents. Eighteen
metallurgical reports (where available) describe the cause of
failure for liquid pipeline accidents from 1979 to 1987. These
reports are summarized in Appendix A - "Metallurgical Examination

of Failures."

In addition to the data from individual accident reports, data from

the following sources was used in developing this report:

* "Summary of Liquid Pipeline Accidents, 1968-1977" (OPS internal

report:).



OPS records of individual operator reports of accidents due to
sear failure (retrieval of attributes, "Longitudinal weld" as

leak source, and "Defective weld" as failure cause).

° NTSB accident reports.

° 1984 OPS "Annual Report on Pipeline Safety."

"Liquid Petroleum Pipeline Accident Report" (Lakehead Pipeline
Company consolidation of all individual accident reports,

1885).

A.2 Analysis of the Data

A.2.1 Failures of ERW seams in liquid pipelines

Table 1 presents a summary of 172 failures in ERW seams for
pipelines carrying hazardous liquids during the period 1968-1988.
The table presents data relevant to the cause of the ERW seam
failure where it was reported on the incident forms or available
as a result of follow-up failure analyses initiated by the
operator. The data presented represent service failures unless
the failure date matches the hydrostatic pressure test date. Table
2 presents a summary of seam failures by hydrostatic testing of a
Mid-America Pipeline Company pipeline system from Cherokee County,

Iowa, to Blue Earth County, Minnesota.



Table 3 presents a summary of ERW seam failures from 1968 to 1988
in hazardous liquid pipelines by construction decade. This table
shows that 98 percent of the failures occurred on pipe manufactured
prior to the 1970s. The data presented in Figure 2 illustrates the

decreasing trend in the number of ERW seam failures for 1liquid

pipelines.

The failures which were documented by metallurgical testing and
evaluation proved to be largely due to manufacturing defects in the
seam. The causes of failures based on metallurgical examinations
of 58 service failures or hydrostatic test failures in the ERW
seams of hazardous 1liquid pipelines between 1977-1988 are
summarized in Table 4. Lack of fusion defects open to the outside
diameter azccounted for 52 percent of the failures. Selective
corrosion failures accounted for about 10 percent of the failures
while fatigue cracks initiating from discontinuities, such as pipe
wall edge mismatch (high/low) or hard spots, accounted for about
10 percen: of the defects. Hook cracks accounted for about &
percent of the defects and the balance of failures was attributable
to defects not related to the ERW process, such as laminations or
arc burns. A description of each type of defect is provided in

Appendix C.

Table 5 illustrates the number of service and hydrostatic test
failures by manufacturer for the 1977-1988 reporting period. There

is no data in the oOPS pipeline data base to determine the total

10



mileage of ERW pipe in the country or the mileage by manufacturer.
Therefore, it is not possible to compare the failure rate (i.e.,

the failures per mile) of different manufacturers of pipe.

The API published data in a 1987 research report which indicated
that abcut 46,000 miles or 41 percent of all hazardous liquid
pipeline is ERW pipe made before 1970, approximately 20,000 miles,
or 17 percent, is ERW pipe made after 1970. Therefore, of all
hazardous liquid pipeline, about 58 percent is ERW pipe. According
to that report, the balance of the liquid pipeline is: 23.5
percent - seamless; 10.3 percent - submerged arc welded pipe; 3

percent - lap welded; and 5 percent - unspecified.

Figure 2 illustrates the decline in number of hazardous liquid
pipeline seam failures of all kinds from 1968 to 1986. Also
illustrated is the number of ERW seam failures during the same
period. Some studies indicate that while the overall rate of
failures of all seams, including ERW pipe, 1is decreasing, the
relative rate of failure of pre-1970 ERW pipe to that of all seam

failures has been increasing since 1978.

A.2.2 Relationship between service failures and hydrostatic

testing

The service failures summarized in Table 1 were examined to

determine the time interval between the failure and the most recent

11



hydrostatic test, if tested. Approximately 26 percent of the
service failures occurred on pipelines which had not been
previously hydrostatically tested. Approximately 27 percent of the
service failures occurred on pipelines where the ratio of
hydrostatic test pressure to service failure pressure was less than
1.25 (rat:ios at or above 1.25 are required by regulation for liquid
pipelines constructed after 1971) and the average time interval
between the service failure and most recent hydrostatic test was
about 16 years. About 47 percent of the service failures occurred
on pipelines where the ratio of hydrostatic test pressure to
service failure pressure was more than 1.25 and the average time
interval between the service failure and most recent hydrostatic

test was about 15 years.

B. Natural Gas Pipelines

B.1 Data Base for Natural Gas Pipeline Incidents

Data on natural gas pipeline ERW failures was obtained from the
OPS natural gas pipeline incident data base. This data base was
based on operator reports using the RSPA Incident Report - Gas
Transmission and Gathering Systems, RSPA F7100.2 (3-84) (OMB No.
2137-0522). This current form was put into use in early 1984 and
is submitted to oOPS within 30 days of the occurrence of an
incident. 1In changes made to 49 CFR §191.5 in 1984 an incident

was defined to include any of the following events:

12



(1) An event that involves a release of gas from a pipeline or
liquefied natural gas or gas from an LNG facility and

(1) A death or personal injury necessitating in-patient
hospitalization, or

(1i) Estimated property damage, including cost of gas lost, of
the ocperator or others, or both, of $50,000 or more.

(2) An event that results in an emergency shutdown of an ING
facility.

(3) An event that is significant, in the judgment of the
operator, even though it did not meet the criteria of paragraphs

(1) or (2).

Before 1984, incidents were reported on a longer, more extensive
form, DO F7100.2 (1-70) (Budget Bureau No. 04-R5605) . In
addition, before 1984 an incident that required the submission of

a report form was defined to include any of the following events:

(1) Caused a death or a personal injury requiring
hospitalization;

(2) Required the taking of any segment of transmission pipeline
out of service;

(3) Resulted in gas igniting;

13



(4) Caused estimated damage to the property of the operator,
or others, or both, of a total of $5,000 or more;

(5) In the ijudgment of the operator, was significant even
though it did not meet the criteria of paragraphs (1), (2), (3),
or (4):

(6) A leak in a transmission 1line that required immediate
repair; or

(7) A test failure that occurred while testing either with gas

or another test medium.

B.2 Analysis of the Data

B.2.1 Failures of ERW seams in natural gas transmission
pipelines
The data collected from the RSPA Incident Reports - Gas

Transmission and Gathering Systems, RSPA forms F7100.2 (1-70 and
3-84) 1is summarized in Table 6, "Summary of ERW Seam Failures in
Gas Transmission Pipelines," showing 103 failures during the period
1970-1988. A graph of the number of ERW seam failures in hazardous
liquid and natural gas transmission lines by year of occurrence is
shown in FFigure 3. The data for both natural gas and hazardous
liquid 1lines illustrates a common trend; that of a generally
decreasing number of incidents by year. Table 7 illustrates that
about 95 percent of the ERW seam failures occurred on pipelines

constructed prior to 1970.

14



Generally, the data available from RSPA F7100.2 were not specific
with regard to the causes of ERW seam splits in Table 6. From the
three ircidents which are described in metallurgical reports
selective corrosion of the ERW seam was cited as the cause of
failure in two cases. In the third, cracks at a hard spot were
cited as the cause of the seam split. It is believed that Table
4, "Cause of Failures of ERW Seams - Hazardous Liquid Pipelines,"
is representative of the failures in ERW seams for natural gas

transmission pipelines for two reasons:

(1) Both sets of data represent the same type of ERW pipe
manufactured by generally the same type of ERW pipe mills

for the same period of time.

(2) The nature of ERW seam splits is unlikely to be different
for different commodities since the splits are generally
known to be caused by manufacturing defects or associated
specific environmental attack on these manufacturing
defects. In none of the incidents reviewed was internal
(selective) corrosion involved which might be influenced
by the contents of the pipe (such as CO,, sour gas, or
gas containing corrosive liquids and distillates or

condensates) .

15



The data presented in Table 8, "ERW Failure Distribution by
Manufacturer - Natural Gas Transmission Pipelines," for the period
1970-1988. As in Table 5, the data is not normalized with respect

to mileaygs of pipe produced.

B.2.2 Relationship between service failures and hydrostatic

testing

Hazardous 1liquid pipeline failures were analyzed in A.2.2 to
determine if the ratio of hydrostatic test pressure to service
failure frressure was less than 1.25. For hazardous 1liquid
pipelines constructed after January 8, 1971, this ratio represents
the minimum spread allowed between test pressure and maximum
operating pressure. A similar analysis is not possible for gas
transmission lines because under the gas pipeline regulations the
minimum spread between test pressure and maximum operating pressure
varies with initial class 1location (population density) and
subsequent changes in class location. The DOT failure data do not
indicate whether the class location of a failed pipeline is an
initial or changed classification. Also, class location data are
cenly in the new incident reporting form, which was published in
1984, and only 12 out of 103 ERW gas failures have occurred since

the new report form was published.

16



A major difference between the gas and hazardous liquid pipeline
regulaticns 1s that operators must hydrostatically test gas
transmission pipelines or reduce their maximum operating pressure
when significant increases in population occur near the pipelines.
This difference results 1in gas transmission 1lines being
hydrostatically <*ested much more often than hazardous 1liquid

pipelines.

The serv:.ce failures occurring on ERW seams for natural gas
transmission pipelines (summarized in Table 6) were examined to
determine the time interval between the service failure and the
most recent hydrostatic test, if tested. The average time interval
between the service incident and the most recent hydrotest was

found to be about 17 years.

C. Relative failure rate of pre-1970 ERW pipelines carrying

hazardous liquids and pre-1970 ERW pipelines carrying natural

gas

The DOT pipeline user fee account summary reflects the total
hazardous liquid transmission pipeline mileage as 154,000 and a
total of 292,000 miles of natural gas transmission pipelines. 1In
order to compare the pre-1970 ERW seam failures for hazardous
liquid pirelines and natural gas transmission pipelines, it was
assumed that the relative percentage of pipelines with ERW seamns

was the sane for both, since similar pipe was in common use at that

17



time by gas and hazardous liquid pipeline operators. Based on this
assumpticn, the 173 hazardous liquid pipeline failures in Table 1
and the 193 natural gas transmission failures in Table 6, the ratio
of ERW failures per mile is about 3:1 for hazardous 1liquid vs.

natural gas transmission pipelines.

18
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- )

RID-NER|ZA PiPE | ME ZDF ANY

MATARDOUS LIQUID PIPEL MES
SEMR FAILURES DUR MG NYOROTEST NG
(1987)
FAILURE FAILURE
NABER NVLF ACTURER PRE S SURE DATE DESCRIPTION OF FAILURE RIGIN
1 2.0 Fo¥,] — L.O.F, defect with no defines origin
2 2.0 242 — &1Inch long L.O.F. defect full wall g¢
girts weid
.’ 200 —— ———
4 2.0 Lok 3-23-87 Leak 9/16-Inch tong on outside and
7/16~inch long on inside L.O.F.
] 2.0 — ——
6 2.0 (emk 6-28-87 Lask 1/8-inch long on outside and
3/16~iong om Inside L.0.F,
7 2.0 X4 & 25-87 inslde L.O.F. 13-Tnch ltang and from 10
percent 1o 80 percent of wsal! thickness
s 2.0 Lemk — Losk 1/4-1mch fong on outside and 1/8-1nch
lomg oo inside
9 2.0 1910 7-11-87 L.0.F. on owtside 2 3/4-1ach long and 50
. parcent of wal! thickness
10 3.0 542 7-11-87 L.C.F. of wodeternined ¢ mension
" 2.0 =5 7-11-87 L.O.F. on cutside 3-Inch long and
3/16~1nct Semp (85 percent of wall
thickness)
12 3.0 3% 7-13-87 L.O.F. - mo abvious ¢’mensions
13 2.0 2083 1-13-87 L.C.F. or owts'de, 6~Inch tang amd X0
porceet of wall thickness
14 3.0 >80 7-14-87 L.O.F. an Inside, &Inch lang an¢ SO
percant of sall thickness :
15 2.0 ral ) 1-14-87 L.OF. on cutslde, 6 1/2-Tech fong and 37
percant of sal! thickness
16 3.0 60 7-15-87 L.0.F. on outs'de, S 3/4-lach jang an¢ 20
percant of wall thickness
1?7 2.0 43 7-16-87 Lask - mo abvious arigin, 7/16~Inch long
on cxtside ané 3/8 inch on Inside
10 2.0 2 7-16-87 L.O.F. on outside, 7-Inch lomg anc 8%
percant of wall thickness ’
19 3.0 -4} ] 7-20-87 L.O.F. on Inslde, 4-Inch fang and 57
purcent of wall thickness
20 2.0 =72 7-21-87 Origin ot hard spot
4 2.0 =74 1-21-87 L.0.F. ot outside O-Inch lomg and &9
porcent of wall thichness
22 2.0 260 1-23-87
e —————

1.0 = A1l ptpo was 8 3/8 x 0.219 B AP1 RX-52 - manu’ectu-od by Yomngstown
or Lome Star

2.0 - Yowngstawr Shawt ¢ Tube(1S)

3.0 - Lone Star(s)

® - Girth weld tem
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TABLE 3

ERW SEAM FAILURES IN HAZARDOUS LIQUID PIPELINES
CONSTRUCTION DECADE DISTRIBUTION
1968 - 1988

Event CONSTRUCTION DECADE
Year 1920s 19303 1940s 19508 1960s 19708 1980s Unk. Totals
1968 1 4 1 8 10 24
1969 1 3 3 2 9 18
1970 3 3 7 3 16
1971 1l 3 9 i3
1972 1 10 3 14
1973 b3 2 2 2 7
1974 3 2 4 9
1975 1 1 S 1 8
1976 2 4 5 11
1977 b 5 1 7
1978 2 3 2 b 8
1979 1 2 b 1 5
1980 2 1 3
1981 ( 1 1 2
l9s82 1 1 1 3
1983 1 1
1984 1 3 4
1985 1 1
1986 3 2 5
1987 1 1 5 : 7
1988 3 2 b 6
Total ERW 2 11 23 64 67 3 2 172

30



TABLE 4

CAUSE OF FAILURES OF ERW SEAMS
HAZARDOUS LIQUID PIPELINES
(where metallurgical report is available)

1977 - 1988

Service Hyadrotest
Causie of Failures Failure Failure
Fatigue Crrack Initiating
from Misalignment 4
Lack of Fusion (0.D.) 6 24
Lack of Fusion (I.D.) 8
Hook Crack (I.D.) 4
Selective Corrosion 6
Hard Spot Microcracks 2
Corrosion Fatigue (L.O.F.) 3
Fatique at Lamination
in ERW Seam 1 -
TOTAL 26 32
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TABLE 5

ERW FAILURE DISTRIBUTION BY MANUFACTURERS
HAZARDOUS LIQUID PIPELINES
1977% - 1988

Service Hydrotest

Manufacturer Failures Failures
National Tube (U.S. Steel) 2
Youngstown | 3 15
Jones & Laughlin 4 10
Kaiser 1
Republic 2 5
Lone Star 5
Bethlehem 1

Subtotal 13 35

TOTAL 48

*Manufacturer not identified on form prior to 1977; manufacturer
not identified on all incident report forms from 1977 to present
time.

NOTE: There is no data to determine the total mileage of pipe
made by each manufacturer so it is not possible to compare
the failure rate of different manufacturers.
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TABLE 7

ERW SEAM FAILURES IN GAS TRANSMISSION PIPELINES
CONSTRUCTION DECADE DISTRIBUTION
1970 - 1986

Event CONSTRUCTION DECADE
Year 1930s 1940s 1950s 1960s 1970s 1980s Unk. Totals
1970 3 1l 4
1971 1 5 3 9
1972 4 1l 1 1l 7
1973 1 8 1 1 11
1974 3 4 4 11
1975 2 2
1976 ) 1 2 1l 1 5
1977 3 2 1 6
1978 2 4 1 3 10
1979 1 3 1 1l 1l 7
1980 1 1 2
1981 1 5 1 7
1982 2 2 1 5
1983 1 2 1 1 S
1984 2 2
1985 a4 1l 2
1986 6 2 8
Total ERW 7 27 40 15 5 9 103

41



*Where the manufacturer

form

TABLE 8

ERW FAILURE DISTRIBUTION BY MANUFACTURER#

NATURAL GAS TRANSMISSION PIPELINES
1970 - 1988

Manufacturer

National Tube
Youngstown Sheet & Tube
Kaiser

Republic

Lonestar

Bethlehem

A. O. Smith

Cal Metal

Stupp

Acero del Pacifico
ACME Newport

TOTAL

19

12

8ervice Failures

was identified on the incident report

There is no data to determine the total mileage of pipe

made by each manufacturer so it is not possible to ¢

the failure rate of different manufacturers.
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APPENDIX A

TYPICAL EXAMPLES OF METALLURGICAL EXAMINATIONS

OF ERW PIPELINE FAILURES



1. Metallurgical Examinations of Hazardous Liquid Pipeline

Failures

The follcwing are typical examples of metallurgical examinations

of failures in the ERW seam of hazardous liquid pipelines:
1.1 Colonial pPipeline Company

In May 1879, 3 years after a Colonial products pipeline, 32-inch
diameter x 0.281-inch wall thickness (w.t.) API 5LX-52, was
installed, a rupture occurred in the ERW seam. Metallurgical
analfsis of the fractured seam revealed that the cause of the
failure was a fatigue crack which had grown to critical size due
to both pre-installation rail transport loading conditions and
cyclic pressure fluctuations in service following installation.
The fatigue «crack initiated from an internal misalignment

(i1llustrated in Appendix C, Figure 4).
1.2 Exxon Pipeline Company

In May 1979, an 18-inch diameter x 0.281-inch w.t. API 5LX-45 Exxon
products pipeline ruptured in an ERW seam. A nmetallurgical
analysis of the fracture confirmed the presence of both external
lack of fusion and extensive selective corrosion. These defects

were citecl as the cause of the failure.



1.3 Minnesota Pipeline Company

In January 1980, a 16-inch diameter x 0.250-inch w.t. API SLX-52
Minnesota Pipeline Company products pipeline ruptured in an ERW
seam. The fracture origin was traced to an inside diameter lack
of fusion and an outside diameter hook crack believed to have

extended to critical size under corrosion fatigue cycling.

1.4 Lakehead Pipeline Company

In May 1¢80, a Lakehead Pipeline Company 34-inch diameter x
0.281-inch w.t. API 5LX-52 products pipeline ruptured in an ERW

seam under conditions similar to those described in 1.3 above.

1.5 Williams Pipe Line Company

In August and October 1983, ruptures occurred on an 8-5/8 inch
diameter x 0.250-inch w.t. API 5LX-42 (No. 2-8-inch line) and on
@ 1l2-inch diameter x 0.250-inch w.t. API 5LX-42 products line.
Both ruptures occurred in ERW seams, the former due to a hook crack
which exterded under overpressure conditions, the latter due to a

lack of fusion on the outside diameter.



1.6 Southern Pacific Pipeline Company

In March 1984, a 12-inch diameter x 0.250-inch w.t. API 5LX-46 ERW
seam welded pipeline ruptured. A failure analysis revealed that

selective seam corrosion was the cause of failure.

1.7 Minnesota Pipeline Company

In Februeary 1984, a fatigue crack, which had initiated at an
18-inch long delamination at the edge of an ERW seam weld in a
l6-inch diameter x 0.250-inch w.t. API SLX-52 pipe, propagated

through the pipe wall and caused the seam to rupture.

1.8 Will.iams Pipe Line Company

In November 1984, the Williams Pipe Line No. 2-8-inch line ruptured
at an ERW seam. A failure analysis revealed that the cause of the
failure was a lack of fusion on the 0.D. of an 8-inch diameter x

0.250-inch w.t. API SLX-42 pipeline.

1.9 Willijams Pipe Line Company

In May 1986, the Williams Pipe Line Company No. 2-8-inch line
ruptured at an ERW seam. A study of the failure revealed a lack
of fusion on the 0.D. of an 8-inch diameter x 0.250-inch w.t. API

5LX-42 pipeline.



1.10 Williams Pipe Line Company

On July 8, 1986, the Williams Pipe Line Company No. 2-8-inch
pipeline ruptured along an ERW seam. An extensive failure analysis
revealed that selective corrosion due to inadequate cathodic
protection caused the rupture in the 8-inch diameter x 0.250-inch

w.t. API 5LX-4z pipeline.
1.11 san Diego Pipeline Company

In November 1986, a rupture occurred in an ERW seam of a 10-inch
diameter x 0.219-inch w.t. API 5LX-52 products pipeline owned by
the San Diego Pipeline Company. An extensive failure investigation
revealed that corrosion fatigue initiating at an internal lack of

fusion was the probable cause of the rupture.
1.12 Lakehead Pipeline Company

In October 1986, a 34-inch diameter x 0.28l1~-inch w.t. API 5LX-52
ERW seam rupture occurred in a Lakehead Pipeline Company line.
The cause of failure was determined to be a one-half-inch long lack
of fusion defect that extended entirely through the wall thickness

of the pipe.



1.13 Williams Pipe Line Company

During a hydrostatic testing program initiated in September 1536
as a result of the incident described in section 1.10, the Williams
Pipe Line Company's No. 2-8-inch line suffered seven splits in the

ERW seams due to lack of fusion defects.

During the same hydrostatic testing program, the No. 1-8-inch line
was subjected to similar tests with the result that three ERW seam
split were found to have initiated from outside lack of fusion

defects.

1.14 Continental Pipeline Company

In March 1987, Continental 0il Company experienced a rupture on
its 8-inch diameter x 0.250-inch w.t. API 5LX-52 Seminole pipeline.
A metallurgical analysis revealed severe selective seam corrosion
which nearly penetrated the wall at the fracture origin. It was
confirmed that low cathodic protection potentials were measured

near the fracture origin.

1.15 Williams Pipe Line Company

During the first and second quarter of 1987, Williams Pipe Line
Company ccntinued the hydrostatic test program initiated in 198s6.

Six failures resulted - one from a fatigue crack initiating at an

A -6



internal mismatch on the seam and five due to lack of fusion.
These failures occurred on the Williams Pipe Line No. 1-6 pipeline

from Alexandria to Grand Forks.

1.16 Mid America Pipeline Company

In April 1987, Mid America Pipeline Company (MAPCO) experienced a
rupture in an 8-inch diameter x 0.219-inch w.t. API 5LX-52 products
pipeline. A failure analysis revealed the cause of the failure to
be hydrogen stress cracking of an embrittled zone in the ERW seam.
Such a defect is virtually impossible to detect by any known

nethed.

Pursuant to the aforementioned incident, MAPCO conducted a
comprehensive hydrostatic test program designed to eliminate
defects that might grow under environmental conditions to a
critical size. During the test, 20 failures occurred in ERW seams.
In all but one case, the fracture origin was traced to a lack of
fusion defect on the inside, mid wall, or outside diameter. One

failure was attributed to a hard spot in the seam.

1.17 Mid America Pipeline Company

On July 22, 1988, MAPCO experienced a rupture in an 8-inch diameter
x 0.219-inch w.t. API 5LX-52 natural gas liquids pipeline at a

cased highway crossing. A metallurgical examination revealed the
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cause of the failure to be selective corrosion of the ERW sean.
The penetration at the ERW bond line extended about 72 percent of

the way through the pipe wall, initiating the rupture.

1.18 Minnesota Pipeline Company

On December 1, 1988, Minnesota Pipeline Company's 16~inch diameter
X 0.250-inch w.t. API 5LX-52 pipe failed at a lamination that had
opened during the ERW welding process. Subsequent analysis
revealed the cause of failure to be a fatigue crack which had

penetrated the outer ligament of severe lamination at the ERW seam.

1.19 Shell Pipeline Company

On December 24, 1988, Shell Pipeline Company's 22-inch diameter x
0.344-inch w.t. API 5LX-46 pipe failed due to a hook crack at the
ERW seam. The failure resulted in the total fracture of the ERW
seam 1n one 48.8-foot long pipe length. The failure resulted in
a crude oil spill of approximately 20,500 barrels which flowed down
the tributary of the Gasconade River and continued downstream into

the Missouri and Mississippi Rivers.



2. Metallurgical Examinations of Gas Transmission Pipeline

Failures

The following are typical examples of metallurgical examinations
of failures in the ERW seam of gas transmission pipelines, for

which a detailed report was available:

2.1 Natural Gas Pipeline Company of America

In April 1972, an ERW seam split occurred on a 26-inch diameter x
0.250-inch w.t. API 5LX~52 natural gas transmission pipeline. An
examination of the failure analysis report of this incident

revealed:

(1) "The failure originated in the longitudinal flash weld
(one type of ERW weld) and was caused by 1localized

external corrosion concentrated along the weld line."

(2) "The localized external corrosion was most severe along
the weld line because of galvanic effects related to
entrapped oxides and differences in microstructure of
the weld. The net result was crevice (selective)
Zorrosion, which developed an external deep narrow
crack-like groove that extended across the wall of the

Pipe and was the origin of the failure."



It was found that selective corrosion had reduced the wall
thickness from 0.257 inches to 0.170 inches along the edge of the
weld near the origin of the failure. The susceptibility of the
weld line to localized corrosion was evidenced by loss of metal
along the bond line, in some sections to more than 90 percent of

the wall thickness.

Figures B-1, B-2, B-3, and B-4 (Appendix B) illustrate the highly
confined and directional nature of the selective corrosion. The
schematic¢ reconstruction of Figure B-4 is based on evidence
obtained from the preceding fiqures and illustrates a nearly

complete penetration of the pipe wall.

2.2 Southern Union Gas Company

In March 1974, a 12-inch diameter x 0.250 w.t. (grade unknown) ERW
seam split occurred in a natural gas transmission pipeline. A
review of the metallurgical analysis of the Southern Union Gas

Company's failed pipeline resulted in the following conclusions:

(1) "The failure was a brittle fracture that initiated in a
crack in the longitudinal flash weld (one type of ERW
weld) of the A. 0. Smith pipe. The crack was caused by
crevice corrosion in the longitudinal flash weld that

was located at the bottom of the pipeline ditch."

A - 10



(2) "The localized crevice corrosion was due to the galvanic
behavior of the entrapped oxides and the microstructure
in the fusion line and heat affected zone of the flash
weld, combined with the anodic characteristics of the
crack tip associated with this type of corrosion. The
net result was a narrow crack-like groove which extended
though nearly the entire wall thickness of the pipe.
This groove grew through continued corrosion to the
critical crack size required to initiate the brittle

fracture.®

Figures E-5, B-6, B-7, and B-8 illustrate the features of the
crevice (selective) corrosion which bear a striking resemblance to
that of the incident discussed in section 2.1. This particular
pipeline was not coated, but was under "hot spot" cathodic
protection using anodes at regions of historically severe metal

loss,

Figure B-7 clearly illustrates the severity of selective corrosion
attack on the bond line. The dark line is the result of a
hydrochloric acid etch that has selectively attacked the weld bond
line. The accelerated selective attack is representative of the
slower selective corrosion attack under field service conditions

where cathodic protection is inadequate.
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2.3 Arkansas Louisiana Gas Company

In September 1984, the Arkansas Louisiana Gas Company Line S, a
20-inch diameter x 0.250-inch w.t. API 5LX-46 line pipe, ruptured
in the ERW seamn. Metallurgical studies were conducted on the
failed pipe and the conclusions suggested that the failure was
caused bv hydrogen stress cracking in a hard spot in the ERW seam.
Portions of the seam were found to have high hardness levels
(Rockwel. C43) consistent with susceptible martensitic grain
structures. The cathodic protection system was suspected to have
been charging the line to minus 1.2 volts which, in the presence
of a coating defect, could have resulted in hydrogen charging which
results in stress cracking. Such a high level of charging has also

been linked to coating disbondment.
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APPENDIX B

PHOTOS OF ERW SEAM FAILURES
IN GAS TRANSMISSION PIPELINES



Figure B-1

View of corrosion at flash weld in pipe adjacent to that
in which the fallure originated. The evidence Is that the
fallure originated at a location where similar corrosion
had occurred In the flash weld.



Figure B-2 1 X

Specimens from opposite sides of origin area showing
detalls of corrosion on outside surface at the weld.

The specimens are matched together as accurately as
possible based on fracture and surface detalls preparatory
to cutting cross sections for metallographic examination.



Figure B-3a

Figure B-3b

Figure B-3

Matching fracture faces of specimens shown In Figure B-2,
The black areas on the fracture face from the north side
(Figure B~-3a) appeared to be corroded crack faces that were
present prior to the rupture. The south side of the fracture
(Figure B-3b) was black and had & burnished appearance.
Indications are that the coating melted and baked onto the
surface, obscuring detalis of the fracture. -— The dashed
IInes show the location of the cross section shown in
Figure B-4, .
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Flgure B-4

Sketch based on evidence Indicated by Figures B-1, B-2, and
B--3 Illustrating how localized corrosion (corroded areas

shown by dots) along the flash weld extended across the wall
ard developed a deep narrow groove that had the effect of a

crack with sufficlent depth and length to Inltiate the
fallure.
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Figure B=-5

(lose-up views of crevice corrosion In the longitudinal
flash weld and locallzed attack of ad Jacent base metal.



Flgure B-6

Flash weld and base material illustratin
deep crevice corrosion in the flash
not uniform over the entire le
local ized areas.

g the location of the
veld. This attack was
ngth of plipe, but confined to



The first five types of discontinuities are manufacturing quality
control related while the other three involve an interaction
between manufacturing defects and some form of environmental

attack.
The reference numbers appearing in brackets indicate the specific
metallurcgical failure analysis describing the defect and its

relationship to the seam failure in Tables 1 and 6.

1. Lack_of Fusion

The most often encountered defect is lack of fusion. Figure C-2
illustrates a typical lack of fusion defect on the outside
diameter. Several reasons, such as power surges or interruptions,
contact arcing, insufficient upset, trapped oxides on the edge of
the skelp, or improper edge trimming, offer a possible explanation

for lack of fusion.

2. Hoolk Cracks

A typical hook crack is illustrated in Figure C-3. This type of
cracking occurs during the upset portion of the weld cycle. Such
defects typically occur in pipe containing nonmetallic inclusions.
In many cases, a hook crack results from the separation of adjacent
planes occurring during weld upset due to plane of weakness created

by the layer of inclusions between grain boundaries.



Figure B-7 10 X
HC1 Etch

Macro etched sample taken from an uncorroded area of the
Pipe showing the weld line. The deeply etched dark line
in the weld Il lustrates its susceptibility to accelerated
corrosive attack; a result of entrapped oxides and
microstructure of the weld |lne.
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10 X
HC1 Etched
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Flgure B-

g the crevice corrosion

penetrating partially through the weld.
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APPENDIX C

DESCRIPTION OF ERW PIPE FAILURE MECHANISMS



APPENDIX C

DESCRIPTION OF ERW PIPE FAILURE MECHANISMS

The ERW process under normal production conditions produces sound
welds, which, in the absence of environmental attack, will have a
long life. Figure C-1 illustrates a typical sound ERW weld seam
in section. During the welding process, a number of production
errors can cause defects in the finished weld. While these
producticn errors ére infrequent, they have resulted in failures.
Following manufacture, environmental factors, such as corrosion
and/or fatigue, can act upon welds whether defect free or not.
From Takles 1 and 6 summarizing failures in the seams of ERW
pipelines carrying hazardous liquids and natural gas, the available
metallurgical reports describing the causes of failure show that

most ERW failures are caused by one of the following:

1. Lack of fusion (external, buried, or internal)

2. Hook cracks

3. Nonmetallic inclusions

4, Misalignment (high/low)

5. Excessive trim

6. Fatigue/corrosion fatigque

7. Selective corrosion (crevice corrosion)

8. Hard spots subject to embrittlement and stress cracking
9. Fatigue at lamination/ERW interface



3. Nonretallic Inclusions

Trapped oxides cor particles, such as manganese sulfide, can exist
in the steel during the Plate fabrication states. Such inclusions
generally occur as linear regions following the grain flow during
plate rolling operations. During weld upset in the ERW welding

process, the grain flow patterns become curved as in Figure Cc-4.

4, Misezlignment

Some failures in the ERW seam have been attributed to the edges of
the plate not meeting in precise alignment. The result of such
misalignment is shown in Figure C-5. The upper figure shows the
typical geometry of misalignment which is eliminated by surface
grinding on the 0.D. of the pipe, but remains on the I.D. The
iower figure shows a magnified view revealing a fatigue crack

initiating at the toe of the misalignment.

5. Excessive Trim

Following the welding process, the excess flash is trimmed from
both the 0.D. and the TI.D. If the trimming cutter or wall
thickness are not pPrecisely matched, excessive trim can result as
shown in Figure cC-6. Such a geometry creates severe stress

concentrations which can result in crack initiation sites.



6. Fatigue

Fatigue cracking generally occurs in liquid lines if a preexisting
initiation site lies in a region of sufficiently high cylic stress.
Such initiation sites are shown in Figures C-2 through Cc-6. Figure
C-5 specifically illustrates a fatigue crack which has begun to
propagate through the pipe wall. Figure C-9 illustrates a fatique
crack which has propagated through the outer ligament of a

lamination at an ERW weld.

7. Selective Corrosion

Selective corrosion can occur along the carbon-depleted ferritic
bond line of an ERW weld seam. The actual mechanism is poorly
understood but believed to result from slight metallurgical and
electrocremical differences in potential, rendering the ERW bond
line anodic with respeCt to the rest of the weld. It appears that
the selective attack is promoted along the grain boundaries which
curve to the surface as a result of the upsetting step during
welding. Each boundary serves as a microcrevice susceptible to
corrosion attack. Figure C-7 illustrates two types of selective
corrosion involved in pipeline failures. Figures C-7(a) and C-7(b)
illustrate the variation in depth between two sections taken

approximately l-inch apart from the Williams pipeline in



Mounds View. Figure C-7(c) illustrates highly selective wedge-1like
attack along the bond line viewed hormal to the fracture plane of

the Semirce Pipeline.

8. Hard Spots

Failures can be caused by hard spots which may result during
manufacture from arc strikes, improper current or voltage control,
or accidental quenching of the heated microstructure. The
embrittlement associated with hard spots arises from the rapid
cooling which may produce a martensitic grain structure with high
hardness. Microcracks can initiate at hard spots and continue to
grow in service due to sulfide stress cracking, hydrogen
embrittlement, fatigue, or corrosion. Figure C-8 illustrates a
hard spot induced failure which was initiated on the 0.D. in the

darkly shaded heat affected zone of high hardness.



Figure C-1

Cross Section Hlustrating a Normal ERW Seam



Penetrator From the Outside Diameter

Lack of Fusion

jure C-2
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Figure C-3

Hook Crack Initiating From the Inside Diameter
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Figure C-5 Misalignment

(a) Misalignment on Inside Diameter (outside ground flush)

(b)  Fatigue Crack Initiating From Toe of Misalignment
(magnified view of (a))
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(a)

Section From Station 71.5 (b) Section From Station 71.78
WPL, Mounds View WPL, Mounds View

() Fracture Face of Seminoe Pipeline
Showing Selective Corrosion W
Nearly Penetrating Wall Thickness

Figure C-7  selective Corrosion



Figure C-8  Harg Spot Crack

Initiation From Heat Affected
Zone on the Outside Diameter
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TO: 2L NATURAL GAS PIPELINE TRANSMISSION OPERATORS AND ALL HAZARDOUS
LIQUID PIPELINE OPERATORS

The purpose of this letter is to advise you of recent fimdings relative
to factors cantributing to operational failures of pipelines constructed
with Electric Resistance Weld (ERW) pipe mamifactured prior to 1970. 1If
you have such pipe in your pipeline system, the Office of Pipeline
Safety recammends that you read the enclosed "Alert Notice”™ and take
gppropriate preventive steps.,

Sincerely,

“Utosr [T &a

Rickard L. Beam
Cirector
Office of Pipeline Safety

Enciosuyre



ALERT NOTICE

The Office of Pipeline Safety (OPS) has data on twelve hazardous
liquid pipeline failures that occurred during 1986 and 1987
involving pipe seams manufactured prior to 1970 by the Electric
Resistance Weld (ERW) process. The purpose of this notice is to
advise pipeline operators who have such pipe in their systems of
the data currently available to OPS and of actions which the
operator mnay take to reduce the risk of failure.

These recent failures have caused the OPS to reevaluate the
safety of continued operation of all pre-1970 ERW pipelines.

This reevaluation has included more definitive metallurgical
examinations of failed ERW seams. Of particular significance to
the OPS evaluation of ERW pipe is the failure of an 8-inch
diameter pipeline in Mounds View, Minnesota. The Mounds View
pipeline carrying gasoline which failed at 1434 psig had been
hydrostatically pressure tested to 1900 pPsig just two years prior
to this accident. An independent failure analysis conducted by
Battelle Columbus Laboratories concluded that the cause of the
Mounds View failure was selective corrosion in the ERW seam in an
area of inadequate cathodic protection. Similar metallurgical
tests have identified at least two other recent failures where
selective corrosion of the ERW seam in an area characterized by
coating disbondment and inadequate cathodic protection
contributed to the cause of the failure.

Studies of available data by the OPS staff have shown that ERW
seams have been involved in 145 service failures in both
hazardous liquid and natural gas pipelines since 1970, and that
of these failures, all but two occurred on pipe manufactured
prior to 1970. Although definitive metallurgical examination of
the failures, to establish cause, had not been done, selective
seam corrcsion appears to be a contributing cause of failure in a
significant number of these incidents.

Past OPS regulatory and enforcement actions have resulted in
hydrostatic testing of some ERW pipelines thus reducing the risk
of seam failures. First, when the gas pipeline safety standards
(49 CFR Part 192) were initially promulgated by OPS, natural gas
operators were required to establish an upper limit on operating
pressure for each pipeline. In many cases, the operator had to
perform a hydrostatic test in order to qualify the pipeline for
the desired pressure. Additionally, in 1980, the OPS promulgated
new regulations for highly volatile liquid (HVL) pipelines (49
CFR Part 195) requiring operators of those pipelines to test all
HVL pipelines to establish a maximum operating pressure not to
exceed 80% of a previous operating or test pressure. Further,
state or federal enforcement actions have required certain
hazardous liquid pipeline operators to hydrostatic test a number
of specific segments of their pipeline systems that had
experienced ERW seam failures. Collectively, these actions
involved the testing of thousands of miles of gas transmission,



highly veclatile liquid and other hazardous liquid pipelines.
This testing resulted in the removal from service of several
hundred joints of pipe having defective seams and provided
additional assurance of the integrity of the remaining pipe in
the testec pipelines. Pre-1970 ERW pipelines which were
hydrotested have, in most Cases, operated safely since they were
tested.

Therefore, in view of these recent findings, OPS recommends that
all operators reevaluate the potential for safety problems on
their high pressure pre-1970 ERW pipelines. All operators who
have pre-1970 ERW pipe in their systems should carefully review
their leak, failure, and test history as well as their corrosion
control records to ensure that adequate cathodic protection has
been and is now being provided. In areas where cathodic
protection has been deficient for a period or periods of time,
the operators should conduct an examination of the condition of
the pipeline, including close interval pipe-to-soil corrosion
surveys, selective visual examination of the Pipe coating, and/or
other appropriate means of physically determining the effects of
the environment on the pipe seam. If an unsatisfactory condition
is found, or if a pre-1970 ERW pipeline has not been hydrostatic
tested to 125% of the maximum allowable pressure, operators
should consider hydrostatic testing to assure the integrity of
the pipeline.



US Deparmment 400 Seventr Stree! Sw
of Tronsporkanon washington DC 20590
Researct and

Special Frograms

Agministrahion

TO: ALL NATURAL GAS TRANSMISSION OPERATORS AND ALL HAZARDOUS
LICUID PIPELINE OPERATORS

The purpose of this letter is to advise you of additional
findings since the January 28, 1988 "Alert Notice" relative to
factors contributing to operational failures of pipelines
constructed with Electric Resistance wWeld (ERW) pipe manufactured
prior to 1970. If you have such Pipe in your pipeline system,
the Office of Pipeline Safety recommends that you read the
enclosed copy of the latest "Alert Notice" and take appropriate
preventive steps.

Sincerely,

Lt e

Richard L. Beam
Director
OCffice of Pipeline Safety

Enclosure



ALERT NOTICE

On January 28, 1988, the Office of Pipeline Safety (OPS)
issued an Alert Notice advising pipeline operators who have pipe
manufactured by the Electric Resistance Weld (ERW) process of the
occurrence of twelve hazardous liquid pipeline failures and of
actions wihich operators may take to reduce the risks of similar

failures.

The continuing failure of ERW seamrs remains a matter of
concern to the Research and Special Programs Administration
(RSPA). S$ince the issuance of that Alert Notice, the RSPA has
data on e:ght additional hazardous liquid pipeline failures and
one on a ¢as transmission pipeline involving pipe seanms
manufactured prior to 1970 by the ERW process. Of the eight
additional hazardous liquid pipeline failures, two appear to be
due to selective corrosion of the ERW seam. As stated in the
1988 Alert Notice, seams with selective corrosion occurring in an
area of manufacturing defects may be particularly wvulnerable to
failure. However, the other failures appear to have resulted

from flaw growth of manufacturing defects in the ERW seam.

Two of these failures resulted in some of the most
significant spills (more than 20,000 bbls.) in recent years.
Both of these failures involved pipelines which had not been
hydrostatically tested in accordance with current standards. One

of the fa.lures occurred after the long-standing operating



pressure had been increased a relatively short period of time
before the failure. This increase in pressure clearly decreased
the margin of safety between the operating pressure and highest
pressure ever experienced during the life of the pipeline and
contributed to the acceleration of the growth of a defect to

failure.

The RSPA is planning to conduct research aimed at
characterizing ERW defects and their growth rates for a variety
©f environnental conditions, in addition to the pipe having
cathodic protection at less than standard pipe-to-soil
potentials, coating disbondment, fatigue, and corrosion fatigue.
If the research is successful, the resulting data could provide a
basis for establishing criteria regarding when an ERW pipeline

shculd be rehydrctested.

In view of the continuing ERW seam failures, OPS recommends
that all pipeline operators having ERW pipelines installed prior

to 1970:

(1) Consider hydrostatic testing all hazardous liquid
pipelines that have not been hydrostatically tested to
125 percent of the maximum allowable pressure, or

alternatively reduce the operating pressure 20 percent;



(2)

(3)

(4)

Avoid increasing a pipeline's long-standing operating

pressure;

Assure the effectiveness of the cathodic protection
system. Consider the use of close interval pipe-to-
$0il surveys after evaluating the pipe coating and

corrosion/cathodic protection history; and

In the event of an ERW seam failure, conduct

metallurgical examinations in order to determine the

Frobable condition of the remainder of the ERW seams in

the pipeline.
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