ﬂ---——-—-rE.__,.--

- ”‘E@Taofety m,.the on

Senior Advisor
Shell Aircraft International

ASTG Seminar =03 May 2006




Overview

 The Problem
Analysis
Strategy

Benefits

Summary




The Problem

Fatal Accident Rate (FAR) for Offshore
Helicopter operations Is that of

the average global airline




Typical Fatal Accident Rate

Fatal Accidents/million hrs
Commercial airline 0.6
Commuter airline 2.0
Offshore helicopter transportation 6.4

Helicopter support for seismic operations




Airline Fatal Accident Rate Improving




Helicopter Trend Getting Worse

GOM Offshore Accident Rate/100K Hours with 3 Year Moving Average

—&— Accidents =— 3 year moving average)




Comparison

* Helicopter Accident rates equivalent to airlines in mid 1970s
* Most offshore helicopters were designed 25+ years ago

e Passengers have no choice




What have airlines done?

Damage tolerant design; system redundancy; improved
reliability/crashworthiness

Modern flight simulators

Engine and vibration monitoring systems to identify incipient failures
Safety Management Systems to reduce human errors

Flight data monitoring programs (FOQA)

Disciplined take-off and landing profiles (e.g. stabilised approach)

EGPWS/TAWS; TCAS

We can apply similar measures to helicopters
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Major Oil Company Fatality Distribution - 1992

In 1992, aircraft
accidents were the
second most common
cause of fatalities.

Road Aircraft Fire/ Fall Falling Drowning Other Crush  Electrical Assault

Exposion Object




Company Aviation Department Response

Development of safety targets and focussed programme

Group Standards for Aircraft Operations

Aviation Safety Management System

Aircraft performance standards

Pilot, maintenance and passenger training

Equipment fit — items that could have prevented half the GoM fatalities since 1992

Quality-based Maintenance

Approval of air operators and aircraft types
Funded Safety Research Programmes

Influenced industry and regulatory bodies




Resultant Company Fatal Accident Rate
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Industry Safety Trends - Offshore

Averag

Accident rate (per million 1%.3
flying hrs)

Fatal accident rate (per 6.4
million flying hrs)

Accidents per year 15.4
Fatalities per year 20.8

International Association of Oil and Gas Producers (1998 — 2004)




OGP Safety Commitment (2004)

“The Individual risk per period of flying
exposure for an individual flying on

OGP contracted business should be no
greater than on the average global
airline.”




Analysis — Next Steps

« Accident Analysis

— OGP published data on offshore accidents
— NASA — US Civil Helicopter Accidents 1963 — 1997

— Individual US/UK Accident Reports

* Design Reviews

— FAA Design Requirements
» Part 29 Amendments 12 - 47

e Part 27 Amendments 11 - 40
— Type Certificates for offshore helicopters

— Design reviews of S76 and AS332

» Risk Mitigation




Twin Engine Helicopters — Accident Cause — NASA Study

Loss of Control
Other ops
B 0ss of Power
B Main Rotor

Tail Rotor
B Other airframe
B Rotor contact -person

Misc/ other

Dec 2000 NASA study is our baseline for accident causes.




Analysis - Conclusions

e Large percentage of accidents could be prevented

 Range of initiatives required:

Introduction of latest design standards

Improved training, simulators, LOFT, CRM
Safety Management Systems, Quality Assurance
Health and Usage Monitoring System (HUMS)
Helicopter Flight Data Monitoring (HFDM/HOMP)
Performance Classl and 2e profiles

EGPWS/TCAS

e Together, these form 7/7 = 1 Strategy
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Implementation of “7/7 = 1" Strategy

Introduction of latest design standards
Improved training, simulators, LOFT, CRM
Safety Management Systems, Quality Assurance
Health and Usage Monitoring System (HUMS)
Helicopter Flight Data Monitoring (HFDM/HOMP)
Performance Classl and 2e profiles

EGPWS/TCAS




Latest Design Standards Require

Improved performance with one engine inoperative
Redundant systems with flaw tolerance
Fail safe designs

Digital flight management systems to reduce pilot workload,
Improve situational awareness, and help cope with
emergencies

Crashworthy airframe, fuel cells, and passenger/crew seats




Implementation of “7/7 = 1" Strategy

Introduction of latest design standards

Improved training, simulators, LOFT, CRM
Safety Management Systems, Quality Assurance
Health and Usage Monitoring System (HUMS)
Helicopter Flight Data Monitoring (HFDM/HOMP)
Performance Classl and 2e profiles

EGPWS/TCAS




OGP Offshore Accident Causes 1995-2003 (121 Total)

Fuel Quality Mid Air
Control 504,
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Unknow n Total Technical
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Pilot Training

e Simulator Training

— Allows pilots to practice malfunctions which are dangerous or impractical in
the real aircraft

e Line Orientated Flying Training (LOFT)

— Focus on routine profiles

 Crew Resource Management (CRM)

— Often the difference between success and failure when dealing with problems




Implementation of “7/7 = 1" Strategy

Introduction of latest design standards

Improved training, simulators, LOFT, CRM

Safety Management Systems, Quality Assurance
Health and Usage Monitoring System (HUMS)
Helicopter Flight Data Monitoring (HFDM/HOMP)
Performance Classl and 2e profiles

EGPWS/TCAS




Safety Management Systems

 Safe Methods of Work

— Methods and systems of working such that hazards are automatically
controlled

— Safety is embedded into the day-day workings of the system from it's
Inception

— Organizational systems for the assurance of safety in all activities

Identification and Management of Hazards

— A system for the proactive management of hazards that is both embedded
in, and autonomous to, the systems to assure safety




A Typical ‘Quality’ System




Implementation of “7/7 = 1" Strategy

Introduction of latest design standards

Improved training, simulators, LOFT, CRM
Safety Management Systems, Quality Assurance
Health and Usage Monitoring System (HUMS)
Helicopter Flight Data Monitoring (HFDM/HOMP)
Performance Classl and 2e profiles

EGPWS/TCAS




OGP Offshore Accident Causes 1995-2003
Technical Related (31% of Total)

Component
Failure
54%

Engine
Related
46%




OGP Offshore Accident Causes 1995-2003
Component Failure - Technical Related

Unknown
10% Bird Strike,

Main Rotor or Damage to
Transmission Control Rods

Component 5%
30%

Other
Equipment
Failure
Taill Rotor 10%
Failure
45%




UKCAA — HUMS Analysis

Main Rotor

Sy Tail Rotor

System

Planetary System

Oil Cooler

H
B Failure
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- Success
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Engine to B

gearbox
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« HUMS can detect 69% of mechanical defects in critical rotating parts before failure.

» Recent studies show 40% of helicopter accidents are fatigue/component failure related.




Implementation of “7/7 = 1" Strategy

Introduction of latest design standards

Improved training, simulators, LOFT, CRM

Safety Management Systems, Quality Assurance
Health and Usage Monitoring System (HUMS)
Helicopter Flight Data Monitoring (HFDM/HOMP)
Performance Classl and 2e profiles

EGPWS/TCAS




HOMP/HFDM Management Process

Flight data - Data Replay,
@ Analysisand
Verification

Changesto
Changesto HOMP,

Procedures S
’ | nvestigations
Manuals, m _ :
etc. Review Meeting

| Y
Reporting of I
Trend information
to Management

and Staff 5 Confidential
Crew Feedback

45% to 65% of all accidents involve human error

Trend analysis and problem identification before they result in an accident
Take-off and landing profile compliance

Training aid; Trouble shooting




Implementation of “7/7 = 1" Strategy

Introduction of latest design standards

Improved training, simulators, LOFT, CRM
Safety Management Systems, Quality Assurance
Health and Usage Monitoring System (HUMS)
Helicopter Flight Data Monitoring (HFDM/HOMP)
Performance Classl and 2e profiles

EGPWS/TCAS




Performance Class 1 and 2e




Implementation of “7/7 = 1" Strategy

Introduction of latest design standards

Improved training, simulators, LOFT, CRM
Safety Management Systems, Quality Assurance
Health and Usage Monitoring System (HUMS)
Helicopter Flight Data Monitoring (HFDM/HOMP)
Performance Classl and 2e profiles

EGPWS/TCAS
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What can be achieved

e In 2004, Shell completed a detailed study to quantify the
safety benefits of the new design types and to rank all
available means of improving helicopter safety.

Developed a life-cycle cost model to establish whether the
potential safety initiatives were practicable and affordable.

If all initiatives are fully and effectively
Implemented, the accident rate can be
reduced by up to 80%.




Percentage accidents preventable by individual
mitigation measures

Late FAR 29/Enhanced Handling
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Risk Mitigation Options

[ Accident Rate/million hrs

OPTION A — Baseline NASA B Fatal Accident Rate
=@ Cost - $million per year (1000 hrs)

FAR Part 135/Part 91 Twin Engine — early
FAR 29

OPTION B — Typical global offshore
(OGP)

: — Variable depending
Baseline/early FAR 29 + Limited SMS/QA on procurement,

and Ops Controls + part HUMS + CRM, finance and
part simulator, LOFT + part helideck depreciation policy
management

OPTION C — New aircraft — early/mid FAR
Option B full SMS/QA + full HUMS + full
simulator training + ICAO helidecks + Perf
Class 2 + HOMP + TCAS/EGPWS =
OPTION D - New aircraft - late FAR 29 I
C D

Option C + enhanced cockpit/HQ +

enhanced Perf Class 2/Class 1 + Impact A B
Warning System Baseline Typical New Aircraft New Aircraft
NASA  Current OGP early FAR - late FAR




Helicopter Trend Getting Worse

GOM Offshore Accident Rate/100K Hours with 3 Year Moving Average
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3 year moving average)
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Summary

e What has the airline industry « Helicopter Mitigation available
done in the intervening years? now or in the near future:

Damage tolerant design; system
redundancy; improved reliability

Modern flight simulators

Engine and vibration monitoring
systems to identify incipient failures

Safety Management Systems to
reduce human errors

Flight data monitoring programs
(FOQA)

Disciplined take-off and landing
profiles (e.g. stabilised approach)

EGPWS/TAWS; TCAS

Late FAR29 + improved handling
gualities /man-machine
interface/glass cockpit

Full flight simulator +LOFT & CRM

HUMS/VHM/EVMS - resourced and
managed

SMS/QA/Ops Controls/Helideck
Management

HOMP — resourced and managed

Perf Class1/2e & helideck operating
profiles

EGPWS/TCAS




We believe we all have a moral, ethical, and legal obligation

to make helicopters as safe as reasonably practicable

ALARP — we know what can be done and that the cost is not
disproportionate to the benefits to be gained

The “Red Face” test




Here Is The Difference We Can Make

e In 10 years of OGP offshore and seismic helicopter
operations with

— Fatal accident rate — 6.4 per million hours — 35.1 per million hours
« 250 fatalities — 40 fatalities

— Fatal accident rate — 2.0 per million hours (like current North Sea record)
» 78 fatalities — 2.3 fatalities — 172 and 38

— Fatal accident rate — 1.0 per million hours

o 39 fatalities — 1.1 fatalities — 211 and 39

We will not fully achieve our goals until everyone - manufacturers,
operators, regulators, and their customers — are headed in the same
direction




Helicopter Safety in the Ol
and Gas Business

QUESTIONS?




Risk Mitigation Measures

Assigned Effectiveness of mitigation measures % Key
DR Late FAR 29 50% [DR Design requirements - late amendt FAR/JAR 29
DR/HQ Late FAR+HQ  60% . DR/HQ  Handling qualities/advanced cockpit design + late FAR 29
Training - 12 monthly Sim/CRM/LOFT ~ 45% .Training FFS level C/D + CRM + LOFT
HUMS Incl effective mgt ~ 65% . HUMS  Health & Usage Monitoring System
SMS/OC/QA/Helideck Enhanced SMS/QA 55% . OC/QA  JAR Ops 3 /SMS/QA/CAP 437 helideck management
HOMP Incl effective mgt ~ 50% . HOMP  Helicopter Operational Monitoring Programme
EGPWS/TCAS 75% . EGPWS  Enhanced Ground Proximity Warning System
B TCAS  Traffic Alert & Colision Avoidance System

PC1/2e Incl 1D decks 65% . PCl/2e  PerfClass 1 or enhanced Perf Class 2
IW New design 50% . IW Impact warning system

Crew Resource Management

Line oriented flight training

Safety Management System

As we analysed the accidents, we evaluated risk mitigation measures and a
panel of experts assigned potential effectiveness levels for each of these risk
mitigation measures against the applicable hazards




Mitigation Analysis - Generic Twin - NASA Data

1 Pilot related (in air)

In flight collision with object
Airport/helipad/fence
Wire
Other-trees, brush, acft

Loss of control
Handling
Loss of reference/disori
System deficiency
Misc/undetermined

In flight collision with terrain

Weather

On ground/water collision wit

Hard landing

Mid air collision

Rollover/Noseover

Subtotal %o

2 Technical

Loss of engine power
Engine structure
Fuel system related
Other

Airframe component/system
Main rotor
Main rotor drive train
Main rotor control systei
Tail rotor
Tail rotor drive train
Tail rotor control systemn
Other airframe

Fire/explosion

Gear collapsed

Subtotal %o

3 Other

Rotor contact -person

Misc/other

Subtotal %o
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Level 1
Mitigation

w
EGPWS/TCAS
EGPWS/TCAS

DR/HQ
Training

DR

Training
EGPWS/TCAS
Training

w

Training
EGPWS/TCAS
HOMP

%

DR
PC 1/2e
PC 1/2e

DR
DR
DR/HQ
DR/HQ
DR/HQ
DR

DR

DR

%

OC/QA
HOMP
%

MF1

0.50
0.75
0.75

0.60
0.45
0.50
0.45
0.75
0.45
0.50
0.45
0.75
0.50

0.50
0.65
0.65

0.50
0.50
0.50
0.60
0.60
0.60
0.50
0.50
0.50

0.50
0.50

Level 2
Mitigation

OC/QA
OC/QA
W

HOMP
DR/HQ
HOMP
HOMP
HOMP
OC/QA
OC/QA
PC 1/2e
Training
DR/HQ

PC 1/2e
DR
DR

HUMS
HUMS
HUMS
HUMS
HUMS
HUMS
OC/QA
OC/QA
OC/QA

OC/QA
Training

Factor

MF2

0.43
0.43
0.43

0.43
0.51
0.43
0.43
0.43
0.43
0.43
0.55
0.38
0.51

0.55
0.43
0.43

0.55
0.55
0.55
0.55
0.55
0.55
0.43
0.43
0.43

0.43
0.38

0.85

Level 3
Mitigation

HOMP
HOMP
Training

Training
HOMP

Training
PC 1/2e
Training
PC 1/2e
Training
DR/HQ

HOMP

Training

HUMS
OC/QA
HUMS

OC/QA

Training
Training
OC/QA

Training
Training
Training
Training
Training

Training
OC/QA

Factor

MF3

.38
38
34
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Risk mitigation measures applied to accident causes with 3 levels of diminishing

efficacy.




