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FOREWORD

The San Bruno event on September 9, 2010 was paradigm shifting for the pipeline industry. This guideline
represents a continuing effort to learn from our mistakes, to learn from outside sources, to share knowledge

and

to improve the pipeline industry in the interest of public safety.

The following individuals are acknowledged for their technical and editorial peer review of this guideline:
David Anderson, Michael Rosenfeld, Marvin Hovis, Joel Brandt, Keith Leewis, David Johnson, Michael
Zerella, and Rick Kivela. In addition, the efforts of Richard Lucas of ASME and Carlton Ramcharran of

ASME ST-LLC are acknowledged for their management of the peer review group, review of the manus
prior to publication, editing and document preparation resulting in the publication of this document. Fin
a spgcial thanks is offered to the pipeline operators who invested in developing processes and te¢hnolo
ovet the past five years that supported the development of this document.
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ABSTRACT

This guideline provides a recommendation and potential guidance to address observed gaps in data and
recordkeeping practices that are currently prescribed in the ASME pipeline standards B31.8, Gas
Transmission and Distribution Piping Systems, B31.8S, Managing System Integrity of Gas Pipelines, and
B31.4, Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids. The authors reviewed
pipeline industry standards and standards from other industries to identify potential best practices and
lessons learned.

nee
re-c

to npanage and maintain the systems effectively. This guideline endeavors to summarize guidance th

pipg
stan

It is

In Tactice, once operators have established upgraded data and recordkeeping systems, the systems

to be managed and maintained, or else there would be risk of repeating old mistakes, and the nee
Feate the system from the ground up. A records maintenance team and controlled processes are tequ

line operator could use to enhance a data and recordkeeping structure in accordance with mo
dards.

calcplations and risk assessments. The authors of this guideline recommend &practice of maintaining di

sou
Syst|
proy

Gui
rese
mis

Gui
qua
then
dev
prod
be 4

Dat.
the

docyimenting measurefents as part of field, survey, and testing activities. These new observations

mea
ong
ncr|

mal]i: auditable, repeatable, and trustworthy decisions such as those néeded for fitness-for-ser

recommended that each operator maintain a chief source of pipeline systémivinformation, so he

ce records directly linked to specific pipeline components within an Gperator’s geographic informa
em (GIS) (i.e., a pipeline information database). This recommendation is based on a philosoph
iding the operator’s decision makers easier access to the source'records.

Jance is provided on bounding likely values to address data gaps through research. The purpose o
arch is to gather information that allows the team to.as$ign conservative, realistic ranges of value
ing parameters.

ance is provided to develop a quality and rehability process for pipeline system data. If the exis
ity and reliability determination process is:found unacceptable or it is found that one does not e
a new process must be created. A teain should be assembled to research information to accurg
blop a quality and reliability determination process. If the existing quality and reliability determing
ess is found to be acceptable, then it should be communicated to relevant personnel. This process
dopted and will be used to vetify the pipeline information database.

W collection, as it pertains to’information about a pipeline system, has always occurred continuous
pipeline industry. Operators and their contractors are constantly recording observations

surements in effeet create new source records with respect to the pipeline information database
hing data cell¢etion process is described to maximize the utility of this data towards filling g
basing confidence, and maintaining the database into the future.

will
d to
ired
at a
lern

can
vice
bital
tion
y of

F the
for

ting
Kist,
tely
tion
S to

y in
and
and
An

aps,

vi


https://asmenormdoc.com/api2/?name=ASME PTB-12 2017.pdf

PTB-12-2017: Guidelines for Addressing Data Gaps and Recordkeeping for ASME B31.4, B31.8 and B31.8s for
Pipeline Integrity Management

ABBREVIATIONS AND ACRONYMS

Acronym / Abbreviation Meaning
ADB Advisory Bulletin
AGA American Gas Association
ANSI American National Standards Institute
API American Petroleum Institute
ASME American Society of Mechanical Engineers
APDM ArcGIS Pipeline Data Model
CFR U.S. Code of Federal Regulations
DOT U. S. Department of Transportation
DPI Dots per inch
FAQ Frequently Asked Questions
FDA U.S. Food and Drug Administration
GIS Geographic Information System
GPS Global Positioning System
HCA High Consequence Area
IMP Integrity Management Program
ISO International Organization for Standardization
MAOP Maximum Allowable Operating Pressure
MOC Management 0f Change
MOP Maximum ©Operating Pressure
NACE NACE.International
(formerly) National Association of Corrosion Engineers
NPMS National Pipelines Mapping System
NTSB U.S. National Transportation Safety Board
Oo&M Operations and Maintenance
PDF Portable Document Format
PHMSA U.S. Pipeline and Hazardous Materials Safety Administration
PODS Pipeline Open Data Standard
PPI Pixels per Inch
PRCI Pipeline Research Council International
QA/QE QualityrAssuranee-Quality-Control
SCADA Supervisory Control and Data Acquisition
SME Subject Matter Expert
SMYS Specified Minimum Yield Strength

UPDM Utility and Pipeline Data Model

vil
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DEFINITIONS

Access: right, opportunity, means of finding, using, or retrieving information

Bayesian Network: graphic statistical model that represents probabilistic relationships between
variables. This type of analytic process can model the probabilities of cause and effect relationships in
order to make predictions based on known distributions and values (see Appendix A).
Company segment: A natural division within a company that may drive a separate document
structure, such as a legacy acquisition, or geographic region (e.g., “southwest district”) where a
unique document organization may exist.

Complete record: a record that is “finalized by a signature, data, or other appropriate marking.”
Conversion: process of changing records from one format to another.

Data Gap: missing information.

Data mining: the practice of searching through large amounts of information, to locate specific dafa or
identify useful trends.

[Database: a large collection of data organized for quick access and retrievability.

Database Owner: a person responsible for managing and maintaining the(data within the Pipeline
Database for the relevant section of pipe.

Decision Maker: The staff and stakeholders whose decisions require‘the information from the
Pipeline Database, which may include critical operations decisions (e.g., pressure reductions and
fitness-for-service analysis). Examples of Decision Makers.in¢lude company management, integrify
engineers, and risk engineers.

Destruction: process of eliminating or deleting a record;’beyond any possible reconstruction.
Disposition: range of processes associated with implementing records retention, destruction, or
transfer decisions which are documented in disposition authorities or other instruments.
Flowchart: a graphical representation of a process.

Media: the physical form of the documentation such as paper, or electronic.

Metadata for records: structured informadtion which enables the indexing, sorting, retrieval, and usp of
records.

Metric: a standard of measurement by which quality, performance, or progress may be measured.
Microfiche: a flat piece offilm containing microphotographs of the pages of a newspaper, catalog| or
other document. [1]
Microfilm: a length-of film containing microphotographs of a newspaper, catalog, or other document.
[1]

Other Commumications (pertaining to regulatory requirements): U.S. Pipeline and Hazardous
Materials.Safety Administration (PHMSA) Emails, Letters, Advisory Bulletins, and FAQs.
Pipelinednformation Database: an organized collection of data specific to the needs and decisions|of
thepipeline company.

gcord(s): Recorded information or data on a particular subject, collected and preserved to

demonstrate compliance with a rule or process requirement. [2]

Records Librarian: a person who is familiar with the hard copy records pertaining to the data that are
or will be used to populate the Pipeline Database.

Records management: field of management responsible for the efficient and systematic control of the
creation, receipt, maintenance, use, and disposition of records, including processes for capturing and
maintaining evidence of, and information about, activities in the form of records.

viii
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24 Records system: information system which captures, manages, and provides access to records over
time.

25 Researcher: a person who is available to conduct the necessary research into the background
information related to the desired information.

26 Schema: logical plan showing the relationships between metadata elements, normally through

establishing rules for the use and management of metadata specifically as regards the semantics, the

syntax, and the optionality (obligation level) of values. [3]

DA -
pO AL [ U viSUIY LU Ul dlilu Udtid avu U

27
28
29

9

Source Records: a record that is original for the data included within.
Subject Matter Expert (SME): An individual recognized as having a special skill or specialized
knowledge of a process in a particular field, or of a piece of equipment. [4] Types of SMEs includ|

(€]

welding and materials experts, pipeline construction project experts, legacy acquired)company
experts, etc.

30 [Traceable record: a record that can clearly be linked to original information about a pipeline segment
or facility.

31 [Useable: (pertaining to records) a record/data that is accessible to the Deeision Maker within a
reasonable time period. [5]

32 |Verifiable record: a record that contains information that can be-<¢onfirmed by other complementary,
but separate, documentation.”

X
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1 PURPOSE AND USE

This guideline provides a recommendation and potential guidance to address observed gaps in data and
recordkeeping practices that are currently prescribed in the ASME pipeline standards B31.8, B31.8S, and
B31.4. The authors reviewed pipeline industry standards and standards from other industries to identify
potential best practices and lessons learned. The industry needs a go-forward approach that will manage
new records and data in a way that will maximize the utility of available records wherever practical, and
improve upon record keeping practices for the future to take advantage of modern technology and lessons
learped-

In practice, once operators have established upgraded data and recordkeeping systems, the systems [will
need to be managed and maintained, or else there would be risk of repeating old mistakes and the neqd to
re-cfeate the system from the ground up. A records maintenance team and controlled processes are required
to rhanage and maintain the systems effectively. This guideline summarizes guidanee that a pipgline
opetator could use to enhance a data and recordkeeping structure in accordance withiinodern standards.

1.1 Background of Data and Recordkeeping in the Pipeline' Industry

The|pipeline industry’s data and recordkeeping systems are a product of(the industry’s historical practices.
In grder to identify ways in which ASME codes and standards can{provide guidance to industry, it is
impprtant to first understand historic pipeline record keeping practi¢es and to understand how the indus{ry’s
infrastructure and regulatory history steered the records to theitcurrent state.

1.111 United States

In the United States (U.S.), over one half of the transmission pipeline network in the country was instglled
priof to 1970 (and prior to any federal pipeline safety’regulations with records requirements). Figure 1F1-1
shoys gas transmission pipeline installation actiyity by decade, which peaked in the 1950s (22.31%)|and
the 1960s (23.44%). [6]

Figure 1-1: Gas Transmission Lines by Decade of Instaliment

. 23.44%
25% $22.31% ’
20%
©
9
T 15%
(%]
< 10.53% 10.15% | | 9.96%
(%] 0,
109 8.47%
é 0% 7.10% -
S5 | | 4-04% I 4.01%
o M ]
Pre1940 1940-  1950-  1960-  1970-  1980-  1990-  2000-  2010-
or 1949 1959 1969 1979 1989 1999 2009 2019

Unknown

Decade Installed

Prior to the first U.S. pipeline regulations in late 1960s, the industry’s only record keeping requirements
were provided by industry standards. Rosenfeld and Gailing summarized the situation well, “It would be
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reasonable to expect that a variety of documents related to the design and construction of a pipeline facility
be retained long-term. However, retention of technical documents was not addressed by the engineering
standards of the day. It was generally thought that a copy of the specifications under which the pipeline was
built (and supplemented by commercial documents, e.g. contracts and purchase orders) would generally be
adequate to provide evidence of the work that was done.” [7]

The authors have made similar observations during their professional experiences with records review and
management. There are occasions where operators have stored what are now recognized to be highly

1 L1 | L. hichkl 1+l d L 15 1 t
valyaore TOCOTUST UUL 1L TSTITEOTY  CHTOSTUAT tIIaT tITy otul\,u CIICTIT uJ 111\4\4[, arry-SpUoCTITIc 1»5u1atu1_y 1\,\.1uu\.u en

Whe¢n highly valuable documents are discovered (particularly for pipe that was constructed prior to
regylation and/or pipe that was acquired), they are frequently met with pleasant surprise.

In 1938, American Standards Association ASA B31.1 first required that records be Kept on wdlder
qualifications and their identifying marks. Subsequent revisions expanded welder related record keepjing.
In 1955, B31.1.8 (which eventually became B31.8) first recommended basic risk based design condepts
with 4 location class factors. It required the pipeline operator, or contractor, to maintain records relatdd to
weldlers and pressure testing. The standard was the first to recommend operationsiand maintenance recprds
mentioning external and internal corrosion related to leaks and repairs, and“inspection reports. A |ater
revipion in 1968 required recordkeeping related to corrosion inspection and leak investigation.

The| federal pipeline regulations were passed in the 1960s with<the first federal laws effecting lifuid
pipglines and the Natural Gas Pipeline Safety Act of 1968. Conctrrent to these shifts in pipeline recprds
reqyirements and expansion of the U.S. pipeline infrastructure indicated above was large amounts of
popplation growth over the past 50-60 years. Pipelines had:to be re-routed to accommodate the additipnal
infrastructure (e.g., highways, waterlines) in congested ateas, which created more records and/or additipnal
pipgline system materials to track.

The|Natural Gas Integrity Management Rule 49, CFR Part 193 Subpart O was introduced in 2003, three
yeats after a similar rule for liquid pipelines (49°CFR Part 195). Following the integrity management riiles,
opetators were more frequently audited, swhich required them to focus more on material properties as|part
of risk modeling and fitness-for-service.ahalysis. The gas (and, similarly, the liquid) integrity managerent
(IM) rule specified how pipeline operators must identify, prioritize, assess, evaluate, repair, and validate
the Integrity of gas (or liquid) tranismission pipelines that could, in the event of a leak or failure, affect Hligh
Consequence Areas (HCAs) within the U.S. The IM rules required large improvement in HCA-related
recdrd keeping for most operators in the U.S. [8]

Thelindustry heightened-its focus on data and recordkeeping following the San Bruno failure in 2010, when
the [U.S. NationalFransportation Safety Board (NTSB) included in its findings that the pipe had been
incdrrectly listed as “seamless.” The first records quality criteria in the U.S. were provided in 2011, fvith
PHMSA’s issuance of Advisory Bulletin (ADB) ADB-11-01 [15], which made operators aware |that
opefational\décisions should be based on documents that are “traceable, verifiable, and complete” (PHMSA
proy 1ded deﬁnrtlons for the terms approxrrnately 16 months later i in ADB 12- 06) [16] Many operators had
to sat 2 > : > S d-historic
records It was found that many records partlcularly pre- regulatlon were not retalned as there were no
requirements to keep them on file. Economic shifts have caused mergers and acquisitions (creating
situations where the records may not have been transferred from one operator to the next). There are many
other reasons for loss of records, including lack of retention of hardcopy after poor quality archiving to

! The requirement to review system records and verify MAOP was made into law by the U.S. Congress when the Pipeline Safety, Regulatory
Certainty, and Job Creation Act of 2011 was passed on January 3, 2012. [17]
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microfilm or digitization. Disasters such as a fire or flood, or clerical mishandling” have also destroyed
invaluable records that are costly to reproduce. Operators of these pipelines have been placed in a difficult
situation.

1.1.2 CSA 2662

Canadian Standard Association (CSA) standard Z662-15 provides a more flexible view of historical records
with its requirements: “The format and level of detail associated with the material records specified in
Clause 5.7 is not defined and is therefore at the discretion of the company. Although detailed
docymentation, such as mill test reports, often provide useful historical data for future reference (e«g.| for
englneering assessments pertaining to failure investigations or development of in-service. 'welfling
prodedures), it is not mandatory that such detailed documentation be retained as part of the permahent
recdrd. It is the intent that basic material data, such as material standards, specifications, grades,|and
dimpnsions, at a minimum, be included in the permanent records.”

While the requirements of CSA Z662-15 may be a bit more flexible with respect to management of the|pre-
regylation era records, it allows operators to discard source records and doesn’t reqliite operators to mamage
theif data with any type of reliability or quality criteria.

1.13 AS 2885

The|Australian Standard 2885 series of standards (AS 2885.0 through *AS 2885.5) [9][10][11][12][13][14]
incliide some extensive lists of specific records requirements. ‘Eor example, AS 2885.5 — 2012 (Hield
Pregsure Testing) [14] contains approximately fifty specific and itemized reporting requirements for ¢ach
test|It also provides an example of an acceptable format for.a pressure test “certificate” that serves to reford
the fequired information.

The| AS 2885 standards also require a Records Mamniagement Plan, and AS 2885.1 — 2012 (Design|and
Conjstruction) [10] states “all pressure-containing materials installed on a pipeline system shall be tracepble
to the purchase documentation, the manufacturing Standard, the testing standard, and to inspection|and
accgptance documents. The pipeline Licen§ee shall maintain the records until the pipeline is abandondd or
rempved.”

The| Australian Design and Copnstruction standard (AS 2885.1 — 2012) makes recommendations apout
digifization of records, as follows: “Electronic records that can be accessed by common text, databage or
spreadsheet programs are preferred. Where documents are only available on paper, they should be scafgned
into| an appropriate formiat)” And the standard requires the following link between materials and sopirce
recqrds: “The identity.of all materials shall be recorded and this identity shall include reference to the] test
certlficates and/ordnspection reports.”

1.144 International

The| Intethational Organization for Standardization (ISO) standard 13623 [18] prescribes generally |that
“regords-shall be kept and maintained throughout (the pipeline’s) lifetime to demonstrate compliance with
the tequirenents of this Tmtermationat stamdard ™ amnd mctudes briet statements that Tequire:
e Leak detection surveys.
e Records to demonstrate the system is “operated and maintained in accordance” to operations and
maintenance and integrity plans and they are “effective.”
e Pre-commissioning and commissioning records.

2 “An anecdote reported to [Rosenfeld and Gailing] was an occasion where a clerical worker, instructed to photocopy hydrostatic test records, first
separated the pressure charts from the test report forms which had been stapled together into separate piles, irreversibly breaking the link between
pressure records and test segments.” [7]
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e Pressure test records, with specific itemized requirements including testing procedure, instrument
calibrations, test charts, explanation and disposition of pressure discontinuities, etc.

o For construction records, it specifies some general document types. It prescribes a specific
requirement that these documents should be made “permanent in reproducible and retrievable
form,” which seems to imply they should be available upon demand if someone needs them for an
audit or analysis.

While the ISO standards are a bit more specific in some areas (e.g., pre-commissioning/commissioning),
and ffess—specific T others (e g operations and mmaimterarnce ), the stamdard does t provide e tecprds
marjagement guidance except for the last bullet related to construction records. The ISO stanflard
recqgnized a specific need to continuously have access to the construction records. This imprevement in
pradtice of providing more access to records is also recognized by the nuclear industry in thenext sectjon.

NACE International (NACE) standard SP0113-2013 “Pipeline Integrity Method Selection” [19] proviides
an dverview of available assessment methods and selection guidance to choose an@ppropriate methgd to
assess the integrity of liquid or gas pipelines for external corrosion, internal cortosion, and SCC threats.
Thig standard is primarily focused on records collection and prescribes,very little (if any) recprds
marjagement. It does not prescribe or require any records from the selection-process to be stored in|any
spedific manner or for any specific amount of time. The NACE standdrd’ describes selecting a seq¢ond
assgssment based on information from the first but doesn’t describe how to store the information in betwgen.

The|reason the NACE document doesn’t prescribe record keeping practices is because it is intended to
conlplement a robust integrity management and operations and.maintenance program, which should conjtain
recdrdkeeping requirements. The NACE document provides technical guidance, but it may not be able to
servie its purpose without adequate recordkeeping guidance provided by another standard.

1.1/5 Recent Improvements

The|industry will need a go-forward approach that will manage new records and data in a way that|will
maximize the utility of available records as-tiuch as practical, and improve upon record keeping practices
for the future, to take advantage of modern‘technology and lessons learned.

Modern records management programs have been presented at various U.S. pipeline operator conferences
and|forums frequently since areund 2012. Operators in the U.S. have taken action in response tq the
NT$B’s, PHMSA'’s, and U-S.-Congressional recommendations and rules. Presenters across the indystry
hav¢ valued peer review(of their data and records management review programs. Common themes of the
revipw programs include organizing and searching source records, creating a document ranking sysfem,
and [creating a cross-teference between the source records and the verified pipeline system materials djta.

Sonpe operatorsshave found that digitization has allowed them to create a system that is more sustainfble
and [allowsumere of the operators’ employees to access data and recordkeeping system, which is percejved
as ah increase in value on the investment. Specific examples include operators that have digitally captpred
or transferred source records into a records management system, which allows the operator to initjally
conduct research efficiently, but ultimately links source records to GIS. The GIS system provides an
interface with the pipeline records system that allows access for a much wider set of employees. These GIS-
based systems can provide more accessibility than most traditional analogue systems (e.g.., like maps, or
alignment sheets) because they can often be navigated more quickly and intuitively and on a system-wide
scale. They can also provide more accessibility than a spreadsheet based cross-reference between source
records and verified data because of the barriers to understanding the spreadsheet cross-reference.
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Once established, operators have understood these upgraded data and recordkeeping systems will need to
be managed and maintained, or else there would be need to re-create the system from the ground up. A
records maintenance team and controlled processes are required to manage and maintain the systems
effectively.

This guideline endeavors to summarize guidance that a pipeline operator could use to enhance a data and
recordkeeping structure in accordance with modern standards.

1.2 ies
Comparisons of the general data and recordkeeping practices of the pipeline industry to other indusjries
hav¢ highlighted some key observations. The pipeline industry has the following unique combination of
chafacteristics that create challenges for data and recordkeeping. In the U.S., the pipeline infrastructurg is:
By majority more than 50 years old.

Materials dependent (i.e. subject to degradation mechanisms like corrosion and.cracking).
Typically buried underground (and can’t be readily seen or inspected).

Vastly spread out geographically, and

Highly critical to society’s safety, environmental, and infrastructure (e.g., energy, econgmy)
requirements.

The|other industries reviewed for this guideline exhibit some of th&\same characteristics, but the authors
couldn’t identify an industry which exhibited all of these samie characteristics. The authors reviewed
pradtices within the following industries to evaluate how the recordkeeping practices might be transfarred
to the pipeline industry.

1.2]1 Maedical Industry

Recprdkeeping practices were reviewed for the implanted medical device sector of the medical indujtry.
Thig part of the medical industry shares the following characteristics with the pipeline industry:
E Critical to safety;

Can’t be readily seen or inspected(once installed); and are
Materials dependent.

Trag¢king requirements and praectices are quite rigid within the U.S. Code of Federal Regulations (CFR) for
implanted medical devices. Specifically, the medical industry requires a unique device number assigngd to
all medical devices implanted within patients, so the manufacturer can retrieve manuals, install dates,|etc.
for any of its devices for the U.S. Food and Drug Administration (FDA) within ten days of any reqfiest.
[20]

Thig level of tracking is beyond what is required for most of the pipeline industry. For example, the marking
and [naming\fequirement is similar to what is required for valves [21] (where a unique id, nameplate,|and
body markings are required), but the requirements for how the information will be tracked after the vplve
is installed is currently very general.

The pipeline industry could benefit from a practice of uniquely tracking each component that is installed
(although it would be tedious) and storing the information in a retrievable manner. This practice is more
realistic as a future goal, since it may not be practical to retroactively obtain this level of detail from project
records (i.e., from past or current projects).
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2 Nuclear Industry

Recordkeeping practices were also reviewed for the nuclear industry. The nuclear industry shares the
following characteristics with the pipeline industry:

e Can’t be readily seen or inspected (once installed);
e Materials dependent; and

e Highly critical to society’s safety, environmental, and infrastructure (e.g., energy, economy)

requirements.

The| nuclear industry in general was reviewed with respect to the recordkeeping requiremernits
comjparison with the pipeline industry. There were a number of key findings during this review. The nhud

indystry has a substantial number of robust practices related to data and recordkeeping requiremg

Quallity Assurance Requirements for Nuclear Facility Applications [22] prescribes requirements for:
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Identification of traceability of items;
Authentication of records;

Receipt control of records; and
Maintenance of records.

e of the requirements, like “Identification of traceability of items,” specify that a heat number ma|
prmed (e.g., within documentation).

hentication of records” serves to set the expectations, of~a source record (i.e., an “authentic
ce”’). For example, “Documents shall be considered valid'records only if stamped, initialed, or sig
dated by authorized personnel or otherwise authenticated. Corrections to documents shall be reviej

approved by the responsible individual from the originating or authorized organization.”
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pipeline industry and subjected it to.similar criteria on a project-to-project basis. Although
ators have procedures, and forms thatirequire signatures, dates, etc., the first requirement for all rec
ve such markings was PHMSA¢s advisory bulletin ADB-11-01 [15], which required pipeline oper3
hve “‘complete” records to verify their operating pressures.

Nuclear Standard section on “receipt control of records” designates a role for receiving records,
responsibility and .organizing them in both temporary and permanent storage. A requirement
cated records per§onnel is one that many pipeline operators have begun to realize is needed. Operg
b developed te€ams to “review” records initially, and they have maintained the teams as perma
rds management fixtures once the initial review is complete.

“mainteriance of records” has requirements about accessibility, management of change, and ver
rol ‘ofirecords, but it doesn’t go into detail about how this will be completed.
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In the ASME Boiler and Pressure Vessel Code Section III Division 3 (BPVC-III-D3) “Containments for
Transportation & Storage of Spent Nuclear Fuel & High Level Radioactive Material & Waste,” [23] there
are also requirements that the pipeline industry could potentially learn from.

This standard also provides itemized tables of lifetime quality assurance records and nonpermanent quality
assurance records, which are as follows in Figure 1-2.
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Figure 1-2: Prescriptive Quality Assurance Records Requirements
from BPVC-III-D3

Table WA-4134.17-1
Lifetime Quality Assurance Records

Record Record
11 Index to lifetime records (NCA-4134.17) 9. Final nondestructive examination reports
v Code Data Reports [WA-B8400) 10. Repair records when required by Code (Artide WB-4000,
3. Desipn Specification [WA-3300) Article WC-40007
4, Design Documents [WA-3300) 11 Weld procedures
5 As-built drawings [WA-3300] 12 Audit and survey reports (NCA-4134.18]
6. Certified Material Test Reports (CMTR) and documentation |13, Process sheets, travelers, or checldists
providing traceability to loction used, if required 14. Joint-welder identification records when such records are
[WB-4100, WC-4100] used in lieu of physical marking of welds (WB-4300,
7. Heat treatment records [Note [1]] WC-4300)
8. Final hydrostatic and pneumatic test results (Article 15. Fabrication Specification [WA-3300)
WEB-6000, Article WC-6000] 16. Casting Plan [WB-2126, WC-2126]

GENERAL NOTE: Nonconformance reports that affect those records listed shall be incorporated into thepecoed or be retained with
the records.

NOTE:
(1) Either heat treatment charts or certified summaries of time and temperature data may be prgpided. These data may be included
as part of the CMTR.

Table WA-4134.17-2
Nonpermanent Quality Assurance‘Records

Record Retention Period
1. QA Program Manual 3 yoalter superseded or invalidated
2. Design procurement and QA procedures 3%Outter superseded or invalidated
(NCA-4134.5)
3. NDE procedures (WB-5112, WC-5112) 10 yr after superseded or invalidated
4. Personnel qualification records [WB-5520, 3 yr after superseded or invalidated
WC-5520 and WB-4322, WC-4322)
5. Purchase orders 10 yr after superseded or invalidated
6. Final radiographs not covered in Tabl€ 10 yr after completion
WA-4134.17-1
7. Calibration records [NCA-4134. 12 Until recalibrated

GENERAL NOTE: Nonconformiance reports that affect those records listed and are not incorporated into
the record shall be retalped for the retention period applicable to the record the nonconformance report
affects.

The
nuc
unif]

exaiples from BPVC-III-D3 that show a higher level of normalization from the nuclear industry, suc
ifications for nameplates, which are required to match a specified form-type for “each containment or
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se tables show the exact document set that is required to be available for each nuclear facility.
ear industry’s/requirements for records appear far more normalized (i.e., have an effective minin
brm dataset(that everyone should meet) than the requirements of the pipeline industry. There are d

to which a Certification Mark is applied.”
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There are also examples of a higher standard of normalized documentation in the ASME BPVC-XI “Rules
for In-service Inspection of Nuclear Power Plant Components.” This standard provides standard forms for
repair/replacement activities that include bill of material tables, which are required to be completed by the
individuals that carry out the repair activities. The following figure, Figure 1-3, shows a direct capture of a

port

ion of Report of Contracted Repair/Replacement Activity.

Figure 1-3: Partial Standard Repair/Replacement Form from BPVC-XI
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L Items Affected by the Contracted Repair/Replacement Activities
Description Itermn Identification No. Mame of Manufacturer's
of Item Assigned by Owner Manufacturer Maodel/Sarial No.
(a)
Ib) G] ) @ =)
{ch
(d)
el
{f
(0
(h
(i)
(j)
6. Items Installed During Contracted Repair/Replacement Activities
Identification Construction Codbe Tor Fabrication of installied ltem
Description of MName of Manufacturer's Const Code/ | Edition/ | Code Cod nstalled into
Item installed Manufacturer | Model/Serial No. and Sect/Div. Addends | Casss El3es* | (Line No. from Section B
Unigue Traceability Mo.
® @ ® @ @ | ® ®

It miay not be practical to expect a single list ofidocument types to cover all required information about all
typds of systems, materials, and components that could populate a pipeline system during its lifetimle. It
also|may not be practical to require a spgcific “form-type” of nameplate be attached to all pipe compongnts,
or alstandard form to fit all pipeline repair/replacement activities, provided how much flexibility is reqyired
to handle the unique challenges within the pipeline industry. It does make sense, however, for the pip¢line
indystry to move toward betternermalization with improved and specific minimum data requirements{and
formats.

The|nuclear standard\BPVC-XI specifically requires a “records index” in the Quality Assurance Recprds
sectjon. The requirenient states that “The records shall be indexed. The records and the indices thereto ghall
be accessible toythe Owner, Owner’s designee, and Authorized Nuclear Inspector.” This typ¢ of
accgssibilityallows for more effective decision making because the Decision Maker has access to the reford
itsellf and not4ust a transcribed version, like an alignment sheet. When a decision (i.e., fitness-for-service
analysisZer maximum allowable operating pressure (MAOP) determination) is made based on original
congtruction documents, the Decision Maker can observe first-hand any items within the documents |that
could impact the specific decision, like the type of test that was performed or instrument used. In contrast,
when the information is transcribed onto an alignment sheet, the ability to scrutinize the source is taken
away from the Decision Maker.

Computer networking and software developments of the past one to two decades have provided the pipeline
industry with an opportunity to change the philosophy of what is feasible from an accessibility standpoint
for records. Twenty years ago, it wouldn’t have been possible to provide source records digitally and
instantaneously throughout an organization. In the past few years, pipeline operators have used the records-
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review initiative, following the San Bruno failure, to index their records thoroughly with document
management systems and are using GIS to interface with records for specific pipeline component(s). This
document management index provides them with an easier and more efficient document review, and the
GIS interface provides the operator and the operator’s designees (i.e., the Decision Makers) more efficient
on-going access to the pipeline system data and records.

1.3 Recommendations

Practices from industries, such as the automotive, airline/aerospace, and food processing industries, were
also|reviewed, but the pipeline industry’s unique set of characteristics made direct comparisons challenging.
For [example, the airline industry is highly critical to safety and is materials dependent, but all\of the
components of an airplane can be removed and/or inspected from a single hanger and without the nedd to
excgvate. This makes the data and recordkeeping needs fundamentally different from pipelines, whiclj are
hidden from view across a widespread geographic area and must be excavated to be inspected.

Lesgons learned from studying international pipeline standards in Section 1.1, Background of Dataland
Recprdkeeping in the Pipeline Industry, and from other industries reviewed in Section 1.2 have pointdd to
the following improvements that can potentially be made in the near term and-onger term, including:
1. Normalize the data and record types that should be maintained.
a. The authors propose a legacy normalization process that utilizes a common reliabjility
ranking system (or document hierarchy; See Section.5).
b. The authors propose a go-forward normalizatien ‘approach of common minimum [ata
forms and report templates like those found inithe’ ASME BPVC standards for the nuglear
industry.
D. Formally dedicate resources specifically to recordkeeping roles and responsibilities.
3. Provide more accessibility of the data and records to company deputies.

Thegpe lessons are likely to be a continuous improvement effort, as opposed to a one-time fix, but the|text
in the remainder of this guideline is provided as'guidance to help the industry take the next steps to address
thesg lessons learned.

The|ISO standard 15489-1 would suggest the actions taken to make records more “useable” ensures “a juser
has fhe ability to access the necessaty data within a reasonable time period.” [24]

1.4 Recommendatjons for Revisions to ASME B31.4, B31.8, B31.8S, and Future
Work

“Pripr to pipeline regulations and modern evolutions of the ASME Code, there were no mandated leve|s of
datd quality, which-suggests that the prevailing levels of quality in present data as a result of histofical
pradtices are nelonger viewed by the public or regulators as adequate. Data quality requirements set florth
by the Codetoday are overly general and are inadequate for the future. The issue then is what can AYME
do tp enable*an operator to evaluate and assure data quality?” [25] ASME B31.4, B31.8, and B31.8S yere
revipwed-for potential locations for revision based on the recommendations and lessons learned descrjbed

o 21 caatiang
ln p VVIUUS SVUULUIVUIILIOS.

Current Revision Recommendations

Two locations in ASME-B31.8S show direct relevance, above others, to the lessons learned of the previous
section. Paragraphs 4.3 Data Sources, and 4.4 Data Collection Review and Analysis each describe system-
wide research efforts to collect and evaluate pipeline system data. Section 4.4 recommends “A plan for
collecting, reviewing, and analyzing the data shall be created and in place from the conception of the data
collection effort.” ASME-B31.8S has provided specific guidance based on proven industry experience
collecting, reviewing, and analyzing data (and rating it for reliability). It also provides specific guidance on
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how the data should be stored and made accessible to company Decision Makers, how they should be cross-
checked and updated, and how the team in charge of maintaining this pipeline system information database
should be structured.

The contents in Sections 2 through 6 and Appendices A, B, and C of this guideline have more current data
collection and recordkeeping guidance than what is currently in ASME B31.8S Sections 4.3 and 4.4. The
plan consists of the following (by guideline section):
e Section 2 - An overview of the program with roles and responsibilities.
p——Stctiom 3=Adescription to structure the pipetine formmatiomr database to OptiTiZe acTess to soprce
records.
I: Section 4 - A process to determine likely boundaries for unknown values.
Section 5 - A process to determine quality and reliability of data based on attributes of the soprce
records.
I: Section 6 - A process for on-going data collection and management of the recérds database.
Appendices A, B, and C to support the main text.

The| most relevant location for this guidance would be as a supplementary appendix to these sections in
ASME B31.8S. Sections 4.3 and 4.4, which would remain in-full and a réference to the supplementary
app¢ndix could be added as the “recommended guidance to develop a plan for collecting, reviewing,|and
analyzing data.”

Futpire Revision Recommendations
The|guidance within this document is a product of the authors>and industry’s experience over the last half-
decgde and was developed for MAOP verification. The focus of these efforts was typically on construdtion
and| maintenance records, which included pressure tests and material installation records. While| the
guidance in this document has been tested thoroughly for pipeline system materials and pressure|test
recqrds, it has not been tested for some other types\of data that ASME B31.8S Sections 4.3 and 4.4 reduire
(e.gl, SCADA, soil resistivity/moisture levels,‘one-calls). It is the authors’ hope that the guidance|and
philpsophies regarding accessibility and dedicated recordkeeping resources contained in this guidgline
could extend beyond materials and be adjusted to apply more effectively to other data types as future work.

Durjng the review, there were many locations where records requirements were “overly general|” as
desdribed above. A prime example follows, where the requirement is clearly adamant about the importiance
of detail, but provides no guidance on what details are needed or how they should be stored or tracked:
“Refords shall be made covering all leaks discovered and repairs made. All pipeline breaks shall be repdrted
in dgtail.” [26] Providifigya form with minimum data requirements could provide operators with a valupble
infopmation gathering:tool (particularly smaller operators who may not have the resources to call ypon
SMEs for each oecurrence).

Megting th¢'spirit of the normalization standard set by the ASME-BPVC standards for the nuclear indystry
would require many specialized forms and report templates with minimum data requirements. Providihg a
recdnimendation on how to normalize each type of data needed for operations and maintenance |and
integfity and risk management practices in ASME B31.4, B31.8, and B31.8S is not possiblc within the
scope of this guideline. Multiple subject matter experts will likely be needed to meet the normalization
requirements consistent with the level of the ASME BPVC standards for the nuclear industry.

The remaining notable paragraphs from ASME B31.4, B31.8, and B31.8S that are candidates for
normalization were itemized into tables shown in Appendix D.

10
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2 PROGRAM OVERVIEW AND TYPICAL ROLES AND RESPONSIBILITIES

An operator who is interested in upgrading or maintaining a modern data and records management system
as described in this guideline should include personnel and resources to fill the roles and responsibilities
indicated below. These roles and responsibilities are referenced throughout the processes described within
this guideline. The following roles® will need to be delegated to the appropriate personnel upon starting this

process:

Table 2-1: Roles and Responsibilities

Racnnncihilitv ‘
At ittt 4

Evamnlas Titla

Reviews new records/information and compares them to the database.
Carries out the MOC praocess listed within this guideline and is responsible
for resolving data discrepancies.

Dafabase Must be responsible for managing and maintaining the data within the e  Pipeline Integrify
Owner Pipeline Database for the relevant section of pipe. Managey,
e  Pipelide)Integrify
Engineer
e Risk Engineer
Regords Collection, storage, organization, and manipulation of data and/or e  Pipeline Integrify
Librarian documents (a data mining expert). Must be familiar with the hard copy Engineer
records and “soft” data that is (or will be) used to populate the Pipeline e  Risk Engineer
Database. Must provide technical support to the Research teams~about e  Administrator
source records, their locations and formats. e GIS specialist
Suljject Matter | Provides extensive knowledge about the relevant integrity’ practices, e  Pipeline Integrify
Expert (SME) pipeline construction and procurement, materials, company knowledge, etc. Engineer
Typically provides technical support about this knowledge to others in the e  Procurement
company. personnel
Regords Oversees teams of Researchers and Data Miners and performs quality e  Pipeline Integrify
Engineer assurance (including process controls and-design) and quality control on Engineer
their work. e  Risk Engineer
Regearcher/ Conducts the necessary research into the background information related to e  Pipeline Integrify
Data Miner records gaps or document reliability. Must be familiar with industry Engineer
standards, compliance and regulator communications, and/or company . Documents and
information and documentation: Records

Management T¢g
GIS specialist

Deg¢ision Maker | Makes decision§ that require the information from the Pipeline Database, e  Company
which may jinclude critical operations decisions (e.g., pressure reductions management
and fitness=for<service analysis). e  Pipeline Integrify
Engineer
e  Risk engineers
Company Ensures compliance of the pipeline system, which includes the records and e VP of Engineering
Mahagement data management. Responsible for ensuring others on this list have the e  Compliance
resources necessary to carry out their roles and responsibilities. Manager
e  Pipeline Integrify
Manager

? Depending on the size of the operator and the number of records to maintain, it may be appropriate for
some individuals to fill multiple roles.
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3 COMPANY PIPELINE INFORMATION DATABASE

It is recommended that each operator maintain a chief source of pipeline system information, so they can
make auditable, repeatable, and trustworthy decisions such as those needed for fitness-for-service
calculations and risk assessments. The authors of this guideline recommend a practice of maintaining digital
source records directly linked to specific pipeline components within an operator’s GIS. This
recommendation is based on a philosophy of providing the operator’s Decision Makers easier access to the
source records.

Thi§ system might not fit every operator’s system. There may be some operators that can provide their
Decjision Makers ready access to all source records in a way that can be as efficient as directly linking the
soufice records within GIS. This could be the case for a very small operator where records are always
imnjediately retrievable for the entire system (and where it may not be practical to investyin/the required
network infrastructure and software considering the benefit).

Thig section describes guidance on how to create a company pipeline information“database with digital
souffce records linked within GIS. The guidance below is drawn from the authors’ and the indus{ry’s
exp¢rience working with pipeline system materials records in the past half-decade to calculate defsign
pressures as part of verifying MAOP. In many cases, the philosophies provided in this guidance coulf be
extgnded beyond materials and applied to other data types as well (e.g.,(SCADA, soil resistivity/moidture
levells). The Work Flow Process Diagram in Section 3.3 summarizes-the process described.

If afp operator elects not to maintain this type of database, theré\may be many parts of this section that|will
not jJapply. However, as long as the operator maintains a chief source of pipeline system informdtion
(e.g|, master alignment sheets) most of the guidance in subséquent sections will apply. This operator fnust
knop that when the authors reference the “company pipeline information database.” the guidance is applied
to the “chief source of pipeline system information,?

3.1 Locations and Formats of Pertinent Data

Thelfirst steps in preparing a database of\digital source records are to identify the types of records that are
expg¢cted to be included and imported in-the records database and to identify the locations of these recprds
during a “pertinent data search,” so.they can be organized for import systematically. A key step in|this
prodess is recognizing which reconds are, or are not, pertinent or relevant. This, and other key steps, shpuld
maximize the value (amount of information identified as pertinent) relative to the effort required to retrjieve
and[review records.

Whe¢n identifying records that are expected to be imported and included, an operator should target locatjions
of r¢cords that arelessential to material properties verification. The locations may be buildings that serye as
maiftenance hubs/or offices that belonged to a primary project manager (or project management team) for
congtruction’projects. The locations may also include record storage locations (either vendor or company
owrled).

anma-chaoldresearech-houwtherecordecthave-been—stored-andtrancferred-thronah-tha-hictoudh/ Of

T he nnnnn h ta o as o ol
Searern—tea-Snotrafresearcnnow—tne-frecoraShHave-oeeh-StoreaanatransSterreathrougn+tne-—mHStoty

the organization. Some key events that impact record locations are mergers and acquisitions (both of
companies and of assets), closing offices down, or moving branch offices or headquarters.

This search usually begins at a primary, or representative, document storage location. Consideration should
be given to communication and coordination with local personnel prior to arriving onsite. In many cases,
the search team will be working with and removing documents that are critical to onsite personnel and/or
local operations. Gaining cooperation from the onsite personnel could be critical to having a successful
project.
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Once the team arrives at a records storage location, the first priority is to become familiar with the onsite
file organization. The onsite file organization can help discern between large groups of pertinent and non-
pertinent information. For example, areas of the onsite file organization designated for “office maintenance
files” are non-pertinent, and the team can save large amounts of time by avoiding further review. The
effectiveness of this strategy is largely dependent upon the efficiency and organization of the onsite file
structure.

This initial search should be a broad search and thought of as including or precluding data from being
he—records—database—omn—s : shel-by-shel—or-bin-by-bintevelortarger—t is
impprtant to note that this philosophy will also apply to softer media locations, such as compact disk files
or npicrofilm and microfiche. If encountered, the team should endeavor to group records from.these dther
media types and include or exclude them, when practical, in the same manner as the box, shelf, or'bin Igvel.

Oy ~OUAS Oy O O Oy O a

A sparch team should consist of personnel familiar with documentation for pipeliné{construction|and
maifptenance. The team should be led by a Records Engineer with data mining experi€nce, who can identify
pertjnent data types for the search. An ideal candidate for the team leader is an engineer that has led recprds
verification projects, or an engineer with material experience as a project lead.in‘pipeline construction|and
maihtenance projects (or specifically the types of data that is being targeted-by-the search).

Project numbers can be the primary tool for linking (i.e., establishing-traceability with) source regord
docyments, such as purchasing records, hydrostatic test records, mill test records, and construction filgs to
spedific components or locations within a pipeline system. If the ompany has tracked information related
to pfoject numbers, this information could be useful during the pertinent data search. The utility of a list for
this purpose will depend on the type of data that was tracked along with each project number. For exanjple,
if the operator tracked project type, or perhaps a short description with each project number, this informdtion
could be used to target projects that are more pertinent to the data needed or rule out non-pertinent [data
(i.e.} aright-of-way land ownership dispute survey istot likely to produce any pertinent information related
to plpeline system materials data).

Regprdless of how helpful the project listds’during the pertinent data search, it is good practice to begdin a
project number list during this stage in the project. It will also be used during later stages. A project nurhber
list $hould attempt to track at a minimum:
Project number

Project date (or year)
District/area

Pipeline name(s)/mumber(s), and
Location/stationing.

Sonje operators-have had success creating such a list from accounting records in addition to prgject
marfagement/records. The project list can also be expanded as the document search proceeds. A ropust
project list-will support locating pertinent data, document indexing (as metadata), and data mining of the
recqrds--The latter two of these items are discussed in subsequent sections.

The last type of check that can be used to discern pertinent from non-pertinent data is the quick peek check.
This is the last filtering check if the onsite file organization and company project list haven’t removed non-
pertinent data at the box/shelf/bin level, then the team members will do a manual quick scan, or peek at the
contents of each box, shelf, or bin to determine if the data is pertinent or non-pertinent. Each box, shelf, or
bin that can’t be concluded as non-pertinent will be imported to the records database.
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3.2 Modernizing and Digitizing Data and Information

Once the proper records have been located, they should be digitally captured (i.e., scanned). Care must be
taken to ensure that there is sufficient resolution to make quality copies. In the authors’ experiences,
300 PPI* is an acceptable resolution for image capture. It provides adequate resolution, while not
overburdening storage and network infrastructures with its file size requirements. It is important to have
color scanning capabilities, but it is preferred to have the option to scan in color only when needed. This
will allow for faster load times for black and white documents, whenever possible.

Thel|authors consider the following guidelines [27] good practice for pipeline records digitization effoits:
Digitize to the original size of the records.

No cropping allowed — records should be complete.

Back reflection of originals — Back all originals with bright white opaque paper.

Scanning oversize items — oversize items may produce very large file sizes; legibility of small
characters may need to be evaluated for resolution versus file size needs.’

Figyre 3-1 is an example of a pressure test dead weight chart, which is scannedat300 PPI and is color-c¢ded
to ifdicate temperature in one color and pressure in another. This image shows that the image qualify is
certpinly sufficient for retrieval and review by Decision Makers. The color scan was critical to this inpage
(to identify the red temperature trace with respect to the blue pressurgitrace). There is a portion of the dhart
that|is truncated and although it appears there is no critical information missing, this should be avojded
becguse future reviewers may wonder about the missing portion. Some digital document managerhent
systems will allow quality control comments to be stored as«metadata with each record. These commients
can |be populated to assure future reviewers that there was(@o critical information missing, or no diffdrent
infopmation in the original. Populating this field can be time consuming, but it can provide useful quglity
confrol information if an operator would like a permanent digital file structure (as discussed below).

* PPI (pixels per inch) is often used interchangeably with DPI (dots per inch). PPI refers to the resolution
of an electronic image, whereas DPI refers to the resolution of a printed image.

> Note that for pipeline records the size of the oversize file is often justified because the small print is often
critical.
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Figure-3-1: An Example of a Pressure Test Dead Weight Chart.

Document Indexing with Metadata

tal deciiment management systems, such as SAP®, OnBase™, and SharePoint™, are comme
pns that have been successfully used to organize documents by document indexing with metadaf
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Each has its own Cﬁ‘pngﬂ'\c and lmutations It is recommended that npprr

select a digital document management solution that is most compatible with their organization (or that they
find a digital document management solution within their organization that is suitable to the requirements

of this section).

The following parameters have been used by operators to select digital document management solutions:

o  Security features

e Data backup features
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e Customization capabilities for user-access (e.g., can it restrict certain documents, or groups of
documents from certain users? Can it allow some users read-only access?)

Ability to integrate with other software packages

Ability to integrate across the operator’s organization (i.e., is this a product that multiple
departments will use?)

o Platform sustainability (is it likely to be supported by the publisher ten years from now?)
e FEase-of-use

e Cost (including on-going subscription fees)

E Data limitations

Quality and capabilities of service providers associated with the platform
Options for remote access (e.g., local network, intranet, or internet)

The| records system described in this guidance report “requires a set of metadata and- unique narhing
conyention for each scanned document. The metadata and naming convention system'should be designed
by d (Records Engineer).” An effective indexing system should be consistent, understandable, and intuftive
for Researchers and Decision Makers to target and retrieve documents. The_i¢tadata should allow the
digifal file structure to be searched and grouped dynamically. The metadata should include:
1. Unique record identifier (Document Identification)

Pipeline name or number (whichever is more likely to sustain.over time)
Project number

Document type

Date created

Document author

Milepost or station number

Operator name

RSN

0. Hard copy location
10. Equipment or Joint Identification, if applicable
11. Version Number / current.

Thelfirst five indexing fields are the.most important to an effort to systematically review pipeline sygtem
matgrial records for design pressure data to contribute to MAOP verification. It is highly important to
understand the chronology of the projects that occurred on each pipeline in order to understand the cuirrrent
configuration of pipeline matetials (and replaced pipeline materials). The first five indexing fields allgw a
Resgarcher to understand-the order of the projects and research where each project occurred within ¢ach
pipgline.

Onge a unique record identifier is assigned to a document, some operators have preferred to place the unjque
recqrd identifier directly onto the hard copy document (i.e., with a barcode). This has provided them
assyrance:that the hard copy will always be linked to the digital scan.

Othe G > fe ors-a-portion-of the- document acting its-integrit hese
operators have preferred to maintain the link between the hard copy and digital scan through metadata, by
diligently tracking the hard copy location field, or through controlled version numbers.

As metadata and document naming conventions become more commonplace in the pipeline industry, there
may be off-the-shelf options that are sufficient for some operator’s needs. It would be advisable to conduct
a short industry search to see if there are off-the-shelf metadata and naming convention options that an
operator could incorporate. Most operators will have a sub-set of company specific naming conventions
that will need to be taken into consideration (for example some operators may use “Valve Section” as a
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critical part of their stationing, while others may require a date to properly apply a “Version Number”).
While off-the-shelf solutions can provide efficiencies, consideration should be given to implementation for
a specific operator.

3.2.2 Digitization Quality Assurance

Large scale digitization efforts can be completed with the assistance of a scanning vendor. The scanning
vendor will have procedures to carefully deconstruct the project boxes, folders, and binders to digitize the
documents within. The indexing of metadata will be completed primarily by the scanning vendor (with
somle training on identifying the metadata within the pipeline records from the operator and/or Recprds
Engjneer).

The|scanning vendor typically performs pre-digitization quality control checks. There can also be additipnal
spedial handling requirements when analyzing old pipeline records. Some paperwork may not have peen
arclived properly and may have been exposed to mold or degradation. Some paperwork'may have faded
ovef time, which will make a poor scan.

A sganning Quality Control (QC) process could check the following itemsctothe original hard copy to
ensyre a quality scan process:
Is the image accurate?

Has the entire image been captured?

Has it been correctly oriented?

Is it centered?

Is the order of pages correct?

Are there contrasts or uneven tones?

Is all writing legible?

Is the color image true to the original (and how close does it need to be)?
Has it been indexed correctly?

What is the acceptable error rate for both accuracy and quality?

Sonpe scanning vendors offer double-blind metadata indexing to double check their own work to ensyre a
very high level of quality. If the. QC check is not required to be 100 percent, each operator must seledt its
owr acceptability levels for the-QC check.

3.23 Disposition < Disposal of Data

Pipgline operators'miay be tempted to destroy original documentation once it has been digitized. Holfling
on tp the origindl document could hamper document control, or it may be costly to manage. However| the
original docufitentation could prove useful if future potential purchasers of assets have conflicting digital
docll/ment policies, potential digital format conflicts, or if they wish to verify the digital document quality.

It is|cofieeivable that a potential sale would not occur if the asset information could not be independdntly
verified.

There should be a plan in place for disposal of records, including who should make the decision, and
justification standards. At the minimum, the plan should include a QC check of 100 percent of the digital
copies with respect to the hard copy for the items mentioned in the section above, a plan to ensure the
integrity of the digital copies with back-up storage location, and a plan to ensure the format of the digital
records is stable from obsolescence.
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3.3  Structuring Data and Data Sources to Maximize Access

Structuring data and data sources to maximize access is one of the most important steps an operator can
take with its source records. This step can unlock the true potential and utility of a robust records library by
putting the information in the Decision Makers’ hands at the time when it is needed the most.

A Decision Maker can use GIS software to navigate a map interface to a particular section of pipe or a
particular fitting and instantly retrieve attribute data from the pipeline system database (e.g., PODS, APDM,
UPDM), which is a core function of GIS.

A primary recommendation of this guideline is to increase access to the source records that merify] the
pipdline system information (e.g., original construction records). Some operators are currently éndeavagring
to njeet this recommendation by including “direct links” within the GIS interface to each verifying sopirce
recqrd for the information in the pipeline system database. That is, once a Decision Maker navigates|to a
sectlon of pipe and retrieves the material properties, he or she will also be able to insfantly click and yiew
the pource records that verify each material property. The authors of this guideline‘have helped devglop
sucdessful applications of this structure for pipeline system materials and_pressure test information,
inclpding:

Outside diameter

Wall thickness

Pipe Grade

Seam type

American National Standards Institute (ANSI) rating (ifapplicable)
Test pressure

Test date

Test duration

Test company

Test medium

Test employee/company.

Thi{ structure has also been applied for'ether information that appears in pipeline system data models|and
can pe obtained from construction.and maintenance files, such as coating type, girth weld type, and year of
marjufacture. It may be possible(to use this type of structure (i.e., GIS interface with a link to other soprce
datd sets) for most, if not all, data sets that appear in the pipeline database model.

3.3/1 Data Mining.and Gap Filling to Establish “Direct Links” to Source Records

The|source recordsyniust be linked to the pipeline system attribute data by performing systematic recprds
reseprch (a.k.a, {"data mining”). This can be very labor intensive, so it is recommended that a team of Data
Miners conduct-this step with oversight from a Records Engineer.

The|data-mining efforts can benefit from the digital document database in several different ways once i{ has
been créated. The digital document database can serve to centralize documents, whose hard copies yere
previously spread across several document locations, into a single data mining location.

The document index “metadata” that was recommended in Section 3.2.1 (and assigned by a scanning
vendor) will also assist during data mining. The Data Miners should use the metadata fields to filter through
the records and target the most relevant documents to research.

For example, the Data Miners could sort to a particular pipeline number to review all of the project numbers
that have been indexed with that pipeline. The Data Miner could also review the dates indexed for each of
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the project numbers, which gives an idea for the chronology of the projects. Organizing the chronology of
the projects within each pipeline is an important step in the data mining process. Many Data Miners have
found that researching the projects in their chronological order provides a logical reconstruction of the
pipeline materials verifying source records.

The project list that was mentioned in Section 3.1 could also be used during the data mining process. The
project list can be used to help organize and perform QC checks on the chronology of the projects within
each pipeline.

Section 5 is a discussion and methodology to create a data reliability index based on source record,qudlity.
Thig methodology is based around creating a document hierarchy or document ranking syStem. |The
docyment hierarchy or document ranking system plays a critical role in the data mining process, because it
guides the Data Miners to the document types that could provide the most reliable data (i.e., the “high vplue
targpts”). It also provides a reliability metric for the information retrieved from soureédecords, whigh is
basgd upon the quality and characteristics of the source record itself. In general, if an/operator is dedicqting
resources to perform a large-scale data mining effort, a document hierarchy willlalso be used to credte a
morg efficient data mining process and to assign a reliability ranking to the data-retrieved.®

Combining a document hierarchy with a document management system_that indexes “document type”
metfadata can be a substantial time saving measure if the metadata ““document types” have been ind¢xed
religbly to show the same types of document types indicated by )an effectively developed docurhent
hierprchy. More details on data mining with a document hierarchy{are presented in Appendix B.

Thelfinal goal of the data mining effort is to store the direct links between the attribute data and the verifying
soutice records within the GIS system itself. During the data mining process, it may be easier to track regults
in a[Microsoft Excel™ spreadsheet. This will allow the'results to be adjusted and QC checked easily by the
ovefseeing Records Engineer, when necessary. Ono&-the results are complete and QC checked, they cap be
loaded into GIS.

e GIS system is populated with data;’it may need to be reconciled with the data mining resplts.
nding on the level of confidence in.the legacy GIS data, the data mining team may elect to incorpdrate
the {GIS data earlier in the data mining process and reconcile it along with the records review. If thefe is
little, or no, confidence in the,GIS data, the team may elect to replace it entirely with the results of the
mining efforts.

Sonpe GIS systems are-directly compatible with digital document management systems (for exanjple,
base™ publishes_aspecific module for ESRI), while other GIS systems (e.g., Uptime™) will accept
URL address link§ o' documents. Either method will allow documents to be directly linked. This typge of
recqrds management (like a GIS system itself) must be maintained by the Database Owner or the Recprds
farian. Section 6.1 discusses the resourcing requirements for on-going records maintenance in rhore

sad to

-n..u--l- oLt 11 1o 9 gan 11 ke hat-de 3 e ee

supplement the missing information. Use of default values must be specifically tracked. If new
information becomes available, the default values may need to be systematically changed, or in some
cases replaced with data from source records.

® Pipeline operators in the U.S. have been using this approach to satisfy PHMSA’s requirement that pipeline
system design data that contributes to verifying MAOP be “traceable, verifiable, and complete.”
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4 ESTABLISHING LIKELY BOUNDARIES FOR UNKNOWN VALUES

Establishing likely boundaries for unknown values will generally follow an operator’s decision to initiate
efforts to address gaps within the company pipeline information database. This decision is often based on
a substantial change within the company or industry such as:

e Merger or acquisition

e Large expansion of assets

o Change in regulations, or industry standard

Thig decision may also be the result of an identified deficiency, for example:
Regulatory audit finding
Self-audit finding, or self-identified gap.

In the worst case, this decision may be the result of a failure. The process to establish likely boundarigs is
desdribed in Sections 4.1 through 4.3 and shown schematically by the flowchart i, Section 4.4.

4.1 Database Retrieval

The{Database Owner should be responsible for data gathering with potential support or input from company
SMEs. The data targeted for gathering and the specific SME supportwill depend on the nature of the|gap
identified. Some gaps may relate to a short replacement of one specific area on a pipeline, which may pnly
reqyire input from one engineer or project manager. Other gapsimay be related to a system wide deficigncy
in vprified pipeline materials information, which might require’ input from the pipeline integrity manpger
or a|pipeline materials expert.

The| Database Owner will capture a broad view of-the data available by exporting all relevant knpwn
infopmation from the pipeline database (i.e., if gapshave been identified with pipe material properties, then
the [initial step is to export and review the material properties that are present in the database). If the
Datgbase Owner suspects he/she is missing'televant information within the database, an SME may be jable
to help identify the location(s) of the relevant information. If information is still missing after the SMEs
hav¢ been informed, it should be assumed as a gap.

The|Database Owner, SMEs, or(both will examine the exported data for missing and unknown values|that
would indicate the information.ieeds of the company haven’t been met. The following questions may help
determine if the exported.datd meets the information needs:

Does the data eontain gaps that substantiate the concerns that initiated the review?
I: Does the data ‘contain gaps that prevent the operator from determining required operating
parametets;, such as maximum allowable operating pressure?
[ Does.the-data contain gaps that prevent the operator from performing accurate risk assessments on
thepipeline system?
[ Does the data contain gaps that prevent the operator from performing fitness-for-service
assessments (e.g., ASME B31G burst pressure evaluation)?
¢ Does the data contain gaps that prevent the operator from effectively implementing their integrity

management program or other necessary programs and procedures?

If the Database Owner and SME agree that the exported data does not meet the operator’s information
needs, then conservative boundaries of likely values must be identified to allow critical calculations and
evaluations to be performed when data gaps exist. The Database Owner will proceed to research the
appropriate range(s) for values of the unknown parameter(s) in the next section of this guideline.
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If the Database Owner and SMEs agree that the exported data meets the information needs of the company,
then there are no gaps in the exported data and the Database Owner will proceed to the quality and reliability
review covered in Section 5.

4.2

Research Gathering

This section is the research phase and is expected to take the majority of the time when bounding likely
values. The personnel required for this portion are the Database Owner and Researcher(s) with input from
an SME.
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estirating research efforts, etc.). In some cases, the SME may be able'to use the exported data discusse

pleum Institute (API) API 5L and API 5LX) to identify the range of wall thicknesses provide
stry standards. It may also trigger a review of historical purchasing records to evaluate the rang
thicknesses that have been purchased (and documented). The company may alsosurvey field engin
technicians about the range of wall thicknesses within the system according{otheir knowledge.

p that the SME provides input and support in multiple ways in this section. It may be appropriate {
pany’s SME to provide the Researchers with some background knowledge on the research topics
ide some direction prior to conducting research (i.e., which sources should be reviewed first,

revious section of this guideline to help narrow the scope of'research to make the efforts more effic
SME may provide guidance for the Researchers during’their review, including insight and confirn

edible source?).

research should include reviews of source.faterial from the following four categories:’
1) Industry standards should be reviewed to establish standard practices and known physical

sources: ASME, API, Pipeline-Research Council International (PRCI), and NACE.

communications. Fhisteview will ensure that any relevant regulatory concerns are addressed
and that the boundaries placed on likely values do not create a compliance issue. Sources for

that shouldbe reviewed for regulatory compliance guidance include PHMSA Advisory Bullet
frequently asked questions, and PHMSA’s integrity management inspection protocols.

3) Company information should be reviewed to understand the range of documented values wit
eompany records. Pertinent records may include: As-built drawings, Purchasing Catalogs,

regulatory reqiirements include CSA Z-662, the CFR, and applicable state regulations. Sourc¢

purpose of the research is to gather information that allows the team to assign conservative, realfstic
es of values for missing parameters. For example, if an operator identifies a gap in wall-thicknesseg for
5 of the pipeline system, this could trigger a review of historical manufacturing practi¢és (Amerjican
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esearch results (Was the research material gathered from the right locations? Was the information from

limitations related to the gap data.*Typical industry standards may be published by the following

D) A compliance review should be performed, which should include regulatory requirements and

ns,

hin

Process and Procedure Documents, Fxternal and Internal Studies, and Operating Records (e.g

current or past MAOP/MOP settings).

" This step is highly critical for each gap type. For example, stop-gap values determined from a paper study
described in this section (including Bayesian Network approaches) may not meet minimum industry safety
requirements or U.S. regulatory requirements for “traceable, verifiable, and complete” until fully verified
with field measurements.
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4) Subject Matter Experts with extensive knowledge about the pipeline system and/or subject
matter should be consulted to confirm the ranges of values are realistic and applicable to the
pipeline system. In some cases, the SMEs can also provide ranges of values based on their

knowledge and experience. SMEs that may help include, but are not limited to, pipeline and risk

engineers, purchasing, GIS, consultants, pipeliner/technician, etc.

Examples are provided above for each of these categories, however there may be other relevant
orgamzatlons and sources that have relevant mformatlon The ut111ty of the research performed on each

Onde ranges of values for missing parameters are identified through the research described above,

Dat

ibase Owner will use the research results to determine the boundaries to use in the company data

in the next step.

4.3
The

Determine Boundaries

personnel required to determine and approve the boundary limits are thePatabase Owner, SMEs,

potgntial Decision Makers including Company Management.

Ali

valyes will be ruled-out, whenever possible, and justified based om'the research that was gathered and i
from SMEs. The remaining values will be the possible “default-values” that will be used with conserva
in the case of a null or gap in the company database.

It iy advised to determine at least two individual values’ for each potential gap or null in the comy
database. For example, if the operator has identified@,gap in wall-thickness values in parts of their pipd

Syst]

13

The|*

[13

sele
unc

em, he may elect to establish default wall thieknhess values for each pipe size: One that represents

mdst likely case” value and the other that represents the “worst probable case” value.

most likely case” may be the wall<thickness that is most common for a particular pipe size, whilg

worst probable case” may be the thinngst wall observed in API 5L and API 5LX for each pipe size

cting the “most likely case” and\“worst probable case” values, the team can evaluate the impact o
prtainty against conservatism for the default value(s). In some cases, conservatism may dictate tha

opetator should only use the “worst probable case” and not justify consideration for a less conservs

13

(13

con

The
met

mdst likely case.” In othet-cases, for example in some risk models, it may be more appropriate to ut
mgqst likely cases” toensure the “worst probable cases” don’t skew the results away from true issug

crmn.

“most likely”case” and “worst probable case” values can be determined by one of the folloy
hods:

yrior

the
base

and

bt of all possible values (or ranges of values) will be established fof«the unknown data points. Unrealfistic

nput
fism

any
line
the

the
By
 the
the
tive
lize
s of

ying

[ (Review the range of possible “default values” with an SME who is knowledgeable about the subject

matter to select what the “most likely case” and the “worst probable case” value should be.

e Using information from other similar pipelines or segments of the same line to determine the most

common (“most likely case”) value and maximum/minimum (“worst probable case”) value ac

TOSS

the pipeline system. The values that determine what a “similar” pipeline/segment is will depend on

the nature of the data gap.
e Create a Bayesian Network Model to determine the uncertainty between the different values

and

then use those results to select the average (“most likely case™) value and maximum/minimum
(“worst probable case”) value. Bayesian networks are powerful tools for filling gaps in pipeline
databases, particularly when used for risk model applications. Bayesian networks calculate the
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probability of different states (values) of unknown parameters. This method is most effective when
there are multiple known variables that have an implied or direct influence on the unknown (gap)
variable. Bayesian analyses have been used for applications in the pipeline industry during risk
determination, root cause analysis, or maintenance prediction. More details are given in
Appendix A.

Regardless of the method used, it is imperative to document the decision making process. The reasoning
for choosing and ruling out values should be tracked, so that if additional information becomes available,

th 1.4 1 s |
€ gata-catroctrevisea:

As fliscussed in Section 3.3.1, use of default values must be specifically tracked. If new igformdtion
becdmes available, the default values may need to be systematically changed, or some casesseplaced with
datal from source records.

The| options presented above increase in detail and comprehensiveness from top t¢)bottom, so the team
shoyld select the appropriate method for each data type that is reviewed. Once the ‘most likely case”|and
the 'worst probable case” values are selected, they should be reviewed for apptoval.
lo If Approved: The previously unknown values have been assigned a {‘most likely case” and a “worst
possible case.” The team will create a report to document the research and decision making criferia
used and any tables or lists that show the most likely and worst/case values used. It will then pro¢eed
to the quality and reliability review covered in Section 5%,
lo If Rejected: One/Both of the values selected do not meet one of the decision criteria. The Decision
Makers and SME will provide feedback to the Databaseé Owner and Research team and they [will
need to return to the research stage in order to obtaitradditional information to address the feedpack
received and complete the re-attempt to determine boundaries for the data gap.

¥ Note that in the authors’ experience operators have used this approach to fill data gaps until verification
measurements (i.e. direct examinations and material tests) can be completed. No operators have interpreted
this method to satisfy regulatory “traceable, verifiable, and complete” requirements (to the authors’
knowledge), so it is highly recommended these entries are tracked as “assumed worst probable case,” or
“assumed most likely case.”
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44 Work Flow Process Diagram
DATABASE RETRIEVAL RESEARCH GATHERIN Determine Boundaries

Research Sources...

A need to retrieve information
from the Pipeline Datapase is
identified.

Possible Sources to Consult

¢ Industry Standards

Export relevant known inflormation
from Pipeline Databpse.

* Possible Sources to Consuli
Compliance & Regulator PHMSA
Communications . >
Does the gatherefl - Advisory Bulletin
information - FAQs
meet the identifigd CFR
needs?
ources to Consult
Company Information .
NIO Purchasing Catalogs
[VES * Precess and Procedure Documents
Studies

Determine range for values
Possible Sources to Consult

Subject Matter Expert

Engineering
Purchasing

GIS

Consultant
Pipeliner/Technician

Database owner with inpyt from S| Database Owner with researcher support and input from SME
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ESTABLISHING DATA QUALITY AND RELIABILITY

Establishing data quality and reliability will generally follow a company decision or requirement to
determine the quality of a source record(s). The decision to determine the quality and reliability of source
record(s) is often based on a substantial change within the company or industry such as:

In the worst case, this decision may be the result of a failure. The process to establish data quality

relig
5.44

5.1

The
that
recd
Libi
pert]
pipd
dray
mat
geo
vari
Dat.

The

iy decision may also be the result of an identified deficiency, for example:

e Merger or acquisition
e Large expansion of assets

Regulatory audit finding
Self-audit finding
Discovery of Conflicting or Errant Records.

bility is described in Sections 5.1 through 5.3 and shown schematically by 'the flowchart in Seq
4.

Document Type Review

Database Owner along with the Records Librarian should compile a list of all types of source rec
contain information or data that populates the pipeline infotmation database (e.g., construction pr
rds that show pipe grades, wall thickness, test pressures, etc.). The Database Owner and/or Rec
arian should also consult SMEs (e.g., engineers who.‘prepared construction project files for aud|
hanent storage) to provide insight about the types of source records the company has used to docur
line system information. Examples of source gecords include construction reports and notes,
vings, design pressure form, mill certificates,” materials testing reports, maintenance reports,
prials invoices. It is also recommended td-search through construction project files from diffq
braphic locations, legacy companies (if,acquisitions took place), and time periods as a way to capty
ety of source record types. Once a eomplete list of source record types is thought to be compiled
ibase Owner and Records Librarian should meet with an SME to confirm the list.

Fe should be a pre-existing process to determine source records’ quality and reliability. The Data

and
tion

prds
ject
prds
t or
hent

final

and
rent
re a
the

DASC

Owner should examine company documentation to determine if the company already has an acceptable

met

The

hod to determine the quality and reliability of a source records.
following questions may help determine if a quality and reliability determination process is acceptd
regulatory entities?

2) Dqés the existing process incorporate the source record types identified from the search descr
abeve?

ble.

1) Does thelexisting process comply with the most recent practices and communications firom

bed

the

3),-Does the SME agree with quality and reliability ranking based on his/her experience with

bUllllJally’b SUUICC lUbUldb?
(4) Does the process establish traceable, verifiable, and complete documents?

(5) Is the process adequate to resolve the development mentioned at the beginning of this section,

which triggered the need for metrics for data quality and reliability?

If the existing quality and reliability determination process is found unacceptable or does not exist, then a
new process must be created (see next section). If the existing quality and reliability determination process
is found to be acceptable, then it may be used.
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5.2 Research Gathering

The research gathering phase of the quality and reliability metric determination process is a crucial stage in
developing an acceptable process. The personnel required for this section are the Database Owner and
Researchers with likely input from an SMEs.

The purpose of the research is to gather information that allows the team to create a compliant process that
is suitable for the company. The team must achieve an understanding of which source record types
(i.e., document types) should be categorized with high quality and reliability. The quality and reliability of
souice records should relate to the attributes of the records including the intent of the documents’ creafion.
To gchieve an understanding of which source record types should be categorized with high qudlity|and
religbility, these attributes must be well understood for all record types.

In mpany cases the types and formats of source records have significant differences for different periods in
timg or for different geographic areas. Depending on the company size and structurefit\s possible that a
certin source record type may require different level(s) of quality and reliability in different districts of the
confpany. For example, a company geographic region or districts may have historically emphasiz¢d a
‘Prgject Completion List’ as the most important source record for recording pipe and fitting materials data
for ¢ompany records. But another district may have typically emphasized a**Completion Drawing” a§ the
most important source record for permanently recording pipe and fittingmaterials data.

Thel|quality and reliability of a source record type will be influenced by the person who was responsibl¢ for
creating it and how long after the installation the document svas created. A “Project Completion IList”
credted by a project inspector immediately upon complétion of a construction project is genefally
congidered more reliable than a materials list that was transéribed years after a project and by someone pvith
no direct knowledge of the construction.

Other causes of internal record quality variances include:
Records organization/storage practices
E Manufacturer/Supplier documentation practices
Completion markings (i.e., stamps, dates, and/or signatures).

Thepe types of variance should béresearched and taken into account when creating acceptable metrigs to
detgrmine quality and reliabilityof source records.

The|research should inclade a review of recommendations on records quality from regulatory bodies|and
othdr industry organizations like those that followed the San Bruno pipeline failure. PHMSA released|two
advisory bulletinsyand a letter to the American Gas Association (AGA) [15][16][31] descriping
clar]fications ofiregulation to ensure a line is being operated at a verified MAOP/MOP.

Thelpracticeto verify MAOP/MOP is to confirm an operator possesses the information necessary to safisfy
applicable'regulations (e.g., CFR 192.619 for gas pipe in the U.S. and CFR 195.406 for liquid pipe i1} the
U.S|) with data that can be verified by source records that meet regulatory requirements. Source recprds
that verify MAOP/MOP may include hydrotest records and/or construction materials records that provide
the parameters used to calculate the design pressure (CFR 192.105 for gas pipe in the U.S. and CFR 195.106
for liquid pipe in the U.S.). PHMSA stated that if an operator is using records to determine the MAOP/MOP
of a line segment, then the referenced records must be “traceable, verifiable, and complete.” PHMSA
provided the following descriptions of the criteria for these traits:
e Traceable meaning the record can be “clearly linked to original information about a pipeline
segment of facility.” Examples given included: Pipe mill records, purchase requisition, as-built
documentation.
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o Verifiable meaning the record contains information that is “confirmed by other complementary,
but separate, documentation.” Examples given included: Contract specifications for a pressure test
complemented by pressure charts or field logs.

o Complete meaning the record is “finalized as evidenced by a signature, date, or other appropriate
marking.” Examples given included: pressure testing record should identify a specific segment of
pipe, who conducted the test, the duration of the test, the test medium, temperatures, accurate
pressure readings, and elevation information as applicable.

con
of ¢
app!

Crit
it, W
fille]
ado
aqu

Bef
rese
not

plementary, but separate, documents. The letter does not define criteria about PHMSA’s interpretdtion
quality,” other than “a single quality document that is traceable and complete, as @videnced by
opriate markings, would be acceptable.”

eria that operators have used to determine a quality record include, but are not limited to, who created
rhen it was created, the intent of the document (i.e., document type), and thie’amount of informdtion
d in (with respect to what was expected/required to be filled in), presence of'a title block, presende of
cument date, completion stamp, or a signature. The extent to which each ofthe above criteria deternjines
ality record generally varies by operator.

re starting the research process the SMEs and Database Owner should delegate areas and providg the
arch team with a plan of action to minimize overlapping tepies. The research should include, buf are
imited to, reviews of the following:

1) Industry standards should be reviewed to determine if there are standard practices or docurhent
quality trait requirements. It is recommended-10 look in some of the typical industry organizatjons
such as ASME, API, and PRCI, but there may be other organization related to other industries|that
have some general guidance on data management practices and record quality verification.

2) Regulatory requirements and communications should be reviewed to ensure the quality|and
reliability determination methodte:be created will not create a compliance issue. In addition tq the
sources mentioned above, PHMSA may have released additional Advisory Bulletins, frequdntly
asked questions, or other‘coinmunications that contain interpretations of record quality |and
verification. It is recomimended to review the code of federal regulations and applicable gtate
regulations as they mayJjalso provide compliance requirements for quality of source records.

3) Company information should be reviewed to understand previous company decisions and trust in
the different reeQrds source types. There may be other quality processes and practices utilizdd in
other areas that'Could be applied to this process to ensure that accurate information is being used.
As demonstrated in previous examples, different segments of the company may have diffgrent
experiences with record type quality.

4) Subject Matter Experts familiar with company quality processes as well as those with a
substantial amount of experience reviewing and working with the different source record types
should be consulted to prov1de their 1ns1ghts spemﬁc to the company and the other reseprch

Onc
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consultants, pipeliner/technicians, and/or documentation managers.

e the quality and reliability criteria requirements and recommendations are identified through the

research described above, the Database Owner and SMEs will work together to develop specific ranking
criteria for source records in the next section.
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5.3

Determine Quality and Reliability Metrics

The personnel required to determine the Quality and Reliability Metrics are the Database Owner, SME(s)
(i.e., those familiar with the company’s regions and/or history, and familiar with construction procedure
development), and Decision Makers including company management.

The team should review the quality and reliability criteria requirements and recommendations from the
research step (Section 5.2) to create a methodology to determine data quality and reliability. The team will
decide on appropriate criteria to rank, rate, and grade the source records, which will determine the quality

and [reliability of information extracted from them and placed into the pipeline information databagse.

€xa

Ong potential quality ranking method (“Method 17) is a relative ranking system by source reé¢ord type.

met

Thig type of listing can be very easy to interpret, but it places nearly all emphasis on souree record typq

opp

witHin a pipeline system and have very little variation (i.e., if construction projectfiles within a geogra

regi

exc¢llent understanding of which source record types have been the most trustworthy in the construg

proj

The
For

very high (“1”), but it provides less reliable information about'yield strength and would rank low (“1

Sep

recqrd types may also need to be adjusted to account for variability between time periods or geogra

regi

draying” may carry a “1” ranking for the South-region). This method may require a lot of deliberd
between the Database Owner, SMEs, and Deeision Makers to create a final list(s). Some advantages
disadvantages of “Method 1: relative ranking-by source record type” are provided here:

Advantages:

Disadvantages:

Sou

ples below present different types of quality and reliability ranking systems.

hod requires the team to rank all source record types from most reliable (“1”) to least-reliable (“1
bsed to other potential attributes). This is appropriate when the source record ‘types are very sin
bn were created with a high degree of consistency). If this method is used, it is important to hav
ect files.

ranking of source record types may need to be adjusted to account for the specific data being extrad
example, a visual inspection document may provide reliable information about coating type and

hrate rankings may be needed for each data type to_résolve this discrepancy. The ranking of so

bn (i.e., “project completion list” may have a~" ranking for the North region, but the “as-|

I: Easy to use during data mining because it requires very little interpretation.
Results are highly repeatable.

I: Has the potentia) to overemphasize source record type above other criteria.
May requirga’ lot of deliberation to adequately frame up list(s) to consider all relevant data t)
and legacyinfluences (i.e., time period, geographic region).

hbbreviated example of a document hierarchy using Method 1 is shown in Table 5-1Error! Refer¢
rce et found..

The
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Table 5-1: Method 1 Document Hierarchy Example. Relative Ranking by Source Record Type

Method 1 is best suited when the source record types are all consistent with respect to the typeland d
of information contained in each individual record (i.e., if the Materials Certification and the/Compld
Draping consistently meet company records requirements, like “traceable, verifiable,@nd complete’
this|is true, then the benefit of creating a Method 1 process is that it is very straightforyard to use once
set yp.

It isfrecommended that Data Miners review each individual document being evaluated to ensure docum

are
mis

conjpany that created it. It is recommended to review source recordtype quality assumptions before uj

Ranking Source Record Type Number of Required
Documents
1 Materials Certification 1 required
2 Completion Drawing 1 required
15 Notes from Field 2 required

onsistent with expectations and/or any standards set by the operator baséd on research findings (i.g
ing signatures, etc.). This type of document hierarchy tends to be ‘specialized to the segment of

btail
tion
). If

it is

ents

. no
the
e in

a different company segment. If the intent is to create one method4as opposed to multiple ranking shegts),

or if

method may not be appropriate.

Ang

method is more flexible than the discrete rankings.shown above and less dependent on the source re

typd
qua

follpwing:

¢ Time that the record was produced

o Creator of thé.decument

the company’s source records are found to lack consistency; then the relative ranking by source

ther quality sorting method is to develop bins based\on potential source record traits (“Method 2”).

. Based on the research conducted, there are specific traits that have been assigned to evaluate
ity and reliability of any given source record. These traits should include, but may not be limited td

0 Was it prior to preject completion?
0 Was it long afferproject completion? or
0 Was it in thetimeframe right after completion when information would be most reliab

0 Isthe creator of the document noted by name and title?
0 . What was their relationship to the project?

=  Was it created by a clerical administrator without any design or mate

experience?

* Was it created by a project inspector who would have direct knowledge of

materials installed?

ype

This
tord

the
the

le?

rials

the

=  Was it created by a project engineer who would have direct knowledge about the

project design process?

e Intent of the document
0 Was the document intended to be a rough preliminary costing tool for the project?
0 Was the document intended to be the permanent record of materials installed by
project?
e Formality of the document (related to intent)
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0 Was the document created on a personal journal or notepad (i.e., intended for personal

reuse)?
0 Was the document created on a company letterhead suitable for distribution?

e Completeness of the document
0 Is the document signed, dated, or stamped in any way?
0 Does the document have any fields where a signature, date, or stamp are clearly expected
or required but are missing?

Table 5-2 shows an example hierarchy utilizing some of the traits above. Some advantages |and
disadvantages of “Method 2: Source record bins according to specific document attributes” are. provjded

herd:

Advantages:
o Can be applied to documents that have a large amount of variability (i.e., different source reford
types or variability in a single source record type).

[ This is typically easier to develop (compared to the Method 1) document hierarchy.

Disgdvantages:
I: Requires the ranking of each document to be interpreted.
May be less repeatable if two individuals identify attributessinconsistently.
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Table 5-2: Method 2 Document Hierarchy Example. Source Record Bins According to Document

Attributes

Bin 1A

Additional comment/exam

ple:

Common Examples:

Pressure Test Assessment
Commissioning Pressure Test Chart

Timeframe:

Created during the process or within 1 year

Creator:

Someone on site

Crew foreman
Inspector

Project Managey

Completeness:

Must have all expected information

Clear location (Lat/NLoh
Project Manager
Date
Signature/Stamp

Bin 1B

Additional comment/exan]

ple:

Common Examples:

Work Order
As-built/Completion drawing

Timeframe:

Created upon project completion

Creator:

Someone with direct association to the project

Engineer
Project Manager

Completeness:

Must have all expected information

Clear Description
Date
Signature/Stamp

Bin 2

Additional comment/exanjple:

Common Examples:

Alignment Sheet data

Timeframe:

Created withif years after completion

Creator:

Someone wittrdirect association to the project

Engineer
Project Manager

Completeness:

Needsonly the critical expected information

Clear location (Lat/ Lon
Project Manager
Date

For [the sake of the example there are three bins shown. It may be necessary to create additional bir
adequately cover all ranking)criteria. The bins above are shown as Bin 1A, Bin 1B, and Bin 2. Bin
represents high quality. \pressure test documents that meet the operator’s “traceable, verifiable,
conjplete” document guality requirements for pressure test data without the need for any separate verif]
recdrds. Bin 1B represents high quality documents that meet the operator’s “traceable, verifiable,
confplete” document quality requirements for pipe material property data without any separate verif
recqrds. Bin/2'tepresents documents that will only meet the operator’s “traceable, verifiable, and compl
requirements for pipe material property data when accompanied by a separate complementary verif

soufice record (which may also be another Bin 2 record).

s to

1A
and
ying
and
ying
ete”
ing

The benefit to this type of model is the quality checks intrinsically built into the task of matching a bin to a
specific source record, however, due to this flexibility it can become more time consuming when attempting
to verify a source record’s quality and reliability if there is no perfect match to a specific bin. Operators
have used both of the methods above to denote how many verifying source documents are required to meet

company needs.

Typically, in either Method 1 or Method 2, operators denote a “high quality” document category, where
one document is required to meet company reliability requirements (e.g., with “traceable, verifiable, and
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complete” source records). Operators will also denote requirements for a records category that must be
verified by other records to meet minimum company reliability requirements. These two document
categories are denoted “Bin 1 (A or B)” and “Bin 2” in the Method 2 example above.

After the process is created, it is highly recommended the team that developed the process should proceed

to perform a test pilot to sort through source records and apply the methodology. During this task, the team

should pay close attention to the ease, efficiency, and intuitiveness of the metric determination process
developed. If the team identifies issues that hinder or prevent source records from being evaluated as

Intepded—therrprocessadiastitentsshoutd-betrades e fastments-are-madethe-quality

and [reliability determination process is finalized and approved.

e If Approved: The quality and reliability determination process that has been developed wi]l be
put in use to verify the quality and reliability of source records for data imthé pipgline
information database.

e If Rejected: The quality and reliability determination process remains unaccéptable. The
Decision Makers, Database Owner, and SMEs will need to conduct more’research and/or
adjust the process for improvement.
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5.4 Work Flow Process Diagram

A need is identified tp verify the
quality of a source regord used to
populate the pipeling database.

v

Create a list of all typps of source
records that contaip pipeline
database infornpation

!

Does the conjpany
have an existing recprds ranking
system to determ|ne source
quality

Develop a rlew ranking system to
determine reford source quality and
acceptance criteria

L

 Z Does the
existing ranking system

provide acceptable guidance
for the idenified
source recqrds?

YES

RESEARCH GATHERING

Research Sources...

Industry Standards

Compliance & Regulator
Communications

Company Information

Possible Sources to Consult

Possible Sources to Ce

PHMSA

- Advisory Bul'etin

- FAQs

- Other Official Communications
CFR

CSA 7662

Possible Sources to Consult

Process and Procedure Documents
Studies

Construction Project Records
(Digital and Hard Copy)

Possible Sources to Consult

Engineering
Purchasing

GIS

Consultant
Pipeliner/Technician

DETERMINE QUALITY CRITERIA

Database Owner and Rem'ds@n with input from
SME

Database Owner with researcher support and input from SME
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6 ON-GOING DATA COLLECTION

Data collection, as it pertains to information about a pipeline system, has always occurred continually in
the pipeline industry. Operators and their contractors are constantly recording observations and
documenting measurements as part of field, survey, and testing activities. These new observations and
measurements in effect create new source records with respect to the pipeline system database. An on-going
data collection process is described in this section to maximize the utility of this data towards filling gaps,
increasing confidence, and maintaining the database into the future. The process is shown by a flowchart
in Section 6.5.

Thig process will require support from Data Miners to collect the incoming data under the oversight|and
coofdination of the Database Owner and SMEs.

6.1 Sources of On-Going Data Collection

An pperator must identify all practical sources of ongoing data collection (that.€an be integrated badk to
the pipeline information database). Since the number of potential sources of data can be large, this cah be
a cHallenge and will likely require work from Data Miners with input from SMEs (about the best data
souices to fill specific database needs). It is recommended that the sources of ongoing data collection shpuld
inclpde (but are likely not limited to):

[¢ Direct examination reports that record observations made or measurements taken about attributes
in the pipeline information database (e.g., obseryations on coating type, or wall thickhess
measurements).
¢ Maintenance reports that record new materials“installed onto the pipe (e.g., a valve replacernent
report).
[ ILI reports that document information along the pipe. The exact information depends on the ILI
technology (e.g., wall thickness changes).

E Cut-out mechanical test results (e.gy:€harpy toughness).

As-built reports for new build and'replacement projects.
GIS centerline survey reports:(could be part of ILI, or CIS surveys).

The| sources of incoming information can be used by the Data Miners to fill data gaps or increas¢ an
opefator’s confidence in areas’of the pipeline information database where the legacy source recprds
proyided low reliability.

In spme cases, the ififormation may have documented new materials and infrastructure that were installed,
whigh will call for‘effective management of change for the new source records to replace the old sopirce
recqrds. In other cases, measurements and observations are made about the existing materials |and
infrgstructaré, which can be used to confirm and increase confidence levels in the existing matefials
database.-These scenarios are discussed in the following paragraphs.

6.2 Controlled Process tor Mlanagement of Change

If an operator installs new materials or replaces materials, the operator must ensure that the new source
records adhere to the established system for records management. The stakeholders for the project that
generated new source records must be made aware of the established system for records management. There
must be a solid understanding of how the records quality is rated.
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Ideally, new projects should always produce records of the highest reliability. This will hold true if there is
a solid understanding of the expectations for the new source records. For newly replaced or installed pipe,
it is recommended that each operator prepare as-built reports that include the following specific parameters:

e  Weld map(s) that reference a heat number for each joint of pipe installed.

e The weld map(s) must have sub-meter GPS coordinates for each end of a replacement segment,

every angle point, or every half-mile (whichever is more frequent).
e An accompanying MTR(s) that includes each heat number that appears within the as-built.

e A dated signature from an onsite inspector specifically to confirm each joint was installed as drawn.

The
mat

Simjlar parameters are sufficient for elbow fittings that meet pipe grade steel requirements and
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As dliscussed earlier in the recommendations, normalization of records is an important step for enha
and recordkeeping for integrityrmanagement. On-going data collection represents the stage at which
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ke parameters should help meet the spirit of normalizing (standardizing) as-built documentatio
prials for installed pipe and set expectations between the construction team and the data“mining tg

htenance forms that document materials of a type-B full encirclement sleeve repair

e that a change in materials in an infrastructure requires a controlled process'to-manage the chang
rds if it is a large change in infrastructure (e.g., a re-route) or a small-change (e.g., a single ]
hcement). In either case, Data Miners will identify the locations in th&eXisting pipeline informg

rolled location according to the database schema (e.g., the pfetocol required by PODS, API
DM).

rding to the processes from Sections 4 and Sections@: Ideally, the “direct links” to the old so
rds would persist with the retired segment(s) of pipe and fitting(s) to the retired location within
base (but this may not be possible with current database schema). The “direct links” to the old so
rd may not be allowed to remain with any ngw attribute data or system materials, because this
te a version control issue and the potential(for misinterpretation by the company Decision Make
breat.

I'he signature date should 1ollow (Or be coincident with) the date the joint was welded 1 place.

h of
am.
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base that needs replacement. These segment(s) of pipe and fitting(s) will need to be retired infto a

DM,

 “direct links” and new reliability rankings will be deterfnined for the new records by the Data Mihers

irce
the
irce
will
'S is

ced

ndustry can potentially create)new projects with new records that repeat past mistakes by not medqting

nod can eliminate thesemistakes but will require understanding and collaboration from those who ¢
record type and the\Data Miners who review and assimilate them into the database.

Continuous Cross-Check and Quality Control

in theé\pipeline information database. This is accomplished by cross-checking new observations
suréments against the existing data within the database. This will require Data Miners to systematig

revi

imum quality and reliability.criteria. Normalizing the records that should be produced for each repofting

ate

rators cariSe measurements and observations from on-going field activities to gain confidence and fill

and
ally

ew the new information as it comes in and take action based on its consistency to the database. T

1CSC

may be the same Data Miners who were conducting the document research in earlier sections.

The operator must track and document verifying measurements within a pipe population. A statistical
reliability model and approach is presented in Appendix C to determine and track statistical confidence by
verifying a data set. This model can be used as a metric to compare and prioritize confidence levels in
different pipe populations based on the results of verifying measurements or observations that have been
completed.
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This metric could be used as part of an operator’s plan, along with overall risk and the reliability of the
source records, to prioritize verification activities (e.g., future field measurements). Pipe populations of
lower confidence may be prioritized higher for verification efforts depending on the overall pipeline risk
and the quality and reliability of the original source records from the pipeline information database at the
specific location.

When comparing verification measurements to the pipeline information database, occasionally an operator
will identify an inconsistency between the new information and the existing data within the database. The
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6.4| Isolating and Resolving Inconsistencies

It’s finevitable when cross-checking that operators will obtain new information (e.g., through verificqtion
measurements, or surveys) that is inconsistent with a record in the pipeline information-database. Making
this[type of discovery is the intent of incorporating cross-checks.

Wh¢n an inconsistency is identified, it can present a challenge for operators, because it may not be posgible
to find a resolution without large-scale verification activities (e.g., running In4ine inspection or perforrhing
marly direct examinations). The following process is an effective way to, systematically revisit the soprce
recdrds to see if large-scale verification activities are avoidable.
Identify and isolate the data point(s) or source documents thatlare the cause of the records failpre.
E Establish a boundary around the potential extents of the recotds failure.
Systematically research and/or investigate within the)¢stablished boundary and verify the data
discrepancy until it is resolved.

Thefe steps will allow an operator to identify the set ofildocuments that may have caused the inconsist¢ncy
issup. A detailed review of the documents related tohe inconsistency will allow the operator to attempt to
obtdin a full understanding about the nature of the inconsistency.

Thelproject numbers and geographic locations of the inconsistent data point are commonly used to idemtify
the pource records that are the cause of a‘records failure. During the review, the operator will search for
trenfls that identify the initial set of source records and determine how the set should be pared down. There
may| be evidence that the records-fatlure is specific to a certain type of pipe, a certain location, or project.
The|operator can establish a boundary (and reduce the boundary) around the extents of the records fajlure
by reviewing the records for evidence that can reduce the set of records that require consideration. This is
an important step becausg it creates efficiencies in the final step, which may require costly verification].

Thelfinal step is reviewing the applicable set of source records and attempting to find any new informgtion
posgible to find(what went wrong. The new information that led to the inconsistency may suggest more
field work néeds to be done, or it may lead to more specific document research that wasn’t perforined
previously'(eg., the realization that a project file had been hidden away in an engineer’s office). [It is
impprtantyto note that depending on each specific scenario, inconsistency, and set of source records, it may
or njay not be possible to obtain a full understanding from the source records alone.

If document review can’t resolve the inconsistency, or if it becomes impractical to continue, the data that
were the cause of the records failure should be tracked with the statistical reliability metric (See
Appendix C). At the operator’s discretion, the source records may need to be removed from the pipeline
system information database (for appropriate locations and data points), which will create a gap. Either case
will result in a downgrade in the system’s records reliability, which will likely require verification by
materials testing to return the system to its previous reliability levels.
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This resolution can potentially be costly (depending on the final extent of the records failure). The industry
is developing rapidly in materials testing technology. There are solutions currently evolving within in-line
inspection, in-the-ditch methods that use proprietary tools and technologies, and in-the-ditch methods that
can be applied more universally. An operator should consider a technology review to evaluate the most
appropriate verification testing solution.

An example of an inconsistency that might be identified during cross-checking would be a Data Miner who,
while rev1ew1ng an ultrasonic wall- thlckness ILI report observed a reported wall thlckness of 0.308 inch
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0.345 inch. The Data Miner determined the ILI reported value of 0.308 inch was too low to be consigtent

with a nominal wall thickness of 0.365 inch.

The|Data Miner used the following steps to help resolve this inconsistency.
Identify and isolate the data point(s) or source documents that are the cause ofitherecords failpre.
E Establish a boundary around the potential extents of the records failure.
Systematically research and/or investigate within the established boundary and verify the data
discrepancy until it is resolved.

The{Data Miner identified and isolated the source records that were the cause of the records failure by using
the [‘direct link” to retrieve them from the GIS system (i.e., the source records linked to wall thicknegs at
the location of the discrepancy). The source record was the as-builf'drawing from the original construdtion
of the pipeline and it did not show the thinner-walled joint of pipe“The Data Miner established a bounflary
aroynd the potential extents of the records failure by reviewingthe remainder of the ILI report to ensurg the
wall thickness discrepancy did not occur in other locationst

The| Data Miner observed other locations with similar wall thickness, but they were all replacemlents
perfprmed following the previous in-line inspection.” The Data Miner suspected this location was likgly a
replhcement as well. The Data Miner continued to research but could not find the primary maintengnce
form documenting the repair. After reviewing the project files from the company network drive, he
iderftified the project inspector and contacted him.

Thelproject inspector remembered.the exact excavation site and confirmed the replacement took place.|The
Datg Miner received an email summary from the inspector and collected the project planning files fronj the
network drive (i.e., material acquisition forms, one call, project log). The Data Miner provided his findjings
to the Database Owner, who' wasn’t satisfied with the level of reliability that had been achieved, s an
excgvation was scheduted-for verification purposes.

In-the-ditch measurements were taken for wall-thickness, hardness (which was used to estimate lqwer
bound yield strength), and pipe chemistry. The direct examination report included these measuremients
alonjg with ébservations about seam-type and coating. The Database Owner enlisted the help of a company
SME in rhaterials to compare the direct exam findings with the mill test results from the prior replacerent
project,.Fhe SME concluded the pipe chemistry and yield strength showed the pipe were likely the same

type-

The Database Owner was satisfied with the level of reliability achieved with this new information. He
instructed the Data Miner to initiate the management of change process for this location to replace the
legacy source records with the new source records obtained and the inconsistency was resolved.
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6.5
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7

CLOSURE

In summary, the processes provided in Sections 3 through 6 of this guideline show an enhanced data and
recordkeeping plan to manage records for pipeline integrity management.

Lessons learned from other industries reviewed in Section 1.2 have pointed to the following improvements
that can potentially be made in the near term and longer term, including:

1.

Normalize the data and record types that should be maintained.

The|guideline presented a detailed “plan for collecting, reviewing, and analyzing” and maintaining dafa
that|could be referenced in Sections 4.3 and 4.4 of ASME B31.8S. The plan implements a philosophy
was|created from the records review initiative following San Bruno to create a structured database and
maklde source records (as the basis for the information in the database) accessible to company Decision
Malters.

D.
3.

Formally dedicate resources specifically to recordkeeping roles and responsibilities.
Provide more accessibility of the data and records to company deputies.

The plan addresses the first lesson learned with a system to rank legacy pipeline systém mater|
records with the document hierarchy in Section 5. The plan provides some normalization
guidance for construction records for new pipe in Section 6.2. Normalization:for the entire set
integrity management data is recommended for future work.

The plan addresses the second lesson learned by indicating roles and responsibilities for each
process, including Section 6 On-going Data Collection, which will réquire an on-going record
maintenance team.

The plan addresses the third lesson learned by defining a pipelineinformation database structu
with direct links between the GIS interface and the verifying-Source records. This interface all
decision makers access to source records when making impotrtant fitness-for-service and risk
decisions.
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APPENDIX A: GUIDANCE FOR USING A BAYESIAN NETWORK TO BOUND
UNKNOWN VALUES INTO LIKELY VALUES

The following example of a Bayesian network was used, with the authors’ permission, from “Quantitative
Assessment of Corrosion Probability — A Bayesian Network Approach,” NACE International, Corrosion
Vol. 70, No. 11, 2014. [35]

Bayesian networks have proven useful to pipeline operators for filling unacceptable gaps in pipeline
datasets (or databases). One of the Bayesian methods to make this determination could be to build a
Baygsian Network in order to calculate the probability of different states. This method is most effeetiye if
therp are multiple known variables that have an implied influence on the unknown (gap) variable!, This fype
of apalysis has been used for applications in the pipeline industry during risk determination; root cfuse
analysis, or maintenance prediction.

A Bhpyesian Network is a type of graphic statistical model that represents probabilistic relationships between
varipbles. This analytic process is used to model the probabilities of cause and effect relationships to npake
predictions based on known distributions and values. If parameter “X” is truéythen the network showg the
probability of the values for related parameters “W,” “Y,” and “Z.” Below is an example of the graphical
model for a simple Bayesian network.

Figlire A-1: Example Graphical Bayesian Network Model for Uninhibited Internal Corrosion Grawth
Rate

N/

Uninhibited
Corrosion
Growth Rate

Temperature

In tlis example, the goal is to determine the uninhibited internal corrosion growth rate (i.e., the unknpwn
“gap” variable) for an area taking into account environmental information.

1.1 | Creating a Bayesian Network

A functional Bayesian Network can be created more quickly and easily with a software package specifically
designed to streamline the process. There are various commercial and free options with different levels of
complexity and functions. The commercial options will be the most comprehensive but might not be
practical if there are no plans for repeat use. Software options can be found from various websites, and it is
recommended to look at the available resources online and select the best option for the desired application.
If there are no suitable free options, it is suggested to consult with an industry expert with commercial
Bayesian Network software experience that preferably also has pipeline experience.
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1.1.1 Developing the Graphical Model

The following instructions are representative of typical software options, but if the instructions below are
not helpful, then it is recommended to seek out instructional material for the specific software selected.
Two components are needed to create a basic Bayesian Network: the “Chance” bubble depicted as an oval
and the “Arc” connectors depicted as an arrow. The “Chance” ovals are used to represent variables and the
“Arc” arrows are used to assign the relationships between the different “Chance” ovals.

Begin by placing “Chance” ovals and assigning variable names to each one. This step requires a detailed
understanding of the result and the factors that are directly influencing it. The model is more likely t6, be an
accyrate representation of reality if most (or all) of the influencing variables are present and are considgred.
It is|{important the arrows that link the variables to one another in the model reflect direct cause|and effect
relafionships and not simply a correlation. For example, when looking at pipeline failure data, there maly be
a correlation between the year the pipe was manufactured and the number of failures from-that decade.|[The
age |of the pipe does not directly cause the pipe to fail, but it does directly influence. some of the pipe
properties, such as the coating and seam type. To correctly link the manufacturing year to the failure|in a
Baygsian Network, there are intermediate variables needed, such as coating and seam type.

1.1.p  Developing the Conditional Probability Tables

Onde all variables and relationships are created and assigned, the user must input the probabilities for gach
casd the variable could represent. The case could represent a decision((e.g., yes or no), a numerical vplue
or rgnge, or a current state (e.g., on or off). The relationships in theBayesian network become more complex
with each additional case that the variables could potentially represent.

The|probability for each case can be assigned manually or; fér networks containing variables with mulfiple
casds, using a program to calculate the probabilities for each case. After all the cases are assigned
probabilities, all values in one column (i.e., possibleases for a single variable) must add up to one. In mnost
softpvare there is “normalize” option when entering ‘data to scale all the values proportionally so that fhey
autgmatically add to one. Although this will*Créate a probability set that is functional, this does nof fix
incqrrect data entries. A Bayesian Network will only be as accurate as the probabilities assigned to diffdrent
varipble cases and the relationships assigned, so it is pivotal that these be verified once completed.

Thefe are three main ways tosdeétermine appropriate probabilities and relationships: SME irput,
reseprch/observation data, tested_and recognized models. For variables with many potential cases, YME
inpyt may not be the best-information source. However, SME input is highly useful when assighing
relationships and for identifying scenarios where the condition probability will be either zero or one or
iderftifying scenarios when using a uniform distribution is appropriate.

Resgarch or obsetved data can be applied to determine conditional probabilities. The quality of|this
infopmation is-only as good as the source and sample it was taken from. If an operator wanted to deterthine
the probability distribution for pipe grade, the operator’s total pipe mileage could be broken down |into
perdentages based on the grade and then applied to the Bayesian Network. Depending on the variable, there
may| alse be industry sources or studies that will provide the necessary data to determine percentages.

Using a model to determine conditional probabilities is typically the most preferred method, when
applicable. It is also the ideal method when a variable has multiple relationships, which will result in a large
table of conditional probabilities. This method determines probabilities from the results of running the
model based on different inputs each with a given range, similar to a Monte Carlo calculation. By
calculating possible combinations, a probability distribution can be developed by creating bins and
determining the percentage of results that fell inside the bin. Some pipeline related models could include
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something as complex as multiphase flow or corrosion rate or something well established, such as the design

pres

sure equation.

Take the corrosion growth example depicted above. Once the graphical model is created, the probabilities
will need to be assigned. The following tables show potential probability assignments for this Bayesian
Network assuming none of the input parameters are known.

Table A-1: Probability Assignments for Example Bayesian Network
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for by known information, so it is best to consult with an.SME to determine the level of detail required
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C | Y% Bar | Yo ppm | % ppb | % ppm | % — | %
20-40 25 0-0.1 25 0-10 33 0-10 25 0-10 25 4-5 25
40-60 25 0.1-1 25 10-50 33 10-100 25 10-100 25 5-6 25
60-80 25 1-10 25 50-100 33 100-1,000 25 100-1,000 25 6-7 25
80-100 25 10-100 25 1,000-10,000 25 1,000-10,000 25 7-8 25

the top row of variables, each one was split into appropriate ranges as determiined by SMEs and assig
pbrm probability distributions. It is possible to go in later and update these-probabilities based on kn
Fmation, typically called “Evidence” by various software packages.\There could also be additi
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sure and the time of year and the pH of the soil is impacted by/the location. Adding these extra le
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condlitional probability table for the'eofrosion growth variable. In this case, the corrosion rate probabilfities

are |

pased on a corrosion model that uses the environmental parameters as input.
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Table A-2: Example Results from the Conditional Probability Table

Temperature Celcius | 20-40 20-40 20-40 20-40 20-40 80-100 80-100 80-100 80-100 80-100
CO, Bar 0-0.1 0-0.1 0-0.1 0-0.1 0-0.1 10-100 10-100 10-100 10-100 10-100
Fe* ppm 0-10 0-10 0-10 0-10 0-10 50-100 50-100 50-100 50-100 50-100
pH — 4-5 4-5 4-5 4-5 4-5 7-8 7-8 7-8 7-8 7-8
0, ppb 0-10 0-10 0-10 0-10 10-100 100-1,000 1,000- 1,000- 1,000- 1,000-
10,000 10,000 10,000 10,000
H,S ppm 0-10 10-100  100-1,000 1,000- 0-10 1,000- 0-10 10-100  100-1,000  1,000-
10,000 10,000 10,000
Corrosion 0-0.01 0 0 0 0 0 0 0.65 0 0 0
rate probability | 0.01-0.1 0.065 0.525 0.42 0 0.08 0 0.35 0 0 0
in nryTar o= U865 UA7S U558 T U8B0 9] U 9] Y
1-2 0.07 0 0 0 0.06 0.16 0 0.8 0.57 0.185
2-5 0 Q 0 0 0 0.84 0 0.2 0.43 0.415
5-10 0 0 0 0 0 0 0 0 0
10-20 0 0 0 0 0 0 0 0 0
1.2 | Using a Bayesian Network
Onge the network has been created and all the inputs have been verified, it can be us€d within the Baydsian
Network software package, by referencing the model using an external programyroutine, such as Excel,
Visgal Basic (VBA), or MATLAB, or by using a pre-existing software.
1.2.1 Running in the Bayesian Network Software
To fun the network in the software that was used to create it, first flip,the “Chance” ovals to view as a|Bar
Chaft. Some packages may have this as a default, but others will’have it as a secondary view which|can

typifally be found under a “View” or “Node Format” related menu. Some packages may use other methods

or 1]
soft

ot have this functionality, so it is recommended to review instructional materials for the spe
vare used if the suggestions above are not helpful.

Onde the different variables are shown as a bar chart; make sure to update the view as some package
not update automatically. This can usually be found as an icon along the top tool bar. After the pag
refr¢shed, the bar charts should display the probabilities for each case of each variable.

Aftgr updating the network in the software, the table below shows the results with no known data.

Table A-3: Bayesian*Example Results for Scenario with No Known Data

cific

5 do
e is
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0,

H,S
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Corr. Ratg

%

Bar I

o.‘f o

ppm |

D/ o

ppb

%
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%

[=

mm/year

20
40
60
80-

40

60

80
00

25
25
25
25

0-0.1

0.1-1

1-10
10-100

25
25
25
25

10-50
50-100

0-10 E

33
33
33

0-10
10-100
100-1,000
1,000-10,000

25
25
25
25

0-10
10-100
100-1,000
1,000-10,000

25
25
25
25

0-0.01
0.01-0.1
0.1-1
1-2
2-5
5-10
>10

T = O @m0 | e

Thig
the

step-s also a good chance to verify that the conditional probabilities

yield accurate results. Somet

Network), so it is important to evaluate the network using some known data points. To enter known

1an

information, double click the case in the bar chart view and the probability will change to 100%. It is also
possible to set “uncertain” evidence, where the updated probabilities eliminate one or more of the states for
a variable. Doing this does not erase the data previously entered and can be undone at any time. It is also
important to update the view if the network does not auto update. In the example tables below, the red cells
are known values, the blue cells are uncertain values, and the green cells are unknowns and are recalculated
by the Bayesian Network.
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Table A-4: Bayesian Example Results for Scenario with a Mixture of Known, Unknown, and
Uncertain Data

T Cco, Fe* 0, H,S pH Corr. Rate

Cc | Yo Bar %o ppm | % ppb | % ppm I %o — % mm/year %
20-40 |IEGOM| ©-0.1 0 0-10 [Hla3 0-10 =8 0-10 =0 4-5 0 0-0.01 0
40-60 0 0.1-1 0 10-50 33 10-100 10-100 0 5-6 |G 0.01-0.1 0
60-80 0 1-10 |IEGEN| 50-100 |EM33 100-1,000 0 100-1,000 0 6-7 0 0.1-1 5
go-100| o 10-100| © 1,000-10,000 0 |1,000-10,000|] © 7-8 0 1-2 21
2-5 27

5-10 7

10 1 0

Table A-5: Bayesian Example Results for Scenario A with a Mixture of Known and Unknown Dpta

T CcOo, Fe? 0, H.S pH Cofr. Ratg
q I % Bar Yo ppm %o ppb % ppm % — % mm/year o

20440 25 0-0.1 0 0-10 33 0-10 0 0-10 0 4-5 a 0-0.01

40460 25 0.1-1 |INSO0IN 10-50 33 10-100  |INEGOMN| 10-100 0 5-6 |SOR| 0.01-0.1

60480 25 1-10 0 50-100 |33 100-1,000 0 100-1,000 0 6-7 0 0.1-1 | IEpO

80-j00 | 25 | 10-100 0 1,000-10,000 0 1,000-10,000 |IECONN 7-€ 0 1-2 6
2-5
5-10
=10

As more precise information is added to the network, unknowns 4vill become more refined. Alsq, as
demonstrated in the second table, although some variables remain\as unknowns, a corrosion growth |rate
might still be able to be determined with a high degree of certainty-

In tle example, the corrosion growth rate is most likely the’desired information, but it is important to|still
think of a Bayesian Network as a loop rather than as a‘toutine with a start and end. For example, if the
corrpsion growth rate was already known, the BayesianNetwork can calculate the probabilities for the dther
unknown variables. To do this in the creation.software, double click the bin case on the bar dhart
representation of the corrosion growth variable dand update the view if necessary. Below is an example using
a known corrosion growth rate, the cell colot-meanings are the same as the above examples.

Table A-6: Bayesian Example Results for Scenario B with a Mixture of Known and Unknown Data

T co, Fe* 0, H.S pH Corr. Rat

q % Bar % ppm % ppb % ppm % — | % mm/year o

2040 0 0-0.1 0 0-10 0 0-10 0 0-10 0 4-5 0-0.01 D

4060 0 0.1-1 0 10-50 0 10-100 10-100 0 5-6 0 0.01-0.1 D

6080 (IEIGONN| 1-10 (ENEDENN}-50-100 |MMGOGNN 100-1,000 100-1,000 0 6-7 0 0.1-1 D

80-100 0 10-100 Q 1,000-10,000 0 1,000-10,000 |NEOONN 7-8 0 1-2 D
2-5 |

5-10 D

=10 D

Thig functignality of entering in some known/uncertain information to determine the unknown values i the
intepded goal of using a Bayesian Network to make decisions for the “most likely case” and “worst probpable
casq”wvaltes in the bounding likely values process.

1.2.2 Running in Other Software

The authors of this guideline don’t necessarily expect software will be required for all Bayesian Network
applications resulting from the practices in this guideline. However, once a Bayesian Network is built it can
also be used by custom programs/macros written in programs such as MATLAB or Excel. An API or library
of commands compatible with Bayesian Networks can be found for free or from a paid provider online
(e.g., SMILE from BayesFusion, LLC [32]) and will facilitate use of the Bayesian Network. Also available
are premade software to handle and visualize the Bayesian Network results.
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1.3

Hypothetical Case Study

During an internal audit process an operator identified missing wall thickness and SMY'S values along one
of its pipeline segments. At some locations, just one variable was unknown, and at other locations both
were unknown. Without accurate information, the pipeline is at risk for inaccurate fitness-for-service
evaluations and incomplete design data for MAOP calculations. With these considerations, the operator
assembled a small team to compile and research relevant records to compile materials data of the other
representative and potentially comparable pipe types within the system.

Thefteam was able to compile records about the materials information for other lines constructed during

sa

pressure. The team realized that due to multiple unknown values, it needed to use a process [that ¢

han
the
and

Firs
thro|
CFR

The
fact
mar
POSS
sear]
out

goif]

Aftd
rela

=|Internal design pressure

= Nominal outside diameter

time period. There were also some design pressure calculations found that confirm theceperd

le a large amount of combinations that can handle multiple factors or variables. The team.decided
best course of action forward is to build a Bayesian Network to determine the missing wall thick
SMY'S values.

, the Bayesian Network team identified that the missing variables were most commonly associ
ugh calculating the design pressure. The team referred to the internal design pressure formula listd
 195.106° to start compiling a list of nodes.

25t
P=<—)*E*F
D

Pre,

Yield strength
Nominal wall thickness

Seam joint factor

Design factor

team began to then list all possible walies for SMY'S, wall thickness, diameter, seam factor, and de|
pr. During this process, the team also discovered that certain properties were also impacted by the

ible SMYS values, 51 possible wall thickness values, 19 possible outside diameters, three pos{
h factors, three possible-design factors, ten possible decades, and eight possible seam types. Then t
bossible design presstres, the team elected to use pressure bins for every 10 psig starting at 0 psig
g to 2000 psig.

r establishing<the nodes and entering in all the possible values, the team began assigning
ionships.<Ihe figure below shows the resulting network diagram.

the
ting
buld
that
hess

ated
d in

Kign
year

ufactured and the seam type se.they were added as extra nodes to network. The team identified 11

ible
list
and

the

? This equation is similar to other regulatory design formulae, such as CFR 192.105 and Z662 4.3.3.1.1.
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Figure A-2: Example of a Network Diagram that shows the relationships between nodes

oo g e

Thepe relationships were determined based on the design pressure model as, well as some of the rese
doctiments used. Combinations of SMYS, seam, outside diameter, and *wall thicknesses were ident
from manufacturing standard API 5L. After studying the API 5L combinations in conjunction with

hrch
fied
the

legacy procurement practices, pipe grade A and a number of séam weld types were eliminated from

posgibility. The only relationship remaining from this source was.between the outside diameter and

ese tables were simple to create as there was only one relationship; and most of these relations|

wall
Sing

ork,
ost
hips

werg in a “yes”/’no” format (e.g., “yes,” 4” QDpipe was made with a 0.250” WT, but “no” it was not npade

with 1”7 WT). This resulted in a small number of table cells to fill in, a uniform distribution for all
pairp, and zero for all “no” pairs.

ER]

yCS

Nexit, the team addressed the conditional probability table for the “MOP” node. This table was the most

conjplex and most time-constiming part of the network development because this cell had five diffd
relafionships (one for each path leading into the “MOP” node). Each combination of possibilities
congidered to determine.the distribution of possible design pressures. In total the team needed to cons
95,931 possible combindtions of the five variables in the design pressure model to complete the Bayd
network. Completing this Bayesian network was possible with the right software, but by using
obs¢rvations made during research of API 5L the team was able to refine the network instead. Two o
nodgs (seam type and design factor) were replaced with constant values, which effectively removed
from thewmodel and reduced the size and complexity significantly. The total number of prop

rent
was
ider
Sian

the
" the
hem
erty
yrite

conibinations was reduced to 10,659 and the amount of time and resources to set-up the software and v
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Figure A-3: Example of a Simplified Network Diagram that shows the relationships between

nodes

Wh
pipg

in the Bayesian Network software. The tables could then be copied directly fiem Excel into the Bay¢

Nety

Ono
985
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thes
that
(but
thes
inS

It is

abo
deci|

/

bn preparing the problem-solving script (e.g., in VBA) it was important to ensuré that the order of
properties used to calculate the “MOP” in the script appeared in the same as‘tlie’order as they appe

work software.

" the
hred
sian

e of

e all the probability tables were created, the model was ready. Thie line was operated at a pressut
psi and had a nominal outside diameter of 12”. These value® had been verified by multiple so
pcted by the research team and were consistent with the current operating parameters. The tea

not as combination), and X42 SMYS and 0.250” WF was the most likely combination. The team
e values going forward in the missing value verification process and continued with the process det3
ection 4.

for ‘fe pipe in question. There can be inherent flaws using the current operating pressure to make infere
t material properties and this step may not be recommended in all circumstances. Each operator fust

de when this method (as withether Bayesian input variables) is appropriate for purpose.

CEs
set

e parameters as known within the Bayesian Network. After'the evidence was set, the network revealed
grade B SMYS and 0.172” WT were the worst-case.yalues for SMY'S and wall thickness, respectiyvely

sed
iled

important to note that in this case, the-Operator had a high level of confidence in its design pracfices

1CCS
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APPENDIX B: GUIDANCE FOR USING A DOCUMENT HIERARCHY TO
SYSTEMATICALLY DETERMINE DOCUMENT RELIABILITY

The discussion in Section 7 focused on establishing a document hierarchy, or document ranking scheme,
which can be used to determine the quality and reliability of the data extracted from within each source
record. Once created, the document hierarchy not only establishes data quality and reliability, it also
provides an effective tool to assist in efficient data mining. This can become essential if a large data mining
effort is required.

A td
data
allo
min|

The
qua
crea
cont

docyiment precedence and how to resolve conflicting information.

Thif
brie

Dat

vable operating pressure (MAOP). This team structure can provide cost advantages because the
Ing team members are typically more cost-effective (less expensive) than engineers.

am consisting of Data Miners with oversight from engineers is typically assembled to completg, 1
mining efforts, like those that occur when construction records are reviewed to verify maxin

Data Miners in this team structure require oversight from engineers and process-¢ontrols to assurg
ity of their results. The document hierarchy is a valuable process control for,this type of effort. It
te efficiencies by helping the Data Miners to understand which document types are more likel
ain the targeted information. It can also create repeatability by providing“guidance about interpre

appendix discusses how to use a document hierarchy during a-data mining project, and it provid
[ hypothetical case study to convey a potential real life context.

L Mining with a Document Hierarchy

Wh
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and
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and

The
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bety
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docIment hierarchy is fit for purpose when the source records under review are very consistent. Thig

bn functioning properly, a document hierarchy will.allow Data Miners to target higher value docum
help them to discern information between conflicting source records to arrive at the most reliabls
ipeline data. The authors have typically used' document hierarchies when data mining construd
rds, pressure test, and maintenance recordsybut have also found they apply to in-line inspection re

hrge
hum
data

the
can
y to
ting

€S a

ents

set
tion
ults

expect that they apply to other data types-as well (e.g., potentially control room pressure records) ¢nce

erly configured and found fit for pugpose by company SMEs who are familiar with the targeted
the sources under review.

figure below shows a fully developed “Method 17 document hierarchy based on document type.

data

This
has

observed to occur when common procedures were followed closely and common forms were gised

istently over long\periods of time. This practice produces document types that are very consig
been projects and\can be relied upon to have the same types of data.

ata Minet-would use the document hierarchy in conjunction with a digital document database
ect listitortarget and retrieve high value documents on a project by project basis to reconstruct ¢
liné-Here are a few steps the Data Miner might follow:

tent

and
rach

Data

1. Once the project numbers are organized chronologically for a particular pipeline, the ]

Miner will use the document index metadata to target “mapping documents” (like drawings)

from the oldest project to define the project extents (with GIS stationing, if available).
2. Once the Data Miner understands where the project took place he will review the avail

able

highest ranking mapping documents to identify where various pipe and fitting materials were

installed along the line.

3. If the highest-ranking mapping document provides adequate attribute information for the Data
Miner’s research requirements, the Data Miner moves to the next pipe, fitting, etc., but if the
mapping document has gaps in attribute data or requires a second verifying document, the Data
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Miner continues to review documents from the same project number. The Data Miner will use
the metadata to target the highest value documents first. If there is a “Design Materials
Engineering Document Report” (from Table B-1, below) available in this project file, that will
be targeted first to fill the materials data gaps. This search will continue until all gaps are filled
or project records are exhausted.
4. The Data Miner will then move to the next oldest project on the project list and repeat this
process. If projects are found to replace one another, the materials information will be treated
in a similar manner to the MOC process from Section 6.2. When all projects have been

Res

s = A N s 1 4 d 41 daot 1 S 1
TOVICW O TIC PTP IO TS U U T O T anra T U g OIS Uratd—COTICUTIOTT O U ETITST

Table B-1: Fully Developed Method 1 Document Hierarchy Based on Document Type

Ranking Source Record Type Numl;ce)z::q:i?:ired
1 Design Materials Engineering Report 1 requijted
2 Completion Drawing 1.required
3 Material Certifications 1'required
4 Pressure Test Job Report 1 required
5 Welding Inspection Report 1required
6 Materials Invoice 2 required
7 Material Purchase Order 2 required
8 Material Transfer Qrder 2 required
9 Re-Claimed Material 2 required
10 Atlas Sheets 2 required
11 Strip Maps 2 required
12 Material Requisition 2 required
13 Censtruction Bid Specifications 2 required
14 Construction Inspector Notes 2 required
15 Field Notes 2 required
16 Notes from Field 2 required

blving Conflicting Information with a Document Hierarchy

Dat

. Miners will also use the document hierarchy to resolve conflicting information. The steps bg

low

provide an example of how a Data Miner might use a document hierarchy to resolve contlicting information.
A Data Miner has defined project extents for the current project under review and researched pipe
and components drawn on a strip map that was used to document the materials installed. The strip
map shows grade X-42 pipe with 0.365-inch wall thickness, but the document hierarchy requires a
second verifying document for a strip map so the Data Miner continues researching.
The Data Miner opens a “construction bid specification” that shows the pipe with 0.365-inch wall
thickness with grade B (which is in conflict with the “X-42, ” mentioned above). In order to resolve
this conflict the Data Miner must continue to research.

L.
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3. The Data Miner reviews a Material Invoice that shows the 0.365-inch wall thickness pipe for the
project was X-42, in agreement with the strip map. The Data Miner consults the document
hierarchy, which specifies the purchase order and strip map both rank higher than the construction

bid specification.

4. The Data Miner uses the document ranking order to override the construction bid specification

verify the grade X42 with the strip map and material invoice.

and

The examples above were both simplified to show the pr1n01ple of the document hierarchy. Method lis

wed

app
for1

as §

docyiments in addition to using the document hierarchy as a guidance tool, which is why engineer’overt
and [review is critical.

The
wou

Wh

pilof
nning of data mining projects. Taking the time to conduct a low{psoduction pilot (with 1-3 Data Miners

begi
for
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eliability flags (e.g., missing signatures, date/quantity inconsistencies, etc.) and the review may n

examples described above could also apply to a Method 2 document hierarchy) but the Data M

b implementing a document hierarchy into a data mining process for.the first time, a low produd
is highly recommended. Unexpected document types and procedural gaps are common at

B-6 weeks) will allow a team to address these challenges, pfior to wasting resources during a
Juction effort.

t be

imple as described. In practice, Data Miners will need to be trained to scrutinize the reliability of

ight

iner

Id have to perform more scrutiny of each document and interpretation of the, documents’ attribjutes
(singe a Method 2 document hierarchy is typically used for more inconsistent. doctiment sets).

tion
the

full-
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APPENDIX C: STATISTICAL METHOD FOR TRACKING PIPELINE DATA
CONFIDENCE AND RELIABILITY

This appendix outlines an approach to calculate the number of digs needed to verify a material property
such as pipe grade, or wall thickness, is consistent with verification measurements to a given statistical
confidencel level on a given pipeline. This calculation can also be used as a reliability metric when
comparing verifiability for prioritization between different pipe populations.

The _approach is based on_establishing a lower bound likelihood that any member of a population is

con
prio
bou
sam

In th
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meg
mat

The
ane
[36]
(det
pop
of j

Bin
a gi

finite population of pipe joints. The method can’ be used in situations where the sampling results ard

con

As

veri
leve
con
targ
sam
datad

istent with results obtained by (prior) sampling of the population. A sample is consistent if it nat
r results, and it is inconsistent if it does not. The approach can be used, for example, to estimate.a‘loy
nd likelihood any random pipe joint in a pipeline is the same grade or wall thickness as that.foun
pling one or more locations.

is appendix, a population is a finite set of something (e.g., pipe joints of unknown.type or wall thick
pipeline). Sampling is the process of selecting a random member of the population to determine
ts predefined criteria (e.g., if the pipe joint is X52). Consistency is the proportion of the population
thes the predefined criteria.

approach is based on a hybrid algorithm that combines an exact solufion for an infinite population
wly developed finite-population normal approximation based onrthie Agresti-Coull method in API 1

Any normal approximation requires a reasonable sample<{siz€ to be accurate. The exact me
hiled in this appendix) is conservative for finite populations: By using a hybrid methodology, the f]
hlation approach will be used once sufficient number of joints have been assessed. For smaller num|
ints the exact conservative solution may be used.

mial proportions take on one of two states (e.g’sampled yield strengths are or are not consistent
en grade). The confidence interval surrounds the proportion of pipe that matches a target property

istent.

in example of the levels of confidence that are achievable by completing a very large numbg
fication measurements, Table.€=1" summarizes the number of digs needed to achieve a given confid
| and consistency for an infimite population using the exact solution, assuming no inconsistencies. H
istency is defined as the, minimum (lower bound) proportion of pipe on the pipeline that match|
et grade. If an operatorywants to have 95% confidence that 95% of the pipe joints on a pipeline arg
e grade, he must Pperform 59 digs, all of which must be consistent with the target grade. If suffid
is available, thefinite population approach covered later may require fewer samples.

Ches
ver-
1 by

hess
if it
that

vith
163.
hod
nite
bers

with
in a
not

r of
Prce
ere,
es a

the
ient

52


https://asmenormdoc.com/api2/?name=ASME PTB-12 2017.pdf

PTB-12-2017: Guidelines for Addressing Data Gaps and Recordkeeping for ASME B31.4, B31.8 and B31.8s for

Pipe

line Integrity Management

Table C-1: Number of Digs Required as a Function of Confidence Level and Consistency with the

Exact Conservative Solution

Consistency
80%0 90%0 95%0 99%
o 80%0 8 16 32 160
(8]
5T 90% 11 22 45 228
T >
= 0
= O504 14 29 5O 297
o
@)
99% 21 44 90 456

In the event inconsistencies cannot be explained by typical variability in various pipe characteristics (g.g.

one
coin

Sta
This

a gi
assu
basg

Exa

pipe joint is X52 and another is X65), separate populations must be developed. Thiss¢enario typig
cides with multiple inconsistent measurements.

Fistical Models for Calculating Confidence Levels
section discusses a procedure to calculate a lower bound “consistency” (i€7, proportion of pipe mes¢
ven criteria). The lower consistency bound is for the full population (relevant pipe segment
med similar diameter, wall thickness, grade, seam, install date, tmanufacturer, and manufacture
d on the available sample information.

ct Binomial Confidence Interval Formulas

This

bind

whe
disti

Tab
low
give
in th

mial confidence limits. The lower and upper confidence bounds are given below.

a _ B
PENB) =g Bt
PG (R,B)=1-pZ(n,n—B)

re B is the number of succdesses in the n Bernoulli trials and f,, ,, », is the upper y" percentile of t
ibution with n; and n, degrees of freedom.

/2,2(n-B+1),2B

e B-2, which is based on a 95% confidence level, provides an example to aid in the interpretatio
br consistency<beunds. Table B-2 shows that the full population has at least (similar to a worst cas

e range/]0%, 100%]. The computed consistency is a function of:

Desired confidence level (80%, 90% or 95% are suggested)

L]
aQ
S

ally

ting
vith
ate)

section is primarily taken from Harper (2005) [37]5including the Excel VBA function that was ysed
for fhe exact results shown in this appendix. Hollander'and Wolfe [38] explain exact Clopper-Pearson

[39]

he F

n of
e)a

n consistency.level. Consistency may be viewed as either a proportion in the range [0, 1] or a percentage

#'observations (labeled “# joints inspected”): these are the row labels in the first column

® {7 Inconsistencies: these arce the column 1abCls m row 1U.
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Table B-2: Lower-Bound Consistency Table at a 95% Confidence Level for an Infinite Population
# Inconsistencies

# Joints

inspected 0 1 2 3 4 5 6 7 8 9
1 0.050 0.000
2 0.224 0.025 0.000
3 0.368 0.135 0.017 0.000
4 0.473 0.249 0.098 0.013 0.000
5 0549 0343 0189 0076 0010 0000
6 0.607 0.418 0.271 0.153 0.063 0.009 0.000
7 0.652 0.479 0.341 0.225 0.129 0.053 0.007 0.000
8 0.688 0.529 0.400 0.289 0.193 0.111 0.046 0.006 0.000
9 0.717 0.571 0.450 0.345 0.251 0.169 0.098 0.041 0.006 0.00(
10 0.741 0.606 0.493 0.393 0.304 0.222 0.150 0.087 00837 0.004
11 0.762 0.636 0.530 0.436 0.350 0.271  0.200 0.135 0:079 0.033
12 0.779 0.661 0.562 0.473 0.391 0.315 0.245 0.181 0.123 0.072
13 4 0.684 0.590 0.505 0.427 0.355 0.287 0.224 0.166 0.113
14 <@.703 0.615 0.534 0.460 0.390 0.325 0.264 0.206 0.153
15 0.81 .721 0.637 0.560 0.489 0.423 0.360 0¢300 0.244 0.191
16 0.829 0.736 0.656 0.583 0.516 0.452 0.391 0.333 0.279 0.227
17 0.838 0.750 0.674 0.604 0.539 0.478 0.420 0.364 0.311 0.26(
18 0.847 0.762 0.690 0.623 0.561 0.502 0246 0.392 0.341 0.291
19 0.854 0.774 0.704 0.641 0.581 0.524 :0.470 0.418 0.368 0.32(
20 0.861 0.784 0.717 0.656 0.599 0.544 *~0.492 0.442 0.394 0.347
21 0.867 _0~293 0.729 0.671 0.616 0.563” 0.513 0.464 0.417 0.372
22 0.873.741 0.684 0.631 0.580 0.532 0.485 0.439 0.391
23 0.878 0.81070.751 0.696 0.645.,,0.596 0.549 0.504 0.460 0.417
24 0.883 0.817 0.760 0.708 0.658" 0.611  0.565 0.521 0.479 0.437
25 0.887 0.824 0.769 0.718 Q670 0.625 0.580 0.538 0.496 0.45¢4
26 0.891 0.830 0.777 0.728\-0.682 0.637 0.595 0.553 0.513 0.474
27 0.895 0.836 0.785 0,737 0.692 0.649 0.608 0.568 0.529 0.491
28 9 0.841 0.792 0.746 0.702 0.661 0.620 0.581 0.543 0.50¢
29 ‘%.847 0.798'%.0.754 0.712 0.671 0.632 0.594 0.557 0.521
30 0.905~ 0.851 0.805° 0.761 0.720 0.681  0.643 0.606 0.570 0.53f

For example, an operatot-conducts 14 excavations, all of which are consistent with a given grade. As geen
in Tlable B-2, a lower bound consistency of 0.807 (80.7%) is obtained at the 95% confidence level when
zerq inconsistenciessare found in 14 observations. A consistency of 0.807 implies that the worst casq (or
95% lower bound) consistency for the full population is at least 80.7%. That is, at least 80.7% off the
popplation is_the’ same grade. Of course, for this example it could be as high as 100% sincq no
incdnsistenéies have been found.

If thetoperator wants a higher statistical consistency, more excavations are required. For example, if the
Ope dlOI WdIILS 9Gn0 Uf LhC [)U[)UldLiUIl o bC th SAIIIC glddc, Ag L«Ullbiblclll C)&dedLiUllb dlc IlCUdCd. X hat
happens if the operator finds an inconsistent measurement? The number of required digs to achieve the
same statistical consistency increases. If there is one inconsistency, Table B-2 shows that 22 excavations
are needed to conclude that 80% of the population is the same grade. As the number of inconsistencies
increases, the consistency drops for a given number of excavations.

Table B-3, Table B-4, and Table B-5 show similar lower-bound consistency values at the 99%, 90%, and
80% confidence level.
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