SOUBEL

OPERATIONAL TRUST

PIPELINE INTEGRITY, METALLURGY & PHMSA

An Executive Technical Fluency Guide

Understanding the evidence behind pipeline integrity decisions
without becoming the engineer performing the calculations

Purpose of this guide

This guide is designed to build executive technical fluency. It explains the logic of pipeline integrity
discussions, the role of material properties and laboratory evidence, major engineering methods, the questions
that improve decision quality, and the point at which engineering judgment belongs with the responsible
engineer or metallurgist. It is educational material, not a substitute for engineering licensure, metallurgical
training, a laboratory procedure, regulatory interpretation, or legal advice.
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How to Use This Guide

The material is organized around conversations, not calculations. Each part has four layers: what the
concept means, why it matters, how it connects to the PHMSA framework, and what an informed executive
or commercial leader should be able to explain without notes.

Part Focus

Part | Pipeline integrity architecture, PHMSA Parts 192 and

195, ILI, anomaly response, predicted failure pressure,
remaining life, ECA, and the current/proposed regulatory
framework discussed in this guide.

Part Il Metallurgy in plain language: strength, toughness,

ductility, hardness, chemistry, microstructure, seam type,
pipe grade, fatigue, cracking, and corrosion.

Part Ill Laboratory and field evidence: tensile, Charpy, CTOD/J,

hardness, chemistry, metallography, SCC, fatigue, failure
analysis, ILI, and NDE validation.

Part IV Synthesis: fithess-for-service logic, how evidence moves

from ILI to an integrity decision, executive questions,
mock conversations, rapid-response answers, and
publication-safe language.

What this guide will help you do

Explain why an anomaly is not fully understood until the material, operating context, and inspection
uncertainty are considered.

Explain the difference between strength and toughness without using an equation.

Explain what a tensile test, Charpy test, fracture-toughness test, metallography, chemistry, SCC test, and
failure analysis are intended to establish.

Explain what predicted failure pressure, failure pressure ratio, remaining life, fithess-for-service, and
engineering critical assessment mean conceptually.

Explain current gas material verification under Section 192.607 and accurately describe proposed Section
195.407 as a verification process, not a blanket order to test every undocumented liquid pipeline.
Recognize B31G, R-STRENG, API 579-1/ASME FFS-1, Modified Ln-Sec, and Raju-Newman by purpose, not
by formula.

Know the boundary between executive technical fluency and engineering responsibility.

Regulatory status matters

PHMSA published the NPRM "Pipeline Safety: Repair Criteria for Hazardous Liquid and Gas Transmission
Pipelines" on July 8, 2026. It affects Parts 192 and 195, and comments are due September 8, 2026.
Proposed language can change before a final rule is issued. [R1]

Guide Map

Part | - The Integrity Decision: From ILI Signal to Repair Decision

Part Il - Understanding the Steel: Metallurgy in Plain Language

Part Ill - Understanding the Evidence: What Laboratories and NDE Actually Tell You
Part IV - The Executive Conversation: Applying the Knowledge

Appendix A - One-Page Quick Reference

Appendix B - Acronym and Terminology Glossary

Appendix C - Executive Knowledge Check: 40 Questions With Answers

Appendix D - Sources & Further Reading
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PART | - THE INTEGRITY DECISION

Goal: understand the regulatory and engineering architecture well enough to follow a technical integrity
discussion from an inspection indication to a response decision.

1. The regulatory map: Parts 192 and 195

Term What you need to know

49 CFR Part 192 Federal pipeline safety rules for natural and other gas
transported by pipeline. The current gas framework
already contains material-property verification at Section
192.607 and engineering analysis at Section 192.712.
[R2][R3]

49 CFR Part 195 Federal pipeline safety rules for hazardous liquid and
carbon dioxide pipelines. At the time of publication,
Section 195.415 remains reserved in the current CFR.
The July 2026 NPRM proposes to add Section 195.415
for anomaly evaluation and Section 195.407 for material-
property verification. [R1][R4]

HCA High Consequence Area. Integrity-management rules
give special attention to areas where a release could
have particularly serious consequences. You do not
need to memorize HCA definitions for this course.

IM Integrity Management. A structured program for
assessing threats, evaluating findings, taking preventive
or mitigative actions, and documenting the integrity of
covered pipeline segments.

Say it this way

"Part 192 already has a mature gas-transmission framework for material verification and engineering anomaly
analysis. The July 2026 NPRM proposes comparable concepts for hazardous liquid pipelines while also
revising gas anomaly-response provisions."

2. Mega Rule background without mislabeling the 2026 NPRM

The industry often uses "Mega Rule" as shorthand for a series of major PHMSA gas-transmission
rulemakings following the San Bruno accident and congressional mandates. Two milestones are especially
useful for this topic:

o 2019 Gas Transmission Rule, often called RIN 1: MAOP reconfirmation, expanded assessments, material-
record issues, Section 192.607 material verification, and Section 192.712 engineering analysis were part of
this modernization. [R5]

e 2022 Gas Transmission Rule, often called RIN 2: repair criteria, integrity-management improvements,
cathodic protection, management of change, and related amendments. [R6]

e July 8, 2026 NPRM: a separate proposed rule. PHMSA says it would complete certain gas-transmission
anomaly-response work and extend similar engineering concepts to hazardous liquid pipelines. [R1]

Publication-safe language

Use "the July 2026 PHMSA repair-criteria NPRM" or "PHMSA's July 8, 2026 proposed repair-criteria rule." Do
not call the NPRM itself "the new Mega Rule."
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3. The integrity workflow
Stage

1. Detect

What happens

ILI, direct examination, pressure testing,

field inspection, or another assessment
method identifies an indication.

Why it matters

The signal is not yet the full engineering

conclusion.

2. Characterize

Determine anomaly type, dimensions,
location, orientation, interacting
features, and uncertainty.

Bad characterization can corrupt every
step that follows.

3. Establish inputs

Pipe geometry, material properties,
seam characteristics, operating
pressure, loading history, and relevant
environment.

This is where metallurgy and records
enter the decision.

4. Evaluate

Use an accepted remaining-strength,
fracture-mechanics, fatigue, or ECA
method appropriate to the anomaly.

The model converts evidence into an
engineering estimate.

5. Categorize

Compare the result with regulatory or
company response criteria.

The result informs urgency and required
action.

6. Act and document

Repair, reduce pressure, monitor,
reassess, or take another technically
justified action.

The record should show what was
known, assumed, calculated, reviewed,
and approved.

The idea to remember

Inspection data and engineering models do different jobs. Inspection characterizes what is present.
Engineering analysis estimates what that condition means for safe operation. Material evidence helps connect

the two.

4. ILI: what it does and what it does not do

In-line inspection tools travel through a pipeline and collect data about pipe condition. PHMSA's July 2026
NPRM emphasizes that modern ILI tools can detect and characterize more anomalies with better probability
of detection and sizing accuracy than early integrity-management technology. [R1]

Technology family Plain-English role

MFL - Magnetic Flux Leakage

Commonly used to detect and size metal loss. Think
corrosion geometry.

Ultrasonic tools

Use sound to measure wall thickness or characterize
certain crack-like features, depending on tool design.

EMAT - Electromagnetic Acoustic Transducer

[R1]

Can be used for certain crack-detection applications
without a liquid ultrasonic couplant. PHMSA cites
modern EMAT crack-detection capability in the NPRM.

Geometry/caliper tools

Measure dents, ovality, deformation, and pipe geometry.

IMU - Inertial Measurement Unit

Supports mapping, curvature, and movement/strain-
related analysis when integrated with other data.
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ILI'is not a laboratory chemistry test and it does not automatically establish every material property needed
by a fracture or strength model. It is one part of the evidence chain.

5. Predicted failure pressure and FPR

Predicted failure pressure is an engineering estimate of the pressure at which a specific anomaly is
expected to fail under the model and input assumptions used. Failure pressure ratio, or FPR, compares the
calculated failure pressure with the applicable operating-pressure basis. In pipeline practice, the ratio is
used as a safety-margin indicator. A lower ratio means less calculated margin between operation and
predicted failure. [R1][R7]

No math needed

You do not need to calculate FPR. You do need to understand what changes it: anomaly size and shape, pipe
dimensions, material strength, model selection, pressure basis, and uncertainty can all affect the result.

6. Remaining life

Remaining life is an estimate of how long a time-dependent defect may take to grow from its current size to
a limiting size under assumed operating and growth conditions. For a crack, repeated pressure cycles or an
active cracking mechanism can matter. For corrosion, the assumed corrosion growth rate can matter.
Remaining life is therefore not a stopwatch reading. It is an engineering estimate whose credibility depends
on the growth model and inputs.

7. ECA and FFS

Concept Working definition

ECA - Engineering Critical Assessment An engineering evaluation of whether a flaw or damage
condition is acceptable for a defined service condition
and period. In the PHMSA context, the term is used for
specific anomaly evaluations, including dent assessment
concepts.

FFS - Fitness-for-Service A broader engineering framework for deciding whether
equipment containing damage can continue operating
safely under defined conditions. API 579-1/ASME FFS-1
addresses many damage mechanisms and assessment
levels. [T1]

Useful sentence

"ECA and fitness-for-service are not ways to wave away an anomaly. They are structured ways to evaluate it
using the actual flaw, material, loading, uncertainty, and accepted engineering methods."

8. The models you need to recognize

Method What category What you should remember
ASME B31G Remaining strength of corroded Think metal loss and remaining
pipelines. strength, not crack fracture toughness.

ASME describes B31G as guidance for
evaluating metal loss in pressurized

pipelines. [T2]
R-STRENG Remaining-strength method for Another recognized corrosion
corrosion metal loss. assessment method in the PHMSA
framework.
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Method What category What you should remember

API 579-1/ASME FFS-1 Fitness-for-service assessment Covers multiple damage types and
framework. includes different assessment levels.
(T1]
Modified Ln-Sec Fracture-mechanics method used in Recognize the name and purpose. Do
crack assessment. not attempt the equation.
Raju-Newman Fracture-mechanics equations for crack | Recognize as a crack-analysis method
stress-intensity behavior. cited in the 2026 NPRM. [R1]

Executive language: what you should be able to say aloud

o "ILI tells us what the tool detected and how it characterized the anomaly. Engineering analysis tells us what
that condition means under the pipeline's actual material and operating conditions."

o "Predicted failure pressure is not the operating pressure. It is an engineering estimate of the pressure at
which the modeled anomaly would fail."

e "FPRis a safety-margin comparison between predicted failure pressure and the applicable operating-
pressure basis."

¢ "Remaining life is model-based. It depends on how the defect is expected to grow and on the assumptions
used."

e "The July 2026 NPRM does not simply abolish depth criteria. It proposes engineering-based metrics
alongside revised depth-based criteria and response schedules."

Knowledge check

Question Answer you should own

What is the difference between finding an anomaly and Finding identifies or characterizes a condition. Evaluation
evaluating it? estimates its significance for integrity using material,
geometry, loading, operating conditions, uncertainty, and
an appropriate engineering method.

Why is FPR useful? It expresses the calculated margin between an anomaly's
predicted failure pressure and the operating-pressure
basis in a form that can be compared with response
criteria.

Does the 2026 NPRM replace all depth-based criteria? No. PHMSA proposes modern engineering-based
metrics alongside revised depth-based criteria and
response schedules. [R1]

Where is the technical boundary? You should be able to explain what the method is for and
why the input matters. You are not claiming to select the
method, perform the calculation, or approve the
engineering conclusion.
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PART Il - UNDERSTANDING THE STEEL

Goal: understand the material terms that determine how steel behaves so that "strength," "toughness," and
"fracture" stop sounding interchangeable.

1. Pipeline steel in one paragraph

Most transmission line pipe is carbon or low-alloy steel manufactured to a line-pipe specification such as API
Spec 5L. API Spec 5L establishes requirements for seamless and welded steel line pipe, including material
specifications, manufacturing processes, inspection, testing, marking, and traceability. API published the

47th edition in June 2026. [T3]

For older pipelines, manufacturing era and seam process can be relevant to threat susceptibility. PHMSA
notes that some post-World War |l vintages had seam-quality concerns and that later high-frequency ERW,
submerged-arc-welded, and seamless pipe benefited from improved steel and seam properties. [T4]

2. Six material properties you must not confuse

Property

Yield strength

Plain-English meaning

Stress level at which permanent plastic
deformation begins.

Integrity connection

Why it matters: pressure and strength
calculations often need a defensible
strength basis.

Ultimate tensile strength - UTS

Maximum engineering stress reached in
a tensile test before fracture
progression dominates.

Why it matters: another core
mechanical property used to
characterize material strength.

penetration.

Ductility Ability to plastically deform before Why it matters: two steels with similar
fracture. strength can behave differently as they
deform.
Toughness Ability to absorb energy and resist Why it matters: cracks are sensitive to
fracture under defined conditions. the material's resistance to fracture, not
only to yield strength.
Hardness Resistance to localized indentation or Why it matters: useful for material

characterization; correlations to strength
can be useful only when validated for
the material and method.

Fracture toughness

Quantitative resistance to crack
initiation or extension under defined
loading and specimen conditions.

Why it matters: fracture-mechanics
assessments need a measure of crack
resistance appropriate to the method.
ASTM E1820 uses K, J, and CTOD
parameters. [T5]

Strength is not toughness

A steel can have high yield strength and still have limited resistance to fracture under a particular combination
of temperature, flaw geometry, constraint, and loading. "Strong" does not automatically mean "crack tolerant."

3. The tensile test

A tensile test pulls a standardized specimen in one direction and records how it responds. ASTM E8/E8M
identifies yield strength, tensile strength, elongation, and reduction of area among the properties obtained

from tension testing. [T6]

Output What it tells you
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Output What it tells you

Yield point or yield strength Where permanent deformation begins under the test
definition.

uTsS Maximum engineering tensile stress reached.

Elongation How much the specimen stretches before fracture, one

indicator of ductility.

Reduction of area How much the cross-section contracts at fracture,

another ductility indicator.

What you can say

"The tensile test gives us strength and ductility information. It does not, by itself, tell us everything we need to
know about crack resistance or service behavior."

4. Pipe grade and SMYS

SMYS means specified minimum yield strength. It is a specification value, not a statement that every inch of
a pipeline has exactly that measured yield strength. Historical PHMSA material notes identify APl 5L X42 as
a grade with 42,000 psi SMYS. [T7]

For executive fluency, the key idea is simple: grade is part of the material record used in design and integrity
analysis, but actual material verification becomes important when the regulation or engineering method
requires properties that are not adequately documented.

5. Toughness, Charpy, and fracture toughness

Charpy V-notch testing and fracture-toughness testing answer related but different questions. Do not use

the terms as synonyms.

Term

Charpy V-notch

What it is

A notched specimen is struck at high
loading rate and the absorbed impact
energy is measured. ASTM E23
describes the test and notes its
relevance to brittle-fracture behavior for
some materials and temperatures. [T8]

How to talk about it

Impact energy and transition behavior.
It is a toughness-related test, not a
direct K/J/ICTOD fracture-toughness
test.

CTOD

Crack Tip Opening Displacement. A
fracture-toughness parameter related to
deformation at a crack tip.

Used in fracture-toughness
characterization and structural flaw
assessment when appropriate.

J-integral / J-R

Fracture-mechanics parameters used
especially where elastic-plastic behavior
matters.

ASTM E1820 provides procedures
using J and CTOD, among other
parameters. [T5]

Stress-intensity based fracture-
toughness parameter used under
conditions appropriate to linear-elastic
fracture mechanics.

Another way of quantifying resistance to
crack extension under defined
conditions.
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A safe sentence

"Charpy impact energy is useful toughness information, but it is not identical to a direct fracture-toughness
value such as K, J, or CTOD."

6. Fracture mechanics without equations

Fracture mechanics asks whether a crack of a given size, in a material with a given resistance to fracture,
under a given stress state, is tolerable. You can think of the assessment as a balance among four things:

Flaw geometry - how long, deep, oriented, and shaped the crack is.

Driving force - the stress or load trying to extend the crack.

Material resistance - the steel's resistance to fracture.

Uncertainty and boundary conditions - what the inspection, model, geometry, and operating history may not
tell us perfectly.

The conceptual equation

Flaw + load + material resistance + uncertainty = engineering judgment about tolerability. You do not need the
mathematical formula to understand why each input changes the answer.

7. Chemistry and carbon equivalent

Chemical composition affects steel manufacturing, mechanical properties, weldability, and susceptibility to
some damage mechanisms. Carbon, manganese, sulfur, phosphorus, and alloying elements are among the
values that may be measured in material characterization. Carbon equivalent is a calculated indicator
commonly used in welding and metallurgy to summarize the combined effect of certain alloying elements on
hardenability and weldability. It is not a universal "quality score" for a pipe.

8. Microstructure and metallography

Metallography prepares and examines a polished and usually etched cross-section so the material's
microstructure can be studied. Depending on the question, a metallurgist may look for grain structure,
phases, inclusions, banding, decarburization, weld or heat-affected-zone features, cracking morphology, or
evidence of manufacturing and service conditions.

Why it matters

A chemistry result tells you what elements are present. Metallography helps show how the material was
formed and what happened to its structure. Those are different pieces of evidence.

9. Seam type and vintage

Term What you need to know

Seamless Pipe made without a longitudinal weld seam.

ERW / HFW Electric resistance or high-frequency welded longitudinal
seam. Manufacturing era matters because older low-
frequency ERW populations have known seam-related
integrity concerns. [T4][T9]

SAW / DSAW Submerged-arc welded pipe, including double-
submerged-arc-welded configurations used in large-
diameter line pipe.
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What you need to know

Girth weld

Field weld joining one pipe joint to the next. A girth weld
is not the same thing as the longitudinal manufacturing

seam.

Do not overgeneralize

Do not say "ERW pipe is bad." Say that seam type, manufacturing process, vintage, failure history, and known
population characteristics can affect the threat model and assessment strategy.

10. Fatigue, corrosion, SCC, and interacting threats

Threat

Fatigue

Plain-English meaning

Progressive damage or crack growth
caused by repeated stress cycles.

Why the material matters

Pressure cycling can enlarge crack-like
flaws over time.

Corrosion metal loss

Electrochemical loss of metal that
reduces wall thickness.

Remaining-strength methods such as
B31G and R-STRENG are used for
appropriate corrosion geometry.

SCC

Stress corrosion cracking: cracking
caused by the combined effects of
tensile stress, susceptible material, and
a specific environment.

It is not simply "corrosion plus a crack."
Crack growth behavior and environment
matter. [T10]

Selective seam weld corrosion

Preferential corrosion associated with
the longitudinal seam region in
susceptible pipe populations.

Seam type and metallurgy become
important in characterization and
response.

Dent with interacting feature

A dent combined with gouging,
cracking, metal loss, seam interaction,
or another stress riser.

The combination can be more
significant than dent depth alone;
PHMSA's NPRM addresses
engineering evaluation of dents and
interacting threats. [R1]

Terms to know

Term 30-second definition

Strength Resistance to yielding or tensile failure under load.

Toughness Ability to absorb energy and resist fracture under defined
conditions.

Ductility Ability to plastically deform before fracture.

Hardness Resistance to localized indentation; useful but not

identical to yield strength.

Fracture toughness

Quantitative resistance to crack extension.

Microstructure

behavior.

The internal structural features of the metal that influence
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Term 30-second definition

SMYS Specified minimum yield strength from the material
specification.

Seam type How the longitudinal pipe seam was manufactured, or
whether the pipe is seamless.

PART lll - UNDERSTANDING THE EVIDENCE

Goal: know what the major laboratory and field methods answer, what they do not answer, and why
validation matters.

1. Destructive versus nondestructive testing

Category Working definition

Destructive testing A specimen is removed or prepared and tested in a way
that permanently changes or breaks it. Examples include
tensile and Charpy testing.

NDE / NDT Nondestructive examination or testing evaluates material
or flaws without intentionally destroying the component.
Examples can include ultrasonic, magnetic,
electromagnetic, radiographic, and surface methods.

In situ material verification Material-property evaluation performed on exposed pipe
in the field using qualified methods, often without
removing the pipe from service.

Laboratory characterization Controlled testing on a sample or component to
determine mechanical, chemical, fracture,
microstructural, corrosion, or failure properties.

2. Why Section 192.607 is so important

Current Section 192.607 applies "wherever required by" Part 192. It establishes how onshore steel gas-
transmission operators document and verify material properties and attributes when the applicable Part 192
requirement calls for that information. Records established under the section include diameter, wall
thickness, seam type, and grade-related properties and are retained for the life of the pipeline. [R2]

For nondestructive material-property methods, Section 192.607 requires validation by a subject matter
expert based on comparison with destructive test results on material of comparable grade and vintage,
conservative treatment of measurement uncertainty, and properly calibrated equipment. [R2]

The sentence to remember

"Nondestructive does not mean assumption-free. The method still needs validation, calibration, and an
uncertainty basis."

3. Proposed Section 195.407 - the exact way to describe it

The July 2026 NPRM proposes a comparable material-property verification process for hazardous liquid
pipelines. The careful point is scope: the proposal creates the process and would allow collection of
material-property records when those properties are needed for anomaly evaluation or another applicable
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requirement. It is not accurate to describe proposed Section 195.407 as a blanket independent command to
test every liquid-pipeline segment with incomplete records. [R1][R8]

Never say

"PHMSA now requires liquid operators to test every unknown pipe segment." The July 2026 document is a
proposed rule, and proposed Section 195.407 is a verification framework whose use is tied to an applicable

need for the property.

4. What each major lab test tells you

Test

Tensile test

What it measures

Yield strength, UTS, elongation,
reduction of area.

Integrity use and limit

Strength and ductility characterization.
LIMIT: Does not directly measure
fracture toughness or service-life
growth.

Charpy V-notch

Absorbed impact energy at a specified
temperature and specimen orientation.

Toughness-related information and
brittle-fracture transition behavior.
LIMIT: Not the same as a K, J, or CTOD
fracture-toughness test.

CTOD / J fracture toughness

Quantitative resistance to crack
initiation or extension under the test
conditions.

Fracture-mechanics input or material
comparison when the chosen
assessment method uses it. LIMIT:
Laboratory values still require
appropriate transfer to field geometry
and loading.

Hardness

Resistance to indentation.

Material characterization, weld/HAZ
surveys, and validated correlations in
some applications. LIMIT: A hardness
number is not automatically a verified
yield-strength value.

Chemical analysis

Elemental composition.

Grade support, weldability/metallurgy
questions, carbon-equivalent
calculation, material identification.
LIMIT: Chemistry alone does not tell
you the full mechanical behavior.

Metallography

Microstructure and structural features at
the prepared section.

Manufacturing, weld, seam, cracking,
heat-treatment, and failure evidence.
LIMIT: A single micrograph does not

represent every location in a pipeline.

Fatigue / crack-growth testing

Response to cyclic loading and crack-
growth behavior under defined
conditions.

Remaining-life or crack-growth model
support when warranted. LIMIT:
Results depend strongly on test
environment, loading, and specimen
conditions.

SCC / environmental cracking testing

Cracking behavior in a defined material,
stress, and environment combination.

Susceptibility and growth
characterization for relevant cracking
mechanisms. LIMIT: One environment
or test condition cannot represent every
field condition.
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What it measures Integrity use and limit

Failure analysis Integrates visual, fractographic, Root-cause and contributing-factor
metallurgical, mechanical, chemical, determination. LIMIT: A competent
and service evidence. failure analysis distinguishes evidence

from speculation.

5. The difference between Charpy and CTOD/J

This is one of the most useful technical distinctions to master because both are often casually called
"toughness tests." Charpy measures impact energy absorbed by a notched specimen. ASTM E23 covers
Charpy impact testing. ASTM E1820 covers fracture-toughness measurement using parameters including
K, J, and CTOD. [T8][T5]

Conversation version

"Charpy gives us impact-energy information that is often useful for toughness characterization. CTOD and J
are fracture-mechanics parameters intended to quantify crack resistance more directly. Which one belongs in
an assessment depends on the method and the question being answered."

6. NDE validation: why the lab can matter even when testing is done in the field

A field method can be fast, practical, and valuable, but the operator still needs confidence that the result
means what the method says it means. Current Section 192.607 explicitly ties nondestructive material-
property verification to comparison with destructive test results on comparable grade and vintage material.
[R2]

This is a recurring integrity principle: validation is how a convenient measurement earns credibility.

7. Reading a laboratory report at the executive level

e What question was the laboratory asked to answer?

e What sample was tested, and where did it come from?

¢ [s chain of custody or sample identity clear?

e Which test method or standard was used?

o What temperature, orientation, environment, and loading condition applied?

e What were the measured values and units?

e What uncertainty, scatter, specimen limitation, or condition affects interpretation?

¢ Does the conclusion say what the data show, or does it jump beyond the evidence?
e How will the engineering team use the result in the integrity assessment?

An executive question worth asking

"Which engineering decision changes if this laboratory result is different?" That question forces the team to
connect the test to the actual integrity decision instead of treating testing as an activity by itself.

8. Laboratory service vs engineering requirement

Do not convert the laboratory evidence table into a claim that PHMSA requires every test. The correct
framing is that different tests can provide evidence relevant to different engineering inputs or failure
mechanisms. The responsible engineer or metallurgist selects the evidence appropriate to the assessment.

Evidence Possible engineering role How to phrase it

Tensile / strength Strength inputs or material verification Direct link when yield/UTS are needed.
where required
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Evidence

Possible engineering role

How to phrase it

Charpy / toughness Toughness-related input where the Direct link in applicable crack analysis
method accepts or requires Charpy and material-record contexts.
data

CTOD/J Fracture-toughness input Specialized link when the selected

fracture method uses these properties.

Chemistry / metallography

Material identification and mechanism
characterization

Supporting evidence; not automatically
a regulatory requirement for every
anomaly.

Fatigue / SCC testing

Growth-rate or mechanism
characterization

Specialized evidence when threat and
model justify it.

Failure analysis

Root cause and threat learning

May inform future inspection, threat
models, and remediation, especially
after a failure or unexpected finding.

Your technical boundary

Boundary Example

You can say "The lab test establishes a material property or helps
characterize a mechanism that the engineering
assessment may need."

You can say "The value still has to be used within the correct

engineering method and boundary conditions."

You should defer

"Which specimen geometry, orientation, temperature,
standard, acceptance criterion, or fracture model is
technically correct for this case?"

You should defer

"Does this specific test result prove the line can operate
for another X years?" That is an engineering conclusion,
not a laboratory number by itself.

PART IV - THE EXECUTIVE CONVERSATION

Goal: connect regulation, inspection, metallurgy, laboratory evidence, and engineering assessment into a

coherent executive conversation.

1. Walk one anomaly through the system

Scenario: an ILI run reports a crack-like indication in a transmission pipeline. This is a conceptual teaching
example, not a real engineering assessment.

Step

ILI finding

What happens

Tool reports location, orientation,
dimensions, classification, and stated
tolerances.

Executive question

Question: how confident are we that the
feature is a crack and how accurate is
the sizing?

Pipe context

Diameter, wall, seam type, vintage,
grade, operating pressure, pressure
history, temperature, and prior
inspections.

Question: what do we know from
traceable records and what is
assumed?
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Step What happens Executive question

Material evidence Strength and toughness data, seam Question: which material properties
information, chemistry or metallography | does the chosen model actually
if relevant. require?

Engineering method Technically accepted fracture- Question: why is this method
mechanics model appropriate to the appropriate and what uncertainty is
crack and failure mode. included?

Growth / life If a time-dependent mechanism is Question: what loading history or
credible, estimate crack growth and growth law drives the estimate?

remaining life.

Response Compare the result with applicable Question: what decision is required and
regulatory and company criteria; by when?

determine repair, pressure reduction, or
reassessment action.

Record Document data, assumptions, method, | Question: could another qualified
review, results, and approval. reviewer reconstruct why this decision
was made?

2. A 60-second explanation of the regulatory issue

60-second version

"PHMSA's July 2026 proposal reflects how much pipeline inspection and engineering analysis have advanced.
We can characterize anomalies more precisely and use predicted failure pressure, fatigue life, fracture
mechanics, and engineering critical assessment to make more specific integrity decisions. But those methods
depend on inputs. If strength, toughness, wall thickness, seam information, or other material data are
uncertain, the sophistication of the model does not make the uncertainty disappear. That is why material
verification and metallurgy become more important as integrity programs become more analytical. Inspection
tells us where to look. Metallurgy helps tell us what the finding means."

3. A 2-minute explanation

"The July 2026 NPRM is not another Mega Rule. It is a separate proposed repair-criteria rule affecting Parts
192 and 195. PHMSA is proposing to modernize anomaly response by adding engineering-based metrics
alongside revised depth-based criteria. It also proposes a Part 195 anomaly-evaluation section similar to
the gas Section 192.712 and a material-property verification process similar to gas Section 192.607."

"The technical point | find interesting is that engineering analysis increases the importance of the material
inputs. A crack assessment is not just crack depth. It is crack geometry, stress, material strength,
toughness, operating history, model choice, and uncertainty. A corrosion assessment has a different model
and different inputs, but the same principle applies: the data beneath the model matter."

"That is where metallurgy and laboratory evidence become relevant. Tensile testing can establish strength.
Charpy can provide toughness-related impact data. CTOD or J methods can quantify fracture resistance.
Metallography and chemistry can help characterize the material or mechanism. None of that means every
anomaly needs every test. It means the evidence should match the engineering question."

4. Questions that support an informed technical conversation

e Which input is driving the result most strongly - flaw sizing, material strength, toughness, pressure history, or
the model itself?

o Are the material properties traceable records, conservative assumptions, or measured values?
e What is the ILI tool tolerance, and how is that uncertainty handled in the assessment?
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Is this primarily a remaining-strength problem, a fracture-mechanics problem, a fatigue problem, or an
interacting-threat problem?

What evidence tells us the assumed growth mechanism is active?

If a field NDE method was used to estimate material properties, how was it validated against destructive
testing?

What would change the repair timeline: a different toughness value, a larger crack, a different pressure basis,
or a different growth rate?

o What result from the laboratory actually enters the engineering model?
¢ [s this method explicitly recognized by PHMSA, incorporated by reference, or being used under an

alternative-equivalent-method provision?
e Can the final record show the assumptions, uncertainty, subject-matter-expert review, and management

approval?

5. Statements that create unnecessary credibility risk

Risk Overstatement Better language
Avoid "The new PHMSA rule requires all liquid | Say: "The NPRM proposes Section
operators to verify all missing material 195.407 as a material-verification
properties." process when properties are needed
under the applicable assessment or
requirement.”
Avoid "PHMSA is replacing depth rules with Say: "PHMSA proposes engineering-
engineering models." based metrics alongside revised depth-
based criteria and response schedules."

Avoid "Charpy is a fracture-toughness test just | Say: "Charpy is an impact-energy test;

like CTOD." CTOD and J are fracture-toughness
parameters."

Avoid "Hardness tells you the yield strength." | Say: "Hardness may support a strength
estimate when the correlation and
method are properly validated."

Avoid "API| 579 proves the pipe is safe." Say: "API 579-1/ASME FFS-1 provides
structured fitness-for-service
assessment methods; the result
depends on the applicable method,
inputs, assumptions, and review."

Avoid "The lab gives you the answer." Say: "The lab provides evidence. The
engineering team uses that evidence in
the integrity assessment."

Avoid "A higher grade pipe is always safer." Say: "Pipe integrity depends on more

than grade. Geometry, toughness,
seam, flaw type, loading, environment,
and operating conditions also matter."

6. When to defer, and how to do it without sounding lost

Professional deferral

"l understand why that input affects the assessment, but selecting the fracture model and acceptance criterion
is an engineering responsibility. | would want the integrity engineer or metallurgist to answer that from the

specific pipe data."
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That answer demonstrates technical awareness and role discipline. It is stronger than guessing.

. Executive knowledge check

7
1. Explain strength versus toughness in 30 seconds.

2. Explain Charpy versus CTOD/J in 45 seconds.

3. Explain why ILI sizing uncertainty matters to FPR or crack assessment.

4. Explain proposed Section 195.407 without using the word "mandatory."

5. Explain why a laboratory can matter before a failure occurs.

6. Explain B31G versus fracture mechanics.

7. Explain why a model with precise mathematics can still produce a weak decision if the inputs are poor.
8. Explain your own boundary as a commercial or strategic leader in a technical conversation.

Readiness standard

You are ready when you can answer the eight oral-exam prompts without notes, in ordinary language, and
without turning them into a sales pitch or pretending to be the responsible engineer.
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APPENDIX A - ONE-PAGE QUICK REFERENCE

Concept Meaning Question it answers

ILI Finds and characterizes anomalies. Where is it? What is it? How big is it?
How certain are we?

Metallurgy Characterizes the material and failure What is the steel? How strong, tough,

behavior.

crack-resistant, or susceptible is it?

Engineering analysis

Turns anomaly + material + load +
uncertainty into an integrity estimate.

What does the condition mean for
failure pressure, remaining life, or
response?

B31G / R-STRENG

Corrosion remaining-strength methods.

Metal loss.

API1 579-1/ASME FFS-1

Fitness-for-service framework.

Multiple damage mechanisms and
assessment levels.

Fracture mechanics

Evaluates crack driving force versus
material resistance.

Cracks and crack-like defects.

with operating-pressure basis.

ECA Structured engineering assessment of a | Is the condition acceptable for defined
flaw/damage condition. service and time?
FPR Calculated failure pressure compared How much modeled pressure margin

exists?

Remaining life

Estimated time for a defect to grow to a
limiting condition.

How quickly does the threat progress
under assumed conditions?

192.607

Current gas material-property
verification process where required by
Part 192.

How do we establish missing gas-
pipeline material properties?

Proposed 195.407

Proposed liquid material-property
verification process.

How could missing Part 195 material
properties be established when
needed?

192.712 / proposed 195.415

Engineering anomaly-evaluation
provisions.

What method and data support the
anomaly evaluation?

The five sentences to remember

Inspection tells us where to look. Metallurgy helps tell us what the finding means.
Strength and toughness are not the same property.
A model can be mathematically sophisticated and still be limited by uncertain inputs.

Laboratory data are evidence for an engineering decision, not the decision itself.

Technical credibility includes knowing where to defer to the responsible engineer or metallurgist.
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APPENDIX B - ACRONYM AND TERMINOLOGY GLOSSARY

API American Petroleum Institute.
ASME American Society of Mechanical Engineers.
B31G ASME manual for evaluating remaining strength of

corroded pipelines.

CTOD Crack Tip Opening Displacement, a fracture-toughness
parameter.

ECA Engineering Critical Assessment.

EMAT Electromagnetic Acoustic Transducer.

ERW Electric Resistance Welded.

FFS Fitness-for-Service.

FPR Failure Pressure Ratio.

HCA High Consequence Area.

HFW High Frequency Welded.

ILI In-Line Inspection.

IM Integrity Management.

IMU Inertial Measurement Unit.

J/J-R Fracture-mechanics measures of elastic-plastic crack

resistance and resistance curve behavior.

MAOP Maximum Allowable Operating Pressure, primarily Part
192 terminology.

MFL Magnetic Flux Leakage.

MOP Maximum Operating Pressure, commonly used in Part
195 and liquid-pipeline contexts.

NDE / NDT Nondestructive Examination / Nondestructive Testing.

NPRM Notice of Proposed Rulemaking.

PFP Predicted Failure Pressure.

PHMSA Pipeline and Hazardous Materials Safety Administration.

R-STRENG Pipeline remaining-strength method for corrosion metal
loss.
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Term Executive definition

SAW / DSAW Submerged Arc Welded / Double Submerged Arc
Welded.

SCC Stress Corrosion Cracking.

SMYS Specified Minimum Yield Strength.

uUTS Ultimate Tensile Strength.

APPENDIX C - EXECUTIVE KNOWLEDGE CHECK: 40 QUESTIONS
WITH ANSWERS

Question Model answer

1. What does ILI do? It detects and characterizes pipeline conditions using
instrumented tools. The output may include anomaly
type, dimensions, location, and tool uncertainty.

2. Why is ILI not the final integrity decision? Because significance depends on the material, pipe
geometry, operating conditions, threat mechanism,
model, and uncertainty, not only the tool indication.

3. What is predicted failure pressure? An engineering estimate of the pressure at which a
modeled anomaly would fail under the input assumptions
and method used.

4. What is FPR? A comparison of calculated failure pressure with the
applicable operating-pressure basis, used as a safety-
margin indicator.

5. What is remaining life? An estimate of time for a time-dependent defect to grow
to a limiting condition under assumed growth and
operating conditions.

6. What is ECA? A structured engineering assessment of whether a flaw or
damage condition is acceptable for defined service
conditions and time.

7. What is fitness-for-service? An engineering framework for evaluating whether
equipment with known damage can remain in service
under defined conditions.

8. What is B31G for? Remaining-strength evaluation of corrosion metal loss in
pressurized pipelines.

9. What is R-STRENG for? Another remaining-strength method for corrosion metal
loss.
10. What is API 5797 A fitness-for-service standard jointly published as API

579-1/ASME FFS-1, covering multiple damage
mechanisms and assessment methods.
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Question Model answer

11.

What is yield strength?

The stress level at which permanent plastic deformation
begins under the test definition.

12. What is UTS? The maximum engineering tensile stress reached during
a tensile test.
13. What is ductility? The ability to plastically deform before fracture.

14.

What is toughness?

The ability to absorb energy and resist fracture under
defined conditions.

15.

What is fracture toughness?

A quantitative measure of resistance to crack initiation or
extension.

16.

Strength versus toughness?

Strength concerns resistance to yielding or tensile load.
Toughness concerns resistance to fracture and energy
absorption. One does not guarantee the other.

17.

What does a tensile test measure?

Strength and ductility properties including yield strength,
tensile strength, elongation, and reduction of area.

18.

What does Charpy measure?

Impact energy absorbed by a notched specimen under
specified test conditions.

19.

Is Charpy the same as CTOD?

No. Charpy is an impact test; CTOD is a fracture-
toughness parameter used in fracture mechanics.

20.

What is the J-integral?

A fracture-mechanics parameter used to characterize
crack driving force and resistance in elastic-plastic
behavior.

21

. What does hardness tell us?

Resistance to indentation. It can support material
characterization and, when properly validated, may
correlate with other properties.

22.

Why is chemistry useful?

It helps identify and characterize the steel and informs
metallurgy and weldability questions.

23.

What is metallography?

Microscopic examination of a prepared material cross-
section to study microstructure and evidence of
manufacturing, welding, service, or failure mechanisms.

24. What is SCC? Cracking caused by the combination of a susceptible
material, tensile stress, and a specific environment.
25. What is fatigue? Damage or crack growth caused by repeated stress

cycles.

26.

Why does seam type matter?

Manufacturing seam type and vintage can influence
applicable threat mechanisms, inspection strategy, and
assessment.

27.

What is SMYS?

Specified Minimum Yield Strength from the material
specification, not necessarily an actual measured value at
every point in the pipe.
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Question Model answer

28. What does current Section 192.607 do?

It provides the gas-transmission material-property
verification process wherever Part 192 requires those
properties.

29. What does proposed Section 195.407 do?

It would provide a comparable material-property
verification process for hazardous liquid pipelines when
the properties are needed under the applicable
requirement or assessment.

30. Does proposed 195.407 order every operator to test
every undocumented segment?

No. Describing it that way overstates the proposal.

31. Why validate NDE material-property methods?

Because a field estimate needs evidence that it reliably
corresponds to the material property being claimed and
that uncertainty is controlled.

32. Why compare NDE with destructive testing?

Destructive testing provides a direct reference that can be
used to validate the nondestructive method on
comparable material.

33. Why is tool tolerance important?

Sizing uncertainty can change the input flaw dimensions
and therefore change the engineering result.

34. Why can two similar-looking cracks have different
significance?

Material properties, stress, geometry, orientation, seam
location, environment, and growth mechanism can differ.

35. Why can two similar corrosion depths have different
significance?

Wall thickness, length and profile of metal loss, pipe
diameter, material strength, operating pressure, and
model inputs can differ.

36. What does the laboratory contribute?

Measured evidence about material properties or failure
mechanisms that can support the engineering
assessment.

37. What does the laboratory not do by itself?

It does not automatically choose the regulatory response
or prove the pipeline is safe for a future period.

38. Why do records matter?

They allow the engineering basis, inputs, assumptions,
and actions to be reconstructed and defended.

39. What is your role in a technical meeting?

Understand the logic, ask informed questions, connect
technical evidence to risk and business decisions, and
defer calculation and approval to qualified technical
personnel.

40. What is the guide's core idea?

As integrity analysis becomes more sophisticated,
confidence in the material inputs becomes more
important. Inspection tells us where to look; metallurgy
helps tell us what the finding means.
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APPENDIX D - SOURCES & FURTHER READING

The regulatory sections below should be treated as the primary authority for rule status and regulatory text.
Standards summaries are included only to explain the purpose of a test or assessment method; the full
standards should be consulted by technical practitioners.

R1 Federal Register, 91 FR 42272, PHMSA, "Pipeline Safety: Repair
Criteria for Hazardous Liquid and Gas Transmission Pipelines,"
NPRM, July 8, 2026.
https://www.federalregister.gov/documents/2026/07/08/2026-
13805/pipeline-safety-repair-criteria-for-hazardous-liquid-and-gas-
transmission-pipelines

R2 49 CFR 192.607, Verification of Pipeline Material Properties and
Attributes. Accessible current text:
https://www.law.cornell.edu/cfr/text/49/192.607

R3 49 CFR 192.712, Analysis of predicted failure pressure and critical
strain level. Accessible current text:
https://www.law.cornell.edu/cfr/text/49/192.712

R4 Current 49 CFR Part 195, Subpart F, showing Section 195.415
reserved before any finalization of the July 2026 proposal.
https://www.law.cornell.edu/cfr/text/49/part-195/subpart-F

R5 PHMSA 2019 Gas Transmission Rule, RIN 1, MAOP
Reconfirmation, Expansion of Assessment Requirements, and
Other Related Amendments.
https://www.phmsa.dot.gov/regulations/federal-register-
documents/2019-20306

R6 PHMSA 2022 Gas Transmission Rule, RIN 2, Repair Criteria,
Integrity Management Improvements, Cathodic Protection,
Management of Change, and Other Related Amendments.
https://www.phmsa.dot.gov/news/safety-gas-transmission-pipelines-
repair-criteria-integrity-management-improvements-cathodic-
protection-management-of-change-and-other-related-amendments

R7 PHMSA special-permit material and API pipeline practice use FPR
as failure pressure divided by operating pressure; the July 2026
NPRM uses FPR in proposed response criteria. See R1 and
PHMSA special-permit examples.

R8 Van Ness Feldman, July 2026 regulatory analysis of the NPRM,
useful secondary check on proposed Sections 195.407 and
195.415. https://www.vnf.com/phmsa-proposes-to-amend-pipeline-
anomaly-response-criteria-for-gas-transmission-pipelines-and-
hazardous-liquid-and-carbon-dioxide-pipelines

T1 API 579-1/ASME FFS-1 Fitness-for-Service overview and training
outline. https://www.api.org/products-and-
services/training/calendar/equity-technical-institute-fitness-for-
service

T2 ASME B31G, Manual for Determining the Remaining Strength of
Corroded Pipelines. https://www.asme.org/codes-standards/find-
codes-standards/b31g-manual-determining-remaining-strength-
corroded-pipelines

T3 American Petroleum Institute, APl Spec 5L 47th Edition
announcement, June 2, 2026. https://www.api.org/news-policy-and-
issues/news/2026/06/02/api-announces-47th-edition-of-api-
specification-5I

T4 PHMSA, By-Decade Inventory, discussion of vintage seam quality
and later manufacturing improvements.
https://www.phmsa.dot.gov/data-and-statistics/pipeline-
replacement/decade-inventory
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T5 ASTM E1820, Standard Test Method for Measurement of Fracture
Toughness, scope and significance summary.
https://store.astm.org/standards/e1820

T6 ASTM E8/E8M, Standard Test Methods for Tension Testing of
Metallic Materials. https://store.astm.org/e0008_e0008m-24.html

T7 PHMSA technical report discussing historical API 5L X42 and
SMYS.

https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/docs/technical-
resources/pipeline/gas-transmission-integrity-
management/65331/finalreporttransborderstandards.pdf

T8 ASTM E23, Standard Test Methods for Notched Bar Impact Testing
of Metallic Materials. https://store.astm.org/e23.html

T9 PHMSA Research and Development, Comprehensive Study to
Understand Longitudinal ERW Seam Failures.
https://primis.phmsa.dot.gov/rd/projects/390

T10 AMPP CORROSION, overview of near-neutral pH stress corrosion
cracking and integrity-management considerations.
https://content.ampp.org/corrosion/article/72/7/962/1748/An-
Overview-of-Near-Neutral-pH-Stress-Corrosion

Source discipline for future publication and analysis

Use the Federal Register or PHMSA as the primary source for what the NPRM actually proposes.

Use the current CFR for what is already law today.

Use standards organizations for what their test or assessment method is designed to do.

Use industry articles as secondary interpretation, not as a substitute for regulatory text.

If a proposed provision changes before publication of the final rule, update this guide before relying on it.

Final reminder

Your goal is not to sound like a metallurgist. Your goal is to understand the system well enough that a
metallurgist, integrity engineer, regulator, or commercial executive can speak with you at full professional
speed without having to translate the purpose of every concept.
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