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Foreword

The 1QI Infrastructure Quality Standard — Core establishes fourteen Core Quality Factors for
determining the Quality State of energy Infrastructure Quality Objects.

A reasonable question follows:

Why fourteen?

Why not eight, ten, twenty, or fifty?

The answer should not be that fourteen is simply the number selected when the IQI Core was written.

Under the Whole Quality methodology, the number of Quality Factors should follow from the intended
determination task and the methodological resolution needed to perform that task.

The QI Core has a deliberately wide determination task. It is intended to support Infrastructure Quality
State determination for different energy Infrastructure Quality Objects, at different scales and across
the Lifecycle — from Design through Decommissioning/Transition.

Its scope includes oil, natural gas, LNG, CNG, hydrogen, electric-power generation, energy
conversion, transmission, distribution, storage, and related energy infrastructure.

The Core therefore needs enough methodological resolution to make the major conditions affecting
Function Realization visible across this wide field.

At the same time, the Core should not be divided into so many narrow Quality Factors that it becomes
a technology-specific checklist.

Detailed requirements, thresholds, failure mechanisms, and Evidence needs can differ substantially
between a natural-gas pipeline, an LNG facility, an electric-power station, and a local distribution
network.

Those differences belong principally to Context-Specific Quality Outcome Criteria, the Reference
Layer, and IQI Context Guides — not to creation of a different Core for every type of infrastructure.

IQC1 therefore requires Context Guides to interpret the invariant Core rather than replace it.

This paper examines whether the present fourteen-Factor architecture represents an appropriate
methodological resolution for that task.

The analysis begins not with the number fourteen, but with the Infrastructure Quality Object and the
question that 1Ql is intended to answer:

What major quality-relevant dimensions must be examined to support a responsible determination of
the Quality State of an energy Infrastructure Quality Object?

The analysis then follows the 1QI methodological dependency from the Infrastructure Quality Object
through Intended Functions, Intended Results, Function Realization, Infrastructure Realization
Pathways and Failure-Mode Families to Core Quality Factors, Core Quality Indicators, Context-
Specific Quality Outcome Criteria, Evidence-Supported Findings, Quality Factor Interpretation,
Infrastructure Quality State, and the bounded Infrastructure Quality Claim Statement.

The purpose is therefore not to defend the number fourteen because it already exists.

The purpose is to determine whether fourteen emerges as a justified result of the 1QI determination
task at the selected Core methodological resolution.
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1. Purpose and Scope

1.1 Purpose of This Paper
The 1QI Infrastructure Quality Standard — Core (IQC1) establishes fourteen Core Quality Factors.

These Factors form one integrated architecture for examining Function Realization of a declared
Infrastructure Quality Object. Each Core Quality Factor identifies a major dimension of Function
Realization, while the Core Quality Indicators identify what is examined within that dimension.

This paper explains why the IQI Core currently resolves into fourteen Core Quality Factors.
The starting point is not the number fourteen.
The starting point is the task that the IQI Core is intended to perform.

IQC1 is intended to support determination and communication of the Infrastructure Quality State of
defined energy Infrastructure Quality Objects. Its scope is intentionally wide. It can be applied to
assets, facilities, networks, subsystems, zones, lifecycle programs, interface conditions, asset
populations, and energy infrastructure systems-of-systems.

The Core therefore needs a Quality Factor architecture broad enough to support this determination
across different types and scales of energy infrastructure and across applicable Lifecycle Stages.

The purpose of this paper is to examine whether the fourteen Core Quality Factors provide that
architecture at an appropriate methodological resolution.
In simple terms, the paper asks:

Do the fourteen Factors give us enough different views of an Infrastructure Quality Object to determine
its Quality State responsibly?

1.2 What Is Being Justified
This paper examines two related questions:

1. Why are these major quality-relevant dimensions needed?

2. Why does the IQI Core represent them through fourteen separate Core Quality Factors?
The names of the Factors are secondary to this analysis.

A Factor could eventually receive a clearer name without changing the methodological reason for its
existence.

What matters first is its content.
For each Factor, we therefore need to understand:

e what major dimension of Function Realization it represents;

why that dimension needs to remain visible;

what important conditions or Failure-Mode Families it helps reveal;

how it differs from neighboring Factors;

whether its content could reasonably be included within another Factor; and

whether something important remains outside the complete set.

For example, Structural and Functional Integrity and Operational Reliability are closely related.

A pipeline may have good structural integrity but still fail to provide the required transportation service
because equipment, controls, power supply, or other operational conditions prevent reliable operation.

The two dimensions interact, but they do not necessarily tell us the same thing.

The purpose of the analysis is to examine such distinctions throughout the complete Core architecture.
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1.3 What This Paper Does Not Claim

This paper does not begin with the assumption that fourteen is the only possible number of Quality
Factors.

It also does not claim that a larger number of Factors would automatically provide a better
determination.

A very detailed methodology can divide one major quality-relevant dimension into many smaller
subjects. That may be useful for a particular technology or Context, but it does not necessarily mean
that every smaller subject should become a separate Core Quality Factor.

The reverse is also true.

Using fewer Factors is not automatically better simply because the architecture becomes shorter or
easier to present.

If combining Factors hides an important difference needed for the intended determination, the resulting
methodological resolution may be too low.

Consider a car.

For a very limited question, such as whether the car's headlights work, we do not need to examine the
entire vehicle in detail.

But if the question is whether the car is in a suitable condition to transport people, examining only the
headlights, engine, or brakes would clearly be insufficient. More quality-relevant dimensions must be
considered.

Energy infrastructure presents the same methodological problem at a much larger scale.

The appropriate number of Core Quality Factors is therefore not the smallest possible number or the
largest possible number.

It is the number needed to represent the major quality-relevant dimensions required by the intended
IQI determination task at the selected Core methodological resolution.

This paper also does not attempt to reproduce every technical standard, regulation, code, contract,
design basis, or other requirement applicable to energy infrastructure.

Such requirements form part of the Reference Layer for the declared Infrastructure Quality Object and
Context. They support interpretation of Intended Functions, Intended Results, Quality Outcome
Criteria, Evidence, Critical Infrastructure Conditions, and Infrastructure Quality Claims.

The question for this paper is different:

Does the 1QI Core architecture provide sufficient places for all applicable quality-relevant requirements
and conditions to be recognized and considered in the Infrastructure Quality State determination?

If an important dimension cannot reasonably be represented within the existing architecture, that
would indicate a possible gap.

If two Factors represent the same major dimension without a meaningful methodological distinction,
that would indicate possible unnecessary division.

The fourteen-Factor architecture should therefore be treated as a result to be examined and justified
— not as a number that the analysis must defend in advance.

2. From FTA11 to the 1Ql Core

2.1 Methodological Resolution
WQI Foundational Article 11 introduces the concept of methodological resolution.
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Methodological resolution describes how much detail is used to examine a Quality Object for an
intended determination.

Different determination tasks may require different levels of detail.
A simple example is a road.

If the question is whether a road connects two towns, a map showing the road and the two towns may
provide enough detail.

If the question is whether a particular bridge on that road can safely carry heavy trucks, much more
detail is needed.

The road has not changed.

The determination task has changed, and therefore the required methodological resolution has
changed.

The same principle applies to energy infrastructure.

A determination concerning one component, one Lifecycle Stage, or one narrowly defined condition
may require a relatively narrow examination.

The 1QI Core has a much wider task.

It must provide an invariant architecture that can support Infrastructure Quality State determination for
many different energy Infrastructure Quality Objects, at different scales and across different Lifecycle
Stages.

The methodological resolution of the 1QI Core must therefore be sufficient for that wide task.

2.2 The Determination Task Comes First

The number of Core Quality Factors should not be selected first.
The intended determination task should come first.

We first ask:

What are we trying to determine?

For 1Ql, the general task is to determine and responsibly communicate the Infrastructure Quality State
of a declared energy Infrastructure Quality Object.

IQC1 applies this task broadly. The Quality Object may be an asset, facility, network, subsystem,
zone, lifecycle program, interface condition, asset population, or energy infrastructure system-of-
systems.

The Core also applies across the principal Lifecycle sequence:

Design — Construction — Commissioning — Operation — Maintenance — Repair/Modification —
Decommissioning/Transition.

This wide task creates the need for a sufficiently wide Core architecture.

Consider a natural-gas transmission pipeline.

Determining its Infrastructure Quality State cannot be reduced to one question such as:
Does the pipe meet its material specification?

That question may be important, but it covers only part of the determination.

We may also need to know whether the pipeline was designed for its Intended Functions, whether
technical requirements correctly express those functions, whether construction conforms to applicable
requirements, whether the assembled pipeline retains its integrity, whether hazards are controlled,
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whether it operates reliably, whether environmental conditions are adequately addressed, whether
personnel are competent, whether applicable regulatory requirements are satisfied, whether its
condition is adequately monitored, and whether important information remains traceable.

The determination task therefore drives the need for multiple quality-relevant dimensions.
The Quality Factors are a way of keeping those major dimensions visible.

2.3 Why the Number of Factors Is a Result, Not a Starting Assumption

Once the determination task is understood, we can ask how much methodological detail is needed to
perform it responsibly.

Some quality-relevant subjects may require separate Core Quality Factors.
Others may be better represented through Core Quality Indicators within a broader Factor.

Still more detailed requirements may belong to Context-Specific Quality Outcome Criteria or the
applicable Reference Layer.

This creates several possible levels of resolution.
For example, corrosion is extremely important for many pipelines.
But that does not automatically mean that "Corrosion" must become a separate Core Quality Factor.

At the IQI Core resolution, corrosion may be examined within a broader dimension such as Structural
and Functional Integrity, through applicable Core Quality Indicators, Context-Specific Quality Outcome
Criteria, Failure Modes, Evidence, and Reference Layer requirements.

In a pipeline Context Guide, corrosion may require much greater detail.

The Context Guide could distinguish external corrosion, internal corrosion, corrosion protection,
monitoring, inspection findings, environmental conditions, and other relevant matters.

The subject becomes more detailed because the Context requires more detail.
The Core Quality Factor architecture does not necessarily need to change.
The opposite situation is also possible.

If two important subjects appear under one Factor but represent fundamentally different dimensions of
Function Realization, require different interpretation, and cannot be adequately examined together, the
Core resolution may be too low.

In that case, separate Factors may be justified.
The question is therefore not:

How many Quality Factors would be convenient?
Nor is it:

How many subjects can we identify?

The question is:

How many major quality-relevant dimensions must remain separately visible to support the intended
Infrastructure Quality State determination?

IQC1 currently answers this question with fourteen Core Quality Factors.

It describes those Factors as one invariant architecture derived from Infrastructure Intended Functions
and Intended Results, Boundaries, Interfaces, Lifecycle Stages, Operating Conditions, and Failure-
Mode Families relevant to Function Realization.

This paper now tests that result.
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It asks whether fourteen provides sufficient methodological resolution without unnecessary division.
If an important major dimension of Function Realization is missing, fourteen may not be enough.

If two Factors do not represent meaningfully different major dimensions, fourteen may be more than
needed.

If the fourteen Factors together provide the necessary coverage while keeping the Core sufficiently
general for different energy-infrastructure Contexts, then fourteen can be justified as the current result
of the IQI Core methodological resolution.

The next step is therefore to define the maximum-wide |Ql determination task more precisely.

3. The Maximum-Wide 1Ql Determination Task

3.1 The Infrastructure Quality Object
Before deciding what Quality Factors are needed, we must know what is being examined.
IQI calls this the Infrastructure Quality Object.

The Infrastructure Quality Object may be relatively small, such as a particular asset or subsystem. It
may also be much larger, such as a facility, network, asset population, zone, lifecycle program, or
energy infrastructure system-of-systems.

For example, the Quality Object could be:

¢ a natural-gas transmission pipeline;
e a compressor station;
¢ a natural-gas processing facility;
¢ an LNG facility;
¢ a local gas distribution network; or
e an electric-power station.
The scale may change, but the basic determination question remains the same:

Is the declared Infrastructure Quality Object realizing its Intended Functions and Intended Results
under the conditions and within the Boundaries of the determination?

This is why the Core Quality Factors cannot be designed only around one particular technology.
They must identify major quality-relevant dimensions that remain meaningful across different energy
Infrastructure Quality Objects.

3.2 Maximum-Wide Scope

The 1QI Core is intended to have a wide scope.

It covers energy infrastructure associated with oil, natural gas, LNG, CNG, hydrogen, electric-power
generation, energy conversion, transmission, distribution, storage, and related production, processing,
transportation, and delivery.

It also recognizes Interfaces with other systems when those Interfaces affect Function Realization or
its consequences.

This wide scope is important for determining the required methodological resolution.
Imagine that we developed the Core only for natural-gas transmission pipelines.

We could create Factors specifically around pipe wall condition, corrosion, welding, compressor
equipment, valves, pressure control, and other pipeline subjects.

Such an architecture might work well for pipelines.
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But it might not work well for an electric-power station.
The 1QI Core has a different task.

It must remain general enough to apply to both, while the Context Guides provide the additional detail
needed for each infrastructure Context.

Maximum-wide scope therefore does not mean maximum detail.

It means that the Core must contain the major dimensions needed across the full intended 1Ql field
without becoming a detailed technical checklist for every type of infrastructure.

3.3 Lifecycle and Scale

Infrastructure Quality is not determined only during Operation.

The IQI Core applies across the principal Lifecycle sequence:

Design — Construction — Commissioning — Operation — Maintenance — Repair/Modification —
Decommissioning/Transition.

Different Quality Factors may become especially important at different Lifecycle Stages, but the Core
architecture must be capable of supporting the determination throughout the Lifecycle.

Consider a newly designed natural-gas pipeline.

At the Design stage, there is no operating history showing whether the pipeline actually transports gas
reliably.

The determination must therefore focus strongly on matters such as Intended Functions, technical
requirements, design assumptions, Interfaces, expected operating conditions, and conformity of the
design to applicable requirements.

Years later, during Operation, the determination can also use Evidence about actual integrity,
operating reliability, monitoring, environmental interaction, maintenance history, and other realized
conditions.

The Infrastructure Quality Object may also be examined at different scales.
For example, we may examine:

e One compressor;
o the compressor station containing it;
e a pipeline segment;
o the complete transmission system; or
¢ an Interface between the transmission system and a local distribution network.
The Core architecture therefore needs to remain usable when the declared scale changes.

This does not mean that every Indicator will have the same importance or the same Evidence at every
scale or Lifecycle Stage.

It means that the architecture must remain capable of organizing the quality-relevant determination.

3.4 Reference Layer Requirements

An energy Infrastructure Quality Object does not exist independently from technical and regulatory
requirements.

Applicable laws, regulations, codes, technical standards, contracts, design bases, operating
procedures, scientific knowledge, and professional guidance form part of the Reference Layer used in
the determination.

This point is especially important for the present paper.
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The QI Core does not need to reproduce every regulatory or technical requirement.

But its architecture must be capable of recognizing and incorporating all applicable quality-relevant
requirements needed for the intended determination.

For example, suppose an applicable regulation establishes requirements for pipeline corrosion control.
That requirement is regulatory in origin.

However, its substantive content also concerns the integrity of the pipeline.

The architecture therefore needs to make both aspects visible:

the requirement must be identified and considered as an applicable Reference Layer obligation, and
its substantive effect on the Infrastructure Quality Object must be examined within the relevant quality-
relevant dimension.

The same principle applies to requirements concerning environmental protection, personnel
competence, operating reliability, monitoring, documentation, safety, design, construction, or other
subjects.

Therefore, coverage of regulatory requirements cannot be tested simply by asking whether there is a
Factor called "Regulatory and Standards Compliance."

We must ask a wider question:

Can all applicable quality-relevant Reference Layer requirements be connected to the appropriate
parts of the Core architecture and included in the Infrastructure Quality State determination?

3.5 What a Responsible Infrastructure Quality State Determination Must Be Able to See

We can now state the central requirement for the Quality Factor architecture.

A responsible Infrastructure Quality State determination must be able to see the major conditions that
can materially affect Function Realization.

If an important condition is invisible to the architecture, the determination may appear complete while
actually missing something important.

A simple everyday example is a car used to transport a family.
Suppose we examine:

e whether the engine starts;

e whether the headlights work; and

¢ whether the car has enough fuel.
All three findings may be satisfactory.

But if we do not examine the brakes, a major condition affecting the intended transportation function
remains invisible.

Adding more Evidence about the engine or headlights cannot solve that problem.

The missing issue is not a lack of Evidence within the dimensions already examined.

A major quality-relevant dimension has been left outside the determination.

The same principle applies to energy infrastructure.

A pipeline may satisfy material specifications but have an unacceptable integrity condition.
A facility may have sound equipment but inadequate control of a major process hazard.

Infrastructure may operate reliably while causing an unacceptable environmental consequence.

1Ql - Fourteen Invariant Core Quality Factors - Publication Draft - August 2026 13



Technical systems may be satisfactory while personnel performing quality-critical work lack the
necessary competence.

Extensive monitoring data may exist while important decisions and changes cannot be traced.
These conditions are different, although they may interact.

The Core therefore needs enough methodological resolution to keep all major quality-relevant
dimensions visible.

At the same time, it does not need a separate Core Quality Factor for every individual mechanism,
component, regulation, hazard, or technical requirement.

That would move the Core toward unnecessary detail and make it difficult to use across different
infrastructure Contexts.

The maximum-wide IQI determination task can therefore be stated simply:

The IQI Core must provide a sufficiently complete and stable architecture for examining the major
quality-relevant dimensions necessary to determine and responsibly communicate the Infrastructure
Quality State of a declared energy Infrastructure Quality Object, at the applicable scale and Lifecycle
Stage, within its declared Boundaries, Interfaces, operating conditions, Context, and Reference Layer.

This is the task against which the fourteen Core Quality Factors must be tested.

The next question is how those major quality-relevant dimensions are derived.

4. Method for Deriving the Core Quality Factors

4.1 Infrastructure Intended Functions and Intended Results
The derivation of the Core Quality Factors begins with the Infrastructure Intended Functions.
An Intended Function describes what the Infrastructure Quality Object is intended to do.

For example, a natural-gas transmission pipeline may have the Intended Function of transporting
natural gas from defined upstream Interfaces to defined downstream Interfaces under specified
conditions.

An electric-power station may have the Intended Function of converting available energy into electrical
energy and delivering that electrical energy through its defined Interfaces under specified conditions.

These descriptions tell us what the Infrastructure Quality Object is intended to do.
Intended Results describe the results expected from realization of those Intended Functions.

This distinction is important because Quality Factors should not be created simply by making a list of
subjects that appear important to an industry.

Their methodological basis must remain connected to what the Infrastructure Quality Object is
intended to do and what results are expected from it.

The first question is therefore:

What must be realized for the declared Infrastructure Quality Object to perform its Intended Functions
and produce its Intended Results?

4.2 Function Realization

Having an Intended Function does not mean that the function has been realized.

The Infrastructure Quality State determination concerns Function Realization.

Consider a pipeline designed to transport natural gas.
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The statement that the pipeline is intended to transport gas does not tell us whether it can actually do
so under the declared operating conditions.

Its Function Realization may depend on many conditions.

The pipeline may need adequate structural integrity.

Pressure-control equipment may need to function correctly.

Compression may need to be available where required.

Hazards may need to remain controlled.

Environmental interactions may need to remain within applicable conditions.

Personnel performing quality-critical work may need appropriate competence.
Monitoring may need to provide sufficient visibility of important conditions.

Applicable regulatory and technical requirements may need to be satisfied.

These conditions are not separate Intended Functions simply because they are important.
They are conditions that may affect whether the declared Intended Function is realized.

This distinction helps prevent the Core architecture from becoming a collection of loosely related
desirable characteristics.

The Factors must remain connected to Function Realization.

4.3 Infrastructure Realization Pathways

An Intended Function is normally realized through multiple connected conditions, actions, systems,
components, Interfaces, and decisions.

IQI refers to these connections through Infrastructure Realization Pathways.
A simple example is the transportation of natural gas through a pipeline.
The gas does not reach the downstream Interface merely because a pipe exists.

Function Realization may depend on the pipeline configuration, pressure conditions, compressor
stations, valves, control systems, power supplies, monitoring, operating decisions, maintenance
activities, external Interfaces, and other conditions.

These form connected pathways through which the Intended Function is realized.

Looking at these pathways helps us identify where Function Realization depends on different types of
conditions.

This is important for deriving Quality Factors.

If we look only at the final result — for example, "gas arrived at the destination" — we may miss
important weaknesses in the pathways that produced that result.

A pipeline may be transporting gas today while an important degradation mechanism is developing.

An electric-power station may be producing electricity while an important protective system is
unavailable.

Current output alone therefore does not demonstrate the complete Quality State.

The realization pathways help us look behind the immediate result and identify the major dimensions
that support or threaten continuing Function Realization.
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4.4 Failure-Mode Families

The next step is to ask how Function Realization can fail, become degraded, become uncertain, or
produce unacceptable consequences.

There may be thousands of individual Failure Modes across the energy-infrastructure field.
The Core cannot contain a separate Quality Factor for every one of them.

Instead, related Failure Modes can be considered in broader Failure-Mode Families.

For example, individual infrastructure failures may arise from:

¢ inadequate definition of what the infrastructure must do;

e incorrect or incomplete translation into technical requirements;

o failure to demonstrate conformity with applicable requirements;

e structural or functional degradation;

¢ inadequate control of hazards;

e unacceptable environmental interaction;

e loss of operational reliability;

¢ unsafe human interaction with infrastructure;

¢ insufficient competence for quality-critical work;

o failure to identify or satisfy applicable requirements;

¢ unacceptable effects on stakeholders or communities;

« insufficient monitoring or interpretation of performance;

¢ loss of important information or traceability; or

¢ uncontrolled change that causes loss of alignment with Intended Functions and Intended Results.
These are much broader than individual technical Failure Modes.

For example, external corrosion of a pipeline, fatigue damage in equipment, degradation of a structural
support, and loss of containment are not identical Failure Modes.

But at the Core methodological resolution, they may contribute to a broader quality-relevant dimension
concerning Structural and Functional Integrity.

A Context Guide can then provide the additional resolution needed for the particular infrastructure
Context.

Failure-Mode Families therefore help us move from thousands of possible detailed failures toward a
manageable set of major quality-relevant dimensions.

4.5 From Failure-Mode Families to Major Quality-Relevant Dimensions

A Failure-Mode Family does not automatically become a Core Quality Factor.

The next step is to determine what major dimension of Function Realization must remain visible so
that the relevant conditions can be examined responsibly.

Several detailed Failure Modes may belong within one major dimension.

For example, corrosion, cracking, deformation, material degradation, welding defects, foundation
movement, and loss of containment may require different technical examinations.

At the Core resolution, however, they may be examined within the broader dimension of Structural and
Functional Integrity.

The Core Quality Indicators provide additional structure within that Factor.

Context-Specific Quality Outcome Criteria and the Reference Layer then provide still greater detail
where needed.
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We can therefore think of the architecture as moving through levels of resolution:

Intended determination task

— Intended Functions and Intended Results

— Function Realization

— Infrastructure Realization Pathways

— Failure-Mode Families

— major quality-relevant dimensions

— Core Quality Factors

— Core Quality Indicators

— Context-Specific Quality Outcome Criteria and Reference Layer requirements

— Evidence-Supported Findings

— Quality Factor Interpretation

— Infrastructure Quality State.

Each level adds the detail needed for the next part of the determination.

The Core Quality Factor level occupies a particular place in this architecture.

It is broad enough to remain invariant across energy-infrastructure Contexts, but detailed enough to
keep the major dimensions of Function Realization separately visible.

4.6 The Test for a Separate Core Quality Factor

We can now establish a practical test.

A subject should not become a separate Core Quality Factor merely because it is important.

Nor should it become a separate Factor merely because many regulations, standards, or technical
requirements address it.

The principal question is:

Does this subject represent a major and sufficiently distinct dimension of Function Realization that
must remain separately visible for the maximum-wide QI determination task?

Several supporting questions can help answer this.
A separate Core Quality Factor is more strongly justified when:

¢ the subject represents a major dimension of Function Realization rather than one detailed
mechanism within another dimension;

¢ important Failure-Mode Families would become difficult to see if the subject were absorbed into
another Factor;

¢ the subject requires a meaningfully different type of interpretation from neighboring Factors;

¢ satisfactory findings in another Factor cannot substitute for an unacceptable condition in this
dimension;

¢ the dimension remains relevant across a sufficiently wide range of energy-infrastructure Contexts;
and

¢ keeping it separate improves the completeness and clarity of the Infrastructure Quality State
determination.

A simple car example helps.

Brake-pad wear does not need to become its own major quality dimension.
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Neither does tire pressure, engine-oil condition, or headlight condition.

These may be important things to examine, but they can normally be organized within broader
dimensions of vehicle condition and performance.

However, the physical condition of the car and the competence of the person driving it are
fundamentally different.

A perfectly maintained car can still be used unsafely by an unqualified driver.

A highly competent driver cannot compensate for failed brakes.

These dimensions interact, but one cannot simply replace the other.

Energy infrastructure has similar relationships.

Excellent structural integrity cannot compensate for uncontrolled process hazards.
Regulatory compliance alone cannot demonstrate operational reliability.

Extensive monitoring cannot compensate for a Critical Infrastructure Condition that the monitoring
reveals.

Good documentation cannot substitute for actual Function Realization.
This non-substitutability is an important reason for keeping certain dimensions separately visible.
The test also works in the opposite direction.

If a proposed Factor is only a narrower technical mechanism within an existing major dimension, or if
separating it would add detail without adding a meaningfully different view of Function Realization, it
may be better treated through Core Quality Indicators, Context-Specific Quality Outcome Criteria,
Failure Modes, or the Reference Layer.

The goal is therefore neither to maximize nor minimize the number of Factors.

The goal is to identify the set of major quality-relevant dimensions needed for the maximum-wide QI
determination task at the selected Core methodological resolution.

Applying this derivation method to the IQI Core leads us to the present fourteen-Factor architecture.

The next section examines how those fourteen Factors divide the maximum-wide determination task
into major, connected, but non-substitutable dimensions.

5. Why the Architecture Resolves into Fourteen Factors

The derivation described in Section 4 does not immediately produce the number fourteen.

It first reveals several major types of conditions that must remain visible if the IQI Core is to support
the maximum-wide Infrastructure Quality State determination.

These conditions can be organized into five broad groups.

The groups are not additional Quality Factors and do not create another level of requirements.
They are used in this paper only to help explain the logic of the fourteen-Factor architecture.
The five groups answer five simple questions:

3. Do we know what the infrastructure is intended to do, what requirements follow from that purpose,
and whether realization against those requirements can be demonstrated?

4. Is the realized infrastructure capable of performing as intended while controlling important hazards
and consequences?

5. Are important human, regulatory, and external interactions adequately addressed?

6. Can the condition and history of the infrastructure continue to be known and demonstrated?
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7. Can the infrastructure change over time without losing alignment with its Intended Functions and
Intended Results?
5.1 Factors 1-3 — Definition, Translation, and Demonstrability
The first group contains:
Factor 1 — Functional Specification Quality
Factor 2 — Technical Specification Quality
Factor 3 — Conformity Assessment
These Factors establish an essential starting chain.
First, the Intended Functions and Intended Results must be sufficiently understood.
Second, they must be translated into technical requirements capable of supporting their realization.

Third, there must be a basis for determining whether the applicable requirements have actually been
satisfied.

Consider a simple bridge.
It is not enough to say:
"The bridge is intended to carry traffic."

The intended use, loads, environmental conditions, Interfaces, expected results, and other relevant
conditions must be sufficiently understood.

Those needs must then be translated into technical requirements for the bridge.

Finally, there must be Evidence that the design, materials, construction, components, and assembled
bridge conform to the applicable requirements.

These are connected steps, but they are not identical.

A well-written technical specification cannot correct an incomplete understanding of what the bridge is
intended to do.

A correct Intended Function does not demonstrate that the technical requirements are adequate.
And good specifications do not demonstrate that the realized infrastructure conforms to them.
The same logic applies to energy infrastructure.

Factors 1-3 therefore keep separately visible:

what must be realized;

how that need is translated into technical requirements; and

whether realization against applicable requirements can be demonstrated.

5.2 Factors 4-7 — Realized Condition and Infrastructure Performance
The second group contains:

Factor 4 — Structural and Functional Integrity

Factor 5 — Process Safety and Risk Mitigation

Factor 6 — Environmental Protection

Factor 7 — Operational Reliability

Once the infrastructure has been defined, specified, and realized, the determination must examine its
actual condition and behavior.
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These four Factors address different major dimensions of that problem.

Factor 4 examines whether the infrastructure retains the structural and functional condition needed for
Function Realization.

Factor 5 examines whether important hazards and Risks are adequately controlled.
Factor 6 examines the interaction between the infrastructure and the environment.

Factor 7 examines whether the infrastructure can continue to perform its required functions under
applicable operating conditions.

These dimensions are closely connected, but they are not interchangeable.
Consider a natural-gas processing facility.

Its equipment may be structurally sound, but an important process hazard may be inadequately
controlled.

The facility may control major process hazards but fail an applicable environmental condition.

It may satisfy both of these dimensions but experience repeated operational interruptions that prevent
reliable realization of its Intended Functions.

One favorable dimension therefore cannot automatically compensate for an unacceptable condition in
another.

Keeping these dimensions separately visible is necessary for a responsible Infrastructure Quality State
determination.

5.3 Factors 8-11 — Human, Regulatory, and External Interaction
The third group contains:

Factor 8 — Workplace Human Interaction and Safety

Factor 9 — Competence of Personnel

Factor 10 — Regulatory and Standards Compliance

Factor 11 — Stakeholder and Community Satisfaction

Energy infrastructure does not function in isolation.

People work with it.

People make decisions affecting it.

Laws, regulations, codes, standards, permits, contracts, and other Reference Layer requirements
apply to it.

Its operation may also affect communities, customers, landowners, public authorities, and other
stakeholders.

These interactions can materially affect Function Realization and its consequences.
For example, an equipment system may be technically capable of performing correctly.

But if a quality-critical task is performed by a person without the required competence, Function
Realization may still fail.

Similarly, technically successful operation does not make an applicable legal or regulatory requirement
disappear.

And infrastructure may achieve its immediate technical output while producing important unacceptable
consequences for people or communities affected by it.
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These subjects therefore cannot be treated simply as additional details of equipment integrity.
They represent different types of relationships between the Infrastructure Quality Object and its
human, regulatory, and external Context.

5.4 Factors 12-13 — Continuing Visibility and Traceability

The fourth group contains:

Factor 12 — Monitoring and Performance Evaluation

Factor 13 — Documentation and Traceability

Infrastructure Quality State determination depends not only on what physically exists, but also on
whether important conditions can be known and supported by Evidence.

Factor 12 addresses continuing visibility into infrastructure condition, behavior, performance, trends,
assumptions, and limitations.

Factor 13 addresses whether important information remains documented, connected, understandable,
and traceable across time.

The difference can be illustrated simply.

Suppose sensors show that the operating temperature of important equipment has slowly increased
over several years.

Monitoring may reveal the trend.

But understanding the trend may also require earlier design assumptions, maintenance records,
equipment changes, previous findings, and the reasons for past decisions.

Monitoring provides visibility.

Documentation and traceability help preserve the history and relationships needed to understand what
that visibility means.

Neither one alone is sufficient in every case.

This becomes especially important for long-lived infrastructure, where personnel, organizations,
equipment, technologies, operating conditions, and regulatory requirements may change many times
during the Lifecycle.

5.5 Factor 14 — Adaptation and Change

The fifth group contains:

Factor 14 — Adaptability and Innovation Readiness.

Energy infrastructure may operate for decades.

During that time, conditions can change.

Demand may change.

Technology may change.

Operating conditions may change.

Regulatory requirements may change.

Interfaces with other systems may change.

New risks may become known.

Equipment may become obsolete.
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Infrastructure may be repaired, modified, expanded, or used under conditions different from those
originally expected.

Change is therefore not an exceptional issue outside the Infrastructure Lifecycle.
It is part of the Lifecycle.

The quality-relevant question is whether the Infrastructure Quality Object can adapt to justified change
while maintaining alignment with its Intended Functions, Intended Results, Boundaries, Interfaces, and
applicable requirements.

Consider an older power station.
A new control technology may provide important benefits.
But introducing new technology does not automatically improve the Infrastructure Quality State.

The change may create new Interfaces, dependencies, failure possibilities, competence needs,
cybersecurity considerations, maintenance requirements, or operating assumptions.

The important question is not simply whether the technology is newer.

The question is whether the change supports Function Realization without creating unacceptable loss
of alignment elsewhere in the Infrastructure Quality Object.

Factor 14 keeps this dimension separately visible.

5.6 The Five Groups as One Architecture

The five groups should not be interpreted as five independent parts of Infrastructure Quality.
They describe connected views of the same Infrastructure Quality Object.

A weakness in one group may affect several others.

For example, an incomplete Intended Function may lead to an incomplete technical specification.
That specification may allow an unsuitable design.

The resulting infrastructure may later experience an integrity problem.

Monitoring may detect the problem.

Competent personnel may recognize its significance.

Regulatory requirements may require action.

Documentation may be needed to understand earlier decisions.

A modification may then be necessary.

The fourteen Factors therefore interact throughout the Infrastructure Lifecycle.

This interaction is one reason why Infrastructure Quality cannot be responsibly represented by one
favorable measurement, one compliance finding, or one overall average.

At the same time, interaction does not mean that all Factors should be combined.

Their separate visibility allows the determination to identify where Function Realization is strong,
where it is weak, where Evidence is insufficient, and where a Critical Infrastructure Condition may
prevent a favorable overall determination.

The fourteen-Factor architecture can therefore be viewed as a connected set of major quality-relevant
dimensions covering:

e definition of what must be realized;
e translation into requirements;
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e demonstration of conformity;
e actual infrastructure condition;
e hazard and Risk control;
e environmental interaction;
e operational reliability;
¢ human interaction and safety;
e competence;
e regulatory and standards obligations;
¢ stakeholder and community effects;
e continuing monitoring and interpretation;
e documentation and traceability; and
e adaptation and change.

The next step is more demanding.

Each of these fourteen dimensions must be examined separately to determine whether it truly
deserves separate Core Quality Factor status, whether its boundary with neighboring Factors is clear,
and whether the complete set leaves any major quality-relevant dimension outside the IQl Core
architecture.

6. Factor-by-Factor Justification

The previous section showed how the fourteen Core Quality Factors can be understood as one
connected architecture.

We now need to test each Factor individually.
For each Factor, we ask four basic questions:

e What major quality-relevant dimension does this Factor keep visible?

e Why is that dimension necessary for the maximum-wide 1Ql determination task?

e Why should it remain separate from neighboring Factors?

e What could become invisible if the Factor were removed or absorbed into another Factor?
The purpose is not to defend the existing Factor name.

The purpose is to justify the substantive content represented by the Factor.

6.1 Factor 1 — Functional Specification Quality

What this Factor keeps visible
Factor 1 keeps visible the functional basis of the Infrastructure Quality Object.

Before we can determine whether infrastructure realizes its Intended Functions, we must sufficiently
understand what those Intended Functions are and what Intended Results are expected.

This includes the relationship of the Intended Functions and Intended Results to the declared
Infrastructure Quality Object, its Boundaries, Interfaces, Lifecycle Stage, operating conditions, and
applicable Context.

A simple example is a pipeline.

Saying only:

"This is a pipeline."

does not provide enough information for a Quality State determination.

Even saying:
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"This pipeline transports natural gas."
may not be enough.

We may need to understand where the transportation function begins and ends, what Interfaces are
involved, under what conditions the function is intended to be realized, and what results are expected.

If the functional basis is incomplete or unclear, later technical work may be excellent and still solve the
wrong problem.

Why it needs separate visibility

Factor 1 is not the same as Technical Specification Quality.

Factor 1 asks, in simple terms:

What must this Infrastructure Quality Object do?

Factor 2 asks:

What technical requirements are needed to support realization of that function?
The distinction is important.

A technically precise specification can still be based on an incomplete or incorrectly understood
Intended Function.

For example, a compressor station could be designed exactly according to its technical specification.

But if the specification was developed for operating conditions that do not represent the conditions
required by the declared Intended Function, technical precision alone does not solve the problem.

The weakness began earlier, at the functional level.

What could become invisible without this Factor

If Factor 1 were absorbed entirely into technical specification, the determination could move too
quickly from "what is intended" to "what was technically specified."

That could hide problems such as:

e incomplete Intended Functions;
incomplete Intended Results;
unclear functional Boundaries;
missing or misunderstood Interfaces;
important operating conditions not reflected in the functional basis; or
e loss of alignment between the declared Quality Object and the function being assessed.
For this reason, the functional basis deserves separate visibility at the Core methodological resolution.

6.2 Factor 2 — Technical Specification Quality

What this Factor keeps visible

Once the Intended Functions and Intended Results are understood, they must be translated into
technical requirements capable of supporting Function Realization.

Factor 2 keeps this translation visible.

The technical requirements may concern design conditions, loads, capacities, materials, equipment
characteristics, operating limits, Interfaces, protection requirements, tolerances, performance
conditions, or other technical matters relevant to the declared Infrastructure Quality Object.

Consider a bridge intended to carry road traffic.

Knowing that the bridge must carry traffic is necessary.
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But engineers still need technical requirements describing the loads, dimensions, materials,
environmental conditions, structural conditions, Interfaces, and other matters needed to realize that
function.

Energy infrastructure follows the same logic.

Why it needs separate visibility

A correct Intended Function does not automatically produce a correct technical specification.
There is a translation step between them.

Information may be lost, misunderstood, incorrectly calculated, incompletely specified, or based on
unsuitable assumptions during that translation.

Factor 1 and Factor 2 therefore address two different questions:

Factor 1: Have we sufficiently defined what must be realized?

Factor 2: Have we sufficiently translated that functional need into technical requirements?
The two Factors are strongly connected, but one cannot replace the other.

What could become invisible without this Factor

Without separate visibility of Technical Specification Quality, the determination could know what the
infrastructure is intended to do and later examine whether the realized infrastructure conforms to
specifications, without asking whether those specifications were adequate in the first place.

That creates a simple but serious problem:
The infrastructure could conform perfectly to an inadequate specification.
For example, a pipe may have exactly the wall thickness stated in the technical specification.

But if that thickness was specified using an incorrect design condition, conformity to the specification
does not demonstrate that the pipe is technically adequate for its Intended Function.

Factor 2 therefore protects the methodological link between the functional basis and the technical
basis for realization.

6.3 Factor 3 — Conformity Assessment

What this Factor keeps visible

Factor 3 keeps visible whether applicable requirements have been correctly carried forward and
satisfied as the Infrastructure Quality Object moves through its realization and Lifecycle.

Conformity Assessment therefore does not begin only after physical work has been completed.
It may be needed at different points in the realization chain.

For example:

Intended Functions and Intended Results

— Functional Specification

— Technical Specification

— Design

— Manufacturing and Construction

— Commissioning

— Operation
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— Maintenance and Repair/Modification
At an applicable transition, the question may be:
Does the next specification, work, result, or condition conform to the requirements established for it?

For example, the Technical Specification should be verified against the applicable Functional
Specification.

A design should be verified against the applicable technical requirements.

Manufactured equipment should be assessed against applicable design and procurement
requirements.

Construction and installation should be assessed against applicable requirements.
Commissioning should demonstrate applicable conditions needed before Operation.

A repair or modification should also be assessed against the requirements applicable to the changed
Infrastructure Quality Object.

Conformity Assessment therefore provides an Evidence-supported connection between requirements
and their realization across the Lifecycle.

Why it needs separate visibility

Factors 1, 2, and 3 answer different questions.

Factor 1 asks:

What must the Infrastructure Quality Object do, and what results are intended?
Factor 2 asks:

Have those functional needs been adequately translated into technical requirements?
Factor 3 asks:

Can we demonstrate that the applicable specification, work, result, or condition conforms to the
requirements established for it?

The distinction is important.

A Functional Specification may be adequate while the Technical Specification fails to correctly realize
part of it.

A Technical Specification may be adequate while the design fails to satisfy it.
The design may be correct while manufacturing or construction does not conform to it.

The constructed infrastructure may initially conform while a later modification introduces a condition
that does not conform to the requirements applicable after the change.

Conformity Assessment therefore operates across the realization chain rather than only at its end.
Depth of Conformity Assessment
Not every conformity question requires the same depth of assessment.

The required depth should depend on the significance of the requirement, the associated Risk, the
consequences of an incorrect conformity conclusion, the Uncertainty involved, and the confidence
needed for the intended Infrastructure Quality State determination or claim.

A low-consequence item may require a relatively simple verification.

A quality-critical component or condition whose failure could cause catastrophic consequences may
require much stronger Evidence, greater examination depth, additional testing, independent review, or
other forms of assurance.
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This can be understood through the basic relationship between consequence and probability.

A condition with severe possible consequences may require strong conformity confidence even when
the estimated probability of failure is relatively low.

Where Risk is expressed economically, consequences and probability may also be considered through
their expected monetary impact.

The purpose is not to reduce every infrastructure consequence to money.

Human safety, environmental harm, legal obligations, community effects, and other consequences
may not be adequately represented by monetary value alone.

The principle is simpler:

The greater the significance of being wrong, the stronger the conformity-assessment basis may need
to be.

Independence and Conflict of Interest
The credibility of Conformity Assessment may also depend on who performs it.

Conformity Assessment may involve:

o first-party assessment by the person or organization responsible for the work or result;

e second-party assessment by a customer, purchaser, owner, or another party having an interest in
the result; or

e third-party assessment by an independent conformity-assessment body.

These forms do not automatically provide the same level of independence.
A first-party assessment may be entirely appropriate for many conditions.

However, where consequences are high, uncertainty is significant, or the party responsible for
producing the result also has strong schedule, financial, production, or other interests in accepting that
result, reliance only on first-party assessment may create a conflict-of-interest concern.

Greater independence may then be needed.

The appropriate form of assessment should therefore be related to the Risk, consequences, applicable
Reference Layer requirements, and confidence needed for the intended determination.

Third-party assessment or certification should not automatically be treated as necessary for every
requirement.

Nor should third-party involvement automatically be treated as proof that the underlying Infrastructure
Quality State is satisfactory.

The important question is whether the conformity-assessment arrangement provides sufficient
competence, independence, Evidence, and confidence for the significance of the condition being
assessed.

A High-Consequence Example

Commercial aircraft provide a useful example of why conformity-assessment independence matters.
An aircraft manufacturer has deep technical knowledge of its own product.

That knowledge is necessary for design, testing, manufacturing, and demonstration of conformity.

At the same time, the manufacturer also has commercial, production, schedule, and financial interests.
For high-consequence systems, this creates an important methodological question:

How much of the verification can responsibly rely on the party whose own work is being assessed, and
where is additional independent review needed?
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Widely documented commercial-aircraft certification and regulatory-oversight cases illustrate why this
question matters.

The lesson for 1Ql is not that first-party assessment is unreliable or that every infrastructure decision
requires third-party certification.

The lesson is that the required independence and depth of Conformity Assessment should be
proportionate to the consequences, Risk, Uncertainty, and potential conflicts of interest involved.

For high-consequence energy infrastructure, the same principle can become critical.

Practical Example — Design Deviation During Well Construction
A high-consequence well-construction project provides another illustration of why Conformity
Assessment cannot be limited to inspection after physical work has been completed.

During realization, the constructed configuration may depart from the original Design or Technical
Specification through an approved, conditionally accepted, or otherwise introduced deviation.

The conformity question is therefore not merely:
Were individual materials and components acceptable?
It must also ask:

Does the changed configuration remain adequately justified against the Functional Specification,
Technical Specification, applicable Reference Layer requirements, credible Failure Modes, and the
conditions under which the completed well must realize its Intended Functions?

This illustrates an important principle:

Conformity Assessment must follow the realization pathway, including significant deviations and their
technical justification, rather than treating conformity as a one-time inspection of the completed object.

What could become invisible without this Factor

Without Factor 3, the architecture could contain good Intended Functions and technical requirements
without adequately examining whether one stage of realization actually conforms to the requirements
established for it.

This could hide:

¢ incomplete translation from Functional Specification into Technical Specification;
¢ design that does not conform to applicable technical requirements;

e materials or components that do not conform to specifications;

e manufacturing or construction departures;

¢ inadequate inspection, testing, verification, or validation;

¢ insufficient depth of assessment for a high-consequence condition;

¢ inadequate independence of assessment;

e material conflicts of interest;

¢ modifications introduced without adequate conformity demonstration; or

¢ insufficient Evidence to support a conformity conclusion.

Why conformity is not the same as Infrastructure Quality
Even strong Conformity Assessment does not by itself establish a positive Infrastructure Quality State.

Conformity tells us whether a specified object, requirement, work, result, or condition conforms to its
applicable basis.

The Infrastructure Quality State asks a wider question.
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For example, a component may fully conform to its specification while the specification itself does not
adequately support the Intended Function.

A conforming component may later degrade during Operation.

Individually conforming components may interact in a way that creates an unacceptable system-level
condition.

A facility may demonstrate extensive conformity while an important environmental, operational,
human, or other quality-relevant condition remains unacceptable.

Conformity Assessment is therefore a necessary major dimension of the QI architecture, but it is not a
substitute for the complete Infrastructure Quality State determination.

6.4 Interim Result — Factors 1-3

The first three Factors form a necessary chain:

Functional basis

— Technical translation

— Demonstrated conformity throughout realization and the Lifecycle

Removing one of these steps would leave a different methodological gap.

Combining them into one broad Factor could also make it difficult to identify where the gap occurs.
For example:

The Intended Function may be incomplete.

Or the Intended Function may be correct but its translation into the Technical Specification may be
inadequate.

Or the Functional and Technical Specifications may both be satisfactory, while the design does not
conform to them.

Or the design may conform while manufacturing, construction, installation, commissioning, or a later
modification does not.

There may also be sufficient conformity Evidence for a low-consequence condition but insufficient
depth or independence of assessment for a high-consequence condition.

These are different findings.

Factors 1-3 therefore preserve three distinct questions:
What is intended?

How is that intention translated into technical requirements?

Can conformity between the applicable requirements and their realization be demonstrated with
sufficient confidence?

For the maximum-wide 1Ql determination task, keeping these dimensions separately visible is justified.
At the present Core methodological resolution, Factors 1, 2, and 3 each represent a sufficiently distinct
major dimension of Function Realization to justify separate Core Quality Factor status.

6.5 Factor 4 — Structural and Functional Integrity

What this Factor keeps visible

Factor 4 keeps visible the actual physical and functional condition of the Infrastructure Quality Object
necessary for realization of its Intended Functions.
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Factors 1-3 establish an important chain:

Intended Function

— Functional Specification

— Technical Specification

— Conformity of realization.

But even when this chain has been properly established, another question remains:
What is the actual condition of the Infrastructure Quality Object now?
Infrastructure exists physically and changes throughout its Lifecycle.
Materials age.

Components wear.

Structures move.

Corrosion develops.

Loads change.

Equipment deteriorates.

Defects may initiate and grow.

Repairs and modifications alter the realized configuration.

External conditions may introduce stresses that were absent or less significant at an earlier Lifecycle
Stage.

Structural and Functional Integrity therefore concerns whether the Infrastructure Quality Object retains
the physical and functional characteristics necessary to realize its Intended Functions under the
applicable conditions.

Structural Integrity and Functional Integrity

Structural Integrity concerns the ability of the physical Infrastructure Quality Object to retain the
structural condition necessary for its required functions.

Depending on the object, this may involve such matters as:

o strength;
stability;
containment;
resistance to deformation;
resistance to fracture;
fatigue condition;
weld integrity;
¢ foundation stability;
o fastening and assembly integrity; or
o other physical characteristics necessary to preserve the object.
Functional Integrity is related but wider.

An Infrastructure Quality Object may remain physically present and apparently intact while losing some
capability necessary for realization of its Intended Function.

For example, a valve body may remain structurally intact while the valve can no longer reliably open,
close, isolate, or regulate flow as required.
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Similarly, an electrical component may remain physically intact while no longer performing its required
electrical function within specified conditions.

The Factor therefore keeps both questions visible:

Is the physical structure capable of maintaining the required condition?

and

Does the Infrastructure Quality Object retain the capability necessary to realize its Intended Function?
Why it needs separate visibility

Structural and Functional Integrity cannot be replaced by Conformity Assessment.

An Infrastructure Quality Object may have been fully conforming when manufactured, constructed,
tested, and commissioned.

That conformity conclusion may have been completely correct.

Years later, however, the object's actual condition may be different.

For example:

Original conformity

— Operation

— Aging or changed conditions

— Degradation

— Changed Structural or Functional Integrity

— Changed Quality State.

The earlier conformity Evidence remains historically valid.

What has changed is the object.

This distinction is especially important for infrastructure intended to operate for decades.
The Quality State determination must therefore be capable of distinguishing between:
"Was the object conforming when it was realized?"

and

"Does the object retain the integrity necessary for Function Realization now?"
Integrity Is Not Limited to Internal Defects

Integrity should not be assessed only by looking for defects within the Infrastructure Quality Object
itself.

The actual integrity condition may depend on interactions across its Boundaries (Interfaces).

Loads can be transferred from foundations, soil, water, connected equipment, supporting structures,
thermal conditions, pressure systems, moving machinery, or other parts of the surrounding Context.

A pipeline provides a simple example.
Its integrity depends on the properties of the pipe, welds, coating, and other physical characteristics.
But it may also depend on the ground supporting the pipeline.

If the supporting ground moves, settles, erodes, freezes, thaws, or loses stability, additional loads may
be transferred to the pipe.
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The resulting integrity condition therefore cannot always be understood by examining the pipe material
alone.

Cross-Reference — Environmental Change and Pipeline Integrity

The permafrost pipeline example is examined more fully under Factor 6 — Environmental Protection,
where changing ground conditions are treated as an environmental input to Function Realization.

For Factor 4, the relevant point is narrower:
Environmental change

— changed pipeline loading

— stress, strain, deformation, or cracking

— changed Structural and Functional Integrity.

The same event therefore activates more than one Factor, but each Factor preserves a different
determination question.

What the Example Shows
The example demonstrates an important feature of the IQI Factor architecture.

Environmental conditions and Structural and Functional Integrity are related, but they are not the same
quality-relevant dimension.

The environmental change is not itself a pipe-wall defect.

The pipe-wall defect is not itself the environmental change.

One can cause or accelerate the other.

Keeping the dimensions separately visible allows the determination to ask two different questions:
What condition is acting upon the Infrastructure Quality Object?

and

What effect has that condition produced, or could it produce, on the object's Structural and Functional
Integrity?

This is one reason why interaction between Quality Factors does not mean that the Factors should
automatically be combined.

Integrity Is a Lifecycle Condition
Structural and Functional Integrity is inherently dynamic.

A satisfactory condition at one point in the Lifecycle does not demonstrate that the same condition will
continue indefinitely.

The relevant sequence may be:

Acceptable initial condition

— Exposure to operating and environmental conditions

— Aging, wear, loading, or degradation

— Detection through inspection or monitoring

— Assessment

— Maintenance, repair, replacement, restriction, or continued Operation

— New Evidence-supported Quality State determination.
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For long-lived infrastructure, the question is therefore not simply whether integrity was demonstrated
once.

The question is whether integrity continues to be preserved, monitored, and demonstrated throughout
the applicable Lifecycle.

Integrity and Failure

Loss of Structural and Functional Integrity does not necessarily mean that complete failure has already
occurred.

A crack may exist while containment remains intact.

A structure may deform while still carrying its load.

A pump may operate while its performance progressively deteriorates.

A pipeline may remain in service while measured strain approaches an established limit.
These conditions can represent different Quality States.

This distinction is important because Quality State determination should identify deterioration before
complete loss of Function Realization occurs.

The Factor therefore supports determination of such conditions as:

acceptable integrity;

degraded but still acceptable integrity;

integrity requiring additional assessment or monitoring;

integrity requiring operating restrictions or intervention;

or unacceptable integrity requiring removal from service or another appropriate action.
The applicable Quality Outcome Criteria determine where those distinctions are made.
Relationship to Process Safety and Risk

Factor 4 should also remain separate from Factor 5 — Process Safety and Risk Mitigation.
Structural or Functional Integrity concerns the condition of the Infrastructure Quality Object.
Process Safety and Risk Mitigation asks a different question:

What hazardous events can arise, what consequences can follow, and what barriers or controls are
necessary to prevent or mitigate them?

For example, a small pipeline defect is an integrity condition.

Whether that defect could develop into loss of containment, ignition, explosion, environmental release,
or another hazardous event involves the wider Process Safety and Risk determination.

Similarly, a pressure vessel may have a measurable integrity condition while the Risk associated with
that condition depends on pressure, contents, location, exposure, safeguards, probability of failure,
and potential consequences.

Therefore:

Integrity condition # Risk.

But integrity condition may materially influence Risk.

The two Factors must interact without being treated as interchangeable.

Relationship to Operational Reliability
Structural and Functional Integrity also interacts with Factor 7 — Operational Reliability.
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An Infrastructure Quality Object may retain adequate structural integrity but nevertheless experience
unreliable operation.

Conversely, equipment may continue operating reliably for a period while an undetected integrity
condition progressively deteriorates.

For example, a pump may start and deliver flow every time it is required while degradation develops in
a component that has not yet caused functional failure.

Operational success alone therefore does not demonstrate satisfactory integrity.

Similarly, satisfactory structural condition alone does not demonstrate reliable realization of all required
operational functions.

Keeping the Factors separately visible allows both conditions to be determined.

What could become invisible without this Factor

Without separate visibility of Structural and Functional Integrity, the QI architecture could establish
that infrastructure was correctly specified and originally conforming without adequately determining its
actual physical and functional condition.

This could hide:

e material degradation;

e corrosion;

e cracking;

o fatigue or creep;

e deformation;

¢ loss of containment capability;

¢ foundation or support instability;

¢ ground-movement effects;

¢ deterioration of welds or joints;

¢ degradation of assemblies and fastening systems;

e loss of required component function;

e aging-related deterioration;

e damage arising from operating or environmental conditions;

¢ deterioration following modification or repair; or

¢ other physical or functional conditions capable of affecting Function Realization.
These conditions are too important to disappear inside a broader conformity, reliability, or risk Factor.

Why Factor 4 is necessary
Factor 4 therefore answers a fundamental question that Factors 1-3 cannot answer by themselves:

Does the Infrastructure Quality Object actually possess and retain the Structural and Functional
Integrity necessary to realize its Intended Functions under the applicable conditions?

The answer must be based on the actual condition of the object and appropriate Evidence, not merely
on its original design, certification, or historical conformity.

At the present Core methodological resolution, Structural and Functional Integrity therefore represents
a sufficiently distinct major dimension of Function Realization to justify separate Core Quality Factor
status.
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6.6 Factor 5 — Process Safety and Risk Mitigation

What this Factor keeps visible

Factor 5 keeps visible the possibility that realization of an Infrastructure Quality Object's Intended
Functions can create, encounter, or be affected by hazardous conditions capable of producing serious
consequences.

Infrastructure may contain or control large amounts of energy.

It may involve high pressure, high voltage, combustible or toxic materials, radioactive materials,
rotating equipment, elevated temperatures, large structural loads, or other hazardous conditions.

The Infrastructure Quality Object may therefore be structurally intact, technically conforming, and
operationally functional while still possessing Hazards that must be understood and controlled.

Factor 5 asks:

What can go wrong?

How can it happen?

What consequences can result?

What prevents it?

What mitigates the consequences if prevention fails?

What Risk remains after those measures are considered?

And is that residual Risk acceptable under the applicable Quality Outcome Criteria?
Hazard and Risk Are Not the Same

A Hazard is a condition or source with the potential to cause harm.

Risk concerns the possibility and significance of the resulting harmful outcome.
In simplified form:

Hazard

+ credible initiating event or Failure Mode

+ probability or likelihood

+ consequences

= characterized Risk.

The actual determination may be considerably more complex and may include Uncertainty, exposure,
conditional probabilities, multiple consequence pathways, common-cause failures, human actions,
dependencies, and other considerations.

The important methodological point is that Hazard and Risk should not be treated as interchangeable.
A high-pressure natural-gas pipeline, for example, contains a hazardous medium under pressure.
The existence of that Hazard does not by itself establish the Risk.

The Risk also depends on such matters as the probability of loss of containment, ignition conditions,
location, population exposure, environmental conditions, available protection, emergency response,
and potential consequences.

Risk Is Not the Same as Integrity
Factor 5 must remain distinct from Factor 4 — Structural and Functional Integrity.

An integrity condition can contribute to Risk, but it does not completely determine Risk.
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Consider a detected pipeline defect.
Factor 4 asks:

What is the actual condition of the pipe, and does it retain the Structural and Functional Integrity
necessary for its Intended Function?

Factor 5 asks:

What hazardous event could result from that condition, how likely is it, what consequences could
follow, and what preventive or mitigating measures are available?

The relationship may be expressed as:

Integrity degradation

— Possible loss of containment

— Release

— Possible ignition or other hazardous development
— Consequences.

Therefore:

Integrity condition # Risk.

But the integrity condition may be an important input to Risk determination.

Prevention and Mitigation
Process Safety should not be limited to estimating the probability of an accident.

The determination must also consider how hazardous events are prevented and how their
consequences are limited if prevention fails.

Protective measures may include, depending on the Infrastructure Quality Object:

e inherently safer design choices;

e physical barriers;

e pressure protection;

e jsolation;

e shutdown systems;

e containment;

o detection and alarm systems;

o fire and explosion protection;

e redundancy;

e operating limits;

e monitoring;

e inspection;

e maintenance;

e emergency procedures;

e personnel competence; and

e response and recovery arrangements.
These measures do not all perform the same function.

Some reduce the probability that a hazardous event will occur.
Others reduce the consequences after it occurs.

Still others improve detection, response, or recovery.
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The Quality State determination should therefore understand the role of the relevant barriers rather
than merely confirm that a list of protective systems exists.

Multiple Barriers and Defense in Depth

High-consequence infrastructure commonly relies on more than one protective measure.
This is important because no individual barrier should automatically be assumed to be perfect.
A simplified pathway may be:

Hazard

— Preventive Barrier 1

— Preventive Barrier 2

— Detection

— Automatic or human intervention

— Mitigating Barrier

— Emergency response.

The effectiveness of the protection depends not merely on the existence of these barriers but also on
their independence, reliability, availability, condition, and ability to perform when required.

Several barriers may also depend upon the same supporting system.

For example, multiple protective functions may appear independent but all depend on the same
electrical supply, instrument system, cooling system, communication system, or human decision.

A common dependency can therefore weaken apparently separate protections.
This makes Interfaces and dependencies important to Process Safety and Risk Mitigation.
A Simple Infrastructure Example

Consider a high-pressure gas facility.

The equipment may be correctly designed and structurally intact.

Nevertheless, an abnormal pressure condition may still be possible.

Protection may involve several layers:

Normal pressure control

— Alarm

— Operator response

— Automatic shutdown

— Pressure-relief protection

— Emergency isolation.

The Process Safety determination should not simply ask:

Does the facility have a relief valve?

It should ask whether the complete protective arrangement provides sufficient prevention and
mitigation for the credible hazardous conditions.

A protective device that exists but is incorrectly set, unavailable, isolated, poorly maintained,
dependent on a failed supporting system, or incapable of handling the required condition may provide
little actual protection.
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Again, the difference is between the existence of a protection measure and its actual contribution to
Function Realization and Risk reduction.
Risk Changes Throughout the Lifecycle
Risk is not necessarily constant throughout the Infrastructure Lifecycle.
Changes may arise from:

o degradation and aging;

e modification;

e changed operating conditions;

e increased capacity or throughput;

e changed environmental conditions;

e changed surrounding population or land use;

e new Interfaces or dependencies;

e new knowledge about Failure Modes;

e changes in maintenance or inspection;

e changes in personnel or organizational arrangements; or

¢ changes in the applicable Reference Layer.

A Risk determination made during Design therefore cannot automatically be assumed to describe the
Risk during later Operation.

The relevant question is:

What is the Risk under the conditions that actually apply to the Infrastructure Quality Object at the time
of the determination?

Cross-Reference — Changing Urban Context

A long-lived pipeline surrounded by increasing development is discussed more fully under Factor 11 —
Stakeholder and Community Satisfaction.

For Factor 5, the essential relationship is:

Physical pipeline condition may remain approximately unchanged
+ surrounding exposure increases

— potential consequences change

— characterized Risk may change.

This demonstrates that Risk depends on Context as well as on the physical condition of the
Infrastructure Quality Object.

Characterized Risk and Acceptable Risk
Another distinction is necessary.

Determining the magnitude and nature of Risk is not the same as determining whether that Risk is
acceptable.

The distinction can be expressed simply:
Risk characterization

#

Risk acceptance.

Risk characterization uses available Evidence to determine the nature, likelihood, consequences, and
Uncertainty of hazardous outcomes.

1QI - Fourteen Invariant Core Quality Factors - Publication Draft - August 2026 38



Risk acceptance asks whether the remaining Risk is acceptable under the applicable requirements
and Quality Outcome Criteria.

The first is principally an analytical task.
The second depends upon the applicable Reference Layer and Context.

Different Approaches to Risk Perception and Risk Treatment

Even where the Hazard is substantially the same, different regulatory and industry systems may
establish different approaches to understanding, accepting, and treating the associated Risk.

An offshore crane provides a useful practical example.

A crane operating under one regulatory and standards framework may rely upon a particular
combination of design margins, rated-capacity requirements, operating controls, operator competence,
inspection, and protective devices.

When the same or substantially similar crane is assessed under another regulatory framework, an
additional automatic protective device may be required to protect against an overload condition.

The physical Hazard is substantially the same:

Crane overload

— Excessive structural or stability demand

— Possible equipment failure or loss of load

— Potential consequences to personnel, equipment, and surrounding infrastructure.
But the required treatment of that Hazard may differ.
The relationship can therefore be expressed as:

Same technological object

+ Same general Hazard

+ Different regulatory/industry approach to Risk

— Different required protective measures

— Different conformity requirements

— Potentially different conformity result.

The example helps distinguish several related concepts:
Risk characterization

# Risk perception

# Risk acceptance

# Risk treatment.

Risk characterization seeks to determine the nature and significance of the Risk using available
Evidence.

Risk perception concerns how the Risk is understood or regarded by relevant persons, organizations,
industries, regulators, or societies.

Risk acceptance concerns whether the residual Risk is regarded as acceptable under the applicable
criteria.

Risk treatment concerns the preventive, protective, mitigating, or other measures required or selected
to address that Risk.
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These dimensions can influence one another, but they are not identical.

Cross-Reference — Different Protective Requirements for Similar Equipment

The offshore lifting-equipment example is presented in full under Factor 10 — Regulatory and
Standards Compliance.

For Factor 5, it demonstrates a narrower point: different regulatory and industry systems may rely on
different combinations of engineered protection, automatic intervention, operating controls,
competence, inspection, and other barriers. The relevant Risk question is not how many protective
devices exist, but whether the resulting prevention, mitigation, and residual-Risk condition is
acceptable for the applicable Context.

Different Contexts Can Produce Different Acceptability Criteria

The offshore-crane example demonstrates that different regulatory and industry systems may
establish different treatments of a particular technological Risk.

A broader difference can arise at the level of Risk acceptance itself.

Different jurisdictions or societies may evaluate broadly comparable technological Hazards and
establish different criteria concerning acceptable residual Risk.

The physical Hazard does not necessarily change because the jurisdiction changes.
But the applicable requirements and Quality Outcome Criteria may differ.

Similarly, the same society may change its Risk-acceptance criteria over time as knowledge,
experience, technology, economic conditions, public expectations, or policy change.

An Infrastructure Quality Object may therefore have essentially the same physical configuration while
the applicable criterion used to determine its acceptability changes.

This does not mean that engineering Risk becomes whatever stakeholders believe it to be.
It means that separate questions must remain visible:

What does the available Evidence indicate the Risk to be?

How is that Risk perceived by relevant stakeholders and institutions?

What Risk is considered acceptable under the applicable Reference Layer and Quality Outcome
Criteria?

And what Risk treatment is required?

Risk Mitigation and Proportionality

The existence of Risk does not necessarily mean that every technically possible protective measure
must be implemented.

Infrastructure decisions may involve alternative ways of reducing Risk.
One alternative may increase physical resistance.

Another may provide redundancy.

Another may improve detection.

Another may introduce automatic intervention.

Another may reduce exposure.

Another may improve emergency response or recovery.

The relevant question is therefore not automatically:

What is the maximum technically possible protection?
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The determination should instead establish whether the combination of preventive and mitigating
measures satisfies the applicable requirements and Quality Outcome Criteria for the Risk involved.

Cost, practicability, lifecycle consequences, and alternative measures may legitimately influence how
requirements are established or how compliant solutions are selected.

However, economic advantage alone does not demonstrate an acceptable Quality State where a
mandatory safety or regulatory requirement is not satisfied.

Cross-Reference — Resistance Versus Recovery

The severe-storm electricity-distribution example is discussed more fully under Factor 7 — Operational
Reliability.

For Factor 5, it illustrates that Risk treatment can combine resistance, redundancy, preparedness,
restoration capability, and other controls. Maximum physical resistance to one Hazard is not
automatically equivalent to the most appropriate overall Risk treatment or Infrastructure Quality State.

Dependencies Can Amplify Consequences
Infrastructure systems are often mutually dependent.

Failure of one Infrastructure Quality Object can therefore affect another object that has suffered no
physical failure.

For example:

Electrical distribution fails

— Fuel station loses electrical power

— Fuel remains physically available

— Pumps cannot operate

— Fuel-delivery function is lost.

The fuel station may remain structurally intact.
Its fuel storage may remain intact.

Yet its Intended Function cannot be realized because a supporting Infrastructure Quality Object is
unavailable.

Risk determination should therefore consider important dependencies where failure propagation can
materially change consequences or Function Realization.

Uncertainty in Risk Determination

Risk determination always contains some degree of Uncertainty.

Failure probabilities may be estimated from incomplete data.

Future environmental conditions may be uncertain.

Human actions cannot always be predicted precisely.

Rare events may have little statistical experience.

Failure Modes may interact.

Consequences may depend on future conditions that cannot be known exactly.
The existence of Uncertainty does not eliminate the need for a determination.

Instead, the level and significance of Uncertainty should be visible in the Evidence supporting the
Quality State.
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Where consequences are severe, inability to demonstrate sufficiently low Risk with adequate
confidence may itself require additional assessment, restrictions, protective measures, or another
appropriate response.

Relationship to Conformity Assessment
Factor 3 asks whether applicable requirements are satisfied.

Factor 5 asks whether Hazards, Failure Modes, consequences, preventive measures, mitigating
measures, and residual Risk have been adequately addressed.

The two Factors therefore interact closely.
A Process Safety requirement may become the subject of Conformity Assessment.

But simply demonstrating conformity with individual requirements does not necessarily replace the
need to understand the complete Risk picture.

Conversely, a favorable Risk analysis does not authorize disregard of applicable mandatory
requirements.

The offshore-crane example makes this relationship particularly visible.

A crane may have an acceptable physical condition and an established Risk-control arrangement
under one applicable Reference Layer.

When assessed under another Reference Layer, an additional protective measure may be mandatory.
The Risk and Conformity questions therefore remain related but distinct.

Thus:

Conformity Assessment

and

Process Safety and Risk Mitigation

provide different but complementary information for Infrastructure Quality State determination.
Relationship to Regulatory and Standards Compliance

Factor 5 also interacts directly with Factor 10 — Regulatory and Standards Compliance.
Factor 5 asks:

What is the Hazard and associated Risk, and how is that Risk prevented or mitigated?

Factor 10 asks:

What requirements concerning that Hazard and Risk are established by the applicable Reference
Layer, and are those requirements satisfied?

The same physical Infrastructure Quality Object can therefore encounter different conformity
requirements when the applicable Reference Layer changes.

This does not necessarily mean that the physical condition of the object has changed.

It means that the requirements against which its acceptability is determined may have changed.
This distinction will be examined further under Factor 10.

Relationship to Stakeholder and Community Conditions

Process Safety and Risk also interact with stakeholder and community considerations.

A hazardous event can affect employees, contractors, neighboring communities, infrastructure users,
property owners, governments, emergency responders, and the wider public.
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Those consequences are relevant to Risk determination.

Stakeholders and communities may also differ in how particular Risks are perceived and what residual
Risk they consider acceptable.

However, Factor 5 and the stakeholder/community Factor should not be merged.
Factor 5 asks principally:

What is the Risk, and how is it prevented or mitigated?

The stakeholder/community dimension asks:

How does the Infrastructure Quality Object and its Function Realization relate to affected stakeholders
and communities and their applicable needs, consequences, requirements, expectations, and
acceptance conditions?

The Factors interact, but they preserve different information.

What could become invisible without this Factor

Without separate visibility of Process Safety and Risk Mitigation, the 1Ql architecture could identify
technical conformity and physical integrity while failing to determine the significance of hazardous
events and their consequences.

This could hide:

¢ unidentified Hazards;

e credible Failure Modes;

e escalation pathways;

e inadequate preventive barriers;

¢ inadequate mitigating barriers;

¢ differences between Risk characterization and Risk acceptance;

o differences in Risk treatment;

e excessive dependence on human intervention where additional protection may be required;
e common dependencies among supposedly independent protections;
e unacceptable consequences;

¢ changed Risk caused by changed Context;

¢ changed exposure of surrounding communities;

e inadequate emergency arrangements;

e excessive reliance on a single protection layer;

e important Uncertainty in Risk estimates;

e unacceptable residual Risk; or

o failure to reassess Risk after significant Lifecycle changes.

Why Factor 5 is necessary
Factor 5 therefore answers a question that the preceding Factors cannot answer by themselves:

Given the Hazards associated with the Infrastructure Quality Object and its Function Realization, are
the resulting Risks sufficiently understood, prevented, mitigated, and reduced to a level acceptable
under the applicable Quality Outcome Criteria?

A technically correct specification does not answer this question by itself.
Conformity does not answer it by itself.

Structural and Functional Integrity does not answer it by itself.
Regulatory compliance does not answer it by itself.
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Stakeholder acceptance does not answer it by itself.

Each may contribute necessary information and Evidence, but Process Safety and Risk Mitigation
provides a distinct determination.

At the present Core methodological resolution, Process Safety and Risk Mitigation therefore
represents a sufficiently distinct major dimension of Function Realization to justify separate Core
Quality Factor status.

6.7 Factor 6 — Environmental Protection

What this Factor keeps visible

Factor 6 keeps visible the relationship between the Infrastructure Quality Object and the environment
throughout its Lifecycle.

Infrastructure does not exist independently of its environment.

It occupies land or water areas, interacts with air, soil, water, ecosystems, climate, geology, and other
surrounding conditions, and may produce emissions, discharges, waste, heat, noise, contamination,
physical disturbance, or other environmental effects.

At the same time, the environment acts upon the Infrastructure Quality Object.

Temperature, wind, precipitation, flooding, ice, permafrost, soil conditions, seismic activity, erosion,
groundwater, corrosion conditions, storms, fire, and other environmental conditions may materially
influence the object's ability to realize its Intended Functions.

The required determination therefore involves two directions:
Infrastructure Quality Object

— effects on the Environment

and

Environment

— effects on the Infrastructure Quality Object.

Both directions may influence the Infrastructure Quality State.

Infrastructure Effects on the Environment

The first direction is the conventional meaning most immediately associated with Environmental
Protection.

Infrastructure should realize its Intended Functions without producing environmental effects exceeding
applicable requirements and Quality Outcome Criteria.

Depending on the Infrastructure Quality Object and its Context, relevant conditions may include:

e emissions to air;

e releases to water;

e contamination of soil or groundwater;

¢ |leakage or loss of containment;

e waste generation and management;

e hazardous or radioactive materials;

e noise and vibration;

e thermal effects;

e disturbance of land, vegetation, or habitats;
o effects on ecosystems;
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¢ use of natural resources;
e environmental consequences of accidents; and
e restoration or remediation following Lifecycle activities.

The applicable requirements may differ substantially among infrastructure types, jurisdictions,
locations, and Lifecycle Stages.

The methodological question remains:

Can the Infrastructure Quality Object realize its Intended Functions while maintaining its environmental
effects within the applicable acceptable conditions?

The Environment Also Acts on Infrastructure

The opposite direction is equally important for Infrastructure Quality State determination.
Environmental conditions can become inputs to Function Realization.

A pipeline may depend on stable supporting soil.

An offshore structure may depend on its ability to withstand waves, wind, currents, ice, and corrosion
conditions.

An electrical network may depend on its ability to withstand temperature, wind, precipitation, flooding,
vegetation interaction, and other environmental loads.

A storage package may be qualified only for a specified temperature range.
A structure may be designed for specified seismic, wind, snow, flood, or thermal conditions.
The environment is therefore not merely something that infrastructure must protect.

It may also establish conditions within which the Infrastructure Quality Object must remain capable of
realizing its Intended Functions.

Relationship to Functional Specification Quality
Factor 6 is directly interrelated with Factor 1 — Functional Specification Quality.

Environmental conditions that can materially affect Function Realization should be recognized when
the Functional Specification is established.

The Functional Specification should not describe an Intended Function as though it will be realized in
an undefined environment.

Where relevant, it should establish or identify the conditions within which the function must be realized.
The relationship can be expressed as:

Intended Function

+ Applicable Context

+ Relevant Environmental Conditions

— Functional Requirements

— Functional Specification.

For example, a package intended for temporary outdoor storage does not merely have the function of
containing and protecting its contents.

That function must be realized under the environmental conditions applicable to the intended storage
Context.
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Similarly, a pipeline intended to transport natural gas through a region subject to particular ground,
temperature, seismic, flood, or other environmental conditions must realize its transportation function
under those applicable conditions.

This creates an important distinction between Factors 1 and 6.
Factor 1 asks:

Have the environmental conditions relevant to Function Realization been adequately translated into
the Functional Specification?

Factor 6 asks:

What environmental conditions actually apply, how do they interact with the Infrastructure Quality
Object, and do those conditions remain compatible with realization of the Intended Functions and an
acceptable Quality State?

The two Factors therefore examine different parts of the same relationship.
Environmental Requirements Can Also Concern Infrastructure Effects
The relationship also operates in the opposite direction.

The Functional Specification may establish requirements concerning the environmental outcomes of
Function Realization.

For example, an infrastructure function may need to be realized while maintaining emissions, releases,
waste, noise, disturbance, or other environmental effects within specified limits.

Thus environmental considerations may enter the Functional Specification in two directions:
Environment — Infrastructure

Environmental conditions under which the Intended Function must be realized.

and

Infrastructure — Environment

Environmental conditions or outcomes that must be maintained while the Intended Function is
realized.

Factor 1 determines whether these relevant requirements have been adequately established at the
functional level.

Factor 6 determines the environmental dimension of the actual Quality State and its relationship to
Function Realization.

Why the Factors Should Still Remain Separate
Their interrelationship does not make the Factors redundant.

A Functional Specification can correctly identify a required environmental condition while the actual
environment later changes beyond that condition.

Conversely, the actual environmental condition may remain acceptable while the Functional
Specification was originally incomplete because an important environmental requirement was never
identified.

For example:
Environmental requirement correctly identified
+ correctly included in Functional Specification

+ actual environmental condition outside the specified envelope
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— Factor 1 may remain satisfactory while Factor 6 identifies a changed condition.
Alternatively:

Important environmental condition exists

+ condition was omitted from Functional Specification

— Factor 1 identifies an inadequacy even before environmental exposure produces physical
degradation.

This distinction demonstrates why the Factors should remain separately visible.

Factor 1 concerns the quality of translating Intended Function and Context into an adequate Functional
Specification.

Factor 6 concerns the environmental relationship and conditions that actually affect, or result from,
Function Realization.

Environmental Conditions and the Design Envelope

This relationship becomes especially important when an Infrastructure Quality Object has been
demonstrated as acceptable only within a defined environmental envelope.

Consider equipment qualified for operation between specified minimum and maximum temperatures.
The equipment may:

e conform to its Technical Specification;
have been correctly manufactured;
possess the required certification;
remain undamaged; and

have no known defect.

Yet another question remains:

Are the environmental conditions of the actual application within the conditions for which acceptable
performance has been demonstrated?

This gives a simple relationship:

Conforming Quality Object

+ Environmental conditions within demonstrated envelope
— demonstrated basis for acceptable application.

But:

Conforming Quality Object

+ Environmental conditions outside demonstrated envelope
— acceptable application not automatically demonstrated.

This distinction is important because conformity of the object to its own specification does not
necessarily demonstrate conformity of every possible application of that object.

Practical Example — Environmental Temperature Versus Design Limits

During an assessment associated with authorization of an industrial activity, transport packages
containing hazardous material were intended to be temporarily stored in a dedicated outdoor area in a
region subject to severe winter conditions.

The packages had a specified lower design-temperature limit.
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The assessment therefore had to consider not merely whether the packages conformed to their design
documentation, but whether temperatures that could credibly occur at the intended site remained
within the environmental envelope for which acceptable package performance had been
demonstrated.

If credible site temperatures could fall below the qualified minimum temperature, conformity of the
package to its own specification would not by itself demonstrate an acceptable Quality State for the
proposed application.

Additional justification could be necessary.

Depending on the circumstances, possible measures could include environmental protection,
operating restrictions, monitoring, relocation, additional qualification, or another appropriate control.

Nothing necessarily had to be defective in the package.

The issue was the relationship between:

Demonstrated environmental capability of the Quality Object
and

Environmental conditions of the actual Context.

What the Example Shows

The example demonstrates why environmental conditions cannot be treated merely as background
information.

Where environmental conditions can affect Function Realization, they become quality-relevant
conditions.

It also demonstrates an important distinction:
Object conformity

# automatically

Application conformity.

An equipment item may fully conform to the specification against which it was manufactured and still
lack sufficient Evidence to demonstrate acceptable use in a particular environmental Context.

This is one reason Factor 6 cannot be completely absorbed into Factor 3 — Conformity Assessment.
Factor 3 determines conformity against the applicable basis.

Factor 6 keeps visible whether environmental interactions and conditions relevant to Function
Realization have been adequately represented in that basis and remain acceptable in the actual
Context.

Environmental Conditions Change

Environmental conditions are not necessarily constant throughout the Lifecycle.
Infrastructure may operate for decades.

During that period, changes may occur in:

e climate;

e temperature extremes;
e precipitation;

o flooding;

e groundwater;

e coastlines;
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e erosion;

e permafrost;

¢ soil stability;

e vegetation;

o wildfire exposure;

e storm patterns;

e surrounding land use; or

e other natural and human-influenced environmental conditions.

An environmental basis that was appropriate during Design and Construction therefore cannot
automatically be assumed to remain sufficient throughout Operation.

The relevant determination should ask:

What environmental conditions were assumed?
What environmental conditions actually exist?
How are those conditions changing?

And does the Infrastructure Quality Object remain capable of realizing its Intended Functions under
those conditions?

Practical Example — Environmental Change Propagating Into Integrity
Consider a long-distance natural-gas transmission pipeline crossing areas of permafrost.

At the time of Design and Construction, frozen ground conditions formed part of the physical Context
supporting the pipeline.

Over a long operating period, degradation and thawing of permafrost can alter the characteristics of
that support.

The causal pathway may become:

Changing Environmental Conditions

— Changed Ground/Support Conditions

— Pipeline Settlement or Displacement

— Additional Stress and Strain

— Deformation or Cracking

— Degradation of Structural and Functional Integrity.

The important point is that the environmental condition and the integrity condition are not the same
thing.

The changing ground condition acts upon the pipeline.

The resulting stress, deformation, or cracking is a condition of the pipeline.
Therefore:

Environmental condition

#

Structural and Functional Integrity condition.

But one may directly influence the other.
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Why Interaction Does Not Require Combining the Factors

The previous example helps answer an important question in the justification of the fourteen-Factor
architecture.

Quality Factors do not have to be independent of one another.
Indeed, infrastructure quality is characterized by extensive interaction among them.

If two interacting conditions were automatically combined into one Factor, much of the architecture
would eventually collapse into a single broad category.

Instead, methodological resolution requires us to preserve separately observable dimensions where
doing so improves determination of the Quality State.

For the pipeline example, keeping the environmental and integrity dimensions separately visible allows
us to determine:

What external condition changed?

What mechanism transmitted its influence across the Boundary (Interface)?
What physical effect occurred in the Infrastructure Quality Object?

And what consequence did that effect have for Function Realization?

The interaction between Factors is therefore information, not a reason automatically to eliminate their
distinction.

Natural and Human-Created Environmental Change

The external environment of infrastructure includes more than natural conditions.
Human activity can substantially change the Context in which infrastructure operates.
Urbanization may increase population density around a pipeline.

Construction may change drainage.

Excavation may affect ground support.

New roads may change access and loading conditions.

Industrial development may introduce new hazards or dependencies.

Changes in land use may alter the consequences of an infrastructure failure.

The relevant environment is therefore dynamic and can be changed by both natural processes and
human activity.
Cross-Reference — Changing Human-Created Environment

The long-lived pipeline / urban-development example is presented more fully under Factor 11 —
Stakeholder and Community Satisfaction.

For Factor 6, it demonstrates that the environment acting on infrastructure is not limited to natural
conditions. Land use, construction, roads, buildings, and other human-created surroundings can
change the operating Context, exposure, and Interfaces of a long-lived Infrastructure Quality Object
even when the object itself has changed little.

Environmental Protection and Process Safety
Factor 6 interacts strongly with Factor 5 — Process Safety and Risk Mitigation.
A hazardous infrastructure event may produce environmental consequences.

For example:
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Loss of containment

— Release

— Soil, water, or atmospheric exposure
— Environmental consequences.

Factor 5 considers the Hazard, Failure Mode, probability, consequences, prevention, mitigation, and
residual Risk.

Factor 6 keeps the environmental condition and environmental outcome visible.
The two Factors therefore overlap in application but answer different questions.

A Process Safety determination could conclude that the probability of a major release is sufficiently low
while Environmental Protection still requires control of routine emissions, waste, discharges, or other
environmental effects.

Conversely, satisfactory routine environmental performance does not demonstrate that major accident
Risk has been adequately controlled.

Environmental Protection and Structural and Functional Integrity
Factor 6 also interacts directly with Factor 4.

Environmental conditions may create or accelerate integrity degradation through:

e corrosion;

e erosion;

e thermal cycling;

o freeze-thaw effects;
e ground movement;
flooding;

e seismic loading;

e wind;

e waves;

e ice;

e moisture;

o wildfire;

e biological activity; or
e other mechanisms.
Factor 6 identifies the environmental condition.

Factor 4 determines its effect upon Structural and Functional Integrity.

Keeping both visible allows the causal relationship to be understood rather than hiding the
environmental cause inside the resulting physical defect.

Environmental Protection and Conformity Assessment

Environmental requirements may form part of the applicable Reference Layer and therefore become
subjects of Conformity Assessment.

But Factor 3 and Factor 6 remain distinguishable.
Factor 3 asks:

Are the applicable requirements satisfied?
Factor 6 asks:
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What environmental interactions and conditions are relevant to Function Realization and the
acceptable Quality State?

The practical temperature example demonstrates why this distinction matters.

An equipment item can conform perfectly to its specified environmental qualification while the
proposed application lies outside that qualification.

The problem is not necessarily defective Conformity Assessment of the equipment.

The problem may be that the actual Context requires a different or wider conformity basis.

Environmental Conditions, Monitoring, and Change

Where environmental conditions can materially influence the Quality State, a one-time determination
may be insufficient.

Monitoring may be necessary to determine whether assumptions remain valid.
For example, an infrastructure operator may need information concerning:

e ground movement;

temperature;

o water levels;

e erosion;

e corrosion conditions;

e settlement;

e weather exposure;

e surrounding development; or

e other environmental characteristics.

The appropriate monitoring depends on the Quality Object, Failure Modes, Context, and applicable
Quality Outcome Criteria.

The methodological point is broader:

If a condition can change sulfficiently to alter Function Realization, the determination method must be
capable of detecting or otherwise accounting for relevant change.

Environmental Conditions Across the Lifecycle

Environmental interaction may be important at every Lifecycle Stage.

During Planning and Siting, the environment may determine whether the proposed location is suitable.
During Design, environmental conditions become design inputs and load cases.

During Construction, infrastructure activities may disturb land, water, ecosystems, or existing
environmental controls.

During Operation, both environmental effects and environmental loads must be managed.
During Modification, the original environmental basis may need reconsideration.

During Decommissioning, removal, waste, contamination, restoration, and long-term residual
conditions may become dominant.

Environmental Protection is therefore not an Operation-only concern.
Its content extends across the Infrastructure Lifecycle.

What could become invisible without this Factor

Without separate visibility of the environmental dimension, the IQI architecture could determine
Functional Specification, Technical Specification, Conformity Assessment, Structural and Functional
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Integrity, and Process Safety while failing to identify important relationships between infrastructure and
its surrounding environment.

This could hide:

e environmental conditions omitted from the Functional Specification;

e environmental conditions outside the demonstrated design envelope;
e environmental loads not adequately represented in Design;

e changed environmental conditions during Operation;

e emissions or discharges exceeding acceptable conditions;

e contamination;

e inadequate waste management;

e environmental degradation caused by infrastructure activities;

e environmental conditions causing integrity degradation;

e changing ground or water conditions;

¢ environmental effects of accidents;

¢ changing land use around long-lived infrastructure;

¢ environmental conditions affecting Risk;

e inadequate environmental monitoring;

o failure to reconsider environmental assumptions after significant change; or
¢ inadequate restoration or remediation at later Lifecycle Stages.

Why Factor 6 is necessary
Factor 6 therefore answers a question that Factors 1-5 cannot answer by themselves:

Does the relationship between the Infrastructure Quality Object and its environment support realization
of the Intended Functions and preservation of an acceptable Quality State throughout the applicable
Lifecycle?

That question operates in both directions:

Can the Infrastructure Quality Object realize its Intended Functions without producing unacceptable
effects on the environment?

and

Can the Infrastructure Quality Object continue to realize its Intended Functions under the
environmental conditions that actually exist or can credibly occur?

Factor 1 — Functional Specification Quality establishes whether relevant environmental conditions and
environmental outcome requirements have been adequately translated into the Functional
Specification.

Factor 6 determines the environmental conditions and interactions relevant to the actual Infrastructure
Quality State.

The two Factors are therefore strongly interrelated but not interchangeable.

At the present Core methodological resolution, this environmental dimension is sufficiently distinct and
significant to justify separate Core Quality Factor status.

A Note on the Present Factor Name
The present IQI Core identifies Factor 6 as Environmental Protection.

The analysis above suggests that the content required for complete Infrastructure Quality State
determination may be broader than the ordinary meaning of that name.

"Environmental Protection" naturally emphasizes:
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Infrastructure — Environment.

The required methodological content also includes:

Environment — Infrastructure.

This does not by itself demonstrate that another Quality Factor is required.

Nor does it require the Core Factor to be renamed in this paper.

It does, however, identify a question that should be preserved for possible Core development:

Does the present Factor name adequately communicate the full environmental dimension already
required by the IQI methodology?

For the purpose of the present justification, the important conclusion concerns content rather than
terminology.

The fourteen-Factor architecture requires a separately visible environmental dimension because
environmental interaction can materially determine whether Infrastructure Intended Functions can be
realized and whether an acceptable Infrastructure Quality State can be demonstrated.

6.8 Factor 7 — Operational Reliability

What this Factor keeps visible

Factor 7 keeps visible whether the Infrastructure Quality Object can reliably realize its Intended
Functions under the operating conditions for which those functions are required.

Infrastructure Quality is not demonstrated merely because an object:

¢ has an adequate Functional Specification;

has an adequate Technical Specification;

conforms to applicable requirements;

possesses acceptable Structural and Functional Integrity;
controls Process Safety Risk; and

o satisfies applicable environmental conditions.

Another question remains:

Can the Infrastructure Quality Object actually continue to provide its required function, at the required
level, when that function is needed?

Operational Reliability addresses this dimension of Function Realization.

Reliability Is Function-Dependent

Operational Reliability cannot be determined independently of Intended Function.

A pipeline exists to transport a required product under established conditions.

An electrical transmission system exists to transfer electrical power.

A compressor station exists to provide the compression necessary for transportation.
A pumping system exists to maintain required flow and pressure.

A substation exists to transform, switch, protect, and distribute electrical power according to its
assigned functions.

Reliability therefore has meaning only in relation to the function that must be realized.
The basic relationship is:
Intended Function
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— Functional Specification

— Required operational performance

— Actual operational performance

— Reliability determination.

This creates a direct relationship between Factor 7 and Factor 1 — Functional Specification Quality.

Before we can determine whether a function is being realized reliably, we must know what level and
continuity of Function Realization are actually required.

Relationship to Functional Specification Quality
Factor 1 should establish the required functional outcomes.
Depending on the Infrastructure Quality Object, these may include such matters as:
e required capacity;
e required flow;
e required pressure;
e required electrical load;
e required availability;
e required continuity;
e permissible interruption;
e required operating range;
e required response time;
e required redundancy;
e required recovery capability; or
¢ other function-specific conditions.
Factor 7 then determines whether those required outcomes are actually and reliably realized.
Therefore:
Factor 1 asks:
What operational performance is required?
Factor 7 asks:
Is that required operational performance actually and reliably achieved?

The two Factors are strongly interrelated but not interchangeable.

Reliability Is More Than "It Works"

An Infrastructure Quality Object may be capable of performing its function and still be operationally
unreliable.

Consider a compressor that successfully compresses gas when operating but experiences frequent
unplanned shutdowns.

Its basic function exists.

But if the compressor cannot remain available sufficiently to support the required transportation
function, its Operational Reliability may be inadequate.

Similarly:
A generator may produce its rated output but trip too frequently.

A pump may provide the required flow but fail to start reliably when demanded.
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An emergency generator may be physically intact but unavailable when required.

A pipeline may retain containment but be unable to deliver the required volume because essential
supporting equipment is unavailable.

Therefore:

Ability to perform a function once

#

Reliable realization of that function.
Reliability, Availability, and Continuity

Depending on the Infrastructure Quality Object, Operational Reliability may involve several related
characteristics.

Reliability concerns the ability to perform the required function under stated conditions for the required
period or demand.

Availability concerns whether the function is available when required.
Continuity concerns whether the required service can be maintained without unacceptable interruption.

Recoverability concerns whether required Function Realization can be restored within an acceptable
time after disruption.

Capacity concerns whether the required magnitude of the function can be delivered.
These characteristics are related but not identical.
For example, an electrical distribution system may experience a failure.

If redundant supply immediately maintains service, Function Realization may continue despite failure
of an individual component.

If redundancy is unavailable but service is restored rapidly, the system may demonstrate strong
recoverability.

If restoration requires several days, the same component failure may produce a very different
infrastructure outcome.

Operational Reliability should therefore be considered at the level of the defined Infrastructure Quality
Object and its Intended Functions, not merely at the level of individual component failure.

Component Reliability Is Not Necessarily System Reliability
Infrastructure commonly consists of many interacting Quality Objects.

The reliability of the complete Infrastructure Quality Object cannot always be inferred directly from the
reliability of its individual components.

A component can fail while the system continues to realize its Intended Function because redundancy
or alternative pathways exist.

Conversely, several individually reliable components can form an unreliable system if their Interfaces,
dependencies, control arrangements, or operating configuration create a single point of failure.

Therefore:

Reliable components

# automatically

Reliable infrastructure system.
And:
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Individual component failure
# automatically
Loss of system Function Realization.

The relevant determination must remain tied to the defined Boundary of the Infrastructure Quality
Object and its Intended Functions.

Interfaces and Dependencies
Operational Reliability is particularly sensitive to Interfaces and dependencies.
An Infrastructure Quality Object may depend upon:

e electrical power;
fuel;
o water;
o telecommunications;
e control systems;
e transportation access;
e upstream supply;
e downstream acceptance;
¢ supporting infrastructure;
e personnel;
e spare parts; or
e other external functions.
The Infrastructure Quality Object may itself remain physically intact while loss of one of these
dependencies prevents Function Realization.

A simple example is a fuel station during a widespread electrical outage.
Fuel may remain in the storage tanks.

The station may suffer no significant physical damage.

The dispensing equipment may remain mechanically intact.

But if electrical power is unavailable:

Electrical supply unavailable

— Pumps and control systems unavailable

— Fuel cannot be dispensed

— Intended Function cannot be realized.

The failure originated outside the immediate Quality Object but directly affected its Operational
Reliability.

Reliability of Interconnected Infrastructure

The same principle becomes more important at larger infrastructure scales.
Infrastructure systems rarely operate independently.

Natural-gas production, processing, transmission, storage, distribution, and consumption form
interconnected functional chains.

Electric-power generation, transmission, substations, distribution, and consumption form another.

Changes at one part of such a system may propagate through Interfaces to other Infrastructure Quality
Objects.
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Practical Example — Downstream Disruption Propagating Upstream

Consider an integrated natural-gas infrastructure extending from production facilities through long-
distance transmission systems and regional distribution networks to final consumers.

Suppose downstream gas acceptance is sharply reduced.
The transmission system may have limited ability to redirect the affected gas immediately.

Alternative pipelines, storage facilities, processing facilities, or consumers may lack sufficient capacity
to absorb the changed flow.

The disturbance may therefore propagate through the infrastructure:
Reduced downstream demand

— Reduced pipeline offtake

— Transmission-system operational response

— Reduced upstream production

— Changed well operating conditions

— Changed reservoir operating regime.

The important point is not that every such event necessarily damages a reservoir or causes equipment
failure.

The important point is that a change arising at one end of an interconnected infrastructure system can
alter the operating conditions of Quality Objects located far from the initiating event.

Operational Reliability therefore cannot always be determined by examining each Infrastructure
Quality Object in isolation.

Capacity Is Not the Same as Reliability
Capacity and Operational Reliability are closely related but should not be confused.

Infrastructure may possess substantial nominal capacity while being unable to provide the required
function at a particular place, time, or condition.

Likewise, infrastructure may reliably provide a function but lack sufficient capacity to meet a newly
established demand.

Consider a high-pressure natural-gas transmission pipeline carrying large quantities of gas through a
territory.

The pipeline may have substantial transportation capacity.
Yet communities along the route cannot necessarily receive gas directly.
Local supply requires appropriate Interfaces:
Transmission pipeline

— Offtake facility

— Pressure regulation

— Local distribution network

— Consumer.

Therefore:

Transportation capacity

#
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Local accessibility.

Similarly, a high-voltage electrical transmission line can carry very large quantities of electrical energy
near a community while providing no direct local supply without substations, transformation,
distribution networks, and available connection capacity.

Thus:

Capacity

# Accessibility

# Interface capability

# Operational Reliability.

These dimensions interact, but they answer different questions.
Changing Demand and the Intended Function

Long-lived infrastructure may encounter demand very different from that existing when it was
established.

A transmission system may have been designed primarily to transport energy between distant regions.

Decades later, communities and industries may develop along its route and seek access to that
energy.

This does not automatically mean that the original transmission infrastructure has become
nonconforming or operationally unreliable.

If local supply was never part of its Intended Function, inability to provide that new function is not
necessarily failure to realize an existing Intended Function.

This distinction is important.

The sequence may instead be:

Original Intended Function

+ Original Context

— Infrastructure established.

Then:

Context changes

— New demand emerges

— Existing Intended Function remains successfully realized
— New infrastructure function or Interface is required.

IQI must therefore distinguish between:

failure to realize an established Intended Function

and

emergence of a new function that was never assigned to the existing Quality Object.

Without this distinction, stakeholder dissatisfaction or unmet societal demand could incorrectly be
classified as failure of Operational Reliability.

Reliability and Structural and Functional Integrity
Factor 7 interacts strongly with Factor 4 — Structural and Functional Integrity.

But the two Factors answer different questions.
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Factor 4 asks:

Does the Infrastructure Quality Object possess and retain the physical and functional integrity
necessary for its Intended Functions?

Factor 7 asks:

Are those Intended Functions actually realized with the required reliability, availability, continuity,
capacity, and recoverability?

An object may possess acceptable integrity but nevertheless be operationally unreliable because of
repeated control failures, supporting-system failures, unstable operation, inadequate redundancy, or
other causes.

Conversely, an object may continue operating reliably for a period while an integrity condition develops
that has not yet interrupted Function Realization.

Therefore:

Acceptable Integrity

# automatically

Acceptable Operational Reliability.

And:

Current Operational Reliability

# automatically

Acceptable Integrity.

Reliability and Process Safety

Operational Reliability also interacts with Factor 5 — Process Safety and Risk Mitigation.
Some reliability failures can initiate hazardous events.

Other reliability failures principally cause loss or degradation of service.

For example, failure of a pressure-control system may have Process Safety consequences.

Failure of redundant electrical supply may increase the probability that protective equipment becomes
unavailable.

But an interruption in energy delivery may also occur without creating a major Process Safety event.
Factor 5 therefore asks:

What Hazard and Risk arise, and how are they prevented and mitigated?

Factor 7 asks:

Can the required infrastructure function continue to be realized reliably?

The same failure may be relevant to both Factors for different reasons.

Reliability and Resilience

Operational Reliability also has an important relationship with resilience.

Reliability often emphasizes successful Function Realization during expected operating conditions.
Resilience becomes particularly important when disruption actually occurs.

A resilient infrastructure system may:

anticipate disruption;
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resist its effects;

maintain essential functions;

adapt its operating configuration;

recover required functions;

and restore normal operation within an acceptable time.

This means that infrastructure quality should not always be judged solely by whether failure can be
completely prevented.

For some hazards, complete prevention may be technically impossible or disproportionate.
The required Quality State may instead depend upon an appropriate combination of:
Resistance

+ Redundancy

+ Preparedness

+ Response

+ Recovery

+ Restoration.

Practical Example — Reliability and Recovery After a Severe Storm

Consider an electricity-distribution network exposed to a major hurricane.

Extensive overhead infrastructure may be damaged by wind, falling vegetation, flooding, or other
storm effects.

One possible approach is to increase resistance by placing more electrical infrastructure underground.

Another may combine selective undergrounding with stronger overhead infrastructure, redundancy,
vegetation management, emergency resources, spare equipment, and rapid restoration capability.

The quality question is not simply:

Which alternative prevents the greatest number of component failures?
The wider questions include:

How much service is interrupted?

How many consumers are affected?

What critical or dependent infrastructure loses service?

How long does interruption continue?

Can alternative supply paths maintain essential functions?

How rapidly can damaged infrastructure be repaired?

And does the resulting service outcome satisfy the applicable Quality Outcome Criteria?
This demonstrates an important principle:

Maximum resistance to failure

# automatically

Maximum Operational Reliability or Infrastructure Quality.

The ability to recover may be as important as the ability to resist.
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Reliability Must Be Determined Across the Lifecycle
Operational Reliability is not established permanently at Commissioning.
Equipment ages.

Operating conditions change.

Demand changes.

Dependencies change.

Supporting infrastructure changes.

Technology becomes obsolete.

Spare parts become unavailable.

Personnel and maintenance arrangements change.
New Failure Modes may become known.

Therefore, the operational Evidence supporting the Quality State should be periodically reconsidered
throughout the applicable Lifecycle.

Relevant Evidence may include, depending on the Infrastructure Quality Object:

e operating performance;
failures;

e unplanned shutdowns;

o availability;

e interruptions;

e capacity utilization;

e demand performance;

e restoration times;

e reliability of supporting systems;

e redundancy availability;

e recurring Failure Modes;

e maintenance history; and

¢ actual performance during abnormal events.
Historical Design capability alone does not demonstrate present Operational Reliability.

Reliability and Uncertainty

Operational Reliability also involves Uncertainty.

Future failures cannot be predicted with certainty.

Rare environmental events may provide limited operating experience.
New configurations may have little historical data.

Dependencies may not be completely visible until a disruption occurs.
Reliability determination should therefore distinguish between:
demonstrated performance;

predicted performance;

assumed performance;

and performance whose reliability cannot yet be adequately demonstrated.
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This distinction becomes increasingly important as the consequences of loss of Function Realization
increase.

What could become invisible without this Factor

Without separate visibility of Operational Reliability, the IQI architecture could determine specification,
conformity, integrity, Process Safety, and environmental conditions while failing to establish whether
the infrastructure actually provides its required function reliably.

This could hide:

e repeated operational failures;

e inadequate availability;

e unacceptable service interruption;

¢ inadequate capacity for the established Intended Function;

o failure of supporting systems;

e single-point dependencies;

e unavailable redundancy;

e inadequate continuity;

e inadequate recovery capability;

e excessive restoration time;

¢ unstable operating performance;

e recurring Failure Modes;

¢ inadequate performance under abnormal conditions;

¢ propagation of disturbances through connected infrastructure;

e changing demand affecting established functional requirements; or
¢ inability to demonstrate required performance with sufficient confidence.

Why Factor 7 is necessary
Factor 7 therefore answers a question that Factors 1—-6 cannot answer by themselves:

Can the Infrastructure Quality Object actually and reliably realize its Intended Functions, at the
required level and under the applicable operating conditions, including appropriate continuity,
availability, capacity, and recovery where these are required?

Factor 1 establishes what functional performance is required.

Factors 2 and 3 establish the technical basis and its conformity.

Factor 4 determines Structural and Functional Integrity.

Factor 5 determines Process Safety and Risk Mitigation.

Factor 6 determines the environmental relationship.

Factor 7 determines whether the required function is actually and reliably available in operation.
These dimensions interact, but none substitutes completely for the others.

At the present Core methodological resolution, Operational Reliability therefore represents a
sufficiently distinct major dimension of Function Realization to justify separate Core Quality Factor
status.

6.9 Factor 8 — Workplace Human Interaction and Safety

What this Factor keeps visible

Factor 8 keeps visible the conditions under which people interact with the Infrastructure Quality Object
during realization of its Intended Functions and throughout its Lifecycle.
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Infrastructure is rarely completely independent of human activity.
People may:

e design it;

e construct it;

e inspect it;

e operate it;

e monitor it;

e maintain it;

e repair it;

e modify it;

e test it;

e respond to abnormal conditions; or
e decommission it.

The quality question therefore cannot be limited to the physical and technological characteristics of
infrastructure.

Another question must remain visible:

Can people perform the required interactions with the Infrastructure Quality Object safely and
effectively under the conditions in which those interactions actually occur?

This includes both directions of the relationship:

Human action

— Infrastructure Quality Object

and

Infrastructure Quality Object

— Human.

An inappropriate human action can change the Quality State of infrastructure.

At the same time, inadequate infrastructure design or workplace conditions can expose the person to
harm or make correct Function Realization unnecessarily difficult.

Human Interaction Is Part of Function Realization

Where an Intended Function depends upon human action, the conditions of that interaction become
quality-relevant.

Consider a manually operated isolation valve.
The valve may:

e satisfy its Technical Specification;

e possess acceptable Structural and Functional Integrity;
e be correctly installed; and

¢ be mechanically capable of closing.

But if an operator cannot safely reach it when isolation is required, the complete required function may
not be realizable.

The relevant chain is therefore not simply:
Valve capable of closing

— Function available.
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It may instead be:

Need for isolation

— Person recognizes condition
— Person reaches control

— Person identifies correct valve
— Person operates valve

— Valve responds

— Required isolation achieved.

A failure anywhere in this interaction pathway can affect Function Realization.

Human Interaction Should Be Considered in the Functional Specification
Factor 8 is therefore interrelated with Factor 1 — Functional Specification Quality.

If realization of an Intended Function requires human interaction, relevant human-interaction
conditions should be recognized when the Functional Specification is established.

For example, a function may require that:

e an operator can observe a condition;

¢ information can be understood;

¢ a control can be reached;

e an alarm can be distinguished;

e equipment can be isolated;

e maintenance can be performed;

e an inspection location can be accessed;

e emergency escape remains possible; or

e an intervention can be completed within an available time.

Factor 1 asks:
Have the necessary human-interaction requirements been adequately represented in the Functional
Specification?
Factor 8 asks:

Do the actual workplace and human-interaction conditions support safe and effective realization of
those functions?

Again, the Factors are interrelated without being interchangeable.

The Workplace Is Part of the Operating Context
Human performance does not occur independently of the surrounding conditions.

A competent person can perform differently depending on:

® access;
o visibility;

o lighting;

® noise;

o temperature;

e vibration;

e available space;

e physical workload;
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e control arrangement;

¢ information presentation;

e communication;

e protective equipment;

e time pressure;

o fatigue;

e simultaneous tasks;

e environmental exposure; or

e emergency conditions.
These conditions can affect both personnel safety and the reliability of human actions required for
infrastructure Function Realization.

The workplace should therefore not be treated merely as background surrounding the technological
object.

Where human interaction is necessary, workplace conditions become part of the applicable Context of
Function Realization.

Design for Human Interaction

Infrastructure should, where applicable, support the human actions necessary for its Intended
Functions.

This may include such matters as:

o safe access;

e adequate working space;

o visibility;

e identification of equipment;

e |ogical control arrangement;

e readable displays;

o distinguishable alarms;

e maintainability;

e inspection access;

e lifting and handling arrangements;

¢ protection from hazardous energy;

e fall protection;

e escape routes;

e emergency access; and

e protection against foreseeable human error.
The methodological point is broader than any particular design requirement:

If a human action is necessary for Function Realization, the Infrastructure Quality Object and its
Interfaces should permit that action to be performed under the applicable conditions.

A Simple Example — A Control That Cannot Be Reached

Consider equipment that requires manual emergency isolation.

The isolation device itself may be technically correct and fully functional.
During normal conditions, an operator may be able to reach it easily.

But suppose the location becomes inaccessible during the very abnormal condition in which
emergency isolation is required.

The equipment has not necessarily failed.
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The operator may be fully competent.

Yet the required human—infrastructure interaction cannot be realized.
The pathway becomes:

Emergency condition occurs

— |solation required

— Isolation device remains functional

— Operator cannot safely reach device

— Required intervention cannot occur

— Function Realization fails.

This illustrates why Factor 8 cannot be replaced by either equipment integrity or personnel
competence.

Human Error Should Not Be Treated Only as a Personnel Failure

When an incorrect human action occurs, it is tempting to conclude simply:
The operator made an error.

But this conclusion may be methodologically incomplete.

The determination should also ask:

Was the required information available?

Was it understandable?

Were controls clearly identified?

Could similar controls be confused?

Were alarms distinguishable?

Was sufficient time available?

Was the workplace accessible?

Were instructions compatible with the actual situation?

Were multiple conflicting tasks imposed?

Did the system provide protection against a foreseeable incorrect action?

Was the person operating under abnormal workload, fatigue, noise, heat, or another adverse
condition?

The human action is therefore part of a wider interaction system.
This does not remove individual responsibility where it exists.

It means that Quality State determination should not stop at the statement "human error" when
characteristics of the Infrastructure Quality Object, Interface, workplace, or operating Context
materially influenced the action.

Human Interaction and Time
Some infrastructure functions are time-sensitive.

An operator may be required to recognize a developing condition and act before the physical state
changes beyond a recoverable point.

This introduces another dimension:
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Available decision and intervention time.
Consider the sequence:

Abnormal condition develops

— Information becomes available

— Person recognizes significance

— Decision is made

— Required action is authorized

— Action is performed

— Physical system responds.

If the complete pathway requires more time than the physical process allows, the human-interaction
arrangement may be inadequate even if every person eventually makes the correct decision.

Therefore:

Correct decision

+ too late

= unsuccessful Function Realization.

This is particularly important for infrastructure in which physical conditions can change rapidly.
Human Intervention and Automatic Protection

The time dimension also affects the appropriate relationship between human action and automatic
protection.

Some conditions may develop slowly enough to permit:

Observation

— Analysis

— Consultation

— Authorization

— Intervention.

Other conditions may develop too rapidly for such a pathway.

In those cases, Function Realization or protection of the Quality State may require:

e predetermined operating limits;

e automatic alarms;

e automatic shutdown;

e automatic isolation;

e interlocks;

e protective trips; or

¢ authority for immediate action at the observation point.
The appropriate arrangement depends on the Infrastructure Quality Object, Failure Mode, Risk,
available intervention time, and applicable Quality Outcome Criteria.

The methodological principle is:

A required protective function should not depend upon a human decision pathway that cannot reliably
be completed within the time available.
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Practical lllustration — Stop Authority at the Observation Point

Consider an industrial operation in which a worker directly observing the process identifies an
unexpected condition that may indicate loss of the acceptable operating state.

Suppose the worker must report the observation through several organizational levels before
authorization to stop the operation can be obtained.

If the physical condition changes slowly, that escalation path may be adequate.

If the condition can develop rapidly, the same organizational arrangement may be too slow.
The relevant comparison becomes:

Time available before unacceptable state

versus

Time required to recognize + communicate + decide + authorize + intervene.

If:

Required intervention time > Available physical decision time,

the organizational and human-interaction arrangement may itself prevent effective protection of the
Quality State.

This is why some critical operations provide predetermined HOLD criteria or immediate stop-work
authority.

Workplace Safety and Function Realization
Factor 8 also keeps visible the safety of people interacting with infrastructure.

Personnel should not have to accept unacceptable exposure merely to perform an infrastructure
function.

Depending on the Context, relevant hazards may include:

e electrical energy;

e pressure;

e moving machinery;

o falls;

e confined spaces;

e toxic materials;

o radiation;

e fire and explosion;

¢ high or low temperature;
e lifting operations;

e hazardous atmospheres;
® noise;

e vibration;

e ergonomic loads; or

o other workplace hazards.
This creates an important principle:

An infrastructure function should not be regarded as satisfactorily realized merely because the
technical output is achieved if its realization requires unacceptable conditions for the people
performing the necessary work.
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Relationship to Process Safety and Risk Mitigation

Factor 8 interacts strongly with Factor 5.

Process Safety may include Hazards affecting personnel.

Human actions may also form part of preventive and mitigating barriers.
Factor 5 asks:

What hazardous events can occur, what Risk results, and what preventive and mitigating measures
are required?

Factor 8 asks:

Can the people who interact with the Infrastructure Quality Object perform their required functions
safely and effectively under the actual workplace conditions?

For example, an emergency procedure may be identified as a Risk-mitigation barrier.

Factor 8 asks whether personnel can actually perform that procedure under the conditions expected
during the emergency.

A procedure that exists on paper but cannot realistically be performed does not provide the same
protection as an executable intervention.

Relationship to Operational Reliability
Factor 8 also interacts with Factor 7 — Operational Reliability.

Where reliable operation depends upon human action, poor human—infrastructure interaction can
reduce Operational Reliability.

For example:

Poor alarm presentation

— Delayed recognition

— Delayed intervention

— Operational interruption.

Or:

Difficult maintenance access

— Maintenance deferred or incompletely performed

— Equipment degradation

— Increased failure probability

— Reduced Operational Reliability.

Factor 7 determines whether the required function is reliably realized.
Factor 8 helps determine whether the human-interaction conditions support or impair that realization.
Relationship to Structural and Functional Integrity

Human interaction can also influence Factor 4.

Incorrect operation, inadequate maintenance, improper assembly, inappropriate lifting, or failure to
detect a developing condition may contribute to physical degradation.

Conversely, poor Structural or Functional Integrity can create unsafe conditions for personnel.
The causal relationship can therefore operate in both directions:
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Human interaction

— Infrastructure condition

and

Infrastructure condition

— Human exposure.

Again, interaction does not eliminate the need to preserve the Factors separately.
Factor 8 Is Not the Same as Personnel Competence

This distinction is particularly important because the next Core Factor addresses Competence of
Personnel.

A person may possess excellent competence but still be placed in a poorly designed human—
infrastructure interaction.

For example:

Competent operator

+ confusing controls

+ inadequate information

+ insufficient intervention time

— possible unsuccessful action.
Conversely:

Well-designed workplace

+ clear controls

+ adequate information

+ sufficient intervention time

+ person lacking required competence
— possible unsuccessful action.
Therefore:

Good workplace/human interaction

# Competent personnel.

And:

Competent personnel

# Adequate workplace/human interaction.
The two dimensions must remain separately visible.
A Useful Four-Part Distinction

For a human-dependent infrastructure function, the determination may therefore need to distinguish at
least four questions:

8. Is the required human action correctly defined?

9. Does the Infrastructure Quality Object and workplace permit the action to be performed safely and
effectively?

10. Does the assigned person possess the required competence?

11. Can the action be completed within the available physical decision and intervention time?
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A failure in any one of these dimensions can prevent Function Realization.

This distinction will become particularly important under Factor 9 — Competence of Personnel.

Human Interaction Across the Lifecycle

Human interaction occurs throughout the Infrastructure Lifecycle.

During Design, people create requirements and technical solutions.

During Construction, people assemble, weld, install, inspect, test, and verify.

During Commissioning, people establish whether systems perform as intended.

During Operation, people monitor and control infrastructure.

During Maintenance, people inspect, repair, replace, calibrate, and test.

During Modification, people alter established configurations and requirements.

During Emergency Response, people may have to make rapid decisions under abnormal conditions.

During Decommissioning, people may work with degraded equipment, residual energy, contamination,
or incomplete historical information.

The relevant human-interaction conditions therefore change across the Lifecycle.

Factor 8 cannot be treated as an Operation-only consideration.

What could become invisible without this Factor

Without separate visibility of Workplace Human Interaction and Safety, the I1QI architecture could
establish technically adequate infrastructure while failing to determine whether people can safely and
effectively perform the actions necessary for Function Realization.

This could hide:

e inaccessible equipment;

e inadequate maintenance or inspection access;

¢ confusing controls;

e inadequate displays or alarms;

e poor equipment identification;

¢ unsafe working positions;

e inadequate escape arrangements;

e excessive physical workload;

e adverse workplace conditions;

¢ foreseeable human-error pathways;

e dependence on unrealistic human response;

¢ intervention requirements exceeding available time;

¢ inadequate stop or HOLD authority;

¢ unsafe exposure during required work;

¢ human-dependent protective barriers that cannot realistically be performed;

¢ inadequate consideration of human interaction during abnormal conditions; or
e workplace conditions that progressively reduce Operational Reliability or Integrity.

Why Factor 8 is necessary
Factor 8 therefore answers a question that Factors 1-7 cannot answer by themselves:

Do the workplace and human—infrastructure interaction conditions allow the people involved to perform
the actions necessary for realization, preservation, determination, and protection of the Infrastructure
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Quality Object's Intended Functions safely and effectively under the conditions in which those actions
may actually be required?

The answer cannot be obtained solely from the Technical Specification.

It cannot be obtained solely from equipment conformity.

It cannot be obtained solely from Structural and Functional Integrity.

It cannot be obtained solely from Process Safety analysis.

It cannot be obtained solely from Operational Reliability.

And it cannot be obtained solely by demonstrating that personnel are competent.

At the present Core methodological resolution, Workplace Human Interaction and Safety therefore
represents a sufficiently distinct major dimension of Function Realization to justify separate Core
Quality Factor status.

6.10 Factor 9 — Competence of Personnel

What this Factor keeps visible

Factor 9 keeps visible whether people whose decisions and actions can affect the Infrastructure
Quality State possess and maintain the competence necessary for their assigned functions.

Infrastructure Function Realization frequently depends upon people.
Personnel may:

e establish requirements;

e make engineering decisions;

¢ design infrastructure;

e manufacture or construct components;

e inspect and test;

¢ perform Conformity Assessment;

e operate equipment;

e monitor conditions;

e maintain and repair;

e diagnose abnormal states;

e authorize modifications;

e direct other personnel;

e respond to emergencies; or

o decide whether operation may continue.
The significance of competence therefore extends far beyond the person directly operating equipment.

Where a human decision or action can materially influence Function Realization or the Quality State,
the competence required for that decision or action becomes quality-relevant.

Factor 9 asks:

Does the person possess and maintain the knowledge, skills, experience, understanding, and
demonstrated capability necessary to perform the assigned function under the conditions in which that
function may actually have to be performed?

Competence Is Function-Specific
Competence should be determined in relation to the function assigned to the person.

General education or professional experience may provide an important foundation.
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But neither automatically demonstrates competence for every technological object or assigned
function.

For example, an engineer may possess extensive experience with one type of equipment while lacking
sufficient knowledge to make critical decisions concerning another technology with materially different
physical behavior, Failure Modes, operating limits, or consequences.

The appropriate relationship is therefore:
Assigned Function

— Required competence

— Evidence of competence

— Authorization to perform or direct the function.
The question is not merely:

Is this person generally qualified?

Itis:

Is this person competent for the particular function that the person is assigned and authorized to
perform?

Position Filled Is Not Competence Demonstrated
Organizations commonly use several forms of Evidence concerning personnel:

e academic degrees;
professional licenses;
trade qualifications;
training records;
certificates;
examinations;
years of experience;
e previous positions; or
e organizational authorization.
These may all contribute to demonstrating competence.

But none should automatically be treated as equivalent to competence itself.
A useful distinction is:

Position filled

# Qualification documented

# Training completed

# Experience accumulated

# Competence demonstrated.

For some functions, formal qualification may provide sufficient Evidence.

For other functions, particularly those involving complex or high-consequence infrastructure, additional
demonstration may be necessary.

The required depth should correspond to the significance and complexity of the assigned function.

Relationship to Functional Specification Quality
Factor 9 is interrelated with Factor 1 — Functional Specification Quality.
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If Function Realization depends upon human action, the necessary human functions should first be
understood.

Only then can the required competence be determined.
The relationship may be expressed as:

Intended Function

— Required human function

— Required decisions/actions

— Required competence

— Competence criteria and Evidence.

If the human function itself is poorly defined, it becomes difficult to determine what competence is
actually required.

Factor 1 therefore helps establish what must be accomplished.

Factor 9 determines whether the personnel assigned to accomplish it possess the necessary
competence.

Technical Knowledge Must Match the Technological Object
Complex infrastructure can require technology-specific knowledge.

For example, personnel responsible for operating or supervising a complex technological process may
need to understand:

o the relevant physical processes;

e equipment behavior;

e operating limits;

e control responses;

¢ Failure Modes;

e abnormal conditions;

e interactions among systems;

e consequences of intervention;

e protective systems; and

e conditions requiring immediate action.
General familiarity with the industry does not necessarily demonstrate this knowledge.

This becomes especially important when seemingly small interventions can substantially change the
physical state of the Infrastructure Quality Object.

Practical Example — Competence in Safety-Critical Positions
A major technological accident provides a useful generalized example.

Personnel occupying critical operational and supervisory positions were required to make decisions
affecting the state of a complex technological object.

For such an object, formal appointment to a position or general engineering experience could not by
itself demonstrate sufficient competence.

Effective performance required technology-specific understanding of the physical process, operating
characteristics, limits, abnormal conditions, and consequences of interventions.

The example illustrates the general 1QI principle without requiring allocation of the complete causes of
the historical accident.
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The methodological question is harrower:

Where a person can materially influence the Quality State of a high-consequence technological object,
has sufficient competence for that specific function actually been demonstrated?

Competence Through the Decision Hierarchy

Competence should not be assessed only for personnel who physically manipulate equipment.
Infrastructure decisions can be influenced by a hierarchy of personnel.

For example:

Operator

— Supervisor

— Technical specialist

— Manager

— Senior decision authority.

Different organizations may distribute these functions differently.

The important point is that a person who can direct, authorize, prohibit, override, or delay a quality-
critical action may materially influence the Infrastructure Quality State even without touching the
physical equipment.

A technically competent operator can therefore still be placed in an unsafe decision pathway if
required to follow technically inappropriate direction from a person who possesses organizational
authority but insufficient competence for that particular decision.

This leads to an important principle:

Competence requirements should follow actual decision authority and ability to influence the Quality
State.

Organizational Authority Is Not Technical Competence
Hierarchical position and technical competence should not be treated as equivalent.
A senior position may legitimately carry broad organizational authority.

But that does not automatically demonstrate detailed competence concerning every technological
decision within that authority.

Conversely, a technical specialist may possess greater subject-specific competence while occupying a
lower organizational position.

Therefore:

Higher hierarchical authority

# automatically

Higher technical competence for every decision.

For quality-critical decisions, the organization should establish an appropriate relationship between:
authority;

responsibility;

required competence;

technical input;

and the consequences of the decision.
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Competence Under Normal and Abnormal Conditions
Competence demonstrated during routine operation may not be sufficient for every assigned function.
High-consequence infrastructure may require personnel to recognize and respond to:

e unusual conditions;

e degraded states;

¢ rapidly changing conditions;

e multiple simultaneous failures;

¢ incomplete or conflicting information;

e emergency conditions; or

¢ conditions not encountered during normal operation.

A person may perform routine tasks successfully for many years without ever encountering a rare
critical event.

Competence requirements may therefore include preparation for conditions that cannot conveniently
be learned through ordinary experience alone.

Simulation, exercises, supervised practice, scenario-based assessment, technical examination, or
other methods may be necessary depending on the function and Risk.

Knowing What to Do and Being Able to Do It Are Different Questions

Factor 9 must remain distinct from Factor 8 — Workplace Human Interaction and Safety.
A competent person may correctly understand the situation and know the required action.
But the workplace or decision system may prevent that action from being performed effectively.
For example:

Competent person

+ correct recognition

+ correct intended action

+ inaccessible equipment

— unsuccessful intervention.

Or:

Competent person

+ correct recognition

+ insufficient authority

+ prolonged escalation

— intervention occurs too late.

Conversely:

Well-designed workplace

+ clear information

+ immediate authority

+ insufficiently competent person

— incorrect intervention may occur.

Therefore:
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Competence

# ability to intervene.

Both dimensions are necessary where Function Realization depends upon human action.
Competence and Time-Critical Decisions

Competence becomes particularly important when the available decision time is short.

A slowly developing condition may permit consultation with specialists and detailed analysis.
A rapidly developing condition may require immediate recognition and action.

The pathway may be:

Physical condition changes

— Information becomes available

— Person interprets information

— Decision is made

— Action occurs

— Physical system responds.

If the person responsible for the critical decision lacks sufficient competence to interpret the
information rapidly, the available intervention time can be lost.

Therefore, competence includes not only possessing knowledge but, where required, being capable of
applying that knowledge within the time available for the assigned function.

Competence and Conformity Assessment
Factor 9 is also directly relevant to Factor 3 — Conformity Assessment.

The reliability of a conformity conclusion depends partly upon the competence of those performing the
assessment.

An inspector may possess a certificate.

An auditor may have completed required training.

An engineer may hold a professional qualification.

A certification organization may possess formal authorization.
But the relevant question remains:

Does the person or assessment body possess the competence necessary to evaluate the particular
Infrastructure Quality Object, requirement, technology, and Risk involved?

This becomes increasingly important as the complexity and consequences of the conformity decision
increase.

Competence and Independence Are Different
Competence should also not be confused with independence.

A highly competent first-party assessor may possess excellent technical knowledge but have an
organizational interest in the outcome.

An independent third-party assessor may have less direct involvement with the object but provide
greater independence from that interest.

The appropriate conformity arrangement may therefore require consideration of both:

Competence
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and
Independence / conflict of interest.
Neither automatically substitutes for the other.

As discussed under Conformity Assessment, the required depth and independence of assessment
should correspond to the applicable Risk and consequences.

Competence Must Be Maintained

Competence is not necessarily permanent.
Infrastructure changes.

Technology changes.

Standards and regulatory requirements change.
Equipment is modified.

New Failure Modes become known.

Personnel may move into different functions.
Knowledge can deteriorate when rarely used.
The organization should therefore not assume:
Competence demonstrated once

— competence demonstrated forever.

Where competence remains important to Function Realization, appropriate Evidence should
demonstrate that it is maintained throughout the period in which the person performs the assigned
function.

Competence and Organizational Knowledge
Individual competence also depends partly upon the information available to the person.

A highly competent engineer cannot make a fully informed decision if essential information concerning
the Infrastructure Quality Object is unavailable, incorrect, incomplete, or distorted.

For example, the person may need access to:

e current drawings;

e operating limits;

e inspection results;

¢ modification history;

e Failure Mode information;

e material records;

e previous incidents;

e environmental conditions; or

o other quality-relevant Evidence.
This creates an important distinction:

Competence of the person
# completeness and integrity of the information available to the person.
Both can affect the resulting decision.

This relationship becomes important when we later consider Traceability and information necessary for
Quality State determination.
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Competence of Organizations and Supply Chains
Complex infrastructure is rarely realized by a single individual or even a single organization.

Designers, manufacturers, suppliers, constructors, inspectors, operators, maintenance organizations,
laboratories, certification bodies, and specialist contractors may all perform quality-relevant functions.

The competence question therefore extends through the supply chain.

A competent operating organization cannot automatically compensate for an incompetent designer or
manufacturer.

Similarly, a technically capable supplier cannot ensure acceptable Function Realization if installation or
maintenance is performed without the required competence.

The relevant principle is:

Required competence should exist at the location in the Lifecycle and supply chain where the quality-
relevant function is actually performed.

Competence and Automation

Increasing automation does not eliminate the competence requirement.

It can change it.

Automation may reduce the number of routine human interventions while increasing the importance of
competence in:

e system design;

e programming and configuration;

e monitoring;

o diagnosis;

e maintenance;

o testing;

e cybersecurity-related functions;

e recognition of automation failure; and

¢ intervention under abnormal conditions.

A highly automated system may operate successfully for long periods with little human action.

But when automation fails or encounters an unanticipated condition, the remaining human task may be
unusually complex.

Therefore:

Less frequent human intervention
# necessarily

Lower competence requirement.

What could become invisible without this Factor

Without separate visibility of Competence of Personnel, the 1Ql architecture could establish technically
adequate infrastructure and formally complete organizational arrangements while failing to determine
whether the people influencing the Quality State are capable of performing their assigned functions.

This could hide:
e personnel assigned beyond their demonstrated competence;
e excessive reliance on formal qualifications;

e training without demonstrated capability;
¢ inadequate technology-specific knowledge;
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e competence gaps in supervisory or management positions;

e mismatch between technical competence and decision authority;

¢ inadequate competence for abnormal conditions;

¢ inadequate competence for time-critical decisions;

¢ incompetent Conformity Assessment;

e competence deterioration over time;

e competence gaps following modification or technological change;

¢ inadequate competence in suppliers or contractors;

¢ dependence on knowledgeable individuals without preservation of organizational knowledge; or
e automation that changes rather than eliminates the required human competence.

Why Factor 9 is necessary
Factor 9 therefore answers a question that Factors 1-8 cannot answer by themselves:

Do the people whose assigned functions, decisions, or actions can materially influence Function
Realization or the Infrastructure Quality State possess and maintain the competence necessary to
perform those functions under the conditions in which they may actually be required?

A correctly defined function does not answer this question.
A technically adequate design does not answer it.

A safe and usable workplace does not answer it.

A training certificate does not necessarily answer it.

An organizational position does not answer it.

And historical successful operation does not necessarily answer it.
The required determination must connect:

Assigned Function

— Required Competence

— Evidence of Competence

— Appropriate Authority

— Continuing Competence

— Actual Function Realization.

At the present Core methodological resolution, Competence of Personnel therefore represents a
sufficiently distinct major dimension of Function Realization to justify separate Core Quality Factor
status.

6.11 Factor 10 — Regulatory and Standards Compliance

What this Factor keeps visible

Factor 10 keeps visible whether the Infrastructure Quality Object and realization of its Intended
Functions satisfy the applicable regulatory, standards, licensing, permitting, contractual, and other
binding Reference Layer requirements for the defined Context and Lifecycle Stage.

Infrastructure does not exist only as a physical or functional object.

Its planning, design, manufacture, construction, commissioning, operation, maintenance, modification,
and decommissioning may be governed by requirements established through:

e laws;
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e technical regulations;

e regulatory rules;

e permits and licenses;

e codes;

o standards;

e incorporated or referenced standards;

e mandatory specifications;

e approval conditions;

e contractual requirements where applicable; and

¢ other requirements forming the applicable Reference Layer.

The Infrastructure Quality State determination must therefore establish not merely whether the object
appears technically adequate, but whether the requirements applicable to it have been correctly
identified and satisfied.

Factor 10 asks:

What requirements apply?

Why do they apply?

To what Quality Object, Boundary, Intended Function, Context, jurisdiction, and Lifecycle Stage do
they apply?

And is compliance with those requirements adequately demonstrated?
Compliance Requires an Applicable Basis

A statement such as:

"The infrastructure complies”

is incomplete by itself.

Compliance must always be compliance with something.
The relevant relationship is:

Infrastructure Quality Object

+ Intended Function

+ Boundary

+ Context

+ Jurisdiction

+ Lifecycle Stage

— Applicable Reference Layer

— Applicable Requirements

— Evidence

— Compliance determination.

Without identification of the applicable basis, a compliance conclusion has little methodological
meaning.

Regulatory and Standards Requirements Are Not All the Same
The Reference Layer may contain requirements having different legal and technical status.
A law may establish a mandatory obligation.
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A regulation may establish detailed technical or administrative requirements.
A regulator may incorporate a standard by reference.
A permit or license may establish conditions specific to a facility or activity.

An industry standard may be voluntary in one Context but mandatory in another because it has been
incorporated into regulation, contract, licensing conditions, or another applicable instrument.

Therefore:

Standard exists

# automatically

Standard is mandatory.

And:

Standard is voluntary generally

# standard is voluntary in every particular application.

The Quality State determination should identify not merely the existence of a document, but its
applicability and status within the relevant Reference Layer.

Compliance Begins Before Physical Realization

Regulatory and Standards Compliance should not be treated only as inspection of completed
infrastructure.

Requirements may govern the earliest stages of Function Realization.
For example, requirements may affect:
e siting;

e Functional Specification;

e Design Basis;

e Technical Specification;

e materials;

e qualification;

e manufacturing;

e construction methods;

o testing;

e personnel;

e environmental conditions;

¢ Process Safety;

e operating limits;

e inspection;

e maintenance;

e reporting;

e emergency arrangements; and

e decommissioning.

A requirement omitted when the Functional or Technical Specification is established may propagate
through later Lifecycle Stages.

The physical object may then be constructed correctly according to its drawings while the drawings
themselves fail to represent an applicable requirement.

Therefore:
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Correct realization of an incomplete requirement basis

# Regulatory and Standards Compliance.

Relationship to Functional Specification Quality
Factor 10 is directly interrelated with Factor 1 — Functional Specification Quality.

Applicable regulatory and standards requirements may establish or constrain the functions and
outcomes that the Infrastructure Quality Object must realize.

These requirements should therefore be considered when the Functional Specification is established.
The relationship may be expressed as:

Applicable Reference Layer

+ Intended Function

+ Context

— Applicable Functional Requirements

— Functional Specification.

Factor 1 asks:

Have the applicable functional requirements been correctly translated into the Functional
Specification?

Factor 10 asks:

Have the applicable regulatory and standards requirements been correctly identified and satisfied?

The same requirement may therefore be relevant to both Factors for different methodological reasons.

Relationship to Technical Specification Quality
Factor 10 is also directly interrelated with Factor 2 — Technical Specification Quality.
Regulations and standards may establish technical requirements concerning such matters as:

e materials;

e dimensions;

e loads;

e design margins;

e equipment qualification;

e protective systems;

e inspection;

o testing;

e environmental conditions;

e pressure;

o temperature;

e electrical characteristics;

e welding;

e corrosion protection;

e control systems; or

e other technical characteristics.

Factor 2 asks whether the Technical Specification adequately translates the Functional Specification
and applicable requirements into the technical characteristics necessary for Function Realization.
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Factor 10 asks whether the applicable regulatory and standards requirements have been correctly
identified and complied with.

Again, the Factors interact but do not perform the same determination.

Relationship to Conformity Assessment

Factor 10 and Factor 3 — Conformity Assessment are especially closely related.

Factor 10 establishes an important part of the applicable requirement basis.

Factor 3 determines whether conformity with that basis has been adequately demonstrated.
The relationship can be expressed as:

Applicable regulatory/standards requirement

— Requirement incorporated into applicable conformity basis

— Evidence obtained

— Conformity Assessment

— Compliance conclusion.

Factor 10 therefore asks principally:

What regulatory and standards requirements apply, and are they satisfied?

Factor 3 asks:

How adequately and reliably has conformity with the applicable requirements been determined?

This distinction becomes particularly important where the required depth and independence of
Conformity Assessment depend upon Risk.

Practical Example — The Same Offshore Crane Under Different Reference Layers
Consider a mobile offshore platform incorporating a crane used for lifting operations.

The crane has been designed and accepted under the regulatory and standards framework applicable
to one operating Context.

The same platform is then considered for operation under another regulatory framework.

Under the second framework, an additional automatic protective device against an overload condition
is required.

The physical crane has not necessarily changed.

Its basic Intended Function has not changed.

Its rated lifting function may not have changed.

Its Structural and Functional Integrity may remain unchanged.
Nevertheless, the applicable Reference Layer has changed.
The relationship becomes:

Same physical crane

+ Same basic Intended Function

+ Different applicable Reference Layer

— Different technical requirement

— Different conformity basis

— Potentially different compliance result.
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Without satisfying the additional applicable requirement, certification or authorization necessary for
operation under the second framework may not be obtained.

What the Offshore-Crane Example Shows

The example demonstrates that regulatory conformity is not an intrinsic physical characteristic of an
Infrastructure Quality Object.

A crane cannot simply be described as:

"compliant"

without identifying the requirements against which that conclusion was reached.

The more complete statement is:

The crane complies with specified applicable requirements for the defined application and Context.

A change in jurisdiction, application, operating environment, or other relevant Context can change the
applicable requirements even when the physical object itself remains unchanged.

Therefore:

Physical condition unchanged
# automatically

Compliance status unchanged.

Different Regulatory Systems Can Treat the Same Risk Differently

The offshore-crane example also connects Factor 10 directly with Factor 5 — Process Safety and Risk
Mitigation.

The underlying Hazard may be substantially the same:
Crane overload

— Excessive structural or stability demand

— Possible equipment failure or loss of load

— Potential consequences.

Different regulatory and standards systems may nevertheless establish different required treatments of
that Risk.

One framework may rely upon one combination of:

e designh margins;
load information;
operating controls;
operator competence;
inspection;
e maintenance; and
e protective devices.
Another may require an additional automatic protective function.

Thus:

Same general Hazard

+ Different regulatory/industry approach to Risk
— Different required Risk treatment

— Different compliance requirements.
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This does not by itself demonstrate that one regulatory system is universally superior to another.

It demonstrates that the applicable Reference Layer matters to the determination of the acceptable
Quality State.

Regulatory Compliance and Risk Are Not the Same

Compliance with applicable regulation does not mean that Risk ceases to exist.

Regulation may establish minimum or otherwise defined requirements for controlling Risk.
An Infrastructure Quality Object may satisfy those requirements while residual Risk remains.

Conversely, an organization cannot ordinarily justify violation of a mandatory requirement merely by
presenting its own Risk analysis showing that another arrangement appears acceptable.

Therefore:

Regulatory compliance

# Zero Risk.

And:

Favorable Risk analysis

# authorization to disregard applicable mandatory requirements.
Factor 5 and Factor 10 must therefore remain separately visible.
Compliance Does Not Automatically Demonstrate Complete Quality
This distinction is fundamental to the QI architecture.

An Infrastructure Quality Object can satisfy all identified regulatory requirements and still have other
quality-relevant deficiencies.

For example:

A regulation may establish minimum requirements while the Functional Specification requires higher
performance.

A component may satisfy the applicable code while being unsuitable for the actual environmental
conditions.

A system may satisfy mandatory requirements while Operational Reliability remains inadequate for its
assigned function.

A compliant object may still have an emerging integrity condition not yet explicitly addressed by a
prescriptive requirement.

Therefore:

Regulatory Compliance

# automatically

Acceptable Infrastructure Quality State.

Compliance is an essential quality-relevant dimension, but it is not a substitute for the other Quality
Factors.

More Requirements Do Not Automatically Mean Higher Quality
The opposite conclusion should also be avoided.

A regulatory system containing more requirements or requiring more protective devices does not
automatically establish a higher Quality State.
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Different regulatory systems may use:

e prescriptive requirements;

performance-based requirements;

Risk-informed requirements;

combinations of these approaches; or

different allocations of responsibility among designers, operators, regulators, and conformity-
assessment bodies.

The 1QI methodology should therefore not determine quality by counting regulatory requirements.

It should determine whether the applicable requirements are adequate for the defined Reference Layer
and whether the Infrastructure Quality Object satisfies them together with the other quality-relevant
dimensions necessary for Function Realization.

Requirements Can Change During the Lifecycle

Infrastructure can operate for decades while the applicable Reference Layer changes.
New regulations may be adopted.

Existing regulations may be amended.

Standards may be revised.

New Failure Modes may become recognized.

Licensing conditions may change.

Environmental requirements may become more stringent.

New inspection or reporting requirements may be introduced.

The important question is therefore not merely:

What requirements applied when the infrastructure was constructed?

It is also:

What requirements apply to the Infrastructure Quality Object now?

This does not mean that every new requirement automatically applies retroactively.
Applicability itself must be determined.

Some existing infrastructure may be grandfathered.

Some requirements may apply only after modification.

Others may become mandatory immediately or according to an established transition period.

The Quality State determination must therefore establish the actual applicability rather than assume
either automatic retroactivity or permanent exemption.

Changes in Context Can Change the Applicable Reference Layer

The regulatory basis may also change because the Context changes even when the regulation itself
does not.

For example:

e infrastructure moves to another jurisdiction;
e its Intended Function changes;

e capacity changes;

e hazardous material inventory changes;

e operating pressure changes;
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e a facility is modified;
e surrounding land use changes;
¢ an activity enters a different regulatory classification; or
¢ a new Interface is created.
Therefore:
Same regulation
+ Changed Context
— potentially different applicability.
This reinforces why Context, Boundary, Intended Function, and Reference Layer must be determined
together.
Regulatory Interfaces Can Create Complexity
Large infrastructure projects may be subject to more than one regulatory authority.

Different Lifecycle Stages, activities, geographical areas, or technical systems may fall under different
jurisdictions.
For example, an integrated energy infrastructure system may involve requirements concerning:

e production;

e transportation;

e processing;

e environmental protection;

e occupational safety;

e marine operations;

e electrical systems;

e construction;

e pressure equipment;

¢ hazardous materials; and

e emergency response.
The relevant regulatory Boundaries may not coincide perfectly with the physical Boundaries of the
Infrastructure Quality Object.

This can create:

overlap;

gaps;

duplicated requirements;

different terminology;

different conformity routes;

or uncertainty concerning responsibility.

Factor 10 should therefore keep visible not merely individual requirements but also the completeness
and coherence of the applicable regulatory and standards framework for the defined Quality Object.

Standards Interfaces Can Also Matter
Infrastructure commonly uses multiple technical standards.

A component may be designed under one standard, connected to equipment designed under another,
and installed within a system governed by a third.
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Each component may individually comply with its applicable standard.
Yet the Interface between them may still require additional determination.
Thus:

Component A compliant

+ Component B compliant

# automatically

Interface A—B compliant and functionally compatible.

This connects Regulatory and Standards Compliance with the broader 1QI treatment of Boundaries
and Interfaces.

Compliance Requires Evidence

A declaration that a requirement has been satisfied is not sufficient by itself.
The compliance conclusion should be supported by appropriate Evidence.
Depending on the requirement and Lifecycle Stage, Evidence may include:

e approved design documentation;

o calculations;

e material records;

e certificates;

e inspection results;

o test results;

e qualification records;

e operating records;

e monitoring data;

e permits;

e licenses;

e regulatory approvals;

e audit results; or

e other relevant information.
The required depth and reliability of Evidence should correspond to the significance of the requirement
and the consequences of an incorrect conclusion.

Compliance Information Must Remain Traceable
For long-lived infrastructure, evidence of compliance may need to remain available for decades.
A requirement satisfied during Construction may later become important during:

e Operation;
inspection;
modification;
life extension;
incident investigation;
e decommissioning; or
e reassessment.
Loss of the information establishing what requirement applied and how compliance was demonstrated
can make later Quality State determination difficult or impossible.
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This creates a direct relationship between Factor 10 and Traceability, which will be addressed
separately later in the Factor set.

Regulatory Compliance and Stakeholders

Regulatory requirements can also reflect societal decisions concerning acceptable infrastructure
conditions.

Legislation and regulation may translate public policy, safety expectations, environmental protection
objectives, land-use controls, and acceptable-risk decisions into enforceable requirements.

However, Regulatory and Standards Compliance should not be treated as identical to Stakeholder and
Community Satisfaction.

Factor 10 asks:

What applicable requirements have been established through the relevant Reference Layer, and are
they satisfied?

The stakeholder/community Factor asks a broader question concerning affected stakeholders,
community needs, consequences, expectations, and acceptance conditions.

A project can comply with all applicable regulations while still encountering significant stakeholder
opposition.

Conversely, broad stakeholder support cannot make a mandatory regulatory nonconformity compliant.
Therefore:

Regulatory compliance

# Stakeholder satisfaction.

And:

Stakeholder acceptance

# Regulatory compliance.

What could become invisible without this Factor

Without separate visibility of Regulatory and Standards Compliance, the 1Ql architecture could
determine technical capability, integrity, Risk, environmental conditions, reliability, and human factors
while failing to determine whether the Infrastructure Quality Object satisfies the mandatory
requirements applicable to it.

This could hide:

¢ unidentified applicable regulations;

¢ omitted standards incorporated by reference;

e incorrect determination of applicability;

e outdated regulatory bases;

¢ requirements omitted from Functional or Technical Specifications;
e noncompliance created by modification;

¢ changed requirements during the Lifecycle;

o differences between jurisdictions;

e requirements applicable to Interfaces;

¢ conflicting or overlapping regulatory requirements;
e inadequate permits or licenses;

e insufficient Evidence of compliance;

e lost historical compliance records;
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e inappropriate reliance on voluntary standards where mandatory requirements apply; or
e inappropriate assumptions that historical compliance demonstrates present compliance.

Why Factor 10 is necessary
Factor 10 therefore answers a question that Factors 1-9 cannot answer by themselves:

Have the regulatory, standards, licensing, permitting, and other applicable mandatory requirements
governing the Infrastructure Quality Object and realization of its Intended Functions been correctly
identified and satisfied for the applicable Context and Lifecycle Stage?

Technical adequacy does not answer this question by itself.

Conformity Assessment does not answer it unless the applicable requirement basis has first been
correctly established.

Acceptable Structural and Functional Integrity does not answer it.
Low characterized Risk does not answer it.

Operational Reliability does not answer it.

And stakeholder acceptance does not answer it.

The determination requires a separately visible connection:
Infrastructure Quality Object

+ Intended Function

+ Boundary

+ Context

+ Lifecycle Stage

— Applicable Reference Layer

— Applicable Regulatory and Standards Requirements

— Evidence of Compliance

— Contribution to Infrastructure Quality State determination.

At the present Core methodological resolution, Regulatory and Standards Compliance therefore
represents a sufficiently distinct major dimension of Function Realization to justify separate Core
Quality Factor status.

6.12 Factor 11 — Stakeholder and Community Satisfaction

What this Factor keeps visible

Factor 11 keeps visible the relationship between the Infrastructure Quality Object, realization of its
Intended Functions, and the stakeholders and communities that use, depend upon, interact with,
regulate, support, finance, host, or can be affected by that infrastructure.

Infrastructure is not created merely to exist physically.

Its Intended Functions normally produce outcomes that have value for one or more stakeholders.
A natural-gas transmission system transports gas between defined supply and receiving points.
An electricity network transfers and distributes electrical energy.

A water system supplies water.

A transportation system enables movement.
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At the same time, realization of these functions can create consequences for people and communities
located inside or outside the immediate physical Boundary of the Infrastructure Quality Object.

Factor 11 therefore asks:

Who are the relevant stakeholders and affected communities?

What applicable needs, requirements, and expected outcomes relate to the Intended Functions?
What consequences does Function Realization or failure of Function Realization create for them?
And do the resulting outcomes satisfy the applicable Quality Outcome Criteria?

Stakeholder Satisfaction Is Not Simply Opinion

Stakeholder perception is quality-relevant information, but it does not by itself establish technical
acceptability or unacceptability of the Infrastructure Quality State unless the applicable determination
basis gives that perception a defined role.

The term "satisfaction" requires careful interpretation.

Factor 11 should not mean:

Every stakeholder preference

— mandatory infrastructure requirement.

Different stakeholders may have different or even conflicting interests.

Consumers may seek lower prices.

Operators may seek reliable and economically sustainable operation.

Communities may seek reduced environmental or safety impacts.

Governments may pursue energy, economic, environmental, or security objectives.
Property owners may have concerns about land use.

Investors may seek financial sustainability.

Future users may require capacity that current users do not yet require.

These interests cannot automatically be combined into a single measure of satisfaction.

The methodological task is therefore to identify which stakeholder and community needs,
requirements, consequences, and expectations are relevant to the defined Intended Functions,
Context, Reference Layer, and Quality Outcome Criteria.

Relationship to Intended Function

Factor 11 is directly connected to Intended Function.

An infrastructure function normally exists because some required outcome is to be provided.
For example:

Natural-gas transportation

— gas delivered to the required receiving system.

Electricity distribution

— electrical energy available to the required consumers.

Water supply

— water available at required conditions.

The successful physical operation of infrastructure is therefore not necessarily the final outcome.
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The relevant question may be whether that operation produces the required result for the intended
recipient or affected stakeholder.

This gives a basic chain:

Stakeholder / societal need

— Intended Function

— Functional Specification

— Infrastructure Function Realization

— Outcome experienced by stakeholder or community.

Factor 11 keeps the final part of this chain visible.

Relationship to Functional Specification Quality

Factor 11 is therefore strongly interrelated with Factor 1 — Functional Specification Quality.

Relevant stakeholder and community needs may provide inputs to establishment of the Intended
Function and Functional Specification.

Factor 1 asks:

Have the applicable stakeholder-related functional needs and required outcomes been adequately
translated into the Functional Specification?

Factor 11 asks:

Does actual Function Realization produce the applicable outcomes for the relevant stakeholders and
communities?

These questions are related but different.

A stakeholder requirement can be correctly incorporated into the Functional Specification while actual
infrastructure performance later fails to satisfy it.

Conversely, infrastructure can operate exactly as specified while stakeholder dissatisfaction arises
from a need that was never part of the established Intended Function.

The distinction is important.

Existing Intended Function Versus a New Need

Not every unmet stakeholder need demonstrates failure of the Infrastructure Quality Object.
A new need can emerge because the Context changes.

Population grows.

Industry develops.

Technology changes.

Communities expand.

Energy demand changes.

New environmental expectations arise.

A function that was unnecessary when infrastructure was established may become desirable or
necessary decades later.

The quality determination must therefore distinguish between:
Failure to realize an established Intended Function

and
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Emergence of a new stakeholder or community need that was not part of the established Intended
Function.

These conditions should not be treated as equivalent.

Practical Example — Gas Transmission Through a Developing Territory

Consider a natural-gas transmission system developed to transport large quantities of gas over
thousands of kilometres to distant receiving systems and their local distribution networks.

Some territories crossed by the transmission pipelines were originally sparsely populated.
Local gas demand was limited or absent.

The transmission system was therefore established primarily for long-distance transportation.
It did not necessarily include:

local offtake facilities;

pressure-reduction facilities;

local distribution networks;

or other Interfaces necessary to supply communities along the route.

Over decades, the surrounding territory develops.

Communities grow.

Industrial and commercial activities appear.

Local energy demand increases.

Large quantities of natural gas continue to pass physically through the territory, but the local
communities cannot obtain gas directly from the high-pressure transmission pipeline.

The situation can be expressed as:

Large gas flow through territory

+ Growing local energy demand

+ No required transmission-to-distribution Interface

— Local demand cannot be served by the existing infrastructure configuration.
What the Gas-Transmission Example Shows

At first sight, the situation may appear to represent poor infrastructure performance.
Gas is physically nearby while local consumers cannot obtain it.

But the QI determination must first return to the Intended Function and Boundary.

If local distribution was never an Intended Function of the transmission system, the transmission
pipeline may continue to realize its established Intended Function successfully.

The emerging local demand therefore does not automatically demonstrate nonconformity or failure of
Operational Reliability.

Instead, it may reveal:

Changed Context

— New stakeholder/community need

— Need for a new or modified Intended Function

— Need for additional interfacing infrastructure.
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This is an important distinction.

Stakeholder dissatisfaction can be quality-relevant information without automatically demonstrating
that the existing Infrastructure Quality Object is in an unacceptable Quality State.

A Parallel Electricity Example
The same relationship can be illustrated with electricity infrastructure.

A high-voltage transmission line may carry large quantities of electrical energy through or near a
developing community.

Yet the community cannot simply connect directly to the high-voltage transmission line.
Functional access requires appropriate infrastructure:

High-voltage transmission

— Substation / switching

— Voltage transformation

— Distribution network

— Consumer.

Therefore:

Physical proximity to infrastructure

# Functional accessibility to its service.

A transmission line can possess very high capacity while providing no local supply capability at a
particular location because the required Interface does not exist.

This demonstrates another useful distinction:

Capacity

# Accessibility

# Interface capability.

Why the Example Belongs Here as Well as Under Operational Reliability

The gas and electricity examples also relate to Factor 7 — Operational Reliability.

But Factor 7 asks whether the established Intended Function is being reliably realized.

Factor 11 asks whether stakeholder and community needs and outcomes remain appropriately related
to those Intended Functions.

The same case can therefore produce two different determinations:

Operational Reliability:

Is the transmission system reliably performing the transportation function assigned to it?
Stakeholder and Community Satisfaction:

Do the established functions and resulting outcomes continue to address the applicable
stakeholder/community needs in the current Context?

The first can be satisfactory while the second reveals an emerging need for infrastructure
development.

This is another example of why interacting Factors should not automatically be combined.
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Stakeholders Can Be Inside or Outside the Immediate Infrastructure Boundary
Relevant stakeholders are not limited to direct customers.

Depending on the Infrastructure Quality Object, they may include:

e users and consumers;

e owners;

e operators;

e employees;

e contractors;

e suppliers;

¢ neighboring communities;

e property owners;

e emergency responders;

e regulators and public authorities;

e connected infrastructure operators;

e businesses dependent upon the service;

¢ other infrastructure systems; or

o other parties materially affected by Function Realization or its failure.
The relevant stakeholder set depends on the defined Quality Object and Context.

It should not be assumed to be identical for every infrastructure type.

Practical Example — Long-Lived Pipeline and Changing Urban Exposure

A natural-gas transmission pipeline may originally cross a lightly developed territory while satisfying
applicable separation distances, protected zones, and restrictions on surrounding activities.

Over decades, the pipeline can remain in essentially the same physical location while the territory
around it becomes extensively developed.

Buildings, roads, businesses, public facilities, and other community activities may progressively
approach or interact with the pipeline corridor.

The sequence may become:

Initially acceptable pipeline / surrounding-environment configuration

— Urban development

— Changed external Interfaces and stakeholder exposure

— Changed potential consequences

— Potentially changed Risk, requirements, responsibilities, or protective measures.

Neither the pipeline nor an individual building necessarily contains the entire quality-relevant problem
by itself.

The condition may exist in their relationship:

Pipeline alone — potentially acceptable.

Building alone — potentially acceptable.

Pipeline / building separation or Interface — potentially unacceptable.

This example demonstrates why stakeholder and community conditions are not external decoration
around infrastructure. For long-lived infrastructure, changes in the surrounding community can
materially alter the Context within which Function Realization, Risk, and acceptable Quality State must
be determined.
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Infrastructure Failure Can Propagate to Stakeholders Indirectly
Stakeholder consequences can arise through infrastructure dependencies.

Consider again the example of an electrical outage affecting fuel stations.

The immediate failure occurs in the electricity-distribution system.

But its consequences propagate:

Electrical distribution failure

— Fuel station loses power

— Fuel pumps unavailable

— Fuel cannot be dispensed

— Transportation users lose access to fuel

— Other activities may be affected.

The stakeholder experiences an outcome resulting from a chain of infrastructure dependencies.

This demonstrates why stakeholder outcomes cannot always be understood by examining only the
Infrastructure Quality Object with which the stakeholder interacts directly.

Stakeholder Satisfaction and Risk Acceptance

Factor 11 also interacts strongly with Factor 5 — Process Safety and Risk Mitigation.
Infrastructure can create Risk for communities and other stakeholders.

Engineering analysis may characterize that Risk.

But characterization of Risk does not itself determine what residual Risk will be regarded as
acceptable.

The distinction remains:

Risk characterization

# Risk perception

# Risk acceptance.

Stakeholders and communities can perceive the same characterized Risk differently.

Different societies may also establish different institutional judgments concerning acceptable residual
Risk.

Practical Example — Different Societal Judgments of Infrastructure Risk
Consider two jurisdictions evaluating broadly comparable high-consequence energy technologies.

Engineering analysis may characterize similar types of Hazards, accident scenarios, probabilities,
consequences, protective systems, and residual Risks.

Yet the two societies may reach different decisions concerning whether continued use of the
technology is acceptable.

The physical Hazard does not necessarily change because the jurisdiction changes.
The engineering calculation does not necessarily change.

What can differ is the applicable societal and regulatory judgment concerning acceptable residual
Risk.

The relationship may therefore be expressed as:
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Comparable technological Hazard

+ Comparable technical Risk characterization

+ Different societal/regulatory Risk-acceptance criteria
— Different acceptable infrastructure outcomes.

What the Risk-Acceptance Example Shows

The example demonstrates why Infrastructure Quality State cannot be treated as a purely physical
engineering quantity.

Engineering Evidence is essential for determining the physical and technological condition and
characterizing Risk.

But acceptable Quality Outcome Criteria may also reflect legitimate societal, legal, regulatory,
economic, and policy decisions.

This does not mean:

Public opinion = engineering fact.

Nor does it mean that technical Evidence should be changed to match stakeholder preferences.
Instead, separate determinations should remain visible:

What does the Evidence indicate?

What is the characterized Risk?

What are the applicable Risk-acceptance criteria?

How were those criteria established?

And does the resulting condition satisfy the applicable Quality Outcome Criteria?

Stakeholder Satisfaction and Regulatory Compliance

Factor 11 therefore interacts directly with Factor 10 — Regulatory and Standards Compliance.

Regulation may translate some societal requirements and acceptable-risk decisions into enforceable
requirements.

Once established in the applicable Reference Layer, those requirements become subjects of
Regulatory Compliance and Conformity Assessment.

But stakeholder/community conditions are broader than regulation.

A project may satisfy all applicable legal requirements while significant community concerns remain.
Conversely:

Community support

# Regulatory compliance.

Broad stakeholder acceptance cannot eliminate a mandatory regulatory requirement.

Therefore:

Factor 10 asks:

Are applicable regulatory and standards requirements satisfied?

Factor 11 asks:

What relevant stakeholder and community needs, consequences, expectations, and acceptance
conditions exist, and how do they relate to Function Realization and the applicable Quality Outcome
Criteria?
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Stakeholder Interests Can Conflict
Infrastructure decisions frequently affect stakeholders differently.

A new transmission line may improve regional energy reliability while imposing land-use impacts on
local communities.

A pipeline may provide economic and energy benefits while creating perceived or actual Risk for
people living near its route.

A protective measure may reduce Risk while increasing service cost.
A new facility may create employment while changing the local environment.

Therefore, "stakeholder satisfaction" cannot always mean maximizing satisfaction of every stakeholder
simultaneously.

Such an objective may be impossible.

The determination instead requires transparent identification of:

relevant stakeholders;

applicable requirements;

material benefits and adverse consequences;

conflicting needs;

Risk;

available alternatives;

and the Quality Outcome Criteria used to determine acceptability.

Satisfaction Should Not Replace Evidence

Stakeholder perception is itself important information, but it should not replace technical Evidence.
A community may believe infrastructure to be unsafe when technical assessment indicates low Risk.

Alternatively, stakeholders may believe infrastructure to be safe while important technical deficiencies
exist.

Neither perception alone establishes the actual Quality State.
Therefore:

Perceived Quality State

# necessarily

Actual Quality State.

IQI should preserve both the technical Evidence and the stakeholder/community dimension without
allowing one to silently substitute for the other.

Stakeholder Information Can Reveal Quality-State Problems

At the same time, stakeholder experience can provide valuable Evidence.

Consumers may identify recurring service interruptions.

Communities may observe odors, noise, vibration, releases, ground movement, or other conditions.
Employees may identify operational difficulties.

Connected infrastructure operators may identify incompatible product or Interface conditions.

Emergency responders may identify access or communication deficiencies.
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Stakeholder information should therefore not be dismissed merely because it originates outside the
organization responsible for the Infrastructure Quality Object.

Where relevant, it should enter the Quality State determination and be appropriately evaluated.
Stakeholder Needs Change Throughout the Lifecycle
Stakeholder and community conditions are dynamic.
Over a long Infrastructure Lifecycle:

population may increase;

settlement patterns may change;

industrial activity may develop;

service demand may increase or decrease;

new stakeholders may appear;

technology may change;

public expectations may change;

new Risks may become understood;

economic conditions may change;

and the surrounding community may become very different from the one that existed when the
infrastructure was established.

A stakeholder assessment performed during Planning therefore cannot automatically represent
conditions decades later.

Changed Context Does Not Automatically Mean Nonconformity

This point deserves emphasis.

Suppose infrastructure continues to realize every function originally assigned to it.
The surrounding Context nevertheless changes and new stakeholder needs emerge.
The appropriate conclusion is not automatically:

The infrastructure is nonconforming.

The more accurate conclusion may be:

The existing Infrastructure Quality Object continues to realize its established Intended Functions, but
the changed Context has produced a new or modified stakeholder need that may require
reconsideration of the Intended Function, additional infrastructure, a new Interface, or another system-
level response.

This distinction protects the methodology from turning every unmet societal expectation into a
technical nonconformity.

Stakeholder Satisfaction and Quality Outcome Criteria

Factor 11 demonstrates particularly clearly why Quality Outcome Criteria are necessary.
Stakeholder conditions cannot always be reduced to a single technical measurement.
The relevant outcome may involve combinations of:

e service availability;
e accessibility;
o safety;
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o reliability;

¢ environmental effects;

¢ affordability where applicable;

e disruption;

e Risk;

e recovery;

e land use;

e community consequences; and

¢ other Context-specific outcomes.
The applicable Quality Outcome Criteria provide the basis for determining which outcomes are
acceptable for the defined Quality Object and Context.

Without such criteria, "stakeholder satisfaction" could become subjective and methodologically
unstable.

What could become invisible without this Factor

Without separate visibility of Stakeholder and Community Satisfaction, the 1QIl architecture could
demonstrate technical specification, conformity, integrity, safety, environmental performance,
reliability, competence, and regulatory compliance while failing to determine whether Function
Realization produces the applicable outcomes for the people, organizations, and communities for
whom or around whom the infrastructure exists.

This could hide:

e unmet established user requirements;

¢ inaccessible infrastructure services;

e important community consequences;

e changing societal needs;

e changed demand;

e new stakeholder groups;

e changed Risk acceptance;

e consequences propagated through dependent infrastructure;

¢ stakeholder information indicating developing Quality-State problems;

¢ conflicts among stakeholder requirements;

¢ significant differences between technical performance and experienced outcomes;
e emergence of a new infrastructure function;

¢ need for new or modified Interfaces; or

¢ changes in Context that require reconsideration of established Intended Functions.

Why Factor 11 is necessary
Factor 11 therefore answers a question that Factors 1-10 cannot answer by themselves:

Do realization of the Infrastructure Quality Object's Intended Functions and the resulting infrastructure
outcomes appropriately satisfy the applicable needs, requirements, and Quality Outcome Criteria
relating to relevant stakeholders and affected communities in the defined Context?

This does not mean that every stakeholder preference becomes an infrastructure requirement.
It does not mean that public perception replaces engineering Evidence.

It does not mean that emergence of a new societal need automatically makes existing infrastructure
nonconforming.

Instead, Factor 11 keeps visible the relationship:
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Stakeholder / Community Need

— Intended Function

— Function Realization

— Infrastructure Outcome

— Stakeholder / Community Consequence
— Quality Outcome Criterion.

At the present Core methodological resolution, Stakeholder and Community Satisfaction therefore
represents a sufficiently distinct major dimension of Function Realization to justify separate Core
Quality Factor status.

6.13 Factor 12 — Monitoring and Performance Evaluation

What this Factor keeps visible

Factor 12 keeps visible whether sufficient and reliable information is obtained and evaluated to
determine how the Infrastructure Quality Object actually behaves, performs, and changes throughout
its Lifecycle.

An Infrastructure Quality Object may have:

¢ an adequate Functional Specification;
¢ an adequate Technical Specification;
¢ demonstrated initial conformity;
¢ acceptable Structural and Functional Integrity at a particular time;
e appropriate Process Safety measures;
e acceptable environmental conditions;
e reliable operation;
e appropriate human interaction;
e competent personnel;
e regulatory compliance; and
e acceptable stakeholder outcomes.
Yet none of these conditions can simply be assumed to remain unchanged.

Infrastructure operates in time.
Components age.

Loads change.

Materials degrade.

Environmental conditions change.
Operating conditions vary.
Interfaces change.

Failure Modes develop.
Performance can deteriorate.
New uncertainties can emerge.

The Infrastructure Quality State therefore has to be capable of being determined not only at an initial
assessment point, but throughout the applicable Lifecycle.

Factor 12 asks:
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What information is necessary to determine the actual and changing Quality State?
How is that information obtained?
What does the information indicate?

And is the observed performance consistent with the Intended Functions, applicable requirements,
operating conditions, and Quality Outcome Criteria?

Monitoring and Performance Evaluation Are Related but Different
Monitoring and Performance Evaluation should not be treated as synonyms.

Monitoring concerns the planned or continuing:

e Observation;
measurement;
detection;
inspection;
testing;
collection of data;
surveillance; or
e review of information
concerning the Infrastructure Quality Object, its Context, Interfaces, or behavior over time.

Performance Evaluation concerns the interpretation of that information.

The basic relationship is:

Infrastructure behavior or condition

— Monitoring

— Information / Evidence

— Performance Evaluation

— Quality-State determination.

Monitoring therefore asks:

What is happening?

Performance Evaluation asks:

What does what is happening mean for Function Realization and the Quality State?
Monitoring Must Be Related to Intended Function

Collecting large quantities of data does not by itself demonstrate effective monitoring.
Monitoring should be connected to what must be known about Function Realization.
The methodological chain is:

Intended Function

— Conditions necessary for Function Realization

— Relevant Failure Modes and changes

— Observable characteristics

— Monitoring

— Evidence

— Performance Evaluation.
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For example, if the Intended Function of a pipeline depends upon maintaining containment, monitoring
may need to provide Evidence concerning conditions capable of threatening containment.

If the function of a power system depends upon continuity of supply, monitoring may need to provide
Evidence concerning load, outages, equipment availability, disturbances, and restoration.

If the function of a protective system depends upon responding when demanded, merely observing
that the system exists is insufficient. Its readiness and performance may also need to be determined.
Thus monitoring should not begin with the question:

What can we conveniently measure?

It should begin with:

What must be known to determine whether the Intended Function is being realized and remains
capable of being realized?

Relationship to Functional Specification Quality
Factor 12 is directly interrelated with Factor 1 — Functional Specification Quality.

The Functional Specification establishes what the Infrastructure Quality Object is required to
accomplish.

Factor 12 provides Evidence concerning whether those required outcomes are actually occurring and
remaining achievable.

Factor 1 asks:
What Function Realization and outcomes are required?
Factor 12 asks:

What observable Evidence demonstrates whether those functions and outcomes are actually being
realized?

An inadequately defined Functional Specification can therefore produce an inadequately focused
monitoring system.

If the required outcome has not been clearly established, it may be impossible to determine what
should be monitored or how observed performance should be evaluated.

Monitoring Relevant Infrastructure Behavior
Not every observable characteristic of infrastructure has equal significance.
Factor 12 should focus on behavior, condition, change, or interaction whose observation can reveal:

e Function Realization;
o degradation;
e deviation;
developing nonconformity;
changed operating conditions;
changed environmental conditions;
Interface problems;
emerging Failure Modes;
uncertainty;

e or increasing Risk.
The required monitoring therefore depends upon the Quality Object and Context.

For a pipeline, relevant observations might concern pressure, flow, corrosion, leakage, deformation,
ground movement, or other conditions.
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For rotating equipment, they might concern vibration, temperature, lubrication condition, output, or
abnormal operating behavior.

For an electrical system, they might concern voltage, frequency, load, equipment condition,
interruptions, or protective-system performance.

The Context Guide provides the Context-specific interpretation, Evidence, measurements, and Quality
Outcome Criteria needed to determine how the monitoring dimension applies to the declared
Infrastructure Quality Object.

The Core Factor establishes the methodological need to make quality-relevant behavior observable.

Monitoring Is Not Limited to Instrumentation
Monitoring should not be understood only as automatic sensor measurement.
Quality-relevant Evidence may come from:

¢ installed instrumentation;

e inspections;

e nondestructive examination;

e |aboratory testing;

e operating records;

e maintenance observations;

e surveillance;

e environmental measurements;

e remote sensing;

e alarms;

e incident and near-miss information;

o stakeholder observations;

e operator observations;

¢ audit findings;

e trend data; or

¢ other appropriate information sources.
The appropriate method depends upon what must be determined.

A physical crack may require inspection or NDT.

A pressure transient may require instrumentation.

Changing community development around a pipeline may require periodic review of land use.
Loss of service may be visible through operating and customer information.

The monitoring method should follow the information need rather than the reverse.
Cross-Reference — Monitoring Changing Permafrost Conditions

The permafrost pipeline example is developed under Factor 6 and linked there to Factor 4.
Factor 12 asks a different question:

Are the relevant changes being observed early enough, at adequate locations and frequency, and with
sufficient reliability to determine what is happening?

Depending on the Context, Evidence may include ground temperature, ground movement, pipeline
displacement, strain, and integrity observations. The physical process can progress even while
organizational knowledge remains incomplete if the monitoring capability is inadequate.
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Physical Change Can Precede Organizational Knowledge
This distinction is fundamental.

The actual Quality State of an Infrastructure Quality Object does not wait for the organization to
recognize it.

A crack may exist before it is detected.

Corrosion may progress before inspection.

Ground movement may occur before displacement is measured.
Performance may deteriorate before a trend is recognized.
Therefore:

Actual Quality State

# necessarily

Known or reported Quality State.

Monitoring is one of the principal mechanisms through which the gap between these two states can be
reduced.

Absence of Detection Is Not Evidence of Absence
This leads to an important principle.

If a monitoring method is incapable of detecting a relevant condition, failure to detect that condition
does not demonstrate that the condition does not exist.

Therefore:

No indication observed

# automatically

No adverse condition exists.

The strength of a Quality-State conclusion depends partly upon the capability, coverage, sensitivity,
frequency, reliability, and applicability of the methods used to obtain the Evidence.

This is particularly important for conditions that are:

e hidden;

¢ slowly developing;

o intermittent;

e geographically distributed:;

o difficult to access;

o detectable only by specialized methods; or

¢ capable of developing significantly between monitoring intervals.

Monitoring Frequency Must Reflect the Rate of Change

A monitoring method can be technically capable but still inadequate if it is applied too infrequently.
The relevant relationship is:

Rate at which Quality State can change

versus

Interval between observations.

Suppose a condition can progress from acceptable to unacceptable within several hours.
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Annual inspection cannot provide meaningful control of that condition.

Conversely, continuous monitoring may be unnecessary for a condition that changes only very slowly
and can be adequately detected through periodic inspection.

Therefore:

More frequent monitoring

# automatically

Better quality.

The required frequency should be appropriate to:

¢ the rate of possible change;

Failure Mode;

detectability;

consequences;

Risk;

available intervention time; and
applicable Quality Outcome Criteria.

Monitoring and Time-Critical Intervention

Factor 12 is therefore directly connected to the time-critical questions discussed under Factors 5, 8,
and 9.

Information has value for preservation of the Quality State only if it becomes available early enough to
support the necessary response.

Consider:

Adverse condition develops

— Monitoring detects condition
— Information is communicated
— Information is interpreted

— Decision is made

— Intervention occurs.

If the complete pathway takes longer than the physical deterioration process allows, technically
accurate monitoring may still fail to protect Function Realization.

Thus:

Accurate information

+ excessive delay

— potentially ineffective Quality-State intervention.

The appropriate monitoring architecture should therefore consider not only what is detected, but when
the information becomes available relative to the time in which action is possible.

Monitoring and Operational Reliability
Factor 12 is strongly interrelated with Factor 7 — Operational Reliability.
Operational performance itself provides important Evidence.

Repeated interruptions, trips, reduced capacity, abnormal operating states, increased restoration time,
or recurring equipment failures may reveal deterioration not apparent from a static inspection.
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For example:

Individual event

— may appear isolated.

Repeated similar events

— pattern becomes visible.

Trend analysis

— developing systemic condition may become apparent.

Performance Evaluation therefore extends beyond determining whether a single event complied with
requirements.

It can determine whether the pattern of performance indicates a changing Quality State.
Monitoring and Process Safety

Factor 12 also interacts with Factor 5 — Process Safety and Risk Mitigation.

Many Risk-control measures depend upon detection.

For example:

Hazardous condition

— Detection

— Alarm

— Protective action

— Mitigation.

If detection is unreliable, the protective barrier may be weaker than assumed.
Monitoring may also provide Evidence that assumptions used in Risk assessment are no longer valid.
Failure frequency may increase.

Operating conditions may change.

A new Failure Mode may appear.

Environmental exposure may increase.

The actual operating experience may therefore require Risk to be reassessed.

Monitoring and Environmental Conditions

Factor 6 identified that the environment acts upon infrastructure and that environmental conditions can
change during the Lifecycle.

Factor 12 provides the observational dimension.

Where environmental change can materially influence Function Realization, the determination method
should be capable of identifying relevant change.

Depending upon Context, this may include monitoring of:

o temperature;
flooding;

water levels;
erosion;

soil movement;
permafrost;
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e corrosion environment;

e seismic activity;

e weather exposure;

e vegetation;

e surrounding development; or

e other environmental conditions.

Again, Factor 6 identifies the environmental quality dimension.

Factor 12 determines whether sufficient Evidence of that dimension is being obtained and evaluated.
Monitoring and Human Observation

Not all important Quality-State information originates from automated systems.
Personnel directly interacting with infrastructure can be important information sources.
An operator may hear abnormal noise.

A maintenance worker may observe unusual wear.

An inspector may identify deformation.

A community member may report an odor or visible release.

A connected infrastructure operator may identify unexpected product characteristics.
These observations can be important Quality-State Evidence.

The determination system should therefore be capable of receiving, evaluating, and where appropriate
acting upon credible human observations rather than limiting Evidence to predetermined electronic
data streams.

Cross-Reference — Monitoring Depends on Traceable Object Knowledge

The legacy subsurface-disposal example is presented in full under Factor 13 — Documentation and
Traceability.

For Factor 12, its lesson is simple: monitoring cannot be correctly targeted when the object, location,
Boundary, or configuration that must be observed can no longer be identified with sufficient
confidence. Continuing observation therefore depends on adequate traceability without becoming the
same determination function as traceability.

Performance Evaluation Requires a Reference

Monitoring data by itself does not determine whether performance is acceptable.
Suppose a sensor reports:

Pressure = X.

That is information.

To evaluate the Quality State, the assessor must know such matters as:
What pressure was intended?

What operating range is acceptable?

What Technical Specification applies?

What limit applies?

What uncertainty exists?

What operating condition existed when the measurement was taken?

What does the observed value mean for Function Realization?
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Thus:

Measurement

+ Applicable Reference

+ Context

+ Interpretation

— Performance Evaluation.

Factor 12 therefore interacts directly with the Reference Layer and with Factors 1, 2, 3, and 10.
Performance Evaluation Should Consider Trends, Not Only Limits

A condition can remain within an allowable limit while deteriorating toward that limit.

For example:

Inspection 1 — acceptable.

Inspection 2 — acceptable.

Inspection 3 — acceptable.

If the values nevertheless show progressive deterioration, the trend itself may be quality-relevant.
Therefore:

Within limit today

# necessarily

Stable Quality State.

Performance Evaluation should, where relevant, consider:

e direction of change;

e rate of change;

e recurring deviations;

¢ variability;

e correlation among Indicators;

o deterioration trends;

e changing operating conditions; and

e remaining margin to applicable limits.

This enables monitoring to contribute to anticipation rather than merely confirmation of failure after it
occurs.

Monitoring Quality Must Itself Be Determined

A monitoring system is itself capable of failure.
Sensors drift.

Inspection coverage may be incomplete.
Instruments can lose calibration.

Data can be missing.

Sampling can be unrepresentative.

Inspection techniques have detection limits.
Communication can fail.

Software can process information incorrectly.
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Human observations can be misunderstood.

Therefore, Quality-State determination should not automatically assume that monitored information
perfectly represents the physical state.

The reliability of the Evidence itself may need to be evaluated.

This creates another important distinction:

Observed State

# automatically

Actual State.

The strength of the inference depends upon the quality of the observation and evaluation process.
Monitoring and Uncertainty

Every determination contains some degree of Uncertainty.

The important question is whether that Uncertainty is compatible with the decision that must be made.
For a low-consequence condition, limited Evidence may sometimes be sufficient.

For a high-consequence condition, greater confidence may be required.

Where the available Evidence is insufficient to establish whether the Quality State is acceptable, the
appropriate conclusion may not be:

Acceptable.

It may be:

Quality State not sufficiently demonstrated.
This distinction is essential.

Absence of sufficient Evidence should not automatically be converted into evidence of acceptable
condition.

Monitoring Across the Lifecycle
Monitoring needs change throughout the Lifecycle.
During Design, monitoring may concern verification of assumptions, tests, and qualification.

During Manufacturing and Construction, it may concern process controls, inspections, NDT, tests, and
installation conditions.

During Commissioning, it may establish initial performance.

During Operation, it may observe performance, degradation, environmental conditions, Interfaces, and
emerging Failure Modes.

During Modification, it may determine whether changed conditions produce the intended results.
During life extension, historical trends may become particularly important.

During Decommissioning, monitoring may concern residual hazards, contamination, structural
condition, environmental effects, and long-term controls.

Factor 12 is therefore not limited to operational instrumentation.

What could become invisible without this Factor

Without separate visibility of Monitoring and Performance Evaluation, the 1Ql architecture could
establish what infrastructure should be and how it should perform while lacking a systematic means of
determining what is actually happening to it over time.
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This could hide:

¢ developing degradation;

e changed environmental conditions;

e emerging Failure Modes;

e recurring operational problems;

e adverse trends within nominal limits;

¢ inadequate monitoring coverage;

e monitoring intervals inconsistent with the rate of deterioration;

e ineffective detection of time-critical conditions;

e failed or unreliable instrumentation;

e incomplete inspection;

e uncertainty in observed conditions;

o differences between reported and actual performance;

¢ information that is collected but not meaningfully evaluated;

o failure to reconsider assumptions using operating experience;

¢ Quality-State changes occurring between assessment points; or
¢ conditions whose acceptability cannot be demonstrated with sufficient Evidence.

Why Factor 12 is necessary
Factor 12 therefore answers a question that Factors 1-11 cannot answer by themselves:

Is sufficient and reliable Evidence being obtained and evaluated to determine whether the
Infrastructure Quality Object actually realizes its Intended Functions, remains within its acceptable
Quality State, and is changing in ways that may affect future Function Realization?

The earlier Factors identify major dimensions of the Quality State.
Factor 12 helps make those dimensions observable through time.
Its essential relationship is:

Actual Infrastructure Quality State

— Observation / Measurement / Detection

— Quality-State Information

— Performance Evaluation

— Determination

— Decision and, where necessary, Intervention.

Without this pathway, an unacceptable physical condition can exist while the reported or perceived
Quality State remains acceptable simply because the relevant condition has not been detected,
communicated, or correctly evaluated.

At the present Core methodological resolution, Monitoring and Performance Evaluation therefore
represents a sufficiently distinct major dimension of Function Realization and Quality-State
determination to justify separate Core Quality Factor status.

6.14 Factor 13 — Documentation and Traceability

What this Factor keeps visible

Factor 13 keeps visible whether the information necessary to identify, understand, reconstruct, and
determine the Infrastructure Quality State remains available, reliable, correctly associated with the
relevant Quality Object, and traceable throughout the applicable Lifecycle.
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Infrastructure can exist for decades.
During that time:

e organizations change;

e personnel change;

e equipment is replaced;

e components are repaired,;

¢ systems are modified;

o standards and regulations change;

e inspections and tests accumulate;

e operating conditions change;

o digital technologies change;

e records are transferred;

e contractors and suppliers disappear; and

e knowledge that was once obvious to those involved can be lost.
The physical Infrastructure Quality Object may continue to exist while information necessary to
determine its Quality State progressively disappears.
Factor 13 therefore asks:
Can the Quality Object be reliably identified?
Can its relevant history be reconstructed?

Can Evidence be connected to the correct object, component, location, configuration, requirement,
and Lifecycle Stage?

And is the information necessary for present and future Quality-State determination preserved with
sufficient integrity?

Documentation and Traceability Are Related but Different

Documentation and Traceability should not be treated as synonyms.

Documentation concerns the creation, preservation, control, accessibility, and usability of quality-
relevant information.

Traceability concerns the ability to establish and follow the relationships among that information and
the relevant Quality Object, its components, materials, processes, locations, requirements, decisions,
changes, and Lifecycle history.

An organization can possess a large quantity of documentation while still having inadequate
traceability.

For example:

Certificate exists

+ component exists

+ reliable connection between certificate and component is lost

— conformity of that particular component may no longer be demonstrable.
Thus:

Document available

# Traceability demonstrated.
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Traceability Begins With Identity

Before the Quality State of an object can be determined, the object itself must be identifiable.
The relevant questions may include:

What is the Quality Object?

Where is it?

What are its Boundaries?

What components belong to it?

What configuration is currently installed?

What Interfaces connect it to other Quality Objects?

What material or equipment is actually present?

What history belongs to this particular object?

This gives a fundamental relationship:

Quality Object Identity

— Boundary and Configuration

— Applicable Information

— Evidence

— Quality-State Determination.

If identity is uncertain, Evidence can easily be attributed to the wrong object.
Relationship to Boundaries and Interfaces

Traceability is therefore directly related to Boundaries and Interfaces.

A physical Boundary can continue to exist even when knowledge of that Boundary has been lost.

Likewise, an Interface can physically exist while its configuration, history, or applicable requirements
are inadequately documented.

This creates an important distinction:

Physical Boundary exists

# Boundary is known with sufficient confidence.
And:

Physical Interface exists

# Interface information is sufficiently traceable.

This distinction becomes particularly important for long-lived infrastructure, buried infrastructure,
legacy facilities, modified systems, and infrastructure transferred among organizations.

Practical Example — Loss of Traceability of a Legacy Disposal Area
Consider a long-lived industrial facility that had operated on a large controlled site for several decades.

During an earlier period of operation, low-level hazardous material had been disposed of in a
designated subsurface area within the protected territory.

Decades later, during an assessment, reliable documentation identifying the location and Boundaries
of the historical disposal area could not be established with sufficient confidence.

The physical object had not disappeared.
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The disposed material remained in the ground.

The physical Boundary of the disposal area also existed in reality.

But reliable knowledge of that Boundary had been lost.

The sequence was therefore:

Physical object remains

— Physical Boundary remains

— Reliable Boundary information is lost

— Object cannot be located or characterized with sufficient confidence

— Relevant Interfaces cannot be fully determined

— Quality State cannot be reliably established.

What the Legacy Example Shows

This is not simply a document-control problem.

The missing information directly affects the ability to determine the Infrastructure Quality State.
Without reliable traceability, it may become impossible to establish such matters as:

¢ the exact location of the object;

e its extent;

e its Boundaries;

e its relationship to later structures;

¢ environmental Interfaces;

e applicable monitoring locations;

e historical controls;

e subsequent modifications or disturbances; or

e whether present controls adequately encompass the actual object.

The important IQI principle is:
Loss of information about a Quality Object can become loss of capability to determine its Quality State.

Nothing necessarily changed physically at the moment the documentation was discovered to be
inadequate.

What changed—or had previously been lost—was the ability to know the physical state with sufficient
confidence.

Absence of Evidence Is Not Evidence of Conformity

The example also demonstrates an important principle for Conformity Assessment.

Suppose no record can be found demonstrating a defect.

That does not necessarily demonstrate that the object is acceptable.

If information necessary to determine conformity is unavailable, the correct conclusion may instead be:
Conformity cannot be sufficiently demonstrated.

Therefore:

No Evidence of nonconformity

# automatically

Evidence of conformity.
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This distinction becomes increasingly important as the consequences of an incorrect Quality-State
conclusion increase.

Traceability and Conformity Assessment

Factor 13 is therefore directly interrelated with Factor 3 — Conformity Assessment.
Conformity Assessment depends upon Evidence.

But Evidence has value only when its relationship to the assessed Quality Object can be established.
For example:

Material certificate

— Which material?

Test report

— Which component?

Inspection record

— Which location?

Calibration record

— Which instrument?

Welding record

— Which weld?

Modification approval

— Which configuration?

Operating record

— Which operating condition and time?

Without these connections, apparently valid documents may provide little reliable Evidence concerning
the actual Quality Object being assessed.

Factor 3 asks:

Does the Evidence demonstrate conformity?

Factor 13 asks:

Can the Evidence be reliably connected to the object and history to which the conformity conclusion
applies?

Relationship to Functional and Technical Specifications

Factor 13 is also interrelated with Factors 1 and 2.

The Functional Specification establishes what the Infrastructure Quality Object is intended to
accomplish.

The Technical Specification establishes the technical characteristics through which those functions are
to be realized.

Over a long Lifecycle, both may change.

If the current infrastructure configuration cannot be reliably connected to the applicable Functional and
Technical Specifications, the assessor may not know what basis should be used to determine the
Quality State.

Therefore:
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Current physical configuration

+ obsolete or incorrectly associated specification

— unreliable Quality-State determination.

Traceability should preserve the relationship between:
Intended Function;

Functional Specification;

Technical Specification;

actual configuration;

modifications;

and applicable Evidence.

The As-Designed Object and the As-Built Object May Differ
Infrastructure is designed before it is constructed.
During construction, authorized changes may occur.
Field conditions may require modification.
Components may be substituted.

Installation details may differ from original drawings.
These changes are not necessarily nonconformities if properly evaluated and authorized.
But they create a traceability requirement.

The organization should be able to determine:

What was designed?

What was actually built?

What changes occurred?

Why were they made?

Were they approved?

What configuration now exists?

Thus:

Design documentation

# automatically

As-built configuration.

If the difference cannot be reconstructed, later Quality-State determination may rely on an
infrastructure description that no longer corresponds to physical reality.

The As-Built Object and the As-Operated Object May Also Differ
The same problem continues during Operation.
Infrastructure may undergo:

e repairs;

e replacement;

e rerouting;

¢ software changes;
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e equipment upgrades;

¢ temporary modifications;

e permanent modifications;

e changes in operating limits;

e changes in protection systems;

¢ changes in Interfaces; or

¢ changes in supporting infrastructure.
Therefore:

As-built configuration

# automatically

Current configuration.

Traceability should preserve the relationship between the physical object that exists now and the
information used to assess it.

Practical lllustration — A Replacement Component

Consider a pressure-containing component replaced during maintenance.

The replacement component appears physically suitable.

Documentation also exists for several similar components held in inventory.

If identification was lost during storage or installation, however, the organization may no longer be able
to demonstrate which certificate, material heat, manufacturing record, test result, or qualification
belongs to the component actually installed.

The problem becomes:

Acceptable component may physically exist

+ acceptable documentation may physically exist

+ connection between them is lost

— conformity of the installed component cannot be reliably demonstrated.

This illustrates why traceability is a quality function rather than an administrative convenience.

Traceability Through the Supply Chain
Infrastructure information frequently originates outside the operating organization.
Relevant Evidence may be produced by:

e material manufacturers;

e equipment manufacturers;

e |laboratories;

e fabricators;

e constructors;

e engineering organizations;

e inspection bodies;

e certification bodies;

e specialist contractors; or

o other suppliers.
The Infrastructure Quality State may later depend upon information generated many years earlier by
an organization that no longer exists.
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Therefore, required traceability cannot be based solely on the assumption that the original supplier will
always remain available.

The necessary Evidence should survive independently for as long as it remains necessary to
determine the Quality State.

Documentation Must Preserve Decisions, Not Only Technical Data
Quality-relevant information includes more than drawings and certificates.
Some of the most important information may concern why a particular decision was made.
For example:

Why was this material selected?

Why was this design deviation accepted?

Why was an inspection interval changed?

Why was operation allowed to continue after a particular finding?

What assumptions supported the Risk determination?

What environmental conditions were assumed?

What compensating measures were required?

What limitation accompanied an approval?

If only the final decision is preserved while its technical basis disappears, later assessors may be
unable to determine whether the decision remains valid under changed conditions.

Traceability of Deviations and Modifications

This is especially important for deviations and modifications.

A deviation from an original Technical Specification may be technically justified.
But the deviation becomes part of the Quality Object's history.
Future determination may depend upon knowing:

what changed;

why it changed,;

who evaluated it;

what requirements were applied;

what limitations were established,;

what testing was performed;

and whether later modifications interact with the earlier deviation.

A modification that appears acceptable in isolation may become unacceptable when combined with a
previous undocumented change.

Thus:

Change A acceptable

+ Change B acceptable independently
# automatically

Combined configuration acceptable.
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Documentation and Monitoring

Factor 13 is directly interrelated with Factor 12 — Monitoring and Performance Evaluation.
Monitoring produces Quality-State information.

Factor 13 helps preserve that information and connect it through time.
A single measurement provides information about one point.

A traceable sequence of measurements can reveal a trend.

For example:

Inspection 1

— Inspection 2

— Inspection 3

— Inspection 4

— deterioration trend.

If historical measurements cannot be reliably associated with the same location, component,
technique, or reference condition, the trend may become unreliable.

Thus monitoring generates Evidence.

Traceability gives that Evidence continuity.

Historical Information Can Be Necessary to Understand the Present State

The present Quality State is sometimes understandable only through history.

A crack may have been previously detected and repaired.

A pipeline segment may have experienced an earlier overload.

A pressure vessel may have undergone repeated thermal cycles.

A component may have exceeded an operating limit.

A protective system may have been modified.

A site may have experienced contamination.

A foundation may have settled progressively.

Without historical information, a present inspection can provide only part of the Quality-State picture.
Therefore:

Present observation

+ relevant historical Evidence

— stronger Quality-State determination.

Documentation and Structural and Functional Integrity

Factor 13 also interacts with Factor 4.

Structural and Functional Integrity assessment may require historical information concerning:

e materials;
fabrication;
welding;
NDT;
loads;
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e operating conditions;
e corrosion;
e repairs;
o defects;
e inspections;
e pressure or temperature cycles;
o deformation;
e previous damage; or
¢ modifications.
A physical inspection today cannot necessarily reconstruct all of these conditions.

Loss of historical traceability can therefore increase Uncertainty in the integrity determination.
Documentation and Regulatory Compliance
Factor 13 is similarly interrelated with Factor 10 — Regulatory and Standards Compliance.

Regulatory compliance may need to be demonstrated many years after a particular Lifecycle activity
occurred.

The organization may need to establish:

What requirement applied?

Which revision applied?

What approval was obtained?

What test demonstrated compliance?

What exception or deviation was accepted?
What conditions accompanied the authorization?

If this information is lost, historical compliance may become difficult to demonstrate even if the physical
work was originally performed correctly.

Documentation and Personnel Competence
Factor 13 also interacts with Factor 9 — Competence of Personnel.
Competent personnel require reliable information.

A highly competent engineer cannot make a sound decision if the information supplied about the
Quality Object is incorrect or incomplete.

Therefore:

Competent person

+ unreliable Quality-State information

— potentially unreliable decision.
Likewise:

Excellent documentation

+ person unable to interpret it competently
— potentially unreliable decision.

Information quality and human competence are separate but complementary dimensions.
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Information Can Be Present but Wrong

Factor 13 protects information identity, provenance, association, configuration, history, preservation,
and traceability. The technical correctness of the information may also depend upon other Factors;
traceability alone does not make an incorrect calculation, interpretation, or technical conclusion
correct.

Availability of documentation does not automatically demonstrate information integrity.

A drawing can exist but be obsolete.

A database can contain a value that was entered incorrectly.

A certificate can be associated with the wrong component.

A modification can be physically implemented but not reflected in controlled documentation.
A document can be current in appearance while failing to represent the actual physical configuration.
Therefore:

Information exists

# Information is correct.

And:

Information is controlled

# Information necessarily represents physical reality.

The determination should preserve the relationship between the documented state and the actual
state.

Actual State, Documented State, and Perceived State
Factor 13 exposes an important distinction.

For an Infrastructure Quality Object, at least three states may differ:
Actual Physical / Functional State

Documented State

Perceived or Reported State.

Ideally:

Actual State

~ Documented State

=~ Perceived State.

But divergence can occur.

For example:

Actual modification performed

+ documentation not updated

— Actual State # Documented State.

Or:

Developing defect exists

+ inspection has not detected it

— Actual State # Perceived State.
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Or:

Correct information exists

+ information is not communicated to the decision maker
— Documented State # Decision-maker's Perceived State.

The Quality-State determination should therefore not assume that these states are automatically
identical.

Information Integrity Matters
Quality-State information may be degraded by more than accidental loss.
Relevant information can also be:

e incomplete;
e incorrectly classified;
e delayed;
e misunderstood;
fragmented among organizations;
unavailable to the necessary decision maker;
overwritten;
inadequately transferred;
selectively reported; or
o otherwise distorted.
The present Factor therefore points toward a broader methodological issue:

The ability to determine the Quality State depends not only on generating information, but also on
preserving its integrity from observation through documentation, communication, interpretation, and
decision.

This issue interacts with several Factors and should be preserved for further Core research rather than
prematurely creating an additional Factor within the present fourteen-Factor architecture.

Long-Lived Infrastructure Creates a Special Traceability Challenge
The longer the Lifecycle, the greater the challenge.
Infrastructure may outlive:

individual employees;

software systems;

database formats;

contractors;

suppliers;

corporate structures;

regulatory frameworks;

and even the organizations that originally created it.

A fifty-year or hundred-year infrastructure object therefore requires information preservation across
institutional and technological generations.

The relevant question is not merely:
Can we retrieve this record today?
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Itis:

Will the information necessary to determine the Quality State remain identifiable, interpretable, and
usable for as long as it is needed?

Digitalization Does Not Eliminate the Problem

Digital systems can greatly improve traceability.

But digitalization does not automatically guarantee it.
Digital information can still suffer from:

e incorrect data entry;
e incompatible systems;
¢ |lost metadata;
¢ inaccessible proprietary formats;
e migration errors;
e cybersecurity events;
e broken links between databases;
¢ obsolete software;
e incorrect configuration control; or
e loss of contextual meaning.
A digital record that cannot be interpreted or connected to the correct physical Quality Object provides
little practical traceability.
Therefore:
Digital record
# automatically

Durable traceability.
Documentation Across the Lifecycle
Documentation and Traceability requirements change throughout the Lifecycle.

During Planning and Design, information establishes the Intended Function, assumptions,
requirements, design basis, and Technical Specification.

During Manufacturing, information establishes materials, processes, qualification, inspection, and
testing.

During Construction, information establishes installation, welding, assembly, inspection, deviations,
and as-built configuration.

During Commissioning, information establishes initial performance and acceptance.

During Operation, information establishes operating history, monitoring, maintenance, inspection,
incidents, and changes.

During Modification, information preserves configuration changes and their technical basis.
During life extension, historical information may become essential for determining remaining capability.

During Decommissioning, records may be necessary to identify hazardous materials, contamination,
buried infrastructure, residual energy, and long-term environmental conditions.

Traceability is therefore a Lifecycle function, not a records-archive function performed after the
technical work is complete.
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What could become invisible without this Factor

Without separate visibility of Documentation and Traceability, the IQI architecture could generate large
quantities of technical and operational Evidence while losing the ability to establish what that Evidence
actually describes.

This could hide:

¢ uncertain Quality Object identity;

¢ |lost Boundary information;

¢ unknown Interfaces;

e incorrect component identification;

¢ |lost material traceability;

¢ undocumented modifications;

¢ differences between as-designed, as-built, and as-operated configurations;
e obsolete drawings;

e inability to reconstruct technical decisions;

e |ost inspection or test history;

¢ lost environmental history;

e inability to associate certificates with installed components;

e unknown deviations;

e incomplete supply-chain records;

¢ inability to establish applicable historical requirements;

e |ost monitoring trends;

e incorrect or distorted Quality-State information;

¢ divergence between actual and documented state; or

e inability to demonstrate conformity because necessary Evidence no longer exists.

Why Factor 13 is necessary
Factor 13 therefore answers a question that Factors 1-12 cannot answer by themselves:

Is the information necessary to identify the Infrastructure Quality Object, reconstruct its relevant
Lifecycle history, establish its Boundaries, Interfaces and configuration, connect Evidence to the
correct object and requirements, and determine its present Quality State preserved with sufficient
traceability and integrity?

Monitoring can generate excellent Evidence.
Conformity Assessment can use excellent methods.
Personnel can be highly competent.

But if the Evidence cannot be connected reliably to the Quality Object, its history, configuration, or
applicable requirements, the resulting Quality-State determination may remain uncertain.

The essential relationship is:
Quality Object Identity

+ Boundary and Interfaces
+ Lifecycle History

+ Applicable Requirements
+ Configuration

+ Quality-State Evidence

— Traceability
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— Reliable Quality-State Determination.

At the present Core methodological resolution, Documentation and Traceability therefore represents a
sufficiently distinct major dimension of Function Realization and Quality-State determination to justify
separate Core Quality Factor status.

6.15 Factor 14 — Adaptability and Innovation Readiness

What this Factor keeps visible

Factor 14 keeps visible whether the Infrastructure Quality Object can appropriately respond to
significant changes in its operating, technological, environmental, regulatory, functional, and
surrounding Context throughout its Lifecycle, and whether beneficial technological or organizational
developments can be evaluated and incorporated where necessary or justified.

Infrastructure is often long-lived.
During its Lifecycle:

e operating conditions may change;
demand may change;
e environmental conditions may change;
e surrounding territories may develop;
¢ Interfaces may change;
e regulations and standards may change;
e new Hazards and Failure Modes may become understood;
e materials and components may become obsolete;
e supporting infrastructure may change;
e monitoring and diagnostic technologies may improve;
e new protective technologies may become available;
o stakeholder needs may change; and
e technological alternatives may emerge.
An Infrastructure Quality Object that was fully adequate when originally established may therefore face
conditions that were not present, or were not sufficiently understood, at the beginning of its Lifecycle.

Factor 14 asks:

Can the Infrastructure Quality Object continue to realize its Intended Functions when relevant
conditions change?

Can necessary changes be identified, evaluated, and implemented?

And can relevant innovations be considered without either rejecting beneficial change merely because
the existing system once conformed or adopting new technology merely because it is new?

Adaptability Does Not Mean Continuous Modification

Factor 14 remains tied to the Infrastructure Quality Object and its Function Realization. It addresses
the capability to remain aligned with Intended Functions and an acceptable Quality State when
material conditions change; it is not a general management-system quality model.

Adaptability should not be interpreted as a requirement to continuously redesign infrastructure.
Stable infrastructure can be highly desirable.
Unnecessary modification can itself introduce:

e new Failure Modes;
e new Interfaces;
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e configuration uncertainty;

e operational disruption;

e new training requirements;

e new cybersecurity or control-system vulnerabilities;
¢ additional conformity-assessment needs; or

e unintended consequences.
Therefore:

Adaptability
# continuous change.

The relevant question is whether the Infrastructure Quality Object can respond appropriately when a
significant change affects, or may affect, realization of its Intended Functions or acceptable Quality
State.

Innovation Readiness Does Not Mean Automatic Adoption of New Technology
The same qualification applies to innovation.

New technology

# automatically

better Infrastructure Quality.

A new material, monitoring technology, automation system, protective device, analytical method, or
operating technique may offer substantial advantages.

But it may also introduce uncertainty.
Innovation should therefore be evaluated against the same fundamental IQI question:

Does the proposed change support realization of the Intended Functions and the applicable Quality
Outcome Criteria within the defined Context?

Innovation Readiness means the capability to identify, evaluate, qualify, integrate, and where justified
use relevant innovation.

It does not mean technological novelty for its own sake.

Relationship to Intended Function

Adaptability begins with Intended Function.

The fundamental requirement is not that the physical Infrastructure Quality Object remain unchanged.

The fundamental requirement is that the applicable Intended Functions continue to be realized within
the required Quality Outcome Criteria.

This creates an important distinction:

Preservation of physical configuration

# necessarily

Preservation of Function Realization.

In some circumstances, maintaining the original configuration may preserve the required function.
In others, changing conditions may make modification necessary.

The relevant chain is:

Intended Function

+ Changed Context
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— Reassessment of conditions necessary for Function Realization

— Need for adaptation, if any

— Evaluation of alternatives

— Modified or preserved Infrastructure Quality Object

— Continued acceptable Function Realization.

Relationship to Functional Specification Quality

Factor 14 is directly interrelated with Factor 1 — Functional Specification Quality.

A change in Context may reveal that the existing Functional Specification no longer fully represents
what is required from the Infrastructure Quality Object.

For example:

e demand may increase;
e a new service may become necessary;
an existing function may require greater capacity;
new stakeholder requirements may emerge;
a previously unrecognized Interface may become important; or
¢ the acceptable outcome associated with an existing function may change.
Factor 1 asks:

Are the required Intended Functions and functional requirements adequately established?
Factor 14 asks:

When relevant conditions change, can the need to reconsider, preserve, or modify those functions be
recognized and appropriately addressed?

Thus Adaptability does not replace Functional Specification Quality.

It keeps visible the possibility that the Functional Specification itself may require reconsideration during
a long Lifecycle.

Relationship to Technical Specification Quality
Factor 14 is similarly interrelated with Factor 2 — Technical Specification Quality.

An established Intended Function may remain unchanged while the technical means used to realize it
require modification.

For example:

A component becomes obsolete.

A material is no longer available.

A new environmental condition exceeds the original design basis.

A new monitoring method identifies degradation that could not previously be observed.
A new protective technology becomes necessary under revised requirements.

The functional requirement may remain substantially the same.

But the Technical Specification may need to change.

Therefore:

Stable Intended Function

+ Changed technical or operating Context
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— Potentially changed Technical Specification.
Cross-Reference — Adaptation to Changing Environmental Conditions
The permafrost pipeline example is presented in full under Factor 6 — Environmental Protection.

For Factor 14, the issue is whether the Infrastructure Quality Object can recognize a material change
in the conditions supporting its earlier acceptable state and respond appropriately before that change
causes unacceptable loss of Function Realization.

What Adaptation Could Mean in the Pipeline Example
Adaptation does not necessarily mean replacement of the entire pipeline.
Depending upon the actual condition and applicable requirements, possible responses could include:

e enhanced environmental monitoring;
¢ additional ground-movement monitoring;
e strain monitoring;
e increased inspection;
e stabilization of supporting ground;
e modification of supports;
e local reconstruction;
e rerouting;
e operating restrictions;
e revised intervention criteria; or
¢ other technically justified measures.
The particular response belongs at the Context Guide and application level.

The Core Factor keeps visible the more general question:

Can changed conditions be recognized and can the Infrastructure Quality Object be appropriately
adjusted so that its required Quality State remains achievable?

Historical Conformity Is Not Permanent Conformity

The example reinforces a principle already encountered under Conformity Assessment:
Conforming when designed

# automatically

Conforming throughout the Lifecycle.

An infrastructure object may have been:

correctly specified;

correctly designed;

correctly constructed;

correctly commissioned;

and fully conforming at the beginning of Operation.

Yet decades later, the Context may be materially different.

Factor 14 keeps visible the capability to respond to that difference.

Cross-Reference — Adaptation to Changing Urban Development

The long-lived pipeline / urban-development example is presented more fully under Factor 11.
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For Factor 14, the relevant question is whether changed land use, exposure, separation conditions, or
other external Interfaces require reassessment, additional protection, modification, operating
restrictions, or another justified response even though the pipeline itself may remain in essentially the
same location.

What the Urban-Development Example Shows

The example demonstrates that Adaptability is not limited to responding to deterioration of the
Infrastructure Quality Object itself.

The need for adaptation may originate outside its physical Boundary.
Possible responses might involve, depending upon the applicable Context:

¢ land-use controls;
e additional protection;
e monitoring;
¢ modification of surrounding activities;
e modification or relocation of infrastructure;
e changed emergency arrangements;
e changed operating conditions; or
e other measures.
Thus:

Physical Quality Object unchanged
+ External Context changed

— New Quality-State determination
— Potential need for adaptation.

This is one reason Environmental Protection, Interfaces, Stakeholder and Community Satisfaction,
Monitoring, Regulatory Compliance, and Adaptability remain interrelated but separately visible.

Adaptability and Emerging Stakeholder Needs
Factor 14 also connects directly with Factor 11 — Stakeholder and Community Satisfaction.
The earlier natural-gas transmission example illustrates this relationship.

A major transmission pipeline may have been established primarily to transport gas across a territory
to distant receiving systems.

Over decades, communities along the route may develop and require energy supply.
The pipeline may still perfectly realize its original Intended Function.

Yet the changed Context produces a new need:

Transmission infrastructure passes through territory

+ Local development

+ New energy demand

+ No transmission-to-distribution Interface

— Existing infrastructure configuration cannot satisfy the new local need.

This does not automatically make the transmission pipeline nonconforming.

Instead, it may trigger consideration of whether:

e a new Intended Function should be established;
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e an additional Interface should be created;
e new local infrastructure is required; or
e another solution should be developed.

The Same Principle Applies to Electricity Infrastructure

A high-voltage transmission line may carry substantial electrical power through a developing territory
while providing no direct electricity supply to that territory.

The missing capability may be:

Transmission

— Substation

— Transformation

— Distribution

— Consumer.

The original transmission system may remain fully conforming.
But the surrounding Context has changed.

Factor 14 therefore asks whether infrastructure planning and development can appropriately recognize
and respond to such significant changes rather than assuming indefinitely that the original
infrastructure configuration must remain sufficient.

Adaptability and Operational Reliability
Factor 14 is also interrelated with Factor 7 — Operational Reliability.

Repeated failures, interruptions, abnormal conditions, or increasing restoration requirements may
demonstrate that an infrastructure configuration that once performed adequately is becoming less
capable of reliably realizing its Intended Function.

Operational Reliability provides Evidence of what is occurring.

Adaptability asks whether the infrastructure system can appropriately respond.

The relationship can be expressed as:

Performance deterioration

— Monitoring and Performance Evaluation

— Recognition of changed condition

— Adaptation

— Restoration or preservation of required Operational Reliability.

Adaptability and Monitoring

Factor 12 — Monitoring and Performance Evaluation is therefore particularly important to Factor 14.
Infrastructure cannot adapt intelligently to a condition that has not been recognized.
The chain is:

Change occurs

— Change becomes observable

— Evidence is evaluated

— Significance is understood
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— Need for adaptation is determined
— Response is implemented.

If the monitoring system continues to observe only the conditions considered important decades
earlier, new or changing Failure Modes may remain invisible.

Adaptability therefore includes readiness to reconsider not only infrastructure hardware but also what
is monitored and how performance is evaluated.

Adaptability and Documentation / Traceability
Factor 13 — Documentation and Traceability also supports Adaptability.
Before modifying long-lived infrastructure, the organization needs reliable knowledge of:

o what currently exists;

o what was originally designed;

¢ what modifications have already occurred;

e what materials and components are installed;

¢ what Interfaces exist;

e what assumptions supported earlier decisions;

o what limitations apply; and

o what operating history may affect the proposed change.
Without this information, adaptation itself can create new Risk.

Therefore:

Need for modification

+ inadequate configuration knowledge
— uncertain modification consequences.

Adaptability requires change capability, but safe adaptation requires traceable knowledge of the object
being changed.

Adaptability and Regulatory Change

Factor 14 also interacts with Factor 10 — Regulatory and Standards Compliance.
Regulations and standards can change during a long Lifecycle.

New requirements may address:

e newly recognized Hazards;
e improved protective technologies;
e changed environmental expectations;
e new monitoring capabilities;
e revised Risk criteria;
e changed reporting requirements;
e new material restrictions;
¢ or lessons from operating experience.
Not every new requirement necessarily applies retroactively.

But where the applicable Reference Layer changes, the infrastructure organization must be capable of
determining:

What changed?
Does the change apply?
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What does it mean for the existing Infrastructure Quality Object?
Is modification required?

What conformity assessment is necessary?

Thus regulatory change can become one driver of adaptation.

Cross-Reference — Adaptation to a Changed Reference Layer

The offshore lifting-equipment example is presented in full under Factor 10 — Regulatory and
Standards Compliance.

For Factor 14, it illustrates that movement into another regulatory Context, or a material change in the
applicable Reference Layer, can require modification, qualification, reassessment, or other adaptation
even when the basic equipment and Intended Function remain similar.

Innovation Can Improve Quality-State Determination

Innovation is not limited to changing the physical Infrastructure Quality Object.
New technologies may improve the ability to determine its Quality State.
Examples may include improved:

® Sensors;
e inspection technologies;
e nondestructive examination;
e remote monitoring;
e data analysis;
e diagnostic methods;
e environmental observation;
e |eak detection;
e corrosion assessment;
o structural monitoring; or
e predictive methods.
A condition previously difficult to observe may become measurable.

This can change the available Evidence without changing the physical object itself.

Thus innovation can improve not only Function Realization but also Quality-State determination.
Innovation Can Reveal Previously Hidden Conditions

This produces an important methodological situation.

Suppose an older inspection method finds no reportable indication.

A newer, more capable method later identifies degradation that had previously been undetectable.
The physical degradation may have existed before adoption of the new technology.

What changed was the capability to observe it.

Therefore:

Improved determination capability

— New Evidence

— Revised understanding of Actual Quality State.

The apparent deterioration in reported Quality State may therefore result partly from improved
knowledge rather than sudden physical deterioration.
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Factor 14 keeps visible the value of improved determination technologies while Factor 12 addresses
their use in Monitoring and Performance Evaluation.

Innovation Can Also Introduce New Failure Modes

Innovation must nevertheless be assessed critically.

A new technology may eliminate one vulnerability while creating another.
For example:

Automation may reduce dependence upon some human actions while increasing dependence upon
software, sensors, communication systems, power supply, or cybersecurity.

A new material may improve corrosion resistance while introducing unfamiliar fabrication or inspection
requirements.

A new monitoring system may produce more information while increasing dependence upon data
interpretation.

Therefore:

Innovation

— Potential benefit

+ Potential new Failure Modes.

Innovation Readiness must include the capability to evaluate both.
Innovation and Competence

Factor 14 therefore interacts with Factor 9 — Competence of Personnel.
New technology may require new competence.

Installing advanced equipment without personnel capable of:

e operating it;

e interpreting its information;

e maintaining it;

o understanding its limitations; and
e responding correctly to its outputs

may not improve the Quality State.

Thus:

New technology

+ inadequate competence

— uncertain or potentially degraded Function Realization.

Innovation readiness includes human readiness.

Adaptability and Process Safety

Factor 5 — Process Safety and Risk Mitigation also interacts strongly with Factor 14.

A major accident, near miss, or newly recognized Failure Mode can reveal that existing Risk controls
are insufficient.

The response may require:

e revised procedures;
e new protective systems;
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e changed operating limits;

e additional monitoring;

¢ modification of equipment;

e improved competence;

¢ revised conformity assessment; or
e redesign.

A mature infrastructure system should therefore be capable of learning from Evidence rather than
preserving an inadequate configuration merely because it was previously accepted.

Learning From Operating Experience
Adaptability includes the ability to use operating experience.
Relevant information may arise from:

¢ the Infrastructure Quality Object itself;
e similar infrastructure;
e incidents;
e near misses;
e failures;
e inspections;
e monitoring;
e research;
o technological development;
¢ regulatory findings; or
e experience from other industries.
The important question is not whether every external event requires modification.

It is whether relevant new Evidence is evaluated to determine whether existing assumptions, Failure
Modes, requirements, or protective measures remain adequate.

Adaptability Must Preserve Configuration Control

Change capability can itself become dangerous if modifications are poorly controlled.
Adaptation should therefore not mean informal alteration.

A significant modification may require:

Changed Functional Specification

— Changed Technical Specification

— Risk assessment

— Applicable regulatory review

— Conformity Assessment

— Documentation and Traceability

— Personnel preparation

— Commissioning

— Monitoring of resulting performance.

This demonstrates again that Factor 14 interacts with the other Factors rather than replacing them.

Temporary Adaptation Can Also Be Necessary
Not every changed condition permits immediate permanent modification.
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Infrastructure may sometimes require temporary measures such as:

e operating restrictions;

e reduced capacity;

e additional inspection;

e temporary protection;

e increased staffing;

e additional monitoring;

e alternative operating arrangements; or
e temporary shutdown.

The appropriate measure depends upon the Context.

The important Factor 14 question is whether the infrastructure system can move from an emerging or
changed condition toward an acceptable Quality State rather than simply continuing under
assumptions that are no longer valid.

Adaptability Has Limits

Not every Infrastructure Quality Object can or should be adapted indefinitely.

At some point:

e physical degradation;

e technological obsolescence;

e changed demand;

e changed environmental conditions;

e changed requirements;

¢ excessive modification complexity;

e inability to obtain parts or competence; or
e unacceptable Risk

may make replacement, major reconstruction, retirement, or decommissioning more appropriate than
continued adaptation.

Therefore:
Adaptability
# indefinite life extension.

The relevant objective remains acceptable Function Realization, not preservation of the physical object
at any cost.

Adaptability Across the Lifecycle
Factor 14 applies throughout the Lifecycle.

During Planning, adaptability may concern foreseeable changes in demand, environment, technology,
and Interfaces.

During Design, provisions may be made for modification, expansion, inspection, replacement, or
changed operating conditions.

During Construction, changes may need to respond to actual site conditions while preserving the
required design basis.

During Commissioning, unexpected performance may require adjustment or redesign.

During Operation, adaptation may respond to degradation, changed demand, environmental change,
new technology, operating experience, or revised requirements.
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During Modification, the consequences of change must themselves be determined.
During life extension, adaptability may become central to continued Function Realization.

During Decommissioning, new technologies or changed environmental and regulatory conditions may
affect how residual Hazards and infrastructure are managed.

What could become invisible without this Factor

Without separate visibility of Adaptability and Innovation Readiness, the QI architecture could
establish an acceptable Quality State at one point in time while implicitly assuming that the conditions
supporting that determination will remain unchanged throughout the Lifecycle.

This could hide:

e changed operating conditions;

e changed environmental conditions;

e changing surrounding land use;

e changed stakeholder needs;

e changed Interfaces;

e changed demand;

o technological obsolescence;

o disappearing spare parts or support capability;

e changed regulations and standards;

e newly recognized Failure Modes;

¢ lessons from incidents and operating experience;

e improved monitoring or inspection capabilities;

¢ beneficial technologies that could materially improve Function Realization;

e new Failure Modes introduced by innovation;

e inability to modify infrastructure safely;

¢ inability to respond to developing degradation;

e continued reliance on obsolete assumptions; or

o situations where replacement or retirement has become more appropriate than continued
adaptation.

Why Factor 14 is necessary
Factor 14 therefore answers a question that Factors 1-13 cannot answer by themselves:

Can the Infrastructure Quality Object and the system responsible for its Function Realization
appropriately respond to significant changes in Context, requirements, conditions, knowledge,
technology, and operating experience throughout the Lifecycle, while evaluating and incorporating
relevant innovation where justified?

The other Factors can determine:

what functions are required;

what technical characteristics are required;
whether conformity has been demonstrated,;
whether integrity is preserved;

whether Risk is adequately controlled;

whether environmental requirements are satisfied;

whether operation is reliable;
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whether human interaction is adequately controlled;

whether personnel are competent;

whether regulatory requirements are satisfied;

whether stakeholder outcomes are appropriately addressed;
whether performance is monitored;

and whether information remains traceable.

But none of these questions alone asks:

What happens when the conditions on which those determinations were based materially change?
Factor 14 keeps that question visible.

Its essential relationship is:

Established Infrastructure Quality State

+ Lifecycle Change

+ New Evidence / Knowledge / Technology

— Recognition of changed conditions

— Evaluation of significance

— Adaptation or justified preservation of existing configuration
— Conformity Assessment

— Continued acceptable Function Realization.

At the present Core methodological resolution, Adaptability and Innovation Readiness therefore
represents a sufficiently distinct major dimension of Function Realization and Infrastructure Quality-
State determination to justify separate Core Quality Factor status.

Completion of the Factor-by-Factor Derivation
Factor 14 completes the individual examination of the fourteen IQI Core Quality Factors.

The purpose of Sections 6.2—-6.15 has not been to demonstrate merely that each Factor concerns
something important.

A list of fourteen important infrastructure subjects would not, by itself, justify an 1QI Core architecture.

The stronger proposition developed through the individual derivation is that each Factor keeps visible
a distinguishable question necessary for determining whether the Infrastructure Quality Object can
realize its Intended Functions and whether its Quality State can be responsibly determined.

At the same time, the analysis has repeatedly demonstrated that the Factors are strongly interrelated.
For example:

Environmental conditions can affect Structural and Functional Integrity.

Structural and Functional Integrity can affect Operational Reliability.

Operational Reliability can affect Stakeholder and Community Satisfaction.

Competence of Personnel can affect Conformity Assessment and Function Realization.

Monitoring and Performance Evaluation can determine whether degradation becomes observable.

Documentation and Traceability can determine whether Evidence can be reliably connected to the
actual Quality Object.
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Regulatory and Standards Compliance can change when the applicable Reference Layer changes.

Adaptability and Innovation Readiness can determine whether the infrastructure can respond when the
conditions supporting an earlier acceptable Quality State no longer remain valid.

These interrelationships do not by themselves demonstrate redundancy.
Infrastructure Function Realization is itself interconnected.

The methodological question now changes.

The question is no longer only:

Can each of the fourteen Factors be individually justified?

The next question is:

Do these fourteen Factors, considered collectively, provide a sufficiently complete resolution
of the major quality-relevant dimensions necessary for Infrastructure Function Realization and
responsible Infrastructure Quality-State determination—and is the resolution sufficiently non-
redundant to justify fourteen Factors rather than a smaller or larger Core set?

That collective test is the next stage of the derivation.

7 Collective Testing of the Fourteen-Factor Resolution

7.1 Why Individual Factor Justification Is Not Sufficient

Sections 6.2—6.15 examined the fourteen 1QI Core Quality Factors individually.

That examination is necessary but not sufficient.

Fourteen individually reasonable Factors could still form an inadequate collective architecture if:

e one major quality-relevant dimension is missing;

¢ two or more Factors preserve no meaningful distinction;

¢ the set works only for one Lifecycle Stage or one infrastructure technology;

e important Failure Modes cannot be represented without distortion; or

¢ the Factor resolution is either too compressed or unnecessarily fragmented.
The collective question is therefore:

Do the fourteen Factors, taken together, provide a sufficiently complete and non-redundant resolution
of the major quality-relevant dimensions necessary for the 1Ql Core determination task?

This Section tests the fourteen-Factor set itself. It does not independently justify the number or
detailed content of the Core Quality Indicators.

7.2 The Fourteen Factors Preserve Different Major Questions
The fourteen Factors can be read as fourteen major determination questions:
Factor 1 — Functional Specification Quality

Have the Intended Functions, Intended Results, Boundaries, Interfaces, applicable conditions, and
required outcomes been adequately translated into the Functional Specification?

Factor 2 — Technical Specification Quality

Have those functional requirements been adequately translated into technical requirements capable of
realizing them?

Factor 3 — Conformity Assessment

Has conformity between the applicable requirements and their realization been demonstrated with
sufficient confidence for the significance of the determination?
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Factor 4 — Structural and Functional Integrity

Does the Infrastructure Quality Object preserve the physical and functional condition necessary for
Function Realization?

Factor 5 — Process Safety and Risk Mitigation

Are relevant Hazards, Failure Modes, consequences, preventive and mitigating measures, and
residual Risk adequately understood and controlled?

Factor 6 — Environmental Protection

Are the environmental interactions affecting, and resulting from, Function Realization adequately
addressed?

Factor 7 — Operational Reliability

Does the Infrastructure Quality Object reliably realize its required functions under the applicable
operating conditions?

Factor 8 — Workplace Human Interaction and Safety

Do the workplace and human—infrastructure interaction conditions support safe and effective Function
Realization?

Factor 9 — Competence of Personnel

Do the people whose functions, decisions, or actions can materially influence Function Realization
possess and maintain the required competence?

Factor 10 — Regulatory and Standards Compliance

Have the applicable regulatory, standards, licensing, permitting, contractual, and other binding
Reference Layer requirements been correctly identified and satisfied?

Factor 11 — Stakeholder and Community Satisfaction

Do Function Realization and its consequences satisfy the applicable stakeholder and community-
related outcomes established for the defined Context?

Factor 12 — Monitoring and Performance Evaluation

Is sufficient and reliable Evidence being obtained and evaluated to determine actual and changing
performance and condition through time?

Factor 13 — Documentation and Traceability

Can the Quality Object, configuration, history, requirements, and Evidence be reliably identified and
reconstructed throughout the Lifecycle?

Factor 14 — Adaptability and Innovation Readiness

Can the Infrastructure Quality Object appropriately respond when relevant conditions, requirements,
knowledge, technology, or Context materially change?

These questions interact because they concern the same infrastructure reality.
But they are not the same question.

7.3 The Removal Test

A first collective test is conceptual removal.

For each Factor, ask:

If this Factor were removed, would another Factor necessarily preserve the same major quality-
relevant determination question?
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If the answer is no, removal creates a potential blind area.
Remove Functional Specification Quality

— the Core may determine conformity to technical requirements without determining whether the
correct functions and outcomes were specified.

Remove Technical Specification Quality

— the required functions may be known while the adequacy of their translation into technical
requirements becomes insufficiently visible.

Remove Conformity Assessment

— requirements may exist while the adequacy of the demonstration that they have been satisfied
becomes insufficiently visible.

Remove Structural and Functional Integrity

— historical design and conformity may remain visible while the actual present physical and functional
condition becomes inadequately represented.

Remove Process Safety and Risk Mitigation

— conformity and reliability may be considered without a distinct determination of Hazards, Failure
Modes, consequences, barriers, and residual Risk.

Remove Environmental Protection

— environmental interactions and outcomes may disappear into broader technical, safety, or
regulatory determinations.

Remove Operational Reliability

— an object can appear conforming and intact without explicitly determining whether it actually and
reliably performs the required functions during Operation.

Remove Workplace Human Interaction and Safety

— workplace and human—infrastructure interaction conditions can become buried under equipment
integrity or personnel competence.

Remove Competence of Personnel

— positions, procedures, and systems can exist without determining whether people can actually
perform the required functions competently.

Remove Regulatory and Standards Compliance

— technical adequacy can be assessed without explicitly establishing whether applicable binding
requirements are satisfied.

Remove Stakeholder and Community Satisfaction

— technically successful infrastructure can be assessed without explicitly determining applicable
outcomes and consequences experienced by those for whom, or around whom, it functions.

Remove Monitoring and Performance Evaluation

— the Core can describe what infrastructure should be without adequately determining what is actually
happening to it through time.

Remove Documentation and Traceability

— Evidence may exist without assurance that it remains reliably connected to the correct Quality
Object, configuration, history, requirements, and Lifecycle Stage.
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Remove Adaptability and Innovation Readiness

— the Core can determine acceptability at one point in time without explicitly addressing the capability
to respond when the conditions supporting that determination materially change.

The removal test therefore supports the proposition that none of the fourteen Factors can simply be
deleted without loss of a distinguishable major determination question.

7.4 The Merger Test

A second test asks whether strongly interacting Factors could be combined.
Interaction alone is not sufficient reason for merger.

For example:

Functional Specification Quality

and

Technical Specification Quality

interact strongly, but correct definition of the required function and correct technical translation of that
function are different determinations.

Likewise:

Monitoring and Performance Evaluation
and

Documentation and Traceability

interact strongly, but obtaining and evaluating current Evidence and preserving the identity, history,
configuration, and continuity of Evidence are different determination functions.

Similarly:

Workplace Human Interaction and Safety
and

Competence of Personnel

both involve people, but the quality of the human—infrastructure interaction and the capability of the
person performing the function are not equivalent.

The same reasoning applies to:
Process Safety and Risk Mitigation
versus

Regulatory and Standards Compliance.

An object can satisfy applicable requirements while retaining Risk, and a technically effective Risk-
control measure can still fail an applicable mandatory requirement.

Therefore:

Factor interaction

# Factor redundancy.

The appropriate merger question is:

Would combining the Factors remove independent visibility of a major determination question at the
Factor level?
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If yes, merger weakens the architecture even if the lost distinction could theoretically be placed at a
lower methodological level.

7.5 One Infrastructure Condition Can Activate Several Factors

A quality architecture should not force every physical condition into only one Factor.
Consider a pipeline experiencing displacement because of changing ground conditions.
Environmental Protection asks:

What environmental or surrounding conditions are changing and what environmental interactions are
relevant?

Structural and Functional Integrity asks:

What effect has the movement had on the pipe, supports, stress, strain, deformation, cracking, and
containment capability?

Operational Reliability asks:
Can the pipeline continue to perform the required transportation function reliably?
Monitoring and Performance Evaluation asks:

Are ground movement, displacement, strain, and resulting performance being adequately observed
and evaluated?

Documentation and Traceability asks:

Can current findings be related to the correct pipeline segment, design basis, construction history,
previous inspections, repairs, and modifications?

Process Safety and Risk Mitigation asks:

What Failure Modes and consequences can result, and what preventive or mitigating measures are
required?

Adaptability and Innovation Readiness asks:

Can the Infrastructure Quality Object respond appropriately if the original environmental or design
assumptions are no longer sufficient?

These are not different names for one condition.

They are different determination perspectives necessary to understand the Quality State of the same
condition.

7.6 Non-Compensability Supports Separate Visibility
The Factors should not be treated as interchangeable scores.

Excellent Documentation and Traceability cannot compensate for loss of Structural and Functional
Integrity.

High Operational Reliability to date cannot necessarily compensate for an unacceptable Process
Safety condition.

Strong Stakeholder and Community Satisfaction cannot compensate for mandatory Regulatory
noncompliance.

Highly competent personnel cannot compensate for a fundamentally inadequate Technical
Specification.

Advanced Monitoring cannot compensate for failure to respond when an unacceptable condition is
established.
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This non-compensability supports separate Factor visibility.
7.7 Coverage Across the Lifecycle
The collective set must remain meaningful across the Infrastructure Lifecycle.

During Planning and early definition, Functional Specification Quality, stakeholder needs,
environmental conditions, applicable requirements, Risk, and adaptability may already be relevant.

During Design, Technical Specification Quality, Risk, environmental requirements, human interaction,
regulatory requirements, and conformity become prominent.

During Manufacturing and Construction, conformity, integrity, competence, traceability, workplace
interaction, and regulatory requirements become especially important.

During Commissioning, Function Realization, conformity, integrity, reliability, monitoring, competence,
and documentation must be demonstrated.

During Operation, integrity, Process Safety, environment, reliability, human interaction, competence,
compliance, stakeholder outcomes, monitoring, traceability, and adaptability remain active.

During Modification and life extension, nearly the complete Factor set may have to be reconsidered.

During Decommissioning, functions change, but integrity, Risk, environment, human safety,
competence, compliance, monitoring, traceability, stakeholder consequences, and adaptability can
remain relevant.

No single Lifecycle Stage therefore provides the complete derivation of the Factor set.
7.8 Failure-Mode and Quality-State-Determination Coverage

The collective set should also be tested against credible Failure Modes.

For an Infrastructure Quality Object, ask:

What can prevent the Intended Function from being realized?

What can make the Quality State unacceptable?

What can prevent that unacceptable state from being detected or correctly determined?
What can prevent appropriate intervention?

A recurring major Failure Mode or determination need that cannot be represented meaningfully
through the fourteen Factors without distorting their purposes would be Evidence of a possible Core

gap.
This test is important because the Core must represent not only causes of physical failure but also
failures in the capability to determine the Quality State responsibly.

7.9 The Gap and Redundancy Tests
The collective Gap Test asks:

Can every significant quality-relevant requirement, Failure Mode, Lifecycle condition, stakeholder
outcome, or Quality-State determination need be represented meaningfully through at least one of the
fourteen Core Factors without distorting the purpose of that Factor?

If yes, the issue can be handled within the existing Factor architecture.
If no, the issue becomes a candidate Core-revision finding.
The opposite Redundancy Test asks:

If two Factors were merged or one removed, would a distinguishable major determination question
disappear or become materially less visible?
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A Core revision should not follow one isolated observation. Possible gaps or redundancies should be
preserved and compared across repeated applications.

7.10 Interim Conclusion of the Collective Test
The collective tests support the present fourteen-Factor resolution.

At the current IQI Core methodological level:

e each Factor preserves a distinguishable major quality-relevant determination question;

removal of a Factor creates a recognizable blind area;

merger of strongly interacting Factors can obscure materially different determination functions;
the collective set spans both Function Realization and responsible Quality-State determination;
the Factors remain meaningful across Lifecycle Stages; and

Failure-Mode, gap, redundancy, and non-compensability tests do not presently demonstrate the
need to remove, merge, or add a Factor.

This does not establish permanent numerical finality.

It establishes a reasoned and testable collective basis for the present fourteen-Factor architecture.

The next Sections apply two additional tests: coverage of the Reference Layer and application across
substantially different infrastructure Contexts.

8. Coverage of Regulatory and Other Reference Layer Requirements

8.1 Regulations as Part of the Determination Basis
Energy infrastructure operates within a Reference Layer.
Depending on the Infrastructure Quality Object and Context, that Reference Layer may include:

e laws;

e regulations;

¢ technical codes;

o standards;

e permits;

e licenses;

e contractual requirements;

e approved Design Bases;

e procedures;

e scientific and engineering knowledge;

¢ professional guidance; and

e other applicable sources of requirements or interpretation.
These sources do not all have the same legal status.

Some requirements are mandatory because they are established directly by law or regulation.

Some standards become mandatory because they are incorporated into regulations, licenses, permits,
contracts, or other applicable instruments.

Other standards or technical guidance may remain voluntary while still providing important Evidence or
accepted technical practice.

The QI Core therefore should not treat the Reference Layer as one undifferentiated collection of
documents.

The determination should establish:
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What requirement applies?

Why does it apply?

To which Infrastructure Quality Object does it apply?

At which Lifecycle Stage?

Under which operating or environmental conditions?

At which Boundary or Interface?

And what Evidence is required to determine whether it is satisfied?

Regulatory Requirements Do Not Define the Entire Quality Architecture

The 1QI Core must be broad enough to include all applicable quality-relevant regulatory requirements.
But the Factor architecture should not simply be created by grouping the clauses of regulations.
There are several reasons.

Different jurisdictions regulate similar infrastructure differently.

The same subject may appear under different regulatory structures.

A regulation may emphasize minimum mandatory requirements while the actual Infrastructure Quality
State determination requires additional technical or Context-specific information.

New technologies may develop before detailed regulations exist.

Some important quality-relevant conditions may be controlled through engineering practice, contracts,
design requirements, operating experience, or scientific knowledge rather than through a single
regulation.

Therefore:

Regulatory requirements

are an essential input to

Infrastructure Quality State determination,

but

Regulatory structure

# automatically

IQI Quality Factor architecture.

A Simple Example

Consider two jurisdictions regulating broadly similar lifting equipment.
One jurisdiction may require a particular automatic protective device.

Another may permit a different combination of design provisions, operator controls, inspection, and
protective measures.

The underlying Hazard may be similar.
But the detailed regulatory requirements differ.

If the 1QI Core were organized around the clauses of only one jurisdiction, the architecture could
become unsuitable for the other.

The Core therefore needs a higher and more stable methodological level.
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The relevant requirements can then be interpreted through the appropriate Quality Factors, Indicators,
Quality Outcome Criteria, and Context Guide provisions.
8.2 Factor 10 Is Not the Only Location of Regulatory Content

The existence of Factor 10 — Regulatory and Standards Compliance could create a misleading
interpretation.

It might appear that every regulatory requirement belongs only under Factor 10.

That would be too narrow.

Factor 10 keeps visible the question:

What applicable regulatory and standards requirements exist, and are they satisfied?

But the substantive technical content of those requirements may belong simultaneously to another
Quality Factor.

For example:

A regulation concerning corrosion control

— Factor 10 identifies the applicable regulatory obligation.
At the same time:

Corrosion condition and its effect on the pipeline

— Factor 4 — Structural and Functional Integrity.

A regulation concerning emergency shutdown systems
— Factor 10 identifies the applicable requirement.

At the same time:

Hazard prevention and mitigation

— Factor 5 — Process Safety and Risk Mitigation.

A regulation concerning operator qualification

— Factor 10 identifies the applicable requirement.

At the same time:

Actual personnel capability

— Factor 9 — Competence of Personnel.

A regulation concerning environmental discharge limits
— Factor 10 identifies the applicable obligation.

At the same time:

Actual environmental outcome

— Factor 6 — Environmental Protection.

Therefore, regulatory requirements should be understood in two ways:
Regulatory status

and

Substantive quality-relevant content.

Factor 10 preserves the first.
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The relevant technical or functional Factor preserves the second.

Why This Distinction Matters

Suppose an operator demonstrates that all required regulatory forms have been completed.
That may support Factor 10.

But if the underlying equipment has an unacceptable integrity condition, regulatory documentation
alone does not demonstrate an acceptable Quality State.

Conversely, technically excellent infrastructure cannot simply ignore a mandatory requirement
because the operator believes its alternative technical solution is better.

Therefore:

Technical adequacy

# automatically

Regulatory compliance.

And:

Regulatory compliance

# automatically

Complete technical adequacy.

The fourteen-Factor architecture keeps both questions visible.

8.3 Mapping Substantive Requirements Across the Fourteen Factors

A practical way to test the completeness of the Core architecture is to take regulatory and other
Reference Layer requirements from different infrastructure domains and map them across the fourteen
Factors.

The purpose is not to reproduce the regulation.

The purpose is to ask whether every important quality-relevant requirement can be represented
meaningfully within the Core architecture.

For example:

Requirements Defining What the Infrastructure Must Do

Requirements concerning:

e required service;

operating envelope;

capacity;

pressure;

load;

continuity;

performance;

functional safety; or
e required outputs

may contribute to:

Factor 1 — Functional Specification Quality.

Requirements Defining How the Function Is Technically Realized
Requirements concerning:
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e materials;

e design loads;

e dimensions;

technical tolerances;
equipment characteristics;
design margins;

protection systems;
component qualification; or
technical Interfaces

may contribute to:

Factor 2 — Technical Specification Quality.

Requirements for Verification, Inspection, Testing, or Certification

Requirements concerning:

o verification;

e validation;

e inspection;

o testing;

e certification;

e acceptance;

e independent assessment; or
¢ required conformity Evidence
may contribute to:

Factor 3 — Conformity Assessment.

Requirements Concerning Physical and Functional Condition
Requirements concerning:

e corrosion;

e cracking;

o fatigue;

e creep;
deformation;
containment;
welding;
structural stability;
mechanical condition; or
functional integrity
may contribute to:

Factor 4 — Structural and Functional Integrity.

Requirements Concerning Hazards and Risk Controls
Requirements concerning:

Hazard identification;
Risk assessment;
safety barriers;
emergency shutdown;
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pressure relief;

fire and explosion protection;
loss-of-containment prevention;
emergency response; or
mitigation

may contribute to:

Factor 5 — Process Safety and Risk Mitigation.

Requirements Concerning Environmental Interaction

Requirements concerning:

emissions;

discharge;

contamination;

waste;

environmental impact;
environmental restoration;
environmental monitoring;
environmental load conditions; or
environmental operating limits

may contribute to:

Factor 6 — Environmental Protection.

Requirements Concerning Availability and Service Performance

Requirements concerning:

reliability;

service continuity;
redundancy;

capacity;

restoration;

availability;

outage management; or
operational performance

may contribute to:

Factor 7 — Operational Reliability.

Requirements Concerning Human-Infrastructure Interaction

Requirements concerning:

workplace safety;

access;

controls;

alarms;

protection from hazardous energy;
human factors;

emergency access;

maintenance access; or

safe work conditions
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may contribute to:
Factor 8 — Workplace Human Interaction and Safety.

Requirements Concerning Personnel Capability
Requirements concerning:

qualification;

training;

authorization;

competence;

experience;

continuing qualification; or
technology-specific capability
may contribute to:

Factor 9 — Competence of Personnel.

Requirements Concerning Legal and Standards Obligations
Requirements establishing:

o applicability;

e permits;

e licenses;

e mandatory standards;

e regulatory approvals;

¢ reporting obligations;

e regulatory conditions; or

e incorporated codes
contribute directly to:

Factor 10 — Regulatory and Standards Compliance.

Requirements Concerning Stakeholders and Communities
Requirements concerning:

¢ public safety;
e service obligations;
e community notification;
e land use;
e public consultation;
e accessibility;
e consumer outcomes;
e community consequences; or
o stakeholder protection
may contribute to:

Factor 11 — Stakeholder and Community Satisfaction.
Requirements Concerning Observation and Evaluation
Requirements concerning:

e monitoring;
e inspection frequency;
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instrumentation;
performance review;
surveillance;
trend evaluation;
condition assessment; or
¢ reporting of operational information
may contribute to:

Factor 12 — Monitoring and Performance Evaluation.

Requirements Concerning Records and Traceability
Requirements concerning:

e records;
configuration control;
material traceability;
inspection history;
design documentation;
modification history;
retention periods; or

e lifecycle information
may contribute to:

Factor 13 — Documentation and Traceability.

Requirements Concerning Change and Future Capability
Requirements concerning:

e management of change;

modification;

reassessment;

life extension;

response to new knowledge;

technology change;

revised operating conditions; or
e adaptation to new requirements

may contribute to:

Factor 14 — Adaptability and Innovation Readiness.

What This Mapping Demonstrates

This mapping does not prove that every regulation in every jurisdiction has already been examined.
Nor does it prove that no future requirement could reveal a gap.

It demonstrates the type of test required.

The fourteen Factors provide a set of methodological locations within which regulatory and other
Reference Layer requirements can be interpreted according to their substantive quality meaning.

The question for continuing validation is:

Can important requirements from substantially different regulatory systems be mapped to the Core
without repeatedly forcing them into Factors whose purpose does not fit?

If yes, that supports the completeness of the architecture.
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If no, the unmapped requirement may reveal a possible gap requiring further investigation.

8.4 Requirements That Affect More Than One Factor

Many important infrastructure requirements cannot be assigned meaningfully to only one Quality
Factor.

This is not necessarily a weakness.

The requirement may itself govern several dimensions of Function Realization.
Example — Pipeline Corrosion Control

A corrosion-control requirement may affect:

Factor 2 — Technical Specification Quality

because corrosion protection must be technically specified.

Factor 3 — Conformity Assessment

because installation and performance of the protection may need verification.
Factor 4 — Structural and Functional Integrity

because corrosion affects actual pipeline condition.

Factor 6 — Environmental Protection

because soil, water, chemistry, and other environmental conditions may influence corrosion.
Factor 10 — Regulatory and Standards Compliance

because applicable corrosion-control requirements may be mandatory.

Factor 12 — Monitoring and Performance Evaluation

because corrosion and protection effectiveness may require continuing observation.
Factor 13 — Documentation and Traceability

because historical inspection and corrosion information may be necessary to determine trends.
One regulatory subject therefore can legitimately activate several Factors.
Example — Emergency Shutdown Requirement

Likewise, an emergency-shutdown requirement may involve:

Factor 1

What protective function must be achieved?

Factor 2

What technical system is required?

Factor 3

Has the system been adequately verified and tested?

Factor 5

What Hazard and Risk does the system prevent or mitigate?

Factor 7

Is the system available when required?

Factor 8

Can personnel interact appropriately with the system?
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Factor 9

Are relevant personnel competent to recognize and respond to the condition?

Factor 10

What mandatory requirements apply?

Factor 12

Is readiness and performance monitored?

Factor 13

Are test history, configuration, and modifications traceable?

Factor 14

Can the protection be modified when new Hazards, technology, or requirements emerge?
Again, this is not duplication.

It reflects the fact that one real protective function has several different quality-relevant dimensions.
Requirements Should Not Be Forced Into Only One Factor

A rigid one-requirement/one-Factor rule would therefore reduce the quality of the determination.
The purpose of the Factors is not to divide reality into isolated administrative boxes.

The purpose is to preserve different determination questions.

The same Evidence or requirement may legitimately inform more than one Factor when it answers
different questions.

Multiple-Factor Mapping Also Helps Reveal Interfaces
Cross-Factor mapping can reveal how one weakness propagates.
For example:

Environmental requirement inadequately specified
— Factor 1 or Factor 2 weakness.

Resulting protection not correctly realized

— Factor 3 weakness.

Physical degradation develops

— Factor 4 weakness.

Risk increases

— Factor 5 weakness.

Monitoring does not detect the change

— Factor 12 weakness.

Historical records are incomplete

— Factor 13 weakness.

The same regulatory subject may therefore participate in a causal chain across the Factor
architecture.

This supports the view that the fourteen Factors form an integrated architecture rather than fourteen
independent checklist categories.
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8.5 Regulations Can Reveal Missing Context-Specific Detail Without Requiring a New Core Factor
A regulatory requirement may be highly detailed.
For example, it may specify:

e inspection intervals;
e chemical composition limits;
e pressure thresholds;
o temperature limits;
e equipment qualification;
e response times;
e separation distances;
o technical tolerances; or
e reporting deadlines.
Such detail does not automatically justify another Core Quality Factor.

The appropriate resolution may instead be:
Core Quality Factor

— Core Quality Indicator

— Context-Specific Quality Outcome Criterion
— Applicable Reference Layer requirement
— Evidence.

This is precisely why the 1QI architecture separates Core-level methodology from Context-specific
application.

A Product-Interface Example
Consider the earlier natural-gas transportation example.

A supplying transmission system and receiving infrastructure may apply different requirements
concerning gas composition.

The requirement may be expressed through detailed technical limits.

The IQI Core does not need a separate Core Factor called:

"Natural-Gas Oxygen Content."

Instead, the issue can be interpreted through existing dimensions such as:
Functional Specification Quality;

Technical Specification Quality;

Conformity Assessment;

Operational Reliability;

Regulatory and Standards Compliance;

and Boundary (Interface) compatibility.

The detailed composition criterion belongs at the appropriate Context-specific resolution.

Why This Matters for the Number Fourteen

If every detailed regulatory subject became a Factor, the Core would rapidly expand into hundreds of
Factors.
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It would cease to function as an invariant architecture.

The methodological resolution principle therefore requires a distinction:

Major quality-relevant dimension

— Core Quality Factor.

Observable aspect within that dimension

— Core Quality Indicator.

Context-specific acceptable result or threshold

— Quality Outcome Criterion.

Applicable external requirement

— Reference Layer.

This hierarchy is central to why the Core can remain at fourteen Factors while still supporting
extensive technical and regulatory detail.

8.6 Regulations Can Change Without Automatically Requiring Core Revision
Regulations and standards change.

A revised regulation may introduce:

e a new technical limit;
e a new reporting requirement;
e a new protective device;
e a new inspection method;
e a new Risk criterion;
¢ a new qualification requirement; or
¢ a new conformity route.
The first question should not be:

Do we need a new Core Quality Factor?
The first question should be:

Does the new requirement represent a genuinely new Core-level quality-relevant dimension, or can it
be meaningfully represented within the existing architecture?

In most cases, a new detailed requirement may fit within an existing Factor and Indicator structure.
Only if repeated new requirements reveal a major determination dimension that cannot be represented
without distortion should Core revision become a serious possibility.

8.7 Reference Layer Differences Can Produce Different Conformity Outcomes

The offshore-crane example illustrates this clearly.

The same or substantially similar physical crane may be accepted under one regulatory and standards
framework but require an additional protective device under another.

The physical crane may remain unchanged.

The Intended Function may remain substantially unchanged.
Yet:

Different applicable Reference Layer

— Different technical requirement
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— Different conformity basis
— Different compliance result.

This demonstrates why the applicable Reference Layer must remain explicit in any Infrastructure
Quality Claim.

But the Reference Layer Does Not Replace the Actual Quality State

At the same time, the physical Quality State remains a distinct question.

A compliant crane may still develop structural degradation.

A noncompliant crane may be mechanically intact while lacking a mandatory protective feature.
Thus:

Physical Quality State

# Regulatory conformity status.

Both matter.

The fourteen-Factor architecture preserves the distinction.

8.8 Regulatory Minimums and Wider Intended Requirements

Another important case occurs when regulatory requirements establish a minimum level while the
declared Intended Function requires more.

For example, regulation may establish a minimum reliability requirement.
A critical infrastructure user may require substantially greater continuity.

Meeting the regulatory minimum does not automatically demonstrate realization of that higher
Intended Function.

Therefore:

Regulatory minimum satisfied

+ higher declared Intended Function unmet

— acceptable Regulatory Compliance may coexist with inadequate Function Realization.
This again supports keeping Factor 10 separate from Factors 1, 7, and 11.

8.9 Regulatory Coverage as a Completeness Test
We can now state the regulatory coverage test more precisely.
For a sufficiently diverse set of infrastructure Contexts and jurisdictions:

12. Identify the quality-relevant regulatory and other Reference Layer requirements.

13. Determine the Infrastructure Quality Object, Boundary, Interfaces, Intended Functions, and
applicable Lifecycle Stage.

14. Map each substantive requirement to the relevant Core Quality Factor or Factors.

15. Interpret the requirement within the relevant Core Quality Factor or Factors using the
established Core architecture, applicable Context-Specific Quality Outcome Criteria, and
Evidence.

16. Identify the Evidence necessary to determine whether the requirement is satisfied.

17. Examine whether any recurring major requirement cannot be represented meaningfully within
the existing fourteen-Factor architecture.

18.  Preserve such recurring unmapped requirements as possible Core-revision findings.

This provides a systematic way of testing the architecture rather than assuming completeness.
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8.10 Interim Conclusion — Reference Layer Coverage
The analysis supports several conclusions.

First, the IQI Core must be capable of covering all applicable quality-relevant regulatory and other
Reference Layer requirements.

Second, those requirements should not be placed exclusively under Factor 10.

Factor 10 preserves their applicability and compliance status, while their substantive quality meaning
is interpreted through the relevant technical, functional, human, environmental, operational,
monitoring, traceability, stakeholder, or adaptability Factors.

Third, one requirement may legitimately affect several Factors.
This reflects the interconnected nature of Function Realization rather than methodological duplication.
Fourth, detailed regulatory requirements do not automatically justify additional Core Quality Factors.

Most technical detail should be handled through the established lower levels of the IQI architecture,
including Context-Specific Quality Outcome Criteria, Evidence, and the applicable Reference Layer.

Finally, regulatory coverage provides an important test of the fourteen-Factor architecture, but not the
only test.

The Core must also remain adequate when examined against Failure Modes, Lifecycle conditions,
different infrastructure technologies, stakeholder outcomes, and the needs of responsible Quality-State
determination.

The next step is therefore to test the same fourteen-Factor architecture across substantially different
energy-infrastructure Contexts.

9. Testing the Fourteen-Factor Architecture Across Energy-Infrastructure
Contexts

9.1 Purpose of Cross-Context Testing

The preceding sections approached the fourteen IQI Core Quality Factors through methodological
derivation.

Each Factor was examined individually.

The complete set was considered through removal, merger, gap, redundancy, Lifecycle, Failure-Mode,
and Reference Layer tests.

Another important test is practical application across substantially different energy-infrastructure
Contexts.

The IQI Core is intended to provide one invariant set of fourteen Quality Factors for Infrastructure
Quality Objects that may differ substantially in:

¢ |Intended Functions;

¢ physical form;

¢ technological processes;

e Scale;

e Boundaries;

¢ Interfaces;

e operating conditions;

e Hazards and Failure Modes;
e environmental interactions;
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Lifecycle conditions;
regulatory structure;
human involvement;
stakeholder relationships; and
¢ Infrastructure Intended Results.
A fourteen-Factor architecture that is meaningful only for one infrastructure technology would not
provide a sufficiently general Core.

Cross-Context testing therefore asks:

Can the same fourteen invariant Core Quality Factors remain meaningful and necessary when applied
to substantially different Infrastructure Quality Objects?

The purpose of this Section is to test the Factors.
It is not to derive or justify the number or detailed content of the Core Quality Indicators.

The Core Quality Indicators form part of the established IQI Core architecture and support application
of the Factors, but their independent methodological justification is a separate task.

Invariance of the Factors Does Not Mean Identical Context-Specific Outcomes

The same Quality Factor can have a very different practical interpretation in different infrastructure
Contexts.

For example:
Structural and Functional Integrity
is relevant to both a natural-gas transmission pipeline and LNG infrastructure.

But the physical conditions, Failure Modes, Reference Layer requirements, Quality Outcome Criteria,
and Evidence relevant to that Factor may differ substantially.

Therefore:

Same invariant Quality Factor

# Same Context-specific condition.
Instead:

Same invariant Quality Factor

+ Different Infrastructure Quality Object
+ Different Intended Function

+ Different Context

— Different Context-specific interpretation
— Different Quality Outcome Criteria
— Different Evidence.

The question for this paper is whether the Factor itself remains necessary and meaningful across
those Contexts.

What Cross-Context Testing Should Demonstrate
A successful cross-Context test of the fourteen-Factor architecture should provide Evidence that:

19. each Factor remains meaningful in substantially different infrastructure Contexts;
20. the major determination question preserved by each Factor does not disappear when the
technology changes;
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21. different Failure Modes and Reference Layer requirements can be represented through the
same Factor set;

22. differences in Boundaries, Interfaces, operating conditions, and Lifecycle conditions do not
require creation of another Core Factor architecture;

23. no Factor repeatedly becomes meaningless or unnecessary across substantially different
Contexts; and

24. no recurring major quality-relevant dimension repeatedly appears outside the fourteen-Factor
set.

The test therefore concerns the adequacy of the Factor resolution.

It does not require the Contexts themselves to be technically similar.

9.2 Existing Context Guide Family as Practical Evidence

The existing 1QI Context Guide family already provides an important practical basis for testing the
fourteen-Factor architecture.

The family includes:

PZN1 — Onshore Natural Gas Production Zone Infrastructure

MNT1 — Onshore Natural Gas Main Pipeline Transportation Infrastructure
LDN1 — Natural Gas Local Distribution Network Infrastructure

UGS1 — Natural Gas Underground Storage Infrastructure

LNG1 — Liquefied Natural Gas Infrastructure.

These Context Guides are particularly useful because they concern infrastructure connected with the
same general energy product while representing substantially different Infrastructure Quality Objects
and Intended Functions.

Across the family, natural gas may be:

produced;

transported;

distributed;

stored;

liquefied;

stored under cryogenic conditions;

transferred;

regasified;

and delivered through different Infrastructure Interfaces.

The energy product provides continuity across the family.

The infrastructure functions do not.

This creates a useful methodological test:

Can the same fourteen Quality Factors remain applicable when the role of the Infrastructure Quality
Object changes substantially?

9.3 PZN1 — Onshore Natural Gas Production Zone Infrastructure

PZN1 provides a production-oriented application of the IQI Core.

1Ql - Fourteen Invariant Core Quality Factors - Publication Draft - August 2026 161



Its principal Context concerns:
Production Function Realization,
Reservoir Interfaces,

and

Evidence.

The Infrastructure Quality Object may include wells, surface facilities, supporting systems, gathering
relationships, reservoir Interfaces, and other constituents included within the declared Boundary.

The principal Intended Function differs fundamentally from transportation, local distribution,
underground storage, or LNG infrastructure.

The production infrastructure must enable natural gas to be produced from the subsurface resource
and delivered toward the relevant downstream Interface under applicable conditions.

What PZN1 Tests About the Factor Set

PZN1 tests whether the fourteen Factors remain meaningful where Function Realization depends
upon relationships among:

subsurface conditions;
wells;

surface facilities;

production systems;
reservoir behavior;
operating conditions;

and downstream Interfaces.
For example:

Functional Specification Quality remains necessary because the required production functions, results,
operating envelope, assumptions, and Interfaces must be defined.

Structural and Functional Integrity remains necessary because wells, pressure-containing equipment,
production facilities, and other constituents must retain the condition required for Function Realization.

Operational Reliability remains necessary because production capability must be available and
sustainable under the applicable operating conditions.

Monitoring and Performance Evaluation remains necessary because production and subsurface
conditions change over time and must remain observable.

Documentation and Traceability remains necessary because well history, subsurface information,
changes, operating history, and other Evidence may remain important for decades.

The Context changes substantially.

The need for the Factors remains.

Why PZN1 Is Methodologically Important

Production infrastructure also introduces significant natural and subsurface Uncertainty.

Reservoir properties, pressure behavior, geological conditions, fluid movement, and other subsurface
characteristics may materially influence Function Realization.

PZN1 therefore tests whether the fourteen-Factor set can accommodate an Infrastructure Quality
Object strongly influenced by a natural system that cannot be completely controlled.
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No additional Core Quality Factor is required merely because subsurface uncertainty is significant.

That supports the generality of the existing Factor resolution.

9.4 MNT1 — Onshore Natural Gas Main Pipeline Transportation Infrastructure
MNT1 provides a substantially different application.

Its principal Context concerns:

Transportation Function Realization,

Route Continuity,

and

Integrity.

The Infrastructure Quality Object is no longer primarily concerned with producing gas.

Its principal function is transportation of natural gas through long-distance infrastructure between
defined Boundaries and Interfaces.

The object may include:

main pipelines;

compressor facilities;

valves;

control and monitoring systems;
crossings;

supporting facilities;

protection systems;

and upstream and downstream Interfaces.

What MNT1 Tests About the Factor Set

The fourteen Factors must now support determination of a transportation Quality State rather than a
production Quality State.

Structural and Functional Integrity remains necessary, but its practical interpretation shifts toward
matters such as:

pipeline containment;

weld condition;

corrosion;

deformation;

ground movement;

compressor-system condition;

and other transportation-specific conditions.

Operational Reliability remains necessary, but it now concerns transportation continuity, throughput,
pressure conditions, availability, and related transportation outcomes.

Environmental Protection remains necessary because the pipeline both affects and is affected by its
surrounding environment.
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Stakeholder and Community Satisfaction remains necessary because long-distance pipeline
infrastructure can interact with communities, land use, and other infrastructure across extensive
territories.

The content of the Factor remains relevant even though the Context changes.
Production-to-Transportation Interface

The transition from PZN1 to MNT1 also exposes an important Boundary (Interface):
Production Infrastructure

— Main Transportation Infrastructure.

The output of one Infrastructure Quality Object becomes an input to another.

The quality question therefore concerns not only the condition of each object separately but also the
compatibility and transparency of the Interface between them.

This supports the fourteen-Factor architecture because several Factors remain relevant to the same
Interface for different reasons:

Functional Specification Quality;
Technical Specification Quality;
Conformity Assessment;

Operational Reliability;

Regulatory and Standards Compliance;

and other Factors as applicable.

9.5 LDN1 — Natural Gas Local Distribution Network Infrastructure

LDN1 provides another distinct Context.

Its principal Context concerns:

Delivery Function Realization,

Pressure Control,

and

Service Interfaces.

Local distribution cannot simply be treated as a smaller version of main transportation.
The Intended Function changes.

The Infrastructure Configuration changes.

Pressure regimes change.

The density of human and community Interfaces increases.

Service connections become central.

The operating and consequence Context changes substantially.

What LDN1 Tests About the Factor Set

The same fourteen Factors remain necessary, but their practical significance changes.
Operational Reliability concerns reliable local delivery rather than long-distance transportation.

Workplace Human Interaction and Safety becomes strongly connected with service-line work,
emergency response, excavation, access, and work within developed communities.
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Stakeholder and Community Satisfaction becomes especially visible because the Infrastructure Quality
Object directly interfaces with local users and communities.

Regulatory and Standards Compliance may involve a different Reference Layer from that applicable to
main transportation.

Process Safety and Risk Mitigation must consider conditions associated with distribution pressure,
leaks, overpressure, public exposure, and local consequences.

Again, the Context changes.
The fourteen-Factor architecture does not.

Main Transportation and Local Distribution Are a Particularly Useful Pair

MNT1 and LDN1 are methodologically useful because both involve pipelines and the same general
energy product.

Yet they represent different Infrastructure Quality Objects.
This demonstrates that:

Similar physical technology

# Same Intended Function

# Same Boundary

# Same Interface structure

# Same operating Context

# Same Quality Outcome Criteria.
Nevertheless:

Different Context

does not require

Different Core Quality Factors.

This provides useful practical support for the selected level of Factor abstraction.

9.6 UGS1 — Natural Gas Underground Storage Infrastructure
UGS1 provides another substantially different functional test.

Its principal Context concerns:

Storage Function Realization,

Deliverability,

Containment,

and

Cycling.

The declared Infrastructure Quality Object is no longer principally producing, transporting, or locally
distributing natural gas.

Its function is to receive gas, preserve it within the applicable storage system, and later make it
deliverable under required conditions.

What UGS1 Tests About the Factor Set
Underground storage introduces relationships involving:
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storage formations or caverns;
wells;

surface facilities;
compression;

injection;

withdrawal;

containment;

cycling;

pressure changes;
deliverability;

and Interfaces with transportation systems.

Structural and Functional Integrity remains necessary because integrity applies to both surface and
relevant subsurface parts of the declared Infrastructure Quality Object.

Operational Reliability remains necessary because successful storage means more than retention of
gas.

The required functions may include:
Injection

— Storage

— Withdrawal

— Deliverability.

Monitoring and Performance Evaluation remains necessary because storage conditions can change
over repeated cycles.

Documentation and Traceability becomes particularly significant because long operating histories, well
information, modifications, subsurface Evidence, and previous cycling can materially influence
determination of the present Quality State.

No new Core Quality Factor is needed merely because the dominant function has changed from
transportation to storage.

Storage Introduces a Different Relationship With Time

UGS1 also demonstrates that the Infrastructure Quality State can involve repeated operating cycles.
Function Realization may involve:

Injection

— Storage

— Withdrawal

— Reinjection

— repeated operating cycles.

The same fourteen Factors remain applicable across these changing operating states.

This provides another test of their Lifecycle generality.
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9.7 LNG1 — Liquefied Natural Gas Infrastructure

LNG1 provides perhaps the strongest technological contrast within the existing Context Guide family.
Its principal Context concerns:

Cryogenic Containment,

Transfer,

Send-Out,

and

Interface Control.

Natural gas is no longer handled only under the gaseous conditions typical of production,
transportation, distribution, or underground storage infrastructure.

The infrastructure may involve:
liquefaction;

cryogenic storage;

transfer;

loading and unloading;
regasification;

send-out;

and related Interfaces.

What LNG1 Tests About the Factor Set
The fourteen Factors must remain meaningful under substantially different:
temperatures;

materials behavior;

containment conditions;

process conditions;

Hazards;

transfer operations;

environmental interactions;

and Interface requirements.

Technical Specification Quality remains necessary because cryogenic conditions create different
technical requirements without changing the methodological need for correct functional-to-technical
translation.

Structural and Functional Integrity remains necessary because cryogenic tanks, transfer systems,
pressure-containing equipment, and other constituents must preserve the condition required for
Function Realization.

Process Safety and Risk Mitigation remains necessary because the Hazard pathways differ
substantially from those of long-distance transportation.

Workplace Human Interaction and Safety remains necessary because personnel interact with
cryogenic, transfer, loading, and process systems.
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Adaptability and Innovation Readiness remains necessary because technologies, operating practices,
monitoring capabilities, and Reference Layer requirements can change during the Lifecycle.

Why LNGL1 Is Especially Valuable

LNG1 demonstrates that substantial technological difference does not automatically require another
Core Factor architecture.

The physical state of the energy product changes.
The operating temperature changes dramatically.
The process configuration changes.

The Hazard structure changes.

The Interfaces change.

The Quality Outcome Criteria change.

The Evidence changes.

Yet the same fourteen Factors remain relevant.

That provides important practical support for the selected Core level of abstraction.

9.8 Horizontal Comparison of the Existing Context Guides
The five existing Context Guides can now be compared horizontally.
PZN1

— Production Function Realization.

MNT1

— Transportation Function Realization.

LDN1

— Delivery Function Realization.

UGSH1

— Storage and Deliverability Function Realization.

LNG1

— Liquefaction, Cryogenic Containment, Transfer, Regasification, and Send-Out Function Realization.
The Infrastructure Quality Objects differ.

Their Intended Functions differ.

Their Boundaries differ.

Their Interfaces differ.

Their configurations differ.

Their operating conditions differ.

Their Failure Modes differ.

Their Reference Layer requirements differ.

Their Evidence differs.

Their Quality Outcome Criteria differ.
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Yet all five Contexts continue to require the same major quality-relevant dimensions represented by
the fourteen Core Quality Factors.

What This Comparison Tests
The important test is not whether every Factor has identical practical importance in every Context.
The test is whether any Factor becomes unnecessary or meaningless when the Context changes.

Likewise, the test asks whether an additional major quality-relevant dimension repeatedly appears that
cannot be represented adequately within the fourteen-Factor architecture.

The existing Context Guide family provides no basis, at this stage, for concluding that production,
transportation, distribution, underground storage, or LNG infrastructure requires an alternative Core
Factor set.

Why This Supports the Number Fourteen

If the Factor architecture had been defined too narrowly around pipeline transportation, it would likely
fail when applied to:

subsurface production;

local distribution;

underground storage;

or cryogenic LNG infrastructure.

If it were too broad, individual Factors could become so vague that they would no longer preserve
distinguishable determination questions.

The fact that the same fourteen major dimensions remain meaningful across these substantially
different Contexts provides practical support for the present methodological resolution.
9.9 Why Not Combine the Factors and Move the Distinctions to Indicators?

A possible alternative architecture would use a smaller number of broad Core Quality Factors and
place most of the distinctions presently preserved by the fourteen Factors at the Indicator level.

For example, one might combine several existing Factors into broader categories such as:
Technical Quality;

Human Factors;

Information Quality;

or

Safety and Reliability.

The detailed distinctions could then be assigned to Indicators.

This is a legitimate architectural question.

The purpose of the present paper, however, is not to justify the invariant number or detailed content of
the Core Quality Indicators.

That is a separate and more complicated methodological task.
The narrower question relevant to this paper is:

Would combining existing Factors into broader categories cause materially different quality-relevant
determination questions to become hidden too early in the architecture?

The analysis in this paper indicates that it would.
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Factor-Level Visibility

The fourteen Quality Factors are not intended merely as headings under which detailed Indicators are
stored.

Each Factor preserves a major quality-relevant determination dimension that remains visible when
Evidence-Supported Findings are interpreted and the Infrastructure Quality State is determined.

If two materially different determination questions are combined into one broad Factor, their distinction
may still exist somewhere below that Factor.

But it would no longer have independent visibility at the Factor level.
That distinction is important.

Functional Specification Quality and Technical Specification Quality
For example:

Functional Specification Quality

and

Technical Specification Quality

could be combined into a broader Factor such as:
Specification Quality.

The detailed distinction could then be moved to Indicators.

But this would combine two fundamentally different questions:
What is the Infrastructure Quality Object required to do?

and

Have those required functions and results been correctly translated into technical requirements
capable of realizing them?

A Functional Specification can be inadequate even when the resulting Technical Specification
accurately reflects it.

Conversely, the Functional Specification can be adequate while its translation into Technical
Specification is defective.

Therefore:

Functional-definition quality

# Technical-translation quality.

The distinction is sufficiently fundamental to remain visible at the Factor level.
Workplace Human Interaction and Safety and Competence of Personnel
The same issue appears if:

Workplace Human Interaction and Safety

and

Competence of Personnel

are combined under a broad:

Human Factors

category.
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The first asks whether the conditions and Interfaces through which people interact with the
Infrastructure Quality Object support safe and correct Function Realization.

The second asks whether personnel assigned to relevant functions possess and maintain the
competence necessary to perform them.

A competent person can be placed in an inadequate human-system Interface.

A well-designed human-system Interface can be operated by an inadequately competent person.
Therefore:

Adequate human-system interaction

# Personnel competence.

Moving this distinction entirely to Indicators would reduce its independent visibility at the Factor level.
Monitoring and Performance Evaluation and Documentation and Traceability

A similar argument applies to:

Monitoring and Performance Evaluation

and

Documentation and Traceability.

Both concern information, but they preserve different questions.

Monitoring and Performance Evaluation asks:

Can the actual or changing condition and performance of the Infrastructure Quality Object be observed
and evaluated?

Documentation and Traceability asks:

Can the identity, configuration, history, requirements, changes, and Evidence associated with the
Quality Object be reliably preserved and reconstructed through time?

A system can be well monitored today while historical traceability has been lost.
Conversely, historical records can be complete while present monitoring is inadequate.
Therefore:

Current observability and evaluation

# Lifecycle information continuity and traceability.

Again, the distinction is not merely a detailed technical peculiarity suitable only for an Indicator.
It represents a different major quality-relevant determination dimension.

Process Safety and Risk Mitigation and Regulatory and Standards Compliance

The same principle applies to:

Process Safety and Risk Mitigation

and

Regulatory and Standards Compliance.

These Factors interact strongly.

But they ask different questions.

Process Safety and Risk Mitigation concerns Hazard identification, Risk, prevention, mitigation,
consequences, and residual Risk.
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Regulatory and Standards Compliance concerns conformity with the applicable legal, regulatory,
normative, and other Reference Layer requirements.

An Infrastructure Quality Object can satisfy applicable minimum regulatory requirements while residual
Risk remains significant.

Different jurisdictions may also establish different mandatory requirements for substantially similar
technical objects.

Therefore:

Risk acceptability

# Regulatory compliance.

The distinction should remain visible above the Indicator level.

The Architectural Principle

These examples support a general principle.

The question is not:

Can two Factors theoretically be placed under one broader heading?

Almost any classification can be compressed if sufficient distinctions are moved downward.
The relevant question is:

Would that compression remove independent visibility of a major quality-relevant determination
question at the level at which Infrastructure Quality is interpreted?

Where the answer is yes, consolidation weakens the architecture even if the lost distinction could
technically be recreated through Indicators.

Factors and Indicators Perform Different Architectural Roles

The 1QI architecture therefore uses different levels of resolution for different purposes.
At the Factor level:

major distinguishable quality-relevant dimensions remain independently visible.

At the Indicator level:

those dimensions are examined through the established Core Quality Indicators and their Context-
specific interpretation.

At the Quality Outcome Criterion and Evidence levels:

the determination becomes increasingly specific to the Infrastructure Quality Object and Context.
This can be expressed as:

Major quality-relevant dimension

— Quality Factor

— more detailed examination

— Core Quality Indicators

— Context-specific interpretation

— Quality Outcome Criteria

— Evidence.

The present paper addresses the first of these architectural resolution questions:
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Why are fourteen major quality-relevant dimensions preserved as invariant Quality Factors?

It does not attempt to establish that the existing Indicator architecture is the only possible, permanently
complete, or optimally resolved Indicator architecture.

Why This Matters to the Fourteen-Factor Justification

The possibility of moving distinctions downward does not by itself justify reducing the number of
Factors.

If that reasoning were followed without a Factor-level visibility criterion, the Core could theoretically be
reduced to one Factor:

Infrastructure Quality.

Every meaningful distinction could then be moved to Indicators, sub-indicators, criteria, or Evidence
requirements.

Such an architecture would be possible as a hierarchy.
But the Factor level would cease to perform a useful analytical function.

The purpose of the Factor architecture is precisely to preserve a manageable set of major
distinguishable dimensions between:

the very broad concept of Infrastructure Quality

and

the more detailed Indicator, Criterion, and Evidence levels.

The fourteen-Factor resolution therefore reflects a deliberate architectural choice:
Major independent determination questions

— remain visible at the Quality Factor level.

More detailed examination within those dimensions

— is addressed at lower levels of the established 1Ql architecture.

Accordingly, this paper does not need to prove the detailed Indicator architecture in order to answer
the objection.

It needs only to demonstrate that the distinctions represented by the fourteen Factors are sufficiently
fundamental that moving them entirely below the Factor level would materially reduce the visibility and
interpretability of Infrastructure Quality-State determination.

9.10 What the Existing Applications Do — and Do Not — Demonstrate

The existing Context Guides provide practical Evidence supporting the fourteen-Factor architecture.

They show that substantially different natural-gas Infrastructure Quality Objects can be examined
through the same set of invariant Core Quality Factors.

They also show that substantial Context-specific differences can be accommodated through:
Infrastructure Quality Object definition;

Boundaries;

Interfaces;

Failure Modes;

Reference Layer requirements;

Quality Outcome Criteria;
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Evidence;

operating conditions;

Lifecycle conditions;

and other Context-specific interpretation.

The Factors themselves do not have to change.

The Existing Evidence Should Not Be Overstated

The five Context Guides do not prove permanently that the number fourteen is universally sufficient for
every possible energy-infrastructure Context.

Their present coverage remains concentrated within natural-gas infrastructure.
The appropriate conclusion is therefore bounded:

Application across five substantially different natural-gas infrastructure Contexts provides practical
Evidence supporting the generality and adequacy of the fourteen-Factor Core resolution.

Other substantially different energy-infrastructure Contexts can provide additional tests.

9.11 Other Cross-Sector Testing

Another particularly useful test would be development of a Context Guide for natural-gas-fired electric-
power-station infrastructure.

This would extend testing beyond the existing natural-gas infrastructure family into an energy-
conversion Context.

Within pipeline infrastructure:

Natural gas = transported product.

Within electric-power generation:

Natural gas = fuel input to an energy-conversion process.
The principal Intended Function therefore changes substantially.
Why This Would Be a Strong Additional Test

A natural-gas-fired electric-power station may include:
natural-gas receiving and conditioning systems;

gas turbines;

combustion systems;

generators;

electrical systems;

control and protection systems;

steam systems;

steam turbines;

heat-recovery steam generators;

cooling systems;

water-treatment systems;

emissions-control systems;
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transformers;

switchgear;

and grid Interfaces.

For a combined-cycle station:
Natural gas

— Combustion

— Gas-turbine mechanical energy
— Electrical generation

and

Gas-turbine exhaust heat

— Steam generation

— Steam-turbine mechanical energy
— Additional electrical generation.

The fourteen Factors would then be tested against an energy-conversion Infrastructure Quality Object
substantially different from the five existing Contexts.

Cross-Sector Interface

This Context would also test an important infrastructure Interface:
Natural-gas infrastructure

— Electric-power-generation infrastructure

— Electric-power transmission and distribution infrastructure.

A gas-supply condition can influence electric generation.

An electric-grid condition can influence station operation.
Demand changes can propagate between infrastructure sectors.

This would provide another useful test of whether the fourteen Factors remain sufficiently broad at a
system-of-systems Interface.

Status of This Additional Test
This Context should not be presented as existing validation.

It is another prospective IQI Context Guide that can provide additional Evidence concerning the
fourteen-Factor architecture.

The relevant question remains:

Do the same fourteen Factors continue to preserve all major quality-relevant determination questions
without artificial reinterpretation?

If yes, confidence in the present Factor resolution increases.

If not, the resulting finding should be preserved for further examination.

9.12 What Would Constitute a Factor-Architecture Gap
Cross-Context testing is meaningful only if the architecture is allowed to fail the test.

If every newly identified issue is automatically forced into one of the existing Factors, the test becomes
circular.
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The question must therefore remain:

What Evidence would indicate that the fourteen-Factor architecture may contain a genuine gap?
A New Technical Detail Is Not Automatically a New Factor

A new:

material;

equipment type;

Sensor;

inspection method;

process;

Failure Mode;

regulatory requirement;

technical threshold;

or technological solution

does not automatically justify a new Core Quality Factor.

Such matters may belong within the interpretation of an existing Factor.
A Context-Specific Requirement Is Not Automatically a New Factor
For example:

an oxygen-content limit for natural gas;

a turbine-vibration criterion;

a pipeline separation distance;

a cryogenic temperature limit;

a storage deliverability requirement;

or

a pressure-control requirement

can be critical to Infrastructure Quality State determination.

But none automatically represents a new major quality dimension.

The question is whether the underlying determination can already be preserved through one or more
existing Factors.

What a Possible Gap Would Require

A stronger indication of a Factor-architecture gap would exist where repeated application reveals a
quality-relevant determination function that:

25. is necessary for Infrastructure Intended Function realization or responsible Infrastructure
Quality State determination;

26. is sufficiently fundamental to deserve Core-level visibility;

27. cannot be represented adequately through any of the existing fourteen Factors without
materially distorting their established purposes;

28. appears repeatedly across substantially different Contexts, or is of such fundamental
significance that omission cannot reasonably be accepted; and

29. would remain insufficiently visible if treated only as a subordinate Context-specific issue.
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Such a finding would deserve preservation as a possible Core-revision finding.
Repetition Across Contexts Is Particularly Important

One unusual issue in one Context may be important without being Core-level.
But if the same unresolved quality-relevant dimension repeatedly appears in:
Production

+ Main Transportation

+ Distribution

+ Underground Storage

+ LNG

+ other substantially different energy-infrastructure Contexts,

the argument for Core-level consideration becomes stronger.

This is why horizontal comparison among Context Guides is important.

A Factor Could Also Prove Redundant

Cross-Context testing should work in the opposite direction as well.

Suppose two Factors repeatedly produce no distinguishable determination questions across
substantially different applications.

Suppose removing one consistently leaves all relevant quality dimensions visible through another.
That would provide Evidence that the architecture may contain unnecessary redundancy.
The test is therefore symmetrical:

Possible gap

— Could another Factor be needed?

Possible redundancy

— Could fewer Factors be sufficient?

Neither conclusion should be reached from one isolated example.

Core Revision Should Follow Evidence

The appropriate sequence is:

Existing fourteen-Factor Core

— Context Guide application

— Context-specific interpretation

— Failure-Mode and Reference Layer testing

— Identification of possible gaps or redundancies

— Preservation of findings

— Horizontal comparison across Contexts

— Repeated Evidence

— Possible Core revision.

This is preferable to:

New observation
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— Immediate new Factor.

9.13 Interim Conclusion — Cross-Context Testing

Cross-Context application provides an important practical and methodological test of the fourteen-
Factor 1QI Core.

The five existing Context Guides already test the Factor set across substantially different Infrastructure
Quality Objects:

PZN1

— Production.

MNT1

— Main Transportation.

LDN1

— Local Distribution.

UGSH1

— Underground Storage.

LNG1

— Liquefied Natural Gas Infrastructure.

The Intended Functions, technologies, Boundaries, Interfaces, Failure Modes, operating conditions,
Quality Outcome Criteria, Reference Layer requirements, and Evidence differ substantially.

Yet the same fourteen major quality-relevant dimensions remain meaningful across these Contexts.
The analysis also addresses an important alternative:

Why not combine the Factors and move their distinctions to the Indicator level?

Such compression is possible in principle.

But the ability to move a distinction downward does not establish that it should be removed from the
Factor level.

Where a distinction represents a major independent quality-relevant determination question,
preserving it at the Factor level maintains visibility during Infrastructure Quality-State interpretation.

The Factor architecture therefore occupies an intentional intermediate level:
Infrastructure Quality

— fourteen major quality-relevant dimensions

— more detailed examination through the established Indicator architecture
— Context-specific Quality Outcome Criteria and Evidence.

This paper justifies the fourteen-Factor resolution.

It does not attempt to justify independently the invariant number or detailed content of the Core Quality
Indicators.

The existing Context Guide applications do not establish permanent universal completeness.
They provide practical Evidence supporting the present Factor resolution.

Other Context Guides can continue testing the same fourteen Factors across additional energy-
infrastructure technologies and system Interfaces.
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If repeated application continues to show that:

each Factor preserves a distinguishable major determination function;

the distinctions cannot be removed from the Factor level without meaningful loss of visibility;
no Factor becomes consistently redundant;

and no recurring major quality-relevant dimension remains outside the set,

confidence in the fourteen-Factor architecture increases.

If repeated applications reveal a persistent gap or redundancy, that Evidence should be preserved and
examined rather than concealed.

The fourteen-Factor architecture is therefore not justified by assertion alone.

It is supported by derivation and tested through application.

10. Why Fourteen — and Not Fewer or More

10.1 The Central Question
The preceding sections have established several findings.

Each of the fourteen 1Ql Core Quality Factors preserves a distinguishable major quality-relevant
question.

The Factors interact strongly, but interaction does not automatically mean redundancy.
Removal of an individual Factor can create a recognizable blind area.

Regulatory and other Reference Layer requirements can be represented through the Factor
architecture without making the Factors identical to regulatory categories.

The same fourteen Factors remain meaningful across substantially different existing 1QI Context
Guides.

These findings allow the central question of this paper to be addressed directly:

Why does the IQI Core resolve Infrastructure Quality through fourteen invariant Quality Factors?
And, equally important:

Why not fewer?

Why not more?

10.2 Fourteen Is a Methodological Resolution, Not a Numerically Predetermined Truth
The first answer is that the number fourteen should not be treated as a natural constant.

Infrastructure Quality does not contain a hidden mathematical law requiring exactly fourteen
categories.

The number results from the level of methodological resolution selected for the 1Ql Core.
At a more abstract level, several Factors could be grouped into larger families.

At a more detailed level, every Factor can be examined through many technical requirements,
conditions, Failure Modes, Evidence sources, and other distinctions.

Neither approach automatically provides the appropriate Core architecture.
The 1QI Core requires a middle level of resolution.

The Factors must be:
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broad enough to remain invariant across substantially different energy-infrastructure Contexts;
but

specific enough to preserve major determination questions that would become obscured if they were
merged into broader categories.

The number fourteen therefore results from the present balance between:
Generality
and

Necessary differentiation.

10.3 Why Fewer Factors Would Be Attractive

A smaller number of Factors might initially appear desirable.

A shorter architecture can seem:

simpler;

easier to communicate;

easier to remember;

easier to score;

and easier to apply.

For example, one might attempt to combine several existing Factors into broad categories such as:
Technical Quality;

Safety;

People;

Compliance;

Information;

and Change.

Such a model would certainly be shorter.

But shorter does not necessarily mean methodologically stronger.

The central question is whether important quality-relevant distinctions survive the simplification.

10.4 The Cost of Excessive Consolidation
Consider a broad category called:
Technical Quality.

It might appear capable of absorbing:
Functional Specification Quality;

Technical Specification Quality;
Conformity Assessment;

Structural and Functional Integrity;

and Operational Reliability.

But those Factors answer materially different questions.
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Functional Specification Quality asks:

Have we correctly defined what the Infrastructure Quality Object is required to do?

Technical Specification Quality asks:

Have those functional requirements been correctly translated into technical requirements?
Conformity Assessment asks:

Has alignment between requirements and the realized object been adequately demonstrated?
Structural and Functional Integrity asks:

Does the object actually preserve the physical and functional condition necessary for Function
Realization?

Operational Reliability asks:

Does it reliably realize the required functions during Operation?

Combining these into one broad category would make the architecture shorter.
It would also make it possible for one determination to obscure another.

A Simple Example

Suppose a pipeline:

was built exactly according to its Technical Specification;

was correctly inspected and accepted;

and operated successfully when commissioned.

Years later, corrosion develops.

If technical quality were treated as one broad category, the earlier positive findings could obscure the
changed integrity condition.

The separate Factor architecture forces a more precise question:
Historical Conformity

does not automatically establish

Present Structural and Functional Integrity.

The distinction is therefore not terminological.

It protects Quality-State visibility.

10.5 The Same Problem Appears in the Human Dimension
One might similarly propose combining:

Workplace Human Interaction and Safety

and

Competence of Personnel

into one broad Factor called:

Human Factors.

Again, the combination would be simpler.

But it would hide an important distinction.
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A person may be fully competent while the workplace or human-system Interface prevents correct
action.

Conversely, the workplace may be well designed while the person lacks the competence required for
the assigned function.

Thus:

Competent person

# Adequate human-system interaction.

And:

Adequate human-system interaction

# Competent person.

If the two Factors were merged, the Quality-State determination could become less precise.

10.6 Risk and Regulatory Compliance Also Cannot Safely Be Collapsed

Process Safety and Risk Mitigation and Regulatory and Standards Compliance are also strongly
interrelated.

But:

Risk

and

Compliance

are not the same condition.

A regulatory requirement may prescribe a particular protective measure.

Another jurisdiction may address the same general Hazard differently.

The infrastructure may physically remain unchanged while the applicable Reference Layer changes.

Likewise, an Infrastructure Quality Object may satisfy minimum regulatory requirements while residual
Risk remains.

Therefore:

Regulatory compliance

# Zero Risk.

And:

Technically favorable Risk assessment

# permission to disregard a mandatory requirement.
Separate Factor visibility is therefore justified.

10.7 Monitoring and Traceability Provide Another Example

Monitoring and Performance Evaluation and Documentation and Traceability also appear closely
related.

Both concern information.
But the determination functions differ.
Monitoring and Performance Evaluation asks:

What is happening to the Infrastructure Quality Object, and what does observed performance mean?
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Documentation and Traceability asks:

Can the Quality Object, configuration, history, requirements, and Evidence be reliably identified and
reconstructed through time?

A condition can be excellently monitored today while historical information is lost.
Conversely, historical records can be complete while present monitoring is inadequate.
Therefore:

Current observability

# Lifecycle traceability.

Combining the Factors would reduce an important distinction.

10.8 The Removal Test Supports the Need for Fourteen

The argument against fewer Factors can therefore be expressed through the removal test.
For each Factor, ask:

If this Factor disappears, does another Factor necessarily preserve the same determination question?
For the present fourteen Factors, the answer is generally no.

Remove Factor 1

— the correctness and completeness of the required function can become invisible.
Remove Factor 2

— the adequacy of functional-to-technical translation can become invisible.

Remove Factor 3

— the reliability of demonstrated conformity can become invisible.

Remove Factor 4

— actual Structural and Functional Integrity can become invisible.

Remove Factor 5

— Hazard, Risk, prevention, mitigation, and residual Risk can become insufficiently visible.
Remove Factor 6

— environmental interaction can become hidden inside other technical or regulatory questions.
Remove Factor 7

— reliable operational Function Realization can become invisible.

Remove Factor 8

— workplace and human-system interaction conditions can become invisible.

Remove Factor 9

— actual personnel competence can become hidden behind staffing or qualification records.
Remove Factor 10

— applicable legal and standards obligations can become insufficiently visible.

Remove Factor 11

— stakeholder and community outcomes can disappear from the determination.

Remove Factor 12
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— the capability to observe and evaluate actual performance can become invisible.

Remove Factor 13

— the continuity, identity, history, and traceability of Quality-State Evidence can become invisible.
Remove Factor 14

— the capability to respond to material change can become invisible.

The result is not that every Factor operates independently.

The result is that each preserves a major determination question that cannot safely be assumed to be
covered by another Factor.

10.9 Why More Factors Could Also Appear Attractive

The opposite temptation is equally strong.

Infrastructure is complex.

Almost every major technical subject can appear important enough to deserve its own Factor.
One might propose separate Factors for:

cybersecurity;

resilience;

maintenance;

emergency response;

capacity;

Interface compatibility;

information integrity;

organizational decision making;

human authority;

climate adaptation;

asset aging;

supply-chain capability;

or many other subjects.

Each can be extremely important.

But importance alone does not establish Core Factor status.

10.10 A New Subject Is Not Automatically a New Quality Factor

The Core Factor level should represent a major recurring quality-relevant dimension of Function
Realization or Quality-State determination.

A newly identified subject should therefore first be tested against the existing Factors.
For example:

Resilience may involve Operational Reliability, Process Safety and Risk Mitigation, Adaptability and
Innovation Readiness, Environmental Protection, and other Factors.

Aging may be strongly represented through Structural and Functional Integrity, Monitoring and
Performance Evaluation, Documentation and Traceability, Technical Specification Quality, and
Adaptability.
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Interface compatibility may be represented through Functional Specification Quality, Technical
Specification Quality, Conformity Assessment, Operational Reliability, Regulatory and Standards
Compliance, and other Factors depending on the Context.

Information Integrity may involve Monitoring and Performance Evaluation, Documentation and
Traceability, Competence, Conformity Assessment, and other quality-relevant dimensions.

The existence of these important cross-Factor concepts does not automatically demonstrate that each
needs a new Core Factor.

10.11 The Test for a Possible Additional Factor

A possible additional Core Quality Factor would require a stronger showing.

At minimum, the candidate should represent a determination function that:

30. is necessary for Infrastructure Intended Function realization or responsible Infrastructure
Quality-State determination;

31. s sufficiently fundamental to deserve Core-level visibility;

32. cannot be adequately represented through the existing fourteen Factors without distorting their
purposes;

33. remains meaningful across substantially different infrastructure Contexts, or is otherwise
fundamental to the entire energy-infrastructure domain;

34. produces a recognizable blind area when omitted; and

35. remains distinct enough that combining it with an existing Factor would materially weaken
Quality-State determination.

This establishes a deliberately high threshold.

Without such a threshold, every new engineering issue could progressively expand the Core.

10.12 Why Detailed Technical Diversity Does Not Require More Factors
The existing Context Guides illustrate this point.
Production infrastructure introduces:

reservoir behavior;

wells;

subsurface uncertainty;

and production-specific conditions.

Main transportation introduces:

long-distance pipelines;

compressor facilities;

route conditions;

and transportation Interfaces.

Local distribution infroduces:

service lines;

pressure regulation;

urban Interfaces;

and end-user delivery.

Underground storage introduces:
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injection;

withdrawal;

cycling;

subsurface containment;

and deliverability.

LNG infrastructure introduces:
liquefaction;

cryogenic conditions;

special containment;

transfer;

regasification;

and send-out.

These differences are substantial.
Yet they do not automatically require separate Core Factors for:
Reservoir Quality;

Pipeline Quality;

Distribution Quality;

Storage Quality;

or Cryogenic Quality.

Those are Contexts.

The Core Factors operate at a higher level of abstraction.

10.13 The Existing Context Guides Therefore Test Both Extremes

The five existing Context Guides help test whether the fourteen-Factor resolution is positioned
between two undesirable extremes.

The first extreme is excessive compression:

Too few Factors

— major determination questions become merged and less visible.
The second extreme is excessive fragmentation:

Too many Factors

— Context-specific technologies, Failure Modes, or technical requirements are incorrectly elevated
into Core-level dimensions.

The desired position is:
Sufficient differentiation
without

Context-driven fragmentation.

The Current Evidence
Across:
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PZN1;

MNT1;

LDN1;

UGSH1,;

and

LNG1,

the Infrastructure Quality Objects and technical conditions change substantially.
Yet the same fourteen major quality-relevant dimensions remain meaningful.

At the same time, no recurring major determination dimension has yet been established that clearly
requires a fifteenth Factor.

This provides practical support for the present resolution.

10.14 Fourteen Factors Also Cover Two Different Needs

Another reason the architecture cannot be reduced too aggressively is that the Core must support two
related but different tasks.

The first is:

Function Realization.

Can the Infrastructure Quality Object actually realize its Intended Functions and Intended Results?
The second is:

Quality-State Determination.

Can that state be responsibly established from sufficient and reliable Evidence?

Some Factors primarily illuminate the physical, functional, operational, human, environmental,
regulatory, and stakeholder conditions affecting Function Realization.

Others also preserve the capability to determine those conditions.

For example:

Monitoring and Performance Evaluation

helps make the actual state observable.

Documentation and Traceability

helps preserve the continuity and identity of Evidence.

Conformity Assessment

provides a demonstrability bridge between requirements and realized conditions.
Competence

can affect the reliability of technical interpretation and intervention.

The Core therefore must not be simplified only around physical infrastructure characteristics.

Doing so would leave determination capability insufficiently represented.

10.15 Fourteen Factors Are Interrelated, Not Fourteen Independent Silos
The present resolution should also not be misunderstood as fourteen isolated categories.

Infrastructure Quiality is relational and interconnected.
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For example:

Environmental change

— can affect Structural and Functional Integrity.

Integrity degradation

— can affect Risk.

Risk controls

— can depend upon human interaction and competence.
Operational disturbance

— can propagate across Interfaces.

Monitoring

— can reveal changed performance.

Traceability

— can determine whether the resulting Evidence can be interpreted through time.
Regulatory change

— can require Adaptation.

Stakeholder consequences

— can change as the surrounding Context changes.

The fourteen Factors therefore operate as an integrated architecture.
Their separateness protects determination visibility.

Their interaction reflects infrastructure reality.

10.16 Non-Compensability Also Supports the Resolution
The Factors should not be understood as interchangeable scores.

A favorable finding under one Factor does not automatically compensate for an unacceptable critical
condition under another.

For example:

Excellent Documentation and Traceability
cannot compensate for

loss of containment.

Excellent Operational Reliability to date
cannot compensate for

an unacceptable Process Safety condition.
Strong stakeholder support

cannot compensate for

mandatory regulatory noncompliance.
Highly competent personnel

cannot compensate for

a fundamentally inadequate Technical Specification.
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Sophisticated Monitoring
cannot compensate for
failure to respond to a demonstrated Critical Infrastructure Condition.

This non-compensability strengthens the reason for preserving separate Factor visibility.

10.17 The Fourteen-Factor Resolution Should Remain Testable

The conclusion that fourteen is presently appropriate does not require declaring the architecture
permanently closed.

Other Context Guides can provide additional Evidence.

Horizontal comparison across Context Guides can reveal recurring patterns.
Reference Layer mapping can expose possible gaps.

Failure-Mode analysis can expose missing quality dimensions.
Operating experience can reveal relationships not previously visible.
The proper response to such findings is not immediate revision.
Itis:

Observation

— Preservation of finding

— Comparison across Contexts

— Methodological analysis

— Repeated Evidence

— Core-revision decision, if justified.

This allows the Core to remain stable without becoming rigid.

10.18 Why the Present Answer Is Fourteen

The present answer can now be stated directly.

The 1QI Core resolves into fourteen Quality Factors because, at the present Core methodological level:
First,

fourteen distinguishable major quality-relevant dimensions are required to preserve adequate visibility
of Infrastructure Intended Function realization and Infrastructure Quality-State determination.

Second,

reducing the number by merging or removing existing Factors creates identifiable blind areas or
obscures materially different determination questions.

Third,

increasing the number by elevating Context-specific technical subjects, Failure Modes, or cross-Factor
concepts would unnecessarily fragment the invariant Core unless those subjects demonstrate an
independent Core-level determination function.

Fourth,
the fourteen Factors collectively span:
functional definition;

technical realization;
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demonstrability;

actual condition;

Risk;

environmental interaction;
operational performance;
human interaction;
competence;

regulatory obligations;
stakeholder outcomes;
continuing observation;
Evidence continuity;

and response to change.
Fifth,

application across the existing PZN1, MNT1, LDN1, UGS1, and LNG1 Context Guides provides
practical Evidence that these same major dimensions remain meaningful across substantially different
natural-gas Infrastructure Quality Objects.

Sixth,

no recurring additional major dimension has yet been demonstrated strongly enough to require
another Core Quality Factor, and no existing Factor has yet been demonstrated sufficiently redundant
to justify removal.

10.19 Direct Answer to the Title Question

Why does the IQI Core resolve into fourteen Quality Factors?

Because fourteen is the present methodological resolution at which the Core preserves the major
distinguishable dimensions necessary to examine Infrastructure Function Realization and responsibly
determine Infrastructure Quality State without either:

merging important questions until they become insufficiently visible,

or

fragmenting the Core into technology- and Context-specific subjects.

Therefore:

Fewer than fourteen

would presently risk loss of necessary quality-relevant visibility.

More than fourteen

is not presently supported by sufficient Evidence of another independent Core-level quality dimension.
The resulting proposition is:

The QI Core presently resolves into fourteen invariant Quality Factors because this set provides the
smallest currently supported Core resolution that preserves the major distinguishable dimensions
necessary for sufficiently broad Infrastructure Quality-State determination without unnecessary
Context-driven fragmentation.
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This proposition remains testable through other Context Guide applications, Reference Layer
mapping, Failure-Mode analysis, operating experience, and horizontal comparison across
infrastructure Contexts.

11. Stability and Revision of the Fourteen-Factor Architecture

11.1 Why the Core Must Be Stable

A Core architecture must be stable enough to support consistent interpretation, application,
comparison, and accumulation of Evidence over time.

If the Factor structure changed whenever a new technology, Failure Mode, regulatory requirement,
environmental condition, or infrastructure issue appeared, the Core would lose its value as a common
invariant frame.

Stability supports:

e comparison among Context Guides;

e comparison of Infrastructure Quality State determinations over time;

continuity of interpretation;

horizontal research across Contexts;

identification of recurring patterns, gaps, and redundancies; and

distinction between Context-specific change and Core-level architectural change.
The fourteen-Factor architecture therefore should not be revised casually.

11.2 Stability Does Not Mean Rigidity
Core stability should not be confused with immutability.
The present fourteen-Factor architecture should remain open to Evidence.

A Factor may eventually prove too broad, too narrow, redundant, insufficiently distinct, or unable to
preserve an important recurring determination function.

Likewise, repeated application may reveal a major quality-relevant dimension that cannot be
represented adequately through the existing set.

Therefore:

Stable Core

# Closed Core.

The appropriate principle is:
Preserve the established architecture
unless

sufficient accumulated Evidence justifies revision.

11.3 Provisional Core-Revision Findings

During Context Guide development and other application, observations may arise that are important
but not mature enough to justify immediate structural change.

Examples may include:

e recurring information-integrity problems;
¢ repeated difficulty distinguishing observation from intervention capability;
e recurring uncertainty concerning authority at critical decision points;
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¢ repeated cross-Factor Interface problems;

e possible overlap between existing Factors; or

¢ a recurring quality-relevant dimension that appears insufficiently visible.
Such observations should be preserved as provisional Core-revision findings.

The distinction is:
Finding identified
# Core revision justified.

Preservation allows the issue to be examined without destabilizing the Core prematurely.

11.4 Horizontal Comparison Before Revision

One Context can make a particular issue appear unusually important.
That does not automatically establish Core-level significance.
Horizontal comparison across multiple Context Guides is therefore essential.
The appropriate sequence is:

Context-specific observation

— Preservation of finding

— Horizontal comparison

— Repeated pattern

— Methodological evaluation

— Possible Core revision.

Repeated appearance of the same unresolved determination function across substantially different
Contexts provides stronger Evidence than one isolated case.

The same applies in the opposite direction: if two Factors repeatedly collapse into the same practical
determination across substantially different Contexts, that may provide Evidence of redundancy.
11.5 Cross-Factor Concepts Should Not Automatically Become Factors

Some important concepts operate across several Factors.

Examples may include:

resilience;

Quality-State Information Integrity;

Interface compatibility;

organizational decision pathways;

authority for intervention;

recovery capability;

and uncertainty.

A cross-Factor concept does not automatically require a new Core Quality Factor.

The relevant question is whether the concept is already adequately represented through the existing
architecture or whether repeated Evidence shows that it performs a distinct Core-level determination
function that becomes insufficiently visible without separate Factor status.
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Until the latter is demonstrated, the concept should remain cross-cutting rather than being elevated
automatically into a new Factor.

11.6 Revision Must Preserve Factor Meaning

Revision analysis should avoid silent drift in the meaning of existing Factors.

A Factor can appear to remain unchanged while its content gradually expands until it absorbs another
Factor.

For example, if Monitoring and Performance Evaluation gradually absorbs all information-related
questions, Documentation and Traceability may appear redundant only because its original function
has been displaced.

Likewise, if Process Safety and Risk Mitigation absorbs every environmental, reliability, or stakeholder
consequence, other Factors may appear unnecessary only because their content has been relocated.

The correct test is:
Are the established major determination functions genuinely redundant?
not:

Can one Factor be redefined broadly enough to absorb another?

11.7 Revision Must Preserve the Core Level of Resolution

A new Factor should not be created merely because a technical subject becomes important or
prominent.

Subjects such as pipeline corrosion, turbine vibration, cryogenic containment, reservoir pressure,
cybersecurity, electrical protection, or gas-composition limits may be critical within a Context while
remaining manifestations of broader Core quality dimensions.

The Core should continue to operate at the level of major invariant determination questions.

Likewise, prominence of terms such as resilience, digitalization, sustainability, artificial intelligence,
climate adaptation, or autonomous systems does not itself justify Core Factor status.

The question remains whether the subject reveals a genuinely new major determination dimension
that cannot be represented adequately through the existing Factors.
11.8 Evidence Required for Revision

Any proposed addition, removal, or merger should be tested using the same logic developed in this
paper, including:

necessity;

removal;

merger;

gap;

redundancy;

Reference Layer coverage;
Failure-Mode coverage;
Lifecycle coverage;

and cross-Context testing.

A revision proposal should identify explicitly:
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What recurring problem has been observed?

In which Contexts?

Which existing Factors were considered?

Why are they insufficient or redundant?

What determination question is being lost or duplicated?
What blind area or ambiguity results?

What alternative architecture is proposed?

And what Evidence supports the change?

This makes revision itself traceable and testable.

11.9 Stability Supports Comparison Across Time and Contexts

Stable Factors make it easier to distinguish change in the Infrastructure Quality Object from change in
the assessment architecture.

Longitudinally:

earlier determination

— later determination

— changed Evidence

— changed Quality State.

Horizontally, the same fourteen-Factor frame supports comparison among Production, Transportation,
Distribution, Storage, LNG, and other energy-infrastructure Contexts even though their Context-
specific interpretations differ.

This supports cross-Context learning and identification of recurring gaps or relationships.

11.10 Controlled Revision Principle

The approach can therefore be summarized as:

Stable Core

+ Continuing Context Guide application

+ Preserved provisional findings

+ Horizontal comparison

+ Repeated Evidence

— Controlled Core revision only when justified.

This provides a middle path between permanent immutability and continuous restructuring.
The governing principle is:

The fourteen-Factor 1Ql Core should remain stable unless repeated and sufficiently broad
Evidence demonstrates that changing the Factor architecture would improve Infrastructure
Quality State determination without creating greater loss of clarity, comparability, or
methodological coherence.
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12. Conclusion

12.1 The Question Addressed

This paper examined why the IQI Core presently resolves Infrastructure Quality through fourteen
invariant Quality Factors.

The analysis did not treat fourteen as an inherited number to be defended. It began with the 1QI Core
determination task and asked what major quality-relevant dimensions must remain separately visible
to support responsible determination and communication of the Infrastructure Quality State.

12.2 What the Analysis Shows

The fourteen Factors are grounded in Function Realization and the conditions that can materially affect
it across Boundaries, Interfaces, Lifecycle Stages, operating conditions, Failure Modes, the Reference
Layer, Evidence, and changing Context.

The Factor-by-Factor analysis shows that each Factor preserves a distinguishable major determination
question.

The collective removal and merger tests show that reducing the set can create identifiable blind areas
or obscure materially different questions.

The gap and redundancy tests show that important Context-specific technical subjects do not
automatically justify additional Core Factors, while no recurring additional Core-level dimension has
yet been demonstrated strongly enough to require another Factor.

12.3 Practical Support from Context Guides

The existing IQI Context Guide family provides practical support for the present resolution:
PZN1 — Onshore Natural Gas Production Zone Infrastructure;

MNT1 — Onshore Natural Gas Main Pipeline Transportation Infrastructure;

LDN1 — Natural Gas Local Distribution Network Infrastructure;

UGS1 — Natural Gas Underground Storage Infrastructure;

and

LNG1 — Liquefied Natural Gas Infrastructure.

Across these Contexts, Intended Functions, Boundaries, Interfaces, technologies, Failure Modes,
operating conditions, Reference Layer requirements, Quality Outcome Criteria, and Evidence differ
substantially.

Nevertheless, the same fourteen major Quality Factors remain meaningful.

This does not establish permanent universal completeness. It provides bounded practical Evidence
supporting the selected Core level of abstraction.

12.4 Why Not Fewer or More?

Fewer Factors are possible in principle if several major dimensions are combined and their distinctions
moved downward.

But theoretical compressibility is not sufficient justification for compression.

Where a distinction represents a major independent question necessary for Infrastructure Quality State
determination, removing its Factor-level visibility weakens the architecture even if the distinction could
be recreated at a lower methodological level.
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More Factors are also possible in principle.

But importance of a technical subject, Failure Mode, cross-Factor concept, or industry theme does not
by itself establish Core Factor status.

An additional Factor requires Evidence of another independent Core-level determination dimension
that cannot be represented adequately within the existing set without distortion.

12.5 Scope of the Present Justification

This paper justifies the present architecture of fourteen invariant QI Core Quality Factors.

It does not independently justify the invariant number, detailed content, or complete methodological
architecture of the Core Quality Indicators.

The Indicators form part of the established IQI Core and support its application, but their independent
methodological justification is a separate and more detailed task.

The narrower proposition established here is that the fourteen distinctions represented by the Core
Quality Factors are sufficiently fundamental to remain visible at the Factor level rather than being
collapsed into fewer broad Factors and delegated entirely to subordinate levels.

12.6 Final Proposition

The analysis supports the following conclusion:

The 1QI Core presently resolves Infrastructure Quality through fourteen invariant Quality
Factors because this is the smallest currently supported Core resolution that preserves the
major distinguishable quality-relevant dimensions necessary for Infrastructure Intended
Function realization and sufficiently broad Infrastructure Quality State determination without
unnecessary Context-driven fragmentation.

The significance of fourteen therefore lies neither in numerical preference nor in a claim of permanent
immutability.

Its significance lies in the present methodological finding that:
fewer Factors would obscure major distinguishable determination questions;
while

more Factors have not yet been justified by Evidence of additional independent Core-level quality
dimensions.

The fourteen-Factor architecture should therefore remain stable but testable.

Other Context Guides, Reference Layer mapping, Failure-Mode analysis, operating experience, and
horizontal comparison across infrastructure Contexts can provide additional Evidence.

If repeated application reveals a persistent gap or redundancy, that Evidence should become the basis
for possible Core revision.

Until such Evidence emerges, the fourteen-Factor architecture provides the justified invariant
foundation of the 1QI Core.
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