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FOREWORD

Pipeline system operators continuously work to improve the safety of their systems and operations. In the United
States, both liquid and gas pipeline operators have been working with their regulators for several years to develop a more

SYSt¢TIatic approacit 10 pipelie safety Mtegrity Tanagemment.
THe gas pipeline industry needed to address many technical concerns before an integrity management stand

be
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itten. A number of initiatives were undertaken by the industry to answer these questions; as a result oftw
sive work by a number of technical experts in their fields, 21 reports were issued that proyvided the
ired to complete the 2001 edition of this Code. (The list of these reports is included in the reference secti
)
is Code is nonmandatory and is designed to supplement ASME B31.8, Gas Transmission)and Distributi
bms. Not all operators or countries will decide to implement this Code. This Code becomes mandatory if g
ine regulators include it as a requirement in their regulations.

is Code is a process code that describes the process an operator may use ta_develop an integrity mar
ram. It also provides two approaches for developing an integrity management program: a prescriptive
h performance- or risk-based approach. Pipeline operators in a number of countries are currently using risk
management principles to improve the safety of their systems. Some 6f the international standards issug
bct were used as resources for writing this Code. Particular recognition is given to API and their liquids
hgement standard, API RP 1160, which was used as a model for‘the format of this Code.

e intent of this Code is to provide a systematic, comprehensivg, ahd integrated approach to managing the s
rity of pipeline systems. The task force that developed this Code hopes that it has achieved that inten
e 2020 Edition of the Supplement is a compilation of the 2018 Edition and the revisions that have occurred
ince of the 2018 Edition. ASME B31.8S-2020 was approved by the American National Standards Ins|
ember 1, 2020.
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CORRESPONDENCE WITH THE B31 COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Code may interact with the Committee by requesting interpretations, proposing revisions

or a
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Secretary, B31 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

oposing Revisions. Revisions are made periodically to the Code to incorporate changes that appear nec
"able, as demonstrated by the experience gained from the application of the~Code. Approved revision
ished periodically.

e Committee welcomes proposals for revisions to this Code. Such proposals.should be as specific as possi
aragraph number(s), the proposed wording, and a detailed descriptionof the reasons for the proposal, incl
nent documentation.

oposing a Case. Cases may be issued to provide alternative ruleswhen justified, to permit early implemet
pproved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are
ediately upon ASME approval and shall be posted on the(ASME Committee web page.

quests for Cases shall provide a Statement of Need and‘Background Information. The request should id¢
and the paragraph, figure, or table number(s), and bewritten as a Question and Reply in the same formata
s. Requests for Cases should also indicate the applicable edition(s) of the Code to which the proposed Cas

ferpretations. Upon request, the B31 Standards Committee will render an interpretation of any requirem
. Interpretations can only be rendered in response to a written request sent to the Secretary of the B31 §
mittee.

quests for interpretation should preferably be submitted through the online Interpretation Submittal F
is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will r
matic e-mail confirming receipt)

the Inquirer is unable to use_the online form, he/she may mail the request to the Secretary of the B31 S
Imittee at the above address.' The request for an interpretation should be clear and unambiguous. It is fur
ended that the Inquirer’ submit his/her request in the following format:

bCt: Cite the applicable paragraph number(s) and the topic of the inquiry in one or tw
on: Cite the applicable edition of the Code for which the interpretation is being req

tion: Phrase the question as a request for an interpretation of a specific requirement su|
general understanding and use, not as a request for an approval of a proprietary
situation. Please provide a condensed and precise question, composed in such a
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table for
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“yes” or “no” reply is acceptable.

Proposed Reply(ies):

Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If

entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Com
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

information.

mittee in

Requests thatare not in the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

(20)
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Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Code requirements. If, based on the inquiry information submitted, it is the opinion of the Committee
that the Inquirer should seek assistance, the inquiry will be returned with the recommendation that such assistance be
obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “
device, or activity.

NG

certify,” “rate,” or “endorse” any item, construction, proprietary

Attending-Committee-Meetings—FheB3+Standards Committee regutarty-hotds meetingsand/or-tetephone—copfer-
ences thdt are open to the public. Persons wishing to attend any meeting and/or telephone conference should contadt the
Secretary of the B31 Standards Committee.
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ASME B31.85-2020

MANAGING SYSTEM INTEGRITY OF GAS PIPELINES

1 INTRODUCTION

intervals and tools and mitigation techniques used. An

1.1 Scope

This Code applies to onshore pipeline systems that are
congsjtructed with ferrous materials and transport gas. The
pringiples and processes embodied in integrity manage-
ment are applicable to all pipeline systems.

This Code is specifically designed to provide the
operfator (as defined in section 13) with the information
sary to develop and implement an effective integrity
manpgement program using proven industry practices
and processes. The processes and approaches described
withlin this Code are applicable to the entire pipeline.

1.2 [Purpose and Objectives

Managing the integrity of a gas pipeline system is the
prinjary goal of every pipeline system operator. Operators
wanf to continue providing safe and reliable delivery of
natufral gas to their customers without adverse effects on
employees, the public, customers, or the environmen#:
Incidlent-free operation has been and continues to-be
the gas pipeline industry’s goal. The use of this\Code
as a fupplement to ASME B31.8 will allow pipeline opera-
tors [to move closer to that goal.

A comprehensive, systematic, and integrated integrity
manpgement program provides the méans to improve the
safefy of pipeline systems. Such an(dntegrity management
program provides the informatioh for an operator to effec-
tively allocate resources fof appropriate prevention,
detejction, and mitigation{ activities that will result in
improved safety and aqreduction in the number of inci-
dents.

This Code describés a process that an operator of a pipe-
line pystem can.useto assess and mitigate risks to reduce
bothf the likelihood and the consequences of incidents. It
covdrs bothia prescriptive-based and a performance-
baseld dntegrity management program.

operator cannot proceed with the performanfe-based
integrity program until adequate inspectjons are
performed that provide the informatiomon the pipeline
condition required by the prescriptive-Based program.
The level of assurance of a pérformance-based
program or an alternative international standard must
meet or exceed that of a preSeriptive program

The requirements for prescriptive-based anfl perfor-
mance-based integrity\management programs are
provided in each of the sections in this Code. Injaddition,
Nonmandatory Appendix A provides specific actjivities by
threat categoriesthatan operator shall follow to produce a
satisfactory prescriptive integrity management program.

This Cede.is intended for use by individuals apd teams
charged with planning, implementing, and imgroving a
pipeline integrity management program. Typically, a
team will include managers, engineers, operating person-
nel, technicians, and/or specialists with specific pxpertise
in prevention, detection, and mitigation activitjes.

1.3 Integrity Management Principles

A set of principles is the basis for the intent anfl specific
details of this Code. They are enumerated here s¢ that the
user of this Code can understand the breadth and depth to
which integrity shall be an integral and continuing part of
the safe operation of a pipeline system.

Functional requirements for integrity management
shall be engineered into new pipeline systejms from
initial planning, design, material selection, and ¢onstruc-
tion. Integrity management of a pipeline starts with sound
design, material selection, and construction of fhe pipe-
line. Guidance for these activities is primarily prpvided in
ASME B31.8. There are also a number of consenfsus stan-
dards that may be used, as well as pipeline juridictional
safety regulations. If a new line is to become a gart of an
integrity management program, the functional| require-
ments for the line, including prevention, detecfion, and

THebrescrintive-process—when-followed-explicitlz will
P P P 4 J7

provide all the inspection, prevention, detection, and miti-
gation activities necessary to produce a satisfactory integ-
rity management program. This does not preclude
conformance with the requirements of ASME B31.8.
The performance-based integrity management program
alternative uses more data and more extensive risk
analyses, which enable the operator to achieve a
greater degree of flexibility to meet or exceed the require-
ments of this Code, specifically in the areas of inspection

mitigation activities, shall be considered to meet this
Code. Complete records of material, design, and construc-
tion for the pipeline are essential for the initiation of a
good integrity management program.

System integrity requires commitment by all operating
personnel using comprehensive, systematic, and inte-
grated processes to safely operate and maintain pipeline
systems. To have an effective integrity management
program, the program shall address the operator’s organ-
ization and processes and the physical system.

(20)
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An integrity management program is continuously evol-
ving and must be flexible. An integrity management
program should be customized to meet each operator’s
unique conditions. The program shall be periodically eval-
uated and modified to accommodate changes in pipeline
operation, changes in the operating environment, and the
influx of new data and information about the system. Peri-
odic evaluation is required to ensure the program takes
appropriate advantage of improved technologies and uses

Performance measurement of the system and the
program itself is an integral part of a pipeline integrity
management program. Each operator shall choose signif-
icant performance measures at the beginning of the
program and then periodically evaluate the results of
these measures to monitor and evaluate the effectiveness
of the program. Periodic reports of the effectiveness of an
operator’s integrity management program shall be issued
and evaluated to continuously improve the program.

the best {
ities that
tionally
impleme
reassess
tiveness

Inform

ging sys

et of prevention, detection, and mitigation activ-
are available for the conditions at that time. Addi-
as the integrity management program is
hted, the effectiveness of the activities shall be
bd and modified to ensure the continuing effec-
of the program and all its activities.
ation integration is a key component for mana-
fem integrity. A key element of the integrity

managerhent framework is the integration of all pertinent

informat
tion that]
importa
variety d
to gathel
of the pe
where th
prudent

Risk a
operator
tions thal
also det
events o
and the
may occ
involves

on when performing risk assessments. Informa-
can affect an operator’s understanding of the
ht risks to a pipeline system comes from a
f sources. The operator is in the best position
and analyze this information. By analyzing all
tinent information, the operator can determine
e risks of an incident are the greatest and make
decisions to assess and reduce those risks.

bsessment is an analytical process by which an
determines the types of adverse events or condi-
t may affect pipeline integrity. Risk assessment
rmines the likelihood or probability of those
" conditions that will lead to a loss of integrity
hature and severity of the consequences that
ir following a failure. This analytical ‘process
the integration of design, construction, opera-

tions, majintenance, testing, inspection, and other informa-

tion aboy
the very
canvary
or techn

t a pipeline system. Risk assesSments, which are
oundation of an integrity management program,
n scope or complexity and use different methods
ques. The ultimate goal of risk assessment is to

identify {
develop

e most significantrisks so that an operator can
an effective and, prioritized prevention/detec-

tion/mit{gation plan to~address the risks.

Assesding risks toxpipeline integrity is a continuous
process. [The opérator shall periodically gather new or
additiongl information and system operating experience.
These sh|
analyses
system integrity plan.

New technology should be evaluated and implemented
as appropriate. Pipeline system operators should avail
themselves of new technology as it becomes proven
and practical. New technologies may improve an opera-
tor’s ability to prevent certain types of failures, detect risks
more effectively, or improve the mitigation of risks.

Integrity managementactivities shall be communig
to the appropriate stakeholders. Each operator

ated
thall

ensure that all appropriate stakeholders are.given} the

opportunity to participate in the risk assessn
process and that the results are communieated effecti

1.4 Units of Measure

This Code states values in both U.S. Customary (
and International System (ST-also known as metric)
Either set of units may be.used. Local customary units
also be used to demonstrate compliance with this

hent
vely.

JSC)
nits.
may
tan-

dard. Within the text,.the SI units are shown in pare

the-

ses. The valuessstated in each system are not dgxact

equivalents;<{herefore, each system of units shou
used independently of the other. The equations i

be
this

Code may-be used with any consistent system of ynits.
It is the responsibility of the organization performing

calculations to ensure that a consistent system of

iSused. When necessary to convert from one syste
units to another, conversion should be made by roun
the values to the number of significant digits of im
precision in the starting value.

2 INTEGRITY MANAGEMENT PROGRAM
OVERVIEW

2.1 General

This section describes the required elements ¢
integrity management program. These program elen
collectively provide the basis for a comprehen
systematic, and integrated integrity managen
program. The program elements depicte

inits
Im of
ding
blied

f an
ents
Bive,
hent
H in

Figure 2.1-1 are required for all integrity management
programs.

This Code requires that the operator document how its
integrity management program will address the| key
preogram—elements—hi geetsesrecopmizeathReIstry
practices for developing an integrity management
program.

The process shown in Figure 2.1-2 provides a common
basis to develop (and periodically reevaluate) an
operator-specific program. In developing the program,
a pipeline operator shall consider his company’s specific
integrity management goals and objectives, and then
apply the processes to ensure that these goals are
achieved. This Code details two approaches to integrity

(20)
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Figure 2.1-1 Integrity Management Program Elements

Integrity
management
program
elements

\/

\/ \/

ngggeg;gint Performance Communications Mgfn;?ae:ﬁznt Quality ¢ontrol
p?an plan plang plgn
section 8) (section 9) (section 10) (section 1) (section 12)

manpgement: a prescriptive method and a performance-
baseld method.

The prescriptive integrity management method
requires the least amount of data and analysis and can
be sjuccessfully implemented by following the steps
provided in this Code and Nonmandatory Appendix A.
The [prescriptive method incorporates expected worst-
case| indication growth to establish intervals between
sucdessive integrity assessments in exchange-for
reduced data requirements and less extensive andlysis.

THe performance-based integrity management.method
reqyires more knowledge of the pipeline,;and conse-
quently more data-intensive risk assessments and
analyses can be completed. The resulting performance-
basg¢d integrity management pregram can contain
morg options for inspection intéryals, inspection tools,
mitigation, and prevention mrethods. The results of the
perfprmance-based method, must meet or exceed the
results of the prescriptive method. A performance-
based program cannotbe implemented until the operator
has [performed adequate integrity assessments that

The proce$ses for developing and implemlenting a
performancesbased integrity management program are
includediin this Code.

There'is no single “best” approach that is applicable to
all pipeline systems or equipment for all situations. This
€ode recognizes the importance of flexibility in designing
integrity management programs and provideq alterna-
tives commensurate with this need. ASME PCC-3|provides
guidance and information applicable to equipment or
components that for practical reasons may be fexcluded
from inspection activities normally conductefl for the
transportation piping and/or that may be syibject to
damage mechanisms that differ from those of fhe main
pipeline. Operators may choose either a pregcriptive-
based or a performance-based approach flor their
entire system, individual lines, segments, or ifpdividual
threats. The program elements shown in Figjre 2.1-1
are required for all integrity management programs.

The process of managing integrity is an integrated and
iterative process. Although the steps depicted in
Figure 2.1-2 are shown sequentially for ease of illustra-
tion, there is a significant amount of information|flow and
interaction among the different steps. For exaple, the
selection of a risk assessment approach depends in
part on what lntegrlty related data and infqrmation

(b) documentation of all of the applicable data for each
segment and where it was obtained

(c) a documented analysis for determining integrity
assessment intervals and mitigation (repair and preven-
tion) methods

(d) adocumented performance matrix that, in time, will
confirm the performance-based options chosen by the
operator

tional data needs may be identified to more accurately
evaluate potential threats. Thus, the data gathering and
risk assessment steps are tightly coupled and may
require several iterations until an operator has confidence
that a satisfactory assessment has been achieved.

A brief overview of the individual process steps is
provided in section 2, as well as instructions to the
more specific and detailed description of the individual
elements that compose the remainder of this Code.
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Figure 2.1-2 Integrity Management Plan Process Flow Diagram
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References to the specific detailed sections in this Code are
shown in Figures 2.1-1 and 2.1-2.

2.2 Integrity Threat Classification

The first step in managing integrity is identifying poten-
tial threats to integrity. All threats to pipeline integrity
shall be considered. Gas pipeline incident data have
been analyzed and classified by the Pipeline Research
Committee International (PRCI) into 22 root causes.

inundations, tsunamis, ice jams, frost heaves, and
avalanches

(-d) geotechnical: earth movement threats
including, but not limited to, subsidences, extreme
surface loads, seismicity, earthquakes, fault movements,
mining, and mud and landslides

(-e) lightning

The interactive nature of threats (i.e.,, more than one

threat occurring on a section of pipeline at the same

Eacl of the 22 causes represents a threat to pipeline integ-
rity that shall be managed. One of the causes reported by
operfators is “unknown;” that is, no root cause or causes
wer¢ identified. The remaining 21 threats are grouped
into|nine categories of related failure types, according
to their nature and growth characteristics, and further
delinjeated by three time-related defect types. The nine
catepories are useful in identifying potential threats.
Risk| assessment, integrity assessment, and mitigation
actiyities shall be correctly addressed according to the
time| factors and failure mode grouping.

(a) Time Dependent
(1) external corrosion
(2) internal corrosion
(3) stress corrosion cracking
(b) Resident
(1) manufacturing-related defects

(-a) defective pipe seam

(-b) defective pipe
(2) welding/fabrication related

(-a) defective pipe girth weld (circumferential)
inclyding branch and T-joints
(-b) defective fabrication weld
(-c) wrinkle bend or buckle
(-d) stripped threads/broken‘pipe/coupling
failufe
(3) equipment

(-a) gasket O-ring failure

(-b) control/relief equipment malfunction

(-c) seal/pump packing failure

(-d) miscellaneous
(c) Random or Time*Independent
(1) third-patty/mechanical damage

(-a) danmiage inflicted by first, second, or third
part]es (instantaneous/immediate failure)
(¢b),"previously damaged pipe (such as dents and/
or gpuges) (delayed failure mode)

time] shall also be considered. An example of such an
interaction is corrosion at a location that'plso has
third-party damage.

The operator shall consider each threatindividually or
in the nine categories when followingthe procesg selected
for each pipeline system or segment. The prejscriptive
approach delineated in Nenmandatory Appgendix A
enables the operator to gondlct the threat arjalysis in
the context of the nine categories. All 21 thrdats shall
be considered whenapplying the performanfe-based
approach.

If the operational mode changes and pipeline $egments
are subjected’to significant pressure cycles, pressure
differential;.and rates of change of pressure fluqtuations,
fatigue.shall be considered by the operator, inclyding any
combined effect from other failure mechanismgq that are
considered to be present, such as corrosion. A usgful refer-
ence to help the operator with this consideration {s GRI 04-
0178, Effect of Pressure Cycles on Gas Pipelings.

2.3 The Integrity Management Process

The integrity management process deplicted in
Figure 2.1-2 is described below.

2.3.1 Identify Potential Pipeline Impact by Threat.
This program element involves the identification|of poten-
tial threats to the pipeline, especially in areas of|concern.
Each identified pipeline segment shall have thp threats
considered individually or by the nine categdries. See
para. 2.2.

2.3.2 Gathering, Reviewing, and Integratihg Data.
The first step in evaluating the potential threats fpr a pipe-
line system or segment is to define and gather| the nec-
essary data and information that charactdrize the
segments and the potential threats to that segment. In
this step, the operator performs the initial c¢llection,
review, and integration of relevant data and infprmation

(-¢) vandalism
(2) incorrect operational procedure
(3) weather-related and outside force
(-a) excessive hot or cold weather (outside the
design range)
(-b) high wind
(-c) hydrotechnical: water-related threats
including, but notlimited to, liquefactions, floodings, chan-
neling, scouring, erosions, floatations, breaches, surges,

needed to understand the condition of the pipe; identifes
the location-specific threats to its integrity; and under-
stands the public, environmental, and operational conse-
quences of an incident. The types of data to support a risk
assessment will vary depending on the threat being
assessed. Information on the operation, maintenance,
patrolling, design, operating history, and specific failures
and concerns that are unique to each system and segment
will be needed. Relevant data and information also include
those conditions or actions that affect defect growth (e.g,,
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deficiencies in cathodic protection), reduce pipe proper-
ties (e.g., field welding), or relate to the introduction of
new defects (e.g., excavation work near a pipeline).
Section 3 provides information on consequences.
Section 4 provides details for data gathering, review,
and integration of pipeline data.

2.3.3 Risk Assessment. In this step, the data assembled
from the previous step are used to conduct a risk assess-
ment of the pipplinp system or segments Thrnngh the

Data and information from integrity assessments for a
specific threat may be of value when considering the pres-
ence of other threats and performing risk assessment for
those threats. For example, a dent may be identified when
running a magnetic-flux leakage (MFL) tool while
checking for corrosion. This data element should be inte-
grated with other data elements for other threats, such as
third-party or construction damage.

Indications that are discovered during inspections shall

integratled evaluation of the information and data
collectedl in the previous step, the risk assessment
process fdentifies the location-specific events and/or
conditiojns that could lead to a pipeline failure and
provides|an understanding of the likelihood and conse-
quences|(see section 3) of an event. The output of a
risk assgssment should include the nature and location
of the mpst significant risks to the pipeline.

Under|the prescriptive approach, available data are
compargd to prescribed criteria (see Nonmandatory
Appendik A). Risk assessments are required in order
to rank the segments for integrity assessments. The
performpnce-based approach relies on detailed risk
assessments. There are a variety of risk assessment
methodq that can be applied based on the available
data anfl the nature of the threats. The operator
should failor the method to meet the needs of the
system. An initial screening risk assessment can be bene-
ficial in t¢rms of focusing resources on the most important
areas to lje addressed and where additional data may be of
value. Seftion 5 provides details on the criteria selection
for the prescriptive approach and risk assessment for the
performfince-based approach. The results of this)step
enable tlhe operator to prioritize the pipelin€e segments
for apprdpriate actions that will be defined in the integrity
managemhent plan. Nonmandatory Appefidix A provides
the stepq to be followed for a prescriptive program.

2.3.4 |ntegrity Assessment. Based on the risk assess-
ment mafle in the previous step, the appropriate integrity
assessments are selected and/conducted. The integrity
assessmpnt methods arevin-line inspection, pressure
testing, direct assessmrent, or other integrity assessment
methods} as definediin para. 6.5. Integrity assessment
method [selectign’ is based on the threats that have
been idgntifiéd: More than one integrity assessment
method nay be required to address all the threats to a
pipeline segment

A performance-based program may be able, through
appropriate evaluation and analysis, to determine alter-
native courses of action and time frames for performing
integrity assessments. It is the operator’s responsibility to
document the analyses justifying the alternative courses
of action or time frames. Section 6 provides details on tool
selection and inspection.

be examined and evaluated to determine if they are aftual
defects or not. Indications may be evaluatedusinjg an
appropriate examination and evaluation toel_For Jocal
internal or external metal loss, ASME B31G/or similar
analytical methods may be used.

2.3.5 Responses to Integrity Assessment, Mitiggtion
(Repair and Prevention), and Sétting Inspection Inter-
vals. In this step, schedulesto,respond to indications
from inspections are developed. Repair activitie$ for
the anomalies discovered,during inspection are identjified
and initiated. Repairsiare performed in accordance [with
accepted industry standards and practices.

Prevention practices are also implemented in this step.
For third-party damage prevention and low-stress pipe-
lines, mitigation may be an appropriate alternatiye to
inspection. For example, if damage from excavdtion
was identified as a significant risk to a partiqular
system or segment, the operator may elect to conduct
damage-prevention activities such as increased plblic
communication, more effective excavation notification
systems, or increased excavator awareness in conjungtion
with inspection.

The mitigation alternatives and implementation [time
frames for performance-based integrity managermhent
programs may vary from the prescriptive requiremgnts.
In such instances, the performance-based analyses|that
lead to these conclusions shall be documented as|part
of the integrity management program. Section 7 proyides
details on repair and prevention techniques.

2.3.6 Update, Integrate, and Review Data. Aftef the
initial integrity assessments have been performed] the
operator has improved and updated information apout

and other information is collected, thus expanding and
improving the historical database of operating experience.

2.3.7 Reassess Risk. Risk assessment shall be
performed periodically within regular intervals and
when substantial changes occur to the pipeline. The
operator shall consider recent operating data, consider
changes to the pipeline system design and operation,
analyze the impact of any external changes that may
have occurred since the last risk assessment, and
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incorporate data from risk assessment activities for other
threats. The results of integrity assessment, such as
internal inspection, shall also be factored into future
risk assessments, to ensure that the analytical process
reflects the latest understanding of pipe condition.

2.4 Integrity Management Program

The essential elements of an integrity management
program are depicted in Figure 2.1-1 and are described

The application of new technologies into the integrity
management program shall be evaluated for further use in
the program.

2.4.3 Communications Plan. The operator shall
develop and implement a plan for effective communica-
tions with employees, the public, emergency responders,
local officials, and jurisdictional authorities to keep the
public informed about their integrity management
efforts This plan shall provide information to he commu-

below.

2.4.1 Integrity Management Plan. The integrity
marnlagement plan is the outcome of applying the
progess depicted in Figure 2.1-2 and discussed in
section 8. The plan is the documentation of the execution
of edch of the steps and the supporting analyses that are
conducted. The plan shall include prevention, detection,
and mitigation practices. The plan shall also have a sched-
ule gdstablished that considers the timing of the practices
deplpyed. Those systems or segments with the highestrisk
shoyld be addressed first. Also, the plan shall consider
thoge practices that may address more than one
threat. For instance, a hydrostatic test may show a pipe-
linels integrity for both time-dependent threats like
intenal and external corrosion as well as static threats
suchlas seam weld defects and defective fabrication welds.

A |performance-based integrity management plan
conflains the same basic elements as a prescriptive
plan| A performance-based plan requires more detailed
infomation and analyses based on more extensive knowl-
edgd about the pipeline. This Code does not require‘a’spe-
cificfrisk analysis model, only that the risk modéliused can
be shown to be effective. The detailed risk-analyses will
proyide a better understanding of integrity, which will
enalle an operator to have a greater degree of flexibility
in the timing and methods for the"itnplementation of a
performance-based integrityy;management plan.
Sectjon 8 provides details on plan development.

THe plan shall be periodically updated to reflect new
infofmation and the cufrent understanding of integrity
threats. As new risks-0r-new manifestations of previously
known risks are identified, additional mitigative actions to
addifess these risks shall be performed, as appropriate.
Furthermore,the updated risk assessment results shall
also|be used*to support scheduling of future integrity
assepsments.

nicated to each stakeholder about the integrity|plan and
the results achieved. Section 10 provides further|informa-
tion about communications plans.

2.4.4 Management of Change Plan: Pipeling systems
and the environment in which_they operate arp seldom
static. A systematic procegs.shall be used tp ensure
that, prior to implementation, changes to the|pipeline
system design, operation,\of maintenance are gvaluated
for their potential riskimpacts, and to ensure thaf changes
to the environmentdn which the pipeline opefates are
evaluated. Aftenthese changes are made, they| shall be
incorporated;as appropriate, into future risk assessments
to ensure-that the risk assessment process addrgsses the
systems as currently configured, operated, apd main-
tainedy"The results of the plan’s mitigative 3ctivities
sheuld be used as a feedback for systems and|facilities
design and operation. Section 11 discusses the ilnportant
aspects of managing changes as they relate to |integrity
management.

2.4.5 Quality Control Plan. Section 12 discyisses the
evaluation of the integrity management program for
quality control purposes. That section outlines| the nec-
essary documentation for the integrity manjagement
program. The section also discusses auditirlg of the
program, including the processes, inspectiond, mitiga-
tion activities, and prevention activities.

3 CONSEQUENCES

3.1 General

Risk is the mathematical product of the likelihood
(probability) and the consequences of evegnts that
result from a failure. Risk may be decreased by|reducing
either the likelihood or the consequences of a fhilure, or
both. This section specifically addresses the consequence

2.4.7 Performance Plan. The operator shall collect pOI‘flOI’l Of the T1SK equaflon. The operator shall consider

performance information and periodically evaluate the
success of its integrity assessment techniques, pipeline
repair activities, and the mitigative risk control activities.
The operator shall also evaluate the effectiveness of its
management systems and processes in supporting
sound integrity management decisions. Section 9 provides
the information required for developing performance
measures to evaluate program effectiveness.

consequences of a potential failure when prioritizing
inspections and mitigation activities.

The ASME B31.8 Code manages risk to pipeline integrity
by adjusting design and safety factors, and inspection and
maintenance frequencies as the potential consequences of
afailureincrease. This has been done on an empirical basis
without quantifying the consequences of a failure.
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Paragraph 3.2 describes how to determine the area that
is affected by a pipeline failure (potential impact area) to
evaluate the potential consequences of such an event. The
area impacted is a function of the pipeline diameter and
pressure.

3.2 Potential Impact Area

3.2.1 Typical Natural Gas. The radius of impact for
natural gas whose methane + inert constituents

m = gas molecular weight, Ibm/lb-mole (g/mole)
= live pressure, Ibf/in.? (Pa)

flow factor

= }/+1

2 |2(r-1D
y[H 1]
= gas constant, ft-Ibf/Ib-mole °R (J/kmole K)

= radius of impact, ft (m)
= gas temperature, °R (K)

QST
I

content fis not less than 93%, whose initial pressure
does notpxceed 1,450 psig (10 MPa), and whose tempera-
ture is at|least 32°F (0°C) is calculated using the following
equation

(U.S. Cusfomary Units)
r=069-d/p (1)

(SI Units|

r=0.00315 - d /p

d = ofitside diameter of the pipeline, in. (mm)

p = plpeline segment’s maximum allowable operating
ptessure (MAOP), psig (kPa)

r = radius of impact, ft (m)

EXAMPLES:

(1) A 30 ih. diameter pipe with a maximum allowable operating
presshire of 1,000 psig has a radius of impact of apprexi-
matelly 660 ft.

r= 0.69-dJp = 0.69(30 in.)(1,000 Ib/in2)!/2

= 654.6 ft~ 660 ft
(2) A7621hmdiameter pipe with a maximum allowable operating pres-
sure of 6 900 kPa has a radius of impactof approximately 200 m.
r = 0.00315-d,/p= 0.00315 (767 mm)(6 900 kPa)'/2
= 1994 m ~ 200 m
Use of this| equation shows that.failure of a smaller diameter, lower

pressure gipeline will affect{a‘simaller area than a larger diameter,
higher pregsure pipeline. (See GRI-00/0189.)

Equatipn (1) is,derived from

specific heat ratio of gas

= release rate decay factor

= combustion efficiency factor
Xg = emissivity factor

N B B =~
1l

NOTE: When performing these calculations, the useris adviged to
carefully observe the differentiatiofi/and use of pound fmass
(Ibm) and pound force (Ibf) units’

Additional guidance wheniconsidering the transpqrted
gases other than naturalgas‘can be found in the following:

(a) TTO Number 13, Integrity Management Program,
Delivery Order DTRS56-02-D-70036, Potential Impact
Radius Formulae for Flammable Gases Other Than
Natural Gas Subject to 49 CFR 192

(b) TTONNumber 14, Integrity Management
Programi,*Delivery Order DTRS56-02-D-70036, Deri-
vation<of Potential Impact Radius Formulae for Vppor
Cloud Dispersion Subject to 49 CFR 192

3.2.2 Other Gases. Although a similar methoddlogy
may be used for other lighter-than-air flammpble
gases, the natural gas factor of 0.69 (0.00313) in
para. 3.2.1 must be derived for the actual gas composfition
orrange of compositions being transported. Dependirng on
the gas composition, the factor may be significantly higher
or lower than 0.69 (0.00315).

This methodology may not be applicable or suffifient
for nonflammable gases, toxic gases, heavier-thah-air
flammable gases, lighter-than-air flammable gases qper-
ating above 1,450 psig (10 MPa), gas mixtures subjecf to a
phase change during decompression, or gases transpqrted
at low temperatures such as may be encountered in grctic
conditions.

For gases outside the range of para. 3.2.1, the user must
show the applicability of the methods and factors usgd in
the determination of the potential impact area.

3.2.3 Performance-Based Programs — Other Consid-

115,920 Q pd*
_\/ . ,u;(gﬂCdHc o 1
where
a, = sonic velocity of gas, ft/sec (m/s)
= |yRT
m
C, = discharge coefficient
d = line diameter, in. (m)
H¢ = heat of combustion (lower or net heat value),
Btu/lbm (kJ/kg)
I, = threshold heat flux, Btu/hr-ft* (kW/m?)

erations. In a performance-based program, the operator
may consider alternate models that calculate impact areas
and consider additional factors, such as depth of burial,
that may reduce impact areas.

3.2.4 Ranking of Potential Impact Areas. The
operator shall count the number of houses and individual
units in buildings within the potential impact area. The
potential impact area extends from the extremity of
the first affected circle to the extremity of the last affected
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Figure 3.2.4-1 Potential Impact Area

School

Pipeline

/77777 717777771

GENHRAL NOTE: This diagram represents the results for a 30 in. (762 mm) pipe with an MAOP of%3,000 psig (6 900 kPa).

circlp (see Figure 3.2.4-1). This housing unit count can
then|be used to help determine the relative consequences
of afrupture of the pipeline segment.

THe ranking of these areas is an important element of
risk pssessment. Determining the likelihood of failure is
the pther important element of risk assessment (see
sections 4 and 5).

3.3 |Consequence Factors to Consider

When evaluating the consequences of a failure within
impact zone, the operator shall consider.at/least the
ing:

mobijlity (e.g., hospitals, schoels, child-care centers, retire-
menf facilities, prisons,\reCreation areas), particularly in
unprotected outsidé/areas

property damage

(e} environmeéntal damage

effects\of unignited gas releases

(g) security or reliability of gas supply (e.g., effects of
interuption of service)

liPotential impact area4|

(hatched area)

4 GATHERING, REVIEWING, AND INTEGRATING
DATA

4.1<General

This section provides a systematic process for pipeline
operators to collect and effectively use the data glements
necessary for risk assessment. Comprehensive| pipeline
and facility knowledge is an essential component of a
performance-based integrity management prdgram. In
addition, information on operational history, thelenviron-
ment around the pipeline, mitigation techniques
employed, and process/procedure reviews is alfo neces-
sary. Data are a key element in the decision]-making
process required for program implementatign. When
the operator lacks sufficient data or where datia quality
is below requirements, the operator shall fgllow the
prescriptive-based processes as shown in Nonmpndatory
Appendix A.

Pipeline operator procedures, operation and mainte-
nance plans, incident information, and other|pipeline
operator documents specify and require collgction of
data that are suitable for integrity/risk assessmgnt. Inte-
gration of the data elements is essential to obtain fpomplete
and accurate information needed for an integrityjmanage-
ment program.

(h) public convenience and necessity

(i) potential for secondary failures

(j) duration of a failure event, including product
depressurization and potential fire

Note that the consequences may vary based on the rich-
ness of the gas transported and as a result of how the gas
decompresses. The richer the gas, the more important
defects and material properties are in modeling the char-
acteristics of the failure.

4.2 Data Requirements

The operator shall have a comprehensive plan for
collecting all data sets. The operator must first collect
the data required to perform a risk assessment (see
section 5). Implementation of the integrity management
program will drive the collection and prioritization of
additional data elements required to more fully under-
stand and prevent/mitigate pipeline threats.
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Table 4.2.1-1 Data Elements for Prescriptive Pipeline

Integrity Program

Category

Data

Attribute data

Constructi

Operation

Inspection

Pipe wall thickness
Diameter

Seam type and longitudinal weld joint quality
factor

Manufacturer

M

4.2.1 Prescriptive Integrity Management Programs.
Limited data sets shall be gathered to evaluate each
threat for prescriptive integrity management program
applications. These data lists are provided in Nonmanda-
tory Appendix A for each threat and summarized in
Table 4.2.1-1. All of the specified data elements shall
be available for each threat to perform the risk assess-
ment. If such data are not available, it shall be
assumed that the particular threat applies to the pipeline

n

£ e H dad
Meantfacturins-date
Material properties

Equipment properties

Year of installation
Bending method

Joining method, process, and inspection
results

Depth of cover

Crossings/casings

Pressure test

Field coating methods

Soil, backfill

Inspection reports

Cathodic protection (CP) installed
Coating type

Gas quality
Flow rate

Normal maximum and minimum operating
pressures

Leak/failure history

Coating condition

CP system performance
Pipe wall temperature

Pipe inspection reports
OD/ID corrosion monitoring
Pressure fluctuations
Regulator/relief-performance
Encroachments

Repairs

Vandalism

External forces

Pressure tests

Geometry tool inspections

Bell hole inspections

CP inspections (CIS)

Coating condition inspections (DCVG)

Audits and reviews

10

segment being evaluated.

4.2.2 Performance-Based Integrity Management
Programs. There is no standard list of réquired [data
elements that apply to all pipeline systems for peffor-
mance-based integrity managemeéent progrdms.
However, the operator shall collect, at a mininjum,
those data elements specified in\the prescriptive-bpsed
program requirements. The,gdantity and specific |[data
elements will vary between operators and witlin a
given pipeline system. Increasingly complex risk assess-
ment methods appliéd in performance-based integrity
management programs require more data elemlents
than those listed\in Nonmandatory Appendix A.

Initially, the’focus shall be on collecting the data|nec-
essary to evaluate areas of concern and other sp4cific
areas ofthigh risk. The operator will collect the [data
requiréd to perform system-wide integrity assessnfents
and\any additional data required for general pip¢line
and facility risk assessments. These data are then |nte-
grated into the initial data. The volume and typ¢s of
data will expand as the plan is implemented pver
years of operation.

4.3 Data Sources

The data needed for integrity management progfams
can be obtained from within the operating company
and from external sources (e.g., industry-wide data). Typi-
cally, the documentation containing the required |data
elements is located in design and construction docufnen-
tation, and current operational and maintenance recprds.

Asurvey of all potential locations that could house
records may be required to document what is available
and its form (including the units or reference system)} and
to determine if significant data deficiencies exist. If |defi-
cienciesare found, action to obtain the data can be plahned
and begun relative to its importance. This may require

s . ) ) . s,

Existing management information system (MIS) or
geographic information system (GIS) databases and the
results of any prior risk or threat assessments are also
useful data sources. Significant insight can also be
obtained from subject matter experts and those involved
intheriskassessmentand integrity management program
processes. Root cause analyses of previous failures are a
valuable data source. These may reflect additional needs
in personnel training or qualifications.
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Table 4.3-1 Typical Data Sources for Pipeline Integrity
Program

Process and instrumentation drawings (P&ID)
Pipeline alignment drawings

Original construction inspector notes/records
Pipeline aerial photography

Facility drawings/maps

As-built drawings

Data resolution and units shall also be determined.
Consistency in units is essential for integration. Every
effort should be made to use all of the actual data for
the pipeline or facility. Generalized integrity assumptions
used in place of specific data elements should be avoided.

Another data collection consideration is whether the
age of the data invalidates its applicability to the
threat. Data pertaining to time-dependent threats such
as corrosion or stress corrosion cracking (SCC) may

MatefTal certifications
Survdy reports/drawings

Safety-related condition reports
Opergtor standards/specifications
Indugtry standards/specifications
0&M

Emergency response plans

procedures

Inspection records
Test
Incid

Feports/records
ent reports
Compliance records
Design/engineering reports
Tech

Manyfacturer equipment data

hical evaluations

Vdluable data for integrity management program imple-
menfation can also be obtained from external sources.
Thede may include jurisdictional agency reports and data¢
basels that include information such as soil data, demo-
graphics, and hydrology, as examples. Research
orggnizations can provide background on.many pipe-
lineqrelated issues useful for application dh,an integrity
manjagement program. Industry consortia and other
operfators can also be useful information sources.

THe data sources listed in Table 4.3-1 are necessary for
integrity management program inifiation. As the integrity
manpgement program is developed and implemented,
addifional data will become/available. This will include
insppction, examination»and evaluation data obtained
fron] the integrity management program and data devel-
oped for the performance metrics covered in section 9.

4.4

A planAor collecting, reviewing, and analyzing the data
shall be created and in place from the conception of the

Data Collection, Review, and Analysis

not be relevant if it was collected many yeags before
the integrity management program was develeped. Resi-
dent and time-independent threats do not hav¢ implied
time dependence, so earlier data are-applicablg.

The unavailability of identified data’element$ is not a
justification for exclusion of a _threat from the [integrity
management program. Depending on the impoftance of
the data, additional inspection‘actions or field data collec-
tion efforts may be required.

4.5 Data Integration

Individual data’elements shall be brought tog¢ther and
analyzed in-thieir context to realize the full valug of integ-
rity mandgement and risk assessment. A major strength of
an effective integrity management program lfes in its
ability-to merge and use multiple data elementsjobtained
froim several sources to provide an improved cqnfidence
that a specific threat may or may not apply to q pipeline
segment. It can also lead to an improved analysis pf overall
risk.

For integrity management program applicatio
the first data integration steps includes development of a
common reference system (and consistent meagurement
units) that will allow data elements from varioup sources
to be combined and accurately associated with|common
pipeline locations. For instance, in-line inspection (ILI)
data may reference the distance traveled ajong the
inside of the pipeline (wheel count), which can bg difficult
to directly combine with over-the-line survey$ such as
close interval survey (CIS) that are referenced to engi-
neering station locations.

Table 4.2.1-1 describes data elements that can be eval-
uated in a structured manner to determine if a garticular
threat is applicable to the area of concern or thelsegment
being considered. Initially, this can be accomplished
without the benefit of inspection data and rpay only
include the pipe attribute and construction data plements

hs, one of

data collection effort. These processes are needed to verify
the quality and consistency of the data. Records shall be
maintained throughout the process that identify where
and how unsubstantiated data are used in the risk assess-
ment process, so the potential impact on the variability
and accuracy of assessment results can be considered.
This is often referred to as metadata or information
about the data.

11

shown in Table 4.Z.T-1. As other information such as
inspection data becomes available, an additional integra-
tion step can be performed to confirm the previous infer-
ence concerning the validity of the presumed threat. Such
data integration is also very effective for assessing the
need for and type of mitigation measures to be used.
Data integration can also be accomplished manually or
graphically. An example of manual integration is the
superimposing of scaled potential impact area circles
(see section 3) on pipeline aerial photography to
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determine the extent of the potential impact area.
Graphical integration can be accomplished by loading
risk-related data elements into an MIS/GIS system and
graphically overlaying them to establish the location of
a specific threat. Depending on the data resolution
used, this could be applied to local areas or larger
segments. More specific data integration software is

Risk; = P, X C; for a single threat
9
Risk = Z (P; x C;) for threat categories 1 to 9
i=1
Total segment risk
=(P1 X Cl) + (P2 X Cz) + ...+ (Pg X Cg)

the follo

also available that facilitates use in combined analyses. where
The benefits of data integration can be illustrated by 1 to 9 = failure threat category (see para. 2.2)
ing hypothetical examples: C = failure consequence
P = failure likelihood

e in the top quadrant of a pipeline in a cultivated
.|It is also known that the farmer has been plowing
area and that the depth of cover may be reduced.
f these facts taken individually provides some indica-
possible mechanical damage, but as a group the result
e definitive.

erator suspects that a possible corrosion problem
on a large-diameter pipeline located in a populated
.|However, a CIS indicates good cathodic protection
age in the area. A direct-current voltage gradient

ue, but data integration prevented possibly incorrect
conclfisions.

5 RISK ASSESSMENT

5.1 Intrpduction

Risk agsessments shall be conducted for pipelines, and
related ficilities. Risk assessments are required_for both
prescriptive-based and performance-based integrity
managerhent programs.

For prescriptive-based programs, risk assessments are
primarily used to prioritize integrity. management plan
activitie§. They help to organize data and information
to make |decisions.

For pgrformance-based pregrams, risk assessments
serve th¢ following purposes:

(a) tolorganize data ahd.information to help operators
prioritiz¢ and plan activities

(b) toldetermin€which inspection, prevention, and/or
mitigation activities will be performed and when

5.2 Defjnition

The risk analysis method used shall addréss all [nine
threat categories or each of the individual 21 thieats
to the pipeline system. Risk conseguences typigally
consider components such as the potential impaft of
the event on individuals, propérty, business, and th¢ en-
vironment, as shown in seetion’3.

5.3 Risk Assessment\Objectives

For application/to‘pipelines and facilities, risk asgess-
ment has the fellowing objectives:
(a) prioritization of pipelines/segments for schedfyiling
integrity assessments and mitigating action
(b) assessment of the benefits derived from mitigating
action
(¢} determination of the most effective mitiggtion
measures for the identified threats
(d) assessment of the integrity impact from modified
inspection intervals
(e) assessment of the use of or need for alternative
inspection methodologies
(f) more effective resource allocation
Risk assessment provides a measure that evaluatesoth
the potential impact of different incident types and the
likelihood that such events may occur. Having such a
measure supports the integrity management prdcess
by facilitating rational and consistent decisions. |Risk
results are used to identify locations for integrity asfess-
ments and resulting mitigative action. Examining poth
primary risk factors (likelihood and consequerces)
avoids focusing solely on the most visible or frequently
occurring problems while ignoring potential evients
that could cause significantly greater damage. Converjsely,
the process also avoids focusing on less likely catastrqphic
events while overlooking more likely scenarios.

The operator shall follow section 5 in its entirety to
conduct a performance-based integrity management
program. A prescriptive-based integrity management
program shall be conducted using the requirements iden-
tified in this section and in Nonmandatory Appendix A.

Riskis typically described as the product of two primary
factors: the failure likelihood (or probability) that some
adverse event will occur and the resulting consequences of
that event. One method of describing risk is

5.4 Developing a Risk Assessment Approach

As an integral part of any pipeline integrity manage-
ment program, an effective risk assessment process
shall provide risk estimates to facilitate decision-
making. When properly implemented, risk assessment
methods can be very powerful analytic methods, using
a variety of inputs that provide an improved
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understanding of the nature and locations of risks along a
pipeline or within a facility.

Risk assessment methods alone should not be com-
pletely relied upon to establish risk estimates or to
address or mitigate known risks. Risk assessment
methods should be used in conjunction with knowledge-
able, experienced personnel (subject matter experts and
people familiar with the facilities) who regularly review
the data input, assumptions, and results of the risk assess-

(2) Relative Assessment Models. This type of assess-
ment builds on pipeline-specific experience and more
extensive data, and includes the development of risk
models addressing the known threats that have histori-
cally affected pipeline operations. Such relative or data-
based methods use models thatidentify and quantitatively
weigh the major threats and consequences relevant to
past pipeline operations. These approaches are consid-
ered relative risk models, since the risk results are

mengs. Such experience-based reviews should validate
risk |assessment output with other relevant factors not
included in the process, the impact of assumptions, or
the potential risk variability caused by missing or esti-
mat¢d data. These processes and their results shall be
docymented in the integrity management plan.

A1 integral part of the risk assessment process is the
incofporation of additional data elements or changes to
faciljty data. To ensure regular updates, the operator shall
incofporate the risk assessment process into existing field
repdrting, engineering, and facility mapping processes
and [incorporate additional processes as required (see
section 11).

5.5 |Risk Assessment Approaches

(a) To organize integrity assessments for pipeline
segnpents of concern, a risk priority shall be established.
This|risk value is composed of a number reflecting the
overall likelihood of failure and a number reflecting
the [consequences. The risk analysis can be fairly
simple, with values ranging from 1 to 3 (to reflect
highl medium, and low likelihood and consequences),
or cqin be more complex and involve a largersrange to
proyide greater differentiation between pipeline
segments. Multiplying the relative likelihood and conse-
querjce numbers together provides ‘the' operator with a
relafive risk for the segment and'‘arelative priority for
its apsessment.

(b) An operator shall usg-one or more of the following

risk assessment approaches-eonsistent with the objectives
of thle integrity management program. These approaches
are ljsted in a hieratehy of increasing complexity, sophis-
ticatjon, and data_requirements. These risk assessment
app1oaches aresubject matter experts, relative assess-
mengs, scenario assessments, and probabilistic assess-
merjts.CFhre following paragraphs describe risk
assepsment methods for the four listed approaches:
1) Subject Matter Experts (SMEs). SMEs from the
operating company or consultants, combined with infor-
mation obtained from technical literature, can be used to
provide a relative numeric value describing the likelihood
of failure for each threat and the resulting consequences.
The SMEs are used by the operator to analyze each pipe-
line segment, assign relative likelihood and consequence
values, and calculate the relative risk.

compared with results generated from.the same
model. They provide a risk ranking for the’|ntegrity
management decision process. These moede€ls lise algo-
rithms weighing the major threats and“consejquences,
and provide sufficient data to meaningfully assess
them. Relative assessment models are more [complex
and require more specific pipeline system data than
SME-based risk assessmeént*approaches. The| relative
risk assessment approeachy the model, and thg results
obtained shall be documented in the integrity |[manage-
ment program.
(3) Scenario-Based Models. This risk asdessment
approach créates models that generate a descyiption of
an event-or series of events leading to a levdl of risk,
and includes both the likelihood and conseqyences of
such.eyents. This method usually includes conptruction
of-event trees, decision trees, and fault tre¢s. From
these constructs, risk values are determined.
(4) Probabilistic Models. This approach is fthe most
complex and demanding with respect to data|require-
ments. The risk output is provided in a format that is
compared to acceptable risk probabilities estjablished
by the operator, rather than using a comparative basis.
It is the operator’s responsibility to apply thg level of
integrity/risk analysis methods that meets the|needs of
the operator’s integrity management program. More
than one type of model may be used throughout @n opera-
tor’s system. A thorough understanding of the $trengths
and limitations of each risk assessment method|is neces-
sary before a long-term strategy is adopted.
(c) All risk assessment approaches describgd above
have the following common components:
(1) They identify potential events or conditions that
could threaten system integrity.
(2) They evaluate likelihood of failure arld conse-
quences.
(3) They permit risk ranking and identifikcation of
i i - ive the risk.
(4) Theylead to the identification of integrity assess-
ment and/or mitigation options.
(5) They provide for a data feedback loop
mechanism.
(6) They provide structure and continuous updating
for risk reassessments.
Some risk assessment approaches consider the likeli-
hood and consequences of damage, but they do not
consider whether failure occurs as a leak or rupture.
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Table 5.6.1-1 Integrity Assessment Intervals:
Time-Dependent Threats, Internal and External Corrosion, Prescriptive Integrity Management Plan

Criteria

Operating Pressure

Inspection Interval, yr Operating Pressure Above 30% but Not Operating Pressure Not
Technique [Note (1)] Above 50% of SMYS Exceeding 50% of SMYS Exceeding 30% of SMYS
Hydrostatic testing 5 TP to 1.25 times MAOP TP to 1.39 times MAOP TP to 1.65 times MAOP
[Note (2)] [Note (2)] [Note (2)]
10 TP to 1.39 times MAOP TP to 1.65 times MAOP TP to 2.20 times MAOP
IRNPNS L2201 IRNPNS L22] INot 221
| =J1 | =J1 | LA A |
15 Not allowed TP to 2.00 times MAOP TP to 2.75 times MAQP
[Note (2)] [Note (2)]
20 Not allowed Not allowed TP to 3.33 times MAOP
[Note (2]]
In-line insgection 5 Prabove 1.25 times Prabove 1.39 times Prabove .65 times
MAOP [Note (3)] MAOP [Note (3)] MAOP [Note (3)]
10 Prabove 1.39 times Prabove 1.65 times Ppabove 2.20 times
MAOP [Note (3)] MAOP [Note (3)] MAOP [Note (3)]
15 Not allowed Prabove 2.00 times Prabove 2.75 times
MAOP [Note (3)] MAOP [Note (3)]
20 Not allowed Not allowed Prabove 3.33 times
MAOP [Note (3)]
Direct assefsment 5 All immediate indications All immediate indications All immediate indicatior]s
plus one scheduled plus one scheduled plus one scheduled
[Note (4)] [Note (4)] [Note (4)]
10 All immediate indications All immediate indications All immediate indicatior]s
plus all scheduled plus more than half of scheduled plus one scheduled
[Note (4)] [Note (4)] [Note (4)]
15 Not allowed Allimnfediate indications All immediate indicatior]s
plus all scheduled plus more than half o
[Note (4)] scheduled [Note (4)]
20 Not allowed Not allowed All immediate indicatior]s
plus all scheduled
[Note (4)]

NOTES:

(1) Intervpls are maximum and may be less, depending en‘repairs made and prevention activities instituted. In addition, certain threats dan be
extremely aggressive and may significantly reduce-the interval between inspections. Occurrence of a time-dependent failure requires
immediate reassessment of the interval.

(2) TP is fest pressure.

(3) Pris pyredicted failure pressure as detepmined from ASME B31G or equivalent.

(4) For the direct assessment process, indications for inspection are classified and prioritized using NACE SP0204, Stress Corrosion Crdcking
(SCC) pirect Assessment Methodology;)NACE SP0206, Internal Corrosion Direct Assessment Methodology for Pipelines Carrying Norjmally
Dry Nqtural Gas (DG-ICDA); or NACESP0502, Pipeline External Corrosion Direct Assessment Methodology. The indications are process pased
and mpy not align with eachyother. For example, the External Corrosion DA indications may not be at the same location as the Infernal
Corrogion DA indications.

Rupture$ have more potential for damage than leaks. analyses for prescriptive integrity management progfams

Consequntlyswhen a risk assessment approach does use minimal data sets. They cannot be used to increasg the

not consfider-whether a failure may occur as a leak or reinspection intervals.

rupture,laworst-case assumption of rupture shall be When the operator follows the prescriptive reindpec-

made.

5.6 Risk Analysis

5.6.1 Risk Analysis for Prescriptive Integrity Manage-
ment Programs. The risk analyses developed for a
prescriptive integrity management program are used
to prioritize the pipeline segment integrity assessments.
Once the integrity of a segment is established, the rein-
spection interval is specified in Table 5.6.1-1. The risk

tion intervals, the more simplistic risk assessment
approaches provided in para. 5.5 are considered appro-
priate.

5.6.2 Risk Analysis for Performance-Based Integrity (20)

Management Programs. Performance-based integrity
management programs shall prioritize initial integrity
assessments using any of the methods described in
para. 5.5.
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Risk analyses for performance-based integrity manage-
ment programs may also be used as a basis for establishing
inspection intervals. Such risk analyses will require more
data elements than required in Nonmandatory Appendix A
and more detailed analyses. The results of these analyses
may also be used to evaluate alternative mitigation and
prevention methods and their timing.

If permitted by the jurisdiction, ASME PCC-3 may be
used for guidance concerning the use of inspection

tial problem areas. Another valuable approach is the use of
trending, where the results of inspections, examinations,
and evaluations are collected over time to predict future
conditions.

(e) Risk Confidence. Any data applied in a risk assess-
ment process shall be verified and checked for accuracy
(see section 12). Inaccurate data will produce a less accu-
rate risk result. For missing or questionable data, the
operator should determine and document the default

methods appropriate for threats to equipment that
may|not be included in inspection activities for the trans-
porthtion piping or may be subject to damage mechanisms
that [differ from those of the main pipeline. Other actions,
suchfas prevention, may provide better integrity manage-
menf results.

An initial strategy for an operator with minimal experi-
ence using structured risk analysis methods may include
adopjting a more simple approach for the short term, such
as a knowledge-based or a screening relative risk model.
As adlditional data and experience are gained, the operator
can fransition to a more comprehensive method.

Characteristics of an Effective Risk
Assessment Approach

5.7

Cdnsidering the objectives summarized in para. 5.3, a
numper of general characteristics exist that will contri-
butq to the overall effectiveness of a risk assessment
for ¢ither prescriptive or performance-based integrity
management programs. These characteristics shall
inclyde the following:

(a) Attributes. Any risk assessment approach’shall
contpin a defined logic and be structured .to provide a
complete, accurate, and objective analysi§ of risk. Some
risk fnethods require a more rigid structure (and consid-
erably more input data). Knowledgésbased methods are
less rigorous to apply and require-more input from subject
matter experts. They shall all follow an established struc-
ture|and consider the nine eategories of pipeline threats
and [consequences.

(b)) Resources. Adequate personnel and time shall be
allotted to permit/implementation of the selected
appijoach and future considerations.

(c) Operating/Mitigation History. Any risk assessment
shal] consider‘the frequency and consequences of past
everlts. Rreferably, this should include the subject pipeline
syst¢m\or a similar system, but other industry data can be

values that will be used and why they werd chosen.
The operator should choose default values thatdonserva-
tively reflect the values of other similar,segments on the
pipeline or in the operator’s system./ These confervative
values may elevate the risk of the pipeline and epcourage
action to obtain accurate data. As the data are obtained, the
uncertainties will be eliminated and the resultant risk
values may be reduced.

(f) Feedback. One of the“most important st
effective risk analysis-is' feedback. Any risk as
method shall not be considered as a static to
a process of continuous improvement. Effective
is an essential process component in continy
model validation. In addition, the model shall be 3
and changeable to accommodate new threats.

(g)."Documentation. The risk assessment progess shall
bethoroughly and completely documented to prpvide the
background and technical justification for the [methods
and procedures used and their impact on decisions
based on the risk estimates. Like the risk|process
itself, such a document should be periodically|updated
as modifications or risk process changes are incofporated.

(h) “What If” Determinations. An effective rifk model
should contain the structure necessary to [perform
“what if” calculations. This structure can proyide esti-
mates of the effects of changes over time and the risk
reduction benefit from maintenance or remedidl actions.

(i) Weighting Factors. All threats and cons¢quences
contained in a relative risk assessment procegs should
not have the same level of influence on the risk pstimate.
Therefore, a structured set of weighting factorg shall be
included that indicate the value of each risk asfessment
component, including both failure probability aid conse-
quences. Such factors can be based on operationgl experi-
ence, the opinions of subject matter experts, or|industry
experience.

(j) Structure. Any risk assessment procg

ps in an
essment
bl but as
feedback
ous risk
daptable

ss shall

tha shility +o

used where sufficient dataisinitially not available. In addi-
tion, the risk assessment method shall account for any
corrective or risk mitigation action that has occurred
previously.

(d) Predictive Capability. To be effective, a risk assess-
ment method should be able to identify pipeline integrity
threats previously not considered. It shall be able to make
use of (or integrate) the data from various pipeline inspec-
tions to provide risk estimates that may result from
threats thathave not been previously recognized as poten-
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provide—as—a—att > are and
rank the risk results to support the integrity management
program’s decision process. It should also provide for
several types of data evaluation and comparisons, estab-
lishing which particular threats or factors have the most
influence on the result. The risk assessment process shall
be structured, documented, and verifiable.

(k) Segmentation. An effective risk assessment process
shall incorporate sufficient resolution of pipeline segment
size to analyze data as they exist along the pipeline. Such

tTrHe—aoTIre tO—CcomipP
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analysis will facilitate location of local high-risk areas that
may need immediate attention. For risk assessment
purposes, segment lengths can range from units of feet
to miles (meters to kilometers), depending on the pipeline
attributes, its environment, and other data.
Anotherrequirement of the model involves the ability to
update the risk model to account for mitigation or other
action that changes the risk in a particular length. This can
be illustrated by assuming that two adjacent 1 milong (1.6

methods will be necessary as more complete and accurate
information concerning pipeline system attributes and
history becomes available. These adjustments shall
require a reanalysis of the pipeline segments included
in the integrity management program, to ensure that
equivalent assessments or comparisons are made.

5.9 Data Collection for Risk Assessment

Data collection issues are discussed in section 4. When

km long) segments have been identilied. SUPpPOS€E a pipe
replacement is completed from the midpoint of one
segment] to some point within the other. To account
for the 1fisk reduction, the pipeline length comprising
these two segments now becomes four risk analysis
segment$. This is called dynamic segmentation.

5.8 Risk Estimates Using Assessment Methods

A desdfiption of various details and complexities asso-
ciated with different risk assessment processes has been
provided in para. 5.5. Operators that have not previously
started 4 formal risk assessment process may find an
initial sq¢reening to be beneficial. The results of this
screeninjg can be implemented within a short time
frame anjd focus given to the most important areas. A
screening risk assessment may not include the entire pipe-
line systgm, but be limited to areas with a history of prob-
lems or where failure could result in the most severe
consequgnces, such as areas of concern. Risk assessment
and datafcollection may then be focused on the most likely
threats Without requiring excessive detail. A screening
risk assdssment suitable for this approach can include
subject fnatter experts or simple relative risk-models
as descrfibed in para. 5.5. A group of subjéctymatter
experts Tepresenting pipeline operations, engineering,
and othqrs knowledgeable of threats that may exist is
assembldd to focus on the potential threats and risk reduc-
tion medsures that would be effective in the integrity
management program.

Applicption of any type of-risk analysis methodology
shall bg considered as_anvelement of continuous
process fand not a one-time event. System-wide risk
assessments shall be performed at least annually. A
review ¢f the assumptions used in the system-wide
risk ass¢ssment\shall be performed at least annually
but may |be mere frequent, based on the frequency and

importapcerof data modifications. This review should . : It
include all pipelines or segments included in the risk Forinitial-efforts-and-sereening purposes,riskresults

analysis process. The most recent inspection results
and information shall be reflected in the review, and a
new risk assessment may be necessary, depending on
the results.

The processes and risk assessment methods used shall
be periodically reviewed to ensure they continue to yield

relevant, accurate results consistent with the objectives of

the operator’s overall integrity management program.
Adjustments and improvements to the risk assessment

analyzing the results of the risk assessments, the operator
may find that additional data are required. Iteration df the
risk assessment process may be required tofimprove the
clarity of the results, as well as confirm theeasonablgness
of the results.

Determining the risk of potential'threats will resylt in
specification of the minimum dataset required for imple-
mentation of the selected risképrocess. If significant|data
elements are not available,.modifications of the proppsed
model may be required after carefully reviewing the
impact of missing dataand taking into account the pgten-
tial effect of uncertainties created by using required|esti-
mated values. Analternative could be to use related|data
elements to Mmake an inferential threat estimate.

5.10 Prioritization for Prescriptive-Based and
Performance-Based Integrity Managemgnt
Programs

A first step in prioritization usually involves softing
each particular segment’s risk results in decredsing
order of overall risk. Similar sorting can also be achipved
by separately considering decreasing consequencgs or
failure probability levels. The highest risk level
segment shall be assigned a higher priority when decjding
where to implement integrity assessment and/or mitiga-
tion actions. Also, the operator should assess risk fagtors
that cause higher risklevels for particular segments. These
factors can be applied to help select, prioritize, and sdhed-
ule locations for inspection actions such as hydrogtatic
testing, in-line inspection, or direct assessment] For
example, a pipeline segment may rank extremely fhigh
for a single threat, but rank much lower for the aggrdgate
of threats compared to all other pipeline segments. Timely
resolution of the single highest threat segment mdy be
more appropriate than resolution of the highest aggrdgate
threat segment.

could be evaluated simply on a “high-medium-low” basis
or as a numerical value. When segments being compared
have similar risk values, the failure probability and conse-
quences should be considered separately. This may lead to
the highest consequence segment being given a higher
priority. Factors including line availability and system
throughput requirements can also influence prioritiza-
tion.
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The integrity plan shall also provide for the elimination
of any specific threat from the risk assessment. For a
prescriptive integrity management program, the
minimum data required and the criteria for risk assess-
ment to eliminate a threat from further consideration are
specified in Nonmandatory Appendix A. Performance-
based integrity management programs that use more
comprehensive analysis methods should consider the
following to exclude a threat in a segment:

5.11 Integrity Assessment and Mitigation

The process begins with examining the nature of the
most significant risks. The risk drivers for each high-
risk segment should be considered in determining the
most effective integrity assessment and/or mitigation
option. Section 6 discusses integrity assessment and
section 7 discusses options that are commonly used to
mitigate threats. A recalculation of each segment’s risk

after intearitv assessment-andlor-mitication—acti i
EFHY 4 £ ctions is

(af There 1s no history of a threat impacting the par-
ticulpr segment or pipeline system.

(b) The threat is not supported by applicable industry
datalor experience.

(c) The threat is not implied by related data elements.

(d) The threat is not supported by like/similar
analyses.

(e} The threat is not applicable to system or segment
operfating conditions.

Mpre specifically, (c) considers the application of
related data elements to provide an indication of a
thrept’s presence when other data elements may not
be apailable. As an example, for the external corrosion
threat, multiple data elements such as soil type/moisture
level, CP data, CIS data, CP current demand, and coating
condition can all be used, or if one is unavailable a subset
may/(be sufficient to determine whether the threat shall be
conglidered for that segment. Paragraph (d) considers the
evalfiation of pipeline segments with known and similar
conditions that can be used as a basis for evaluating the
exisfence of threats on pipelines with missing data.
Pardgraph (e) allows for the fact that some pipeline
systems or segments are not vulnerablete some
threpts. For instance, based on industry-+eséarch and
expdrience, pipelines operating at low stress levels do
not ¢levelop SCC-related failures.

THe unavailability of identified data elements is not a
justification for exclusion of a threat from the integrity
manpgement program. Depefiding on the importance of
the data, additional inspection actions or field data collec-
pfforts may be required. In addition, athreat cannotbe
ded without consideration given to the likelihood of

such an event may not have occurred in any given pipeline
segment, system, or facility, the fact that the threat is
considered time dependent should require very strong
justification for its exclusion. Some threats, such as
internal corrosion and SCC, may not be immediately
evident and can become a significant threat even after
extended operating periods.
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required to ensure that the segment’s integrify can be
maintained to the next inspection intervak
Itis necessary to consider a variety of options
nations of integrity assessments and Iitigatio
that directly address the primary-threat(s). [t is also
prudent to consider the possibility of using new technol-
ogies that can provide a moreéffective or comprehensive
risk mitigation approach.

r combi-
h actions

5.12 Validation

Validation of risk analysis results is one of the most
important steps in any assessment process. This shall
be done te‘ensure that the methods used have produced
results.that are usable and are consistent with t{e opera-
tor's.and industry’s experience. A reassessment of and
maedification to the risk assessment process|shall be
tequired if, as a result of maintenance or other activities,
areas are found that are inaccurately representgd by the
risk assessment process. A risk validation process shall be
identified and documented in the integrity marjagement
program.

Risk result validations can be successfully perfprmed by
conducting inspections, examinations, and evalyations at
locations that are indicated as either high risk of low risk
to determine if the methods are correctly chardcterizing
the risks. Validation can be achieved by corsidering
another location’s information regarding the ¢ondition
of a pipeline segment and the condition determined
during maintenance action or prior remedial ¢fforts. A
special risk assessment performed using knqwn data
prior to the maintenance activity can indicate|if mean-
ingful results are being generated.

6 INTEGRITY ASSESSMENT

6.1 General

Based on the priorities determined by risk assessment,
the operator shall conduct integrity assessments using the
appropriate integrity assessment methods. The integrity
assessment methods that can be used are in-line inspec-
tion, pressure testing, direct assessment, or other meth-
odologies provided in para. 6.5. The integrity assessment
method is based on the threats to which the segment is
susceptible. More than one method and/or tool may be
required to address all the threats in a pipeline
segment. Conversely, inspection using any of the integrity
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assessment methods may notbe the appropriate action for
the operator to take for certain threats. If permitted by the
jurisdiction, ASME PCC-3 may be used for guidance
concerning the use of inspection methods appropriate
for threats to equipment that may not be included in
inspection activities for the transportation piping or
may be subject to damage mechanisms that differ from
those of the main pipeline. Other actions, such as preven-
tion, may provide better integrity management results.

pipeline in-line inspection. The following paragraphs
discuss the use of ILI tools for certain threats.

6.2.1 Metal Loss Tools for the Internal and External
Corrosion Threat. For these threats, the following tools
can be used. Their effectiveness is limited by the tech-
nology the tool employs.

(a) Magnetic-Flux Leakage, Standard Resolution Tool.
This is better suited for detection of metal loss than

Sectioff Z provides a Iisting of threats by three groups:
time depgendent, resident, and time independent. Time-
dependeht threats can typically be addressed by using
any one fof the integrity assessment methods discussed
in this spction. Resident threats, such as defects that
during manufacturing, can typically be
addressdd by pressure testing, while construction and
equipmeht threats can typically be addressed by exami-
nation afd evaluation of the specific piece of equipment,
compongnt, or pipe joint. Random threats typically cannot
be addrejssed through use of any of the integrity assess-
ment mefhods discussed in this section but are subject to
the prevention measures discussed in section 7.

Use of]a particular integrity assessment method may
find indidations of threats other than those that the assess-
intended to address. For example, the third-
party dafnage threat is usually best addressed by imple-
mentatidn of prevention activities; however, an in-line
inspectign tool may indicate a dent in the top half of
the pipe.|Examination of the dent may be an appropriate
action to|determine if the pipe was damaged due to third-
party activity.

It is important to note that some of the integrity assess-
ment mefhods discussed in section 6 only provide.indica-
tions of defects. Examination using visual inspection and a
variety of nondestructive examination (NDE) techniques
d, followed by evaluation of these inspection
order to characterize the defect. The operator
se to go directly to exanination and evaluation
entire length of the pipeline segment being
assessef, in lieu of conducting inspections. For
examplethe operator may-wish to conduct visual exam-
ination off aboveground-piping for the external corrosion
threat. Since the pipens accessible for this technique and
external [corrosign’ean be readily evaluated, performing
in-line ifjspection‘is not necessary.

for sizing Qi7ing accuracy is limited by sensor size. [t
is sensitive to certain metallurgical defects sudh as
scabs and slivers. It is not reliable for detection or
sizing of most defects other than metal loss‘and not{reli-
able for detection or sizing of axially aligned metalftloss
defects. High inspection speeds degrade-sizing accufacy.

(b) Magnetic-Flux Leakage, High“Resolution Tool.|This
provides better sizing accuracy than standard resolfition
tools. Sizing accuracy is best\for geometrically simple
defect shapes. Sizing accuracy degrades where pit§ are
present or defect geometry becomes complex. Thefre is
some ability to detect defects other than metal [oss,
but ability varies, with defect geometries and charafter-
istics. It is not generally reliable for axially aligned defects.
High inspectioh ‘Speeds degrade sizing accuracy.

(c) Ultrasonic Compression Wave Tool. This usyally
requiresia’liquid couplant. It provides no detectidn or
sizing'wapability where return signals are lost,
canvoccur in defects with rapidly changing profiles,
some bends, and when a defect is shielded by alamindtion.
Itis sensitive to debris and deposits on the inside pipewall.
High speeds degrade axial sizing resolution.

(d) Ultrasonic Shear Wave Tool. This requires a liquid
couplant or a wheel-coupled system. Sizing accurafy is
limited by the number of sensors and the compléxity
of the defect. Sizing accuracy is degraded by the presence
of inclusions and impurities in the pipe wall. High spleeds
degrade sizing resolution.

(e) Transverse Flux Tool. This is more sensitiy
axially aligned metal-loss defects than standard
high-resolution MFL tools. It may also be sensitiy
other axially aligned defects. It is less sensitive than
dard and high-resolution MFL tools to circumferen
aligned defects. It generally provides less sizing accy
than high-resolution MFL tools for most defect ge
tries. High speeds can degrade sizing accuracy.

6.2.2 Crack Detection Tools for the Stress Corrg

Cracki

e to
and
e to
tan-
ially
racy
me-

sion

6.2 Pipeline In-Line Inspection

In-line inspection (ILI) is an integrity assessment
method used to locate and preliminarily characterize indi-
cations, such as metal loss or deformation, in a pipeline.
The effectiveness of the ILI tool used depends on the
condition of the specific pipeline section to be inspected
and how well the tool matches the requirements set by the
inspection objectives. API Std 1163, In-Line Inspection
Systems Qualification, provides additional guidance on
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- . nbe
used. Their effectiveness is limited by the technology the
tool employs.

(a) Ultrasonic Shear Wave Tool. This requires a liquid
couplant or a wheel-coupled system. Sizing accuracy is
limited by the number of sensors and the complexity
of the crack colony. Sizing accuracy is degraded by the
presence of inclusions and impurities in the pipe wall.
High inspection speeds degrade sizing accuracy and reso-
lution.
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(b) Transverse Flux Tool This is able to detect some
axially aligned cracks, not including SCC, but is not consid-
ered accurate for sizing. High inspection speeds can
degrade sizing accuracy.

6.2.3 Metal Loss and Caliper Tools for Third-Party
Damage and Mechanical Damage Threat. Dents and
areas of metal loss are the only aspect of these threats
for which ILI tools can be effectively used for detection
and sizing

(5) Requirements for Defect Assessment. Results of ILI
have to be adequate for the specific operator’s defect
assessment program.

(b) Typically, pipeline operators provide answers to a
questionnaire provided by the ILI vendor that should list
all the significant parameters and characteristics of the
pipeline section to be inspected. Some of the more impor-
tant issues that should be considered are as follows:

(1) Pipeline Questionnaire. The questionnaire

D¢formation or geometry tools are most often used for
detefting damage to the line involving deformation of the
pipe|cross section, which can be caused by construction
dampge, dents caused by the pipe settling onto rocks,
third-party damage, and wrinkles or buckles caused by
compressive loading or uneven settlement of the pipeline.

THe lowest-resolution geometry tool is the gaging pig or
single-channel caliper-type tool. This type of tool is
adeduate for identifying and locating severe deformation
ofthp pipe cross section. A higher resolutionis provided by
stanflard caliper tools that record a channel of data for
eachf caliper arm, typically 10 or 12 spaced around the
circymference. This type of tool can be used to discern
defofrmation severity and overall shape aspects of the
deformation. With some effort, it is possible to identify
sharpness or estimate strains associated with the defor-
matipn using the standard caliper tool output. High-reso-
lution tools provide the most detailed information about
the ¢fleformation. Some also indicate slope or change in
slopg, which can be useful for identifying bending\or
settlpment of the pipeline. Third-party damage that has
rerounded under the influence of internal pressure in
the pipe may challenge the lower limits of reliable detec-
tion pf both the standard and high-resolutionytools. There
has been limited success identifying thifd-party damage
using MFL tools. MFL tools are not useful for sizing defor-
matipns.

6.2.4 All Other Threats. Ifi-line inspection is typically
not the appropriate inspection method to use for all other
threats listed in section 2,

.2.5 Special Considerations for the Use of In-Line
pction Tools

The following shall also be considered when
ting-the appropriate tool:
(1)»Detection Sensitivity. Minimum defect size speci-
fied For the 0oI snoutd be Smaller thamn the SizZe of the
defect sought to be detected.

(2) Classification. Classification allows differentia-
tion among types of anomalies.

(3) Sizing Accuracy. Sizing accuracy enables priori-
tization and is a key to a successful integrity management
plan.

(4) Location Accuracy. Location accuracy enables
location of anomalies by excavation.

sele
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provides a review of pipe characteristics, such as steel
grade, type of welds, length, diameter, wall-thickness,
elevation profiles, etc. Also, the questionnaire ]dentifies
any restrictions, bends, known ovalitjes, valves, inbarred
tees, couplings, and chill rings the(JLFtool may need to
negotiate.

(2) Launchers and Receivers! These items ghould be
reviewed for suitability, sinc€ ILI tools vary ih overall
length, complexity, geometry, and maneuverabllity.

(3) Pipe Cleanliniess. The cleanliness can sigpificantly
affect data collection.

(4) Type of Kluid. The type of phase, gas
affects the p@ssible choice of technologies.

(5) Flow Rate, Pressure, and Temperature. flow rate
ofthe gaswill influence the speed of the ILI tool infspection.
If speéds are outside of the normal ranges, resoljition can
bescompromised. Total time of inspection is dig¢tated by
inspection speed but is limited by the total cajpacity of
batteries and data storage available on the tpol. High
temperatures can affect tool operation qudlity and
should be considered.

(6) Product Bypass/Supplement. Reducti
flow and speed reduction capability on the
may be a consideration in higher velocity lines
sely, the availability of supplementary gas wherg
rate is too low shall be considered.

(c) The operator shall assess the general reliability of
the ILI method by looking at the following:

(1) confidence level of the ILI method (e
ability of detecting, classifying, and sizing the ar

(2) history of the ILI method/tool

(3) success rate/failed surveys

(4) ability of the tool to inspect the full length and full
circumference of the section

(5) ability to indicate the presence of multiple cause
anomalies

Generally, representatives from the pipeline

br liquid,

n of gas
ILI tool
Conver-
the flow

g., prob-
omalies)

operator
3 £ : : tHe—analy goal and
objective of the inspection, and match significant
factors known about the pipeline and expected anomalies
with the capabilities and performance of the tool. Choice of
tool will depend on the specifics of the pipeline section and
the goal set for the inspection. The operator shall outline
the process used in the integrity management plan for the
selection and implementation of the ILI inspections.
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6.2.6 Examination and Evaluation. Results of in-line
inspection only provide indications of defects, with some
characterization of the defect. Screening of this informa-
tion is required in order to determine the time frame for
examination and evaluation. The time frame is discussed
in section 7.

Examination consists of a variety of direct inspection
techniques, including visual inspection, inspections
using NDE equipment, and taking measurements, in

to the effective date of this Code), pressure testing must be
performed to address the seam issue.

Pressure testing shall be in accordance with ASME
B31.8, to at least 1.25 times the MAOP. ASME B31.8
defines how to conduct tests for both post-construction
and in-service pipelines.

6.3.3 ALl Other Threats. Pressure testing is typically

not the appropriate integrity assessment method to
nse for all other threats listed in section 2

order to [characterize the defect in confirmatory excava-
tions whiere anomalies are detected. Once the defect is
charactefized, the operator must evaluate the defect in
order to|determine the appropriate mitigation actions.
Mitigatio is discussed in section 7.

6.3 Prepsure Testing

Pressyre testing has long been an industry-accepted
method fpr validating the integrity of pipelines. This integ-
rity assegsment method can be both a strength test and a
leak test|Selection of this method shall be appropriate for
the thredts being assessed.

ASME [B31.8 contains details on conducting pressure
tests for|both post-construction testing and for subse-
quent tepting after a pipeline has been in service for a
period of time. The Code specifies the test pressure to
be attaimed and the test duration to address certain
threats. [It also specifies allowable test mediums and
under what conditions the various test mediums can
be used. Additional guidance can be found in APIRP 1110.

The operator should consider the results of the risk
assessmgnt and the expected types of anomalies to deter-
mine when to conduct inspections using pressure testing.

6.3.1 Time-Dependent Threats. Pressure‘testing is
approprjate for use when addressing tithe-dependent
threats. Time-dependent threats are external corrosion,
internal forrosion, stress corrosion(cracking, and other
environmentally assisted corrosigh,mechanisms.

6.3.2
Pressure|

anufacturing and-Related Defect Threats.
testing is appropriaté for use when addressing
the pipe |[seam aspect of the manufacturing threat. Pres-
sure testjng shall condply with the requirements of ASME
B31.8. This will defiie'whether air or water shall be used.
Seam issfies have.béen known to exist for pipe with a lon-
gitudinallweldjpint quality factor of less than 1.0 (e.g., lap-
welded gipe;hammer-welded pipe, and buttwelded pipe)

6.3.4 Examination and Evaluation. Any section‘ofpipe
that fails a pressure test shall be examined to gvaluatg that
the failure was due to the threat that the test wds intepded
to address. If the failure was due to anotherthreat, th¢ test
failure information must be integratéd with other ipfor-
mation relative to the other threatjand the segment feas-
sessed for risk.

6.4 Direct Assessment

Direct assessment is an integrity assessment method
using a structured process through which the opefator
is able to integrate knowledge of the physical charagter-
istics and operdting history of a pipeline systei or
segment with the results of inspection, examinafion,
and evaluation to determine the integrity.

6:4.1 External Corrosion Direct Assessment (ECDA)
for the External Corrosion Threat. External corrdsion
direct assessment can be used for determining inteprity
for the external corrosion threat on pipeline segmepnts.
The operator may use NACE SP0502 to conduct ECDA.
The ECDA process integrates facilities data and cugrent
and historical field inspections and tests with the physical
characteristics of a pipeline. Nonintrusive (typifally
aboveground or indirect) inspections are used to estijnate
the success of the corrosion protection. The ECDA prqcess
requires direct examinations and evaluations. Djrect
examinations and evaluations confirm the ability of the
indirect inspections to locate active and past corrdsion
locations on the pipeline. Post-assessment is reqyired
to determine a corrosion rate to set the reinspegtion
interval, reassess the performance metrics and their
current applicability, and ensure the assumptfions
made in the previous steps remain correct.

The ECDA process therefore has the following
components:

four

or if the pipeline s composed of low-frequency, electric-
resistance welded (LFW) pipe or flash-welded pipe. Refer-
ences for determining if a specific pipe is susceptible to
seam issues are Integrity Characteristics of Vintage Pipe-
lines (The INGAA Foundation, Inc.) and History of Line Pipe
Manufacturing in North America (ASME research report).

When raising the MAOP of a steel pipeline or when
raising the operating pressure above the historical oper-
ating pressure (i.e., highest pressure recorded in 5 yr prior

20

(n) pre-assessment

(b) inspections

(c) examinations and evaluations

(d) post-assessment

The focus ofthe ECDA approach described in this Code is
to identify locations where external corrosion defects may
have formed. Itis recognized that evidence of other threats
such as mechanical damage and stress corrosion cracking
(SCC) may be detected during the ECDA process. While
implementing ECDA and when the pipe is exposed, the
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operator is advised to conduct examinations for nonex-
ternal corrosion threats.

The prescriptive ECDA process requires the use of at
least two inspection methods, verification checks by
examination and evaluations, and post-assessment valida-
tion.

For more information on the ECDA process as an integ-
rity assessment method, see NACE SP0502.

Note that NACE SP0204 provides detailed guidance
and procedures for conducting SCCDA. The SCCDA pre-
assessment process integrates facilities data, current
and historical field inspections, and tests with the physical
characteristics of a pipeline. Nonintrusive (typically
terrain, aboveground, and/or indirect) observations
and inspections are used to estimate the absence of corro-
sion protection. The SCCDA process requires direct exam-
inations and evaluations. Direct examinations and

G.r.I_LI.n.temal_(;nunsm‘ n Direct Assessment (ICDA)
Prodess for the Internal Corrosion Threat. Internal corro-

sion|direct assessment can be used for determining integ-
rity for the internal corrosion threat on pipeline segments
that|normally carry dry gas but may suffer from short-
tern] upsets of wet gas or free water (or other electro-
lyteq). Examinations of low points or at inclines along
a pipeline, which force an electrolyte such as water to
firstpccumulate, provide information about the remaining
length of pipe. If these low points have not corroded, then
other locations further downstream are less likely to accu-
mulgte electrolytes and therefore can be considered free
fron] corrosion. These downstream locations would not
require examination.

Infernal corrosion is most likely to occur where water
firstfaccumulates. Predicting the locations of water accu-
muldtion (if upsets occur) serves as a method for prior-
itizipg local examinations. Predicting where water first
acctInulates requires knowledge about the multiphase
flow] behavior in the pipe, requiring certain data (see
section 4). ICDA applies between any feed points until
aney input or output changes the potential for electrolyte
entr

lyte

NDE|
ness
intel
prol
to e

whe
insp

line
mos

evaluations confirm the ability of the Indirect in$pections
to locate evidence of SCC on the pipeline. Post-asfessment
is required to set the reinspection interval) reafsess the
performance metrics and their current applicalility, and
confirm the validity of the assumptions made in the
previous steps remain correct,
The focus of the SCCDA approach described in this Code
is to identify locations where*SCC may exist. It|is recog-
nized that evidence of other'threats such as exterfal corro-
sion, internal corrosion, or mechanical damag¢ may be
detected during the\SCCDA process. While impl¢menting
SCCDA, and when“the pipe is exposed, the oplerator is
advised to_conduct examinations for non-SC( threats.
For detailed.information on the SCCDA process aqan integ-
rity assessment method, see especially NACE SP0204.

6:4:4 ALL Other Threats. Direct assessment is|
not'the appropriate integrity assessment meth
for all other threats listed in section 2.

typically
d to use

6.5 Other Integrity Assessment Methodologies

Other proven integrity assessment methods inay exist

 of ﬂoyv characteristics. ) for use in managing the integrity of pipelines| For the
Examinations are performed atlocations whére electro- purpose of this Code, it is acceptable for an pperator
accumulation is predicted. For mostipipelines itis ¢, ;50 these inspections as an alternative o those
expdcted that examination by radiography or ultrasonic listed above
will be required to measure thefemaining wall thick- For prescriptive-based integrity manggement
atlthose 1(.)C3t101’ls.. On.ce i Sltﬁ hdas been exposed, programs, the alternative integrity assessmen{ shall be
ha lcorr051on r&lgmtormg fhetho IES) [e-g, coupon, an industry-recognized methodology and be dpproved
eu trasomc. (UT) sonsor] may atiow an operator and published by an industry consensus standarls organ-
ktend the reinspectien’interval and benefit from ization
real{time monitoring.in\the locations most susceptible For performance-based integrity manggement
to infernal corrosiof/Fhiere may also be some applications programs, techniques other than those published by
e the most. effective approach is to conduct in-line consensus standards organizations may be used;
3ct1c;1n f(cl)r a portion (?f pIpe, land use.the re}zlsults.to however, the operator shall follow the performpance re-
S A .ownstreamblntern; Cozr(}sflo}rll Vr ere in- quirements of this Code and shall be diligent in cdnfirming
1nspect101n cannot be con ucted. 1f't € ocations and documenting the validity of this approach t¢ confirm
| susceptible to corrosion are determined not to thata highnr level nf"i‘nhngrifv orintegrity assurhnce was

contain defects, the integrity of a large portion of the pipe-
line has been ensured. For more information on the ICDA
process as an integrity assessment method, see
section B-3 and NACE SP0206.

6.4.3 Stress Corrosion Cracking Direct Assessment
(SCCDA) for the Stress Corrosion Cracking Threat.
Stress corrosion cracking direct assessment can be
used to determine the likely presence or absence of
SCC on pipeline segments by evaluating the SCC threat.

21

achieved.

7 RESPONSES TO INTEGRITY ASSESSMENTS AND
MITIGATION (REPAIR AND PREVENTION)

7.1 General

This section covers the schedule of responses to the
indications obtained by inspection (see section 6),
repair activities that can be affected to remedy or
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eliminate an unsafe condition, preventive actions that can
be taken to reduce or eliminate a threat to the integrity of a
pipeline, and establishment of the inspection interval.
Inspection intervals are based on the characterization
of defect indications, the level of mitigation achieved,
the prevention methods employed, and the useful life
of the data, with consideration given to expected
defect growth.

Examination, evaluation, and mitigative actions shall be

tric-resistance welding or by electric-flash welding. The
operator shall take action on these indications by
either examining them or reducing the operating pressure
to provide an additional margin of safety within a period
not to exceed 5 days following determination of the condi-
tion. If the examination cannot be completed within the
required 5 days, the operator shall temporarily reduce the
operating pressure until the indication is examined.
Figure 7.2.1-1 shall be used to determine the reduced

selected pnd scheduled to achieve risk reduction where
appropripte in each segment within the integrity manage-
ment prggram.

The integrity management program shall provide
analyses|of existing and newly implemented mitigation
actions to evaluate their effectiveness and justify their
use in thle future.

Table 7.1-1 includes a summary of some prevention and
repair methods and their applicability to each threat.

7.2 Responses to Pipeline In-Line Inspections

An opdrator shall complete the response according to a
prioritiged schedule established by considering the
results df a risk assessment and the severity of in-line
inspectidn indications. The required response schedule
interval pegins at the time the condition is discovered.

When pstablishing schedules, responses can be divided
into the following three groups:

onths and a response-plah shall be developed.
shall include the methods and timing of the
responsg (examination and evaluation). For scheduled
or monifored responsgés,-an operator may reinspect
rather thpn examine dnd evaluate, provided the reinspec-
tion is conducted andresults obtained within the specified
time frare.

7.2.1 Metal’ Loss Tools for Internal and External

operating pressure based on the selected resppnse
time. After examination and evaluation, any ‘d¢fect
found to require repair or removal shall be.pronjptly
remediated by repair or removal unless-the’opergting
pressure is lowered to mitigate the need to repajr or
remove the defect.

Indications in the scheduled group are suitabl
continued operation without immediate resppnse
provided they do not grow.to.critical dimensions prior
to the scheduled response.*Indications characteyjized
with a predicted failuge pressure greater than [1.10
times the MAOP shall be examined and evalupted
according to a s€hedule established by Figure 7.21-1.
Any defect found to require repair or removal shall be
promptly remediated by repair or removal unles§ the
operating ‘pressure is lowered to mitigate the nedd to
repair-or remove the defect.

Monitored indications are the least severe and will not
require examination and evaluation until the next sdhed-
uled integrity assessment interval stipulated by the ipteg-
rity management plan, provided that they are not
expected to grow to critical dimensions prior tqd the
next scheduled assessment.

e for

7.2.2 Crack Detection Tools for Stress Corrosion
Cracking. It is the responsibility of the operatqr to
develop and document appropriate assessment, respnse,
and repair plans when in-line inspection (ILI) is usefl for
the detection and sizing of indications of stress corrgsion
cracking (SCQ).

In lieu of developing assessment, response, and r¢
plans, an operator may elect to treat all indicatiohps of
stress corrosion cracks as requiring immediate respgnse,
including examination or pressure reduction within a
period not to exceed 5 days following determinatign of
the condition.

After examination and evaluation, any defect found to
require repair or removal shall be promptly remedTated

pair

Corrosi
are those that might be expected to cause immediate
or near-term leaks or ruptures based on their known
or perceived effects on the strength of the pipeline.
This would include any corroded areas that have a
predicted failure pressure level less than 1.1 times the
MAOP as determined by ASME B31G or equivalent.
Also in this group would be any metal-loss indication
affecting a detected longitudinal seam, if that seam
was formed by direct current or low-frequency elec-

Indications requiring immediate response.
gy (=] Ir

22

by repair, removal, or lowering the operating pressure
until such time as removal or repair is completed.

7.2.3 Metal Loss and Caliper Tools for Third-Party
Damage and Mechanical Damage. Indications requiring
immediate response are those that might be expected to
cause immediate or near-term leaks or ruptures based on
their known or perceived effects on the strength of the
pipeline. These could include dents with gouges. The
operator shall examine these indications within a
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Figure 7.2.1-1 Timing for Scheduled Responses: Time-Dependent Threats, Prescriptive Integrity Management Plan
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GENERAL NOTE: Predicted failure pressure, Py is calculated using a proven engineering method for evaluating the remaining strength of corfoded

pipe. The failure pressure ratio is used to categorize a defect as immediate, scheduled, or monitored.

period ngt to exceed 5 days following determination of the
condition.

IndicaTtions requiring a scheduled response would
include pny indication on a pipeline operating at or
above 30% of specified minimum yield(strength
(SMYS) of a plain dent that exceeds 6% of the nominal
pipe digmeter, mechanical damage with* or without
concurrgnt visible indentation of the\pipe, dents with
cracks, dents that affect ductile girth’or seam welds if
the depth is in excess of 2% of theneminal pipe diameter,
and dentk of any depth that affeet nonductile welds. (For
additiongl information, see ASME B31.8, para.851.4.) The
operator| shall expeditiously examine these indications
within a period not to ex¢eed 1 yr following determination
of the cgndition. After examination and evaluation, any
defect fpund to.réquire repair or removal shall be
promptly remediated by repair or removal, unless the
operating pressure is lowered to mitigate the need to

0230 (see section 14) contains additional guidancg for
these analyses.

When determining repair intervals, the operator sHould
consider that certain threats to specific pipeline operfiting
conditions may require a reduced examination|and
evaluation interval. This may include third-pjarty
damage or construction threats in pipelines subjeft to
pressure cycling or external loading that may prommote
increased defect growth rates. For prescriptive-bpsed
programs, the inspection intervals are conservativg for
potential defects that could lead to a rupture; howgver,
this does not alleviate operators of the responsibility
to evaluate the specific conditions and changes in qper-
ating conditions to ensure the pipeline segment doe} not
warrant special consideration (see GRI-01/0085).

If the analysis shows that the time to failure is too ghort
in relation to the time scheduled for the repair| the
operator shall apply temporary measures, such as pres-

repair or remove the defect.

7.2.4 Limitations to Response Times for Prescriptive-
Based Program. When time-dependent anomalies such as
internal corrosion, external corrosion, or stress corrosion
cracking are being evaluated, an analysis using appro-
priate assumptions about growth rates shall be used to
ensure that the defect will not attain critical dimensions
prior to the scheduled repair or next inspection. GRI-00/

sure reduction, until a permanent repair is completed. In
considering projected repair intervals and methods, the
operator should consider potential delaying factors, such
as access, environmental permit issues, and gas supply
requirements.

7.2.5 Extending Response Times for Performance-
Based Program. An engineering assessment (EA as
defined in section 13) may be performed to determine
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an appropriate response, repair, or reinspection schedule
for a performance-based program.

The operator’s integrity management program shall
include documentation that describes grouping of specific
defect types and the EA methods used for such analyses.

7.3 Responses to Pressure Testing

Any defect that fails a pressure test shall be promptly

interval shall be 20 yr. If the operator elects to examine,
evaluate, and repair a smaller set of indications, then the
interval shall be 10 yr, provided an analysis is performed
to ensure all remaining defects will not grow to failure in
20 yr (at an 80% confidence level). The interval between
determination and examination shall be consistent with
Figure 7.2.1-1.

7.4.2 Internal Corrosion Direct Assessment (ICDA).

remedi repair or removal. tion and

7.8.1 External and Internal Corrosion Threats. The
intetval between tests for the external and internal corro-
sion|threats shall be consistent with Table 5.6.1-1.

7.8.2 Stress Corrosion Cracking Threat. The interval
between pressure tests for stress corrosion cracking shall
be af follows:

(a)) ifno failures occurred due to SCC, the operator shall
use ¢ne of the following options to address the long-term
mitigation of SCC:

(1) a documented hydrostatic retest program with a
techhically justifiable interval, or

(2) an engineering critical assessment to evaluate
the fisk and identify further mitigation methods

(b)) if a failure occurred due to SCC, the operator shall
perfprm the following:

(1) implement a documented hydrostatic retest
program for the subject segment

(2) technically justify the retest interval in the
writfen retest program

7.8.3 Manufacturing and Related Defect Threats. A
subgequent pressure test for the manufacturing threat
is n¢t required unless the MAOP of the-pipeline has
beer] raised or when the operating pressure has been
rais¢d above the historical operatingtpressure (highest
prespure recorded in 5 yr prior to the effective date of
this Supplement).

7.4 |Responses to Direct Assessment Inspections

7.4.1 External Corrasion Direct Assessment (ECDA).
For the ECDA prescriptive program for pipelines oper-
ating above 30% )SMYS, if the operator chooses to
examine and evaluate all the indications found by inspec-
tion pnd repaits'all defects that could grow to failure in 10
yr, thensthe reinspection interval shall be 10 yr. If the
operatoielects to examine, evaluate, and repair a

evaluation of all selected locations must be pg¢rformed
within 1 yr of selection. The interval between supsequent
examinations shall be consistent with Figtire 7|2.1-1.

7.4.3 Stress Corrosion Cracking-Direct Asfessment
(SCCDA). For the SCCDA prescriptive program, pxamina-
tion and evaluation of all selected locations|must be
performed within 1 yr of s€lection. ILI or pressure
testing (hydrotesting) may.riot be warranted if significant
and extensive crackingisnot present on a pipeline system.
The interval between subsequent examinati¢ns shall
provide similar safe interval between periodic|integrity
assessments¢eonsistent with Figure 7.2.1-1 angl section
A-4. Figure 7.2.1-1 and section A-4 are appljcable to
prescriptive-based programs. The intervald may be
extended for a performance-based program as provided
in-para. 7.2.5.

7.5 Timing for Scheduled Responses

Figure 7.2.1-1 contains three plots of the allow¢d time to
respond to an indication, based on the predictiye failure
pressure, Py divided by the MAOP of the pipe]ine. The
three plots correspond to

(a) pipelines operating at pressures abovg 50% of
SMYS

(b) pipelines operating at pressures abovg 30% of
SMYS but not exceeding 50% of SMYS

(c) pipelines operating at pressures not exceefling 30%
of SMYS

The figure is applicable to the prescriptiye-based
program. The intervals may be extended for thle perfor-
mance-based program as provided in para. 7.2}5.

7.6 Repair Methods

Table 7.1-1 provides acceptable repair methods for
each of the 21 threats.
Each operator’s integrity management progitam shall

smaller set of indications, then the interval shail be b
yr, provided an analysis is performed to ensure all
remaining defects will not grow to failure in 10 yr. The
interval between determination and examination shall
be consistent with Figure 7.2.1-1.

For the ECDA prescriptive program for pipeline
segments operating up to but not exceeding 30%
SMYS, if the operator chooses to examine and evaluate
all the indications found by inspections and repair all
defects that could grow to failure in 20 yr, the reinspection

include documented repair procedures. All repairs
shall be made with materials and processes that are
suitable for the pipeline operating conditions and meet
ASME B31.8 requirements.

7.7 Prevention Strategy/Methods

Prevention is an important proactive element of an
integrity management program. Integrity management
program prevention strategies should be based on data
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gathering, threat identification, and risk assessments
conducted per the requirements of sections 2, 3, 4, and
5. Prevention measures shown to be effective in the
past should be continued in the integrity management
program. Prevention strategies (including intervals)
should also consider the classification of identified
threats as time dependent, resident, or time independent
to ensure that effective prevention methods are used.
Operators who opt for prescriptive programs should

Following the integrity assessment, mitigation activities
shall be undertaken. Mitigation consists of two parts. The
first partis the repair of the pipeline. Repair activities shall
be made in accordance with ASME B31.8 and/or other
accepted industry repair techniques. Repair may
include replacing defective piping with new pipe, installa-
tion of sleeves, coating repair, or other rehabilitation.
These activities shall be identified, prioritized, and sched-
uled (see section 7).

use, at a minimum, the prevention methods Indicated
in Nonmpndatory Appendix A.

For operators who choose performance-based
programg, both the preventive methods and time intervals
employefl for each threat/segment should be determined
by analypis using system attributes, information about
existing ¢onditions, and industry-proven risk assessment
methods

7.8 Pre

An opprator’s integrity management program shall
include fpplicable activities to prevent and minimize
the congequences of unintended releases. Prevention
activitigs do not necessarily require justification
through jadditional inspection data. Prevention actions
can be identified during normal pipeline operation,
risk assessment, implementation of the inspection plan,
or during repair.

The predominant prevention activities presented in
section 7 include information on the following:

(a) prpventing third-party damage

(b) coptrolling corrosion

(c) detecting unintended releases

(d) mjinimizing the consequences of udintended
releases

(e) opgrating pressure reduction

There pre other prevention activities.that the operator
may conpider. A tabulation of prevention activities and
their relgevance to the threats identified in section 2 is
presentef in Table 7.1-1.

yention Options

8 INTEIRITY MANAGEMENT PLAN

8.1 Ge

Thein
ering th{

ral

egrityamanagement plan is developed after gath-
data’(see section 4) and completing the risk

ator
ture

OUnce the repair activities are determined, the ope
shall evaluate prevention techniques that prevent-{
deterioration of the pipeline. These techniques may
include providing additional cathodic protection, injefting
corrosion inhibitors and pipeline cleaning;or changingg the
operating conditions. Prevention plays.a:major role in re-
ducing or eliminating the threats from third-party
damage, external corrosion, internal corrosion, sfress
corrosion cracking, cold-weathér-related failures, garth
movement failures, problems caused by heavy fains
and floods, and failures\caused by incorrect operatjons.

All threats cannot be'dealt with through inspection} and
repair; thereforejprevention for these threats is 4 key
element in thé\plan. These activities may includd, for
example, prevention of third-party damage and njoni-
toring for gutside-force damage.

A performance-based integrity management plan,
containing the same structure as the prescriptive-
based plan, requires more detailed analyses based
upon more complete data or information abouf the
line. Using a risk assessment model, a pipeline opefator
can exercise a variety of options for integrity assessnjents
and prevention activities, as well as their timing.

Prior integrity assessments and mitigation activities
should only be included in the plan ifthey were as riggrous
as those identified in this Code.

8.2 Updating the Plan

Data collected during the inspection and mitigation
activities shall be analyzed and integrated with previqusly
collected data. This is in addition to other types of inteprity
management-related data that is constantly being gath-
ered through normal operations and maintenance {ctiv-
ities. The addition of this new data is a continuous prqcess
that, over time, will improve the accuracy of future| risk
assessments via its integration (see section 4). [This
ongoing data integration and periodic risk assessment

assessmd
pipeline segment or system. An appropriate integrity
assessment method shall be identified for each pipeline
system or segment. Integrity assessment of each system
can be accomplished through a pressure test, an in-line
inspection using a variety of tools, direct assessment,
or use of other proven technologies (see section 6). In
some cases, a combination of these methods may be
appropriate. The highest-risk segments shall be given
priority for integrity assessment.

nt (cnn section ':) for each threat and for each
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willresultin continual revision to the integrity assessment
and mitigation aspects of the plan. In addition, changes to
the physical and operating aspects of the pipeline system
or segment shall be properly managed (see section 11).

This ongoing process will mostlikely resultin a series of
additional integrity assessments or review of previous
integrity assessments. A series of additional mitigation
activities or follow-up to previous mitigation activities
may also be required. The plan shall be updated
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periodically as additional information is acquired and
incorporated.

It is recognized that certain integrity assessment activ-
ities may be one-time events and focused on elimination of
certain threats, such as manufacturing, construction, and
equipment threats. For other threats, such as time-depen-
dent threats, periodicinspection will be required. The plan
shall remain flexible and incorporate any new informa-
tion.

portion of the plan shall be modified to reflect all new
information obtained and to provide for future integrity
assessments at the required intervals. The plan shall iden-
tify required integrity assessment actions and at what
established intervals the actions will take place. All integ-
rity assessments shall be prioritized and scheduled.
Table 5.6.1-1 provides the integrity assessment sched-
ules for the external corrosion and internal corrosion
time-dependent threats for prescriptive plans. The assess-

8.3

TH
infot
each|

Plan Framework

e integrity management plan shall contain detailed
mation regarding each of the following elements for
threatanalyzed and each pipeline segment or system.

8.B.1 Gathering, Reviewing, and Integrating Data. The
firstptep in the integrity management process is to collect,
integrate, organize, and review all pertinent and available
data|for each threat and pipeline segment. This process
steplis repeated after integrity assessment and mitigation
activfities have been implemented, and as new operation
and maintenance information about the pipeline system
or s¢gment is gathered. This information review shall be
contpined in the plan or in a database that is part of the
plan| All data will be used to support future risk assess-
menfs and integrity evaluations. Data gathering is covered
in sgction 4.

8.3.2 Assess Risk. Risk assessment should be
perfprmed periodically to include new information;
congider changes made to the pipeline system or
segment, incorporate any external changes, and consider
new|scientific techniques that have been devéloped and
commercialized since the last assessmert. jIt is recom-
menfded that this be performed annually but shall be
perfprmed after substantial changes-to the system are
madg and before the end of the'current interval. The
resufts of this assessment are to bereflected in the mitiga-
tion |Jand integrity assessment.activities. Changes to the
acceptance criteria will-alse necessitate reassessment.
The [integrity management plan shall contain specifics
aboyt how risks ar€ assessed and the frequency of reas-
sessnent. The specifics for assessing risk are covered in
sectifon 5.

8.E.3 Integrity Assessment. Based on the assessment

of rigk,.the appropriate integrity assessments shall be

ment schedule Tor the stress corrosion cracking threat is
discussed in para. A-4.4. The assessment schiedu]es for all
other threats are identified in appropriate paragraphs of
Nonmandatory Appendix A titled “Assessment Irjterval.” A
current prioritization listing and+schedule |shall be
contained in this section of the“integrity management
plan. The specifics for selecting integrity asfessment
methods and performing’the”inspections are|covered
in section 6.
A performance-based integrity management|plan can
provide alternative’integrity assessment, repair, and
prevention methods with different implempntation
times than<‘hose required under the preqcriptive
program.~These decisions shall be fully documénted.

8.3.4 Responses to Integrity Assessment, Mitigation
(Repair and Prevention), and Intervals. The flan shall
specify how and when the operator will respond to integ-
rity assessments. The responses shall be im{nediate,

scheduled, or monitored. The mitigation elemgnt of the
plan consists of two parts. The first part is tle repair
ofthe pipeline. Based on the results of the integrity assess-
ments and the threat being addressed, approprigte repair
activities shall be determined and conducted. These
repairs shall be performed in accordance with [accepted
standards and operating practices. The seconfl part of
mitigation is prevention. Prevention can stop or slow
down future deterioration of the pipeline. Prevention
is also an appropriate activity for time-indgdpendent
threats. All mitigation activities shall be prioritized and
scheduled. The prioritization and schedule shall|be modi-
fied as new information is obtained and shall be afeal-time
aspect of the plan (see section 7).

Tables 8.3.4-1, 8.3.4-2, and 8.3.4-3 provide an|
of an integrity management plan in a spreadshe
for a hypothetical pipeline segment (line 1, segment 3).
This spreadsheet shows the segment data, the|integrity
assessment plan devised based on the risk asgessment,

example
bt format

imp] mented Infpgrify assessments shall be conducted
using in-line inspection tools, pressure testing, and/or
direct assessment. For certain threats, use of these
tools may be inappropriate. Implementation of prevention
activities or more frequent maintenance activities may
provide a more effective solution. Integrity assessment
method selection is based on the threats for which the
inspection is being performed. More than one assessment
method or more than one tool may be required to address
all the threats. After each integrity assessment, this
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and the mitigation plan that would be implemented,
including the reassessment interval.

9 PERFORMANCE PLAN

9.1 Introduction

This section provides the performance plan require-
ments that apply to both prescriptive-based and perfor-
mance-based integrity management programs. Integrity
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Table 8.3.4-1 Example of Integrity Management Plan for Hypothetical

Pipeline Segment (Segment Data: Line 1, Segment 3)

Pipe attributes

Segment Data Type Example
Pipe grade API 5L-X42 (290 MPa)
Size NPS 24 (DN 600)
Wall thickness 0.250 in. (6.35 mm)
Manufacturer A. 0. Smith
Manufacturer process Low frequency
Manufacturing date T965

Design/cofpstruction

Seam type

Operating pressure (high/low)
Operating stress

Coating type

Coating condition

Pipe install date

Joining method

Soil type

Soil stability

Hydrostatic test

Electric-resistance weld

630/550 psig (4 340/3 790 kPa)
72% SMYS

Coal tar

Fair

1966

Submerged-arciwveld

Clay

Good

Nane

Operationgl Compressor discharge temperature 120°F (49°C)
Pipe wall temperature 65°F (18°C)
Gas quality Good
Flow rate 50 MMSCFD (1.42 MSm®/d)
Repair methods Replacement
Leak/rupture history None
Pressure cycling Low
CP effectiveness Fair
SCC indications Minor cracking
Table 8.3.4-2 Example of Integrity Management Plan for Hypothetical Pipeline Segment
(Integrity Assessment Plan: Line 1, Segment 3)
Int¢rval,
Threat Criteria/Risk Assessment Integrity Assessment Mitigation T
External corrosion Some\external corrosion history, Conduct hydrostatic test, Replace/repair locations 10
no.ih-line inspection perform in-line where CFP below
inspection, or perform 1.25 times the MAOP
direct assessment
Internal cofrosion No history of IC issues, no in- Conduct hydrostatic test, Replace/repair locations 10
line inspection perform in-line where CFP below
inspection, or perform 1.25 times the MAOP
direct assessment
scc Have—fotnd-Sce-of-rear—erteat Cotrdirethydrostatietest—Repiace-pipe-attest 35
dimension failure locations
Manufacturing EW pipe, longitudinal weld joint quality factor <1.0, Conduct hydrostatic test  Replace pipe at test N/A
no hydrostatic test failure locations
Construction/fabrication No construction issues None required N/A N/A
Equipment No equipment issues None required N/A N/A
Third-party damage No third-party damage issues None required N/A N/A
Incorrect operations No operations issues None required N/A N/A
Weather and outside force No weather- or outside-force- None required N/A N/A

related issues
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Table 8.3.4-3 Example of Integrity Management
Plan for Hypothetical Pipeline Segment
(Mitigation Plan: Line 1, Segment 3)

Example Description

Repair Any hydrostatic test failure will be repaired

by replacement of the entire joint of pipe.
Prevention activities will include further

monitoring for SCC at susceptible

locations, review of the cathodic protection

Prevention

Performance measures should be selected carefully to
ensure that they are reasonable program effectiveness
indicators. Change shall be monitored so the measures
will remain effective over time as the plan matures.
The time required to obtain sufficient data for analysis
shall also be considered when selecting performance
measures. Methods shall be implemented to permit
both short- and long-term performance measure evalua-
tions. Integrity management program performance

design and levels, and monitoring ror

selective seam corrosion when the

pipeline is exposed.

Interyal for
reipspection

The interval for reinspection will be 3 yr
if there was a failure caused by SCC. The
interval will be 5 yr if the test was

successful.
Data Test failures for reasons other than external
intpgration or internal corrosion, SCC, or seam defect

must be considered when performing risk
assessment for the associated threat.

GENHRAL NOTE: For this pipeline segment, hydrostatic testing will
be copducted. Selection of this method is appropriate due to its ability
to adflress the internal and external corrosion threats as well as the
manyfacturing threat and the SCC threat. The test pressure will be at
1.39 fimes the MAOP.

manpgement plan evaluations shall be performed at least
annyally to provide a continuing measure of integrity
manfagement program effectiveness over time. Sugh
evalpations should consider both threat-specifie,and
aggrlegate improvements. Threat-specific evaluations
may| apply to a particular area of coneg€rn, while
overpll measures apply to all pipelines under the integrity
manpgement program.

Prjogram evaluation will help an_6perator answer the
folloving questions:

(a) Were all integrity management program objectives
accomplished?

(b]) Were pipeline integrity and safety effectively
impgoved through the intégrity management program?

9.2 |Performance)Measures Characteristics

Pgrformance measures focus attention on the integrity
manpgement program results that show improved safety
has (I])een attained. The measures provide an indication of
effedtiveness but are not absolute, Performance measure

measures can generally be categorized into grqups.

9.2.1 Process or Activity Measures. Process dr activity
measures can be used to evaluate prevention or npitigation
activities. These measures deterhrine how|well an
operator is implementing various elements of thelintegrity
management program. Measufes relating to pyocess or
activity shall be selected caréfully to permit performance
evaluation within a realistic-time frame.

9.2.2 Operational_Measures. Operational rheasures
include operational and maintenance trepds that
measure how well'the system is responding to fhe integ-
rity management program. An example of such ajmeasure
might be the changes in corrosion rates due to the imple-
mentation of a more effective CP program. The number of
thind-party pipeline hits after the implementation of
prevention activities, such as improving the ejcavation
hotification process within the system, is|another
example.

9.2.3 Direct Integrity Measures. Direct
measures include leaks, ruptures, injuries, and fatalities.
In addition to the above categories, perf¢rmance
measures can be categorized as leading medsures or
lagging measures. Lagging measures are reactive in
that they provide an indication of past integrity|manage-
ment program performance. Leading measures are proac-
tive; they provide an indication of how the planh may be
expected to perform. Several examples of performance
measures classified as described are illustfrated in
Table 9.2.3-1.

ntegrity

9.3 Performance Measurement Methodolpgy

An operator can evaluate a system’s integritylmanage-
ment program performance within their own syptem and
also by comparison with other systems on an |ndustry-
wide basis.

evaluation and trending can also lead to recognition of
unexpected results that may include the recognition of
threats not previously identified. All performance
measures shall be simple, measurable, attainable, rele-
vant, and permit timely evaluations. Proper selection
and evaluation of performance measures is an essential
activity in determining integrity management program
effectiveness.
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9.4 Performance Measurement: Intrasystem

(a) Performance metrics shall be selected and applied
on a periodic basis for the evaluation of both prescriptive-
based and performance-based integrity management
programs. Such metrics shall be suitable for evaluation
of local and threat-specific conditions and for evaluation
of overall integrity management program performance.
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Table 9.2.3-1 Performance Measures

Measurement Category

Lagging Measures Leading Measures

Process/activity measures

Operational measures

Direct integrity measures

Pipe damage found per location
excavated

Number of significant ILI corrosion
anomalies

Leaks per mile (km) in an integrity

Number of excavation
notification requests,
number of patrol detects

New rectifiers and ground
beds installed, CP current
demand change, reduced
CIS fault detects

Change in leaks per mile

management program (km)

(b) For operators implementing prescriptive
programfs, performance measurement shall include all
of the threat-specific metrics for each threat in
Nonmangflatory Appendix A (see Table 9.4-1). Addition-
ally, the ffollowing overall program measurements shall
be deterpnined and documented:

(1) Inumber of miles (kilometers) of pipeline
inspectdd versus program requirements [the total
miles (Kilometers) of pipeline inspected during the
reporting period, including pipeline miles (kilometers)
that were inspected as part of the integrity management
plan but|{were not required to be inspected].

(2) mumber of immediate repairs completed as a
result offthe integrity management inspection program
(the total number of immediate actionable anomaly
repairs nmhade to a pipeline as a consequence of the integ-
rity manggement plan inspections, anywhere on the pipe-
line). (Only repairs physically made to the pipe are
considerpd repairs. For this metric, coating repairs ate
not considered repairs. Each actionable anomaly.repaired
shall be cpunted when a repair method is used that repairs
multiple [anomalies in a single repair area,)

(3) number of scheduled repairs-Gompleted as a
result offthe integrity management inspection program
[the total number of scheduled-actionable anomaly
repairs. $ee explanation for (2)-]

(4) humber of leaks, failures, and incidents (classi-
fied by cphuse).

(c) Forr operators implementing performance-based
prograrps, the threat-specific metrics shown in
Nonmanglatory Appendix A shall be considered, although
others mpy be used that are more appropriate to the spe-
cific perfprmance-based program. In addition to the four
metrics gbave, the operator should choose three or four

performance-based inspection intervals‘will be us¢d in
a performance-based integrity management prograjm, it
is essential that sufficient metricfdata be collectdd to
support those inspection intervals) Program evalugtion
shall be performed on at leastan annual basis.
(d) In addition to perfermance metric data colldcted
directly from segments covered by the integrity marfage-
ment program, internal benchmarking can be condycted
that may compare a-segment against another adjgcent
segment or thosefrom a different area of the same pippline
system. The iformation obtained may be used to evaluate
the effectiveness of prevention activities, mitigation fech-
niques, or'performance validation. Such comparison$ can
proyvide’a basis to substantiate metric analyses and {den-
tify areas for improvements in the integrity manageinent
program.
(e) Another technique that will provide effective ipfor-
mation is internal auditing. Operators shall conduct peri-
odic audits to validate the effectiveness of their inteprity
management programs and ensure that they have peen
conducted in accordance with the written plan. An
audit frequency shall be established, considering the
established performance metrics and their partiqular
time base in addition to changes or modificatlions
made to the integrity management program js it
evolves. Audits may be performed by internal staff, prefer-
ably by personnel not directly involved in the adminiftra-
tion of the integrity management program, or gther
resources. A list of essential audit items is provjided
below as a starting point in developing a company
audit program.
(1) A written integrity management policy|and
program for all the elements in Figure 2.1-2 shall lpe in
place.

metrics that measure the effectiveness of the perfor-
mance-based program. Table 9.4-2 provides a suggested
list; however, the operator may develop their own set of
metrics. It may be appropriate and useful for operators to
normalize the findings, events, and occurrences listed in
Table 9.4-2 using normalization factors meaningful to the
operator for that event and their system, and that would
help them evaluate trends. Such normalization factors
may include covered pipeline length, number of custo-
mers, time, or a combination of these or others. Since

(2) Written integrity management plan procedures
and task descriptions are up to date and readily available.

(3) Activities are performed in accordance with the
plan.

(4) A responsible individual has been assigned for
each element.

(5) Appropriate references are available to respon-
sible individuals.

(6) Individuals have received proper qualification,
which has been documented.
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Table 9.4-1 Performance Metrics

Threats

Performance Metrics for Prescriptive Programs

External corrosion

Internal corrosion

Number of hydrostatic test failures caused by external corrosion
Number of repair actions taken due to in-line inspection results
Number of repair actions taken due to direct assessment results

Number of external corrosion leaks

Number of hydrostatic test failures caused by internal corrosion

Stres.

Many

Cons

Equiy

Third

Incorj

Weat]
for

corrosion cracking

facturing

ruction

ment

-party damage

Fect operations

her related‘and outside
Ces

Number of repair actions taken due to in-line inspection results
Number of repair actions taken due to direct assessment results

Number of internal corrosion leaks

Number of in-service leaks or failures due to SCC
Number of repair replacements due to SCC

Number of hydrostatic test failures due to SCC

Number of hydrostatic test failures caused by manufacturing defects

Number of leaks due to manufacturing defects

Number of leaks or failures due to construction defects
Number of girth welds/couplings reinforced/removed
Number of wrinkle bends removed

Number of wrinkle bends inspected

Number of fabrication welds repaired/rémoved

Number of regulator valve failures
Number of relief valve failures

Number of gasket or O-ring, failures
Number of leaks due\to equipment failures

Number of block walve failures

Number oftleaks or failures caused by third-party damage
Numbetof-leaks or failures caused by previously damaged pipe
Nurhber of leaks or failures caused by vandalism

Number of repairs implemented as a result of third-party damage prior to a leak or failure

Number of leaks or failures caused by incorrect operations
Number of audits/reviews conducted

Number of findings per audit/review, classified by severity

Number of leaks that are weather related or due to outside force

Number of repair, replacement, or relocation actions due to weather-related or outside-force

hreats

33
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Table 9.4-2 Overall Performance Measures

Miles (kilometers) inspected versus integrity management program requirement

Jurisdictional reportable incidents/safety-related conditions per unit of time

Fraction of system included in the integrity management program
Number of anomalies found requiring repair or mitigation

Number of leaks repaired

Number of pressure test failures and test pressures [psi (kPa) and % SMYS]

Number of third-party damage events, near misses, damage detected

Risk or prpbability of failure reduction achieved by integrity management program

Number of unauthorized crossings

Number of right-of-way encroachments

Number of pipeline hits by third parties due to lack of notification as locate request through the one-call process

Number of aerial/ground patrol incursion detections

Number of excavation notifications received and their disposition

Integrity management program costs

(7) [The integrity management program meets the
requirenjents of this document.

(8) Required activities are documented.

(9) WAction items or nonconformances are closed in a
timely mjanner.

(10)| The risk criteria used have been reviewed and
documerjted.

(11)| Prevention, mitigation, and repair criteria have
been established, met, and documented.

(f) Datadeveloped from program-specific performance
metrics, fesults of internal benchmarking, and audits shall
be used fo provide an effective basis for evaluation of the
integrity|management program.

9.5 Performance Measurement: Industry Based

In addition to intrasystem comparisons, external
comparisons can provide a basis_fon performance
measurgment of the integrity management program.
This canlinclude comparisons with other pipeline opera-
tors, inqustry data sources,‘\and jurisdictional data
sources. Benchmarking with.other gas pipeline operators
can be useful; however;any performance measure or
evaluatign derived from“such sources shall be carefully
evaluatdd to ensuresthat all comparisons made are
valid. Aqdits cenducted by outside entities can also
provide fiseful e€valuation data.

measures and audits. Th€ results, recommendat]ons,
and resultant changes.made to the integrity manageinent
program shall be/documented.

10 COMMUNICATIONS PLAN

The operator shall develop and implement a conpmu-
nicatiéns plan to keep appropriate company persopnel,
jurisdictional authorities, and the public inforjmed
about their integrity management efforts and the
tesults of their integrity management activities. The ipfor-
mation may be communicated as part of other reqyired
communications. ASME B31.8, para. 850.9 provides
guidance for a communications plan.

11 MANAGEMENT OF CHANGE PLAN

(a) Formal management of change procedures shall be
developed to identify and consider the impact of changes
to pipeline systems and their integrity. These procedures
should be flexible enough to accommodate both majof and
minor changes, and must be understood by the persdnnel
that use them. Management of change shall address fech-
nical, physical, procedural, and organizational changgs to
the system, whether permanent or temporary.|The
process should incorporate planning for each of these
situations and consider the unique circumstances of ¢ach.

A management of change process includes| the

9.6 Perfermance-lmprovement

The results of the performance measurements and
audits shall be used to modify the integrity management
program as part of a continuous improvement process.
Internal and external audit results are performance
measures that should be used to evaluate effectiveness
in addition to other measures stipulated in the integrity
management program. Recommendations for changes
and/or improvements to the integrity management
program shall be based on analysis of the performance

fUl‘lUVVills.
(1) reason for change
(2) authority for approving changes
(3) analysis of implications
(4) acquisition of required work permits
(5) documentation
(6) communication of change to affected parties
(7) time limitations
(8) qualification of staff
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(b) The operator shall recognize that system changes
canrequire changes in the integrity management program
and, conversely, results from the program can cause
system changes. The following are examples that are
gas-pipeline specific but are by no means all-inclusive:

(1) If a change in land use would affect either the
consequence of an incident, such as increases in popula-
tion near the pipeline, or a change in likelihood of an inci-
dent, such as subsidence due to underground mining, the

nications regarding the integrity of the pipeline should be
conducted periodically. Any changes to the system should
beincluded in the information provided in communication
from the pipeline operator to affected parties.

(g) System changes, particularly in equipment, may
require qualification of personnel for the correct opera-
tion of the new equipment. In addition, refresher training
should be provided to ensure that facility personnel
understand and adhere to the facility’s current operating

charfge must be reflected In the integrity management
plan{and the threats reevaluated accordingly.

(2) If the results of an integrity management
program inspection indicate the need for a change to
the pystem, such as changes to the CP program or
othef than temporary reductions in operating pressure,
thesg shall be communicated to operators and reflected
in afp updated integrity management program.

(3) If an operator decides to increase pressure in the

systém from its historical operating pressure to, or closer
to, the allowable MAOP, that change shall be reflected in
the Integrity plan and the threats shall be reevaluated
accofdingly.
(4) Ifalinehasbeen operatinginasteady-state mode
and f new load on the line changes the mode of operation
to a|more cyclical load (e.g., daily changes in operating
pregsure), fatigue shall be considered in each of the
threats where it applies as an additional stress factor.

(c) Along with management, the review procedure
shoyld require involvement of staff that can assess
safefy impact and, if necessary, suggest controls or modi-
ficatjons. The operator shall have the flexibility to. main-
tain|continuity of operation within establjshed safe
operfating limits.

(d) Management of change ensures that-the integrity
manhgement process remains viablesand effective as
charjges to the system occur and/or new, revised, or
corrgcted data becomes available.)Any change to equip-
menf or procedures has the(pagtential to affect pipeline
integrity. Most changes, however small, will have a conse-
quenjt effect on another@aspect of the system. For example,
manfy equipment changes will require a corresponding
techhical or procedural change. All changes shall be iden-
tifiedl and reviewed before implementation. Management
of change precedures provides a means of maintaining
ord¢r dufing periods of change in the system and
helpf to.preserve confidence in the integrity of the pipe-

procedures.

(h) The application of new technologies imthélintegrity
management program and the results of such applications
should be documented and communigatedto appropriate
staff and stakeholders.

12 QUALITY CONTROL PLAN

This section describes the.quality control actiyities that
shall be part of an acceptable integrity manpgement
program.

12.1 General

Quality~control as defined for this Code is the docu-
mented proofthat the operator meets all the requirements
of their'integrity management program.

Pipeline operators that have a quality control|program
that meets or exceeds the requirements in this se¢ction can
incorporate the integrity management program pctivities
within their existing plan. For those operators who do not
have a quality program, this section outlines thelbasic re-
quirements of such a program.

12.2 Quality Management Control

(a) Requirements of a quality control prograrh include
documentation, implementation, and maintengdnce. The
following six activities are usually required:

(1) 1dentify the processes that will be includ
quality program.

(2) Determine the sequence and interaction of these
processes.

(3) Determine the criteria and methods needed to
ensure that both the operation and control|of these
processes are effective.

(4) Provide the resources and information 1
to support the operation and monitoring
processes.

edinthe

ecessary
pof these

line.

(e) To ensure the integrity of a system, a documented
record of changes should be developed and maintained.
This information will provide a better understanding of
the system and possible threats to its integrity. It should
include the process and design information both before
and after the changes were put into place.

(f) Communication of the changes carried out in the
pipeline system to any affected parties is imperative to
the safety of the system. As provided in section 10, commu-
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(5) Monitor, measure, and analyze these processes.

(6) Implement actions necessary to achieve planned
results and continued improvement of these processes.

(b) Specific activities to be included in the quality
control program are as follows:

(1) The operator shall determine the documentation
required and include it in the quality program. These
documents shall be controlled and maintained at appro-
priate locations for the duration of the program. Examples
of required documentation activities include risk

(20)
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Figure 13-1 Hierarchy of Terminology for Integrity Assessment

Action Result Category
1
Inspection 1
1
! Y
1
* + Indication
1
1
Data analysis 1 1
l V
1
* Anomaly

Anomaly and
pipeline analysis

Y

Actionable anomaly

Y

Screening
+ —Immediate
— Scheduled
Examination — Monitored

!

Evaluation
\ \/ \
Other feature | | Imperfection Defect *
Determination
— Time-dependent
— Resident
—Random or time-
independent
assessments, the integrity managentent plan, integrity (6) Periodic internal audits or independent third-
managerhent reports, and data decurments. party reviews of the integrity management program
(2) [The responsibilities andyauthorities under this and its quality plan are required.
program|shall be clearly and formally defined. (7) Corrective actions to improve the integrity

(3) Results of the integrity management program management program or quality plan shall be docu-
and the fquality control{program shall be reviewed at mented and the effectiveness of their implementdtion
predetefmined intervals, and recommendations shall monitored.

be made|for improvement. (c) When an operator chooses to use outside resoyrces

(4) [The personnel involved in the integrity manage- to conduct any process (for example, pigging) that affects
ment prdgranishall be competent, aware of the program the quality of the integrity management programj} the
and all offits@ctivities, and be qualified to execute the activ- operator shall ensure control of such processes and docu-

ities within the program. Documentation of such compe- ment them within the quality program.

tence, awareness, and qualification, and the processes for

their achievement shall be part of the quality control plan. 13 TERMS, DEFINITIONS, AND ACRONYMS
(5) The operator shall determine how to monitor the

integrity management program to show that it is being

implemented according to plan and document these

steps. These control points, criteria, and/or performance actionable anomalies: anomalies that may exceed accept-

metrics shall be defined. able limits based on the operator’s anomaly and pipeline

data analysis.

See Figure 13-1 for the hierarchy of terminology for
integrity assessment.
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active corrosion: corrosion that is continuing or not
arrested.

annular filled saddle: an external steel fabrication similar
to a sleeve except one halfis pierced and forged to provide
a close fit around a hot tap “T.” The other half away from
the “T” is joined with seam welds like a type A sleeve. The
annular space between the pressure-containing pipes and
the saddle is filled with an incompressible material to
provide mechanical support to the welded “T.

cast iron: unqualified term “cast iron” shall apply to gray
castiron, which is a cast ferrous material in which a major
part of the carbon content occurs as free carbon in the
form of flakes interspersed throughout the metal.

cathodic protection (CP): technique to reduce the corro-
sion of a metal surface by making that surface the cathode
of an electromechanical cell.

certification: written testimony of qualification.

ano
matg

haly: an unexamined deviation from the norm in pipe
rial, coatings, or welds.

ano
whi
anal

haly and pipeline data analysis: the process through
h anomaly and pipeline data are integrated and
bzed to further classify and characterize anomalies.

arc pveld: a weld made by one of a group of welding
prodesses that produces coalescence by heating them
with an arc. The processes are used with or without
the application of pressure and with or without filler
metql.

arc welding: see arc weld.

bacHfill: material placed in a hole or trench to fill excavated
space around a pipeline or other appurtenances.

batch: a volume of liquid that flows en masse in a pipeline
phydically separated from adjacent volume(s) of liquid or
gas. [Sealing (batching) pigs are typically used for sepa-
ratign.]

bell

yetq
buri

hole: excavation that minimizes surface disturbance
rovides sufficient room for examination or repair of
bd facilities.

bucHle: condition in which the pipeline has.undergone
suffifient plastic deformation to cause permanent wrink-
ling In the pipe wall or excessive cross-sectional deforma-
tion|caused by bending, axial, impagt, and/or torsional
loadp acting alone or in combination with hydrostatic
prespure.

butt
matg
2(A)

butt

joint: a joint betweentwo members aligned approxi-
ly in the same plane! See AWS A3.0, Figures 1(A),
3, 51(A), and51(B).

weld: a nonstandard term for a weld in a butt joint.

califfration dig: exploratory excavation to validate findings
of ar] in-lineinspection tool with the purpose of improving
data|interpretation.

characterize: to qualily the type, size, shape, orjentation,

and location of an anomaly.

close interval survey (CIS): inspection [technique that
includes a series of aboveground pipe-to-soil potential
measurements taken at predeternmined incremjents of a
few to several feet (meters)salong the pipeline and
used to provide information . on the effectivendss of the
cathodic protection systefn:

coating: liquid, liquefiable, or mastic composition that,
after application tgassurface, is converted intjo a solid
protective, decorative, or functional adhergnt film.
Coating alsodncludes tape wrap.

coating system: complete number and types|of coats
applied to a substrate in a predeterminefl order.
(Wheh'used in a broader sense, surface preparation,
pretreatments, dry film thickness, and manner of applica-

tion are included.)

component: an individual item or element fittdd in line
with pipe in a pipeline system, such as, but ndt limited
to, valves, elbows, tees, flanges, and closures.

composite repair sleeve: permanent repair metH
composite sleeve material, which is applied with|
sive.

od using
an adhe-

have on
nment.

etal, that
environ-

consequence: impact that a pipeline failure could
the public, employees, property, and the envir

corrosion: deterioration of a material, usually a n
results from an electrochemical reaction with its
ment.

nation of
Nt or on a

corrosion inhibitor: chemical substance or comb
substances that, when present in the environme
surface, prevents or reduces corrosion.

corrosion rate: rate at which corrosion proceeds.

crack: very narrow, elongated defect caused by|mechan-

ical splitting into two parts.

caliper tool: an instrumented In-line Inspection tool
designed to record conditions, such as dents, wrinkles,
ovality, bend radius, and angle, by sensing the shape of
the internal surface of the pipe.

carbon dioxide: aheavy, colorless gas that does not support
combustion, dissolves in water to form carbonic acid, and
is found in some natural gas streams.
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current: flow of electric charge.

data analysis: the evaluation process through which
inspection indications are classified and characterized.

defect: a physically examined anomaly with dimensions or
characteristics that exceed acceptable limits.

dent: permanent deformation of the circular cross section
of the pipe that produces a decrease in the diameter and is
concave inward.
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detect: to sense or obtain measurable wall loss indications
from an anomaly in a steel pipeline using in-line inspection
or other technologies.

diameter: as-produced or as-specified outside diameter of
the pipe, not to be confused with the dimensionless NPS
(DN). For example, NPS 12 (DN 300) pipe has a specified
outside diameter of 12.750 in. (323.85 mm), NPS 8 (DN
200) pipe has a specified outside diameter of 8.625 in.
(219.08 mm), and NPS 24 (DN 600) pipe has a specified
outside diameter of 24.000 in. (609.90 mm).

direct-cufrent voltage gradient (DCVG): inspection tech-
nique thdtincludes aboveground electrical measurements
taken at predetermined increments along the pipeline and
is used t¢ provide information on the effectiveness of the
coating qystem.

discontinjity: an interruption of the typical structure of a
material{such as a lack of homogeneity in its mechanical,
metallurgical, or physical characteristics. A discontinuity

is not necessarily a defect.
documented: condition of being in written form.

ductility;
deforme

measure of the capability of a material to be
| plastically before fracturing.

electric-i
gitudinal
high-fred
seam is (
edgesto
the heat
of electr

nduction welded pipe (EW): pipe having one lon-
(straight or helical) seam produced by low- or
uency electric welding. The process of forming a
one by electric-resistance welding, wherein the
be welded are mechanically pressed together and
or welding is generated by the resistance to flow
ic current applied by induction (no electtie
contact) for conduction. Typical specifications are ASTM
AS53, ASTM A135, ASTM A333, and API 5L.

high-friequency welded (HFW) pipe: EW pipe‘produced
with a w¢lding current frequency equal to Or greater than
70 kHz gs stated in API 5L.

low-fréquency welded (LFW) pipef EW pipe produced
with a welding current frequency jJess than 70 kHz as
stated inf API 5L.

NOTE: 36{0 Hz had been a comnon upper limit for LFW pipe
manufactfired prior to 1980.

electric-
induction

psistance welded (EW or ERW pipe): see electric-
welded‘pipe (EW).

electrolyfe: medium containing ions that migrate in an
electric freld.

engineering critical assessment: an analytical procedure
based on fracture mechanics that allows determination
of the maximum tolerable sizes for imperfections and
that is conducted by, or under the supervision of, a compe-
tent person with demonstrated understanding and experi-
ence in the application of the engineering principles
related to the issue being assessed.

environment: surroundings or conditions (physical, chem-
ical, mechanical

in which a material exists.

epoxy: type of resin formed by the reaction of aliphatic or
aromatic polyols (like bisphenol) with epichlorehydrin
and characterized by the presence of reactive oxifrane
end groups.

f an
maly

evaluation: a review following the characterization
actionable anomaly to determineywhether the ano
meets specified acceptance criterid.

examination: direct physicakinspection of a pipeline|that
may include the use of nendestructive examination (NDE)
techniques or methods.

NDT
sion
and
ized

experience: work activities accomplished in a specific
method under the direction of qualified superv
including the performance of the NDT method
related activities but notincluding time spentin orgai]
training programs.

failure: general term used to imply that a part in sefvice
has become completely inoperable; is still operable Hut is
incapable of satisfactorily performing its intended func-
tion; or has deteriorated seriously to the point that if has
become unreliable or unsafe for continued use.

fatigue: process of development of or enlargement] of a

crack as a result of repeated cycles of stress.

feature: any physical object detected by an in-line in{
tion system. Features may be anomalies, compon
nearby metallic objects, welds, or some other item

pec-
bnts,

film: thin, not necessarily visible layer of material.

galvanic corrosion: accelerated corrosion of a njetal
because of an electrical contact with a more njoble
metal and/or a more noble localized section of the
metal or nonmetallic conductor in a corrosive electrdlyte.

ases
tted

gas: as used in this Code, any gas or mixture of g
suitable for domestic or industrial fuel and transm|
or distributed to the user through a piping system] The
common types are natural gas, manufactured gas|and

engineering assessment: a documented assessment, using
engineering principles, of the effect of relevant variables
upon service or integrity of a pipeline system, using engi-
neering principles, and conducted by, or under the super-
vision of, a competent person with demonstrated
understanding and experience in the application of the
engineering and risk management principles related to
the issue being assessed.
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liquefied petroleum gas distributed as a vapor, with or
without the admixture of air.

gas processing plant: facility used for extracting commer-
cial products from gas.

gathering system: one or more segments of pipeline,
usually interconnected to form a network, that transports
gas from one or more production facilities to the inlet of a
gas processing plant. If no gas processing plant exists, the


https://asmenormdoc.com/api2/?name=ASME B31.8S 2020.pdf

ASME B31.85-2020

gas is transported to the most downstream of either of the
following:

(a) the point of custody transfer of gas suitable for
delivery to a distribution system

(b) the point where accumulation and preparation of
gas from separate geographic production fields in reason-
able proximity has been completed

geographic information system (GIS): system of computer
software, hardware, data, and personnel to help manip-

in-line inspection tools: any instrumented device or vehicle
thatrecords data and uses nondestructive test methods or
other techniques to inspect the pipeline from the inside.
These tools are also known as intelligent pigs or smart
pigs.

in-service pipeline: defined herein as a pipeline that
contains natural gas to be transported. The gas may or
may not be flowing.

ulat¢, analyze, and present information that is tied to a
geographic location.

georhetry tool: see caliper tool.

girth
pipe
glob
thel
goug
lized
high
Systf
dard
Syst¢
to c

weld: complete circumferential butt weld joining
or components.

1l positioning system (GPS): system used to identify
htitude and longitude of locations using GPS satellites.

e: mechanically induced metal loss that causes loca-
elongated grooves or cavities in a metal pipeline.

pressure distribution system: gas distribution piping
m that operates at a pressure higher than the stan-
service pressure delivered to the customer. In such a
m, a service regulator is required on each service line
ntrol the pressure delivered to the customer.

hydrpgen-induced damage: form of degradation of metals
caused by exposure to environments (liquid or gas) that
allows absorption of hydrogen into the material. Examples
of hydrogen-induced damage are formation of internal
cracks, blisters, or voids in steels; embrittlement.(i.e.,
loss|of ductility); and high-temperature hydrogen
attagk (i.e., surface decarburization and chemical‘reaction
with| hydrogen).

hydrpgen sulfide (H,S): toxic gaseoussimpurity found in
somg¢ well gas streams. It also can-be‘generated in situ
as afresult of microbiologic activity-

hyd
med

pstatic test: a pressure testusing water as the test
um.

hydrptest: see hydrostatic+test.

impdrfection: an anomaly with characteristics that do not
exceed acceptableJimits.

incident: uniftentional release of gas due to the failure of a
pipeline,

inclusign: nonmetallic phase such as an oxide, sulfide, or

Rnique or

spection—use-of-a—pondestructive—testins—tec
method.

integrity: defined herein as the capability-of the p|peline to
withstand all anticipated loads (includinghoop skress due
to operating pressure) plus the margin of safety estab-
lished by this section.

integrity assessment: process that includes inspection of
pipeline facilities, evaludting the indications fesulting
from the inspections;'examining the pipe|using a
variety of techniques, ‘evaluating the results of the exam-
inations, characterizing the evaluation by defect|type and
severity, and,determining the resulting integrity of the
pipeline threugh analysis.

launcherspipeline facility used to insert a pig info a pres-
surized\pipeline, sometimes referred to as a “gig trap.”

leak: 'unintentional escape of gas from the pipdline. The
source of the leak may be holes, cracks (include propa-
gating and nonpropagating, longitudinal, and c{rcumfer-
ential), separation or pullout, and loose connegtions.

length: a piece of pipe of the length delivered fronp the mill.
Each piece s called alength, regardless of its actupl dimen-
sion. This is sometimes called a “joint,” but “length” is
preferred.

liquefied petroleum gas(es) (LPG): liquid petrole
composed predominantly of the following hydr
either by themselves or as mixtures: butane
butane or isobutane), butylene (including i
propane, propylene, and ethane. LPG can be §
liquids under moderate pressures [approxim
psig to 250 psig (550 kPa to 1 720 kPa)] at
temperatures.

im gases
carbons,
(normal
bomers),
tored as
ately 80
ambient

DO or less
based on
mentary
does not

longitudinal weld joint quality factor: avalue of 1.
applicable to a straight or helical pipe seam weld,
the type of welding process and relevant supplg
NDE requirements. This weld joint quality factor]

Al to-airth azaldc

silicate particle In a metal pipeline.

indication: finding of anondestructive testing technique or
method that deviates from the expected. It may or may not
be a defect.

in-line inspection (ILI): steel pipeline inspection technique
that uses devices known in the industry as intelligent or
smart pigs. These devices run inside the pipe and provide
indications of metal loss, deformation, and other defects.
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past AL
TP PTy tO-gIrervy erasT

low-pressure distribution system: gas distribution piping
system in which the gas pressure in the mains and
service lines is substantially the same as that delivered
to the customer’s appliances. In such a system, a
service regulator is not required on the individual
service lines.

low-stress pipeline: pipeline that is operated in its entirety
at a hoop stress level of 20% or less of the specified
minimum yield strength of the line pipe.
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magnetic-flux leakage (MFL): an in-line inspection tech-
nique that induces a magnetic field in a pipe wall
between two poles of a magnet. Sensors record status
in leakage in this magnetic flux (flow) outside the pipe
wall, which can be correlated to metal loss.

magnetic-particle inspection (MPI): a nondestructive test
method using magnetic leakage fields and suitable indi-
cating materials to disclose surface and near-surface
discontinuity indications.

performance-based integrity management program: integ-
rity management process that uses risk management prin-
ciples and risk assessments to determine prevention,
detection, and mitigation actions and their timing.

pig: device run inside a pipeline to clean or inspect the
pipeline, or to batch fluids.

pigging: use of any independent, self-contained device,
tool, or vehicle that moves through the interior of the pipe-

manage
nizes ang
of a tech
nature t

nent of change: process that systematically recog-
communicates to the necessary parties changes
nical, physical, procedural, or organizational
at can affect system integrity.

maximujm allowable operating pressure (MAOP):
maximuth pressure at which a pipeline system may be
operated in accordance with the provisions of ASME
B31.8.

mechani
coating

Mechan
remova
working
stresses.

al damage: type of metal damage in a pipe or pipe
aused by the application of an external force.
cal damage can include denting, coating
, metal removal, metal movement, cold
bf the underlying metal, puncturing, and residual

metal loss: types of anomalies in pipe in which metal has
been renjoved from the pipe surface, usually due to corro-
sion or gouging.

microbio
deterior
activity
initiated

ogically influenced corrosion (MIC): corrosion or
htion of metals resulting from the metabolic
of microorganisms. Such corrosion may*be
or accelerated by microbial activity.

mitigatidn: limitation or reduction of the probability of
occurrerjce or expected consequence for a particular
event.

municipdlity: city, county, or any other;political subdivi-
sion of 2 state.

nominal putside diameter: see diameter.

nondestr
as radiog
trant, vis

ctive examination\(NDE): testing method, such
raphy, ultrasoni¢,.magnetic testing, liquid pene-
hal, leak testing) eddy current, and acoustic emis-
sion, or aftesting technique, such as magnetic-flux leakage,
magnetid-particle inspection, shear-wave ultrasonic, and
contact dJompression-wave ultrasonic.

nondestrlictive testing (NDT): see nondestructive examina-

g
b asa
and
late

not

113 for oo g dira o i o g 1

Hnefor-inspectingdimensioning—cleaningof
pipe: atubular product, including tubing, made forisal
production item, used primarily for conveying\a fluid
sometimes for storage. Cylinders formed from
during the fabrication of auxiliary eqilipment arg

pipe as defined herein.

pipe grade: portion of the material"specification for
which includes specified minitnum yield strength.

bipe,

pipeline: all parts of physicalfacilities through whicm gas
moves in transportatiofiyinicluding pipe, valves, fittfings,
flanges (including bolting and gaskets), regulators, pres-
sure vessels, pulsdtiont dampeners, relief valves, appfirte-
nances attachéd)to pipe, compressor units, metqring
facilities, préssure-regulating stations, pressure-limjiting
stations, pressure relief stations, and fabricated aspem-
blies. Inchided within this definition are gas transmigsion
and.gathering lines, which transport gas from produg¢tion
facilities to onshore locations, and gas storage equipfnent
of the closed-pipe type that is fabricated or forged from
pipe or fabricated from pipe and fittings.

pipeline component: see component.

pipeline facility: new and existing pipelines, rights-of{way,
and any equipment, facility, or building used in the tfans-
portation of gas or in the treatment of gas during the
course of transportation.

cent
nd a

pipeline section: continuous run of pipe between adjz
compressor stations, between a compressor station 3
block valve, or between adjacent block valves.

hfra-
have

pipeline system: either the operator’s entire pipeline i
structure or large portions of that infrastructure that
definable starting and stopping points.

pipe-to-soil potential: electric potential differgnce
between the surface of a buried or submerged metallic
structure and the electrolyte that is measured with refer-
ence to an electrode in contact with the electrolytg

tion (NDE).

operating stress: stress in a pipe or structural member
under normal operating conditions.

operating company: individual, partnership, corporation,
public agency, owner, agent, or other entity currently
responsible for the design, construction, inspection,
testing, operation, and maintenance of the pipeline facil-
ities.

operator: see operating company.
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piping and instrumentation diagram (P&ID): drawing
showing the piping and instrumentation for a pipeline
or pipeline facility.

pitting: localized corrosion of a metal surface that is
confined to a small area and takes the form of cavities
called pits.

predicted failure pressure, P: an internal pressure that is
used to prioritize a defect as immediate, scheduled, or
monitored. See the detail explanation with
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Figure 7.2.1-1. The failure pressure is calculated using
ASME B31G or similar method when the design factor,
F, is set to unity.

prescriptive integrity management program: integrity
management process that follows preset conditions
that result in fixed inspection and mitigation activities
and timelines.

pressure: unless otherwise stated, pressure is expressed in
pou: Ao xnar caolia o (o3l oo albauza ot

risk: measure of potential loss in terms of both the incident
probability (likelihood) of occurrence and the magnitude
of the consequences.

risk assessment: systematic process in which potential
hazards from facility operation are identified, and the like-
lihood and consequences of potential adverse events are
estimated. Risk assessments can have varying scopes, and
can be performed at varying levels of detail depending on
the operator’s objectives (see section 5).

ds-per-setare-ineh-telopasealst-abeve-atmespherie
prespure (i.e., gage pressure), and is abbreviated as psig
(kPal).
pressure test: means by which the integrity of a piece of
equipment (pipe) is assessed, in which the item is filled
with|a fluid, sealed, and subjected to pressure. It is used to
validate integrity and detect construction defects and
defeftive materials.

probability: likelihood of an event occurring.

qualffication: demonstration and documented knowledge,
skill$, and abilities, along with documented training and/
or ejperience required for personnel to properly perform
the dluties of a specific job or task.

recelver: pipeline facility used for removing a pig from a
prespurized pipeline; sometimes referred to as a “pig trap.”

resident threat: a manufacturing-, welding/fabrication-, or
equipment-related imperfection thatifnotacted uponbya
timg-dependent or time-independent threat, remains
dormant and does not deteriorate with time.

residual stress: stress present in an object in the absence of
any pexternal loading, typically resulting from\manufac-
turifg or construction processes.
resisgivity:

(a) resistance per unit length of'a substance with
unif¢rm cross section

(b) measure of the ability of ah electrolyte (e.g., soil) to
resigt the flow of electric charge (e.g., cathodic protection
currgnt)

Rgsistivity data are used to design a groundbed for a
cathpdic protection,system.

rich gas: gas that{contains significant amounts of hydro-
carbpns or coniponents that are heavier than methane and
ethahe. Richigases decompress in a different fashion than
purg methane or ethane.

right-of-way (ROW): strip of land on which pipelines, rail-

f identi-
hssessing
incident
reducing
easuring

risk management: overall program consisting
fying potential threats to an area or equipthent;
the risk associated with those threats in‘terms o
likelihood and consequences; mitigating risk by
the likelihood, the consequences,or.both; and
the risk reduction results achieved.

root cause analysis: family of processes implenjented to
determine the primary catisé of an event. These grocesses
all seek to examiné.a)'cause-and-effect relationship
through the organization and analysis of ddta. Such
processes are often used in failure analyses.

rupture: complete failure of any portion of the
that allows“the product to escape to the envird

pipeline
nment.

rust: corrosion product consisting of various ir¢gn oxides
and hydrated iron oxides (this term properly applies only
teSiron and ferrous alloys).

seam weld: longitudinal (straight or helical) sea
that is made in the pipe mill for the purpose of
complete circular cross section.

M in pipe
making a

that has
ocation.

segment: length of pipeline or part of the systen
unique characteristics in a specific geographic

sensors: devices that receive a response to a stim
an ultrasonic sensor detects ultrasound).

ilus (e.g.,

shall: “shall” and “shall not” are used to indicqte that a
provision is mandatory.

shielding: preventing or diverting the flow of|cathodic

protection current from its natural path.
should: “should,” “should not,” and “itis recommenpded” are
used to indicate that a provision is not mandatory but rec-
ommended as good practice.
Ch a fixed

zed. The
el.

sizing accuracy: given by the interval within whi
percentage of all metal-loss features will be s
fixed percentage is stated as the confidence ley

roads, power lines, roads, highways, and other similar
facilities are constructed. The ROW agreement secures
the right to pass through property owned by others.
ROW agreements generally allow the right of ingress
and egress for the operation and maintenance of the
facility, and the installation of the facility. The ROW
width can vary with the construction and maintenance
requirements of the facility’s operator and is usually
determined based on negotiation with the affected land-
owner, by legal action, or by permitting authority.
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smart pig: see In-line mspection tools.

soil liquefaction: soil condition, typically caused by
dynamic cyclic loading (e.g., earthquake, waves) where
the effective shear strength of the soil is reduced such
that the soil exhibits the properties of a liquid.

specified minimum yield strength (SMYS): expressed in
pounds per square inch (MPa), minimum yield strength
prescribed by the specification under which pipe is
purchased from the manufacturer.
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storage field: geographic field containing a well or wells
that are completed for and dedicated to subsurface
storage of large quantities of gas for later recovery, trans-
mission, and end use.

strain: change in length of a material in response to an
applied force, expressed on a unit length basis (e.g.,
inches per inch or millimeters per millimeter).

stress: internal resistance of a body to an external applied
a3 = MDo)

third-party damage: damage to a gas pipeline facility by an
outside party other than those performing work for the
operator. For the purposes of this Code, this also includes
damage caused by the operator’s personnel or the opera-
tor’s contractors.

tool: generic term signifying any type of instrumented tool
or pig.
training: organized program developed to impart the

Lunaouwldadaa ond clallc o 2

force, expressedinunits-offereeperunitareatpsior-MPar

It may also be termed “unit stress.”

stress colfrosion cracking (SCC): form of environmental
attack offhe metal involving an interaction of alocal corro-
sive envlironment and tensile stresses in the metal,
resulting in formation and growth of cracks.

stress level: level of tangential or hoop stress, usually
expressgd as a percentage of specified minimum yield
strength

subject matter experts: individuals that have expertise in a
specific grea of operation or engineering.

submerged-arc welded (SAW) pipe: pipe having one or two
straight [seams, or one helical seam, produced by the
submergpd-arc welding process. At least one SAW pass
is made ¢n the outside of the pipe and at least one addi-
tional SAW pass is made on the inside of the pipe, which
sometihes results in pipe described as double
submerged-arc welded (DSAW) pipe. The SAW process
produceg melting and coalescence of metals by heating
them with an arc or arcs between a bare metal consumable
electrodg or electrodes and the work, wherein the arc and
molten metal are shielded by a blanket of granularflux.
Pressure|is not used, and part or all of the filler'metal is
obtained| from the electrodes. Typical specifications are
ASTM A381 and API 5L. API 5L also allows.two straight
seams fof pipe diameters greater than(oy'equal to 36 in.
(914 mnyp).

submerged arc welding (SAW): arc_welding process that
uses an afc or arcs between a bare‘metal electrode or elec-
trodes aipd the weld pool, The“arc and molten metal are
shielded by a blanket of{granular flux on the workpieces.
The procpss is used withput pressure and with filler metal
from the|electrode“and sometimes from a supplemental
source (elding\rod, flux, or metal granules).

survey: medstUrements, inspections, or observations
intended to discover and identify events or conditions
that indicate a departure from normal operation or un-
damaged condition of the pipeline.

system: see pipeline system.

temperature: expressed in degrees Fahrenheit (°F)
[degrees Celsius (°C)].

tensile stress: applied pulling force divided by the original
cross-sectional area.

z X +alificatian
KRHOWreageaitSKintSHeeessary1or-garication:

transmission line: segment of pipeline installed inja-trans-
mission system or between storage fields.

transmission system: one or more segments of pipgline,
usually interconnected to form a networkythat transports
gas from a gathering system, the outlet of a gas procegsing
plant, or a storage field to a high€.6rlow-pressure djstri-
bution system, a large-volufne, customer, or angther
storage field.

transportation of gas: gathering, transmission, or distfibu-
tion of gas by pipeliné, or the storage of gas.

ultrasonic: high-ffequency sound. Ultrasonic examingtion
is used to determine wall thickness and to detect the pres-
ence of defects.

uprating: qualifying of an existing pipeline or main for a
higher/maximum allowable operating pressure.

weld: localized coalescence of metals or nonmegtals
produced by heating the materials to the welfing
temperature, with or without the application of prespure,
or by the application of pressure alone with or withoyt the
use of filler material.

welding procedures: detailed methods and practices
involved in the production of a weldment.

wrinkle bend: pipe bend produced by field machine or
controlled process that may result in promihent
contour discontinuities on the inner radius.|The
wrinkle is deliberately introduced as a means of short-
ening the inside meridian of the bend. Note that this |[defi-
nition does notapply to a pipeline bend in which incidéntal
minor, smooth ripples are present.
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the standard to ensure that the integrity of the pipeline
system is not compromised. Ifanewer or amended edition
of a standard is not ANSI approved, then the user shall use
the specific edition reference date shown herein. An
asterisk (*) is used to indicate that the specific edition
ofthe standard has been accepted as an American National
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NONMANDATORY APPENDIX A
THREAT PROCESS CHARTS AND PRESCRIPTIVE INTEGRITY
MANAGEMENT PLANS

A-1

TH
tials
nine|
Codg

INTRODUCTION

is Appendix provides process charts and the essen-
of a prescriptive integrity management plan for the
categories of threats listed in the main body of this
. The required activities and intervals are not appli-

cable for severe conditions that the operator may

encd
and

A-2

A-2
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addy
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Exte
galv]
corr

TH
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sped
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A-2

TH
each|
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perf
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tion

(a

(b

(c

unter. In those instances, more rigorous analysis
more frequent inspection may be necessary.

EXTERNAL CORROSION THREAT

1 Scope

ction A-2 provides an integrity management plan to
ess the threat, and methods of integrity assessment
mitigation, of external corrosion (see Figure A-2.1-1).
fnal corrosion is defined in this context to include
hnic corrosion and microbiologically influenced
psion (MIC).

is section outlines the integrity managementprocess
xternal corrosion in general and also.'cavers some
ific issues. Pipeline incident analysisshas identified
mal corrosion among the causes ‘ef past incidents.

2 Gathering, Reviewing,and Integrating Data

e following minimal data séts should be collected for
segment and reviewed before a risk assessment can
pnducted. These data are collected in support of
brming risk assessment and for special considera-
, such as identifying severe situations requiring addi-
1l activities;

year efinstallation

coafing type

Coating condition

(n) past hydrostatic test information

For this threat, the data are used, primarily f
itization of integrity assessment and/or mitigat
ities. Where the operator is missing data, con
assumptions shall be used When performing
assessment or, alternatively; the segment shall
itized higher.

A-2.3 Criteria and Risk Assessment

For new pipelines or pipeline segments, the
may wishyto/use the original material selectio
conditions, and construction inspections, as w
current operating history, to establish the con
the pipe. For this situation, the operator must d
that the construction inspections have an equal d
rigor than that provided by the prescribed
assessment in this Code.

In no case shall the interval between constru
the first required reassessment of integrity excg
for pipe operating above 60% SMYS, 13 yr for p
ating above 50% SMYS and at or below 60% SM
for pipe operating at or above 30% SMYS and at
50% SMYS, and 20 yr for pipe operating below 3

For all pipeline segments older than those stat
integrity assessment shall be conducted using a
ology, within the specified response interval, as
in para. A-2.5.

Previous integrity assessments can be consi
meeting these requirements, provided the inj
have equal or greater rigor than that provide
prescribed inspections in this Code. The
between the previous integrity assessment
next integrity assessment cannot exceed the
stated in this Code.

or prior-
on activ-
bervative
the risk
be prior-

operator
h, design
1l as the
dition of
ptermine
r greater
ntegrity

Ction and
ed 10 yr
pe oper-
YS, 15 yr
or below
% SMYS.
bd above,
method-
provided

dered as
pections
d by the
interval
and the
interval

(djyears with adequate cathrodic protection
(e) years with questionable cathodic protection
(f) years without cathodic protection

(g) soil characteristics

(h) pipe inspection reports (bell hole)

(i) MIC detected (yes, no, or unknown)

(j) leak history

(k) wall thickness

(1) diameter

(m) operating stress level (% SMYS)

A-2.4 Integrity Assessment

The operator has a choice of three integrity assessment

methods: in-line inspection with a tool ca

pable of

detecting wallloss, such as an MFL tool; performinga pres-

sure test; or conducting direct assessment.

(a) In-Line Inspection. The operator shall consult
section 6, which defines the capability of various ILI

devices and provides criteria for running of

the tool.

(20)
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Figure A-2.1-1 Integrity Management Plan, External Corrosion Threat (Simplified Process: Prescriptive)

Y

Gathering, reviewing,
and integrating data

Criteria and
risk assessment

Determine
assessment
interval

Integrity assessment
(IL1, DA, hydrotest,
or other)

Responses and
mitigatien
(repair and/@r;prevent)

Other information
to other threats

Performance
metrics

The operator selects-th€ appropriate tools and the
operatorfor their representative performs the inspection.

(b) Pressure Tést, The operator shall consult section 6,
which defines how to conduct tests for both post-construc-
tion and|in-sérvice pipelines. The operator selects the
appropriateétest and the operator or their representative

t on
ting

(a) In-Line Inspection. The response is depender
the severity of corrosion as determined by calcul
critical failure pressure of indications (see ASME B31G
or equivalent) and a reasonably anticipated or scieptifi-
cally proven rate of corrosion. Refer to section 7 for
responses to integrity assessment

performs the test.

(c) Direct Assessment. The operator shall consult
section 6, which defines the process, tools, and inspec-
tions. The operator selects the appropriate tools and
the operator or their representative performs the inspec-
tions.

A-2.5 Responses and Mitigation

Responses to integrity assessments are detailed herein.

46

(b) Direct Assessment. The response is dependent on
the number of indications examined, evaluated, and
repaired. Refer to section 7 for responses to integrity
assessment.

(c) Pressure Testing. The interval is dependent on the
test pressure. If the test pressure is at least 1.39 times
MAOP, the interval shall be 10 yr. If the test pressure
is at least 1.25 times MAOP, the interval shall be 5 yr
(see section 7).
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Ifthe actual operating pressure is less than MAOP, these internal microbiologically influenced corrosion (MIC; see
factors can be applied to the actual operating pressure in Figure A-3.1-1).

lieu of MAOP for ensuring integrity at the reduced pres- Section A-3 provides a general overview of the integrity
sure only. management process for internal corrosion in general and

The operator shall select the appropriate repair also covers some specificissues. Pipeline incident analysis
methods as outlined in section 7. has identified internal corrosion among the causes of past

The operator shall select the appropriate prevention incidents.

practices as outlined in section 7.
A-3.2 Gathering, Reviewing, and Integrating Data

A-26-Otirer Data The following minimal data sets should be collected for

Duiring the inspection activities, the operator may each segment and reviewed before a risk assessment can
discgver other data that should be used when performing  be conducted. These data are collectéd ih sypport of
risk [assessments for other threats. For example, when performing risk assessment and fof.special cqnsidera-
conducting an ILI with an MFL tool, dents may be detected tions, such as identifying severe situations requiting addi-
on the top half of the pipe. This may have been caused by tional activities.

third-party damage. Itis appropriate then to use this infor- (a) year of installation
mation when conducting risk assessment for the third- (b) pipe inspection repotts (bell hole)
party damage threat. (c) leak history
(d) wall thickness
A-2{7 Assessment Interval (e) diameter

(f) past hydrostatic test information
(g) gas,liquid, or solid analysis (particularly hydrogen
sulfide, earbon dioxide, oxygen, free water, and chlorides)
(h) “bacteria culture test results
(i) corrosion detection devices (coupons, prgbes, etc.)
(j) operating parameters (particularly prespure and
flow velocity and especially periods where thgre is no
flow)
(k) operating stress level (% SMYS)
For this threat, the data are used primarily for prior-
itization of integrity assessment and/or mitigatjon activ-
ities. Where the operator is missing data, congervative
assumptions shall be used when performing|the risk
A-2/8 Performance Measures assessment or, alternatively, the segment shall pe prior-
itized higher.

The operator is required to assess integrity periodically.
The|interval for assessments is dependent on the
resppnses taken as outlined in para. A-2.5.

These intervals are maximum intervals. The operator
must incorporate new data into the assessment as data
becdmes available and that may require more frequent
integrity assessments. For example, a leak on the
segrnent that may be caused by external corrosiop
shoyld necessitate immediate reassessment.

CHanges to the segment may also require reassessment.
Chapge management is addressed in thisCode in
sectifon 11.

The following performance measures shall be docu-
mented for the external corrosion threat, to establish A-3.3 Criteria and Risk Assessment
the effectiveness of the program and for confirmation
of the integrity assessment interval:

(a) number of hydtostatic test failures caused by
external corrosion

(b)) number of nepair actions taken due to in-line
inspgction results, immediate and scheduled

(c) number of repair actions taken due to direct assess-
menf results, immediate and scheduled

For new pipelines or pipeline segments, the joperator
may wish to use the original material selectioh, design
conditions, and construction inspections, as w¢ll as the
current operating history, to establish the cordition of
the pipe. For this situation, the operator must determine
that the construction inspections have an equal dr greater
rigor than that provided by the prescribed |ntegrity
perator

(d) number of external corrosion leaks (for low-stress assessments- in this Code. IT‘ addit.ion, the
pipetimesttrmaybebemeficiattocompiteteaks by teakchrs= hall determine that a corrosive environment ldoes not
sification) exist. ) .

In no case may the interval between construction and

_ the first required reassessment of integrity exceed 10 yr
A-3 INTERNAL CORROSION THREAT for pipe operating above 60% SMYS, 13 yr for pipe oper-
A-3.1 Scope ating above 50% SMYS and at or below 60% SMYS, and 15

) yr for pipe operating at or below 50% SMYS.
Section A-3 provides an integrity management plan to For all pipeline segments older than those stated above,

address the threat, and methods of integrity assessment integrity assessment shall be conducted using a method-
and mitigation, of internal corrosion. Internal corrosion is ology within the specified response interval, as provided
defined in this context to include chemical corrosion and in para. A-3.5.
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Figure A-3.1-1 Integrity Management Plan, Internal Corrosion Threat (Simplified Process: Prescriptive)

Y

Gathering, reviewing,
and integrating data

Criteria and
risk assessment

Determine
assessment
interval

Integrity assessment
(IL1, DA, hydrotest,
or other)

Responses and -
mitigation -

Other information
to other threats

Performance
metrics

Previous integrity assessments can be considered as
meeting [these requirements, provided the inspections
have equal or greater rigor than that provided by the
prescrijed inspections in this Code. The interval
between the previous integrity assessment and the
next inteégrity assessment cannot exceed the interval

(a) In-Line Inspection. For in-line inspection] the
operator must consult section 6, which defineq the
capability of various ILI devices and provides criferia
for running of the tool. The operator selects the agpro-
priate tools and the operator or their representative
performs the inspection

stated in this Code.

A-3.4 Integrity Assessment

The operator has a choice of three integrity assessment
methods: in-line inspection with a tool capable of
detecting wallloss, such asan MFL tool; performing a pres-
sure test; or conducting direct assessment.

(b) Pressure Test. The operator shall consult section 6,
which defines how to conduct tests for both post-construc-
tion and in-service pipelines. The operator selects the
appropriate test and the operator or their representative
performs the test.

(c) Direct Assessment. The operator shall consult
section 6, which defines the process, tools, and inspec-
tions. The operator selects the appropriate tools and
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he/she or his/her representative performs the inspec-
tions.

A-3.5 Responses and Mitigation

Responses to integrity assessments are detailed herein.
(a) In-Line Inspection. The response is dependent on
the severity of corrosion, as determined by calculating
crltlcal failure pressure of 1nd1cat10ns (see ASME B31G

resppnses to integrity assessments.

(b) Direct Assessment. The response is dependent on
the humber of indications examined, evaluated, and
repdired. Refer to section 7 for responses to integrity
assepsment. An acceptable method to address dry gas
intefnal corrosion is NACE SP0206.

(c) Pressure Testing. The interval is dependent on the
hydrostatic test pressure. If the test pressure is at least
1.39|times MAOP, the interval is 10 yr. If the test pressure
is aff least 1.25 times MAOP, the interval is 5 yr (see
section 7).

If the actual operating pressure is less than MAOP, the
factqrs shown above can be applied to the actual operating
presgure in lieu of MAOP for the purposes of ensuring
integrity at the reduced pressure only.

The operator shall select the appropriate repair
ods as outlined in section 7.

The operator shall select the appropriate prevention
practices as outlined in section 7. Data confirming that
a cofrosive environment exists should prompt the
design of a mitigation plan of action and immediate imple-
menfation should occur. Data suggesting that & corrosive
envifonment may exist should prompt(@an‘immediate
reevpluation. If the data shows that no corrosive condition
or environment exists, then the operator should identify
the ¢onditions that would prompt.reevaluation.

A-3)6 Other Data

During the inspection activities, the operator may
discgver other data that'should be used when performing
risk [assessments fof other threats. For example, when
condlucting an\EI with an MFL tool, dents may be
callgd out ofivthe top half of the pipe. This may have
beern caused‘by third-party damage. It is appropriate
then| to_uSe this data when conducting integrity assess-
menk_for the third-party damage threat

that may be caused by internal corrosion would necessi-
tate immediate reassessment.

Changes to the segment may also drive reassessment.
This change management is addressed in section 11.

A-3.8 Performance Metrics

The following performance metrics shall be docu-
mented for the internal corrosion threat, to establish
onfirmation
of the integrity assessment lnterval

(a) number of hydrostatic test failures,ca
internal corrosion

(b) number of repair actions taken due tp in-line
inspection results, immediate and Scheduled

(c) number of repair actionstaken due to dire
ment results, immediate and/scheduled

(d) number of internal‘corrosion leaks (for 1
pipelines, it may be béneficial to compile leak}
grade)

used by

[t assess-

w-stress
by leak

A-4 STRESS CORROSION CRACKING THREAT

A-4.1 Scope

Sectioh A-4 provides an integrity managemernt plan to
address the threat, and methods of integrity asfessment
and mitigation, for stress corrosion cracking (SQC) of gas
line pipe. Methods of assessment include hyflrostatic
testing, in-line inspection, and SCC direct asyessment
(SCCDA). Engineering assessment can be used tg evaluate
the extent and severity of the threat, to identify qnd select
examination and testing strategies, and/or to| develop
technically defensible plans that show satisfactpry pipe-
line safety performance. Included in this sedtion is a
description of a process using engineering asgessment
that can be used to select an integrity assessment
method or to customize one of the methods for h specific
pipeline. This process is applicable to both ne
pH and high pH SCC. Integrity assessment and
plans for both phenomena are discussed in published
research literature. This section does not address all
possible means of inspecting for mitigation of SCC. As
new tools and technologies are developed, thdy can be
evaluated and be available for use by the operator. Addi-
tional guidance for management of SCC can be|found in
ASME STP-PT-011.

A-3.7 Assessment Interval

The operator isrequired to assess integrity periodically.
The interval for assessment is dependent on the responses
taken, as outlined in para. A-3.5.

These intervals are maximum intervals. The operator
shall incorporate new data into the assessment as data
becomes available, and that may require more frequent
integrity assessments. For example, a leak on the segment

49

A-4.2 Gathering, Reviewing, and Integrating Data

The following minimal data sets should be collected for
each segment and reviewed before a threat assessment
can be conducted. Additionally, these data are collected
for special considerations, such as identifying severe
situations requiring additional activities.

(a) age of pipe
NOTE: Age of pipe coating may be used if the pipeline segment
has been assessed for SCC.
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(b) operating stress level (% SMYS)

(c) operating temperature

(d) distance of the segment downstream from a
compressor station

(e) coating type

(f) past hydrotest information

Where the operator is missing data, conservative
assumptions shall be used when performing the risk
analysis or, alternatively, the segment shall be prioritized

give consideration to integrity assessment for other
threats and prioritization among other segments that
are at risk for SCC.

If the pipeline experiences an in-service leak or rupture
that is attributed to SCC, the particular segment shall be
subjected to a hydrostatic test (as described below) within
12 months. A documented hydrostatic retest program
shall be developed for this segment. Note that hydrostatic
pressure testing is required. Use of test media other than

higher.

A-4.3 (Criteria and Threat Assessment

A-4.3.1 Possible Threat of Near-Neutral pHSCC. Each
segment|{should be assessed for the possible threat of
near-neytral pH SCC if all of the following criteria are
present:

(a) operating stress level >60% SMYS

(b) agp of pipe >10 yr
NOTE: Ag of pipe coating may be used if the pipeline segment
has been pssessed for SCC.

(c) all corrosion coating systems other than plant-
applied ¢r field-applied fusion-bonded epoxy (FBE) or
liquid egoxy (when abrasive surface preparation was
used during field coating application). Field joint
coating pystems should also be considered for their

susceptibility using the criteria in this section.

A-4.3.2 Possible Threat of High pH SCC. Each segment
should b¢ assessed for the possible threat of high pH SCC if
the thre¢ criteria in para. A-4.3.1 are present and the
following two criteria are also present:

(a) operating temperature >100°F (38°C)

(b) digtance from compressor station discharge'<20 mi
(32 km)

A-4.3.3 Additional Considerations.In‘addition, each
segment|in which one or more service incidents or one
or more| hydrostatic test breaks or leaks have been
caused bl one of the two types(of)SCC shall be evaluated,
unless the conditions thag\ed to the SCC have been
correctedl.

For thlis threat, the\threat assessment consists of
comparipg the data.elements to the criteria. If the condi-
tions of the criteriaare met or ifthe segmenthasa previous
SCC histqry (i.e;bell hole inspection indicating the pres-
ence of §CE€, hydrotest failures caused by SCC, in-service
failures dausedby-SCC orleakscaused by SCC
considered to be at risk for the occurrence of SCC. Other-
wise, if one of the conditions of the criteria is not met and if
the segment does not have a history of SCC, no action is
required.

A-4.4 Integrity Assessment

If conditions for SCC are present (i.e., meet the criteriain
para. A-4.3), a written inspection, examination, and
evaluation plan shall be prepared. The plan should
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water 1S not permitted.

Acceptable inspection and mitigation method$ for
addressing pipe segments at risk for SCC are)covered
in paras. A-4.4.1 through A-4.4.4.

The severity of SCC indications is characterized by
Table A-4.4-1. Several alternative_fracture mechdgnics
approaches exist for operators tejuse for crack sevrity
assessment. The values in Table,A-4.4-1 have been dpvel-
oped for typical pipeline attributés and representativ¢ SCC
growth rates, using widely-accepted fracture mechnics
analysis methods.

A-4.4.1 Bell Hole Examination and Evalualtion
Method. Magnetic-particle inspection methods (¥IPI),
or other equivalént nondestructive evaluation methods,
shall be uséd when disbonded coating or bare pipe is
encountéred during integrity-related excavation of pipe-
line_ségments susceptible to SCC. Excavations wher¢ the
pipe-is not completely exposed (e.g., encroachments,
exothermically welded attachments, and foreign|line
crossings where the operator may need only to
remove soil from the top portion of the pipe) arg not
subject to the MPI requirement as described urless
there is a prior history of SCC in the segment. Coating
condition should be assessed and documented. Allf SCC
inspection activities shall be conducted using documented
procedures. Any indications of SCC shall be addressed
using guidance from Tables A-4.4-1 and A-4.4.1-1.

The response requirements applicable to the SCC qrack
severity categories are provided in Table A-4.4.1-1] The
response requirements in Table A-4.4.1-1 incorpqrate
conservative assumptions regarding remaining flaw {izes.

Alternatively, an engineering critical assessment|may
be conducted to evaluate the threat.

A-4.4.2 Hydrostatic Testing for SCC. Hydrostatic
testing conditions for SCC mitigation have been develpped
through industry research to optimize the removpl of

itHeal-sized—Ha whHe—HRHRHIZRESFoW wbcri-
tical-sized flaws. Hydrostatic testing using the criteria
in this section is considered an integrity assessment
for SCC. Recommended hydrostatic test criteria are as
follows:

(a) High-point test pressure equivalent to a minimum
of 100% SMYS.

(b) Target test pressure shall be maintained for a
minimum period of 10 min.
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Table A-4.4-1 SCC Crack Severity Criteria

Category Crack Severity Remaining Life
0 Crack of any length having depth <10% WT, or crack with Exceeds 15 yr
2 in. (51 mm) maximum length and depth <30% WT
1 Predicted failure pressure >110% SMYS Exceeds 10 yr
2 110% SMYS = predicted failure pressure >125% MAOP Exceeds 5 yr
3 125% MAOP = predicted failure pressure >110% MAOP Exceeds 2 yr
4 Predicted failure pressure <110% MAOP Less than 2 yr

Table A-4.4.1-1 Actions Following Discovery of SCC During Excavation

Crack Severity Response Requirement
No SCC or Category 0 Schedule SCCDA as appropriate. A single excavation for SCC is adequate:
Category 1 Conduct a minimum of two additional excavations.

If the largest flaw is Category 1, conduct next assessment in3"yr.

If the largest flaw is Category 2, 3, or 4, follow the responiserequirement applicable to thdt category.

Category 2 Consider temporary pressure reduction until hydnotest, ILI, or MPI completed.

Assess the segment using hydrotest, IL], or, 200% MPI examination, or equivalent, within 2 yr. The
type and timing of further assessment(s) _depend on the results of hydrotest, ILI, of MPI.

Category 3 Immediate pressure reduction and‘assessment of the segment using one of the following:
(a) hydrostatic test
(b) ILI
(c) 100% MPI, or equivalent, examination

Category 4 Immediate pressure-reduction and assessment of the segment using one of the followying:
(a) hydrostati€ test
(b) ILI
(c) 100% MPI, or equivalent, examination

(c) Upon returning the pipeline‘to gas service, an A-4.4.3 In-Line Inspection for SCC. Industry experi-
instfumented leak survey (e/g.,-a flame ionization ence has indicated some successful use of in-linfe inspec-
survey) shall be performed. (Altefnatives may be consid- tion (ILI) for SCC in gas pipelines. Refer to paral7.2.2 for
ered|for hydrostatic test failtireévents due to causes other appropriate response to indications of SCC identified by
than| SCC.) in-line inspection. Table A-4.4-1 can be used to eftablish a

(d) Results reassessment interval for ILI, provided that the entire
(1) No SCC Hydrostatic Test Leak or Rupture. If no segment has been inspected.
leakk or ruptures-due to SCC occurred, the operator
shal] use on€, of the following two options to address
longttermemitigation of SCC:

(*d) Implement a written hydrostatic retest
prograih with a technically justifiable interval.

(-b) Perform engineering assessment to evaluate
the threat and identify further mitigation methods.

(2) SCC Hydrostatic Test Leak or Rupture. If a leak or
rupture due to SCC occurred, the operator shall establish a
written hydrostatic retest program and procedure with
justification for the retest interval. An example of an
SCC hydrostatic retest approach is found in IPC2006-
10163.

A-4.4.4 Stress Corrosion Cracking Direct As§essment
(SCCDA). SCCDA is a formal process to assegs a pipe
segment for the presence and severity of SCC, primarily
by examining with MPI or equivalent technology selected
jottsof pipe withim tirat segmrent after systematically
gathering and analyzing data for pipe having similar
operational characteristics and residing in a similar
physical environment. The SCCDA process includes
guidance for operators to select appropriate sites to
conduct excavations for the purposes of conducting an
SCC integrity assessment. Detailed guidance for this
process is provided in NACE SP0204.

51


https://asmenormdoc.com/api2/?name=ASME B31.8S 2020.pdf

ASME B31.85-2020

Figure A-5.1-1 Integrity Management Plan, Manufacturing Threat (Pipe Seam and Pipe; Simplified Process:
Prescriptive)
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A-4.5 Qther Data

During the integrity assessment and mitigation activ-
ities, thg op€rator may discover other data that may
be pertihent to other threats. These data should be

(c) number of hydrostatic test failures due to SQC

A-5 MANUFACTURING THREAT (PIPE SEAM AND
PIPE)

used where appropriate for performing risk assessments
for other threats.

A-4.6 Performance Measures

The following performance measures shall be docu-
mented for the SCC threat to establish the effectiveness
of the program and for confirmation of the inspection
interval:

(a) number of in-service leaks/failures due to SCC

(b) number of repairs or replacements due to SCC

A-5.1 Scope

Section A-5 provides an integrity management plan to
address the threat, and methods of integrity assessment
and mitigation, for manufacturing concerns. Manufac-
turing is defined in this context as pipe seam and pipe
(see Figure A-5.1-1).
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This section outlines the integrity management process
for manufacturing concerns in general and also covers
some specific issues. Pipeline incident analysis has iden-
tified manufacturing among the causes of past incidents.

A-5.2 Gathering, Reviewing, and Integrating Data

The following minimal data sets should be collected for
each segment and reviewed before a risk assessment can
be cond

(a) pipe material

(b) year of installation

(c) manufacturing process (age of manufacture as
alternative; see note below)
(d) seam type
(e} longitudinal weld joint quality factor
operating pressure history
here the operator is missing data, conservative
assumptions shall be used when performing the risk
assepsment or, alternatively, the segment shall be prior-
itizefl higher.

NOTE: When pipe data is unknown, the operator may refer to
Histdry of Line Pipe Manufacturing in North America by J. F.
Kiefrler and E. B. Clark, 1996, ASME. In addition, this report
prov]des information on historic pipe manufacturing processes,
inclufding legacy seams such as lap welded, electric-flash welded,
and §ingle submerged-arc welded.

A-5/3 Criteria and Risk Assessment

Fdr cast iron pipe, steel pipe manufactured:prior to
195P, mechanically coupled pipelines,-or pipelines
joingd by means of acetylene girth welds; where low
temperatures are experienced or_where the pipe is
exppsed to movement such agland movement or
rempval of supporting backfillyexamination of the
terrain is required. If land (movement is observed or
can 1leasonably be anticipated) a pipeline movement moni-
torinjg program should be established and appropriate
intefvention activitiessundertaken.

If the pipe has alengitudinal weld joint quality factor of
less fthan 1.0 (such’as lap-welded pipe, hammer-welded
pipe| and buttwelded pipe) or if the pipeline is composed

pressure cycles has not been a 51gn1f1cant issue for natural
gas pipelines. However, if the pipeline segment operates
with significant pressure fluctuations, seam fatigue shall
be considered by the operator as an additional integrity
threat. GRI Report GRI-04/0178 may be a useful reference
regarding fatigue due to pressure cycling.
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A-5.4 Integrity Assessment

For cast iron pipe, the assessment should include
evaluation as to whether or not the pipe is subject to
land movement or subject to removal of support.

For steel pipe seam concerns, when raising the MAOP of
a pipeline or when raising the operating pressure above
the historical operating pressure (highest pressure
recorded in the past 5 yr), pressure testlng must be
e testing
shall be in accordance w1th ASME B31.8 g at least
1.25 times the MAOP. ASME B31.8 defined how to
conduct tests for both post-construction,and ip-service
pipelines.

A-5.5 Responses and Mitigation

For cast iron pipe, mitigation options include
ment of pipe or stabilizatioh of pipe.

For steel pipe, any(section that fails the pregsure test
must be replaced.

The operatorshall select the appropriate prevention
practices. Forthis threat, the operator should develop
pipe spegifications to be used when ordering pipe that
meets_or ‘exceeds the requirements of ASME BB1.8.

replace-

A-5.6 Other Data

During the inspection activities, the operdtor may
discover other data that should be used when performing
risk assessments for other threats. For examplg, certain
seam types may be more susceptible to accelerated corro-
sion. It is appropriate to use this informatipn when
conducting risk assessments for external or|internal
corrosion.

A-5.7 Assessment Interval

Periodic integrity assessment is not required
to the segment may drive reassessment, such as|uprating
the pipeline’s operating pressure, or changes in ¢perating
conditions, such as significant pressure cycling. Change
management is addressed in section 11.

Changes

A-5.8 Performance Measures

be docu-
the effec-
n of the

The following performance measures shall
mented for the manufacturing threat to establish
tiveness of the program and for confirmatid

(a) number of hydrostatlc test failures caused by
manufacturing defects
(b) number of leaks due to manufacturing defects
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Figure A-6.1-1 Integrity Management Plan, Construction Threat (Pipe Girth Weld, Fabrication Weld, Wrinkle Bend or
Buckle, Stripped Threads/Broken Pipe/Coupling; Simplified Process: Prescriptive)
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A-6 CONSTRUCTION THREAT (PIPE GIRTH WELD, This section outlines the integrity management prdcess

FABRICATION WELD, WRINKLE BEND OR for construction concerns in general, and also covers Jome
BUCKLE;STRIPPED THREADS/BROKEN PIPE/  specific issues. Pipeline incident analysis has identjified
co UPLII:IG) construction among the causes of past incidents.

A-6.1 Scope A-6.2 Gathering, Reviewing, and Integrating Data

The following minimal data sets should be collected for
each segment and reviewed before a risk assessment can
be conducted. These data are collected to support
performing risk assessment and for special considera-
tions, such as identifying severe situations requiring addi-
tional activities.

(a) pipe material

(b) wrinkle bend identification

Section A-6 provides an integrity management plan to
address the threat, and methods of integrity assessment
and mitigation, for construction concerns. Construction is
defined in this context as pipe girth weld, fabrication weld,
wrinkle bend or buckle, stripped threads, broken pipe, or
coupling (see Figure A-6.1-1).
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(c) coupling identification

(d) post-construction coupling reinforcement

(e) welding procedures

(f) post-construction girth weld reinforcement

(g) NDT information on welds

(h) hydrostatic test information

(i) pipe inspection reports (bell hole)

(j) potential for outside forces (see section A-10)

(k) soil properties and depth of cover for wrinkle bends

A-6.5 Responses and Mitigation

The operator shall select the appropriate prevention
practices. For this threat, the operator should develop
excavation protocols to ensure the pipe is not moved
and additional stresses introduced. In addition, the
operator should conduct examinations and evaluations
every time the pipe is exposed. Potential threats
should be mitigated by proactive procedures that

(1] maximum temperature ranges for wrinkle bends

(m) bend radii and degrees of angle change for wrinkle
bends

(n

incl

operating pressure history and expected operation,
ding significant pressure cycling and fatigue

mechanism

Vf}mere the operator is missing data, conservative
assumptions shall be used when performing the risk
assepsment or, alternatively, the segment shall be prior-
itizefl higher.

A-6]3 Criteria and Risk Assessment

Fqr girth welds, a review of the welding procedures and
NDT|information is required to ascertain that the welds
are gdequate.

Fqr fabrication welds, a review of the welding proce-
durgs and NDT information, as well as a review of
forc¢s due to ground settlement or other outside loads,
is required to ascertain that the welds are adequate.

Fdr wrinkle bends and buckles as well as couplings;
reports of visual inspection should be reviewed to ascer-
tain their continued integrity. Potential movement-of the
pipdline may cause additional lateral and/or axial
stregses. Information relative to pipe moyement should
be rpviewed, such as temperature range, bend radius,
degiee of bend, depth of cover, and*soil properties.
Thede are important factors in determining whether or
not pends are being subjected ‘to’ injurious stresses or
strains.

The existence of these\eonstruction-related threats
along does not pose anvintegrity issue. The presence of
thede threats in eohjunction with the potential for
outsfde forces significantly increases the likelihood of
an event. The“data must be integrated and evaluated
to determifte’here these construction characteristics
coexiist with external or outside-force potential.

regwireinspection—trepair-replacement-orreinfo
G P ~FepatFep > rcement

when the need to inspect the pipeline for other mainte-

nance reasons occurs.

A-6.6 Other Data

During the inspection activities, the opergtor may
discover other data that should be used when performing
risk assessments for otherthredts. For example, eviewing
the hydrostatic test information might reveal |previous
failures due to pipe(seam defects. It is appropriate to
use this information’when conducting risk assgssments
for manufacturing‘threats.

A-6.7 Assessment Interval

Periodic assessment is not required. Changps to the
segment or changes in land use may drive reasqessment.
Change management is addressed in section 11.

A-6.8 Performance Measures

be docu-
he effec-

The following performance measures shall
mented for the construction threat to establish
tiveness of the program:

(a) number of leaks or failures due to con
defects

(b) number of girth welds/couplings reipforced/
removed

(c) number of wrinkle bends removed

(d) number of wrinkle bend inspections

(e) number of fabrication welds repaired/removed

truction

A-7 EQUIPMENT THREAT (GASKETS AND
RINGS, CONTROL/RELIEF, SEAL/PU
PACKING)

0-
P

A-7.1 Scope

Section A-7 provides an integrity managemeijt plan to

For construction threats, the inspection should be by
data integration, examination, and evaluation for
threats that are coincident with the potential for
ground movement or outside forces that will impact
the pipe.

55

address the threat, and methods of integrity assessment
and mitigation, for pipeline equipment failure. Equipment
is defined in this context as pipeline facilities other than
pipe and pipe components. Meter/regulator and
compressor stations are typical equipment locations
(see Figure A-7.1-1).

This section outlines the integrity management process
for equipment in general and also covers some specific
issues. Pipeline incident analysis has identified pressure
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