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FOREWORD

In response to concerns about managing the threat of stress corrosion cracking (SCC) in high-pressure
gas transmission pipelines, and in the light of recently introduced legislation concerning integrity
management plans focusing on high consequence arcas (HCAs), a group of five major gas
transmission companies initiated a joint industry project (JIP) in January 2006 to develop technical

ptromates-to-support-thekey processes—of-SCEmtegrity mamagenrent, mcludmghydrostatre-testing;
h-line inspection (ILI) and SCC direct assessment (DA). These partner companies include Spectra
nergy (formerly Duke Energy Gas Transmission), El Paso Pipeline Group, Panhandle Energy,
[ransCanada Pipelines Ltd. and Great Lakes Gas Transmission.

pr-profit organization with more than 127,000 members promoting the art, science add\practice of
hechanical and multidisciplinary engineering and allied sciences. ASME develops codes and
tandards that enhance public safety, and provides lifelong learning and téchnical exchange
pportunities benefiting the engineering and technology community. Visit www.asme.org for more

I
i
H
]
Hstablished in 1880, the American Society of Mechanical Engineers (ASME) is a professional not-
f
1
S
d
information.

'he ASME Standards Technology, LLC (ASME ST-LLC) is a not-for-profit Limited Liability
[ompany, with ASME as the sole member, formed in 2004 to cdiry out work related to newly
ommercialized technology. The ASME ST-LLC mission includes meeting the needs of industry and
overnment by providing new standards-related products and sefviees, which advance the application
f emerging and newly commercialized science and techrelogy and providing the research and
bchnology development needed to establish and maintain® the technical relevance of codes and
tandards. Visit www.stllc.asme.org for more information.
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ABSTRACT

This report includes a compilation of results obtained through a series of white papers developed as
part of a gas transmission company JIP addressing specific issues related to SCC in gas pipeline
HCAs. This report presents the overall project approach, findings and outcomes. The overall
outcome of the JIP has been the development and collation of a significant body of supporting

mformation; madeavartabte-topipehmeoperators—and-to-the prpetmemdustry; providmg-thebastsfor
sound decision making regarding the issues to be addressed when managing the integrity of pipelings
that are potentially subject to the threat of SCC. In particular, this report includes:

e A review and update of SCC experience in 130,000 miles of high-pressure gas pipelines.

e Validation of the ASME B31.8S criteria for determining segments and HCAs most likely to be
susceptible to high pH SCC.

]

e Demonstration that the modified ASME B31.8S criteria also are applicabl¢ to near-neutral plk
SCC.

e Development of guidelines and algorithms for prioritizing pipelinessegments and HCAs for SCC
assessment, and for selecting excavation sites most likely to show.evidence of SCC.

e Development of guidance for conducting SCC hydrostatic tests:
e Development of a categorization scheme for determining ¢rack severity and mitigation response.

e Development of a method for determining the interyals between re-tests when using hydrostati
testing, ILI or SCC DA to manage SCC.

©

e Provision of guidance for determining how many excavations are necessary during SCC DA.

—

e Development of a process for utilizing’,condition monitoring activities for SCC managemer
when low levels of SCC are experienced.

e Identification of revisions to impteve the existing ASME B31.8S guidance for SCC.

X
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1 SUMMARY

In response to concerns about managing the threat of stress corrosion cracking (SCC) in high-pressure
gas transmission pipelines, and in light of recently introduced legislation concerning integrity
management plans focusing on high consequence arcas (HCAs), a group of five major gas
transmission companies initiated a joint industry project (JIP) to develop technical rationales to

] 1 £ Qe - - — h T 1 1 s oyt . 1.
SUPPUIL UIC KUY  PIOCCSSCS U1 ST U HIUETILY  HIAalIdgTITITIIL, - IIICVTUUIITE - Iy UTUSLAatiC1CSULLE,  IIT=1ITIc

inspection (ILI) and SCC direct assessment (DA).

Uq

The JIP commenced in January 2006. This report summarizes the overall approach adopted durin
the JIP and presents the findings and outcomes obtained in a series of white papers addressing th|
specific issues that were identified by the JIP Steering Committee.

W

The overall outcome of the JIP has been the development and collation of a significant body d
supporting information, made available to pipeline operators and to the pipelirie’ industry, providin
the basis for sound decision making regarding the issues to be addressed when managing the integrit
of pipelines that are potentially subject to the threat of SCC. In particular, the JIP has delivered th|
following:

O U9 =

e A review and update of SCC experience in 130,000 miles\of high-pressure gas pipelines
incorporating data extending over more than 50 years and ineluding 87 in-service ruptures an
leaks. This database represents a substantial proportion‘ef the relevant operating experience i
North America.

= =Ty

e Validation of the ASME B31.8S criteria for determining segments and HCAs most likely to b
susceptible to high pH SCC, and demonstration;that the modified ASME B31.8S criteria also arp
applicable to near-neutral pH SCC, based on:the accumulated service experience.

(€]

e Development of guidelines and algorithms® for prioritizing pipeline segments and HCAs for SCC
assessment, and for selecting excavation sites most likely to show evidence of SCC, using th|
accumulated service experience and\latest research information.

(€]

2]

e Development of guidance forconducting SCC hydrostatic tests so as to deliver optimized benefit
for SCC integrity management.. These test conditions may differ from those for hydrostatic tests
conducted for other opetational reasons.

o Development of a eategorization scheme for determining crack severity and mitigation responsg
based on predicted failure pressure and estimated remaining life at the operating pressure. Th
sensitivity oferack severity to input parameters (pipeline attributes, crack growth rate an
assumptions made during calculations) has been examined.

== o

T

e Developnient of a method for determining the intervals between re-tests when using hydrostati
testing, ILI or SCC DA to manage SCC.

e +Provision of guidance for determining how many excavations are necessary during SCC DA.

e/ Development of a process for utilizing condition monitoring activities for SCC managemer

M

1 1 1 1 £ QO 1 2| retant 24l +1 3 s £l Taal 1
wICIT TO W IO VOIS OT O T T arC AP TITCIIC OO COTIS TS O Wt T O T OO CITIC e S OT— O tICT T CCTMTOTOE Y

for Integrity Management.

o Identification of revisions to improve the existing ASME B31.8S guidance for SCC and
preparation of alternative wording for consideration and balloting by the ASME Committee.
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2 BACKGROUND AND OBJECTIVES

As pipeline companies prepare integrity management plans for SCC, they are faced with the
challenge of complying with the regulatory requirements of US Federal Regulation 49 CFR Part 192
Subpart O and, at the same time, minimizing the risk of failures due to SCC. In some cases, the
required procedures may not be optimally effective to reduce such risks and, as such, they may divert

OO UICTS flUlll ITIUIC CffCLtiVC plUdeulUb. Ill Ut‘llCl Lasty, lt ib llUt UbViUub what bpcuiﬁu plUdeulCD
yould be most cost effective for the industry to employ to comply with the regulations. Some of the
host important questions relate to the most effective way to deal with a large number of high-
onsequence areas (HCAs), and determining appropriate procedures and re-test intervals ‘for
ydrostatic testing, in-line inspection (ILI) or SCC direct assessment (SCC DA).

Vhile it is recognized that each pipeline company must have individual integrity management plans
hat are tailored to the specific characteristics and history of the pipeline system, a common approach
b some of the key issues would be beneficial in dealing with the regulatory agencies, as well as
roviding guidance for developing an effective integrity management plan. SuclCan approach would
raw upon the key processes of integrity management outlined in ASME B3 1.8, including:

oy ot o A o il @ Nl e S < BiLae

Defining the basis for SCC susceptibility

Prioritizing HCA segments susceptible to SCC

Selecting the appropriate assessment method and assessment focation for each segment
Defining mitigation of SCC when found (including asséssing the severity of the SCC)
Determination of and basis for reassessment interval

Determination of additional preventive and mitigative measures.

—

h response to these issues, five major gas transmission companies initiated a joint industry project
(JIP) to develop a common approach to managing stress corrosion cracking in HCAs for natural gas
transmission. The five companies are:

Spectra Energy (formerly Duke Enetgy Gas Transmission)
El Paso Pipeline Group

Panhandle Energy

TransCanada Pipelines Ltd.

Great Lakes Gas Transmission.

'he overall aim of the JIP has been to develop the technical rationale to support each of the key
rocesses identified above.” Emphasis has been placed on the need for operators to show consistency
h their technical approach to SCC management, particularly regarding the development of compliant
olutions for HCAsvwhere SCC is a threat of concern. Technical consistency does not imply a
niform response,but rather a consistent framework enabling each operator the flexibility to adopt an
[pproach tailored to the attributes and SCC history of each line. The rationale has been based, to the
xtent pessible, on scientific knowledge of SCC, analytical models of behavior of pipe containing
tress-corrosion cracks and field experience from as many companies as possible.

(72T > T <> B B2 B el oo S S |

It hasbeen intended from the outset that the rationale will be made available for use by operators in

establishing their respective plans for managing SCC in HCAS. It has also been intended that the JIP
will develop any materials required to support the technical rationale, such as modifications to
completed recommended practices and standards.
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3

APPROACH

The JIP commenced in January 2006 and has been managed by BIZTEK Consulting, Inc. (Dr.
Raymond Fessler), with Dr. David Batte (Macaw Engineering Ltd.) and Mr. Mark Hereth (PPIC) as
technical advisers and project team members. The project has consisted of the following tasks.

Task 1. In consultation with the JIP Steering Committee, establish which issues should be

addressed and whether the technical rationale is already strong enough or whether more datp
or analyses are needed. For those answers for which there is insufficient teehnicgl
justification, determine what additional data or analyses are needed and possible, and' whethdr
the participants can provide any necessary additional field data.

Task 2. Prepare a “white paper” addressing each identified issue, including, where necessary
analysis of additional field data or construction/refinement of predictive niedels. Each whit
paper is thoroughly discussed and finalized in conjunction with the JIP,Steering Committee.

-

(4]

2]

Task 3. Present the provisional outcomes of the JIP at meetings’ with industry expert
(operators and technical consultants) to provide detailed technicdlscrutiny of the findings an
their implications and build a broader consensus across the industry.

Task 4. Present the provisional outcomes of the JIP at nieetings with DOT/OPS/PHMSA t
provide updates and understanding of the findings dnd~their implications for the integrit]
management of gas pipelines.

[y

= I

Task 5. Identify needs or opportunities for modifying and improving the existing guidancg
and legislation and develop technology packages to support changes.
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4 TASK 1 - CLARIFICATION OF ISSUES

The initial discussions with the JIP Steering Committee identified seven questions that are faced by
operators seeking to implement sound SCC management practices in line with integrity management
regulations. These questions were of particular concern because, in each case, the existing
regulations and guidance leave the decision on precisely how to proceed at the discretion of the

gperator—Theseverrquestions-are-setout-betow;and-themr-stgnificarce mrthecontextof themtegrity
thanagement process is illustrated schematically in Figure 1:

Question 1: On what basis should HCAs and segments be defined as SCC-susceptible?
Question 2: How should SCC-susceptible HCAs and segments be prioritized for assessment?
(

uestion 3: Where hydrostatic testing, SCC DA or crack detection ILI have been.Chosen as the
assessment methods, what are the appropriate re-test intervals?

Question 4: What is the appropriate procedure for hydrostatic testing?

(Question 5: When using SCC DA, where is the best place to dig and how, /many digs should be
conducted? (This question was subsequently divided intotwo' parts.)

Question 6: How should crack severity be defined, and how should severity determine what kinds
of remedial actions are appropriate?

Question 7: What additional preventive and mitigative~measures are appropriate for SCC
condition monitoring, and how can they:b& used to enhance confidence in the
management of SCC?

N

\ further question concerning the performance of ILIteols for detecting and sizing SCC was deferred
gending future developments in ILI technology.
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5 TASK 2 - RESPONSES TO QUESTIONS

For each of the questions identified above, a white paper was prepared and finalized in consultation
with the Steering Committee, after presentation and discussion of the findings at a meeting of
industry experts, and after several meetings with PHMSA representatives. The white papers are
attached as appendices to this report and are summarized below.

7.1

.1 Question 1: On what basis should HCAs and Segments be defined as
SCC-susceptible?

ASME B31.8S gives guidance as to which gas pipeline segments should be considered at gisk due to
§CC. The guidance, developed more than five years ago, utilizes operating stress andAemperature,
distance downstream from the compressor discharge, age, coating type and prior SCC Hhistory, and has
Reen incorporated into the integrity management rules in 49 CFR Part 192 Subpart O«
]
q
1
t

[0 provide a platform for addressing Question 1, a large body of up-to-date information from in-
ervice failures, hydrostatic tests, excavations and in-line inspections relatitig’to 130,000 miles of
atural gas pipelines operating in North America has been collated and réviewed and is presented in
he attached Background Report (Appendix A).

'he collated information has been used to assess the effectiveness ofthe ASME criteria in providing
he initial definition of SCC-susceptible segments, including theimplications of the recently proposed
hodifications. The results of this analysis are presented in Appendix B.

o W s |

o]

any of the engineering judgments embodied in the origihal ASME criteria are still applicable to
igh pH SCC and are substantiated by the up-to-date’field experience. It appears that with the
roposed revisions the ASME criteria still provide “a good basis for the initial definition of SCC-
usceptible segments. The revised ASME criferia address over 80% of the in-service failures
ttributable to high pH and near-neutral pH-SCC in natural gas pipelines, and this figure rises to
round 90% when the specific circumstances’of the outlying occurrences are taken into account. The
evised criteria also address over 95% of-the hydrostatic test failures, and around 85% of the SCC
racks exceeding 10% through-walldepth found during excavations.

O = o oo wprs
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.2 Question 2: How-should SCC-susceptible HCAs and Segments be
prioritized for assessment?

o

nce the SCC-susceptible HCAs and segments have been identified for a pipeline system it is
ecessary to deterntinie in what order of priority they should be assessed.

=

The amount of information available to enable prioritization varies considerably from situation to
situation. For the first assessment, there may be little information other than basic pipeline attributes,
glthough/some operators may have access to data from CP monitoring, above-ground surveys or ILI
runs. «For” subsequent assessments, information from excavations of the HCA/segment of interest,
tpgether with excavation results from adjacent or similar segments, may enable better discrimination.

Guidance on prioritizing segments has been developed to take these variations into account and 1S
presented in Appendix C. A three-tiered approach has been adopted, based on the level of
information available:

Tier 1: Prioritization based solely on pipeline attributes and operating history, with no information
available from excavations or surveys
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Tier 2: Prioritization incorporating additional information available from monitoring and surveys,
IL1, excavations for other operational reasons, and any prior hydrostatic testing

Tier 3: Prioritization augmented by feedback from previous SCC assessments, leading eventually to
a series of pipeline-specific, weighted risk factors incorporated in an overall ranking model;
such a model could form the basis for quantitative risk analysis.

The individual factors have been identified, based on collective industry knowledge and up-to-date

e 1 M G raat 4—41 M | i VR | £ oz ol 11 | VB I A |
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SCC. Their integration into Tier 1 and Tier 2 Prioritization Protocols is illustrated.

5.3 Question 3: Where Hydrostatic Testing, SCC DA or Crack Detection ILI
have been chosen as the assessment methods, what are the appropriate
re-test intervals?

For HCAs that are classified as possibly susceptible to SCC, pipeline companies are required tp
undertake periodic assessments using hydrostatic testing, in-line inspection ©r, direct inspection. Rd
assessment intervals should be short enough to assure the safety of the pipeline but not so short thg
they involve needless effort and expense or subject the pipeline to needless pressure fluctuations.

-

In principle, the maximum re-inspection interval could be determined from the crack growth rate, th|
size of the largest flaw that could exist in the pipeline and the siz€)of a flaw that would cause a failuy
at the operating pressure. For companies that do not have spécific information about possible crac
growth rates on their pipelines, it is necessary to find angther means of determining the appropriat
intervals for reassessment; this is presented in Appendix.D.

o A O O

A model has recently been developed that provides a technical basis for establishing subsequer]
hydrostatic re-test intervals based upon the test pressure, the maximum allowable operating pressur
(MAOP), the tensile properties of the steeltand the length of previous intervals. The principg
assumption upon which the model is based<’s that a crack that already exists in the pipeline has
greater chance of reaching critical size than a crack that might initiate some time in the future. O
that basis, subsequent intervals can be calculated as

th = ty(a/B)

= & = (D =+

where
t, = length of the.next interval
t, = sum of thelengths of the previous intervals
a = difference between the test pressure and MAOP
B =difference between the pressure corresponding to the flow stress and the test pressure.

Predictions from the model have been tested against histories of 13 valve sections that hav
experienced either high-pH or near-neutral-pH SCC and have been subjected to multiple hydrostati
re=tests. Within those 13 valve sections, eight in-service failures occurred after the initial hydrostati
tests. Five or six of those eight probably would have been prevented if the intervals from this metho

=G O O

trad-beem used Tather tharm the ones tiat were, but 1o Thore Te-tests, 1 totatl, woutd rave been required.
The only two service failures that would have occurred with a 3-year first interval and subsequent
intervals determined from this method occurred on a valve section that had been tested to only 90%
SMYS.

Reassessment intervals for ILI can be established in two alternative ways. If accurate measurements
of crack sizes are available from successive runs, crack growth rates can be calculated by comparing
the sizes of specific cracks at the two different times. However, if sufficiently accurate data are not
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available to follow the growth of individual cracks, the maximum size crack that is left in the line can
be used to calculate an equivalent hydrostatic test pressure, and then the hydrostatic re-test model
above can be used to establish subsequent intervals.

The appropriate action following SCC DA will depend upon the severity of cracks that are
discovered. A scheme of responses has been developed based upon the severity categories developed
in answer to Question 6 (see below). For the most severe cracks, an immediate pressure reduction
should be implemented, followed as soon as possible by an assessment that covers 100% of the

segment. If cracks of intermediate severity are found, the response takes into account the possibility
that a more severe crack may exist (undiscovered) elsewhere in the segment. If inconsequential
dracks are found, more digs should be conducted until no larger flaws are found. If no cracks |are
found at the location that is expected to be most susceptible, no additional actions should be required
hefore the next scheduled assessment.

rd.1

).4  Question 4: What is the appropriate procedure for Hydrostatic Testing?

_—

Iydrostatic testing has proved to be a very effective way of managing “SCC in buried gas
transmission pipelines. Appendix E sets out the issues to be considered in detetmining the optimum
pst procedure.

=

rom a technical perspective, the optimum procedure for a hydrostatic test involves a short pressure
pike at a relatively high pressure followed by a leak test. The spike pressure should be as high as
ossible within the range of 100 to 110% SMY'S but should not'be so high as to cause bulging of the
ipe or a large number of failures. The hold time should be ‘enly long enough to verify the pressure
and not more than 1 hour.

oo Ml oo R 2 B o

'he leak test can be performed either by maintaining afower water pressure for a longer time or with
Jame ionization after the pipeline is re-pressured ‘with gas. If a water-pressure test is used, the
ressure should be at least 10% lower than the-spike pressure and 10% higher than the maximum
llowable operating pressure. Typically, 8 hours is sufficient to stabilize the pressure, but shorter
mes may be enough if the pressure remaing_¢onstant.

[l < ML o S e N S |

ccasionally, multiple failures have occurred when testing a given valve section. Over 70% of the
epeat failures have occurred at préssures equal to or greater than the previous failure pressure. Of
he remainder, none of the pressure reversals has exceeded 5% of the previous pressure.

o = A

5.5 Question 5: When using SCC DA, where is the best place to dig and
how many digs should be conducted?

'he assessment ofSCC-susceptible segments may utilize hydrostatic testing, ILI or excavations,
ither individudlly or in combination. When excavations are used, it is necessary to determine where
he excavatign$ should be located and how many digs are necessary to establish the severity of any
CC found:

Lo ot O

\ppendix F sets out an approach for determining where excavation sites should be located along a
cgment or HCA.

LN

The amount of information available to select excavation sites varies considerably from situation to
situation. For the first assessments, there may be little information other than basic pipeline
attributes; for subsequent assessments, information from excavations of the HCA/segment of interest,
together with excavation results from adjacent or similar segments, may enable better discrimination.
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Guidance on selection of excavation sites has been developed to take these considerations into
account. A three-tiered approach to site selection has been adopted, based upon the level of
information available:

Tier 1: Site selection based on pipeline attributes and operating history, with no prior experience of
SCC assessments and no information available from excavations or surveys.

Tier 2: Site selection incorporating additional information available from local monitoring and

I 1 J e £, +1 e 1
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Tier 3: Site selection augmented by feedback from previous SCC assessments, leading eventudlly 1
a series of pipeline-specific, weighted risk factors incorporated in an overall ranking|nrodel;
such a model could form the basis for quantitative risk analysis.

o

The individual factors are identified, based on collective industry knowledge<and up-to-dat]
operational experience, taking into account the independent risks from high pH and near-neutral p}
SCC. Their integration into Tier 1 and Tier 2 site selection protocols is illustrated.

== D

An approach for determining how many sites should be excavated in a segmeént or HCA is set out i
Appendix G. It is important to recognize that the purpose of SCC DA igdo provide assurance that
service failure will not occur before the segment is re-assessed. Itzis\not to find or remove every
stress-corrosion crack in the segment; none of the assessment approaehes can do that.

==

The guidelines are based upon the condition that the first dig.must be at the location in the segmer]
where the probability of SCC is judged to be highest, thus increasing the chance of finding one of th
most severe cracks. However, because there is a distinct possibility of missing the largest crack, extr]
conservatism has been added for SCC DA compared, tothydrostatic testing or ILI. That conservatisn
involves assuming the existence of larger cracks than are found.

= & (0 =+

If severe cracks are found, there is a possibility‘of a service failure in the near future; therefore, a
immediate pressure reduction should be implemented, followed as soon as possible by an assessmer
that covers 100% of the segment. If cracks of intermediate severity are found, the possibility of mor
severe cracks existing elsewhere in th€)segment should not be ignored, and the procedure is sg
accordingly. If no cracks are found at the location that is expected to be most susceptible, n
additional actions should be required before the next scheduled assessment.

U =+ O = =

5.6 Question 6: How should crack severity be defined and how should
severity determine what kinds of remedial actions are appropriate?

(=)

When cracks are found during excavation or ILI, it important to establish their severity in order t
determine whatthe mitigating actions should be and how urgently they should be undertaken. 4
hierarchy of erack severity categories and response categories has been developed, thereby ensuring
coherent eyerall process for timely, effective and safe mitigation whenever cracking is discovered.
These are-set out in detail in Appendix H and summarized below.

o>

Threshold depths and lengths are defined below which cracks are not considered to present any
immediate threat to integrity. The term “Noteworthy” has been applied to cracks that exceed thesp
thresholds, and is defined as follows:

An SCC crack or colony is of Noteworthy size if the maximum crack depth is greater than 10% of the
wall thickness and if the maximum interacting crack length (defined below) is more than the critical
length of a 50% through-wall crack at a stress level of 110% SMYS.

For Noteworthy cracks, categories of crack severity are based upon critical cracks at other stress
levels, using the actual interacting length and maximum depth. For example, taking 125% and 110%
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of MAOP in addition to 110% SMYS gives rise to a hierarchy of crack severity based on Predicted
Failure Pressure (PFP)' as follows:

Category 1: Predicted Failure Pressure is abovel10% SMYS

Category 2: Predicted Failure Pressure is above 125% MAOP and below 110% SMYS
Category 3: Predicted Failure Pressure is above 110% MAOP and below 125% MAOP
Category 4: Predicted Failure Pressure is below 110% MAOP

Category Zero: Is used to describe those cracks that are below the threshold for Noteworthy

cracks.

inally, cracks of any length that are greater than 30% through-wall depth, for which grinding is often
ot allowed by regulations, are grouped separately (These Deep Cracks also are categorized”as
Noteworthy).

'he formulation of these severity categories enables an estimate to be made of the. minimum
emaining life at operating pressure, for each severity category.” Estimates are based on the time
hken for the crack depth to increase to the critical depth to cause failure at the/@perating pressure.
or example, for a typical pipeline operating at 72% SMYS, using a representative growth rate of
.012 inch/year (0.3 mm/year) the following estimated minimum lives are obtained for each severity
ategory:

Category Zero: failure life exceeds 15 (short) to 25 (shallow)¢years

O O e oot = = =

Category 1: failure life exceeds 10 years
Category 2: failure life exceeds 5 years
Category 3; failure life exceeds 2 years
Category 4: failure may be imminent.

(racking revealed by excavation will normally beCground or buffed out in accordance with
gstablished procedures. Mitigation of the remainder of the pipeline segment should constitute a
measured response to the severity of the crack discovered, reflecting the predicted failure pressure
and the estimated life at the operating pressuré,> For example, Category Zero cracks may warrant no
hore than ongoing SCC condition momitoring and reassessment after a period of 7 years.
htermediate category cracks may, in addition, benefit from exploratory excavations or information
Fom “opportunistic” excavations conducted for other operational reasons. Severe cracks may be best
ddressed by hydrostatic testing or immediate ILI rather than SCC DA. The most severe cases would
ecessitate an immediate pressure reduction, and urgent hydrostatic testing or ILI, followed by
appropriate discrete or genefal mitigation. Deep Cracks will require immediate engineering critical
assessment to determine the-appropriate pressure reduction and immediacy of response.

= N

8.7 Question7:“What additional preventive and mitigative measures are
appropriate for SCC Condition Monitoring, and how are they to be used
to enhance confidence in the management of SCC?

The aim 0f SCC condition monitoring is to identify any evidence that the SCC risk is changing over
times ~SCC condition monitoring is a structured process for collecting, regularly reviewing,
interpreting and responding to all the SCC-relevant information obtained during ongoing operational

and 1ntegrity management activities; the process 1s set out 1n detail in Appendix K. It 1s principally
directed towards those segments that have been identified as SCC-susceptible but which, when
examined, are found to contain little or no cracking.

1 Various technical issues related to predicting failure pressure are discussed in Appendix .

2 Various technical issues related to estimating remaining life are discussed in Appendix J.

10
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The main information sources for SCC Condition Monitoring are

Site surveys and ILI results

Excavations undertaken for reasons other than SCC
Operational records

Terrain, drainage and land usage reviews

Other operator experience

Research and development outcomes.

1

The SCC Condition Monitoring process leads to an auditable overall procedure for recording-ani
reporting the results and outcomes. The process either validates or drives changes to the opérator’
integrity management plan and enhances confidence in the management of SCC threats.

It is recommended that SCC condition monitoring should be considered as ah))“equivaler]
technology” for those pipeline segments that require ongoing SCC threat managemént, but which o
first assessment reveal little or no SCC, for as long as the risk of SCC is demonstratéd not to increase

172 =

= -
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6 TASK 3 - INDUSTRY AND PEER REVIEWS

It was considered important at the outset that the findings of the JIP should be subjected to critical
peer review both by technical experts and by experienced staff in other pipeline operating companies.
The primary objective was to ensure that the final outcomes would be technically and operationally
sound, and that they would be acceptable to the gas pipeline industry at large.

In January 2007, a three-day workshop was held in Houston to present the interim results of the JIP
nd obtain comments. Approximately 40 people, including representatives from 15 pipeline
perating companies, attended the workshop. A series of presentations was made, focusing on |the
raft white papers addressing the seven questions. The opportunity was taken to update attendees on
he experience of SCC in gas pipelines in North America and to demonstrate how the information had
een used to develop responses to the identified SCC integrity management issues.

During the course of the workshop, several other gas pipeline operators offered’ to submit data
escribing their experiences of SCC to be included alongside that of the JIP spensors. This allowed
he broadening of the database of background experience to include operatiohal experience for over
30,000 miles of high-pressure gas transmission pipelines, extending over.more than 50 years and
hcluding details of 87 in-service ruptures and leaks. This database represents a substantial proportion
f the relevant operating experience in North America.

[ N b B S e S € WO e ot o0

Between October 2006 and April 2007, the individual draft whité/papers were reviewed in detail by
echnical experts (who also attended the Industry Workshop):“\FPhese included Dr. John Beavers of
[C Technologies, Dr. John Kiefner and Mr. John MacKenzie of Kiefner and Associates and Dr.
Brian Leis of Battelle. Comments received from the reviewers together with those received during
he Industry Workshop were used, to revise and finalizéthe white papers.

[l = = Il =
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7 TASK 4 - INTERACTIONS WITH DOT PHMSA

From the outset of the JIP, it was considered important to maintain an active dialogue with PHMSA,
to ensure that the most up-to-date information was available both to Washington staff and to the local
audit teams during the program of Integrity Management Audits. The dialogue was initiated soon
after commencement of the project, and continued throughout.

In October 2006, two meetings were held between the JIP Steering Committee and representatives.g
PHMSA in Washington. A series of presentations was made to PHMSA, focusing on the draft-whit|
papers addressing the seven questions. The opportunity was taken to update PHMSA |on th|
experience of SCC in gas pipelines in North America and to demonstrate how the information ha
been used, together with other analyses, to develop sound procedures and practices for addressing th|
key issues arising during SCC integrity management. Ways to achieve broader indiistry exposure 9
the work were also discussed, as well as the possible implications of the results for the existin
guidance and legislation concerning SCC.

U0 = O &= O O =
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8 TASK 5 - INTERACTIONS WITH ASME

During the course of the JIP it became clear that it would be appropriate to seek revisions to ASME
B31.8S based on some of the findings. Accordingly, a small task force of JIP members and project
team members was formed in February 2007 to progress the issue. In June 2007, an initial
presentation was made to ASME concerning the outcomes of the JIP and the proposed revisions to
ACS1V] B §SAppendix—A: 0 erdIscussIo and-batotme by ASM O Cproposcd aIrge

qre continuing.
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9

CONCLUDING REMARKS

1

The overall outcome of the JIP has been the development and collation of a significant body of
supporting information, made available to pipeline operators and to the pipeline industry, providing
the basis for sound decision-making regarding the issues to be addressed when managing the integrity
of pipelines that are potentially subject to the threat of SCC.

In particular, the JIP has delivered the following:

A review and update of SCC experience in 130,000 miles of high-pressure gas pipelineg
incorporating data extending over more than 50 years and including 87 in-serviee rupture
and leaks. This database represents a substantial proportion of the relevant operatin
experience in North America.

Validation of the ASME B31.8S criteria for determining segments and HCAs most likely t
be susceptible to high pH SCC, and demonstration that the modified*ASME B31.8S criteri
also are applicable to near-neutral pH SCC, based on the accumulated-service experience.

Development of guidelines and algorithms for prioritizing pipeline segments and HCAs fo
SCC assessment, and for selecting excavation sites most dikely to show evidence of SC(
using the accumulated service experience and latest research'information.

Development of guidance for conducting SCC hydi@static tests so as to deliver optimize
benefits for SCC integrity management. These(test conditions may differ from those fq
hydrostatic tests conducted for other operationalreasons.

Development of a categorization scheme>for determining crack severity and mitigatio
response, based on predicted failure pressure and estimated remaining life at the operatin
pressure. The sensitivity of crack sgverity to input parameters (pipeline attributes, crac
growth rate and assumptions made\diiring calculations) has been examined.

Development of a method for' determining the intervals between re-tests when usin
hydrostatic testing, ILI or.SCC DA to manage SCC.

Provision of guidance fordetermining how many excavations are necessary during SCC DA,

Development of aSprocess for utilizing condition monitoring activities for SCC managemer]
when low leyels“of SCC are experienced, consistent with the requirements of “Othg
Technology™ for Integrity Management.

Identification of revisions to improve the existing ASME B31.8S guidance for SCC an
preparation of alternative wording for consideration and balloting by the ASME Committee.

uq 7
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APPENDIX A - FIELD EXPERIENCE OF SCC IN GAS TRANSMISSION
PIPELINES
1. Introduction

In the 40-year period since external stress-corrosion cracking (SCC) was first experienced in gas
transmission pipelines, a considerable body of field experience has been obtained in North America

Jome of this information has been published, but much more has been retained in company archives
and used to develop in-company practices and procedures for managing the threat of SCC.

Vith the advent of regulatory requirements for formal integrity management plans for gas
Fansmission pipelines, it has been necessary to develop guidance for addressing SCC. Guidance such
s that embodied in ASME B31.8S [1] has been based on the collective experience and khowledge of
hdustry experts, incorporating such operational experience as was available at the time. For
xample, the ASME guidance on identifying which high consequence areas are S€C-susceptible is
ased on the information available five years ago.

During recent years, a substantial amount of additional field knowledge hasvbeen obtained by gas
ipeline operators. Hydrostatic testing programs and excavation programs have generated a large
umber of records, and in-line inspection (ILI) crack detection ,vehicles have been run on a
evelopmental basis in several pipelines. Hence, it is timely to collatg)the information now becoming
vailable and establish/confirm the patterns and trends that can b&dised to maximize the effectiveness
f SCC Integrity Management Plans.
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'he opportunity to undertake such an exercise has arisen ‘during the ongoing Joint Industry Project
JIP) on “Management of Stress-Corrosion Crackingsin® High Consequence Areas.” This report
ollates the detailed records from SCC investigations. (hydrostatic tests, excavations and ILI) made
vailable by the JIP participants, and compares them with those seen in other published work. The
esulting trends and patterns in field experience“will be used to form the basis for guidance on the
ritical decisions to be made by operators during the implementation of their SCC management plans.

[Nl T < o M N |

Data Sources
.1 Data Provided by the JIP Participants and Other Operators

A1l the JIP participants are opgrators of substantial systems for the transmission of dry natural gas in
arious locations in North,America. All the JIP participants have some prior experience of SCC in
heir pipelines; in some-instances this dates back to the earliest in-service ruptures and leaks in the
hid-1960s. Experienceéjspans both high pH and near-neutral pH SCC.

| &Y
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During the courseof the JIP, several other operators with similar operational experience of SCC
ffered detailed“information for inclusion in the survey. This information has been added to that
rovided by.the JIP participants and is included in the analyses presented below.

A1l thesg<operators have taken active steps to manage the threat of SCC. As a result, the individual
perators have amassed substantial amounts of field information from hydrostatic testing, excavations
nd’ILI, relevant to their individual operational needs.

o T N o T e N |

)

The information gathered from the JIP participants covers several types:

Pipeline attribute information:
Pipeline age, diameter and wall thickness
Pipe grade and coating type
Operating pressure

16


https://asmenormdoc.com/api2/?name=ASME STP-PT-011 2008.pdf

Integrity Management of SCC in HCAs STP-PT-011

How and where SCC was discovered:
Date and means of discovery
Location

The extent and nature of SCC found:
Type of SCC
Size, depth and number of crack colonies
Size, depth and number of individual cracks.

During this exercise, no attempt was made to collect information on the environmental,
electrochemical and conditioning parameters that might correlate with the location and extent df
cracking, such as coating degradation, CP system performance, terrain and soil texture/type:

Similarly, no attempt was made to collect information relating to operating temperatures at g
immediately downstream of compressor discharges. Previous work [2]-[6] has. indicated th
relevance of temperature to coating degradation and crack formation, particularly,for high pH SCd.
However the key information relates to historical operating practices, before/operators reduced thef
compressor discharge temperatures in the 1980s, and this is extremely “difficult to obtain fron
company archives. Distance downstream from compressor discharge«is,a valid surrogate for th
missing information.

o =

O = =

The information provided by the JIP participants is best describedtas‘a series of individual datasets, as
follows:

(a) In-Service Ruptures and Leaks, Hydrostatic Tests

Dataset 1

Consisted of around 135 records from in-service_failures and hydrostatic test failures dating from the
1960s to 2005, on pipelines coated with coal tar. “All the occurrences were recorded as high pH SCC

Dataset 2

Consisted of around 380 records from.hydrostatic tests conducted between 1985 and 2005, on pipe
that were predominantly coal tar coated. SCC failures occurred in about 4% of the hydrostatic tests;
the rest were completed without SCC failures. All the SCC was recorded as high pH type.

Dataset 3

2]

Consisted of around 90 (records from in-service occurrences and hydrostatic test failures, occurrin,
between the mid-1960s.and 2002, on pipes that were predominantly coal tar coated. All the failurg
were recorded as due to high pH SCC.

Dataset 4

Consisted of-around 65 records from in-service occurrences and hydrostatic test failures, occurrin,
between.the mid-1960s and 2000, on pipes that were tape-coated. All the in-service occurrences an
hydrostatic test failures were recorded as due to high pH SCC.

Dataset 5

Uq
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Consisted-of-around—60-recordsfrem—in-serviceoecetirrenees—and hydrostatietestfatlures,oeeenrring
between the late-1960s and 2005, on pipes that were coal tar coated. All the failures were recorded as
due to high pH SCC.

Dataset 6

Consisted of over 360 records from in-service failures and hydrostatic tests conducted between the
mid-1980s and 2005, on tape-wrapped, asphalt and coal tar coated pipelines. Around 11% of the
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hydrostatic tests produced failures; the rest were completed without SCC failures. All the SCC
occurrences were recorded as near-neutral pH SCC.

Dataset 7

Consisted of around 20 records from in-service failures and hydrostatic tests dating from 1995 to
2005, on pipelines coated predominantly with asphalt. The failure occurrences were recorded as
near-neutral pH SCC.

Dataset 8

(onsisted of records of 7 in-service occurrences and 3 hydrostatic test failures, occurring betwéen
1993 and 2003, on pipelines predominantly coated with asphalt. The occurrences were recorded as
§CC having a mixture of transgranular and intergranular fracture features, and, because the type of
§CC is uncertain, they have not been included in the analyses that follow.

Dataset 9

(onsisted of around 20 records of in-service occurrences and hydrostatic test failures, occurring
Hetween the early 1970s and 2005, on pipelines coated predominantly with asphalt. Most were
recorded as near-neutral pH SCC, and a few were recorded as high pH SCC,

b) Excavations
Dataset 10

(
[
(onsisted of over 4000 excavation records, dating from~1994 to 2006, on pipes that were
pgredominantly coated with coal tar. The excavations werex‘Opportunistic,” having been undertaken
for other operational reasons. Around 140 (~3.5%) of the excavations had revealed SCC, all of it
high pH SCC.

[

(

It

i

Dataset 11

[onsisted of around 450 excavation recordsy dating from 1994 to 2005, on pipes that were
redominantly coated with coal tar. All of ¢the excavations had been undertaken in response to SCC
igsues and all revealed high pH SCC.

Dataset 12

[

Consisted of over 4000 records froin SCC excavations, dating from 1995 to 2006, predominantly on
asphalt-coated pipes but incliiding small proportions of most other coating types. Around 16% of the
gxcavations revealed SCC ‘colonies, all of it near-neutral pH SCC.

Dataset 13

hr coated pipés-between 1997 and 2005. Around 45% of the excavations revealed SCC, all of it

[
(onsisted of nearly~5000 records from 125 excavations conducted on tape-wrapped, asphalt and coal
t
recorded as'near-neutral pH SCC.

(c) Crack Detection ILI
Dataset 14

Consisted of information from three developmental ILI crack detection runs totaling around 85 miles,
on coal tar coated pipelines with a history of high pH SCC.

Dataset 15

Consisted of information from three developmental ILI crack detection run totaling around 26 miles,
on tape-wrapped and asphalt-coated pipelines with a history of near-neutral pH SCC.

Dataset 16
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Consisted of information from a developmental ILI crack detection run totaling around 140 miles, on
tape-wrapped and asphalt-coated pipelines with a history of near-neutral pH SCC.

The total content of all of the datasets is summarized in Table 1.

Table 1 - Summary of Information Provided by the JIP Participants and Other Operators

High pH SCC Near-neutral pH SCC
In-service ruptures and leaks 61 19
Hydrostatic test failures due to SCC 308 52
Hydrostatic test passes 367 331
Total hydrostatic tests 675 383
Total miles hydrostatically tested N/A 2396
Excavations finding SCC 583 757
Total excavations 4485 4351
SCC colonies recorded Several thousand 8894
Total miles excavated & examined N/A 46
Number of ILI Crack Detection runs 3 4
Number of miles inspected 80 165
Number of SCC defects >10% deep found 6500 800

2.2 Similar Information Available’from Other Sources

i

There are several important sources of(Similar information concerning the field experience of SC(
that can be used to reinforce and corroborate the experience of the JIP participants. Among these ar
the following:

Wenk [2]

Following the first occurrénces of high pH SCC in pipelines in the mid-to-late 1960s, PRCI NG-1B
Committee commissiongd Battelle to collect and review information relating to the in-service anfl
hydrostatic test failures. The field investigations relating to around 25 in-service failures and arounfl
250 hydrostatictest/failures were presented in 1974; the effects of proximity to compressor dischargg
year and location of installation, and circumferential position, on SCC occurrence were examined.
Some of thiese results are included in the datasets provided by the JIP participants.

Eiberand Leis [3], [4]

Inspreparation for developing a protocol to prioritize sites for high pH SCC, Eiber and Leis reviewefl
the information for around 40 in-service leaks and ruptures due to high pH SCC that had occurred

hefore 1997 The data were nced to determine the offecte of anerating ctrace  dictanca An‘xrnofrnurl
DCToHe—r Tt ero—thySa—to—actct tHE—CHH ot 01— 0P cdtiiE—Strooy—6t SOV H S
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from compressor discharge, coating type and age since installation on the likelihood of high pH SCC.
Some of these 40 in-service occurrences are included in the datasets provided by the JIP participants.

Canadian NEB Report [5]

The NEB Report into occurrences of SCC in Canadian pipelines reviewed the information for 10 in-
service ruptures and leaks that were due to axially oriented SCC in gas transmission lines; all had
occurred in the period from 1985 to 1996. The data were used to explore the relationship between
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SCC and operating stress, coating type, pipeline age and other potentially controlling parameters. All
these occurrences are included among the datasets provided by the JIP participants.

Fessler [6]

In a report for PRCI examining the state of the art of SCC research, Fessler reviewed the information
presented in the two reports above, together with several other published reports describing aspects of
in-service experience of both high pH and near-neutral pH SCC. Fessler examined the observed

| a| tad £l 4o 1 q . +o1] | . q 1 4 ot 4] 1a J .
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xperience.
LEPA Trending Studies [7]

ollowing the experience of SCC in Canadian oil and gas pipelines, CEPA initiated a program to
ollect information from excavations in which evidence of SCC had been sought. «The CEPA
atabase included information on over 13,000 near-neutral pH SCC colonies found inover 98 km of
xposed and inspected pipe. In the trending studies, the relationships between SCQO dccurrence and
perating stress, coating type, pipe grade and diameter, distance from compressor discharge and other
otentially correlating parameters, were explored. This information predates”the corresponding
atasets provided by the JIP participants.

paker Study [8]

h a study undertaken for DOT RSPA, Michael Baker conducted‘a survey of a large number of
ipeline operators in North America concerning their experiences: of the occurrence of SCC and its
hanagement. 23 of the 42 respondents had experienced SCE; totals in excess of over 50 in-service
ccurrences and several hundred hydrostatic test failures\were reported, though the extent varied
idely between respondents (and detailed information, from individual operators is not available).
Both high pH and near-neutral pH SCC were experie€nced; high pH SCC predominantly in the U.S.
and near-neutral pH SCC predominantly in Canada. Seven operators were interviewed in depth,
evealing that in some instances extensive hydrostatic test and excavation programs have been
ihitiated as part of the threat management process.

O
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Duke Energy Survey of Operator Expérience [9]

[
As part of the program to develop dng enhance their SCC Integrity Management Plan, Duke Energy
donducted a survey of operator éxperience concerning the occurrence and management of SCC.
Iburing this survey, informatiefizwas obtained on around 50 in-service leaks and ruptures, and several
Hundred hydrostatic test failures, due to high pH or near-neutral pH SCC. In addition, several
dperators provided informafion on their ILI and excavation programs (Several of the operators had
dlso participated in the Baker study reported above). Some of this information is included among the
data provided by the JIP participants.

H

Ii

1

a

d

Field-Related‘Studies for PRCI [10]-[19]

During therlast twenty years PRCI has initiated several studies that have included the collection,
eview and analysis of information from field investigations of SCC. Information from these studies
an beyused to comment, for example, on the shape, size and number of SCC defects recorded in the
atasets provided by the JIP participants.

Published Papers by Individual Companies [20]-[28]

During the last ten years or so several pipeline operators have published papers describing their in-
service experiences with SCC and the steps taken to manage the ongoing threat. These have included
details of in-service occurrences of both high pH and near-neutral pH SCC, and explorations of the
factors that correlate with them. Some papers have explored the application of ILI and excavation
programs for SCC threat management.
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3. Data Review and Analysis
3.1 Approach

The data review focuses principally on the detailed records provided by the JIP participants, and
explores the key parameters that have previously been found to correlate with high pH and near-
neutral pH SCC:

Where is cracking found?

Proximity to compressor discharge
Operating pressure
Coating type, pipe diameter
Pipeline age

What cracking is found?
Type of SCC

Numbers of colonies, depths, lengths and aspect ratios
Crack depths and lengths

To facilitate the analysis cracking has been grouped where possible accotding to severity, as follows:

Serious cracking:
Cracking that has already resulted in an in-service ‘rupture or leak, or a hydrostati
test failure

©

Noteworthy cracking:
Cracking that could develop into serious’ cracking during the life of the pipeling.
Specifically, this is taken to include all-cracks deeper than 10% of wall thickness anfl
all cracks longer than that which,-i£50% deep, would fail a hydrostatic test at 110%
SMYS (2 inches has been taken as typical)

Inconsequential (Category Zero) ctacking:
Cracking that is less than, [0% deep or less than 2 inches long.

The definitions of Noteworthy and Ineonsequential cracking are broadly consistent with those in th
CEPA Guidance document [29];-and are described in detail in a separate JIP Report “Defining crac
severity and remedial action.”

7~

It should be noted that thesrecords provided by the JIP participants do not always contain all th
specific information nécessary for full analysis. In the sections that follow, the reduced numbers o
records appearing ifi the tables, compared to the overall summary table above, reflect this lack g
specific information. Every attempt has been made to avoid introducing bias by selective use of th
data.

3.2 HighpHSCC
3.24.In-Service Ruptures and Leaks

T —h O

Proeximity To Compressor Discharge

Within a few years after the discovery of high pH SCC in gas pipelines it hecame apparent [2] [3],
[4], [6] that almost all of the in-service failures and hydrostatic test failures occurred within the first
few valve sections downstream from compressor discharges. Eiber and Leis [3], [4] reported that
65% of the 42 occurrences they reviewed were within 5 miles of a compressor discharge and 92%
were within 10 miles.
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The detailed information from the JIP participants reinforces this general trend, although the spread is
somewhat broader, as Table 2 shows, 89% of all in-service failures and 95% of all hydrostatic test
failures occurred within 20 miles downstream from compressors.

Table 2 - Effect of Proximity to Compressor Discharge on Failure Frequency (Datasets 1-6, 9)

Dist_ance, In-service failures Hydrostatic test failures
wailes Coal tar enamel Tape Coal tar enamel Tape
0-5 19 8 107 3
5-10 10 2 88 7
10-20 10 1 17 29
20-30 2 1 3 5
30-40 0 1 0 2
40-50 1 0 0 0
>50 1 0 2 1

L would appear that the slight change in the pattern, compared with that-found by Eiber and Leis,
tems largely from the results from one or two “problem” lines which have more extensive SCC than
he rest; in some instances the failures beyond 20 miles are preceded by failures within the 20-mile
egion.  Also, several of the failures at long distance have been‘associated with “bad” pipe or hard
pots.

[ T e T e 7 S N ]

or hydrostatic tests, it is necessary to take into account the bias introduced by the higher proportion
f tests undertaken near compressor discharges. An indication of the overall situation is given by
omparing the numbers of failures and passes obtained*during the first tests on each section. Table 3
hows that, notwithstanding the significantly reduced number of tests in the more distant valve
cctions, the proportion of failures is lower.

QLN O O

Table 3 - Proportion of Hydrostatic Tests Failing due to High pH SCC in Each Valve Section

Dperating Stress

(Dataset 2)
Valve section Number .of failures Total number of tests Total mileage tested
1 13 183 ~500
2 1 11 40
3-5 0 10 40
>5 0 4 5

ccurred at hoop stresses from 25% to 72% of SMYS, approximately two-thirds of them occurred at

q
Kiber and Leis [3], [4] presented data for 39 in-service occurrences, indicating that, while they have
g
Hoop-stresses above 60% SMYS.

ﬂllC lchldb PlUVidCd 1U-)’ tllC JIP l)al‘tibi})dlltb D}lUW tlldt, UVCldll, 87“0 Uf ill'bCl Vi\.«C faﬂul S aud 9()“0 Uf
hydrostatic test failures were in pipelines designed to operate at 60% SMYS or above. Almost all the
reported failures below this threshold, at 33-60% SMYS, were in pipes with diameters of 12 inches or
less, as Table 4 shows. Also, only leaks (i.e., no ruptures) occurred below 48% SMYSS.
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Table 4 - Effect of Operating Stress on Failure Frequency for High pH SCC (Datasets 1, 3, 4, 5,

6,9)
% SMYS In-service failures Hydrostatic test failures
<12” diam | >12” diam | <12” diam | >12” diam
<30 0 0 0 0
30-40 2 0 0 1
40-50 3 0 10 0
50-60 2 0 0 1
60-70 0 9 0 37
>70 4 33 0 250

Pipe age

There has been a steady number of in-service failures due to high pH SCC evereince the earliest in
service occurrences. As Table 5 shows, the number averaged around 1.5 oCeutrences per year ovdr
the 40-year period from 1965 to 2005.

Table 5 - Frequency of In-Service Failures due to High pH SCC in‘the last 40 Years (Datasets 1,

3! 4! 55 9)
Year 1965-70 | 1971-75 | 1976-80 | 1981-85 | 1986-90 | 1991-95 | 1996-00 | 2001-05 | 2006-
Number of failures

7 ‘ 12 ‘ 1 ‘ 11

7 ‘ 10 ‘ 8 ‘ 4 ‘1

Eiber and Leis [3], [4] presented data for 42:in-service occurrences showing that, while the earlieg
incident occurred 6 years after installation)\in more than 80% of the affected pipelines, SCC failurg
did not occur until after 20-30 years(Service. The information provided by the participants i
consistent with this pattern; as Table\6-shows, all but two of the in-service failures have been on pip
more than 10 years old.

o 7 =

Table 6 - Age of Pipelines-When In-Service or Hydrostatic Test Failures Occurred due to High
pH SCC (Datasets 1, 3, 4, 5, 6, 9)

Age at-time’ of occurrence, Number of in-service failures Number of hydrostatic test failures

years

0-10 2 0

10-20 10 100
20-30 17 59
30-40 10 70
40-50 14 49

>50 4 22

The information for hydrostatic test failures is also included in Table 6 and shows that no hydrostatic
test failures have occurred within 10 years of installation. It also shows that hydrostatic test failures
are continuing to occur, up to more than 50 years after installation.

The information provided by the JIP participants shows that the minimum life prior to failure was 6
years for tape-wrapped pipe and 18 years for coal tar coated pipe, and that no in-service occurrences
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and only one hydrostatic test failure have occurred on lines installed after 1960. However, no
hydrostatic tests have been undertaken on recently installed lines, and those installed since around
1980 have largely utilized fusion bonded epoxy (FBE) coatings.

Coating Type

Eiber and Leis [4] reported that, out of 30 in-service occurrences for which information on coating
type was available, 22 had coal tar or asphalt coatings and 6 had tape coatings, with one each for
greanastrec=coarca—anaoarcpP1rpc: VW T TTOW—SUTUSPCC Ta TCTarare T oarcpPpTProvanTy—wasauc 1o
ear-neutral-pH SCC. The one SCC service failure in bare pipe occurred about 20 years before it was
ecognized that there were two forms of SCC—high pH and near-neutral pH. The original failure
qnalysis, which was conducted by Fessler, merely indicated that the cause was SCC without
pecifying which type. However, the failed pipe had the common features that now are asseciated
ith near-neutral pH SCC.

he information provided by the JIP participants included 61 in-service occurrences where the
doating type was identified; 44 were coal tar coated, 16 were tape-coated and oneAwas asphalt-coated
(pn improperly-coated tie-in weld). There were also 298 hydrostatic test failures where the coating
type was recorded; 52 were tape-coated and the rest were coal tar coated.

he proportionately high number of coal tar coatings associated with-hydrostatic test failures is
largely due to the high number tested. It is also clear that a substantial proportion of the tape-coated
alve sections also failed; however, none of the three asphalt-coated’valve sections that were tested
niled.

.2.2 Excavations

wo datasets consisted of records from excavation® programs on pipeline systems coated
gredominantly with coal tar. The first contained over 4000 “opportunistic” excavations, of which
qround 3.5% revealed cracking. The second contained 495 excavations that had been undertaken in
response to SCC issues (ILI indications or adjacent in-service, hydrostatic test failures) on the line,
and that had revealed SCC.

The excavation records are dominated by-those for coal tar coated pipe. In the second dataset, for
gxample, more than 95% of those that\found SCC were on coal tar coated pipe, with the remainder on
wax (8), asphalt (1) and tape-wrapped pipe (1).

Kxcavations revealing cracking*were concentrated in the regions immediately downstream from
dompressors, in the same way-as for hydrostatic test failures. Table 7 shows that 90% of the cracking
was found within 20 mil€s of the compressor discharge.

Table 7 - Effect.of Proximity to Compressor Discharge on High pH SCC Found by Excavation
(Dataset 11)

Distance, miles Number of excavations with SCC

0-5 111

5-10 54

10-20 43

20-30 13

30-40 2

40-50 1

>50 2
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Excavations revealed that the extent of cracking depended upon both pipe diameter and operating
stress. Table 8 shows that, for pipes larger than 12 inches diameter, 90% of the cracking was found at
60% SMYS or above. However, for pipes smaller than 12 inches diameter, half of the cracking has
been found at 30-50% SMYS.

Table 8 - Effect of Pipe Diameter and Operating Stress on High pH SCC Found by Excavation
(Dataset 11)

Operating stress, % SMYS Number of excavations revealing cracking
<12-inch diameter >12-inch diameter
<30 1 0
30-40 3 1
40-50 15 2
50-60 2 27
60-70 13 199
>70 0 132

The excavations on coal tar coated pipe revealed anything from one£e-200 or more colonies of SC(.
Colony dimensions ranged from a few inches to 10 inches or mofe ‘in both axial and circumferentis
directions and contained anything from a few to 100 or more-individual axial cracks. In a few
instances, the colony shape appeared to have been inflieniced by the presence of local residug
stresses, for example at dents or adjacent to girth or seam welds.

—

—

There were a few excavations where cracking was“found under asphalt or wax coatings. Thesg
showed considerably less extensive cracking; around’10-30 colonies in each excavation.

Crack depth measurements were only recorded very infrequently. However, an indication of the
distribution of crack depths is obtained from.the remedial action taken (where recorded), as follows:

Cut out and replace pipe-section 40%
Grind and sleeve.répair 20%
Grind and re-coat 40%
Re-coat only 10%

For those colonies that’were remediated by grinding, the grind depth averaged 15% of the wall
thickness (maximum-30%).

Taken overallsthis information suggests that at least half of the SCC found by these excavations werg
less than 20% deep.

3.2.3 4k

One:dataset was provided by the participants, comprising three developmental ILI runs. The first tw
runs were from a trial in 1995. Two pipeline lengths totaling 55 miles were inspected, revealin
seven locations with SCC colonies/cracks exceeding 25% deep and six more with colonies/cracks 1

1 U9 J

25% deep (only the 20 deepest defects of all types were reported). The colonies were generally a few
inches long (maximum 15 inches).

The third developmental ILI run was completed in 2004, on a 30-mile section immediately
downstream from a compressor; this section had experienced a hydrostatic test failure some years
earlier. The ILI run revealed over 6500 indications exceeding the detection threshold of 15% depth,
characterized as high pH SCC colonies. The colonies were 1-50 inches long, and around 10% of

25


https://asmenormdoc.com/api2/?name=ASME STP-PT-011 2008.pdf

STP-PT-011 Integrity Management of SCC in HCAs

them were deeper than 30% through wall; cracking occurred around the entire pipe circumference but
tended to be concentrated in the bottom quadrant of the pipe. Colonies occurred out to 30 miles,
where the run terminated, but were less deep and less densely spaced as the distance downstream
from the compressor discharge increased (subsequent hydrostatic testing produced five test failures
between 7 and 25 miles downstream).

3.3 Near-Neutral pH SCC

rd

33 tin=-Service Rupturesand teaks

'he NEB Report [5] identified ten pipeline failures in Canada that were due to axially oriented neat-
eutral pH SCC, occurring between 1985 and 1996. Seven of these were on polyethylene-tape-
yrapped pipe, with two on asphalt-coated pipe and one on coal tar coated pipe (One of the\asphalt
pilures was associated with mechanical damage and the coal tar failure was at an ERW long seam
yeld). The great majority of these were reported to have occurred within the first valve sections
ownstream from compressor discharges.

O, < o= S

[he JIP participants provided details of 19 in-service ruptures and leaks due to fiear-neutral pH SCC
several of these were also reported by NEB). All but one of the pipes weredn, the range 20-40 inch
iameter; they all had been installed between 1957 and 1981 and had allsbeen operated at 69-78%
MYS. Table 9 shows that there has been an average of one failure per,year over the 15 years from
1990 to 2005.

OO 2

Table 9 - Occurrence of In-Service Ruptures and Leaks dueto Near-Neutral pH SCC (Datasets
6,7,9)
Year ‘ 1975-80 ‘ 1981-85 | 1986-90 ‘ 1991:95 ‘ 1996-00 ‘ 2000-05 ‘ 2006-
Number of 0 2 1 5 6 5 0
failures

Table 10 - Influence of Proximity to Compressor Discharge on In-Service Failures due to Near-
NeutralpH SCC (Datasets 6, 7, 9)

Distance from compressor, Coating type
miles
Tape-wrapped* Asphalt Wax
0-5 2 1 0
5-10 2 0 1
1020 1 3 0
20-30 1 0 0
30-40 0 1 0
40-50 0 0 0
>50 0 5 0

*Excludes one failure on a 8.625 inch diameter gathering line with no compressor

The age at which near-neutral pH SCC failures start to occur on a pipeline is dependent upon coating
type. For tape-wrapped pipes, the first in-service failures occurred after 12 years, whereas for asphalt
coatings the first failures occurred after 20 years, as Table 11 shows.
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Table 11 - Age at Which In-Service and Hydrostatic Test Failures Have Occurred due to Near-
Neutral pH SCC (Datasets 6, 7, 9)

Pipe age, Number of in-service and hydrostatic test failures
years Tape-wrapped Asphalt Wax Coal tar
In-service Hydro- In-service Hydro- In-service Hydro-test In-service Hydro-
test test test

0-10 o 5 5 Y 5 0 Y 0
10-20 4 4 1* 0 0 0 0 0

20-30 3 6 3 1 0 0 0 0

30-40 0 4 5 21 1 0 0 1

40-50 0 0 2 15 0 0 0 0
>50 0 0 0 0 0 0 Q 0

*Failure at mechanical damage
3.3.2 Hydrostatic Tests

The JIP participants provided details of 383 hydrostatic tests on_a-tptal of around 2400 miles g
pipeline, in response to concerns about near-neutral pH SCC. Of these, 52 failed due to near-neutrgl
pH SCC; as

)

Table 12 shows, two-thirds of the tape-wrapped failures-occurred within 20 miles downstream df
compressor discharges, but the failures in asphalt-coatéd pipe were distributed along the entirg
pipeline length.
Table 12 - Proximity of Near-Neutral pH.S€C Hydrostatic Test Failures to Compressor
Dischargées (Datasets 6, 7, 9)
Dist_ance, Number of hydrostatic test failures

miles Tape-wrapped* Asphalt Wax Coal tar

0-5 3 1 0 0

5-10 3 0 0 0

10-20 0 2 0 0

20-30 2 18 0 0

30-40 1 7 0 1

40-50 0 2 0 0

>50 0 7 0 0

* Excludes 5 failures on a 8.625 inch diameter gathering line with no compressor

Atll-the hydrostatic tests occurred on pipelines that had been operated at 70-80% SMY'S and the gredt

majority were on 20-42 inch diameter pipe.

3.3.3 Excavations

Following the experiences of near-neutral pH SCC in Canadian oil and gas pipelines, CEPA collected
data from excavations by pipeline operators in Canada. In total, over 13,000 colonies were recorded
in over 98 kilometers of exposed and inspected gas pipelines (predominantly from one operator).
Trending studies completed by CEPA [7] focused on colony density, expressed as the number of
colonies per meter of pipeline inspected, and revealed the following:
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Colony densities averaged around 0.3/m for tape-wrapped pipe but were generally less than 0.1/m for
asphalt-coated pipe.

Colony densities were higher in pipe operated above 50% SMY'S, for both tape-wrapped and asphalt-
coated pipe.

Colonies were found in tape-wrapped pipes ranging in age from less than 10 years to more than 30
years, and colony densities did not change significantly with pipe age.

(Colonies were found in asphalt-coated pipes over 10 years old.

(olony densities generally did not change with increasing distance from compressor discharges,-but
there was a sharp peak for asphalt-coated pipes at 25-30 km.

'he ratios of deep (>10%) to shallow (<10%) cracks were 1:10 or less for both tape-wrapped and
sphalt-coated pipes.

QO

'he JIP participants provided two substantial datasets containing a total of over 4300 €xcavations on
0-42 inch diameter pipelines, 17% of which revealed near-neutral pH SCC colenies. These datasets
yere not included in the CEPA trending studies described above. Becausg the two datasets were
btained during targeted excavation programs and the site selection criteria.were different, the results
are presented separately.

O < DD

The first dataset included records for four main coating types. As-Table 13 shows, asphalt-coated
gipes were excavated most frequently and showed the highest propertion of SCC “hits.”

Table 13 - Relationship Between Coating Types and:Near-Neutral pH SCC “Hits” from
Excavations (Dataset 12)

Coating type Number of excavations Number finding SCC
Asphalt 3185 591
Wax 640 61
Coal tar 126 2
FBE 89 0

It is noteworthy that none of‘th¢ excavations on FBE-coated pipe revealed any evidence of SCC.
Jome of these pipes had been-installed as early as 1980.

Table 14 indicates that)SCC colonies were found a considerable distance downstream from
dompressor discharges,/although the majority were within 50 miles. Table 15 indicates that all the
dolonies were in pipelines installed over 20 years ago, while Table 16 shows that all the colonies were
in pipelines deSigned to operate at above 60% SMYS.

Table 14 - Proximity of Near-Neutral pH SCC “Hits” to Compressor Discharges (Dataset 12)

Distance, Number of Number of excavations finding SCC
miles excavations
Asphalt Wax
All depths >10% deep All depths >10% deep

0-10 2773 280 19 19 8
10-20 488 71 22 4

20-40 573 218 57 10 6
40-80 471 26 2 28 9
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Table 15 - Effect of Pipeline Age on Near-Neutral pH SCC Found by Excavation (Dataset 12)

Installation date Number of excavations Number finding SCC
1965-1970 3031 420
1970-1980 286 36
1980-1985 828 238
1985-2000 81 0
Table 16 - Effect of Op. Stress on Near-Neutral pH SCC Found by Excavation (Dataset\12)
Stress, % SMYS Number of excavations Number finding SCC
40-50 18 0
50-60 45 0
60-70 143 17
72 4208 679
Table 17 through Table 20 show the corresponding information for the-second dataset, in which thg
largest proportion of records were for tape-wrapped and asphalt-coatéd pipe. For this dataset, the
majority of the colonies were found within 30 miles downstreami<of compressor discharges, in pipes
operating at above 60% SMYS and installed over 30 years ago.
Table 17 - Effect of Coating Type on Near-Neutral pH SCC Found by Excavation (Dataset 13)
Coating type Number ©of excavations Number finding SCC
Tape-wrapped 54 41
Asphalt 47 15
Coal tar 22 5
Table 18 - Proximity of Near-Neutral pH SCC “Hits” to Compressor Stations (Dataset 13)
Compressor Number of Number of excavations finding SCC
proximity, miles excavations Tape-wrapped Asphalt Coal tar
All depths >10% All depths >10% deep All depths >10%
deep deep
010 80 20 7 7 1 1 0
10-20 30 20 6 4 2 0
20-40 11 1 1 2 2 2 2
40-80 0 0 0 0 0 0 0
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Table 19 - Effect of Pipeline Age on Near-Neutral pH SCC Found by Excavation (Dataset 13)

Installation date Number of excavations Number finding SCC
1950s 5 1
1960s 51 15
1970s 43 26
1980s 21 18
1990s 1 1

Table 20 - Effect of Op. Stress on Near-Neutral pH SCC Found by Excavation (Dataset/13)

Operating stress, %SMYS Number of excavations Number finding SCC
50-55 8 8
55-60 1 1
60-65 8 2
65-70 8 1
70-75 50 24
75-80 34 17
80-85 13 8

The datasets indicate that the extent of cracking exposed by e¢xcavation depends on the coating type.
Hor tape-wrapped pipe, each excavation (typically one.or two pipe joints in length) frequently
revealed large numbers of crack colonies, sometimes up,to 100; each colony could be up to 15 inches
dr more in both axial and circumferential direction$.and could contain a large number of closely
spaced individual cracks. For asphalt-coated and wax-coated pipe, each excavation revealed typically
10-30 individual colonies, while for coal tar fewet’ than five colonies were generally found.

An illustration of the frequency of occurrenee of large and small colonies and cracks can be obtained
from these two datasets. Table 21 and Table 22 show the distributions of lengths and depths found;
for both datasets it is apparent that enly 10-20% of the colonies and cracks found on excavation were
sufficiently deep (>10%) and long:(>2 inches) to be classified as noteworthy.

[Table 21 - Distribution of Near-Neutral pH Stress Corrosion Crack Depths and Lengths Found
by Excavation (Dataset 12)

Length, inches Number of cracks according to depth, % of wall thickness
<10% 10-15% 15-20% 20-25% >25%
<2” 320 7 6 0 1
2:5™ 93 115 15 3 3
5-10” 36 5 12 8 9
10-20” 15 3 1 0 2
20-30” 16 0 0 2 3
30-50” 13 0 1 0 1
>50” 4 0 0 0 0
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Table 22 - Distribution of Near-Neutral pH SCC Colony Depths and Lengths Found by
Excavation (Dataset 13, Asphalt-Coated Pipe Only)

Length, inches Number of colonies according to depth, % of wall thickness
<10% 10-15% 15-20% 20-25% >25%
<2” 46 13 4 2 1
2-5” 38 8 4 1 0
5-10” 16 0 0 0 0
10-20” 11 0 0 0 0
20-30” 0 0 0 0 0
30-50” 0 0 0 0 0
>50” 0 0 0 0 0
3.3.4 ILI

Further information on the size and occurrence of SCC can be obtained,from Crack Detection IL].
Results from four ILI runs totaling around 165 miles have been provided by the JIP participant
(Table 23). These results provide a useful indication of the extemt-and depth of cracking in th
individual pipeline segments; for example, one dataset shows that 95% of the cracks discovered wer
too small to be classified as Noteworthy. However, the information is too limited to be of generg
value.

o O A

—

Table 23 - Summary of Near-Neutral pH SCC Results Obtained from ILI Crack Detection
(Dataset 14)

Number of Number of joints Number of joints with SCC cracks/colonies
miles inspected
inspected Allldepths 0-10% deep 10-25% deep >25% deep
~20 2252 36* 4 32 0
16 2200 24* 22 2
105 10500 92* 79* 12 1

*Not all the smallertdefects were confirmed as SCC.
4. Field Experience-from Other Operators

The Baker study [8] reviewed responses from 23 operators who had experienced SCC. In total they
apparently identified over 50 in-service occurrences and around 300 hydrostatic test failures due t
high pH and.near-neutral pH SCC.

|}

Elboudjaini; et. al. [24] reported on detailed studies following 22 hydrostatic test failures on a 16-inc
line opetated by Williams Northwest, constructed in 1960. The majority of the leaks, thought to b
duentohigh pH SCC, occurred within the first six miles downstream of the compressor. William|
NW have also reported [8] an in-service leak on the line, and have conducted Crack Detection ILI t
explore the extent of cracking.

O @7 O =5

Spitzmacher and Leeson [28] reported on detailed excavation and ILI studies following the in-service
rupture of a 16-inch diameter liquids line due to near-neutral pH SCC. A total of 282 crack-like
features were found immediately downstream of a pump station.

Marr and Davis [26] reported on the development of a predictive model for near-neutral pH SCC
following the failure of a 30-inch, X60 asphalt-coated line. (Kinder Morgan has reported separately
[8] that a total of six in-service failures and eight hydrostatic test failures were experienced). The
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model focused on using MFL to identify areas of light corrosion, together with above-ground survey
data to identify outwardly sound coating; these in combination led to SCC-promoting conditions.
Kinder Morgan has also explored the possibility that SCC correlates with pipe manufacturer.

Beavers [8] reported on the development of a predictive model based on an initial program of 450
excavations, on tape-wrapped and asphalt-coated pipes experiencing near-neutral pH SCC. The
strongest correlations were obtained with pipe manufacturer and soil type.

UuLWib‘llCll Ct a‘l [23], [25] aud ‘V‘V7all\cl, Ct. al. [22] dCb\/lPUCd t}lc dCVC}UPlllUllt Uf plcdi\,tivc lllUdC}b
Hased on combinations of excavation results and ILI (crack detection and MFL). MFL was used te
fentify areas of light corrosion, and crack detection data were used to identify possible areas\of
isbonding, to form the basis of the model.

o =

Kresic and Ironside [27] describe the Enbridge program for managing the threat of corrosion fatigue
and SCC on their oil pipelines, using ILI crack detection validated with excavations. ‘Cracking is
gndemic throughout the system, but in-service failures have been avoided- through active
rhanagement.

Ibuke Energy commissioned a survey [9] of the occurrence of SCC and/the” approaches to its
thanagement in 11 pipeline systems operated by a number of companies, alkof which had experienced
S§CC. Information reviewed related to 30 in-service occurrences, around 300 hydrostatic test failures,
several thousand excavation records and several hundred miles of ILL crack detection. Much of this
information has been incorporated in the present work.

This information has been taken into account, together with/the analyses described above, in
iflentifying the main patterns and trends reported below.

rd.1

). ldentification of Main Patterns and Trends

S

'he key findings from this collation and review are as-follows:

_—

High pH SCC

e Around 90% of the in-service ruptires and leaks due to axially oriented SCC are within 20
miles of compressors, but the spread has increased a little since the analysis by Eiber and
Leis.

e Around 95% of hydrostatic-test failures are also within 20 miles downstream of compressors.
The total is biased due-to'the high proportion of tests on first valve sections.

e Over 85% of in-service failures and over 95% of hydrostatic test failures have been in pipe
designed to operate above 60% SMYS. Most of the exceptions are pipes less than 12 inches
in diameter

o In-servi¢e failures have continued to occur at a steady rate over the last 40 years, as pipeline
age.indreases. Only two in-service failures, and no hydrostatic test failures, have been in
pipes less than 10 years old. In more than 90% of the affected pipelines, SCC did not start to
occur until after 20-30 years service.

o~ Over 70% of the in-service failures have been on coal tar coated pipe, with the remainder

being on tape-wrapped pipe. Elsewhere there have occasionally been reported instances on
asphalt coated and wax coated pipe.

e Where SCC has been found on coal tar coated pipe, excavations have revealed anything from
a few colonies to 200 or more. Colonies ranged from a few inches to 10 inches or more in
axial and circumferential directions. Each colony contained from a few to 100 or more
closely spaced individual cracks.
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e In a dataset of “opportunistic” excavations, less than 5% of the excavations revealed SCC,
and estimates suggested that more than half of the colonies were less than 20% deep. In one
developmental ILI run on a line with a history of high pH SCC, around half the pipe joints
contained cracks 15-30% deep but only one tenth of the cracks found were more than 30%
deep.

Near-Neutral pH SCC

coated pipe, with seven on tape-wrapped pipe and one on wax-coated pipe.

|2

e In-service failures on tape-wrapped pipes have mostly been within 20 miles downstieam o
compressor discharges, whereas those on asphalt-coated pipe have been distributed ‘along th|
entire pipeline length.

()

e Hydrostatic test failures on tape-wrapped pipes have mostly been‘wwithin 30 milg
downstream of compressor discharges, whereas those on asphalt-coated pipe have bee
distributed along the entire pipeline length.

-

e All the in-service failures and all the hydrostatic test failures have/been on lines designed t
operate at above 70% SMYS.

O

e In-service failures first occurred in 1985 and have contihued at an average rate of one pdr
year since the early 1990s.

e For tape-wrapped pipes, the first in-service failurés occurred 12 years after installatior],
whereas, for asphalt-coated pipes, the first failutes occurred after 22 years (excepting a failur]
at mechanical damage after 13 years).

w

e In targeted excavation programs, betwéen 5% and 80% of the excavations have revealefl
SCC.

e Excavations have revealed only limited cracking in pipes operated below 60% SMYSS.

=)

e Where SCC has been found\on tape-wrapped pipe, excavations have revealed anything fror
a few colonies to 100 or1more; each colony could be up to 15 inches or more in both axial an
circumferential directions and could contain a large number of closely-spaced individug
cracks.

—

e Where SCC has-been found on asphalt-coated pipe, excavations have revealed typicall
around 10-30 colonies, while on coal tar coated pipe less than 5 colonies have generally bee
found.

SRS

e Around 10% of the colonies and cracks found by excavation were sufficiently deep (>10%])
and{long (>2 inches) to be classified as Noteworthy. This is consistent with the findings df
the CEPA Trending Study.

General

Pipe joints that fail in service or during hydrostatic test due to SCC typically contain several deep
STCONAATy Cracks. WHENEVer deep Cracks ave beelt fournd, whether T comjunction with @ faiture
not, there always have been much larger numbers of shallow cracks (typically around 10 times as
many) in the vicinity. Therefore, if a portion of a pipeline is found to be free of shallow cracks, then it
is highly unlikely that nearby unexamined portions of the pipeline contain deep cracks and especially
near-critical cracks.

33


https://asmenormdoc.com/api2/?name=ASME STP-PT-011 2008.pdf

STP-PT-011 Integrity Management of SCC in HCAs

6. Discussion and Comments
6.1 Implications Concerning the ASME Criteria

The results presented above indicate that the up-to-date information from service experience,
hydrostatic testing and excavation programs largely substantiates the judgments made when the
ASME criteria were first formulated, and that in most instances they can be applied both to high pH
and to near-neutral pH SCC. However it is important to recognize the influence of the systemic bias

ifT The testing and excavation data that Tesulls from focusing tests on the arcas where SCC has been
found. There is a real danger that some of the findings become self-reinforcing. The true test of the
driteria, on which the main findings are based, comes from the in-service ruptures and leaks.

'he ASME compressor proximity criterion is substantially reinforced by the up-to-date information
pr high pH SCC, but not for near-neutral pH SCC. The proximity criterion incorporates the_possible
hfluences of several factors such as operating temperature, pressure cycling and coating degradation,
0 it is not surprising to find differences appearing as the pipeline systems get older,~Also, it must be
emembered that the proximity criterion is not a sharp discriminator; there will* continue to be
xceptions, as there were before. In particular, local situations such as the presenee of residual stress
hear girth of seam welds, dents and wrinkles) or poor coating application imay override the general
hfluence of compressor proximity, for some pipelines.

| carbli S e S 2 W ol o W S

ikewise, the ASME threshold stress criterion is substantially “reinforced by the up-to-date
hformation, with the exception of smaller-diameter pipes. There are difficulties in combining and
hterpreting data from different sources when % SMYS, MAOP and actual operating pressure
including pressure history) can all give slightly different pictutes. Hence it must be expected that the
tress criterion is not a sharp discriminator and there will\continue to be exceptions. In particular,
ubstantial load cycling such as that due to demand swings (power stations, etc.) may change the
attern considerably for particular parts of a pipeline§ystem.

'he ASME pipeline age criterion is now generally seen as over-conservative except for tape-wrapped
ipes. The initial identification of the SCE\problem was followed by a burst of “worst case”
ccurrences before the early mitigation strategies could take effect, for both high pH and near-neutral
H SCC. Cracking is continuing to deyelop in the older pipelines, and to some extent the problem is
ecoming more evident in areas where it was slower to initiate and grow, but there is not a need to
pply the same age restriction to mote recently installed pipe. It is encouraging that there have been
o in-service or hydrostatic test\failures on pipes installed since 1981. For pipe that has been re-
oated after some time in service, it appears more appropriate to consider the age as the time since re-
oating rather than the time-since construction, because the coating may deteriorate over time, but the
teel does not.

. O O = QO G OMND e T3 W D S e e e

[he influence of &oating type on SCC occurrences is strongly evident in the patterns of in-service
hilures, hydrostatic tests and excavations. Coal tar coated pipe appears at first sight to be most prone
b high pH SCC, but this in part reflects the high proportion of coal tar coatings used; tape-wrapped
ipe may be equally prone, but there is not sufficient information to draw this conclusion. It should
Iso be.noted that other coating types (asphalt and wax) are not completely immune to high pH SCC.
[ape<wrapped and asphalt-coated pipes are most prone to near-neutral pH SCC; wax and coal tar are
huch less affected but are not completely immune

o S Y < L o T v e o WSS |

The immunity of FBE-coated pipe to SCC is confirmed; up to 25 years experience has now been
obtained, both for originally coated (plant-applied) and recoated (field-applied) pipe. For other plant-
applied coatings (polyurethanes, extruded polyethylenes), there is no negative experience, but very
few of these pipes have been excavated. There is probably more extensive experience for liquid
epoxy (field joints, repairs) but, again, there is not yet sufficient positive evidence to justify ranking
liquid epoxy alongside FBE.
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In the preceding sections in this report, each of the ASME B31.8S criteria have been considered
individually. While this is informative in determining the applicability of each criterion, the overall
ASME approach utilizes all the criteria in combination. Hence it is appropriate to examine the
accumulated service experience in the same way and, in particular, to examine the reasons for the
“outlier” results.

In total, 87 in-service failure records were provided by the JIP participants and other operators; 61 are
due to high pH SCC and 19 are due to near-neutral pH SCC. A further 7, from one operator, are

described as mixed-mode and include 3 instances of circumferential cracking; as was indicatefl
earlier, these 7 results have been omitted from all the analyses.

-

One failure was due to SCC at mechanical damage, one was SCC at a wrinkle bend, one was SCC 3
a hard spot, two were SCC associated with a seam weld and one was SCC at an impreperly-coate
tie-in weld; these 6 results have also been discounted from further analysis.

——

Of the remaining 74 failures, there are 8 below the 60% stress criterion, 5,-beyond the 20-mil
distance criterion for high pH SCC and two within the 10-year age criterionyall are due to high p}
SCC. One outlier appears in two categories, giving a total of 14. Hence, overall, 60/74 = 81% ar
included when all the criteria are taken together; this figure reduces to 7% if only high pH SCC i
considered.

@ O =0

Looking at the 14 outliers in detail, the following points emerge:
e Only four of the 14 outliers are ruptures; the rest are leaks (one is not recorded).

o Eight of the outliers are in pipelines with diameters less than 12 inches.

—

e Four of these occurred in close proximity to%0ode another, in a production gathering line thg
experienced elevated temperatures from thégproduction facilities.

e The only two short-life failures are in.tape-wrapped lines and occurred over 30 years ago.

e One high pH SCC failure at 22 miles is in a line that had already experienced two earligr
ruptures within the 20-mile limit.

(€]

Depending on the weight given to:these considerations, the overall figure for failures addressed by th|
ASME criteria ranges from a minimum of 81% to around 90%.

The data for hydrostatic test failures have also been re-examined on the same basis. There are 368
results: 308 for high pH'\SCC, 52 for near-neutral pH SCC and 3 described as mixed-mode. Among
these results there are 25 outliers, 7% of the total; 12 of the outliers are below 60% stress and 13 arg
beyond 20 miles. Some of the special circumstances applying to the in-service failures also apply tp
the hydrostatic€ests. This supports the conclusion that around 95% of the hydrostatic test failures arp
addressed bysthe ASME criteria.

6.2 Comparison of Information from In-Service Failures, Hydrostatic Testsg,
Excavations and ILI

TFhe'information from excavations and ILI gives considerable insight into the relative frequencies df
eccurrence of differently sized colonies and cracks. CEPA used the measure of colonies/meter as p

usetul comparator of the extent ol cracking, but it has limited overall applicability; & colony density
of 0.1/m equates on average to every pipe joint containing one colony. The reported numbers of
excavations revealing cracking varied considerably in the present work; from 3% in an opportunistic
program to 80% in a targeted program. Hence it is difficult to make useful generalizations.
Nevertheless, it appeared that the ratio of deep shallow cracks found on excavation was around 1:10.
This gives the initial basis for estimating a “risk pyramid” relating event severity and frequency, as
follows:
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Event Experience Approximate Frequency Range
In-service failures 50 in 100,000 miles I joint in 100,000 to

1 joint in 10,000,000
Hydrostatic test failures 300 in 5000 miles tested 1 joint in 500 to
1 joint in 50,000

Noteworthy cracking (> 10% Deep) 10% of Inconsequential cracking 1jointin 10 to

1 joint in 1000

Inconsequential cracking 3% to 80% of excavations Every joint to
1 joint in 100
(learly, this is illustrative rather than quantitative, and the band-widths of estimated frequency of

ccurrence have been kept broad to reflect all the uncertainties. Nevertheless, it gives an‘indication
f the magnitude of the problem to be addressed though SCC threat management.

Qo 0O

[he information presented, and trends developed, during the study formed the basis for developing
uidance for operators in determining SCC susceptibility, prioritizing, segments and High
[onsequence Areas and selecting sites for excavation as part of their SCEMntegrity management
rograms.

la e M (o NI |
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APPENDIX B - DEFINITION OF SCC SUSCEPTIBLE HCA’S AND SEGMENTS

Question 1: On what basis should HCAs and Segments be defined as SCC susceptible?
1. Summary
ASME B31.8S gives guidance as to which gas pipeline segments should be considered at risk due to

SE€C—The gurdance Ts—based om operating stress—amd temperature, distance dowTrstreanT fronT the
compressor discharge, age, coating type and prior SCC history. This guidance has been incorpaqratef
into the Integrity Management rules in CFR 192 Sub-part O.

The ASME Guidance was developed more than five years ago and was based on the experience of in-
service failures and hydrostatic test failures between the mid-1960s and mid-1990s. Sinee that timg,
additional in-service and hydrostatic test failures have occurred and a substantial, number of SCC
excavations have been conducted.

To provide a platform for the development of sound, practical SCC integrity management plang
meeting the requirements of DOT PHMSA, a large body of up-to-date anhformation from in-servic
failures, hydrostatic tests, excavations and in-line inspections relating to130,000 miles of natural ga
pipelines operating in North America has been collated and reviewed. This information has bee
used to assess the effectiveness of the ASME criteria in providing the initial definition of SC(
susceptible segments. It has also been used to consider ther implications of the recently propose
modifications to the ASME criteria that will extend their applicability to include near-neutral pH SC¢(
as well as high pH SCC.

Many of the engineering judgments embodied in the\original ASME criteria are still applicable t
high pH SCC and are substantiated by the up-to-date field experience. Hence there is no overridin,
need to make changes to the criteria for susceptibility to high pH SCC. Most of the same criteria ar]
also applicable to near-neutral pH SCC.

= @ O
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On the basis of the information now available, it appears that, with the proposed revisions, the ASM]
criteria still provide a good basis for the initial definition of SCC-susceptible segments. The revise
ASME criteria address over 80% .of the in-service failures attributable to high pH and near-neutral p}
SCC in natural gas pipelines, andthis figure rises to around 90% when the specific circumstances o
the outlying occurrences are, taken into account. The revised criteria also address over 95% of th|
hydrostatic test failures,~and around 85% of the SCC cracks exceeding 10% through-wall depth,
found during excavations:.

T = = = (O

2. Introduetion and Background

=]

One of the first\steps undertaken during a SCC Integrity Management Program is to determine fo
which segmients in the pipeline system SCC should be considered a threat (i.e., it may cause th|
pipeline (to) leak or burst within its lifetime). The primary reference for determining this is th|
guidance in ASME B31.8S:

HCAs must be assessed for risk of SCC if all of the following conditions are present:

[CEY]

1. Operating Stress > 60%

2. Operating temperature > 100°F

3. Distance from compressor station < 20 miles

4. Age> 10 years

5. All corrosion coating systems other than fusion bonded epoxy (FBE).
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In addition, ASME B31.8S requires that each segment that has experienced a service incident
or hydrostatic test break caused by SCC must be evaluated unless the conditions that led to
SCC have been corrected (e.g. by pipe replacement).

The ASME Guidance was formulated by an ASME Task Force in 2001. It was based on sound
engineering judgment taking into account the information and experience available at the time. The
susceptibility criteria specifically address only high pH SCC and, since 2001, considerable additional
knowledge and experience have been accumulated both for high pH and for near-neutral pH SCC.

However, recently proposed revisions to the ASME criteria will extend their applicability to include
rlear-neutral pH SCC as well as high pH SCC. In the proposed revisions, the same criteria are applied
tp both types of SCC, with the exception of the distance criterion, which is disregarded if there,is
gvidence of near-neutral pH SCC or if conditions conducive to near-neutral pH SCC are theught to
gxist.

Hence it is timely to revisit the criteria and examine the extent to which they can now be used to
define SCC-susceptible segments.

[0 address these issues, field experience concerning the occurrence of SCC in around 130,000 miles
f natural gas pipelines operating throughout North America has been{provided by the JIP
articipants (and by a few other operators), much of it obtained since>the ASME Guidance was
riginally developed; in total, the data include records of 87 in-servicé ruptures or leaks, more than
100 SCC hydrostatic tests, almost 9000 excavations and over 200 miles of ILI, undertaken to
hvestigate high pH or near-neutral pH SCC. This has been augmented where possible by published
hformation. The detailed analyses of all the information and the.key findings are presented in the JIP
Background Report.”

[his information has been used to explore the “validity™of each individual criterion in the ASME
huidance, in the light of the information now available. In particular, it has been used to examine
vhether each criterion is relevant to both structurally significant cracks and smaller less-threatening
racks, and whether similar criteria can be appliéd for both high pH and near-neutral pH SCC.

Q < A [ il e S S o Wil o S o M S |
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. Comparison of Service Expérience with Individual ASME Criteria
3.1 High pH SCC

ocation With Respect to Compréssor Stations

rd

rd

Vithin a few years after the~discovery of high pH SCC on gas pipelines, it became apparent that
Imost all of the service fdilures and hydrostatic test failures occurred within the first valve sections
ownstream from comptessor stations. The recent and updated information substantiates this general
Fend for in-service lgaks and ruptures; 90% of in-service leaks and ruptures and 95% of hydrostatic
pst failures have gceurred within 20 miles downstream of compressors. A similar picture is obtained
vhen the data ate'presented in terms of valve sections.

P B el o o o WA = NP B |

'he in-service failures are spread slightly further downstream than was described by Eiber and Leis
1997)°,<who reported that 65% of the 42 occurrences they reviewed were within 5 miles of a
ompressor discharge and 92% were within 10 miles. Also, excavations have revealed that shallow

O A

4 All the detailed information and analyses supporting the statements in this report, together with references to
all published documents, are set out in the JIP Background Report “Summary and Review of Operator
Experience.”

5 "Protocol to identify potential areas of high pH stress corrosion cracking,” R.J. Eiber and B.N. Leis, paper
presented at 11" PRCI/EPRG Joint Technical Meeting on Pipeline Research, Arlington, May 1997. Also,
"Protocol to prioritize sites for high pH stress corrosion cracking on gas pipelines," R.J. Eiber and B.N. Leis,
PRCI Report L51864, September 1998.

40


https://asmenormdoc.com/api2/?name=ASME STP-PT-011 2008.pdf

Integrity Management of SCC in HCAs STP-PT-011

cracking can be present at distances extending beyond 20 miles. However, several of the in-service
and hydrostatic test failures that appear to be “outliers” are associated with hard spots or mechanical
damage.

On the basis of the information now available, the 20-mile limit is still considered to be appropriate.
However, it should be remembered that the 20-mile limit does not incorporate all the failures
experienced. For some “problem” lines, operators may decide to evaluate SCC beyond the 20-mile
limit depending on the perceived level of risk; there are several instances where failures beyond 20

miles have been preceded by failures within the 20-mile limit.

Operating Stress

A

The review of 38 high pH SCC service incidents by Eiber and Leis showed that, while\incident
occurred at hoop stresses from 25% to 72% SMY'S, more than 70% of them occurred at)greater tha
60% SMYS.

=3

The recent and updated information shows that over 85% of the in-service failtres, over 95% of th|
hydrostatic test failures and over 85% of the excavations revealing SCC are-in“pipelines designed t
operate at 60% SMYS or above. The in-service and hydrostatic test results below this threshold hav
predominantly been in pipes with diameters of 12 inches or less, although the reasons for this are ng
clear. Furthermore, the in-service failures on pipes operated below 48% SMYS have all been leaky,
as opposed to ruptures.

= 0 & O

On the basis of the information now available, there is no néed to change the 60% SMY'S threshol
criterion for large diameter pipelines. However, it should’ be remembered that the 60% SMY
threshold does not incorporate all the failures experienced;*in addition, operators may wish to adopt
more cautious approach for some smaller-diameter pipelines.

Pipe Age

Eiber and Leis presented data for 42 highpH service incidents, showing that, while the earlied
incident occurred 6 years after installationyin more than 80% of the affected pipelines SCC did ng
start to occur until after 20-30 years in.s€pvice.

[S v o vy

-

There have been a steady number.of in-service failures due to high pH SCC ever since the earliest in
service occurrences in the mid<1960s, and hydrostatic test failures are also continuing to occur up t
more than 50 years after installation. Overall, 98% of the in-service failures and 100% of th
hydrostatic test failures have been on pipes more than 10 years old; tape-coated pipes have failed i
the shortest times, while other coating types have generally not started to fail until after around 2
years.” The recent/in-service failures and hydrostatic test failures have all been on older pipelineg;
there have been no high pH SCC in-service failures or hydrostatic test failures on lines installed aftg
1960.

o = O O 1

—

On the basis of this information, a case could now be made for increasing the age restriction for high
pH SCCrom 10 to 20 years, with the exception of tape-coated lines. However, since around 1980,
tape<coating has been applied infrequently and pipelines have largely utilized FBE coatings, so thi
may:hot be an issue of practical concern.

[72)

Tt has been suggested that, if a length of pipe has been recoated since the original installation datg,

then the “age” of the recoated pipe should be calculated from the re-commissioning date. The
evidence from repeated hydrostatic tests on repaired and recoated pipes indicates that such an

6 Failures due to SCC at mechanical damage, and at an improperly coated tie-in, have occurred in shorter times
than this.
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approach is satisfactory. Excavations of repaired and recoated pipe could further reinforce this
conclusion but, to date, there have been few such cases recorded.

Coating Type

The majority of early in-service incidents and hydrostatic test failures were on coal tar coated lines
and this trend is substantiated by the new and updated information. Over 75% of in-service
occurrences and hydrostatic test failures have been on coal tar pipe, with most of the remainder being

j8 tapc-wu:tppcd pipc, ta}\ius illtU avuuuut t‘llU Cbtilllatcd PlUPUltiUllb Uf bUa} tal aud tapc-vvlappcd
ipe in service, this suggests that tape-wrapped pipe may be at least as susceptible as coal tar coated
ipe. Only very occasional instances have been reported on asphalt-coated pipe.

esults from excavations are dominated by those for coal tar coated pipe but indicate that“other
oating types are not completely immune from SCC. Although relatively fewer excavations have
een undertaken on these types of coatings, both wax and asphalt have shown occasional instances of
CC.

iber and Leis reported that FBE coated pipes had not experienced high pH SCE;_ This conclusion is
till valid; there have been no in-service occurrences due to high pH SCC in“FBE-coated pipes’ nor
ave there been any hydrostatic tests failures or discoveries during excavatins.

Ao O =< 133
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Discharge Temperature

—

t is well established that coal tar and asphalt coatings tend to degrade with time, particularly if they
re subjected to temperatures greater than about 125°F. Manycof the older pipelines in the southern
nd southeastern U.S. were coated with coal tar or asphalt’ and were initially operated with
ompressor discharge temperatures above 125°F, some forimany years. Although, since the 1980s,
ischarge temperatures have generally been reduced to 125°F or below, the prior damage to coatings
and the risk of SCC are still present.

o, 0 QO o

IDiscussions with the JIP participants have highlighted the difficulties of applying the ASME
bmperature criterion to older pipelines for which the necessary information is patchy or unavailable.
Vhile the criterion can still be applied to. @ecently constructed lines, and to any lines for which a
cliable temperature history is available,-it may be better for older lines to assume that thermal
amage has occurred unless it can be-proved otherwise (e.g., by operating records or excavations).

listory of SCC

O, = A

I.

ASME B31.8S requires that @ach segment® that has experienced a service incident or hydrostatic test
lgak caused by SCC is considered to be SCC susceptible. The accumulated service experience for
high pH SCC indicates_that this requirement is still valid. In particular, hydrostatic re-testing
fgrograms have demonstrated that the SCC risk is still present and continuing to develop, sometimes
gdver many years.following the first occurrence. The up-to-date experience also includes several
gxamples where~in-service failures in one segment are followed by hydrostatic test failures in
adjacent segments, reflecting the similarity of conditions for SCC development along the length of the
gipeline:

]

'he dip=to-date service experience suggests that it would be prudent to extend the application of the
history” criterion to include adjacent segments (upstream as far as the compressor and downstream

to the end of the valve section) as SCC susceptible when a service incident has occurred. It is
probably also appropriate to extend it if a hydrostatic test failure has occurred or if cracks with the
potential to cause hydrostatic failure have been found by excavation. The implications of less serious

7 Failures due to SCC at mechanical damage have occurred in FBE-coated pipe.

8 Segments are defined in the JIP Report “How should segments be prioritised?”
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cracking revealed by excavation are best considered at other stages in the SCC risk assessment and
integrity management process; for example, when segments are prioritized for assessment or sites are
selected for excavation.

3.2 Near-Neutral pH SCC

Location with Respect to Compressor Stations

The NEB Report on SCC in Canadian Oil and Gas Pipelines identified ten pipeline failures in Canada

that were due to axially oriented near-neutral pH SCC, occurring between 1985 and 1996. Sevem.qf
these were on polyethylene-tape-wrapped pipe, with two on asphalt-coated pipe and one on ceal-taf
coated pipe (One of the asphalt failures was associated with mechanical damage and the‘ ¢oal tar
failure was at an ERW long seam weld). The great majority of these were reported to haye occurred
within the first valve sections downstream from compressor discharges.

In the present study, details were available for 19 in-service ruptures and leaks (many of these wer
also reported by NEB). Seven of the failures occurred on tape-wrapped pipe; eleven on asphalf
coated and one on wax-coated pipe; all the tape-wrapped and wax-coated failures occurred within 2
miles downstream of compressor discharges, but the failures on asphalt-coated pipelines were spreagl
along their entire lengths.

(LY

[}
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The situation is similar for hydrostatic tests. Details for around 385 tests included 52 failures; 1
occurred on tape-wrapped pipe, 37 on asphalt-coated pipe and~one on coal-tar-coated pipe. Tw
thirds of the failures on tape-wrapped pipelines occurred within 20 miles downstream of compressg
discharges, but the failures in asphalt-coated pipe were distributed along the entire pipeline lengths.

=T

[¢]

A large number of excavation records were available for pipelines with near-neutral pH SCC. Th|
review of the results showed that, while the frequency of occurrence of SCC diminished wit
increasing distance downstream from compressors, cracking extended well beyond 20 mileg.
Cracking was found up to 72 miles downstream from compressors, but the large majority of crack
more than 10% deep were found within 40 miles. Again, cracking was more widely spread i
asphalt-coated pipe than in tape-wrapped.pipe.

|2
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Hence the overall situation for neas-neutral pH SCC is that, while in-service and hydrostatic teg
failures on tape-wrapped pipe arerless than 20-40 miles downstream from compressor dischargey,
those for asphalt-coated pipe are“more evenly distributed along the pipeline length. On the basis g
this information, it would.appear that to discount the distance criterion for near-neutral pH, as i
proposed in the revisions.to the ASME criteria, is the most appropriate course of action.

7

Operating Stress

The NEB Reportyindicated that, for the ten in-service failures in Canada involving axial SCC on ga
pipelines, the-hoop stresses at the time of failure varied between 60% and 77% of SMYS. Th|
recently previded information from 19 in-service failures and 52 hydrostatic test failures revealed n
failures‘in-pipelines designed to operate at stresses below 70% SMYS.

O O A

Review of the recently provided excavation records revealed that the great majority of cracking wajs
impipes designed to operate at 60% SMYS or above. However there were instances of mainly
shallow cracking at 50-60% SMYS in tape-wrapped, asphalt- and coal-tar-coated pipelines. (It is

necessary to take into account that the great majority of records are for pipes operating above 60%
SMYS).

Overall, this information indicates that a stress threshold of 60% SMY'S is an appropriate criterion for
near-neutral pH SCC. However, it should be remembered that the 60% SMYS threshold does not
incorporate all the cracking experienced, and operators may wish to adopt a more cautious approach
for some pipelines.
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Pipe Age

The information available for in-service failures and hydrostatic test failures indicates that while the
shortest duration between installation and failure was 12 years, the most recently installed pipeline to
fail was installed in 1981; both these figures relate to tape-wrapped pipes. For asphalt-coated pipe the
shortest duration between installation and failure was 22 years and the most recently installed pipeline
to fail was installed in 1973. The coal-tar- and wax-coated pipes failed about 35 years after
installation.

The excavation records present a complementary picture. Cracking has been seen in tape-wrapped
pipes installed as recently as 1993 (12 years after installation), in asphalt-coated pipes installed\as
recently as 1982 (22 years after installation), in coal tar coated pipes installed as recently as 1974 (31
years after installation) and in wax-coated pipes installed as recently as 1968 (35 years after
installation).

verall, this information suggests that an age criterion for near-neutral pH SCC could be set at 10
years for tape-wrapped pipe and 20 years for asphalt, coal tar and wax coatings: However, the
proposal to apply the ASME 10-year criterion, set originally for high pH SCC) is a conservative
gverall approach.

L has been proposed that, if a length of pipe has been recoated since th© original installation date,
hen the “age” of the recoated pipe should be calculated from thé re-commissioning date. The
vidence from repeated hydrostatic tests on repaired and recoated pipes indicates that such an
[pproach is satisfactory. To date there have been few, if anyexeavations of repaired and recoated
ipe that could further reinforce this conclusion.

boating Type

A\round two thirds of the in-service and hydrostatic test failures have been in asphalt-coated pipe and
around one third in tape-wrapped pipe. There was.only one in-service failure in wax-coated pipe and
gnly two hydrostatic test failures in coal tar coatéd pipe.

I =S QO @ 2o =
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'he excavation records include many occurténces of SCC in tape-wrapped and asphalt-coated pipes.
ndividual excavations (usually around 40. feet in length) often revealed in excess of 100 individual
CC colonies in tape-wrapped pipé;swhereas those in asphalt-coated pipe often revealed 10-30
olonies or fewer. Individual colenies up to 15 inches long in both axial and circumferential
irections, and more than 30%_through-wall depth, were found, but around 90% of them were less
han 2 inches long and less than 10% through-wall depth.

ot OO0 N =

(Of 140 excavations on coal tar coated pipe, only five showed evidence of SCC. In most cases, each
gxcavation exposed less than five individual colonies, up to 10 inches long and less than 10%
through-wall depth

Excavation referds also provide an indication of the relative frequency of occurrence of large and
small colonies-and cracks. From the distributions of depths found in the present work, it is apparent
that the €atio of deep to shallow cracks (greater or less than 10% deep) is generally around 1:10.
These'observations are consistent with those found by CEPA during its Trending Studies.

These observations indicate that, while cracking can be extensive in both tape-wrapped and asphalt-

coated pipe, it is much less evident in wax and coal tar coated pipe. However wax and coal tar cannot
be classified as immune from near-neutral pH SCC.

It is noteworthy that 89 excavations of FBE-coated pipes, installed as early as 1980, did not reveal
any evidence of cracking; these observations confirm the continued validity of the ASME criterion
exempting FBE.
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Discharge Temperature

As was noted in the case of high pH SCC, coal tar and asphalt coatings tend to degrade with time,
particularly if they are subjected to temperatures in excess of 125°F. It is also possible that high
temperatures will accelerate the degradation and disbonding of tape-wraps. However, for the same
reasons as were noted for high pH SCC, it is often impractical to substantiate and apply a temperature
criterion for near-neutral pH SCC; while it might be feasible for newly constructed pipelines, for
older pipelines the necessary operational history details are often patchy and incomplete. In the

absence of strong evidence from service (or from research results), there is no justification for seeking

to extend the temperature criterion to near-neutral pH SCC (the influence of temperature is implicit
within the compressor proximity distance criterion).

History of SCC

ASME B31.8S requires that each segment that has experienced a service incident,ér-hydrostatic tes
leak caused by SCC is considered to be SCC-susceptible. The accumulated service experienc
indicates that this requirement is also valid for near-neutral pH SCC. In pafticular, hydrostatic re
testing programs have demonstrated that the SCC risk is still present, sometithies for many years aftg
the first occurrence. The up-to-date experience also includes several €xamples where in-servic
failures in one segment are followed by hydrostatic test failures in adjacent segments, reflecting th
similar conditions for SCC development along the length of the pipéline.

O =
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This up-to-date service experience supports a case for extending the application of the “history
criterion, to include adjacent segments (upstream and dowmstream as far as the next compressor) as
SCC-susceptible when a service incident has occurred. However, it is not appropriate to extend it ip
situations where a hydrostatic test failure has occurred or'cracks have been found by excavation. The
implications of hydrostatic test failures and cracking revealed by excavation are best considered gt
other stages in the SCC risk assessment and intégrity management process; for example whehn
segments are prioritized for assessment or sites.are selected for excavation.

4. Comparison with the Combined ASME Criteria

In the preceding sections, each of the-ASME B31.8S criteria have been considered individually.
While this is informative in detetmining the applicability of each criterion, the overall ASM]
approach utilizes all the criteria.in ‘combination. Hence it is appropriate to examine the accumulate
service experience in the same way and, in particular, to examine the reasons for the “outlier” results

|er ey

In total, 87 in-service failure records were provided by the JIP participants and other operators; 6
due to high pH SCCtand 19 due to near-neutral pH SCC. A further 7, from one operator, arf
described as mixed=mode and include three instances of circumferential cracking; these 7 results hav
been excluded from the subsequent analyses.

o —

One failure’issdue to SCC at mechanical damage, one is SCC at a hard spot, one is SCC at a wrinkl
bend, two ate SCC associated with ERW seam welds and one is SCC at an improperly coated tie-i
weldy these 6 results have also been discounted from further analysis, leaving 74.

W
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Of:the remaining 74 failures, there are 8 below the 60% stress criterion, 5 beyond the 20-milg
distance criterion for high pH SCC and two within the 10-year age criterion. One outlier appears ip

' PPl

81% are included when all the criteria are taken together; this figure reduces to 77% if only high pH
SCC is considered.

Looking at the 14 outliers in detail, the following points emerge:

e Only four of the 14 outliers are ruptures; the rest are leaks (one is not recorded).
e Eight of the outliers are in pipelines with diameters less than 12 inches.
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e Four of these occurred in close proximity to one another, in a production gathering line that
experienced elevated temperatures from the production facilities.
The only two short-life failures are in tape-wrapped lines and occurred over 30 years ago.

e One high pH SCC failure at 22 miles is in a line that had already experienced two earlier
ruptures within the 20-mile limit.

Depending on the weight given to these considerations, the overall figure for failures addressed by the
ASME criteria ranges from a minimum of around 81% to around 90%

The records for hydrostatic test failures have also been re-examined on the same basis. There are 363
results; 308 for high pH SCC, 52 for near-neutral pH SCC and 3 described as mixed-mode. Among
these results there are 24 outliers, 7% of the total, when all the ASME criteria are considered together;
12 of the outliers are below the 60% stress threshold and 13 are beyond the 20-mile limit (one result
appears in both categories). Again, some of the points identified above also apply to thé Hydrostatic
test outliers. This reinforces the conclusion that around 95% of the hydrostatic tést failures are
addressed by the criteria.

5. Implications for Defining SCC-Susceptible Segments

7.1

).1  Summary of Findings

he ASME B31.8S Guidance criteria were originally developed as a bdsis for focusing attention on
hose segments of gas pipeline systems that are most likely to be,at(risk from SCC. It is clear from
he information available at that time that the criteria did not-défine a precise go/no-go boundary
etween susceptible and non-susceptible segments; rather they idéntified the areas of highest risk, as a
tarting point for SCC risk management. While the gteat majority of the then-known service
hcidents were identified by the ASME criteria, it was understood from the outset that there were a
umber of outlying occurrences.

o L Wil e o S e S

'he present JIP activities have enabled collation‘of much of the now-available service experience,
hcluding for the first time extensive datasets_from ongoing excavation and ILI programs. This has
nabled a thorough reassessment of the effectiveness of each criterion in the light of accumulated
ervice experience, including their applicability to both large cracks that have caused failures and
maller cracks found by excavation~or’ILI. This has reinforced the view that, while the ASME
riteria provide good guidance concerning the starting point for SCC risk management, cracking can
xtend beyond the thresholds and.]imits in situations that are particularly prone to SCC.

O v O (D = ]

lany of the engineering judgments embodied in the original ASME criteria are still applicable to
igh pH SCC, and are substantiated by the up-to-date field experience. Hence there is no overriding
eed to make changesto the criteria for susceptibility to high pH SCC.

= 5o

ecent field experience indicates that most of the same criteria are also applicable to near-neutral pH
CC, in line_with the recently proposed modifications to the ASME criteria. Although a higher
roportion of the in-service failures due to near-neutral pH SCC has occurred within the original
A\SME distance criterion of 20 miles, the trends are dependent on coating type; in any case, the results
rom_hydrostatic testing, excavations and ILI indicate that it is prudent to disregard the distance
ritefion for near-neutral pH SCC. Application of the temperature criterion to near-neutral pH SCC is

Lo
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5.2 Significance of Outliers

Although the ASME criteria do not catch all of the SCC failures that have occurred, on a statistical
basis, it can be shown that the risks associated with the 10 to 20 percent that might be missed are very
low. Historically, the SCC failure rate in the approximately 300,000 miles of gas transmission
pipelines in the U.S. has been about two per year. That number has been remarkably constant, even
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though there have been a few years with higher or lower numbers. Thus, the historical failure rate has
been 1 per 150,000 miles per year.

For the JIP member companies, their total HCA mileage is about 2 percent of their total mileage.
Assuming that that percentage is representative of the entire industry, there probably are about 6000
miles of HCAs in the U.S. gas transmission pipelines. There is no reason to believe that SCC would
have any particular preference for, or aversion to, HCAs. Therefore, multiplying the average failure
frequency by the 6000 miles of HCAs suggests that one could expect about one SCC failure in an

HCA every 25 years. Based upon past experience, 80 to 90 percent of them would be caught bycthe
ASME criteria. The 10 to 20 percent that fall outside the ASME criteria would represent onefailurg
in 125 to 250 years.

The present survey also indicated that, of the total length of HCAs, only about 10 percent, or 60
miles, qualify as SCC HCAs. Since that qualification is based upon the ASME gtiteria, 80 to 9
percent of the SCC failures occur in only 10 percent of the HCAs. To give the refaining 90 percer
of the HCAs a comparable level of attention to address the low probability of failure would mean tha
90 percent of the effort would be spent on 10 to 20 percent of thesproblem. That seem
disproportionate and counter productive.

N~ =~ OO

Nevertheless, those 90 percent should not be ignored. While applying.assessment techniques such a
hydrostatic testing, ILI or SCC DA seems excessive, some method '0f-Condition monitoring would b
appropriate. Various approaches to condition monitoring are desetibed in the answers to Question 7.

[CEZ

6. Conclusions

The overall conclusions from this review are as followss

W

e The ASME criteria still provide a good{basis for the initial definition of SCC-susceptibl
segments.

o The criteria are largely substantiated®y the updated service experience so far as high pH SC
is concerned, and most of the criteria are also applicable to near-neutral pH SCC.

e  With the recently proposed-revisions, the ASME criteria address over 80% of the in-servic
failures attributable to high-pH and near-neutral pH SCC in natural gas pipelines, and thi
figure rises to around 90% when the specific circumstances of the outlying occurrences ar
taken into account,

o The revised critefia‘also address over 95% of the hydrostatic test failures, and around 85% o
the SCC cracks_exceeding 10% through-wall depth, found during excavations.

[CERZERY 7

—

47


https://asmenormdoc.com/api2/?name=ASME STP-PT-011 2008.pdf

STP-PT-011 Integrity Management of SCC in HCAs

APPENDIX C - PRIORITIZING SCC SUSCEPTIBLE HCA’S AND SEGMENTS

Question 2: How should SCC-susceptible HCAs and Segments be prioritized for assessment?

1. Summary
Once the SCC-susceptible HCAs and segments have been identified for a pipeline system, it is

[fecessary to determmine T wiat order of priority they shoutd beassessed:

The amount of information available to enable prioritization varies considerably from situation-te
situation. For the first assessment, there may be little information other than basic pipeline attributgs,
glthough some operators may have access to data from CP monitoring, above-ground surveys or ILI
runs. For subsequent assessments, information from excavations of the HCA/segment, of Jinterest,
tpgether with excavation results from adjacent or similar segments, may enable better discrimination.

(ruidance on prioritizing segments, based on the likelihood of SCC occurring, has been developed to
tpke these variations into account. A three-tiered approach has been adopted, based on the level of
information available:

Tier 1: Prioritization based solely on pipeline attributes and ©perating history, with no
information available from excavations or surveys

Tier 2: Prioritization incorporating additional informatien “available from monitoring and
surveys, ILI, excavations for other operational“reasons, and any prior hydrostatic
testing

Tier 3: Prioritization augmented by feedback ‘from previous SCC assessments, leading
eventually to a series of pipeline-specific, weighted risk factors incorporated in an
overall ranking model; such a model could form the basis for quantitative risk
analysis.

The individual factors are identified, based® on collective industry knowledge and up-to-date
gperational experience, taking into account-the independent risks from high pH and near-neutral pH
JCC. Their integration into Tier 1 and,Tier 2 Prioritization Protocols is illustrated, and the issues
associated with incorporating new excavation data in Tier 3 are highlighted.

Introduction

| &Y
H

The management of SCC (risk’ commences with the determination of how many segments within a
gipeline system are SCC-susceptible according to the ASME B31.8S or an equivalent approach (see
Appendix B). The second step is to determine, within the group of SCC-susceptible segments, in
what order of priority they should be assessed when developing the baseline assessment or
reassessment plans. The prioritization should be based on risk, which is the product of probability
times consequence. This paper addresses the probability of SCC occurring. It will be up to the
gperator to-¢valuate the consequence of a failure in a particular segment and consider both probability
nd consequence in the final prioritization.

he>definition of a pipeline segment varies somewhat from operator to operator. In all instances a
[TICTTt 1S & COMUMUOUS [engti of @ pipeine with Tommimatty commmon attributes Such a5 instatiatior

age, operating pressure and pressure history. However, in some instances, operators may elect to
separate segments on the basis of pipe wall thickness and grade, or even to discriminate down to the
level of individual pipe joints (such as a replaced or recoated section or a thick-walled road crossing),
whereas, in other instances, operators may elect to consider an entire compressor-to-compressor
length as one segment. Depending upon this definition, operators may be faced with prioritizing
anything from a few segments to several hundred.
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1

It follows from this that the relationship between segments and HCAs also varies from situation to

situation. An HCA may contain several segments or may be an entire segment; in some instance
several HCAs may be within a single segment.

S

Notwithstanding these important issues of definition, the key principle is that a single ranking of

priority should be valid for a known length of pipeline, defined in this report as a “segment.”

The amount of information available to assist prioritization will vary considerably from one situation

tU auut‘ucx. FUI t‘llC ﬁlbt abbcbblllclltb, t‘llUlC ula_y bU htﬂc iufuuuatiuu Ut‘llcl t}lall IUClbib Pil}c‘lill
attributes such as location, age, construction details and operating history. However, in som
instances operators may have access to information from CP system monitoring, above-groun
surveys, ILI, opportunist excavations and even prior hydrotests, not only for the segment;of teres
but also for adjacent and similar segments.

For subsequent assessments, information from targeted excavations of the segfment of interes
together with targeted excavation results from other segments, will enable improved discriminatio
and re-evaluation of the initial prioritization.

The guidance on prioritizing segments, based on the likelihood of SCC occurting, has been develope
to take these variations into account. A three-tiered approach has beensadopted, based on the level 9
information available:

Tier 1: Prioritization based on pipeline attributes and operating history, with no informatio
available from excavations or surveys.

Tier 2: Prioritization incorporating additional information from any above-ground surveyy
ILI, excavations for other operational:reasons and any prior hydrostatic tests, i
particular, information concerning coating condition and evidence o
environmentally-assisted degradation.

Tier 3: Prioritization augmented by-feedback from previous SCC assessments, leadin
eventually to a series of pipeline-specific, weighted risk factors incorporated in a
overall ranking model{_such a model could form the basis for quantitative ris
analysis.

The individual factors in each(tier are based on the collective industry knowledge embodied, fq

example, in the NACE SCC.DA Guidelines [1] and the CEPA Guidance [2], augmented by the up-tg-

date review of service exfierience undertaken by the Joint Industry Project participants.” Each tig
takes into account the independent risks from high pH and near-neutral pH SCC. The individug
factors are discussed in the sections that follow and are used to develop illustrative examples of th
Tier 1 and Tier 2 Prioritization Protocols.

3. Prioritization Factors
3.1 Tier 1

Proximity to Compressor Station Discharge

Segments have been defined as SCC-susceptible because they are within 20 miles downstream fror]

W

—

=

= T

-

=~

A = U9

—

[CEIE

n

compressor _discharges.'  Operational experience (indicates that the likelihood of structurall

y

significant SCC being present is dependent upon distance downstream), coating type and the type of

SCC experienced. A scale based on this experience is included.

9 The JIP Background Document “Survey and Review of Operator Experience.”

10 In the proposed revisions to ASME B31.8S, the distance criterion is disregarded for near-neutral pH SCC.
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Segment Length

For a given expectation of SCC, the likelihood of a structurally significant SCC colony being present
within a segment will increase in proportion to its length. A simple scale is included.

Operating Stress

Operational experience indicates that, for both high pH and near-neutral pH SCC, the likelihood of
SCC occurring is significantly greater in lines operated above approximately 60% SMYS. For high

gH SCC, some cracking has been found and occasional failures have been experienced (largely
donfined to small-diameter lines), in lines operated at 40-60% SMY'S. For near-neutral pH SCC, only.
gccasional instances of mainly shallow cracking have been found at 50-60% SMYS; the frequen€y of
dolonies increases as the operating stress increases to 80% SMY'S, with in-service and hydrostatic test
fpilures being experienced above around 65% SMYS. A scale based on this pattern of experience is
included.

Ripeline Age
ipelines installed over 10 years ago have been identified as SCC-susceptible. Operational

H
gxperience indicates that the likelihood of finding SCC increases with ingré€asing age, but is also
linked to coating type. A scale based on age and coating type reflects thisrexperience.

Coating Type

(Dperational experience indicates that the type of coating has a strong influence on the likelihood of
§CC occurring. Coating type is included as a primary facteras well as being a secondary factor
dombined with the age and compressor proximity factors.:Coal tar and tape-wrapped coatings are
gssociated with the great majority of high pH SCC oceurrences, while asphalt and tape-wrapped
doatings are associated with the great majority of near-iéutral pH SCC occurrences. A scale based on
the operational experience is included.

Where a segment includes more than one type of’coating, the segment priority should be based on the
weighted average of coating types and risk scores.

(Fda)

bCC History

perational experience indicates that there is a higher probability of finding more SCC in the vicinity
f previously-discovered SCC, not only on the same line but also, in some instances, on other lines in
he same geographical region-(provided that both lines have similar attributes). Scales are included,
ependent upon the structural’significance of the other cracking and its distance from the segment
eing assessed.

3.2 Tier2

Coating Condition

[ il o WU s o M o

(

(perationahexperience [1] - [4] indicates that coatings can degrade and become disbonded with time,
gspeciallyzif the operating temperature exceeds 125°F or if the soil loading results in creep/cracking.
Evidefiee' for poor coating condition may come indirectly from above-ground surveys or directly from
dxeavations. However, some coatings may appear physically and electrically sound from the outside,

+oata1] H 1+ +A—Hllad . RA | e | £ +£ 41 41 - 1 a2t 1 lhialds +las
Ul Suil arfuw uLlulu-uu\,u CIUVIULS 4al ulv e tarl sulriacve, 11 uIv uuauus IS L«l\«blllball)’ Dlllblullls, LIS
has been known to result in near-neutral pH SCC in association with ILI-detectable shallow corrosion

[5].

A scale has been included for coating condition based on local expert knowledge and interpretation of
the information from sources such as those identified above.
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Cathodic Protection

Operational experience [1], [2], [4] indicates that inadequate cathodic protection can allow the
electrochemical conditions for near-neutral pH SCC to develop at the pipe surface, either occasionally
or continually. The precise conditions for SCC are dependent upon coating type, soil resistivity and
possibly also on groundwater chemistry. Evidence of poor CP system design, inadequate control or
ineffective performance may come from system monitoring or from above-ground surveys.
(Disbonded CP-shielding coatings may be strongly detrimental to the effectiveness of CP systems,

which may be determined by direct examination). A scale has been included for CP system
effectiveness, based on local expert knowledge and interpretation of the information from seunces
such as those above.

Operating Pressure Fluctuations

While operating pressure itself is not included as a discriminating factor for segmént prioritization,
service experience has pointed to pressure fluctuations in the immediate vicinity of compresso
discharges as a contributory factor, particularly for near-neutral pH SCC [34, 4], [6]. A factor i
included to reflect this issue.

|72

Operating Temperature

Service experience has indicated that high operating temperaturés~downstream from compressors
correlate with occurrences of high pH SCC [3], [6]. However this has already been taken int
account in the factors on coating condition and compressor proximity, and no further factor relating t
operating temperature is necessary.

|*ane)

Terrain

The opportunities for SCC-promoting conditions t@ydevelop at local regions within the segment ar
dependent upon the water content of the surrounding ground, which depends upon topography an
drainage [1], [4], [6], particularly for near-neutral pH SCC. If available, information from groun
surveys and exploratory excavations can beused to explore this possibility. A factor is included t
reflect this issue; again, it requires local @xpert knowledge and interpretation of the information.

SCC History

In some instances, previous integrity management activities such as hydrostatic tests, excavations an
ILI crack detection will have been undertaken and can be taken into account. A successfy
hydrostatic test or excavations/ILI revealing only inconsequential SCC can reduce the priority fq
further assessments. A.positive (risk-reducing) factor is introduced to incorporate the benefit of prio
testing; the factor reduices as time elapses, reflecting the increasing opportunity for further cracking t
develop.

3.3 Tiers3

The fundamental difference between Tier 3 and Tier 2 stems primarily from the availability g
information from excavations already conducted on the segment, or on other segments with the sam|
attributes and SCC experience, as part of the ongoing SCC assessment process. Hence, Tier 3 is
primarily directed towards reassessments rather than first assessments.

U= o — o U0

T

The NACE SCC DA document [1] lists a large number of measurements and observations that form
part of the assessment. While many of these are primarily relevant to the review and improvement of
the Site Selection Protocol (see Question 5a), some are also relevant to the Segment Prioritization
Protocol. These include the following:

Coating Condition
Confirmation of the coating type
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Pipe surface condition (presence of oxide scale, corrosion, old or new iron carbonate,
old or new shiny metal, under-coating pH, calcareous deposits)

Evidence of disbondment (poor application, in-service degradation)

Faults and holidays, creep and cracking

Cathodic Protection
Evidence of inadequate protection (now, or previously)
Presence of locally low CP or shielding

Evidence of CP-shielding coating with a tendency to disbond
Terrain

Soil Type and Texture
Drainage, soil moisture, aeration, and resistivity
Groundwater conductivity, presence of agro-chemicals

History —Update
Has SCC been found?
If so, what type, what extent; no. of colonies, depths
Has the segment been hydrotested or inspected by Crack Deteetion ILI.

This new information does not require additional factors; instead it necessitates a complete review
and update of the Tier 2 factors based on expert analysis and interpretation of the new data. In some
hstances this process will allow sub-division of some of the factors identified in Tier 2 and
dlarification of the discriminatory features needed for the expert/interpretations. In order for this to be
sound and successful, it is necessary to acquire a considerable number of fully documented records
(ps described by NACE, [1]) relevant to the segment being assessed.
4

—

3 Development and Application of Prioritization Protocols

'he preceding section identified the individual\ factors to be considered when developing a
rioritization scale for SCC-susceptible segmeits, both for the simpler Tier 1 approach and for the
hore detailed Tier 2 approach. Table 24 and.Table 25 illustrate how these factors might be combined
hto Tier 1 and Tier 2 Protocols respectiyely, incorporating a simple High-Medium-Low ranking for
ach factor.

@ T il Wl oo S

[he Tier 1 Protocol is based on the comparatively small number of key factors that are known to have

significant bearing on the \likelihood of SCC and that will provide segment-by-segment
iscrimination in the absente)of any further local knowledge of pipeline condition. The Tier 2
rotocol includes additional’ information, obtained indirectly from standard system monitoring and
bove-ground surveys;wor obtained directly from examination of the exposed pipe and coating; in
ither case, such information needs to be interpreted by experts. Either Tier 1 or Tier 2 can be used at
he outset of thesSCC assessment process, before any specific knowledge about SCC occurrence has
een obtained-for the segment being assessed.

f only partial Tier 2 information is available, it should still be used wherever possible. However, the
electivesnse of additional information must not be allowed to penalize particular segments.

QP == (G ot (D QO e O, Q0

—

h thefirst instance, and in the absence of any other information, an overall ranking for Tier 1 or Tier

Tam be obtamed by Teplacimg High=-Mediumr=tow with—5=3=t(amd-Good - with =2)—Based o the
overall operational experience of many operators, this may be a satisfactory starting point. However,
such an approach arbitrarily allocates equal weight to each factor; with the passage of time, individual
operators will select and apply weight to the individual factors for the Tier 1 and Tier 2 Protocols
according to the attributes, operational history and service experience of their own pipeline systems.

The Tier 1 and Tier 2 Protocols are structured to provide two separate prioritizations for high pH and
near-neutral pH SCC. There is no in-built relative priority between the two types of SCC; operational
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experience indicates that, in almost all cases, high pH and near-neutral pH SCC are mutually
exclusive occurrences. It is important that, in the absence of any prior knowledge, an operator will
assess the segments with the highest risk of both types of SCC. Once the first assessments have been
completed, an understanding of the relative risks of high pH and near-neutral pH SCC will have been
obtained, and this can be incorporated into the overall protocol.

The Tier 3 approach is primarily applicable to reassessments. It provides the route for incorporating
the results from the ongoing SCC assessments, modifying the weightings, sub-dividing the definitions

of each factor in the Tier 1 and Tier 2 Protocols and developing statistically sound predictive modely.
The manner in which this continuous improvement process is undertaken will be determined by:each
individual operator. Several operators have initiated an ongoing process for reviewing and updatin
their segment prioritization Protocols as excavation results become available, as described abovg.
Some operators have been undertaking extensive excavation programs for many yéars and hay
already obtained a sufficiently large database of SCC records to enable the- development g
quantitative risk assessment models based on this type of approach; for most operaters, however, thi
is still a long way off.

Uq

T O

It was indicated at the outset that the rankings of priority for SCC susceptibility are based on th|
likelihood that SCC will occur. Apart from a bias towards ruptures assopposed to leaks, they do nd
incorporate consideration of the factors determining the consequences in the event of an in-servic
failure due to SCC. Consideration of the consequences of failufe is a requirement applicable to a
types of integrity threat, and it is expected that this will be taken-into account by operators as part g
their overall prioritization of segments for integrity management.

5. Next Steps

Once the prioritization of segments has been completed, the next steps will be to conduct th
assessments of the highest priority segments. «{Assessment may utilize hydrostatic testing, crac
detection ILI or excavations (SCC DA) depending upon operator preferences and expectation|
concerning the extent of SCC present. Issues concerning the application and re-application o
hydrostatic testing and ILI are addressed.,in the JIP Report “Re-test intervals”; issues concerning sif]
selection for excavations are addressed in the JIP Report “Excavation site selection.”

 — O = O

T h & A~ O
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Table 24 - lllustrative Example of Tier 1 Protocol

Near-neutral pH SCC High pH SCC

Factor Tape-wrap Asphalt Others* All coating types*

Proximity to compressor discharge

0-5 miles
5-10 miles
10-20 miles

~ £ Z O

20-40 miles

- £ Z I T
= 2 £ £ 15
r - -

Over 40 miles

Segment length
0-0.5 miles

—

0.5- 5 miles M M M M

Over 5 miles

Operating stress
Below 50% SMYS - - -
50-60% SMYS L L
60-70% SMYS M M M

I I Z r—

Above 70% SMYS

T

Age since installation/recoating
10-20 years
20-30 years
30-40 years

I T T <
I T Z r—
I £ Z
I £ Z

Over 40 years

Coating type
Tape-wrap H - -
Asphalt - H -
Coal tar - -

Wax - - M

—r — I r— I

Bare - - L

History of SEEX on the same line
Ih-service failure within 20 miles
Hydrostatic test failure within 20 miles

In-service failure within 20-100 miles

History of SCC nearby: different line With similar attriputes in
the same geographic region

In-service failure within 20 miles M M M M

Hydrostatic test failure within 20 miles

* The terms “Others” and ”All” refer to coatings from the group asphalt, wax, coal tar, tape-wrap that are not
identified in the preceding columns and are not exempted from assessment (e.g., fusion bonded epoxy).
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Table 25 - lllustrative Example of Tier 2 Protocol

Tier 2 incorporates all the Tier 1 factors, and, in addition, those identified below.

Near-neutral pH SCC | High pH SCC
Factor
Tape Others All coating types
Coating condition
Poorly bonded, wrinkled, cracked H H H
Average; some disbond and holidays M M
Well-bonded; as-new - - -
Evidence of shallow corrosion under intact but disbonded | H H -
coating
Cathodic protection (now or previously)
Ineffective, shielded H M M
Partially effective, variable, some shielding M L L
Always good - - ;
Operating pressure fluctuations
High cyclic fluctuations (More than +/- 20% MAOP) M M L
Intermediate cyclic fluctuations (10-20% MAOP) L L -
Low (less than +/-10% MAQOP) or zero fluctuations - - -
Terrain
Hilly topography, locally poor drainage M M L
Seasonally wet/dry M L L
Uniform topography, well-drained L - -
SCC remediation history
SCC Hydrotest, Crack Detection ILlswithin 5 years G G G
SCC Hydrotest, CD ILI more than'5-years ago - - -
Inconsequential SCC found(onsexcavation within 5 years G G G
Inconsequential SCC feund/more than 5 years ago - - -
The term “All’’.fefers to other coatings from the group asphalt, wax, coal tar and tape-wrap, and others that
are not exemptedfrom assessment (e.g., fusion bonded epoxy).
(& (Good)istarisk-reducing factor.

56


https://asmenormdoc.com/api2/?name=ASME STP-PT-011 2008.pdf

Integrity Management of SCC in HCAs STP-PT-011

APPENDIX D - REASSESSMENT INTERVALS

Question 3. Where Hydrostatic Testing, DA or Crack-Detection ILI has been chosen as the
assessment method, what are the appropriate reassessment intervals?

1. Summary

Fortigh=comsequence areas (HCAS)tiat—are ctassified as possibly susceptible toStress=corrosio
cracking (SCC), pipeline companies are required to periodically assess those HCAs with hydrostati
testing, in-line inspection or direct inspection.

@ =

Reassessment intervals should be short enough to assure the safety of the pipeline but mot so shoft
that they involve needless effort and expense or subject the pipeline to needless pressuréfluctuations

In principle, the maximum re-inspection interval could be determined from the crack growth rate, th|
size of the largest flaw that could exist in the pipeline and the size of a flaw thattwould cause a failur
at the operating pressure. Several methods are available for calculating the critical flaw size, and th
maximum size of a flaw that could be in the pipeline can be determined from the hydrostatic teq
pressure or estimated, in some cases, from in-line-inspection (ILI) dataser direct assessment (DA). 4
few companies have been able to determine crack growth ratesfor their pipelines, but mog
companies do not have such information.

- P = O O O

For companies that do not have specific information about/possible crack growth rates on their
pipelines, this document addresses the question as to the appropriate intervals for reassessing HCAs {
SCC is discovered either because of an in-service failuré-or during one of the assessments.

—

If there is no evidence of SCC either from the failuze history of that pipeline or from findings durinj
previous assessments, the reassessment interval should be the maximum specified by the regulationg,
which, at present, is 7 years. However, if SCGis discovered, shorter intervals may be appropriate, a

discussed below.

A

Industry experience with in-service failiires following hydrostatic tests suggests that a reasonable anfl
prudent first interval on a pipeline that is known to contain SCC would be 3 to 6 years, provided the
test pressure was at least 100%-SMYS. The shorter time would apply to test sections in which p
recent failure has occurred either-in service or at a relatively low pressure during the first hydrostatie
test. The longer time would apply where no low-pressure failures occurred during the first test.

A model has recently’been developed that provides a technical basis for establishing subsequer
hydrostatic re-test iritervals based upon the test pressure, the maximum allowable operating pressur
(MAOP), the tensile properties of the steel and the length of previous intervals. The principa
assumption upon/which the model is based is that a crack that already exists in the pipeline has

greater chance of reaching critical size than a crack that might initiate some time in the future. O
that basis, subsequent intervals can be calculated as

th = ty(a/B)

= & — (0 =

where

tr—tengthoftherext-mtervat

t, = sum of the lengths of the previous intervals

o = difference between the test pressure and MAOP

B = difference between the pressure corresponding to the flow stress and the test pressure.

The flow stress can be estimated in several nearly equivalent ways, typically as the average of the
actual yield strength and ultimate tensile strength or as the actual yield strength plus 10 ksi.
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One interesting feature of this method is that the lengths of subsequent intervals are particularly
sensitive to the test pressure, because it affects both a and f3, but in opposite ways. Thus, a relatively
small increase in test pressure can justify significantly longer intervals. Another interesting feature is
that, after the second interval, each subsequent interval gets longer than the previous one.

Predictions from the model have been tested against histories of 13 valve sections that have
experienced either high-pH or near-neutral-pH SCC and have been subjected to multiple hydrostatic
re-tests. Within those 13 valve sections, eight in-service failures occurred after the initial hydrostatic

bsts. Five or six of those eight probably would have been prevented if the intervals from this method
ad been used rather than the ones that were, but no more re-tests, in total, would have been required.
'he only two service failures that would have occurred with a 3-year first interval and subsequent
htervals determined from this method occurred on a valve section that had been tested to only~90%
MYS.

| ST e S~

\ccording to a strict interpretation of the model, the lengths of subsequent intervals¢should not be
ffected whether or not failures occur during any of the re-tests. However, to proyide a greater level
f confidence in the safety of the pipeline, a modification to the method has ‘been devised for
hortening subsequent intervals by various amounts depending upon how, close the test-failure
ressure was to the operating pressure. If the test failure occurred very near MAOP, the next interval
bould be half of the previous interval; if the test failure occurred ator near the maximum test
ressure, the next interval would be calculated based upon the originakmodel. Failure at intermediate
ressures between MAOP and the maximum test pressure would Iead to proportionate intermediate
amounts of shortening. To add still more conservatism, the orfigin point for calculating subsequent
htervals would be moved from the first test to the most recent\test in which a failure occurred.

oo Ml oo MR < e o S ¢ 2 B o L <> ML U

—

eassessment intervals for ILI can be established in two‘alternative ways. If accurate measurements
f crack sizes are available from successive runs, crack’growth rates can be calculated by comparing
he sizes of specific cracks at the two different times: Based upon the distribution of growth rates, a
onservative value can be used to schedule inspection and repair of joints that contain cracks.
Another ILI assessment should be conducted in ‘about 7 years to verify the assumptions about growth
ptes.

Lon T N @ T U o W o |

f sufficiently accurate data are not available to follow the growth of individual cracks, the maximum
ize crack that is left in the line can_be used to calculate an equivalent hydrostatic test pressure, and
hen the hydrostatic re-test model can be used to establish subsequent intervals.

o 7 W

'he appropriate action following SCC DA will depend upon the severity of cracks that are
iscovered.

O

f Category 4 cracks are found, an immediate pressure reduction should be implemented, followed as
oon as possible by an assessment that covers 100% of the segment. Such an assessment could be a
ydrostatic testpan' ILI or, if the segment is very short, a 100% magnetic-particle inspection (MPI).
ubsequent,_femediation will depend upon the severity of cracks that are found in the 100%
ssessment. It could involve replacement of one or more joints of pipe, sleeving of cracked portions
f the pipe; grinding or buffing out the cracks or re-coating.

QO QO N 5 n -

If Gategory 3 cracks are found, the possibility of Category 4 cracks existing elsewhere in the segment
S

11 1 : 1 11 ol 1 1 £ pai 4 1 1 111 11 1
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If Category 2 cracks are found, the segment should be assessed with hydrostatic testing, ILI or a
100% MPI within 2 years, and a temporary pressure reduction should be considered until the full
assessment has been completed.
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If Category 1 cracks are found, more digs should be conducted until no larger flaws are found. If the
largest flaw is Category 2, the next assessment, which may be DA, Hydrostatic testing or ILI, should
be conducted in 3 years. If the largest flaw is Category 3 or 4, follow the procedure for Category 4.

If inconsequential cracks are found, more digs should be conducted until no larger flaws are found. If
the largest flaw is Category 1, the next assessment, which may be DA, hydrostatic testing or ILI,
should be conducted in 7 years. If the largest flaw is Category 2, 3 or 4, the procedure for the most
severe category that is discovered should be followed.

If no cracks are found at the location that is expected to be most susceptible, no additional actions
should be required before the next scheduled assessment.

2. Introduction

An appropriate reassessment interval is one that is short enough to provide a reasenable assuranc
that the pipeline will not fail before the next assessment but not so short that it would enta
unnecessary interruption of service and expense. In principle, establishing a reasgessment interval fg
a failure mechanism that involves time-dependent flaw growth requires determining or establishin
the maximum size flaw that could exist in the pipeline, the critical size/of flaw that could cause

failure at maximum allowable operating pressure (MAOP) and the flaw.growth rate. The amount o
tolerable flaw growth would then be the difference between the critical’flaw size and the current flay
size. Dividing that amount of growth by the flaw growth rate‘would give the maximum saf]
reassessment interval.

Uuse = — O

O < = =

In practice, there are several fairly straightforward ways tecalculate critical and remaining flaw sizeg,
but estimating crack growth rate is much more difficult;

3. Calculating Flaw Sizes

A relationship between flaw size and failure pressure was developed by Battelle in the early 1970s.[ 1]
It is known as the log-secant criterion or the;NG-18 model. Input parameters include the diametdr
and wall thickness of the pipe, the Charpy~V*notch toughness of the steel and the flow stress, which is
an empirically derived value that is betweéen the yield strength and the ultimate tensile strength of the
steel. A number of definitions haye:been proposed for the flow stress including the yield strength
plus 10 ksi, 1.1 times the yield strength, 1.15 times the yield strength, 0.9 times the ultimate tensilp
strength and the average of the~yield and tensile strengths. For the present discussion, the lattdr
definition has been used, although, for the line-pipe steels in which stress-corrosion cracking has beep
observed, all of the definitions give similar values for the flow stress. The log-secant criterion is
somewhat conservative-it is available to the public and it is used by many pipeline companies.

More recently developed failure criteria incorporate elastic-plastic fracture mechanics, which make]
them more aceurate, but less conservative, and they require more information about the deformatio
properties ©Of the steel. They include the Pipe Axial Flaw Failure Criterion (PAFFC) developed b
Battelle [2), the CorLas™ model developed by CC Technologies [3], and failure assessment diagram
suchassAPI 579.4.

v < =2 »n

Fortunately, inaccuracies from any of the methods, either from inaccurate material-property data dr
limitations of the basic model, tend to cancel out when calculating amount of additional crack growth

0 causc a failure. FOT exampic a conservative model will underestimate the size of ilaw that would
cause a failure at operating pressure, but it also will underestimate, to approximately the same extent,
the size of a flaw that can survive a given hydrostatic test pressure.

Any of the above methods is considered acceptable. For the present discussion, the log-secant
method will be used because it is readily available and in common use by the industry.
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4. Estimating Crack Growth Rates

The growth rate of a stress-corrosion crack is critically dependent upon the composition and
concentration of the chemical environment in contact with the steel and the micro-creep behavior of
the steel, neither of which are known for cracks that exist in a pipeline. To use crack growth rates
from laboratory experiments where the environmental conditions have been artificially maintained at
the most severe level certainly would be overly conservative. Besides, laboratory studies have shown
that crack growth rates tend to decrease rapidly with time, so using short-term laboratory tests to

predict long-term behavior would be doubly conservative.

In addition, it should be recognized that conditions in the field vary considerably from one pipeline.to
gnother, from one location to another on a given pipeline, and from one time to another at a\given
Ipcation.

| a)

everal methods have been developed for estimating crack growth rates appropriatefor buried
ipelines. They include using the general industry experience with successful reassessment intervals,
hetallographic examination of cracks in pipe that had previously been hydrostatically tested, and
sing information from repeated assessments.

o =

| a)

ome companies that have a significant problem with SCC may have specific\information about their
ipelines that indicates what an appropriate growth rate might be or.at“least what an appropriate
passessment interval might be. For companies that have little or no éxperience with SCC but cannot
liminate the possibility of SCC on their system, relying on the experiences of companies with a
ignificant problem probably is a conservative approach. Statistics on industry experience with in-
ervice failures following a hydrostatic test can be useful in this respect and are summarized later in
his report.

L S N2 N o ML e o )

ome companies have been able to determine crack growth rates from metallographic cross sections
hrough cracks in pipe that was in service for several-years after a high-pressure hydrostatic test. At
he time of the hydrostatic test, some of the deeper cracks apparently were widened and blunted by
lastic deformation at the crack tip. Subsequently the cracks continued to grow, but the new crack
rowth was much tighter than the previous;‘and the crack growth rate could be calculated by dividing
he amount of new growth by the time sinee the hydrostatic test. For example, in a highly susceptible
alve section that was hydrostaticallyre-tested 3 years after a previous hydrostatic test, a secondary
ear-neutral-pH stress-corrosion crack was found to have grown about 2 mm since the previous test.
'here have been a number of wnconfirmed verbal reports of similar findings, but the reported crack
rowth rates typically have been even lower.

ther types of informafign from repeated assessments also can provide clues about crack growth
ates. In principle, growth of individual cracks could be monitored with repeated ILI runs, but it is
enerally felt thaty especially for gas pipelines, current ILI technology is not accurate enough to
rovide reliable_measurements of crack growth rates. However, a method has recently been
eveloped for)establishing hydrostatic re-test intervals based upon the experience gained from
revious hydrostatic tests. That method is described in the following section.

X, T o T e Wika o S 1 o WL S o W § | S S B s S sl § 1 Wl S s SO s )

. Establishing Hydrostatic Re-Test Intervals

N

method has been developed for determining re-test intervals based just upon things that are known

about the pipeline: the hydrostatic-test history (pressures and dates) and the range of tensile properties
of the steel, which can be obtained from mill records. The method addresses the intervals after the
second hydrostatic test; it does not specifically treat the first interval. It also considers only ruptures;
it does not consider leaks. The method is applicable to high-pH SCC and near-neutral-pH SCC. In
fact, it is not necessary to know which type of SCC is on the pipeline. The assumptions upon which
the method is based have been verified by comparing its predictions against the field experience of a
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number of pipeline companies that have conducted multiple hydrostatic tests on pipelines that
contained stress-corrosion cracks.

5.1

Assumptions

The method is based upon the following assumptions:

The pipeline in question contains stress-corrosion cracks. (If it does not, the choice of an
interval is not critical to the safety of the pipeline.)

Crack Size

The growth rate for a surviving crack will be less than the previous growth rate for a crae
that already failed. This seems to be reasonable, because the combination of envirenmentd
conditions and steel susceptibility associated with the failed crack must have been mor
severe than those conditions associated with a crack that is smaller.

W — N

A crack that initiates in the future will not fail before some existing crack does: Similar to th|
previous argument, the conditions where a crack has not yet started are) expected to be leg
severe than those where a crack is already growing.

v O

Future operating conditions (pressure levels, pressure cycles, cathodic-protection levels anfl
temperature) are no more severe than past operating conditions:

Although the crack growth rate probably is not constant over time, it is acceptable t
represent the growth rate as the average over time. (This is illustrated schematically i
Figure 2.

=)

Time

Figure 2 - Substituting the Average Crack Growth Rate for the Actual Variable Rate

Although the preceding assumptions appear to be reasonable, since they cannot be proved, predictions
from the method have been tested against field experience to validate the assumptions.
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5.2 Basis for the Method

Since there is a direct relation between the size of a defect and the pressure at which it would cause a
rupture and because the pressures on a pipeline can be measured accurately, whereas the size of a
defect usually is not known (unless good ILI data are available), it is convenient to use the failure
pressure of a defect as an indirect measure of the size (see Figure 3). In fact, the primary reason for
knowing the size is to be able to calculate the failure pressure.

(omstder @ pipetime that tas-beem found to comtaiT Stress=CoITosIo Tracks amd s beelr subjected to
wo hydrostatic tests, the second one occurring t; years after the first. Referring to Figure 4, the

—

rhaximum prior growth rate of a surviving crack can be determined from the test pressure (P,) andythe
flow stress. The flow stress is the stress at which an infinitesimally small flaw would cause a failure.
As stated previously, there are several, nearly equivalent, ways to define flow stress. For the present
furposes, the average of the yield strength and the ultimate tensile strength is used.
72% SMYS
2
> N
a n
£ 5
©
o SMYS S
=
'
L
Flow
Stress

Time

Figure 3 - Using Failure Pressure to Represent Flaw Size

Assuming that)some sub-critical stress-corrosion cracks survived the first hydrostatic test, Point A in
Rigure 4 répresents the smallest that it could have been at that time and Point B represents the largest
size thdat.eould have survived the second hydrostatic test. The slope of Line AB therefore is the
maximum average growth rate that could have occurred during time t;. In reality, the initial size
robably was somewhat greater, and the final size probably was somewhat smaller, which means that

=

the actual highest growth rate was less than the calculated maximum. Thus, using the maximum
possible prior growth rate as an estimate of future growth introduces considerable conservatism into
the approach.
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Figure 4 - Extrapolating the Maximum Prior Crack Growth Rate to Establish the Interval for the
Next Re-Test

P, is the maximum allowable operating pressure, and*Piis the hydrostatic test pressure.

According to the assumptions of the method, Line BC represents the maximum size of the large
flaw that could have survived the second hydrestatic test and continued to grow at the prior maximur
rate. That hypothetical worst defect would be large enough to cause a failure at the maximur
allowable operating pressure (MAOP) at Point C. Therefore time t, in Figure 4 represents a saf
interval to wait before re-testing the.pipeline again.

T2 =2 =

Figure 5 illustrates how each subsequent interval can be calculated based upon the total time since th|
first hydrostatic test following the discovery of SCC in the pipeline. Implicit in the structure o
Figure 5 is the assumptionsthat the pipeline still contains a few cracks that existed at the time of th|
first hydrostatic test. Using the principle of similar triangles, it can be shown that the ratio of the nex
interval (t,) to the difference between the test pressure (P;) and the operating pressure (P,) is equal t
the ratio of the sumof the previous intervals (t,) to the difference between the pressure correspondin
to the flow stress'and the test pressure.

00 O = O rm O

to/a = t,/p
th = t, (0/P)

where o equals P, minus P,, and 3 equals the pressure corresponding to the flow stress minus P,. Al
1S.8hown in Figure 6, both the test pressure and the flow stress have strong influences on the ratio o

the futire intaruale 0 nraviane sntoarvalg
tHoatar oo VeSO ProvyTousS o vt

— A
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Figure 5 - Establishing Subsequent Intervals Based, upon Previous Intervals

\ key result of applying this method is that the duration of intervals after the second interval can be
ignificantly longer than either of the first two. For.example, if oo = 3, the second interval would
qual the first, the third would be twice as long as‘the first, the fourth would be four times as long as
he first and the fifth could be eight times as long as the first.

\ccording to this method, establishing subsequent intervals does not depend upon whether any
hilures occurred during any of the previous hydrostatic tests. It is only necessary to know the
haximum growth rate for cracks thiat,ultimately survive the prior tests, since all cracks with higher
rowth rates would have been remoyved during the prior test.
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Figure 6 - Effects of Hydrostatic'Test Pressure and Flow Stress on Length of Subsequent
Intervals Between Re-Tests for an X52 Pipeline Operating at 72% SMYS

5.3 Case Studies

In order to check the predictions of the method against field experience, data were obtained for 1
valve sections that) had experienced either high-pH SCC or near-neutral-pH SCC and had bee
subjected to multiple hydrostatic tests. The histories of those valve sections are summarized in Tabl
26. Data also-were obtained for 132 additional valve sections from the same pipeline systems; thos
valve setions also had been subjected to multiple hydrostatic tests but had not failed during thos

tests,

Hydrotest Pressure, % SMYS

o O 0O =2 H
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Table 26 - Case Studies of Valve Sections with SCC and Multiple Hydrostatic Tests

Case Time from 1st Hydrotest to | Number of Hydrotests Number of Hydrotests Comments
Service Failure Following 1st with Failures
1 NA 3 2
2 3,27 10 8 90% SMYS hydrotest and high flow
Stress

3 7 3 0
4 17 6 2
5 NA 8 1 37 years to 1st hydrotest ailure
6 4 8 0
7 NA 6 0

NA 2 1
9 NA 1 1 Hydrotest failures above 98% SMYS

after 38 years

10 22 2 1
11 6 3 0
12 8 2 0
13 NA 2 2

epresentative examples of how the predictions from thémethod compared with field experience are
lustrated in Figure 7 and Figure 8. Figure 7 represents<a valve section that was hydrostatically tested
b 110% of the specified minimum yield strength (SMYS) in 1968 during which four SCC ruptures
ccurred (open stars). Subsequently, a service failure due to SCC occurred in 1972 (filled star) after
vhich eight hydrostatic re-tests were conducted,'none of which produced failures (open circles). The
ark slanted lines represent the maximumscrack growth rates that would be predicted by the method
pr various times. If the first re-test hadibeen conducted three years after the first test, the joint that
ctually failed in service in 1972 should have failed during the 1971 hydrostatic re-test at some
ressure above 900 psig. Subsequently, three additional re-tests would have been conducted, none of
hich would have produced failures. In summary, using this method would have eliminated one
ervice failure and demonstrated the integrity of the valve section with four fewer hydrostatic re-tests.

(7 N B o S < T e - S 0 TR B o M el il o e
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Figure 7 - Comparison of Service History with Predictions of this Method for Case 6

Open stars represent hydrostatic-test failures, closed star represents a service failure and open circle
represent hydrostatic re-tests without failures. Dark slanted lines represent predictions for maximur]
crack growth rates at various times.

Figure 8 represents a valve section that .¢xperienced several hydrostatic-test failures in 1987 aftqg
which three hydrostatic re-tests were egnducted, the latter two each producing a rupture due to SC(
very near the maximum test pressurdlof 105% SMYS. In this case, this method would have predicte
the same number of re-tests and.test failures, but both failures would have occurred in the 2004 re-tes
at pressures above 1300 psig.

Comparable analyses that-were completed for all 13 valve sections are summarized in Table 27.

Comparisons were made, for first intervals of three years and five years. Of the eight service failure
that occurred after the initial hydrostatic tests, five or six probably would have been prevented if th
intervals from thé method had been used rather than the ones that were, but no more re-tests in totd
would have be¢nrequired. The only two service failures that would have occurred with a 3-year firs
interval and)subsequent intervals determined from this method occurred on a valve section that ha
been tested to only 90% SMYS. In addition, the pipe in that valve section had unusually high valug
of flowstress, which further reduces the effectiveness of a hydrostatic test. In terms of Figure 5, th
relatively low test pressure and high flow stress produce a small value for o and a large value for .

=
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Figure 8 - Comparison of Service History with Predictions-of/this Method for Case 1 (Symbols

'he additional 132 valve sections that had been tésted without producing SCC failures had been
ubjected to 370 hydrostatic tests (238 in additiono the original 132). Had the predictions from this
hethod been used to establish the intervals, about 236 additional re-tests would have been conducted.
\s with the original 13 case studies, using(this method to establish re-test intervals would not have
pquired any more re-tests than were actually conducted.

Table 27 - Summary of Comparisons of Prediction from this Method with Actual Service

Case Events after First\Hydrotest Actual_Number Predicted from Method
tl = 3 years tl =5 years
Number Difference Number Difference

Service failures 0 0 0 0 0

1 Hydrostatic re-test failures 2 2 0 0 -2
Number of hydrostatic re-tests 3 3 0 2 -1

Service failures 2 2 0 2 0

2 Hydrostatic re-test failures 31 23 -8 23 -8
Number of hydrostatic re-tests 10 8 -2 5 -5

Service failures 1 0 -1 0 -1

3 Hydrostatic re-test failures 0 1 1 1 1
Number of hydrostatic re-tests 3 4 1 3 0

68



https://asmenormdoc.com/api2/?name=ASME STP-PT-011 2008.pdf

Integrity Management of SCC in HCAs STP-PT-011
Case Events after First Hydrotest Actual_Number Predicted from Method
tl = 3 years tl =5 years
Number Difference Number Difference
Service failures 1 0 -1 0 -1
4 Hydrostatic re-test failures 2 3 1 3 1
Number of hydrostatic re-tests 6 5 -1 4 -2
Service failures 0 0 0 0 0
5 Hydrostatic re-test failures 1 0 -1 0 -1
Number of hydrostatic re-tests 8 4 -4 3 -5
Service failures 1 0 -1 1 0
6 Hydrostatic re-test failures 0 1 1 0 0
Number of hydrostatic re-tests 8 4 -4 4 -4
Service failures 0 0 0 0 0
7 Hydrostatic re-test failures 0 0 0 0 0
Number of hydrostatic re-tests 6 4 2 4 -2
Service failures 0 0 0 0 0
8 Hydrostatic re-test failures 3 3 0 3 0
Number of hydrostatic re-tests 2 3 1 2 0
Service failures 0 0 0 0 0
9 Hydrostatic re-test failures 4 3 -1 3 -1
Number of hydrostatic re-tests 1 4 3 3 2
Service failures 1 0 -1 0 -1
10 Hydrostatic re-test failures 2 3 1 3 1
Number of hydrostatic re-tests 2 5 3 3 1
Service failures 1 0 -1 0 -1
11 Hydrostatic re-test failures 0 1 1 1 1
Number of hydrostatic re-tests 2 2 0 2 0
Service failures 1 0 -1 0 -1
12 Hydrestatic re-test failures 0 1 1 1 0
Nuiber of hydrostatic re-tests 2 2 0 1 -1
Service failures 0 0 0 0 0
13 Hydrostatic re-test failures 11 5 -6 4 -7
Number of hydrostatic re-tests 3 2 -1 2 -1
Service failures 8 2 -6 3 -5
TOTAL Hydrostatic re-test failures 56 46 -20 42 -14
Number of hydrostatic re-tests 56 50 -6 38 -18
5.4 Limitations of the Method

There are several circumstances that are not covered by this method but they are believed to be rare,
and, if they do occur, would be difficult to prevent under any approach. One is the possibility that
two or more nearly co-linear sub-critical cracks could coalesce to form a critical size flaw. That
would cause a discontinuous step in the growth curve, which is not consistent with the method.
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Another possibility is that a coating defect could develop after the first hydrostatic test and a severe
chemical environment might develop under the defective coating, which might produce a relatively
rapidly growing crack. However, initiation of a new crack in an otherwise crack-free pipe is always a
possibility and is not predictable.

If either of those possibilities were not highly improbable, some cases of the method failing to match
field experience would have been expected, but that is not the case. Therefore, although use of the
method cannot guarantee prevention of all service failures, the assumptions upon which it was built

appear to be reasonable representations of conditions on existing pipelines.

rd.1

.5 Time Dependence of Crack Growth Rate

ven under controlled laboratory conditions, growth rates for stress-corrosion cracks “vary
onsiderably over time. For stressing conditions typical of gas pipelines, the growth rates for both
igh-pH and near-neutral-pH SCC decrease rapidly with time in laboratory tests. Because.conditions
h the field are not constant, one would expect even larger variations, but reliable*data are not
vailable. In order to predict the time for a flaw to grow to critical size, some asSumption about the
me dependence of the growth rate must be made. In the past, many people, notthaving any specific
ata, have assumed a constant growth rate with time.

O = o ==

mplicit in the current method is that the growth rate is such that, on.average, the failure pressure
ecreases linearly with time. This assumption would be equivalent to a constant depth-wise growth
nte for very long flaws in very tough pipe, but it would be different for typical-size flaws in pipe with
ypical toughness.

Pl B o

[0 illustrate this point, Figure 9 shows a log-secant failure.diagram for a 30-inch-diameter, 0.312-
hch wall thickness X52 pipe with a flow stress of 71,24Qpsi and a 2/3-size Charpy toughness of 20
t-1b.  For that example, the ratio of the next intervaldo the sum of the previous intervals (o/p in
igure 5) would be 1.0 according to this method. However, different values would be obtained if one
ssumed a constant depth-wise growth rate. .Censider, for example, a 10-inch-long flaw that just
urvived a hydrostatic re-test at 105% SMYS:A\The maximum depth of that surviving flaw would be
bout 21 percent of the wall thickness. Eor'that flaw to grow to a critical size through depth-wise
rowth, it would have to grow to about-56 percent of the wall thickness, which would represent
dditional growth of 35 percent of/the wall thickness. The time to grow to critical size would be
5/21 or 1.7 times the length of timethat the crack had previously been growing.

2 QO o QO o0 Q0 ke M
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Figure 9 - Log-Secant Failure Diagram for 30-inch-diameter, 0.312-inch wall-thickness X52 Pip
with a Flow Stress of 71,240 psi and a 2/3-size Charpy Energy of 20 ft.-lb.

Figure 9 shows how assuming a linear crack growth rate would affect the interval ratio for a range df
crack sizes undergoing depth-wise growthionly. For crack lengths greater than 8 inches, the lineqr
growth assumption would lead to longer.ntervals than would be derived from the present method; fqr
shorter cracks, the opposite wouldbe true, but the failures would be leaks rather than ruptures.
Therefore, for any crack that would cause a rupture at the MAOP of 72% SMYS, intervals derive
from the present method would be shorter than from an assumption of constant growth rate.

oy

The results in Figure 10 are valid only for the specific pipe properties that were used in the exampl
and for depth-wise growth only. If the crack became significantly longer while it grew deeper and th
depth-wise growth fate'was constant, shorter intervals would be predicted. However, lacking specifi
information about_the nature of the crack growth, the assumption of the present method appear
reasonable, espeeially in view of the fact that predictions from the method are consistent with servic
experience;

o @ O O O
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Figure 10 - Ratio of Next Interval to Sum of Previous Intervals for Pipe in Figure 9 and Depth-
wise Crack Growth with Constant Growth Rate

5.6 Choice of Flow Stress

As was illustrated in Figure 6, the predicted intervals are sensitive to the flow-stress, which will be
different for each joint of pipe. The flow<sttess is defined as the stress at which an infinitesimally
small crack would cause failure. Vatious ways to calculate flow stress have been developed
dmpirically to produce a good congetvative fit to measured fracture behavior of pipe. Two of the
host common are the average of the yield strength (YS) and ultimate tensile strength (UTS) and the
YS plus 10ksi. Those two formulations usually give nearly the same value for X52, X60 and X65
line pipe, as is shown in Table’ 28 for representative data from pipe that has experienced SCC in the
field. Most pipeline compdnies have records from the pipe manufacture from which a statistical
distribution of yield strengths and tensile strengths can be obtained. Since higher values of flow
stress result in shorter (more conservative) intervals, it is suggested that a value one standard
deviation above-the mean be used when statistical data are available.

72


https://asmenormdoc.com/api2/?name=ASME STP-PT-011 2008.pdf

Integrity Management of SCC in HCAs STP-PT-011

Table 28 - Various Ways to Calculate Flow Stress

X52 X60
Avg. Yield Strength, psi (real data) 56,900 69,000
Avg. UTS, psi (real data) 76,100 89,000
(YS+UTS)/2, psi 66,500 79,000
YS+10,000, psi 66,900 79,000
1.1*YS, psi 62,600 75,900
1.4*SMYS, psi 72,800 84,000
(TS+UTS)/2 + 1 Std. Deviation, psi 73,500 82,000

I=

Typically, for pipes that have experienced SCC in the field, the flow stresses rately have exceeded 1.
times the SMYS. Therefore, that value could be used as a default value ifthe-company has no recorfl
of the mechanical properties of the pipe.

5.7 Modifying Intervals Following Re-Test Failures

According to a strict interpretation of the method, the lengths &f future intervals do not depend o
whether or not failures have occurred during previous re-tests. Any joint of pipe that would hav|
failed in service during the next interval would have beefirémoved during the current re-test. Crac
growth rates in the surviving joints would be so low that:the pipe would survive until the next re-test.
Even if a rupture occurred very near the MAQP\during the re-test, it would not violate th
assumptions of the method.

[=)
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In view of the multiple levels of conservatismithat are built into the method, it is highly unlikely thd
re-test failures would occur much below the\test pressure, and industry experience bears that out. Th
vast majority of failures in re-tests following an initial test above 100% SMYS have been at or ned
the test pressure.

SR CERSY

However, in the unlikely evenf that a re-test failure did occur near the MAOP, that would be a
indication of a relatively small safety factor, and some modification to subsequent intervals woul
provide a higher level of confidence. Therefore, an approach has been devised to modify subsequer]
intervals if a failure ogeurs during any re-test, the amount of reduction in subsequent intervals bein
greater the farther the failure pressure is from the test pressure.

U9 = ===

The approach is-illustrated by the hypothetical example shown in Figure 11 and Figure 12. Figure 1
represents the hydrostatic re-test history of a pipeline that has had an SCC service failure that wa
followed immediately by a hydrostatic test at time Ty. There may have been a few test failures befor
the linessuccessfully passed the test at 6. There were no failures during the next two re-tests at timg)
T, and>T,, but a failure occurred at oyr during the re-test at time T;. According to the strid
intetpretation of the model, the next re-test would be scheduled for time T4, which is determined b
¢xtending a line from A through B until it intersects the MAOP stress.

X = N O @ —

However, because of the failure at oyr, subsequent intervals should be modified as illustrated in
Figure 12, where a dashed line has been drawn from Point B to a point at 6, which represents 'z of the
previous interval. Point C is defined as the intersection of the dashed line with oyr. The time for the
next re-test, Ty, is then determined by extending a line from Point A through Point C to 6. The
origin then would be moved to T3, and subsequent intervals would be determined as before, assuming
that no failures occur in the subsequent re-tests.
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The reasoning behind this approach is as follows. If the failure pressure were nearly equal to the test
pressure, that behavior would be only slightly different from leaving a crack that would fail just above
o;, and the next re-test would be scheduled very close to T4. However, if oyr were close to oy, the
next interval would be half of the previous interval, consistent with assessment at the “half life” as is
customary in other engineering applications. However, re-setting the origin to T; adds still more
conservatism to the approach.

| | |
| I |
! !
| |
& | ! |
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HF 2 , -
Stress | e
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P i
-~ i
- i
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|
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Time

Figure 11 - Hypothetical Re-Test History to lllustrate Modification to Method Following a
Re-Test Edilure

Stress

Flow Stress Y.

Time

Figure 12 - lllustration of Modification to Re-Test Intervals Following a Re-Test Failure

In practice, it is not necessary to draw the diagram of Figure 12. By considering the various triangles
in Figure 12, it can be shown that the length of the next interval, t, is given by
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th = (ty+)2t4.1S3/S4)S1/So-t,
where
t, = sum of all previous intervals
t,.1 = length of most recent interval

S = flow stress — maximum operating stress

1

S, = flow stress — failure stress

S; = test stress — failure stress

S, = test stress — maximum operating stress.
6. The First Hydrostatic Re-Test Interval

The method described above can be used after two hydrostatic tests have been condtcted, the first teg
being one that either produced a failure due to SCC or one that was conducted ‘after an SCC servic
failure occurred. It cannot be used to establish the interval between the fifst two tests. Unless

company has specific information about crack growth rates on its systemi, its best option is to rel
upon general industry experience. As part of the joint industry project; relevant data were obtaine
for 38 valve sections that had experienced high-pH SCC and 11 valv& sections that had experience
near-neutral-pH SCC, all of those sections having been subjected to at least two hydrostatic test
following discovery of SCC.

The key piece of information is how long after a hydrostatictest that a valve section has remained 1
normal service without experiencing a service failure.s As is shown in Table 28, that depend
somewhat on the level of the first hydrostatic test; longer lives have been experienced for tes
pressures of 100% SMYS or higher compared with'test pressures between 90 and 100% SMYS. Fd
test pressures of 100% SMY'S or higher, there, were no service failures within the first 3 years an
only one within 12 years. 90 percent of the ¥alve sections that have been in service for more than 2
years beyond the first test have not experienced a service failure. Almost 90 percent of the valy]
sections survived at least 6 years without'even experiencing a hydrostatic re-test failure.

As is shown in Table 29, a similat\behavior pattern has been observed for 11 valve sections that ha
experienced near-neutral-pH SCG€. All of those valve sections had been tested to at least 1009
SMYS.

Based upon the abovedatd, it appears that a reasonable and prudent choice for the length of the firg
interval would be 3to 6 years, the shorter time being selected where SCC is thought to be mor

aggressive, either(because of an in-service failure or multiple failures during the first hydrostatic test.

The longer timie/would be appropriate if SCC were discovered at a very high pressure during
hydrostatictest.

A 3 to ‘6-year first interval also is consistent with crack growth rates that have been deduced fror
metallographic examinations of cracks that had survived a hydrostatic test several years earlier. Th|
most aggressive of those rates have been on the order of 0.03 inch per year. Typically, a crack thd
sutvived a hydrostatic test at 105% SMYS would have to grow another 0.10 inch in depth to fail 3
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probably more than 6 years at typical growth rates.
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Table 29 - Percent of Valve Sections Not Experiencing Failure Following First High-pH SCC
Hydrotest (Based upon 38 valve sections)

Hydrotest Years Since First Hydrotest
Pressure

3 6 7 9 12 >21

% of Valvg S_ectilons with No In-Service | >90% SMYS 97 94 | 90 | 84 | 83 80
Ruptire-within-Fime >100% SMYS 100 | 96 | 96 | 96 | 96 | 90
% |of Valve Sections with No In-Service | >90% SMYS 89 79 | 71 | 68 | 52 48
Rupture or Hydrotest Rupture Within ~100% SMYS 97 89 | 88 | 84 | 67 50

Time

Table 30 - Percent of Valve Sections Not Experiencing Failure Following First NN-pH SCC
Hydrotest (Based upon 11 valve sections, all tested >100% SMYS)

Years Since First Hydrotest

3 6 7 9 12
% of Valve Sections with No In-Service Rupture Within | 100 91 90 78 75
Time
% of Valve Sections with No In-Service Rupture or 73 64 60 44 38
Hlydrotest Rupture Within Time

-

Re-Inspection Intervals for In-Line lnspection

h-line inspection (ILI) is used by very few gas.pipeline companies because of the difficulty of getting
cliable defect-size data without using a liquidicouplant. However, in a few special cases, ILI is the
est alternative, and companies that use it niced to establish appropriate re-inspection intervals.

A\n important part of an ILI is establishing the minimum size flaw that is detected and the uncertainty
h the sizes of large and small flaws,) This usually is accomplished with confirmatory excavations.
laws that are judged to presentian-unacceptable risk are removed or sleeved. The maximum size of
any remaining flaw is the critical parameter that determines the appropriate re-inspection interval.
The company’s policy for what size flaw should be removed or sleeved and the uncertainty in
determining flaw size friom the ILI data determine the largest flaw that might remain in the pipeline.

e T

Ibepending upon th€ type of ILI data available to the pipeline company, there are at least two options
fpr establishing.dapptopriate reassessment intervals:

o If the growth of individual cracks can be followed with successive runs, the actual growth
rates can be determined by dividing the change in size by the time between the two runs.

o ~1If such data are not available, the maximum size of flaw that is left in the line can be used to
establish an equivalent hydrostatic test pressure, and the hydrostatic re-test model can be

used.

The use of crack-size data from successive runs to establish growth rates has recently been described
by Katz, et. al.[7] The growth rates of 19 individual cracks were measured, and the value at the 95th
percentile was used as a conservative estimate of the growth rate. Then, that growth rate was
imposed on all of the cracks that were left in the line to calculate a minimum time to failure for each
crack. Those results were used to schedule inspections to verify the flaw sizes and make necessary
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repairs. Although that procedure theoretically should prevent any future failure, it was recommended
that another ILI run be conducted in about 7 years to validate the assumptions.

Alternatively, an equivalence with a hydrostatic test can be established by determining what
hydrostatic-test pressure would be required to remove that largest remaining flaw. The hypothetical
pipeline of Figure 9 can be used to illustrate this point. From the failure diagram in Figure 9, it is
possible to construct a family of curves, as shown in Figure 13, that represent the ranges of flaw sizes
that can survive a hydrostatic test of any given pressure.

120
100 72% SMYS
100% SMYS 4
- 105% SMYS Q
80 A2

=—110% SMYS /Q(

D
o
|

Flaw Depth, % wall thickness
N
o

N
o
|

Flaw: Length, inch

Figure 13 - Flaw Sizes that would be Critical at Various Pressures for Pipe from Figure 9

—

So long as the maximum flaw size‘that can remain in the pipeline is smaller than the largest flaw tha
could survive a hydrostatic,test, the ILI run can be considered to be at least equivalent to such
hydrostatic test, and the guidelines for establishing hydrostatic re-test intervals can be used for the 11
re-inspection intervals;

TS

8. Re-Inspection Intervals for SCC DA

[

Appropriate agtions following the discovery of SCC during DA will depend upon the number an
severity ofthe cracks that are found. In some cases, it may be advisable to conduct a hydrostatic tes
or an ILIrather than schedule another DA.

—

The4ellowing guidelines are based upon the condition that the first dig must be at the location in th|
segment where the probability of SCC is judged to be highest, thus increasing the chance of findin
one of the most severe cracks.* However, because there is a distinct possibility of missing the largeg

= —~ U4 O

crack; extra conservatismr tras-beermaddedfor- SEC DA tomparedtohydrostatictestimgor e —The
conservatism involves assuming the existence of larger cracks than are found.

If Category 4 cracks are found, there is a possibility of a service failure in the near future. Therefore,
an immediate pressure reduction should be implemented, followed as soon as possible by an

* Categories of severity are defined in a companion document.
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assessment that covers 100% of the segment. Such an assessment could be a hydrostatic test, an ILI,
or, if the segment is very short, a 100% visual examination. Subsequent remediation will depend
upon the severity of cracks that are found in the 100% assessment. It could involve replacement of
one or more joints of pipe, sleeving of cracked portions of the pipe, grinding or buffing out the cracks
or re-coating.

If Category 3 cracks are found, the possibility of Category 4 cracks existing elsewhere in the segment
should not be ignored, and, therefore, the procedure for Category 4 cracks should be followed.

If Category 2 cracks are found, the possibility of Category 3 cracks existing elsewhere in the segment
ould not be ignored. Because Category 3 cracks might grow to critical size in 3 to 5 years,the
gment should be assessed with hydrostatic testing, ILI, or a 100% visual inspection within 2,yeats,

nd a temporary pressure reduction should be considered until the full assessment /has been

ompleted.

(@)

f Category 1 cracks are found, the possibility of Category 2 cracks existing elsewhere.in the segment
hould not be ignored. Because Category 2 cracks might grow to critical size in/A to 10 years, more
igs should be conducted until no larger flaws are found. If the largest flaw jis“Category 2, the next
ssessment, which may be DA, Hydrostatic testing or ILI, should be conducted in 3 years. If the
hrgest flaw is Category 3 or 4, follow the procedure for Category 4.

_ 0 O, U =

f inconsequential cracks are found, the possibility of Category 1 ctacks existing elsewhere in the
ecgment should not be ignored. Although Category 1 cracks would not be expected to grow to
ritical size in less than 10 years, more digs should be conducted until no larger flaws are found. If
he largest flaw is Category 1, the next assessment, which may be DA, hydrostatic testing or ILI,
hould be conducted in 7 years. If the largest flaw is Category 2, 3 or 4, the procedure for the most
evere category that is discovered should be followed.

QL _n_ o O p -

f no cracks are found at the location that is expected to be most susceptible, no additional actions
hould be required before the next scheduled assgssiment. Industry experience suggests that, for every
pint of pipe that contains a colony of cracks.that is severe enough to cause a service failure, there
robably are thousands to tens of thousands of colonies with minor cracking. Furthermore, those
hinor colonies are not randomly distributed throughout the system; they tend to be preferentially
bcated near the more severe cracks:» Therefore, if any HCA or segment that is being assessed
ontains a colony of cracks that is severe enough to cause a service failure within 7 years and if a
bint of pipe is chosen for DA based upon it having the highest probability in that segment of having
CC, then the probability of )that joint of pipe not having any stress-corrosion cracks would be
xtremely low. In other wotds, if the joint of pipe with the highest probability of SCC contains no
racks, it is highly unlikely that another joint of pipe within that segment has cracks that are large
nough to cause a¢service failure within 7 years, and, under those circumstances, excavating one
ntire joint per segment should be sufficient.

O 0O 0 o pns-a /= =m sy -

'he above guidelines may be ignored if the company has performed an engineering critical
ssessmentto suggest that some other course of action would be appropriate. Also, at any time
uring the’DA process, the operator may consider switching to hydrostatic testing or ILI if it appears
hat the'number of excavations may become impractical.

O Q0 e
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APPENDIX E - HYDROSTATIC TEST PROCEDURE

Question 4. What is the appropriate procedure for hydrostatic testing?
1. Summary

Hydrostatic testing has proved to be a very effective way of managing stress-corrosion cracking

CC) T buried gas transmissIon pipetimes:

(

Hrom a technical perspective, the optimum procedure for a hydrostatic test involves a short presspre
spike at a relatively high pressure followed by a leak test. Foe managing SCC, the spike pressure
should be as high as possible within the range of 100 to 110% SMYS but should not be so high as to
dause bulging of the pipe or a large number of failures. The hold time should be only long‘ehough to
yerify the pressure and not more than 1 hour.

'he leak test can be performed either by maintaining a lower water pressure for a longer time or with
Jame ionization after the pipeline is re-pressured with gas. If a water-pressure: test is used, the
ressure should be at least 10% lower than the spike pressure and 10% higher than the maximum
llowable operating pressure. Typically, 8 hours is sufficient to stabilize.th¢ pressure, but shorter
mes may be enough if the pressure remains constant.

ol < ML o W e N S |

ccasionally, multiple failures have occurred when testing a given valve section. Over 70% of the
epeat failures due to SCC have occurred at pressures equal to‘or greater than the previous failure
ressure. Of the remainder, none of the pressure reversals hasexceeded 5% of the previous pressure.

| W o T T

Introduction

_—

lydrostatic testing typically is conducted for two purpdses:

1. To demonstrate the structural integrity ofia pipeline by removing near-critical flaws or, by
surviving the test, showing that near-critical flaws do not exist in the pipeline.

2. To determine whether leaks exist inthe pipeline.

—

t has proven to be a very valuable togl)for managing stress-corrosion cracking (SCC) in pipelines.
'he most important parameters in)'a hydrostatic test are the pressures and the hold times.
[onsiderable research has been ¢onducted to provide guidance for selecting pressures and hold times.

O

rd

3. Background

ne of the key factors in determining optimum test parameters is the fact that some flaws may grow

lowly during a test,.and, if they survive, would have a lower failure pressure after the test than before
he test. Researchi\has shown that such growth occurs to a significant extent only if the failure
ressure of the defect is above approximately 95% of the test pressure. [1] It also has been shown
hat, although some flaw growth may continue for many hours, the rate of growth decreases rapidly
ith time, ‘and by far most of the growth occurs within the first few minutes at the test pressure. [2]
Based.upon that early research, it was concluded that

o B R s o W L 72 B Y

o~ “The hold time at maximum pressure should be minimized since it causes remaining

subcritical cracks to grow. [1] A hold time of 1 hour was identilied as an upper bound
because it causes a very high percentage of near-critical cracks to fail and still minimizes
growth of the remaining flaw population, but analysis showed that the hold time could be
much shorter. [2]

e “While long hold times are required for a leak check, this can be performed at a lower
pressure than the maximum test pressure such as approximately 90 percent of the maximum
test pressure.” [1]
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4. The Spike Test

Based upon the above findings, the use of a “spike” hydrostatic test has become popular among the
pipeline companies, where a short-time, high-pressure spike is followed by a longer hold time at a
lower pressure to check for leaks.

Based upon a sophisticated probabilistic model for the growth of high-pH stress-corrosion cracks,
Leis and Kurth developed guidelines for selecting the spike-pressure. [3] They concluded that the

spike pressure should beat teast T06%6 S Y S—withr somethimg T the Tange betweenmr 165 amd 11609
SMYS being optimum. Pressure above 110% SMYS runs the risk of expanding the pipe or causin
small, stable weld defects to fail. While 110% SMYS would be ideal, it may be impracticalbecaus
of elevation differences in the pipeline, and 105% SMYS is nearly as good, and even 100%"SMY
provides considerable benefit. Pressures of 90 to 95% SMYS provide little benefit.

It U9 o

—

Another important finding from the early research on hydrostatic testing is that ‘répeated cycles 9
proof testing are detrimental since they cause more flaw-growth than is caused by helding at constar]
pressure levels.” [1] Therefore, if a company experiences repeated failures ator near a very high te
pressure, it may be better technically (in addition to financially) to reduce thetarget pressure by a fey
percent.

5. The Leak Test

From a technical standpoint, the pressure for the leak test shouldcbe at least 10% lower than the spik]
pressure and at least 10% higher than the maximum allowabld<perating pressure (MAOP). The hol
time should long enough to allow the pressure to stabilize if there are no leaks. That is, sufficier]
time should be allowed for the water temperature to equilibrate with the ground temperature and fq
residual gases to be absorbed by the water. Typicallys&hours has been sufficient for those purposes.

- -
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A number of gas pipeline companies have fouild*that a flame ionization test after the pipe is rqg
pressurized with gas is a more sensitive test for leaks than is a long hold time with water in the pipq.
Therefore, flame ionization should be an acegptable alternative to a leak test with water pressure.

6. Industry Experience with-Hydrostatic Testing for SCC

Within this joint industry project;‘data were examined from over 1000 hydrostatic tests, most g
which were conducted specifically looking for SCC. Many of those tests were in first valve section|
where the probability of SEC-would be highest in general. About 30% of those tests produce
failures, but at least halfof the failures were in about 27 valve sections that experienced multipl
failures in a sequence.( It was unusual to have more than five repeat failures in a single test sequencg,
but there were two_éxamples of 20 or more.

(R~ =

There was a gefieral trend that each subsequent failure occurred at a higher pressure than the previoul
failure presspire; but there also were a number of exceptions to this. Figure 14 illustrates the kinds o
pressure ssequences that can be observed. In this joint industry project, data were obtained for 7
repeat<failtres in 11 test sequences, four of which were in the same valve section in different yearg.
Of «fher 73 repeat failures, 51% occurred at pressures above the previous failure pressure, 229
ocoiirred at essentially the same pressure, and 27% exhibited what is termed a pressure reversal.
Pressure reversals of 1, 2, 3 and 5% were exhibited in 10, 8, 4 and 5% of the failures, respectively. I

T 2

=)

=

no case was a pressure reversal greater than 5% experienced. This 1S reasonably consistent wit
observations made in the early research on hydrostatic testing of pipe that contained flaws other than
SCC, which showed that pressure reversals greater than 5%, although possible, were highly
unlikely.[1] Those that did occur usually were associated with defects in brittle electric-resistance
weld zones.
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APPENDIX F - DIG LOCATIONS FOR SCC DA

Question 5a: When using SCC DA, where is the best place to dig?
1. Summary

The assessment of SCC-susceptible segments may utilize hydrostatic testing, ILI or excavations,

the excavations should be located.

he amount of information available to select excavation sites varies considerably from situation, to
ituation. For the first assessments, there may be little information other than basic pipeline
ttributes, although some operators may have access to data from CP monitoring, above-ground
urveys or ILI runs as well as local knowledge about topography and drainage. Eer“subsequent
ssessments, information from excavations of the HCA/segment of interest, togetherwith excavation
psults from adjacent or similar segments, may enable better discrimination. Such information is
articularly useful if it helps to build up an understanding of the type, extent andlikely distribution of
CC in the segment being assessed, so that the implications of different site\Selection criteria can be
onsidered.

O g = QO w

puidance on selection of excavation sites, based on the likelihoed' of finding SCC, has been
eveloped to take these considerations into account. A three-tiered approach to site selection has
een adopted, based upon the level of information available:

([ will @ T

Tier 1: Site selection based on pipeline attributés and operating history, with no prior
experience of SCC assessments and no%information available from excavations or
surveys

Tier 2: Site selection incorporating additional information available from local monitoring
and surveys, ILI and excavation$for other operational reasons

Tier 3: Site selection augmented.by feedback from previous SCC assessments, leading
eventually to a series ofl-pipeline-specific, weighted risk factors incorporated in an
overall ranking modek“such a model could form the basis for quantitative risk
analysis.

The individual factors are identified, based on collective industry knowledge and up-to-date
dperational experience, taking”’into account the independent risks from high pH and near-neutral pH
§CC. Their integrationinto Tier 1 and Tier 2 Site Selection Protocols is illustrated, and the issues
gssociated with incorporating new excavation data in Tier 3 are highlighted.

2. Introduction

'he managément of SCC risk commences with the identification and prioritization of SCC-
usceptible segments for assessment (see Questions 1 and 2). When excavations are used in the
ssessment process for a segment, it is necessary to establish a site selection process in order to
etefmine where the excavations should be located.

O, Q0 O

Sitesetection may be used either for dentifying the tocations of excavations conducted speciticatty
for SCC DA, or for determining the SCC risk at the site of excavations conducted for other
operational reasons (tie-ins, mechanical damage or corrosion remediation). Excavations specifically
for SCC may typically be 40 feet long, incorporating one or two girth welds, whereas excavations
conducted for other operational reasons may expose a shorter or longer pipe length.

The principal intent of site selection for SCC assessment is to identify the locations where the
likelihood of finding SCC is highest. The selection process gathers as much relevant information as
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possible in order to provide the best possible discrimination along the length of the segment being
assessed.

The amount of information available to assist site selection may vary considerably from one situation
to another. For the first assessments, there may be little information other than basic pipeline
attributes such as location, age, construction details and operating history. However, in some
instances, operators may have access to information from CP system monitoring, site surveys, ILI and
opportunistic excavations, not only for the segment of interest but also for adjacent and similar

segments. For subsequent assessments, information from targeted excavations of the segment)gf
interest, together with targeted excavation results from other segments, will enable improvefl
discrimination and re-evaluation of the selection criteria.

The guidance on selecting segments has been developed to take these variations inte.'account. A
three-tiered approach has been adopted, based on the level of information available:

Tier 1: Site selection based on pipeline attributes, operating history, avith no informatiop
available from excavations or surveys

Tier 2: Site selection incorporating additional information from any site surveys, ILI o
excavations for other operational reasons particularly” that concerning coatin
condition and evidence of environmentally assisted degradation

=

UQ

Tier 3: Site selection augmented by feedback from previeus SCC excavations on the same dr
nearby segments, leading eventually to theldevelopment of a series of pipeling
specific, weighted risk factors incorporated/in an overall ranking model. Such p
model could form the basis for quantitative risk analysis.

Each Tier incorporates a number of individual Relative Risk Factors addressing the paramete
considered to influence the likelihood of SCC. Each tier takes into account the independent risk
from high pH and near-neutral pH SCC.

|22

The individual factors are discussed in the sections that follow, and are used to develop illustrative
examples of the Tier 1 and Tier 2 Site S€lection Protocols.

3. General Approach

The main guidance for site seleetion is derived from the NACE SCC DA Guidance [1], the CEP4
SCC Guidance [2] and ASME B31.8S [3]. Other important reports that identify the factor
correlating with the occurrence of SCC in gas transmission pipelines include the protocol for high pl
SCC developed by Eiber and Leis [4], the Gap Analysis conducted for PRCI by Fessler [5], th|
Canadian NEB report' [6], the review completed by NACE Task Group T-10E-7 [7] and the reviey
for DOT by Michael Baker [8]. These are supplemented by the review of service experienc
completed aspart of this Joint Industry Project [9].

O < O = @

The NACE® SCC DA document is concerned principally with identifying the information to b
gathereéd*before, during, and after the DA process; Table 38 (taken from the NACE document)
destribes the data considered to be essential and useful for segment prioritisation and site selection).
The NACE, CEPA and ASME guidance documents all leave decisions about how to make use of th
information to the discretion of the operator.

(€]

[¢]

Industry experience suggests that, while there will be many ways in which the issues can be
addressed, one appropriate approach is to define a series of Relative Risk Factors (RRFs) that address
each of the criteria known to influence the likelihood of high pH or near-neutral pH SCC occurring.
The primary aim of the RRFs is to identify locations within the segments where excavation may be
most likely to find SCC, and, to the extent that the knowledge base is sufficient, where the most
severe SCC is located. This approach is consistent with that developed for segment prioritization
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(Question 2) and many of the criteria are similar, although for site selection they are being applied at
a localized (joint-by-joint) level of discrimination.

In line with the guidance in ASME B31.8S, it is appropriate to focus the RRFs on pipeline attributes
and operating history, together with the four general topics that are expected to determine the most
likely sites for SCC to occur: terrain, drainage, loading conditions and cathodic protection. The
weighting given to these general topics in the site selection process will depend on individual operator
experience; in the absence of prior knowledge, it is probably appropriate to give approximately equal

weight to each of five topics as follows:
Table 31 — RRF Topic Weights

Pipeline attributes (including coating type) 20%

Operational history, loading and temperatures | 20%

Terrain (topography, soil texture, drainage) 20%
Coating condition 20%
CP system design and performance 20%

o

[learly these weightings will be reviewed and modified by the operator as additional information
Hecomes available.

D

3 Development of Relative Risk Factors

The rationale for the individual Relative Risk Factors is presented below and summarized in Table 36
nd Table 37 (see also Section 3.2).

.1 Attribute and Operational Factors

istance from the compressor station incorporates the influences of operating temperature and
uctuating stress in the region immediately.downstream from compressor discharges [4], [5], [6], [7]
and [9].

ypically, operating temperature is highest near the discharge of the compressor station and decreases
gs the distance from the discharge ihcreases [5]. Higher operating temperatures contribute to external
doating degradation, particularly for coal tar coatings [4], and may result in higher crack growth rates
pr high-pH SCC [7].

he growth of both high-pH and near-neutral-pH SCC to a size causing in-service or hydrostatic test
pilures may alsobe promoted by stress fluctuations, particularly within the first few miles
downstream of the compressor [6], [7].

ithin the 20-mile region downstream from compressors, the frequency of in-service and hydrostatic
test failufes (and the frequency of excavated/ILI cracks more than 10% deep) diminishes as distance
increases [4], [5], [9] The locations for near-neutral pH SCC are more uniformly spread over the
downstream reglon partlcularly for asphalt coatmgs A graded scale of RREF, 1ncorporat1ng the

but with a more gradual cut-off for near-neutral- pH SCC to reﬂect the operatlonal experience [9]
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Table 32 — Graded Scale of RRF

Distance RRF
High pH Near-neutral pH
All coatings Tape | Asphalt | Others

<2 miles H H M L
2-5 miles H H M L
5-10 miles M H M L
10-20 miles M M M L
20-40 miles L M M L
>40 miles - L M

Coating type is included to provide discrimination for site selection in the (ufilikely) event that mor
than one coating type is present in an individual pipeline segment. Seryice-experience [1], [6], [§
and [9] indicates that SCC has not occurred in joints with fusion bonded\epoxy coatings (RRF Scor
VG) but has occurred in association with other types of coating or bare pipe. Detailed studies of th
relationship between coating type and the propensity for SCC formation [7], [10], combined with th
review of operator experience [9], form the basis for a series of RRFs for different coating types an
ages, for both high-pH and near-neutral-pH SCC.

O O O — 0O

=

Service experience from the U.S., Canada and Europe-[3], [6], [10] has indicated that field-applie
coatings and girth weld sleeves are more prone to SCCythan other locations. Similarly, attachmentd,
weights, anchors and casings can give rise to potential shielded crevices that are more at risk than th|
uniform pipeline [1]. An RRF Score can be added.if any of these features is present.

(@)

A prior history of SCC within a particular segment is a clear indication that the conditions for SC(
may be present in a nearby segment [6], [8],[9]. A RRF Score can be added to focus initial attentio
close to locations that have a prior histery of SCC (A risk-reducing factor applies if prior excavation
have revealed no cracking in the victity).

@A = (2

A prior history of other features.that might promote SCC, such as hard spots or mechanical damag|
[1], [6], [8] would also merit:a RRF score to focus attention on such locations. Axial residual stresse]
can be higher at bends, @€specially field bends. In many instances, features such as hard spots an
mechanical damage mayjalready have been addressed via other integrity management activities; thej
inclusion here is to_nake doubly sure they are not overlooked.

EIR=" 2

During the course of excavations and ILI investigations, some operators have found correlations
between neafsneutral pH SCC occurrences and pipe manufacturer [11], [12]. There is a possibility df
inherent (differences between the SCC susceptibilities of different steels, but this is currently ap
D
t
S

unproven aspect of ongoing research. It is more likely that differences in the pipe forming, weldin
andistrface treatment processes give rise to differences in residual stresses and oxide coating, and tha
these influence the propensity to SCC formation. Also, the seam weld can be both a streg
concentrating feature and a promoter of “tenting,” and it has frequently been associated with neaj

neutral pH SCC under tape-wrapped coating. If correlations between pipe manufacturer or weld type
and SCC occurrence are found for particular pipelines, they can be incorporated via a RRF score
based on the judgment of experts.

Pipe properties can also influence the severity of cracking; critical defect depths are smaller in pipes
with low toughness and hence there is less time before SCC grows to the critical depth. An additional
RRF may be appropriate if pipe toughness is known to be low; in practice, this can probably be linked
to the pipe manufacturer.
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4.2 Terrain

Undulating terrain, slope inclination and the potential for subsidence all contribute to the possibility
of generating secondary stresses (axial or bending) that have been associated with SCC failures [5]-
[7]. Pipe-soil movement has also caused disbondment, wrinkling and cracking of the coating [6], [8],
[10], allowing accelerated SCC. Secondary stresses are most likely to be generated where the slope
change occurs, particularly at the bottom of the slope but also at the top or at slope changes in
between [1]. A graded scale for secondary stress., based on slope intensity, can be included as

follows.

Table 33 — Graded Scale for Secondary Stress

Average slope over 500 feet): | RRF
Steep (e.g. >20%) H

Intermediate (e.g. >5%) L
Flat (e.g. <5%) -

econdary stresses may also be generated, for example, where the surrotinding support (e.g., a rock
radle) begins and ends, or at a point of minimum elevation. A low\RRF Score can be added to
romote site selection at these positions.

f there is a known history of ground/pipe movement, then th¢ problems of secondary stresses and
oating degradation are more likely to be present, particularly<for smaller diameter pipelines [6], [8];
gain, a low RRF Score can be added to promote site selection at these positions.

QO - = o N

(onsiderable research has been directed towards correlation of SCC likelihood with soil texture [1],
[R], [4]-[7]. There is substantial evidence from service failures that silt and clay soils, which adhere to
the coating and hold more moisture, are more likely to be associated with high-pH SCC than are sand
and gravel soils. For high-pH SCC, RRF scores\can be added to reflect these findings.

There is also evidence that soil texture is @ discriminating parameter for near-neutral-pH SCC [1], [2]
[6], [6], [7], but the situation is less.Clear and there are no generalized rules. For tape coatings,
disbondment and the conditions for(SCC are more likely to occur in textures containing clay and silt,
whereas, for asphalt coatings, the drier sand and rock textures are more prone to the conditions for
JCC (see also the interacting effects of CP, below). The RRF scores for near-neutral-pH SCC
distinguish between tape dnd asphalt coatings (there is very little evidence of near-neutral-pH SCC
Under coal tar coatings)!

There is a considerable’ amount of evidence from service failures that the local drainage conditions
have a substantiakinfluence on the likelihood of SCC formation [1], [4]-[6], [7]. Alternating wet/dry
qr variable spilmoisture conditions promote the formation of high-pH SCC in coal tar coated lines
and near-ncutral-pH SCC in asphalt coated lines. Alternating wet/dry conditions may be due to
seasonal‘changes in the water table or be associated with run-off after rainfall. In most instances
near-neutral pH SCC, and also in some instances high pH SCC, is associated with continuously wet
onditions [1], [4], [7]. These conditions can develop in areas of poor or inadequate drainage, at the

(@)

OTIOMM Of SIOPES, at Tiver Crossings and at other depressions in the landscape, and in irrigated arcas.
An RRF can be included to reflect these issues, based on subjective judgment and local experience.

There have been occasions where near-neutral-pH SCC occurred in sandy or well-drained soil with
high resistively, under asphalt coatings [7]. The RRFs can be extended to reflect this experience.

The resulting RRFs for drainage are as follows.
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Table 34 — RRFs for Drainage

High-pH | Near-neutral-pH

Tape | Asphalt

Drainage condition

Well-drained, predominantly dry

Poorly or seasonally drained

Never drained

< Z I
I | |IT||r
- Z|IZ|| T

Location of river crossing, depression

If no such feature present - - -

4.3 Coating Condition

e ny

There is considerable evidence that poor coating condition—porosity, wrinkles, disbondment an
cracking—are associated with both high-pH and near-neutral-pH SCC, particularly for field-applie
coatings [4]-[10]. There have been numerous occurrences of nearsneutral-pH SCC under field
applied spirally wrapped PE tape coatings, at locations where tentingZand local disbondment occurg,
giving rise to local environments that are shielded and are not aedched by the cathodic protectio
currents. Good initial coating quality and prolonged good coating condition are associated with mill
applied coatings, mainly because of good surface preparationmprior to coating. It will be necessary fg
the RRF to be based on the judgment of experts with localknowledge.

oy

=)

—

If direct examination of coating quality is possiblé,;\¢oating quality may be established as good;
however, if coating quality has to be inferred fronattribute information or CP test point data, goofl
quality cannot be guaranteed and the RRF can b&'adjusted accordingly.

Direct examination of the pipe surface condition provides several indicators of the likelihood of SC(,
both at the excavated site and nearby. Theése include the presence of oxide scale, corrosion and old g
new shiny metal, as well as old or new"iron carbonate and calcareous deposits. The pH of the undef
coating liquid helps to identify any SCC found.

—

Indirect evidence of coating conditions that promote near-neutral pH SCC, even when the exposefl
coating appears to be soundj\can sometimes be obtained from Magnetic Flux Leakage ILI. Shalloy
pitting corrosion under éan)intact but disbonded CP-shielding coating is often found in association
with near-neutral pH SCC [6], [11] and an RRF score can be used to focus excavations on such areas
if they are present.

SCC can be pfomoted if there is coating and pipe damage due to mechanical impact [6]. A RRF
score can beyadded if there is a history or risk of mechanical damage in the locality. Also, a score cap
be added if*there has been an in-service coating repair in the vicinity; this can either enhance dr
reducesthe risk of SCC, depending on an expert assessment of coating quality and the susceptibility qf
the boundary region between the new and existing coating.

44 CP System Design and Performance

CP system design is a primary indicator of the likelihood that SCC-preventing conditions have been
applied. Well-designed systems ensure operation at around —950 to —850 mV Off, whereas in some
areas —100 mV shift has been applied. The history of CP is as important as the present situation;
many pipelines were originally constructed with inadequate or no CP and upgraded at a later date.

CP system reliability and reproducibility are measures of the likelihood that correct CP conditions
(better than -850 mV Off) have always been maintained and that periods of local inadequate CP have
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been avoided. If protection is marginal, and voltages are generally —850 to —780 mV Off, or if the
—100 mV differential criterion has been applied, there is an increased risk of high-pH SCC [1], [4]. If
there are problems sustaining the level of protection and the potential is worse than =780 mV OFF,
the risk of near-neutral-pH SCC is higher [1], [7]. The RRF addressing these issues will need to be
based on the judgment of experts with local knowledge.

Other possible problem areas for CP system reliability are at rail and cable crossings. Similar risks
exist in the proximity of industrial and commercial sites, particularly those with highly rated buried

ower cables. To reflect these concerns, additional RRF scores can be included if any of these
patures are present, and particularly if there is a prior history of such occurrences.

!

f

The availability of above-ground survey data can give important information to corroborate ‘the
duality of both coatings and the CP system, and correlate with SCC occurrences found during the
d
d
d
A
d

arly stages of an excavation program (although it requires careful interpretation for £P=shielding
oatings). Close interval survey (CIS), direct current voltage gradient (DCVG) and C-Scan survey
ata can all locate potential faults [1], [7], [10], but they may not detect intact but diSbonded coatings.
An RRF score can be used to direct future excavations to such locations, based on the judgment of
xperts with local knowledge.

'he CP system effectiveness depends upon the extent to which the system meets the specified
equirements, both at the present time and over the previous operating life.” Effective maintenance of
he protection levels at all times is the optimum performance; howevet; systems may be only partially
ffective in meeting these criteria, or the current may be partially’shielded by the coating. In some
hstances, CP-shielding coatings may negate the effects of CR-entirely. The RRF score, based on the
1Idgment of experts with local knowledge and supported by.information from excavations, will need
b reflect these issues.

P N S O

7.1

. Development of Site Selection Protocols

rd.1

.1 Allocation of Tier 1 and Tier 2 Relative Risk Factors

The Tier 1 approach is applicable when no-prior SCC knowledge is available and when there is no
ihformation available from in-ground surveys or other relevant excavations. The Tier 2 approach
thakes use of all available information.from surveys, opportunistic excavations, ILI and other sources
relevant to the segment being assessed, enabling better discrimination and site selection.

The assignment of Relative Risk: Factors to Tier 1 and Tier 2 in accordance with this approach is
i]lustrated below:
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Table 35 — RRFs for Tier 1 and Tier 2

STP-PT-011

Tier 1

Tier 2

Attribute and operational information

Distance from compressor
Coating type
History of SCC nearby

Confirmation of pipe, joint coating type
Type
Possible CP shielding due to

Pipe manufacturer
Pipe toughness
Weld type, bends, casings

attachments, casings
Hard spots, mechanical damage
Cracking found by excavations

Terrain

Slope of land

Points of minimum elevation

History of ground movement

Well, poorly or seasonally drained
Location of creeks or river crossings

Soil texture

Soil resistivity

Soil moisture content
Groundwater chemistry

pH of liquid beneath.€eating

Coating condition

Adhesion, porosity, disbonding
Repair ceating condition
Mechanical damage to coating
Surface deposits, corrosion

CP system design and performance
System design (e.g., -850 mV, 100 mV shift)
History of CP installation, upgrades

Good, marginal or poor protection
“Problem” locations revealed by surveys
Proximity to sources of electrical interference

It can be seen from this table that, while the Relative Risk Factors in Tier 1 will provide a useful levgl
of discrimination, at least for imitial screening, the ability to define excavation sites is considerably
enhanced by the factors in Tier 2. Consequently, the use of such information at the earliegt
opportunity in the SCC assessment process is encouraged even if only one or two of the Tier 2 factors
can be utilized.

5.2 Tier3

The fundamental) difference between Tier 3 and Tier 2 stems primarily from the availability g
information-frem excavations already conducted on the segment being assessed, or on other segment
with the same attributes and SCC experience, as part of the ongoing SCC assessment process. Th
NACE-SCC DA document [1] lists a large number of measurements and observations that form pat
of thelassessment, including the following:

= (0 @

Pipeline attributes and operational features
Presence of erpqc-prnmnfing features — dents_wrinkles, rock ]F‘ngQ) road Prnqqingq

Presence of hard spots
Presence of weights, anchors, supports

Coating condition
Confirmation of the coating type
Pipe surface condition (oxide scale, corrosion, carbonate or calcareous deposits, pH of under-
coating liquid, etc.)
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Evidence of disbondment (poor application, in-service degradation)
Faults and holidays, creep, wrinkles and cracking

Correlation with survey results prior to excavation

Confirmation of field joint type

Repair coating condition, bond to original coating

Cathodic protection
Evidence of inadequate protection and/or shielding (now or previously)

Correlation with survey results prior to excavation
Presence of local CP shielding (e.g., from rocks)
Presence of weights, anchors, supports

Presence of local sources of electrical interference

Terrain

Soil type and texture

Drainage, soil moisture and resistivity

Confirmation of land use

Presence of river crossings, other local undulations
Groundwater conductivity, presence of agro-chemicals

|

{istory —update
Has SCC been found?
If so, what type, what extent and distribution; no of colonies, depths

This new information does not require additional Relative“Risk Factors; instead it necessitates a
domplete review and update of the Tier 2 factors, based, onexpert analysis and interpretation of the
rlew data. In some instances, this process will allow syb-division of some of the factors identified in
Tier 2 and clarification of the discriminatory features_néeded for the expert interpretations. In order
for this to be sound and successful, it is necessary to acquire a considerable number of fully
documented records (as described by NACE, [1])relevant to the segment being assessed.

. Implementation and Application
.1 Tier 1 and Tier 2 Protocols

q

@

The preceding sections identified-a series of individual factors to be considered when developing a
site selection protocol for SCExsusceptible segments. Table 36 and Table 37 illustrate how they
thight be combined into Tier) 1 and Tier 2 Protocols respectively, incorporating a simple High-
Medium-Low ranking for each factor.
1
9
i
d
i
d
d

'he Tier 1 Protocol.is based on the key factors that will provide joint-by-joint discrimination in the
bsence of any further local knowledge of pipeline condition. The Tier 2 Protocol includes additional
ihformation obfained indirectly from standard system monitoring above-ground surveys and ILI, or
btained diréctly from examination of the exposed pipe and coating; in either case, this additional
information.requires interpretation by technical experts with local knowledge. Either Tier 1 or Tier 2
an be.used at the outset of the SCC assessment process, before any specific knowledge about SCC
ccurrence has been obtained for the segment being assessed.

Ifonly partial Tier 2 information is available, it snould still be used wherever possible. However, the
selective used of additional information must not be allowed to penalize particular sites.

When a particular pipeline segment is examined, not all the RRFs will necessarily be discriminatory.
This will particularly be the case for short segments. For example, the entire segment may be subject
to the same drainage conditions or the same CP system quality, although there will usually be local
low points that can be selected for excavation. Nevertheless, it is confidently expected that there will
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always be sufficient variation in some RRFs to enable discrimination and selection of sites for
excavation.

The Tier 1 and Tier 2 Protocols are structured to select different sites for high pH and near-neutral pH
SCC. In most instances, only one type of SCC is likely to be present, and the appropriate scale of
RRFs will be used. In the absence of any prior knowledge, an operator should excavate sites selected
according to both RRF scales.

Ill t}lc ﬁlbt iubtaubc, aud ill tluc abbcuuc Uf au_y Ut}lcl iufuuuatiuu, all UVClall 1au}\1115 vdall 1l.JC Ubtaiuc
by replacing High-Medium-Low with 5-3-1 (and -2 for Good). Based on the overall operationg
experience of many operators, this may be a satisfactory starting point. However, such an apptoac
arbitrarily allocates equal weight to each factor; as new information is obtained from excavationg,
operators will select and apply weight to the individual factors for the Tier 1 and Tietr 2 Protocol
according to the attributes, operational history and service experience of their own pipeline systems.

6.2 Site Selection for HCAs

The application and outcome of the site selection process may be determined-by the juxtaposition g
segments and HCAs in a pipeline. A segment is defined as a continuous length of a pipeline wit
nominally common attributes such as installation age, operating pressure and pressure history. I
some instances, operators may elect to separate segments on the basis’of pipe wall thickness, grad
and coating type, whereas in other instances, operators may elect to consider an entire compressor-tg-
compressor length as one segment. It follows from this thatthe-relationship between segments an
HCAs also varies from situation to situation. An HCA may)contain several segments or may be a
entire segment; in some instances several HCAs may be within a single segment.

= —

2]

T = 5

==

=]

The key principle is that the ranking of selected sites<for excavation should be applicable to a know
length of pipeline with nominally common attribufes (i.e., a segment). Hence, if several HCAs fa
within a segment, it follows that an excavation, site outside the boundary of an HCA will be used fog
its assessment if the site selection ranking shews a higher likelihood of finding SCC at this location.

"

6.3 Implementation of Tier 3

w

The Tier 3 approach is primarily used-for reassessments rather than first assessments. It provides th|
route for incorporating the results ‘from the ongoing SCC assessments: modifying the weightings, sub
dividing the definitions of each factor in the Tier 1 and Tier 2 Protocols and developing statisticall
sound predictive models.«.The manner in which this is undertaken will be determined by eac
individual operator. Several operators have initiated an ongoing process for reviewing and updatin
their Site Selection-Protocols as excavation results become available, as described above. Som
operators have begen-undertaking extensive excavation programs for many years and have alread
obtained a sufficiently large database of SCC records to enable the development of quantitative ris
assessment, medels based on this type of approach; for most operators, however, this is still a lon,
way off.

7. Next Steps

The application of the Site Selection Protocols will lead to the identification of one or more sites in p
ségment where SCC is most likely to occur or is likely to be most severe. This will give guidance fo

o A <X O U9 =2 <X

PN

the first excavations; the need tor turther excavations on the same segment will depend on the SC
findings. The issues to be considered in determining how many excavations are necessary to
complete an assessment, and how long the interval should be before the next assessment, are
discussed in the JIP Report “Question 3: Methods for establishing reassessment intervals” and the JIP
Report “Question 5b: Determining how many excavations should be conducted.”
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Table 36 - Summarized lllustration of Relative Risk Factors for Site Selection — Tier 1

Factor | HighpHSCC | Near-Neutral pH SCC
Attribute and Operational Information
Distance From Compressor All coatings Tape Asphalt Others*
<2 miles H M L
2-5 miles H M
5-10 miles H M
10-20 miles M M

2040 - milas. M M

r<<IT
F—re

>40 miles - L M -

Coating Type (individual pipe joints)
FBE or liquid epoxy
Coal tar
Asphalt
Tape
Wax
Bare
If coatings are field-applied
If coatings are plant-applied - -

Pipe manufacture and properties Tape Others
Manufacturer linked to other instances of SCC H H
Pronounced seam weld cap (DSAW) -
ERW pipe more than 30 years old S
Pipe toughness below 20 ft Ibs (2/3 Charpy)

History of SCC (e.g., within 500 feet)

In-service, hydrotest failure
Cracking >10% deep

Cracking <10% deep

Excavations have found no cracking

History/presence of other SCC-promoting features
Hard spots L
Mechanical damage
Bends, attachments, weights etc

Terrain

Secondary loading - slope inclination (e.g., average slope~over 500 feet) Tape Asphalt
Steep (>20%) or undulating L
Intermediate (5-20%)

Flat (<5%)

Location of top of slope
Location of bottom of slope
Location of >10% slope change
Local point of minimum eleVation

History of ground movement

Drainage: Location of cre€k, river crossing

Coating Condition

History or risk of mechanical damage; proximity to road crossings,

industrial/commercialsites etc

Previous coating_repairs within 100 feet

CP Systent Design

CP systemucriterion is -850 mV OFF

CP,system criterion is 100 mV shift

CGR.system criterion is less than =780 mV OFF

History or risk of electrical interference with CP; proximity to cables, transport

systems, industrial/commercial sites
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*The term “Other” refers to wax, coal tar, bare pipe, etc. that are not identified in the preceding columns and are
not exempted from assessment (e.g., fusion bonded epoxy).
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Table 37 - Summarized lllustration of Relative Risk Factors for Site Selection — Tier 2

Only the additional Tier 2 Relative Risk Factors are included below.
Factor [High pH SCCJ Near Neutral pH SCC

Attribute and operational information

Terrain

Soil texture at pipe crown depth Tape Asphalt

Organic H Y

Clay B
Silt

Mixed sand/ coarse clay
Mixed sand/ coarse silt

Sand

= I £

Coarse Rock

mr AR 22 2 2 L
= ZENZ T

Bedrock (limestone, sandstone and shale)

Drainage Tape Asphalt
L H

M H M
M H M

Well-drained, predominantly dry
Poorly or seasonally drained

Never drained

Soil resistivity
High resistivity
Low resistivity

pH of liquid beneath coating
High pH H :

Near-neutral pH

Groundwater chemistry (e.g., from local @gricultural/industrial practices) could promote SCC

Coating Condition

Good adhesion, little porosity.& disbonding (as-new) - -
Some damage/porosity, limited disbonding

\Wrinkles, cracks, disbonding with deposits under H H

Evidence of shallow corrosion below an intact but dishonded coating (addit score) - H

Previotis-coating repairs within 100 feet L L

CRSystem Performance

Evidence of good protection at all times - -
Marginal protection, history of variability
Sustaining protection levels is/has been a problem

CP is shielded by coating, or by attachments, weights, casings

=2 2 Z
2T 2 -

“Problem location” identified by CIS, DCVG, C-Scan survey, etc.
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Table 38 - Factors to Consider in Prioritization of Segments and in Site Selection for SCC DA

(from NACE RP0204-2004)

The relative importance of each data element (indicated in last column) is

A. Usually important for prioritizing sites.
B. May be important for prioritizing sites in some cases.
C. Not relevant to prioritizing, but may be useful for record keeping.

preferentially in hard spots, which can be located by Il that measures
residual magnetism.

Factor Relevance to SCC Use and Interpretation of Results Rankir]g
PIPE-RELATED
Grade No known correlation with SCC susceptibility. Background data needed to calculate C
stress as percent of SMYS.
Diameter No known correlation with SCC susceptibility. Background data needed,te calculate [}
stress from internal pressure.
Wall thickness | No known correlation with SCC susceptibility. Impacts citical defect size and C
remaining.life predictions. Needed to
calculate stress from internal pressure.
Year No known correlation with SCC susceptibility. Older pipe materials typically have C
manufactured lower toughness levels, reducing
critical defect size and remaining life
predictions.
Pipe Near-neutral-pH SCC has been found preferentially in the HAZ of ERW | Important factor to consider for near- A
manufacturer pipe that was manufactured by Youngstown Sheet and Tube in the neutral-pH SCC.
1950s. Reported to be statistically significant predictor for near-neutral-
pH SCC in system model for one pipeline system,
Seam type Near-neutral-pH SCC has been found preferentially under tented tape May be important factor to consider B
coatings along DSA welds and\in/HAZs along some electric-resistance for near-neutral-pH SCC.
welds. No known correlation with high-pH SCC.
Surface Shot peening Or-grit blasting can be beneficial by introducing compressive | Important factor to consider for both A
preparation residual.stresses at the surface, inhibiting crack initiation, and by high-pH and near-neutral-pH SCC.
removing mill scale, making it difficult to hold the potential in the critical
range for high-pH SCC.6
Shop coating To date, SCC has not been reported for pipe with undamaged fusion- Important factor to consider for both A
type bonded epoxy (FBE) coating or with extruded polyethylene coating. high-pH and near-neutral-pH SCC.
Bare pipe SCC has been observed on bare pipe in high-resistivity soils. May be important factor. B
Hard spots There have been instances in which near-neutral-pH SCC has occurred May be important factor. B
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Factor Relevance to SCC Use and Interpretation of Ranking
Results
CONSTRUCTION-RELATED
Year installed Impacts time over which coating degradation may occur Age of pipeline used in criteria A
and cracks may have been growing. for selection of susceptible
segments in Part A3 of ASME
B31.85.1
Route changes/modifications May be important for C
accurately locating each site.
Route maps/aerial photos May be important for C
accurately locating each site,
CQonstruction practices Backfill practices influence probability of coating Early levels of CP might be B
damage during construction. Also, time between important.
burying of pipe and installation of CP might be
important.
Spirface preparation for field coating | Mill scale promotes potential in critical range for high- |.May/be discriminating factor. A
pH SCC.
Fleld coating type High-pH SCC found under coal tar, asphalt, and tape.~”| Important factor to consider A
Near-neutral-pH SCC most prevalent under tapebut | for near-neutral-pH SCC.
also found under asphalt. Weather conditions during
construction also may be important in affecting
coating condition.
Lpcation of weights and anchors Near-neutral-pH SCC has-been found under Might be important, B
buoyancy-control weights. especially for near-neutral-
pH SCC.
Lbcations of valves, clamps, No known relation to SCC. Just applicable to locating May be important for [}
spipports, taps, mechanical couplings, | and characterizing sites. accurately locating and
ejkpansion joints, cast iron characterizing each site.
cpmponents, tie-ins, and isolating
joints
Lpcations of casings CP shielding and coating damage more likely within May be important for B
casings. accurately locating and
characterizing each site.
Lbcations of bends, including’miter Might indicate unusual residual stresses. Residual stress may be an B
bends and wrinkle bends important factor.
Lpcation of dents Might indicate unusual residual stresses. Residual stress may be an B

important factor.
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Factor Relevance to SCC Use and Interpretation of Ranking
Results

SOILS/ENVIRONMENTAL

Soil characteristics/ types (Refer | No known correlation between soil type and high-pH Might be important, B

to Appendix A.) SCC, except for some evidence that high sodium or especially for near-neutral-
potassium levels might promote development of pH SCC.
concentrated carbonate/bicarbonate solutions under
dishonded coatings. Some success has been
experienced in correlating near-neutral-pH SCC with
speciicsor :

Drainage Has been correlated with both high-pH and near- Might be important B
neutral-pH SCC. parameter.

Topography Has been correlated with both high-pH and near- Might be important B
neutral-pH SCC, possibly related to effect on drainage. | parameter.

Also, circumferential near-neutral-pH SCC has been
observed on slopes where soil movement has
occurred.

Land use (current/past) No obvious correlations have been found, but use of Might\be important B
fertilizer might affect soil chemistry as related to parameter.
trapped water under disbonded coatings.

Groundwater Groundwater conductivity affects the throwing power of | Might be important B
CP systems. parameter.

Location of river crossings Affects soil moisture/drainage. Might be important B

CORROSION CONTROL

CP system type (anodes, rectifiers, | Adequate CP can prevent SCC if it.feaches under Important parameter. B

and locations) dishonded coatings.

CP evaluation criteria Adequate CP can prevent SCC if it reaches under Background information. C
dishonded coatings.

CP maintenance history Adequate CP can,pfevent SCC if it reaches under Background information. C
dishonded coatings:

Years without CP applied For high-pehSCC, absence of CP might allow harmful Important parameter. B
oxides to-form on pipe surface. For near-neutral-pH SCC
oceurring at or near the open-circuit potential, absence
Of.CP could allow SCC to proceed.

CIS and test station information Although high-pH SCC occurs in a narrow range of Important factor to consider B
potentials (typically between -575 and =825 mV vs. for both high-pH and near-
copper/copper sulfate [Cu/CuSO4] depending on neutral-pH SCC.
temperature and solution composition), it has been
observed on pipe that appeared to be adequately
cathodically protected, because the actual potential at the
pipe surface can be less negative than the aboveground
measurements because of shielding by disbonded
coatings. Nevertheless, locations of cracks might
correlate with CP history, especially if problems had been
encountered in the past.

Coating-fault survey information Because SCC requires coating faults, indications of Important background B
coating condition might help locate probable areas. information.
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Factor Relevance to SCC Use and Interpretation of Ranking
Results
Coating system and condition The coating system (coating type, surface condition, etc.) | Important background A
is an important factor in determining SCC susceptibility information.
and the type of SCC that occurs. Because SCC requires
coating faults, indications of coating condition might help
locate probable areas.
QPERATIONAL DATA
Plpe operating temperature Elevated temperatures have strong accelerating effect | Important, especially for high- A
on high-pH SCC. For near-neutral-pH SCC, pH SCC.
temperature probably has little effect on crack
growth rate, but elevated temperatures can
contribute to coating deterioration.
Qperating stress levels and Stress must be above a certain threshold for SCC to Impacts SCC initiation, critical A
fluctuations occur. Fluctuating stresses can significantly reduce the | flaw size, and remaining life
threshold stress. predictions.
Lpak/rupture history (SCC) There is a high probability of finding more SCC in the | Important. A
vicinity of previously discovered SCC.
Direct inspection and repair history There is a high probability of finding more SCC in the Important. A
vicinity of previously discovered SCC.
Hydrostatic re-test history There is a high probability of finding more SCC in the | Important. A
vicinity of previously discovered SCC.
11 data from crack-detecting pig There is a high probability of finding more SCC inthe | Important. A
vicinity of previously discovered SCC.
Il data from metal-loss pig If a metal-loss pig indicates corrosion on a tape- May be important. B
coated pipe where there is no apparent indication{of
a holiday, the coating is probably disbonded and
shielding the pipe from CP, a condition in which SCC
— especially near-neutral-pH SCC — has been
observed.
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APPENDIX G - NUMBER OF DIGS FOR SCC DA

Question 5b: How many digs per segment are appropriate for SCC DA?

A key question regarding stress-corrosion-cracking direct assessment (SCC DA) is how many digs
should be conducted in a pipeline segment. The answer to that question needs to be considered
within the broader context of what kinds of actions are appropriate after discovering stress-corrosion

cracks in a pipeline. In some cases, actions other than more digging, such as hydrostatic testing or-in
line inspection (ILI) may be more appropriate. Severity rankings as defined in a separate dogumer]t
may be used to guide the choice of the next action.

To address this question, it is important to carefully define and recognize the purpose-0f SCC DA.
The purpose of any assessment for SCC is to provide assurance that a service failure avill not occyr
before the segment is re-assessed. It is not to find or remove every stress-corrosion crack in th
segment; none of the assessment approaches can do that.

[¢]

The following guidelines are based upon the condition that the first dig must’be at the location in th
segment where the probability of SCC is judged to be highest, thus incredsing the chance of findin
one of the most severe cracks. However, because there is a distinct possibility of missing the larges
crack, extra conservatism has been added for SCC DA compared to-hydrostatic testing or ILI. Tha
conservatism involves assuming the existence of larger cracks thanvare found.

= = U4 O

If Category 4 cracks are found, there is a possibility of a service failure in the near future. Thereforg,
an immediate pressure reduction should be implemerted, followed as soon as possible by a
assessment that covers 100% of the segment. Such an-assessment could be a hydrostatic test, an IL]
or, if the segment is very short, a 100% visual examination with MPI. Subsequent remediation wi
depend upon the severity of cracks that are .found in the 100% assessment. It could involv]
replacement of one or more joints of pipe, sleeving of cracked portions of the pipe, grinding d
buffing out the cracks or re-coating.

= D = =

—

If Category 1 cracks are found, the possibility of Category 2 cracks existing elsewhere in the segmer
should not be ignored. Because Catégory 2 cracks might grow to critical size in 5 to 10 years, mor
digs should be conducted until noJarger flaws are found. If no flaw larger than Category 1 is found
the next assessment, which may'be DA, Hydrostatic testing or ILI, should be conducted in 3 years. |
the largest flaw is Category. 2, the next assessment should be conducted in 2 years. If the largest flay
is Category 3 or 4, follow _the procedure for Category 4.

w

< -

If inconsequential ¢racks are found, the possibility of Category 1 cracks existing elsewhere in th
segment should not be ignored. Although Category 1 cracks would not be expected to grow t
critical size imless than 10 years, more digs should be conducted until no larger flaws are found. 1
no flaws larger than inconsequential are found, the next assessment, which may be DA, hydrostati
testing or TLI, should be conducted in 7 years. If the largest flaw is Category 1, 2, 3 or 4, th
procedure for the most severe category that is discovered should be followed.

T O O O

If'no cracks are found at the location that is expected to be most susceptible, no additional action|
should be required before the next scheduled assessment. Industry experience suggests that, for every

2]

Jomt-of prpe-thatcontatrs—acotonyof cracks-that ts—severeenoughtocause—aservice fatture;ther
probably are thousands to tens of thousands of colonies with minor cracking. Furthermore, those
minor colonies are not randomly distributed throughout the system; they tend to be preferentially
located near the more severe cracks. Therefore, if any HCA or segment that is being assessed
contains a colony of cracks that is severe enough to cause a service failure within 7 years and if a
joint of pipe is chosen for DA based upon it having the highest probability in that segment of having
SCC, then the probability of that joint of pipe not having any stress-corrosion cracks would be
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extremely low. In other words, if the joint of pipe with the highest probability of SCC contains no
cracks, it is highly unlikely that another joint of pipe within that segment has cracks that are large
enough to cause a service failure within 7 years, and, under those circumstances, excavating one
entire joint per segment should be sufficient.

The above guidelines may be ignored if the company has performed an engineering critical
assessment to suggest that some other course of action would be appropriate. Also, at any time
during the DA process, the operator may consider switching to hydrostatic testing or ILI if it appears

that the number of excavations may become impractical.
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APPENDIX H - CRACK SEVERITY

Question 6: How should crack severity be defined and how should severity determine what kinds of
remedial actions are appropriate?

1. Introduction

When cracksarefounddurimgexcavation or tEf;, Tt Tmportant toestablishr their severtty morder+
determine what the mitigating actions should be and how urgently they should be undertaken: CA
measure of crack severity also is essential for determining the reassessment interval for any-smallg
cracks that may remain after the first assessment or for considering whether any padditiona
monitoring should be performed during the intervening period.

—_—— P O

—

To facilitate decision-making, it is appropriate to develop a hierarchy of crack severity. categories an
response categories, thereby ensuring a coherent overall process for timely; effective and saf]
mitigation whenever cracking is discovered.

w

2. Crack Severity Categories
2.1 Definition

In line with other guidance for SCC (e.g., CEPA, [1]), it is apprepriate to identify threshold depth
and lengths below which cracks are not considered to present,any immediate threat to integrity. T
avoid confusion with other schemes, the term “Noteworthy’)has been applied to cracks that exceefl
these thresholds and is defined as follows:

O @A

~

An SCC crack or colony is of Noteworthy size'if the maximum crack depth is greater tha
10% of the wall thickness and if the maximum interacting crack length (defined below) i
more than the critical length of a 50% through-wall crack at a stress level of 110% SMYS.

7]

For Noteworthy cracks, categories of crack.$éverity can be based upon critical cracks at other streg
levels, using the actual interacting lengthyand maximum depth. For example, taking 125% and 1109
of MAOP in addition to 110% SMYS* would give rise to a hierarchy of crack severity based o
Predicted Failure Pressure (PFP) as‘follows:

- oY W

Category 1: Predicted Failure Pressure is abovel10% SMYS

Category 2: Predicted Failure pressure is above 125% MAOP and below 110% SMYS
Category 3: Predicted Failure Pressure is above 110% MAOP and below 125% MAOP
Category 4: Predicted Failure Pressure is below 110% MAOP

110% SMYS is.'used to delineate Category 1 because it corresponds to the pressure commonly
prescribed forthydrostatic testing.

Category~Zero is used to describe those cracks that are below the threshold for Noteworthy crackg.
They fall'into two groups:

1. those that are shallow, i.e., less than 10% through-wall depth

-

ii.  those that are so short that, even if they were 50% through-wall depth, they would nd

TeSUIT i @ hydTostatic test faiture

Finally, cracks of any length that are greater than 30% through-wall depth, for which grinding is often
not allowed by regulations, are grouped separately (These Deep Cracks also are categorized as
Noteworthy).

The relationships between severity category and crack length and depth are illustrated schematically
in Figure 15.
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Depth,
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Category 4
Category 3

0.2
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7er0 - Category 1
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0.1

Category Zero - shallow

Total axiaklength, L
Figure 15 - Relation of Severity Categories to Crack Lengths and Depths (Schematic)

.2 Measurement and Calculation

[ &Y

The use of these definitions of crack severity necessitates measurement of the crack length using, for
gxample, magnetic particle inspection. ar,in-line inspection (ILI), and confirmation of the crack depth
measurement by controlled local grinding/buffing or by non-destructive testing.

or closely spaced cracks, it is.necessary to take into account the possibility of time-dependent crack
oalescence, particularly in thg“axial direction, during the period of operation following discovery.
or this, the definition derived by CEPA [1] and adopted by NACE [2] is appropriate:

f the circumferential(separation of two adjacent cracks is less than 14% of their average length and
he axial separatiof. s less than 25% of their average length, then they should be considered as a
ingle crack withlength equal to the total cumulative length.

[ T e O e — o

'he application of these crack severity categories also requires knowledge of the pipe size and
perating pressure, together with pipe strength and toughness, to enable the calculations of crack
riticality using the Pipeline Axial Flaw Failure Criterion (PAFFC) [3], CorLas [4], the log-secant
hethod [S5] or an equivalent method. PAFFC and CorLas are more accurate, especially for cracks less

s OO

» 500 dans. +1 1 aagt saanth o] hanl 1o np 01 a+lall 1ad 1l ced—dq o
A DU /70 GO, thU 1O Eg=5sClart IO tIoOUS— winCIT 15— Toadity  avarraore—ant CommnnoTiTy  aSCUS— 15— THOTC

conservative.

The CEPA/NACE guidance has been shown to accommodate interactions between adjacent coplanar
or non-coplanar cracks when failure pressures are calculated.

The critical axial length defining the boundary between short Category Zero and Noteworthy cracks
is dependent on pipe geometry, material properties and operating pressure. A calculation is necessary
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for each situation. However, as the illustrative examples in Table 39 show, the critical crack length
typically is greater than 2 inches except for a few cases of smaller-diameter (less than 20-inch) pipe.

Table 39 - Examples of Maximum Lengths of Category Zero Cracks

Diameter,
inches Wall Thickness, inches Pipe Grade | Pipe Toughness, ftIbs | Critical Length, inches
42 0371 X65 30 23
36 039 X60 30 21
30 0375 X52 20 2.4
24 0312 X52 20 19
20 025 X52 20 16
20 0312 X35 20 27
16 025 X42 20 2.2
12.75 0.25 X42 25 16
3. Response Time
The formulation of these severity categories enables an estimat¢ to be made of the minimurp
remaining life at operating pressure for each severity category, Estimates are based on the time taken
for the crack depth to increase to the critical depth to cause failure at the operating pressure.
Predicted failure lives are not totally precise since they.depend upon the assumptions made about thg
crack aspect ratio and how it changes during the life ofthe crack; however, the degree of sensitivity tp
aspect ratio is not great, and it is possible to use a “worst case” aspect ratio for each severity category}.
Failure lives are more significantly influenced\by the assumptions made about the prevailing crack

growth rate. Some operators with experience’of SCC are able to use a relevant, realistic growth ratq,
whereas others may be required to use~an upper bound rate derived from published data. Fdr
example, for a typical 30-inch-diameter’pipeline with 0.375-inch wall thickness operating at 729

=)

SMYS, using a growth rate of 0.042 inch/year (0.3 mm/year) gives rise to the following estimatefl
minimum lives for each severity category:

Category Zero: failure life exceeds 15 (short) to 25 (shallow) years

Category 1: failure)life exceeds 10 years

Category 2: failure life exceeds 5 years

Category 3 \failure life exceeds 2 years

Category.4+ failure may be imminent
4, Mitigation Actions
Cracking..revealed by excavation will normally be ground or buffed out in accordance with
established procedures, although, in some instances, shallow Category Zero cracking may be recoatefl

and-returned to service without grinding/buffing.

The metal-loss defect resulting from grinding/buffing will typically be assessed using B31(Qj,

RSTRENG® or equivalent and repaired in accordance with standard procedures for metal-loss defects
(including reinforcement sleeve repair if necessary). For deeper and more extensive areas of
cracking, the option to replace a length of pipe will probably be considered.

Ongoing mitigating actions concerning the full length of the pipeline segment should constitute a
measured response to the severity of the crack discovered, reflecting the Predicted Failure Pressure
and the estimated life at the operating pressure. For example,
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Category Zero cracks may warrant no more than ongoing SCC Condition Monitoring and
reassessment after a period of 7 years (the maximum currently permitted by U.S. regulations).

Category 1 cracks may benefit from an occasional exploratory excavation, or information
from “opportunistic” excavations conducted for other operational reasons, in addition to
Condition Monitoring.

Category 2 cracks may require more extensive investigation using SCC DA or ILI, and

VNV . 1 £ J12
ITUASSUSSIIVIIL ATl dll HIILI Val Ul alUulltd J- yudls.

Category 3 cracks may be best addressed by hydrostatic testing or immediate ILI rather than
SCC DA, which could become very extensive. It is probably also prudent to reducé the
operating pressure until hydrostatic testing or ILI has been completed. Defect.specific
engineering critical assessments would be beneficial in determining the appropriate pressure
reduction and immediacy of response. Discrete mitigation of any other Categofy.3 cracking
found will probably also be necessary.

Category 4 cracks would necessitate an immediate pressure reduction, and urgent hydrostatic
testing or ILI, followed by appropriate discrete or general mitigation of afnty other Category 3-
4 cracking found. Again, defect-specific engineering critical assessmerits would be beneficial
in determining the appropriate pressure reduction and immediacy ‘6f response.

Deep Cracks will require immediate engineering criticalk assessment to determine the
appropriate pressure reduction and immediacy of response: Deep Cracks will most probably
require cut-out of the affected region (hot tap or fullyring), although grinding followed by
sleeve reinforcement may be possible in some circumstances.

The defect severity categories and corresponding mitigating actions are summarized in Table 40.
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5. Comments

The above approach is illustrative, and its application will require calculations specific to each
pipeline segment. Detailed discussions of many of the issues related to calculating predicted failure
pressures to establish crack severity categories and calculating estimated times to failure to establish
schedules for mitigative actions are contained in other appendices.

With respect to calculating predicted failure pressures, it has been shown that PAFFC, CorLAS and

URFFLAW (NG-18) all give somewhat different predictions of SCC failure pressures, NG-18 being
he most conservative, especially as defect depth reduces below 50%. The CEPA/NACE interaction
riteria can be used when calculating the failure pressure of closely spaced cracks. The CEPA/NACE
hteraction criteria accommodate the effects of interactions for adjacent cracks around 50% deep,-but
he API 579 interaction criteria could be used to give an extra margin of safety for shallower.cracks
vith higher failure pressures. The implications of time-dependent coalescence of adjacent'cracks
yithin colonies also can be addressed using the CEPA/NACE interaction criteria. There'is no need to
hake provision for fatigue crack extension from shallow SCC that remains in re-coated gas pipelines,
nless a specific fatigue issue has been identified for the pipeline in question.
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[learly, the exact numbers for response times will be inversely proportionalito the crack growth rate
and will depend upon many other factors including pipe grade, actual yi€ld strength, diameter, wall
hickness, toughness, operating pressure and the specific fracture-mechanics approach to calculate
dritical crack sizes at various pressures.

—

A sensitivity study described in another appendix showed thatthe’expected failure times for Category
1 and Category 2 flaws are remarkably insensitive to pipesgeometry and steel properties. However,
the following factors tend to decrease the times slightly:

e Higher actual strength within grade
e Higher toughness
e Smaller diameter pipe (with lighter wallthickness)

S

'he following factors tend to increase the éxpected failure times:

Lower toughness

Heavier wall thickness

Larger diameter (with héavier wall thickness)
Higher operating pressure

verall, it appears that;for most cases, ten years seems appropriate for Category 1, five years for
[ategory 2, and two years for Category 3.

Vhen predicting.remaining lifetimes for each severity category, the results from SURFFLAW and
[orLas were_generally good agreement. However, the results from SURFFLAW and PAFFC were
onsiderably.different, the predictions from PAFFC typically being on the order of half of those from
URFFIKAW. The reason for the discrepancy is that PAFFC is less conservative in predicting failure
ressutes for a given flaw. That is, PAFFC will predict a higher failure pressure for a given flaw than
Vil SURFFLAW or CorLas. That means that, according to PAFFC, a larger flaw will survive a
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defined in terms of failure pressure, a Category 1 crack according to PAFFC will be much larger than
a Category 1 crack according to SURFFLAW or CorLas. At the same growth rate, a larger crack
would reach critical size before a smaller one would. It is important to note that, for most cracks of
equal size (but different predicted failure pressures), PAFFC and SURFFLAW predict virtually
identical failure times. On average, for a given defect size, PAFFC predicts slightly longer failure
times but places the cracks in a severity category 1 less than that from SURFFLAW. Therefore, if
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PAFFC is used, the severity categories should be increased by 1 or the failure times should be divided
by 2 to fit the pattern in Section 3.1 and 3.3.

The operator will also need to adopt a severity categorization scheme that is consistent with other
operational and regulatory requirements, and may choose to adjust the category-defining pressures
accordingly. For example, in some circumstances 100% SMYS or 100% MAOP may provide better
alignment with other operational requirements or may enable useful sub-divisions of particular
severity categories. If this is done, then it is essential to revise the definitions of severity category and

their estimated failure lives, and the type and timeliness of response.

Notwithstanding these issues, however, the crack severity categorization scheme outlined\abovg
provides a valuable basis for determining a safe, measured and proportionate response in., the ever
that SCC is discovered.

-+

Each severity category encompasses a wide range of defects and estimated failure lives. If Categor]
3 or Category 4 cracks are found, it is often valuable to conduct a specific engingefing assessment t
determine criticality more accurately and clarify the best course of timely action.“The extent to whic
this course of action is useful will depend on the number and density of such-defects, compared to th
option of immediate general mitigation (including pipe replacement).
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The severity categories and responses outlined above are applicable*to SCC found in the pipe bod
regions. If the SCC is associated with other features such as welds or external attachments, or hal
occurred in a region of mechanical damage, then the severity ‘eategories are not applicable and

defect-specific engineering critical assessment or discrete¢mitigation will be required. For simil3
reasons, if the SCC is localized or associated with other€eatures such as welds or attachments, the
ILI is unlikely to be as useful for monitoring and assessing cracking as other approaches.
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The implications of the severity categories are dépendent upon the context within which they ar
being applied. For example, if they are being applied in conjunction with an excavation or SCC D/
program, then it is necessary to consider the-implications of any findings for the adjacent unexpose
pipe, and also when establishing a safe intérval before re-examination. These issues depend upon th|
extent and severity of cracking found)and on the number of excavations undertaken; they ar
discussed in depth in the JIP Documents on “How many digs should be conducted” and “What are th
appropriate re-test intervals.” Jfithey are applied in conjunction with an ILI program, then it i
necessary to consider the deptli-measurement accuracy and the reliability (probability of a misse
call) of the ILI findings; these.issues have not yet been addressed.
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Information from excavation programs [7] indicates that the ratio of Noteworthy to Category Zer
cracks is often in the region of 1:10. Hence the numbers of Category Zero cracks found durin
excavation provide)a valuable guide to the likelihood of more severe cracking being present in
segment, especially in situations where only a small proportion of the total segment length i
excavated.,Hewever, reliable information concerning the extent of cracking is only possible if crack]
and colofiies are correctly diagnosed and their numbers are recorded in a consistent manner.
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This{becomes a concern for very small crack-like indications, of which there may be a large numbef.
Very small crack-like indications may be approaching the threshold of detection, depending on th|
technique used and the skill of the operator. Also, if they are found, small stress-corrosion crackis

(€]

Tay —be—very diffrcut—to—distimguish—fronrother —surface—blemmshes—that—give—Tisc—to—crack=tike
indications; again, this is operator-dependent. For these reasons, it is suggested that very small crack-
like indications should be disregarded during SCC DA (they are already below the detection threshold
for ILI), unless they form part of a larger colony. This will avoid the time and effort spent collecting
information that is of doubtful reliability and could even be misleading.

While the discovery and recording of Category Zero cracks is clearly of great benefit to operators for
monitoring the “SCC health” of a pipeline, they do not constitute a concern for pipeline safety and
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hence it should not be necessary for such cracks to be included in the regulatory reporting process. It
is suggested that only Noteworthy cracks should be included in the regulatory process (along with in-
service failures and hydrostatic test failures); this level of reporting is consistent with the principles of
ASME B31.8S and CFR 192.
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APPENDIX | - ISSUES RELATED TO PREDICTING FAILURE PRESSURE

Issues Related To Predicting Failure Pressure — Supplement To Question 6 on Defining Crack
Severity and Determining Appropriate Remedial Actions

1. Background

e HPapproachtoassessimg crack severity Ts-based o predictions of tire farture pressure of tracked
gipe and its remaining life at the operating pressure. Severity categories for Noteworthy cracks are
linked to failure pressures ranging from 110% SMYS to 110% MAOP. Cracks less than 10% deep,
and cracks so short that, even if they were 50% deep, they would not fail a hydrostatic test at\] 10%
MY, are not considered to be Noteworthy. Finally, any cracks exceeding 30% deep, regardless of
length, are also categorized as Noteworthy.

The underlying basis for these categories and the responses made when such cracks are discovered
are dependent upon an understanding of the nature, time-dependence and failuré\behavior of SCC.
This note summarizes some of the background understanding relating to three main issues:

How to account for time-dependent crack coalescence during intervals:between re-inspection
e How to account for the interactions between adjacent cracks-when predicting the failure
pressure
e How to select the most appropriate method for calculating’failure pressure.

Crack Coalescence, Clusters and Colonies

[ &Y
H

[onsiderable effort over many years has been directed.foward understanding the nature of crack
evelopment and coalescence. Much of this has been@ndertaken for PRCI by Leis and co-workers
1]-[8]. Figure 16 and Figure 17 illustrate the range‘of aspect ratios found in field studies and testing,
oth for small cracks and for those associated-Wwith hydrostatic test or in-service failure. This
hformation shows that, while cracks initially form with aspect ratios (length: depth) as low as 2:1,
hey tend to grow and coalesce in the axial direction such that, by the time they are 5-10% deep, the
spect ratios may be 5:1 or more. Thesg.observations are similar for both high pH and near-neutral
H SCC.

hformation obtained by the JIP, participants confirms this general picture concerning the depths and
engths of cracks large enougliito be discovered during excavations and ILI. The aspect ratios range
rom a minimum of around“5:1 to 100:1 or more, and they can be even greater if the cracks are
djacent to seam weld tpes.“Again, the observations are similar for both high pH and near-neutral pH
CC.
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or typical pipe.gtades and geometries, the threshold conditions for Noteworthy cracks equate to a
hinimum aspect-ratio of around 8:1. Hence the observations above confirm that, for both high pH
and near-neutral pH SCC, cracks with aspect ratios less than 5:1 do not need to be considered further
ih the andlysis and interpretation of crack severity categories.

=

Lleiscand co-workers have also reviewed field studies of crack colonies and clusters, both for high pH
gnd’near-neutral pH SCC. They identified a distinction between “dense” and “sparse” colonies,

depending on whether the circumferential spacing of cracks was greater or less than 20% of the wall
thickness. In dense colonies the cracking tended to develop axially but not radially (depth), such that
many colonies appeared to become dormant when crack depths reached around 10% deep. However,
in sparse colonies the individual cracks appeared to continue growing both axially (length) and
radially (depth).

Leis and co-workers have attempted to develop models [1]- [8] addressing both axial crack
coalescence and dormancy in dense colonies, taking into account the competing effects of crack tip
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