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EXECUTIVE SUMMARY

Managing Major Accident Hazards (MAHs) on offshore oil and gas facilities requires balancing stringent regulatory safety
compliance with operational lifecycle viability. Standard industrial engineering has traditionally executed Hazard and
Operability (HAZOP) reviews, Safety Integrity Level (SIL/LOPA) determinations, and Quantitative Risk Assessments (QRA)
in distinct technical phases. While sequential workflows maintain project clarity, they risk introducing disconnects between
design assumptions and operational realities.

This revised paper establishes a Pragmatic Integrated Risk Framework (IRF). It integrates qualitative deviation
identification, semi-quantitative layer-of-protection verification, and spatial consequence modeling into an auditable
continuum. Addressing practical engineering concerns, the framework explicitly accounts for industry risk tolerances, legacy
asset grandfathering, phased QRA deliverables, screened physics modeling, and an Enterprise Risk Management (ERM)
Investment vs. Returns decision boundary.

1. CALIBRATED DATA, RISK TOLERANCE & THE BARRIER-MAINTENANCE DILEMMA

In offshore operations, target mitigation frequencies (TMEF) and acceptable risk thresholds (e.g., individual risk criteria 1.0 x

10 t0 1.0 x 107 /yr) are fundamentally shaped by statutory regulatory mandates and established corporate risk criteria. A
core finding in practical technical safety is that more barriers do not necessarily yield a safer or more cost-effective
asset.

When plant-specific calibrated data is introduced into HAZOP and LOPA without screening, degraded component failure rates
can artificially drive up demand frequencies. If an assessment mandates additional safety loops, the operator inherits an
escalating testing and maintenance burden. Over-instrumenting offshore topsides increases offshore technician man-hours,
increases operational risk during proof-testing, and creates nuisance trips. Therefore, the Integrated Framework enforces
Inherently Safer Design (ISD) principles—such as pipe schedule uprating or containment redesign—prior to permitting
additional hardware safety instrumented functions (SIFs).

Legacy Assets & The Grandfather Clause Provision:

Applying dynamic, plant-specific calibration to aging assets (e.g., 30- to 40-year-old offshore facilities) can create
insurmountable compliance hurdles if evaluated against modern greenfield criteria. For example, in an operational platform
where harsh marine atmospheric corrosion causes pressure transmitters to experience frequent sensor drift or fail multiple
times a month, recalculating SIL requirements strictly from unadjusted raw failure data would demand extensive instrumentation
overhauls.

Under this framework, Legacy Facility Grandfathering Clauses are formally recognized. Where hardware modifications are
demonstrably ALARP or technically impractical, operational compensating controls—such as increased manual visual rounds,
automated sensor health diagnostics, or targeted PM adjustments—are credited in lieu of forcing cost-prohibitive structural
revamps.
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2. PHASED PROJECT EXECUTION & QRA MATURATION TIMING

A frequent constraint in risk engineering is project timing. QRA is traditionally employed early in Concept and Pre-FEED
phases to establish facility plot layouts, separation distances between hazardous process areas and the Temporary Refuge
(TR), and preliminary blast wall ratings. At this initial stage, detailed P&IDs and finalized Heat & Mass Balances (H&MB) are
not yet mature.

The Integrated Framework addresses this through a Two-Gate Maturation Workflow:

- Gate 1 (Early Plot Plan & Spatial Framing): Pre-FEED QRA relies on envelope-based release points and generic
failure rates to lock in structural layouts and logistics.

» Gate 2 (Integrated Execution at Detailed P&ID Freeze): Once detailed design and P&IDs are frozen, HAZOP
deviation nodes, LOPA IPL tags, and QRA release isolations are systematically harmonized. This ensures that the final
as-built safety case, FERA, and occupied building risk assessments accurately reflect installed functional safeguards.

3. PRAGMATIC CONSEQUENCE MODELING VS. PRE-LOPA BOTTLENECKS

Running full dynamic computational fluid dynamics (CFD) or rigorous dense gas dispersion physics for every single deviation
scenario prior to a LOPA session is neither practical nor commercially justifiable. It creates extensive project delays and
inflated pre-workshop budgets.

The framework resolves this through a Graduated Consequence Screening Tier:

Assessment Tier Applied Engineering Methodology Applied Scope & Deliverable

Tier 1: Standard LOPA Standard lookup tables (IP 15 / Energy Institute) using Standard high-frequency, low-to-
generic release classifications and standard ignition medium consequence deviations.
probabilities (Pign = 0.1 to 0.01). Covers ~85% of scenarios.

Tier 2: Targeted Physics Phenomenological empirical modeling (Phast / Safeti) High-consequence Major Accident

Screening triggered strictly when a scenario involves flammable Hazards (MAHSs) requiring defensible
inventory > 500 kg or proximity to the Temporary Refuge ignition or overpressure proof.
blast wall.

4. ENTERPRISE RISK MANAGEMENT (ERM): INVESTMENT VS. RETURNS

To demonstrate genuine commercial and safety value, the integrated approach must be justified within the operator's
Enterprise Risk Management (ERM) framework. Adopting centralized databases and coordinated studies incurs an upfront
engineering effort that must be offset by downstream savings.

The Investment vs. Returns Trade-Off:

Upfront integration increases front-end safety engineering coordination by an estimated 10—15%. However, this minor
investment eliminates the common downstream trap of over-allocating SIL ratings. In offshore environments, reducing a single
SIF requirement from SIL 3 to SIL 2 or SIL 1 saves significant lifecycle capital and operating expenditures:

- Eliminates redundant subsea/topside voting transmitters and testing valves ($250k—$600k per loop).
 Reduces recurring offshore technician proof-testing trips, sparing vessel logistics and helicopter transfers.
» Minimizes asset downtime caused by spurious trips from over-complex voting logic.

5. COMPARATIVE PROJECT DEMONSTRATION: CONVENTIONAL VS. INTEGRATED

The operational and financial differences between the two execution models are benchmarked below using a typical offshore
topside production project:
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Integrated Framework (Alinoz Engineering
Approach)

Evaluation Parameter Conventional Siloed Project Execution

Study Interaction HAZOP reports exported to Word/Excel; LOPA Centralized database tying P&ID tag numbers
executed separately months later; QRA performed across HAZOP causes, LOPA IPLs, and QRA
by a third party. release scenarios.

Barrier Crediting LOPA credits instrumented loops without verifying if Cross-checked against QRA fire/blast contours;
cable routing is vulnerable to local jet fire invalidates IPL credit if safety cabling is engulfed in
envelopes. flame.

Hardware Allocation Conservatism drives multiple high-SIL loops (SIL Inherent safety engineering (pipe uprating, vessel
2/3) to compensate for analytical uncertainties. redesign) prioritized, reducing required SIF loops by

25-35%.

ALARP Traceability ALARP argued qualitatively across separate Auditable, end-to-end mathematical traceability

narrative chapters with fragmented audit records. from process hazard to field proof-test intervals.

6. CASE STUDIES: GREENFIELD OPTIMIZATION VS. BROWNFIELD LEGACY ASSET

CASE STUDY 1: GULF OF MEXICO DEEPWATER GREENFIELD FACILITY

System Context: High-Pressure Gas Compression (180 barg, 250 MMSCFD) adjacent to the Temporary Refuge (TR).

» Conventional Approach: HAZOP identified blocked discharge; LOPA mandated an instrumented 1003 SIL 3
High-Integrity Pressure Protection System (HIPPS) due to limited PRV choked capacity.

* Integrated Approach Intervention: Spatial blast analysis demonstrated that an ignited release would generate
0.85 bar overpressure on the TR wall (limit: 0.50 bar) and engulf the HIPPS cabling. The integrated team up-rated
the interstage piping design pressure, safely eliminating the rupture scenario at the source.

» Outcome: Downgraded instrumentation requirements to a manageable SIL 2 (1002) loop, saving $1.2M in
capital hardware and ongoing testing logistics while reducing platform IRPA by 18%.

CASE STUDY 2: 38-YEAR-OLD OFFSHORE BROWNFIELD PLATFORM (LEGACY ASSET)

System Context: Legacy separation module with frequent instrument drift and historical pressure transmitter failure
rates (~3 times/month due to salt-air corrosion).

 Challenge: Raw uncalibrated LOPA calculations would have required replacing all pneumatic safety shutoff
systems with SIL 2 electronic voting architecture—an unviable revamp on an asset near end-of-life.

« Integrated Resolution: Invoked the formal Grandfather Clause Protocol. The facility’'s QRA demonstrated that
overall societal risk remained within ALARP bounds due to low manning levels. Compensatory operational
controls were implemented: daily physical rounds, quarterly sensor recalibrations, and dynamic e-PTW isolation
controls.

» Outcome: Regulatory compliance maintained under BSEE SEMS Il without multi-million dollar brownfield
shutdowns.

7. FUTURE HORIZONS: AI-ASSISTED SAFETY ENGINEERING & MODEL INTEGRATION

The manual integration of multi-faceted safety studies represents an interim phase in engineering evolution. The next frontier
in Process Safety Management lies in Al-assisted parallel modeling tools:

* Direct CAD/P&ID Semantic Parsing: Machine learning algorithms extract piping classes, isolation valve tags, and
process fluids directly from digital engineering twins.
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« Parallel Auto-Execution: Algorithms simulate standard deviation nodes, query localized dispersion envelopes, and
populate initial HAZOP/LOPA worksheets in real time for human SME review.

» Dynamic Operational Twins: Safety models transition directly into the plant Distributed Control System (DCS) and
Electronic Permit to Work (e-PTW) platforms, providing real-time operational risk visibility throughout the facility

lifecycle.
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