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FOREWORD 
 
This operational safety-risk analysis (OSRA) was conducted on behalf of the C-NLOPB OHSI 
Implementation Team so it could advise the Board on whether night transportation flights in the C-NL 
Offshore Area should be resumed, and if so, the requirements that should govern night operations.  
 
Please direct comments regarding this report to: 
 
Mr. Max Ruelokke, P. Eng. 
Chair and Chief Executive Officer 
Canada-Newfoundland and Labrador Offshore Petroleum Board  
Fifth Floor, TD Place 
140 Water Street 
St. John‟s NL 
A1C 6H6 
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EXECUTIVE SUMMARY 
 
Night flight in the C-NL Offshore Industry was curtailed in February of 2010 as a result of a 
recommendation from the Honourable Robert Wells, Q.C., Commissioner of the Canada-
Newfoundland and Labrador Offshore Helicopter Safety Inquiry (OHSI). He subsequently released 29 
recommendations when he concluded Phase 1 of the OHSI in November 2010. Recommendation 12 
addressed night flying, and called for an assessment of the risk factors related to night flight before 
deciding whether night flight should be resumed. The recommendation also stated that 
representatives from all key stakeholder groups (i.e., the C-NLOPB, the Helicopter Service 
Provider[s], Oil Operators, and the workforce) should participate in the evaluation of risks. 
 
Consequently, a multi-phased safety study was conducted to identify the areas in which the level of 
risk related to night helicopter transport operations in the Jeanne d‟Arc Basin would exceed that of 
daytime operations; and to determine if there were ways by which the associated risks could be 
managed to an acceptable level  
 
The safety study began with a review of reference material related to night flights from other 
jurisdictions. Next, a panel of subject matter experts (SMEs) who represented key stakeholders was 
convened to identify the hazards related to night flight, and to highlight the defenses in place to 
prevent an accident from occurring. Later, a focus group of SMEs was convened to determine the 
efficacy of the existing defenses and – where appropriate – to propose additional mitigation. The 
report has been used by the OHSI Implementation Team to prepare its advice to the Board regarding 
the possible resumption of night flight. 
 
The expert panel identified five key accident types that could occur in the Jeanne d‟Arc Basin at night:  
 

1. Impact with ground during take-off or landing at St. John‟s Airport (YYT);  
2. Ditching en route;  
3. Controlled flight into terrain, water, or an obstacle (CFIT) while en route;  
4. Collision in the vicinity of or with the installation during the approach, arrival, or landing; and  
5. Collision in the vicinity of or with the installation during take-off, transition, go-around, or 

departure. 
 
It was concluded that the likelihood of an accident during departure and arrival at YYT or of a CFIT 
accident en route (i.e., 1 and 3 above) would be similar during day or night operations. It was 
determined that if night flights were resumed with only the current mitigation in place, there would be 
a greater likelihood of accidents at the installation (i.e., 4 and 5); and that a ditching at night (i.e., 2) 
would likely result in more serious injuries to the aircraft occupants than a ditching during the day. 
Mitigations to address these risks were proposed. 
 
The panel identified three groups of hazards that contribute to the increased risk of night flight. 
 

1. Hazards associated with migratory birds – A number of migratory bird species are known to 
fly in flocks at night along the east coast of Newfoundland. These flocks would not likely be 
spotted by pilots, and could lead to a damaging bird strike, and subsequent ditching. 
 

2. Hazards that impact human performance – Pilots flying offshore at night would face several 
hazards associated with conducting visual manoeuvres during take-off, landing, go-around, 
and ditching in low- or no-light conditions. 
 

3. Hazards that impede egress, survival, and rescue at night – The efforts of personnel 
attempting to evacuate a helicopter after a ditching at night could be hampered by the lack of 
light, as would SAR crews when attempting to locate and rescue survivors.  
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A number of mitigating strategies were proposed to reduce the risks associated with these hazards. A 
study would be necessary to determine the level of risk associated with a seasonal presence of 
nocturnal migratory bird species. If deemed necessary, the risk of a bird strike could be reduced by 
introducing mechanisms to detect and forecast the route and altitude of flocks that migrate at night, 
and by instituting procedures for night helicopter operations during the migratory seasons.  
 
To manage hazards associated with human performance, the SMEs felt that mitigation would need to 
focus on ensuring that pilots flying at night would perform optimally as a crew. The content and 
frequency of simulator training for night operations would need to be critically reviewed and – where 
appropriate – enhanced. Improvements in training and in the simulation of ditching would improve 
flight crews‟ capabilities to ditch successfully. It would also improve their decision-making and 
communications skills, and engender confidence in their capability to handle extremely demanding 
operational conditions. 
 
There would be need to conduct a specialist study of the causes and effects of fatigue on flight crew 
operating in the C-NL Offshore Industry. The findings could be employed to design an integrated 
fatigue management program (FMP). The FMP would cover Cougar‟s aircrew and maintenance 
personnel. 
 
Ditching is a visual manoeuvre, and it was determined that there are insufficient visual references to 
conduct a controlled ditching or autorotation at night. While there is very little likelihood of having to 
ditch, and the probability of a ditching is considerably higher during day than night, the SMEs felt it 
was important that pilots have sufficient visual cues to ditch successfully in no- or low-light conditions. 
There are a number of new technologies such as night vision goggles (NVGs) under development 
that have potential to enhance the night vision of pilots in the C-NL Offshore Area. Therefore, a 
detailed feasibility study of NVGs or other vision enhancing systems would need to be conducted if 
consideration is given to resuming night flight.   
 
In light of the adverse consequences of a night ditching, and therefore the importance of an effective 
response, there would be benefit in continuing – and if appropriate, enhancing – joint exercises 
involving all of the key responders to a ditching at night in the C-NL Offshore Area. Additionally, there 
would be benefit in reviewing the current protocols between the Department of National Defence 
(DND) and Cougar Helicopters in the context of this report. For instance, a new flight planning 
requirement might include considering the availability of the DND primary SAR aircraft.  
If a decision is made to resume night helicopter transportation, a centralized change management 
plan would be required so that risk management activities were implemented effectively. This plan 
would include all key stakeholder groups, including the various departments within Cougar 
Helicopters, and the three Operators. 
 
Night helicopter transportation evokes strongly-held views that are potentially polarizing. If a decision 
were made to resume night flights, a comprehensive communications strategy should be 
implemented to address explicitly the concerns that will result from that decision. Additionally, a 
performance measurement framework would need to be developed to evaluate the effectiveness of 
the mitigation that would be employed to resume night flight.   
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GLOSSARY 
 
AFCS automatic flight control system 

AGL above ground level 

ATC air traffic control 

ATS Air Traffic Services 

BST  Basic Survival Training 

CAA Civil Aviation Authority 

CFIT controlled flight into terrain, water, or 
an obstacle 

C-NLOPB Canada-Newfoundland and Labrador 
Offshore Petroleum Board 

CRM crew resource management 

DND Department of National Defence 

ELT emergency locator transmitter  

FAA Federal Aviation Administration 

FAR Federal Aviation Regulation 

FLIR Forward Looking Infrared 

FMP fatigue management program 

FPSO Floating Production Storage and 
Offloading Vessel 

FRC Fast Rescue Craft 

FSF Flight Safety Foundation 

HFDM Helicopter Flight Data Monitoring 

HLO Helideck Landing Officer 

HMDC Hibernia Management and 
Development Company Ltd. 

HSAC Helicopter Safety Advisory Conference 

HUMS Health & Usage Monitoring System 

ICAO International Civil Aviation 
Organization 

IFR instrument flight rules 

IMC instrument meteorological 
conditions 

JRCC Joint Rescue Coordination 
Centre 

KIAS  knots indicated airspeed 

Kts knots (nautical miles per hour) 

MEA minimum en route altitude 

MEDEVAC medical evacuation flight 

MODU Mobile Offshore Drilling Unit 

MSA minimum safe altitude 

MSL mean sea level 

MTOW maximum take-off weight 

NM nautical mile  
(where 1 NM equals 1852 m) 

NVG night vision goggles 

OHSI Offshore Helicopter Safety 
Inquiry 

OSRA Operational Safety Risk Analysis 

PF pilot flying  

PLB Personal Locator Beacon 

PM pilot monitoring 

PPE personnel protective equipment 

RADALT radar altimeter system 

RAM risk assessment matrix used by 
Cougar pilots to self-assess their 
human factors‟ preparedness for 
work 

S-92A Sikorsky helicopter used offshore 
NL  
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SA situational awareness 

SAR search and rescue 

SARSAT Search and Rescue Satellite Aided 
Tracking 

SME subject matter expert 

SMS safety management system 

SOP Standard Operating Procedure 

SSD system safety deficiency 

TC Transport Canada 

VFR visual flight rules 

VMC visual meteorological conditions 

Vmini instrument flight minimum speed 

VNE Velocity Never Exceed speed 

YYT St. John‟s International Airport 
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1. INTRODUCTION 

1.1  Background 

 
On February 8, 2010, the Commissioner of the Canada-Newfoundland and Labrador Offshore 
Helicopter Safety Inquiry (OHSI), the Honourable Robert Wells, Q.C., wrote the Chair and CEO of the 
Canada-Newfoundland and Labrador Offshore Petroleum Board (C-NLOPB) advising against the 
continuation of night flights. Night passenger transport flights were immediately curtailed. Nine 
months later, when the report containing 29 recommendations was released, the Commissioner 
expressed the belief that if night flights were to recommence, representatives from all the key 
stakeholder groups (i.e., the C-NLOPB, the Helicopter Service Provider[s], Operators, and the 
workforce) should participate in the assessment of the risk factors related to night flight.  
 
The C-NLOPB OHSI Implementation Team was formed in early January 2011 to advise the 
C-NLOPB (hereafter referred to as “the Board”) on the implementation of the recommendations 
issued by Commissioner Wells. The Implementation Team was composed of individuals from all of 
the key stakeholder groups. Leaders of the Implementation Team and senior managers from the 
three primary Operators agreed that a comprehensive safety analysis would be an appropriate 
mechanism to determine whether night transport operations should resume.  
 

1.2  Purpose 

 
The aim of the Operational Safety Risk Analysis (OSRA) was to identify critical areas of safety-risk 
related to night helicopter transport operations in the C-NL Offshore Industry and propose ways by 
which the risks could be managed to an acceptable level1.  
 

1.3  Scope 

 
The scope included year-round helicopter transportation by S-92A aircraft between St. John‟s Airport 
and offshore installations located in the Jeanne d‟Arc Basin.  
 
The OSRA focused on night flight. Where appropriate, observations were made regarding daytime 
operations.  
 
The study employed the definition of night used by the International Civil Aviation Organization 
(ICAO), which is as follows: 
 

the hours between the end of evening civil twilight and the beginning of morning civil 
twilight or such other periods between sunset and sunrise as may be prescribed by the 
appropriate authority. Civil twilight ends in the evening when the center of the sun‟s disc 
is 6 degrees below the horizon and begins in the morning when the center of the sun‟s 
disc is 6 degrees below the horizon.  

                                                      
1 For the purposes of the study, it was assumed that operations in daylight are managed to an acceptable level of risk. 
Therefore, the study sought to determine those areas where the risk of night flight exceeded that of daytime operations, and 
whether that risk could be reduced to the level of daytime operations, hence an equivalent „acceptable level‟. 
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1.4  Method 
 

1.4.1  Overview 

 
An adaptation of the „Bow Tie‟ risk assessment technique was employed to identify the key areas of 
risk associated with helicopter transport operations at night in the Jeanne d‟Arc Basin. An expert 
panel was formed with persons with significant experience in: 
 

 Operating the S-92A aircraft in helicopter transport and SAR operations; 

 SAR operations conducted by the Department of National Defence (DND) on the east coast 
of Canada; 

 The logistical aspects of offshore oil operations; 

 Weather observation from offshore installations;  

 Being a passenger on S-92A flights to and from the offshore installations;  

 Personal protective equipment (PPE) and survival training; and  

 C-NLOPB regulatory oversight programs.  
 
The participants are listed in Appendix A.  
 
Additional information was examined to complete the analysis2.  
 

1.4.2  Bow Tie technique 

 
The Bow Tie Technique is a variation of a “cause-consequence analysis”3 that combines the features 
of inductive reasoning obtained in Event Tree Analysis with the features of deductive reasoning found 
in Fault Tree Analysis. The Bow Tie model was developed by Shell as a risk assessment method to 
take account of the role that “barriers” (or defenses) can play in reducing the likelihood and severity of 
accidents4, while examining the factors that can undermine the barriers‟ effectiveness.  
 
 

                                                      
2 This included the review of helicopter-related and other operational documents, safety studies, and occurrence data and 
interviews. Additionally, a focus group was convened early in October to specifically evaluate the effectiveness of existing 
mitigation.  Participants in the focus group are listed in Appendix A.  
3 System Safety Society, 1997, 3-23 – 3-26. 
4 Commonly referred to as the „Swiss cheese‟ model of accident causation (Reason, 1990).  
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Figure 1.1: Bow Tie Technique  

 
The technique results in a visual representation of cause and effect that can have the appearance of 
a bow-tie, as illustrated in Figure 1.1. At the center of the model is a circle, which represents the “top 
event” – in this case the high level undesirable event that can occur during night flight. On the left side 
of the bow are the circumstances that can lead to the undesirable event. The right side of the bow 
depicts the various scenarios and their consequences if the undesired event should occur. The power 
of the model lies in the ability to identify and chart existing forms of mitigation on both the left and 
right sides of the “top event”. The creation of Bow Tie diagrams enables decision makers to visualize 
the degree to which the operation is defended: Bow Tie diagrams clearly depict the precipitating 
circumstances that can lead to an undesirable event, and the types and combinations of barriers that 
reduce the associated risk. The technique enables existing mitigation to be “inventoried”, and 
assessed for effectiveness. The latter assessment takes account of actual operating conditions, and 
the degree to which the management systems “support” the function of the barriers or lines-of-
defense. Such an inventory was conducted during the OSRA and is reported in Section 3. The Bow 
Tie diagrams are presented in Appendix B.  
 

1.4.3  Deliberations of subject matter experts (SMEs)  

 
During the expert panel session conducted May 4-6, 2011, the panel: 
 

 Was provided an overview of the risk assessment process; 

 Was provided detailed briefings regarding the offshore oil industry, and flight and SAR 
operations as they pertain to the Jeanne d‟Arc Basin;  

 Identified five “top level” events associated with helicopter night flights; 

 Identified the precipitating conditions and consequences associated with the five „top level 
events‟;  

 Identified the associated hazards, and conducted a preliminary risk assessment by judging 
the appropriateness and effectiveness of existing mitigation; and, in a preliminary manner 

 Considered current, additional, or alternative mitigation where appropriate.  
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During the follow-up session conducted October 12-13, 2011, the focus group was provided a 
summary of the analysis, and conducted a more detailed assessment of existing mitigation.  
 

1.4.4  Subsequent analysis 

 
Information from the SMEs and secondary sources was used to:  
 

 Identify the areas in which the level of risk related to night helicopter transport operations 
exceeded that of daytime operations; and  
 

 Suggest methods to reduce the risk to an acceptable level.  
 
 
1.4.5  Definitions and risk assessment categories 
 
The following definitions were employed: 
 

 Hazard: A condition or circumstance that can lead to loss of life or property. 

 Risk: The consequence of a hazard, measured in terms of severity and likelihood. 

 Mitigation: The measure(s) taken or available to eradicate or reduce exposure of a hazard, or 
to reduce the likelihood or severity of a risk. 

 System safety deficiency (SSD): A condition that permits hazards of a like nature to exist5. 
 
The risk of each „top event‟ was categorized using the criteria in Tables 1.1 and 1.2.  
 

Table 1.1: Risk Severity 

Category Definition Description 
A Catastrophic Destruction of property or loss of life 
B Major Major damage or serious personal injury 
C Minor Minor damage or personal injury 
D Minimal Inconvenience 

 
 

Table 1.2: Risk Likelihood6 

Level Definition Description 
1 Occasional  Expected to occur, but not often 

2 Seldom Infrequently 
3 Remote Slight chance of occurring  
4 Improbable  Rarely 
5 Extremely improbable  Almost inconceivable 

                                                      
5 SSDs are often the result of predictable operating conditions. They often exist because mitigation is either not appropriate or 
not effective, and therefore are rooted in „organizational factors‟. Many “latent conditions” described by James Reason are 
examples (or indicators) of SSDs.   
6 All of the likelihood ratings represent the “infrequent” end of the spectrum, enabling greater discrimination.  
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1.5  Assumptions and Limitations 
 

1.5.1  Assumptions 

 
Assumptions that are relevant to the analysis and conclusion are listed below.  
 

• The results of this analysis will inform decisions that will be made in the near future. 
Therefore, only information regarding Cougar Helicopters was used.  

 
 The use of different aircraft from a different location will require a new risk assessment.  

 
 Night helicopter transport operations are defined as the movement of passengers, baggage, 

and cargo that would take place between the end of evening civil twilight and the beginning of 
morning civil twilight during the core hours of 0600 to 1900. If night helicopter transport 
operations were to resume, there would be occasional requirement to fly past normal core 
hours, but it was assumed that under no circumstances would transport operations extend 
beyond 2359 hours or start before 0600 hours.  

 
 Emergency flights will not be restricted to criteria governing night helicopter transport 

operations, where an emergency flight is defined as a:  
 

o SAR mission;  

o MEDEVAC flight involving the transfer of a critically ill individual; or 

o The transfer of critical equipment or personnel to address a circumstance at the 
installation where the safety of personnel or the integrity of the installation is in 
jeopardy.  

 
 The analysis focused on night operations, and did not directly assess hazards and risks 

related to daytime operations. However, when the analysis identified SSDs affecting night 
flight that also impacted daytime operations, this fact was noted. 
 

It was assumed that daytime flight operations are currently managed to an acceptable level of risk. 
Therefore, SMEs used daytime operations as a comparative baseline to determine the exposure of 
hazards at night, and to assess the effectiveness of mitigation to manage the risks of night 
operations. When the analysis determined that there was a similar level of risk of an event during day 
and night, it was concluded that an acceptable level of risk could be achieved.  
 

 The following terms apply in this report: 
 

o Controlled ditch refers to the pilots conducting a planned descent under power to the 
surface of the water; 

o Uncontrolled ditch refers to the pilots conducting a “short/no-notice descent” (such as 
during an auto-rotation) to the surface of the water with partial or no power;  

o Controlled egress refers to an evacuation from an aircraft that is upright in the water; 
and 

o Emergency egress refers to an evacuation from an aircraft inverted in the water. 
 

1.5.2  Limitations 

 
Several general limitations of the study are listed below. Limitations regarding the analysis of specific 
„top events‟ are discussed where relevant later in the report. 
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 C-NL offshore operations are small in scale when compared to those in most other 

jurisdictions. The size of the aviation industry that supports them is proportionately small, with 
between 4,000 to 5,000 flying hours logged annually. With so few annual flight movements, 
incidents, and accidents – the traditional measures of aviation safety performance – occur 
infrequently. Consequently, the analysis was not able to draw on these traditional measures 
of performance when assessing risk. Recognizing this limitation, the methodology drew on 
the knowledge of persons with significant expertise in helicopter transportation in the C-NL 
Offshore Industry.  
 

 Much of the world-wide accident and incident data relating to offshore helicopter transport are 
not directly relevant to aviation in the C-NL Offshore Industry. Many occurrences in offshore 
operations have involved single-engine, single-pilot operations governed by visual flight rules 
(VFR), an operational environment that differs significantly from the twin-engine, two-pilot 
operations governed by instrument flight rules (IFR) in the C-NL Offshore Industry. Therefore, 
occurrence information was examined from such jurisdictions as Australia, Norway and the 
United Kingdom, where larger aircraft are employed in mostly IFR operations. This 
information was used descriptively to assist the understanding of risks, rather than to forecast 
likelihoods of occurrences.  

 
 In the absence of exposure and occurrence data, the risks associated with offshore night 

helicopter transport operations were assessed relatively, relying principally on subjective and 
qualitative data. The result is an analysis that explicitly maps the hazards, risks and 
mitigations, so that assessments of likelihood could be subjectively assigned. It produces a 
logical framework to understand the different degree of risk between day and night 
operations, and provides sufficient information to: 

 
o Identify potential SSDs, and to map the hazards and risks that will need to be 

managed if a decision is made to resume night flights; 

o Highlight areas of safety significance so that, if required, more detailed hazard 
analyses or risk assessments can be conducted (e.g., regarding a controlled ditching 
in „no-light‟ conditions, or the circumstances that could lead to a CFIT accident on 
approach to an installation); and 

o Identify areas where additional data are required. 
 

1.6  Report Use and Content  

 
The report will be one of the references the OHSI Implementation Team consults when developing 
their advice to C-NLOPB Board members regarding night flight. It is expected that the document the 
Team will prepare to advise Board members will draw heavily on this report, and will likely use the 
analysis in the report to suggest areas for performance goals and objectives to be established if night 
flying is to resume.  
 
Furthermore, the report will be useful to key stakeholders (e.g., Operators, Helicopter Service 
Provider[s]) to develop performance-based goals and performance-based standards specific to 
helicopter transportation for the C-NL Offshore Industry. It will also aid regulatory or safety oversight 
bodies (e.g., Transport Canada, the C-NLOPB, and internal auditors from the Operators and DND) to 
develop oversight strategies and evaluation programs. 
 
Section 2 contains a summary description of the oil production projects in the C-NL Offshore Area, 
and the commercial and aviation services that support the industry.  
 
Section 3 describes and summarizes the results of the risk analysis.  
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Section 4 suggests a risk management strategy that would reduce the aviation safety-risks 
associated with night helicopter transport operations. 
 
Section 5 provides a conclusion regarding the forecast safety-risks related to the continued restriction 
or future resumption of night helicopter transport flights, and observations regarding future steps for 
the consideration of decision-makers.  
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2. DESCRIPTION OF THE SYSTEM UNDER REVIEW 

2.1  Oil Operations in the C-NL Offshore Area  

 
The three producing oil fields in the C-NL Offshore Area (Hibernia, Terra Nova and White Rose) are 
located in the Jeanne d‟Arc Basin. Generally, there are approximately 700 persons on the five 
separate offshore facilities. Rotation schedules are 21 days on and 21 days off. 
  
The three primary producing Operators – Hibernia Management and Development Company Ltd. 
(HMDC), Husky Energy, and Suncor Energy – each have separate contracts with Cougar Helicopters, 
which provides pooled passenger transport to all facilities, five days a week. Section 2.2 refers. The 
locations of the offshore installations are depicted in Figure 2.1. 
 

 
Figure 2.1: Locations of producing oilfields in the Jeanne d’Arc Basin; and SAR resources 

 
The SMEs examined flight operations in the Jean d'Arc Basin with specific emphasis on the general 
operating area bounded by the existing producing fields of Hibernia, Terra Nova and White Rose. 
 
The distance between St. John‟s International Airport and the oilfields in the Jeanne d‟Arc Basin 
ranges from 309 kilometres for Hibernia (H, above) to a little more than 360 kilometres for White Rose 
(WR), and Terra Nova (TN). This cluster of oilfields, and their producing installations (the Hibernia 
Platform, SeaRose FPSO, and Terra Nova FPSO, respectively) is located close to 47 °N latitude, 
resulting in very short periods of daylight during the winter months (see Table 2.1). 
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Table 2.1: Hours of Daylight 

Jan 7:07 17:13 8.9

Feb 6:34 17:55 10.3

Mar 6:40 19:38 11.9

Apr 5:38 20:24 13.7

May 4:46 21:09 15.2

Jun 4:23 21:40 15.9

Jul 4:41 21:30 15.5

Aug 5:24 20:44 14.2

Sep 6:07 19:42 12.5

Oct 6:50 18:42 10.8

Nov 6:33 16:58 9.3

Dec 7:06 16:47 8.5

Hours of Illumination Daily

Monthly Averages 2009

Date
Civil 

Twilight 

Civil Twilight 

End

 
 
 
The Hibernia platform is 216 metres high and has living accommodations for up to 280 persons. 
There are two derricks topside for drilling, and the platform is designed to store approximately 1.3 
million barrels of oil. The Terra Nova ship-shaped floating production storage and offloading (FPSO) 
vessel has a length and beam of 292 metres and 45 metres, respectively. It has living 
accommodations for 120 persons, and a storage capacity of approximately 960,000 barrels of oil. The 
Sea Rose FPSO has a length and beam of 271 and 46 metres, respectively. It has living 
accommodations for 90 persons and a storage capacity of approximately 940,000 barrels of oil.  
 
The Operators currently employ numerous support vessels which conduct over one thousand sailings 
each year. Of these, four are normally – pending the number and location of offshore installations – 
assigned as safety standby vessels to offshore installations. Ten of the eleven support vessels are 
fitted with Fast Rescue Craft (FRC) and Dacon scoops to assist in a rescue. 
 
The core flying program occurs Monday to Friday from 0600 to 1900. The first departure is normally 
scheduled to take place at 0700, and the last at 1530. Although Operators pool helicopter transport, 
daily flight schedules are not normally shared between installations. Each installation is assigned slot 
times based on installation persons-on-board, and on planned operations based on a 21-day offshore 
rotation.  
 
The following principles govern pooling: 
 

 An emergency flight has priority over all other flights; 

 A crew change flight (i.e., scheduled passenger transport flight) has priority over a non-
scheduled flight; and 

 A non-scheduled flight related to addressing technical matters on an installation has priority 
over other non-scheduled flights. 

 
Table 2.2 illustrates some of the challenges that the Operators and Cougar face in transporting the 
workforce to and from the offshore facilities. Based on historic data, it can be expected that weather 
will force the cancellation of all flights in a single day from 4 to 10 times per month during Q4 and Q1. 
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Winds are a major factor in cancellations in Q4 and Q1, and fog can be a major restricting factor 
during Q2 and Q3.  
 

Table 2.2: The Challenge of the Operating Environment  

Season Wind Speed 
(knots) 

Wave Height 
(metres) 

Air Temperature 
(degrees C) 

Sea Temperature 
(degrees C) 

mean max mean max mean min mean min 

Winter 30 103 3.7 24.0 -1.0 -17.0 -0.6 -2.4 

Spring 21 68 2.3 9.0 4.3 -5.6 2.6 -1.0 

Summer 20 76 1.9 9.7 12.3 0.9 13.3 8.5 

Fall 27 91 3.3 12.8 3.5 -13.5 3.2 0.0 

 
 
2008 was the last complete calendar year in which day and night flights were conducted. In that year, 
15,544 individuals were transported on 1,012 flights. This compares with 2010, the first complete year 
in which there was no night passenger transport. In that year, 21,840 individuals were transported, 
and approximately 60% of passengers were air transported on the day they were scheduled to fly. In 
addition to the 21,840 persons transported by helicopter in 2010, 4,368 individuals were transported 
by marine vessel.  
 
In summary, in 2010, when night flights were prohibited, there were 101 days in which all flights were 
cancelled. This was a significant increase from 2008 – when night flights were permitted – when all 
flights were cancelled on only 66 days. In 2011, the flight program has become sensitive to even 
minor flight delays during winter months. A short delay in the morning can lead to a flight cancellation 
mid-day because there is insufficient time for the flight to return to St. John‟s before dark7. 
 

2.2  Cougar Helicopter Operations 

2.2.1  General 

 
Cougar Helicopters started the transition to a dedicated fleet of S-92A aircraft for the C-NL Offshore 
Industry in 2004, and now has four S-92A aircraft committed to the operation8.  
 

2.2.2  Helicopter transport 

 
Cougar is normally contracted to employ three S-92A aircraft for helicopter transport operations for 
the C-NL Offshore Industry, although, as noted, a fourth airframe was used during the winter of 2010-
11.  
 

                                                      
7 To illustrate, in 2008 when night flights were permitted, there were substantial weather-induced delays (defined as in excess 
of two hours) two to five days every month. Because of the restrictions to night flight in 2010, similar delays to those 
experienced in 2008 would have resulted in flight cancellations in 2010. 
8 One  aircraft is dedicated to SAR operations. A fourth aircraft was leased during the winter of 2010-11 to support 
transportation operations. 



 

 

January 2012  Page 11 

Each aircraft is operated by a crew of two, and is configured to carry 17 passengers with one auxiliary 
fuel tank installed. The aircraft are IFR- and autopilot-equipped. In May 2009, Cougar equipped its S-
92A aircraft with flotation devices that are FAA-certified to sea state 4 conditions9, with a 
demonstrated capability in sea state 6 conditions.  
 
Normal round-trip flights take approximately 3.5 hours, with a minimum turnaround of 45 minutes 
between flights. Cougar employs a satellite-based flight following system called Blue Sky which tracks 
the location of aircraft en route to and from the offshore facilities, and automatically triggers an alarm 
if the satellite detects that the aircraft is no longer transmitting a signal.  
 
The maximum crew day is 14 hours. Each crew is assigned an aircraft each day, and each crew 
generally flies two flights per day. Pilots are scheduled to work 21 consecutive days, followed by 21 
days off.  
 

2.2.3  First response capability 

 
Cougar operates a fully dedicated aircraft that is specially equipped for search, rescue, and 
MEDEVAC operations. The first response aircraft will be equipped with an enhanced automatic flight 
control system (AFCS) (or „auto hover‟) once the Transport Canada (TC) certification process is 
complete. A second aircraft can be readily converted to perform the SAR and MEDEVAC functions. 
 
Cougar maintains an aircraft and a crew of two pilots, one hoist operator and two rescue specialists 
on first response standby, 24 hours a day, seven days a week. DND manages the National SAR 
Program and is responsible for responding to an event that occurs en route to or from an offshore 
installation. Therefore, in the event of an emergency or accident en route, Cougar‟s first response 
aircraft is launched and DND‟s Joint Rescue Coordination Centre (JRCC) is notified immediately. The 
JRCC coordinates subsequent activities, as explained in Section 2.3. Cougar is normally responsible 
for conducting MEDEVAC flights from offshore installations, although DND will assist if required.  
 
Cougar is in the process of constructing a hangar near Runway 08 at the St. John‟s International 
Airport for the dedicated first response helicopter. Cougar plans for the hangar to be in operation in 
Q1, 2012. The goal is to have a response time (i.e., time to get airborne) of 15 to 20 minutes.  
 

2.3  Department of National Defence SAR Operations 

 
The DND National SAR Program provides fully dedicated SAR resources as part of Canada‟s 
international commitment to provide air and marine search and rescue. DND is responsible for 
providing aeronautical search and rescue services and for coordinating aeronautical and maritime 
SAR operations. The Department of Fisheries and Oceans provides the maritime component through 
the Canadian Coast Guard. DND and Coast Guard personnel man the JRCC in Halifax, from which 
they collect and distribute essential information regarding distress signals, and arrange the dispatch 
of SAR resources. The SAR area covers the lower Arctic, the Atlantic provinces, and all offshore 
waters in the region. 
 
SAR in the C-NL Offshore Area is coordinated by the JRCC in Halifax. 103 Squadron in Gander 
provides the primary air SAR capability, and it does so with a fully equipped and manned CH-149 
Cormorant rotary-wing aircraft, 24 hours a day, seven days a week. The DND‟s policy is that the 
squadron will meet a SAR response time of 30 minutes from 0800-1600 on weekdays and two hours 
at other times. 103 Squadron‟s SAR capability is supplemented by a CC-130 Hercules fixed-wing 
aircraft and CH-149 Cormorant stationed in Greenwood, Nova Scotia. The Cormorant‟s cruise speed 
is approximately 145 knots indicated (KIAS). The Hercules flies to the scene at approximately 
300KIAS, and searches at 120KIAS.    
                                                      
9 Currently, the FAA does not certify beyond sea state 4. 
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In the event of a major occurrence, the JRCC tasks all available resources, which could include 
several additional SAR Cormorant helicopters based at Gander and Greenwood, and possibly an 
additional Hercules from Greenwood.  
 
As noted in Section 2.2, Cougar Helicopters notifies the JRCC when it launches its first response 
aircraft, so that the JRCC can coordinate the deployment of additional air or marine resources, and 
appoint an on-scene commander if required. A formal protocol between Cougar and DND has 
recently been developed.  
 

2.4  Night Flight in Other Jurisdictions 

 
Offshore regulators around the world have adopted different approaches to night flight. This is likely 
due to differences in culture, the nature of the offshore operations, and the different environmental 
conditions that prevail in the various jurisdictions.  

Night flight in Brazilian offshore operations is not permitted. In Australia, night flight is generally 
restricted to emergency circumstances, such as MEDEVAC flights. The National Offshore Petroleum 
Safety and Environmental Management Authority10 leaves the regulation of helicopter operations to 
Australia‟s Civil Aviation Safety Authority.  

Night flight is permitted in Norway, where they experience extended periods of darkness during the 
winter. The hazards of night flight are recognized, and the authorities, Operators and workforce 
representatives have developed requirements to manage the risks to an acceptable level. The OLF11 
has produced guidelines for helicopter operations offshore, in which it recommends restricting flights 
to single-hull vessels (Class A) and prohibiting night flights to other vessels or unmanned platforms at 
night12. The guidelines also recommend that pilots not be employed in night flights until they have 
acquired a minimum level of experience. The Norwegian CAA regulates commercial helicopter flights, 
and the Petroleum Safety Authority imposes requirements regarding the dimensions, signage, and 
lighting for helidecks on offshore installations. The 2010 Helicopter Safety Study 313, conducted by an 
independent Norwegian research organization, recommended that night operations at the 
installations be minimized. To date, this Study‟s recommendations have not been implemented. 

Night flight is permitted in the UK, where – similar to Transport Canada – the CAA imposes general 
limitations on all commercial operations regarding minimum “recency” requirements. The CAA‟s 
CAP437 guidance document contains direction on helideck lighting. The Operators have adopted 
additional competency requirements, including some relating to “deck competencies”.  

In the Gulf of Mexico, where very different conditions prevail, night-time passenger transport takes 
place on a regular basis. The FAA regulates all aspects of commercial helicopter flights, including 
night operations, and there are no additional limitations imposed by industry regulation. The FAA 
refers to guidance prepared by the Helicopter Safety Advisory Conference (HSAC) for offshore 
operations. HSAC suggests that only twin-engine, two-pilot aircraft be used for night flight, and that 
pilots use IFR procedures for take-offs and landings. 
 

                                                      
10 Or NOPSEMA – formerly the National Offshore Petroleum Safety Authority (NOPSA). 
11 The OLF is the Norwegian oil industry association. 
12 OLF, 2011. 
13 SINTEF, 2010. 
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2.5  Mechanisms to Mitigate the Risks of Night Flight 

 
The expert panel identified five top events regarding helicopter transport flights at night to and from 
the Jeanne d‟Arc Basin:  
 

(1) Impact with ground during take-off or landing at St. John‟s Airport (YYT) 

(2) Ditching en route 

(3) Controlled flight into terrain, water, or an obstacle (CFIT) while en route 

(4) Collision with installation on or in the vicinity of the helideck during the approach, arrival, or 
landing 

(5) Collision with installation during take-off, transition, or departure 
 
The following high level forms of mitigation are in place to reduce the likelihood of these and other top 
events from occurring. They summarize the barriers that are found on the left side of the five Bow Tie 
diagrams created by the expert panel (more specific mitigation is examined in Section 3, which 
describes the detailed analysis of each of the „top events‟).  
 

 The Operators have policies that strictly differentiate night transport flight from, for instance, 
“emergency” flights. This ensures that helicopter transport flights will not be conducted 
between the hours of 0000 and 0600. This reduces the exposure of hazards that are more 
prevalent at night; 

 
 Almost all night transportation flights are conducted under IFR14, using IFR-certified aircraft 

equipped with auto-pilot, auto-coupling functionality, onboard radar and redundant radar 
altimeter (RADALT) systems (which reduces the likelihood of top events 1 through 5); 

 
 Air Traffic Services (ATS) are provided by NAV CANADA in controlled and uncontrolled 

airspace (which reduces the likelihood of top events 1 through 5); 
 

 Flight crew are IFR-qualified and hold valid and current instrument and night ratings. They 
comply with and are proficient in IFR departure, en route, and approach procedures (which 
reduces the likelihood of top events 1, 3, 4, and 5); 
 

 The Operators and Cougar have documented procedures to conduct offshore approaches. 
These procedures specify approach limits for factors such as visibility, sea state, and 
helideck motion. The latter is measured in terms of heave, pitch, roll, and rate of rise. 
 

 Cougar provides comprehensive flight training programs that include multi-day sessions in an 
advanced simulator15 (which reduces the likelihood of top events 1 through 5); 

 
 Pilots are required to demonstrate night “recency” the definition of which varies slightly from 

Operator to Operator. The contract requirements of Husky Energy, for example, specify a 
minimum of three take-offs, circuits and landings at night every 90 days. These must be 
conducted at an offshore installation or in a full-motion Level C or Level D flight simulator that 
replicates a landing at an offshore installation. All of the Operators‟ requirements exceed 
those of TC. This reduces the likelihood of top events 1, 3, 4, and 5; 

 

                                                      
14 There are provisions in Cougar‟s policies that permit a night flight to be conducted using VFR rules. However, these are 
rarely exercised – among other reasons because more fuel is required for a VFR-governed flight than for an IFR-governed 
flight.  
15 The annual simulator sessions currently comprise 14 hours. 
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 Obstructions and landing areas on the offshore installations are lighted (which reduces the 
likelihood of top events 4 and 5); 

 
 As noted earlier, Cougar employs advanced twin-engine aircraft that are certified to sustain 

flight with one engine at maximum take-off weight (MTOW) (which reduces the likelihood of 
top events 1, 2, 4, and 5);  

 
 Cougar adheres to rigorous maintenance schedules and employs quality assurance 

processes (which reduces the likelihood of top events 1, 2, 4, and 5);  
 

 Cougar operates an automated monitoring system called „Health & Usage Monitoring 
System‟ (HUMS), which enables technical anomalies to be identified proactively (which 
reduces the likelihood of top events 1, 2, 4, and 5); and 
 

 Cougar employs a „Helicopter Flight Data Monitoring‟ (HFDM) system which enables the 
company to identify strengths and weaknesses in their day-to-day operations, and take action 
when required (which reduces the likelihood of top events 1 through 5). HFDM data are 
checked after every night flight.  

 
The following high level forms of mitigation are in place to reduce the severity of the five top events if 
they occur. They summarize the barriers that are found on the right side of the five Bow Tie diagrams. 
More specific mitigation is examined in section three where the analysis of each of the top events is 
reported.  
 
The expert panel examined three categories of mitigation relating to post-event circumstances: 
mitigation related to egress from the helicopter, survival after the egress, and rescue/recovery. 
 
The following mitigation assists occupants of an S-92A to survive an accident and egress the aircraft. 
 

 Cougar‟s S-92A‟s meet or exceed all of Transport Canada‟s crash worthiness requirements;  
 

 The aircraft are equipped with stroking seats that absorb some of the impact energy that 
otherwise would be transferred to the passenger; 

 
 Passengers receive pre-flight safety and orientation briefings, are subjected to a personal 

pre-flight check after boarding and before taxiing, and have been taught how and when to 
take the brace position; 

 
 Passengers have access to inflight emergency briefing cards that clearly display the location 

of the aircraft‟s emergency windows and exits;  
 

 Passengers undergo egress training as part of Basic Survival Training (BST); and 
 

 Passengers are provided immersion goggles and personal breathing devices.  
 
To assist survival after egress, passengers and crew: 
 

 Undergo BST and periodic recurrent (BST-R) training; 
 

 Are outfitted with personal protective equipment (PPE), including immersion suits and 
accessories; and 

 
 Have access to personal flotation devices, life rafts, individual „night‟ lights, personal locator 

beacons (PLBs), additional life support equipment, and first aid equipment.  
 
The search, rescue, and recovery of the aircraft occupants after a „top event‟ will:  
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 Draw on the coordinated resources of the DND, Coast Guard, Cougar Helicopters, and 

marine vessels16 as described in Sections 2.2 and 2.3 for top events at sea;  
 

 Draw on the coordinated resources of the St. John‟s airport, Cougar Helicopters, and local 
fire and emergency response organizations for top events on land;  

 
 Be aided by the identification of the aircraft‟s last known position through „Blue Sky‟, and by 

ELT signals received from the SAR Satellite Aided Tracking (SARSAT) System, over-flights, 
and appropriately-equipped helicopters flying to the accident scene17; and 

 
 Be enhanced during low- or no-light conditions by using FLIR, aircraft-mounted spotlights, 

and in the case of military aircraft, night vision goggles (NVGs) and spotters. 
 

                                                      
16 If the top event occurs within 30 nm of the coast, marine vessels can be expected to start to arrive at the scene within 2 
hours of notification of the accident. If the occurrence is more than 130 nm from coast, the marine vessels from the installations 
may arrive at the accident site before SAR helicopters do. 
17 SARSAT and DND aircraft will receive signals from the aircraft-mounted ELT and the aircraft‟s life rafts on 406 MHz; and 
Cougar‟s aircraft and DND SAR aircraft will receive signals from individuals‟ PLBs on 121.5 MHz. 
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3. ASSESSMENT OF THE RISKS 

3.1  Introduction 

 
Section 3 is structured as follows: 

 Each of the top level events is examined in detail; 
 The hazards that are more significant during night operations are singled out for additional 

examination; and 
 An assessment of the appropriateness and effectiveness of existing mitigation is 

documented18. 
 

3.2  Analyses of Specific Top Level Events  

3.2.1 Impact with Ground   

 
Statement of top level event:  The aircraft impacts the ground at or in the immediate vicinity of St. 

John‟s International Airport (YYT) 
 
3.2.1.1 General 
 
The risk of the „top level‟ event occurring is classified as Category A (loss of life) and Level 4 
(improbable)19. 
 
A disproportionately large number of accidents involving passenger-carrying commercial flights occur 
during the take-off and departure phase of flight, and during the approach and landing phase of 
flight20. 
 
The accident could be precipitated by a number of circumstances, including: 
 

 A bird strike involving one or more birds, most likely during or immediately after take-off21; 
 

 A mechanical failure of a lifting surface, one or more power plants, or a primary flight system 
– most likely during take-off or departure after major maintenance has been completed on the 
aircraft; or  

 
 The pilots encounter “black hole” conditions immediately after take-off or during the initial 

climb22.  
 
The analysis of this „top level‟ event focused on the risk of bird strike at the airport for a number of 
reasons: 
 

 Birds were identified as a hazard preceding four of the five top events23. 
 

                                                      
18 A number of improvements that mitigate some of the hazards and risks of night flight have been introduced or are being 
considered since night flights ceased. These were considered during the panel‟s assessment of risk.  
19 See Section 1.4.5. 
20 That is to say that these two phases of flight make-up a very small portion (in time) of most flights, yet account for the 
majority of accidents.  
21 Particularly during or immediately following dusk, or preceding dawn. 
22 The black hole phenomenon and the related mitigation are discussed in Section 3.2.4.    
23 CFIT was the only top event in which birds were not identified as a preceding hazard.  
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 There is a large exposure of high risk bird species (i.e., larger birds than those used in 
certification testing of the S-92A) that fly through or near flight paths to the airport. The 
applicable certification requirements for the S-92A are presented in Appendix C. 
 

 Many of the birds that fly in the vicinity of the airport are flocking species, which have the 
potential to cause serious damage to the S-92A.  

 
 A number of studies of bird strikes in North America have concluded that there is an 

increased likelihood of bird strikes during night operations24.  
 

 The Airport Wildlife Management Program at YYT, like those at most airports, operates at a 
reduced capacity at night.  

 
3.2.1.2  Hazards with increased exposure during night flight operations 
 
Birds and bird strikes 
 
An avifauna study completed in late 2007 classified the Herring Gull and the Great Black-backed Gull 
– birds that can weigh between 1 and 1.8 kg, and which flock in large numbers – as a „severe‟ risk to 
helicopter operations at YYT. Additionally, the Glaucous and Ring-billed Gulls, along with several 
types of large shorebirds were classified as „high‟ risk25. A large influx of gulls to the Robin Hood Bay 
landfill located east-north-east of the airport usually occurs with the onset of colder weather in the fall, 
and again during the spring. The majority of these gulls – in some years numbering from 26,000 to 
30,000 – fly daily between the landfill and a night roost on Little Bell Island, southwest of the airport in 
Conception Bay. The birds‟ flight ways often intersect the approach and departure paths of runways 
02/20 and 16/34 (this is illustrated by the image below and in Appendix D).  
 

 
Photograph: This is the Gull flightline over the edge of St. John’s International Airport; 

Windsor Lake can be seen in the distance to the west. 
 

                                                      
24 See for instance: Transport Canada, 2004, p. 128 and FAA, 2011, p. 32 (Table 8).  There is widespread agreement amongst 
experts in collecting and analysing wildlife strike data that analyses of bird strikes understate the extent of the risk, because 
bird strikes are known to be significantly under-reported; and those that are reported are skewed by reporting practices and the 
nature of aircraft movement data.  
25 LGL Limited, 2007, p. 59 (Table 16).  
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The risks relating to bird strike are directly influenced by: 
 

 The weight and density of the bird(s), as determinants of the potential energy in the event of 
an impact; 

 The number of birds present, and struck; 

 The flocking behaviour of the birds (e.g., the height at which they fly, etc.); 

 The behaviour of the birds at or near the airfield (e.g., nesting, roosting, feeding, loafing, etc.) 
and;  

 The birds‟ responses to aircraft. 
 
During the period from February 3, 1995 to November 3, 2006, there were 132 reported bird strikes at 
YYT26. Approximately two-thirds of the strikes involved a single bird, and the remainder involved 
strikes of from 2 to 10 birds. Forty-two per cent occurred during take-off and initial departure, and 
32% on short-final and landing. This is consistent with trends in international data that demonstrate 
that bird strikes occur most frequently during the take-off and initial climb. This is a critical stage of 
flight: depending on the proximity of the aircraft to the ground, and the nature of the strike, the crew 
may need to react quickly and precisely to retain control of the aircraft and evaluate the damage. A 
rejected take-off or the continuation of a take-off with an engine-out requires precise flying skills and 
good crew coordination since the crew may be operating the aircraft very close to its flight envelope. 
Gulls are the most frequently struck bird group in Canada (28%), and account for approximately 30% 
of the bird strikes that are reported to have caused damage27. Gulls were involved in 42% of the bird 
strikes reported at St John‟s International Airport. Although gulls are diurnal, they are known to flock 
in large numbers before and after dusk, and before and during dawn.  
 
Cougar has reported five bird strikes in its St. John‟s operations in the past six years. Only one 
occurred at YYT. All occurrences took place during daylight operations and in visual meteorological 
conditions (VMC). The information is summarized in Table 3.1.  
 

Table 3.1: Bird Strike Data – Cougar Helicopters 2005-201128 

 
Date 

 

 
Aircraft type 

 
Location & Phase of Flight 

 
Strike Location 

 
Damage 

6 Oct. 05 AS - 332 MODU during take-off main rotor blade nil 

20 Sept. 06 AS - 332 YYT during take-off airframe/sponson nil 

19 Jan 07 S-92A MODU: take-off & climb main rotor blade nil 

19 Oct 08 S-92A MODU on the helideck main rotor blade nil 

04 Aug 11 S-92A Drill ship on landing main rotor blade nil 
 
 
3.2.1.3  Assessment of current mitigation 
 
When traffic permits, NAV CANADA air traffic controllers provide pilots with information about known 
bird movements. Cougar pilots are aware of the behaviours and flight patterns of local bird species. 
During night, pilots operate the aircraft at reduced speeds. They fly with landing lights activated, 
which enables birds to see and avoid the helicopters.  

                                                      
26

Ibid.  
27 Approximately 11% of reported bird strikes in Canada cause damage (Transport Canada, 2004, p. 128).   
28 Source: Cougar Helicopters. Valid as of October 26, 2011. 
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If pilots are aware that they have experienced a bird strike during take-off or departure, they will 
normally return to base. This reduces the probability of the damage incurred from the bird strike 
causing a second event that could result in an in-flight emergency.  
 
The S-92A aircraft meets all certification requirements, and is equipped with engine intake shrouds. 
Although there are concerns about the appropriateness of some of the standards that relate to bird 
strikes (discussed in Section 3.2.2), these potential deficiencies are less relevant to strikes 
experienced at or in the vicinity of YYT.  
 
Additionally, it is recognized that YYT has a very active airport wildlife management program that 
employs pyrotechnical cartridges and propane cannons for dispersal, as well as lethal control for gulls 
that feed and loaf on airport lands. During evenings and weekends29, the airfield is checked hourly, a 
form of mitigation that is made less effective during darkness.  
 
In light of the small number of helicopter transport flights likely to occur during dusk and dawn (when 
high-risk bird species would be active), and the slow speeds at which the aircraft would be operated 
at night, existing mitigation for bird strikes during night operations is appropriate.  
 
3.2.1.4  Assessment of comparative risk 
 
The risk of a bird strike at or in the vicinity of YYT at night was judged by SMEs to be similar to the 
risk of a bird strike during the day.  
 
Fewer birds fly during the hours in which night helicopter transport operations would occur. However, 
those birds that are in flight would be difficult – and sometimes impossible – to detect by Airport staff, 
NAV CANADA personnel, or the flight crew of the S-92A aircraft. The degree of risk that night 
migratory species pose to night transport operations in the vicinity of YYT cannot be determined. 
 

3.2.2  Ditching while en route 

 
Statement of top level event: The pilots conduct a controlled ditching while en route to or from an 

offshore facility30  
 
3.2.2.1  General 
 
The risk of the „top level‟ event occurring is classified as Category A (loss of life) and Level 3 
(remote). 
 
A controlled ditching is used by the crew to place the aircraft on the surface of the water after they 
have identified an emergency condition that makes continued safe flight impossible. It is the last 
opportunity to land the aircraft under control.  
 
A ditching is a visual manoeuvre. Generally, pilots plan to place the aircraft on the “back end” of a 
wave in a direction that is roughly parallel to the trough. Pilots are taught to “run” the aircraft onto the 
back of a wave under power, while maintaining forward velocity31. 
 
                                                      
29 The airport‟s wildlife management officer is on-site from 08h00 to 16h30 weekdays.  
30 A controlled ditching is one in which the crew uses at least partial power (e.g., thrust from at least one engine) to place the 
aircraft on the surface of the water. This differs from an autorotation (or an „uncontrolled ditching‟), which the crew conducts 
after a total or near-total loss of thrust. An autorotation is an unpowered descent flown at a speed of 120 KIAS and a rate of 
descent of approximately 3200 fpm. The descent is checked at 200 AGL and the airspeed is reduced so that the aircraft can be 
placed on the water under control and with forward velocity.  The impact forces of an autorotation onto water during day 
operations will likely be less than for a CFIT incident, but usually be more than for a controlled ditching.   
31 During training, pilots are cautioned not to attempt to hover the aircraft prior to touchdown. Too often, a pilot will become 
disoriented when hovering over moving water. They often start to “back-up” inadvertently, causing the pilot to lose control and 
strike the water tail-first.  
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A ditching in the Jeanne d‟Arc Basin could occur during day or night operations as a result of a 
number of circumstances, including: 
 

 A flight-threatening mechanical failure (e.g., a non-catastrophic failure of the structure or 
lifting surfaces; a complete loss of thrust from one engine with ancillary damage, or the partial 
loss of thrust from both engines; a primary systems failure; etc.);  

 One or more adverse weather condition(s), such as icing or winds that are significantly 
stronger than forecast; 

 A multiple bird strike event involving medium- or large-sized birds; or 

 An uncontained fire or source of smoke (e.g., originating from an aircraft system, baggage, or 
cargo).  

 
The circumstances listed above are not mutually exclusive, and could combine to cause the flight 
crew to elect to ditch32.  
 
The SMEs of the expert panel and the focus group considered a number of key hazards that could 
lead to a ditching, and determined that those with the highest exposure at night were icing and 
migratory birds.33 
 
3.2.2.2  Hazards with increased exposure during night operations. 
 
Inflight icing 
 
The expert panel concluded that there was a higher likelihood of a crew inadvertently encountering 
inflight icing at night. Inflight icing is difficult to forecast in the C-NL Offshore Area, and pilots may 
have difficulty in detecting it during night operations. It is common to experience light to moderate 
icing on many offshore flights. Ice can accrete very quickly, and with little or no notice. Although 
freezing precipitation occurs infrequently, it will result in severe icing34. 
 
The S-92A aircraft is certified to be flown in moderate icing, but professional pilots avoid icing 
whenever possible rather than fly to an aircraft‟s certified limits. Common forms of mitigation include:  
 

 Avoiding areas where substantial ice is forecast; 

 Detecting icing before it is encountered by monitoring the outside air temperature, or after it is 
encountered, by observing accumulations on the windscreen, observing displays, or 
automated warnings activated by onboard sensors35;  

 Climbing or descending to altitudes where ice is less likely to accumulate36, or where it is 
clear of cloud; and  

 Employing anti-icing and de-icing systems when appropriate37.  

                                                      
32 For example: bird strikes could cause a loss of thrust in one or both engines. Or another form of engine malfunction might 
be followed by the onset of icing or non-forecast head winds, which could lead to the requirement to ditch.  
33 Cougar has not identified systemic airworthiness issues that could lead to a higher likelihood of ditching. The SMEs 
examined potential systemic hazards (such as electrical fires and smoke, fuel contamination and hydraulic failures) and 
determined that existing processes and procedures effectively reduce the likelihood of a mechanical failure causing a 
controlled ditching. This assumed that the modifications to address the technical deficiencies identified in the investigation of 
Flight 491 will be effective. Similarly, mitigation regarding the carriage of dangerous goods was judged to be effective.  
34 Freezing precipitation is liquid precipitation which freezes on contact with an object. It only occurs when a number of 
meteorological conditions occur simultaneously. 
35 Ice that accumulates on the windscreen at night is not easy to detect unless the crew actively look for it (e.g., by activating 
the landing lights to determine whether their view through the windscreen is obscured).  
36 ICAO defines a standard temperature lapse rate of 3.56 °F/1,000 feet or 1.98 °C/1,000 feet, which sometimes enables a 
crew to climb or descend to an altitude where ice cannot form or accumulate.  
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Cougar‟s S-92A aircraft are equipped with icing sensors that provide information to the flight crew 
when ice is accumulating. S-92A aircraft are equipped with anti-ice systems on their rotors, engine 
inlet screens and pitot tubes. Generally when Cougar pilots encounter icing, they will climb to an 
altitude where they are clear of cloud, or where colder temperatures prevail and less ice 
accumulates38. If they are unable to find suitable conditions after the climb, they may descend below 
their initial cruising altitude where they first encountered icing.  
 
Inflight icing is noteworthy for night operations because: 
 

 The aircraft is certified for moderate icing, but conditions prevail that can result in heavy or 
severe icing; 
 

 Icing is difficult to detect at night; and  
 

 Icing could be an extenuating circumstance that, combined with other factors, increases the 
risk of a ditching en route, a CFIT accident en route or an accident on or in the vicinity of an 
installation.  

   
Migratory birds 
 
Small-, medium-, and large-sized birds migrate seasonally near the east coast of Newfoundland. If a 
bird strike occurs, the damage will be most significant if it involves one or more large migratory birds, 
and if the aircraft is operating at cruise speed, at the lower altitudes normally used on the return leg. 
The damage is likely to be most severe if the birds impact the centre area of the windscreen or the 
engines. The damage may be sufficient that the pilots elect to ditch. 
 
Most migratory bird species fly in flocks at night. The numbers of birds and the altitude at which they 
fly vary by species and with the meteorological conditions they encounter. They generally fly at higher 
altitudes than non-migrating birds. It is noteworthy that waterfowl – primarily ducks and geese – are 
involved in approximately 33% of damaging strikes in Canada. The weight of individual waterfowl is 
often greater than 1 kg, and can exceed 5 kg. Most certification criteria for the S-92A are based on a 
strike involving a single bird with a mass of no more than 1 kg.  
Waterfowl and shorebirds are known to migrate along the east coast of Newfoundland. There are no 
known formal studies of the nocturnal migrating behaviours of species found in the vicinity of YYT or 
along the coast of the Avalon Peninsula.  
 
The SMEs were not aware of any mitigation in place to reduce the likelihood of a bird strike while in 
cruise during night operations. 
 
The relevant certification requirements of the S-92A aircraft are summarized in Appendix C, and are 
described in Section 3.2.1. These criteria are intended to mitigate the severity of a bird strike. The 
requirements for the S-92A do not consider the consequences of bird strikes on a number of critical 
aircraft components and systems. This deficiency is not specific to the S-92A: it is well known that 
“the weights of many bird species exceed those defined in airframe and engine certification 
standards” for both fixed wing and rotary wing aircraft39. The S-92A‟s windscreen is required to 
withstand the impact of a single bird with a mass of 1 kg while flying at VNE (i.e., 165 kts). This 
standard does not account for a strike that could predictably occur at night involving more than one 
bird that weighs in excess of 1 kg. Furthermore, such birds could predictably lead to the loss of thrust 
from one or both engines of an S-92A aircraft.  

                                                                                                                                                                     
37 De-icing and anti-icing systems employ different design concepts. Anti-icing systems are activated before or immediately 
upon encountering icing conditions, with the intent of preventing the accumulation of ice. On the other hand, de-icing systems 
are designed to remove ice that has already accumulated and require a minimum accumulation of ice to be effective. 
Therefore, they are generally not activated until a minimum amount of ice has accumulated on the de-icing surface.      
38 Of course, they will not climb above altitude restrictions that have been put in place to enable them to conduct a controlled 
ditching if they experience a lubrication malfunction in the main gearbox system.   
39 Transport Canada, 2004, p. 98.  
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Because the technical specifications of the S-92A cannot be changed, additional mitigation needs to 
focus on reducing the likelihood of a bird strike. Several forms of mitigation are possible. 
 

 When feasible, pilots on night transportation flights during the migratory season could 
consider flying return legs at higher altitudes, where there is less chance of encountering 
migratory birds.  

 
 A study could be commissioned to determine the nocturnal behaviours of migratory species 

along the east coast of Newfoundland. The results would provide better understanding about 
the exposure to the hazard of migratory birds and, if necessary, shape appropriate mitigation 
strategies.  

 
 If appropriate, Cougar might consider using portable radar systems to detect and predict the 

movement of flocking birds at night, thereby helping pilots plan their departures and arrivals 
during migratory seasons.  

 
3.2.2.3  Hazards associated with ditching during night operations.  
 
As noted earlier, ditching is a visual manoeuvre which involves the same procedure during day or 
night. The aircraft is flown on an automated, profile descent before levelling at 500 ft. The crew then 
commence a descent using auto-pilot through 200 ft. until they make visual contact with the water. 
They then de-activate the auto-pilot; orient the aircraft to align with the direction of the waves; and 
manually fly the helicopter onto the back of a wave using forward speed. The descent profile is 
pictured in Appendix E. Even in the most severe weather conditions during daytime operations, pilots 
can see the water from an altitude of no lower than 50 ft. 
 
The hazards40 associated with conducting this procedure at night include: 
 

 The conduct of a visual manoeuvre with no or severely degraded visual cues;  

 The lack of fidelity of simulator training; and 

 The potential effect of fatigue, degraded proficiency, and the effects that the precipitating 
emergency may have on the crew‟s decision-making close to the water41.  

 
It was concluded that a ditching in no- or low-light conditions would likely result in more serious 
injuries to the aircraft occupants than a ditching during the day42.  
 
 
Inadequate visual cues 
 
Automation will enable a crew that is conducting a ditching to descend close to the water, whether by 
day or by night. However, there will seldom be sufficient visual reference to the surface of the water 
during a night ditching. The most significant factor that will affect the success of the ditching will be 
the size and direction of the waves. The crew will not know the sea state, and in the absence of visual 
cues, the aircraft may be incorrectly aligned and out of wind.  
 
The SMEs considered mitigation to address the lack of visual cues, including: 
 

 Requiring minimum ambient light conditions for passenger-carrying night flights; 

 Instituting maximum sea states;  

                                                      
40 In other words, the circumstances that predictably will have an adverse effect on the ditching. 
41 For example, an uncontained fire might result in thick and acrid smoke that could cause the crew to “speed-up” the conduct 
of procedures, or to be distracted and not coordinate or communicate their activities effectively.  
42 This assumes similar sea and weather conditions for a ditching at day or night. 
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 Using an artificial light source from the helicopter; or  

 Equipping pilots with night vision goggles (NVGs). 
 
The first three were deliberated and considered not feasible.   
 
There was consensus that pilots require a visually discernible horizon43 to effectively conduct a 
ditching at night. Instituting restrictions to night flights based on forecast ambient light conditions was 
not considered viable, in part because of difficulties in accurately forecasting en route cloud and 
visibility conditions, and in part because of the infrequent incidence of bright moon light coinciding 
with few clouds and no obstructions to visibility.  
 
The SMEs did not believe that imposing maximum sea states to reduce the severity of impact forces 
during a ditching at night was practical. Sea states vary – sometimes significantly – during the course 
of a 3.5 hour round trip. Furthermore, wave heights would need to be very low to significantly reduce 
the forces of a ditching onto waves that the pilots are not able to see.   
 
A powerful light installed on the helicopter was considered inappropriate because: 
 

 Under such predictable conditions as blowing snow or rain, fog, or cloud, the light beam 
might disorient the pilots;  

 The use of such specialized equipment as Night Sun44 by pilots during the final stage of the 
ditching would overload the already heavily-tasked crew during this emergency manoeuvre; 
and  

 The beam of light would become very narrow when close to the water, and would likely cause 
a loss of depth perception, “target fixation”, and an inability to discern the horizon.  

 
It was determined that equipping pilots with NVGs would enable them to have sufficient visual cues to 
conduct a ditching in very low or no ambient light conditions.  
 
NVGs resemble a small set of binoculars and are mounted on a helmet. They use a device called an 
image intensifier tube to amplify available light, which enables a person to “see in the dark”. Only a 
very small light source is needed. Pilots with NVGs (or similar vision-enhancing systems) would have 
the necessary visual cues to conduct a successful ditching at night45. In this way, there would be a 
much higher probability of crewmembers and passengers surviving a controlled or uncontrolled 
ditching at night.  
 
A number of considerations need to be weighed regarding the use of NVGs. 
 
Upon donning NVGs for the first time, pilots, regardless of experience, will immediately lose depth 
perception and peripheral vision. Pilots wearing NVGs must relearn “how to see”, and this takes 
extensive training. Proficiency in the use of NVGs drops off remarkably if it is not retained through 
practise or refresher training46. Without such proficiency, pilots with NVGs would be no more capable 
of completing a successful night ditching than those without.  
 

                                                      
43 After some discussion, the expert panel concluded that a crew would need light from a three-quarters moon with no more 
than a scattered cloud cover to have a visually discernible horizon without the assistance of NVGs.  
44 The search light installed on the first response aircraft is employed by a Rescue Specialist, not by a pilot. 
45 The NVGs would be stored in the “up” position on the helmet, and could be flipped down immediately when required. Military 
SAR helicopter pilots wear NVGs at all times when operating at night. 
46 The focus group discussed the feasibility of forming dedicated night crews made up of SAR pilots who would also fly the line 
for passenger flights scheduled to occur wholly or partially in darkness. This would minimize the occasions of pilots losing 
proficiency in the use of NVGs, but would require the hiring and training of additional SAR/night pilots.  
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NVGs must be fitted and adjusted prior to each flight so that the vision through each display screen 
aligns. The hardware (e.g., helmet mountings, batteries, charging assemblies) must be acquired and 
maintained, and parts stocked.  
 
Furthermore, the aircraft interiors of passenger-carrying aircraft must be adapted to produce less light 
(i.e., in a manner similar to the modifications that have already been conducted in the Cougar First 
Response aircraft). Otherwise, pilots wearing NVGs may be overwhelmed by excessive light. 
Transport Canada approval would be required for the aircraft modifications. It was uncertain whether 
TC would approve the wearing of NVGs as emergency equipment for pilots on passenger-carrying 
night operations.   
 
In summary, it was concluded that: 
 

  The number of casualties that would be experienced during a ditching in no- or low-light 
conditions would be significantly reduced if pilots were equipped and proficient in the use of 
NVGs; and 
 

  There is need for further study to determine the feasibility of using NVGs to reduce the 
consequences of an unsuccessful ditching at night.  

 

Deficiencies in simulator training 
 
The S-92A simulator is considered an excellent training device. However, it suffers from a number of 
deficiencies in preparing crews to ditch. The software program is based on a theoretical model that 
does not represent the conditions that predictably will be encountered during ditching. The visual 
presentation is reported as artificial, and the simulation of the impact (e.g., sounds and movement) is 
not accurately replicated. It has been described as a „procedures trainer‟ for ditching; not a simulator.  
 
Consequently, the S-92A simulator is only useful to practise and test the knowledge of pilots. It does 
not develop or hone skills. This means that Cougar pilots flying the S-92A may lack the skill to 
effectively conduct a ditching during night operations. This may lead crews to actively resist or even 
deny the need to ditch when handling an emergency or emergencies that threaten continued flight. It 
may also negatively influence their confidence in conducting critical activities in the seconds before 
impacting the water47. This is discussed more fully immediately below. 
 
Potential human performance deficiencies 
 
The lack of visual cues during the ditching and the tendency to inadvertently “back-up” when hovering 
over open water – both of which were discussed earlier – relate to physiologically-based human 
factors. The paragraphs that follow mainly refer to psychologically-based human factors. It is 
impossible to forecast all the possible factors that could degrade pilots‟ performance during a night 
ditching. However, several generic categories are discussed below.  
 
The nature of the precipitating emergency (e.g., acrid smoke, flames in the flight deck, severe 
vibrations, insufficient power to remain airborne) may directly influence the stress the crew 
experiences, and their resulting behaviours. If for instance they believe that the descent to the surface 
must be expedited, they may be tempted to disengage the automation (i.e., de-couple) prematurely, 
and complete the latter part of the procedure manually. Diverging from procedures during extreme 
circumstances can sometimes save the situation, if the crew is resilient, and uses its experience to 
skillfully “modify” the rules to save the day48. However, if resiliency is employed inappropriately, it may 
                                                      
47 Advanced flight simulators have become so sophisticated that annual simulator sessions enable pilots to practise skills to a 
degree that was unfathomable just a few years ago. As their skills improve, so does their confidence grow that they can handle 
the complex and demanding circumstances associated with the most challenging abnormal and emergency operations. In 
effect, sophisticated simulator training enables flight crew to be resilient in their decision making, and in the way they apply 
their skills. Therefore, the impact of deficient simulator training on pilots‟ skills and confidence should not be underestimated.    
48 Weick and Sutcliffe, 2007. 
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cause an otherwise manageable emergency to result in a catastrophic loss. In other words, pilots 
must be capable of astute, yet rapid decision making while managing what may be intensely stressful 
circumstances.  
 
When a crew knows they are proficient in handling emergencies, they possess the confidence to 
successfully manage the very stressful and life-threatening circumstances that precede a ditching. 
During an emergency, one pilot flies the aircraft while the other handles the emergency. Additionally, 
a crew that is proficient in Crew Resource Management (CRM) manages the tasks, their time, and 
the stress optimally.  
 
The SMEs believed that with the exception of the deficiencies in the simulator training for ditching 
(noted earlier), Cougar‟s crews are recruited and trained to maintain the required high degree of 
proficiency described above.  
 
It is well known that fatigue will have a detrimental effect on pilots‟ performance49. Numerous 
studies50 indicate that fatigued pilots demonstrate measureable degradation in skills, decision-
making, and communication – all of which are critical factors during complex manoeuvres, such as 
ditching at night, or arriving and departing an installation at night (discussed below). However, studies 
of fatigue amongst commercial pilots almost exclusively focus on fixed-wing commercial operations. 
These studies have limited or uncertain application to offshore helicopter operations.  
 
Cougar does not have a formal and comprehensive fatigue management plan. The detrimental 
effects of fatigue must be consistently managed so that Cougar‟s pilots are able to perform effectively 
under demanding operating conditions. This is discussed more completely in Section 4. 
 
 
3.2.2.4  Assessment of comparative risk 
 
The risk related to a controlled ditching during night operations is higher than during the day, because 
there are insufficient visual cues at night for pilots to conduct an effective ditching. Therefore, there is 
a higher probability that a ditching at night would result in a greater number of casualties.  
 
It was not possible to determine whether there is a higher likelihood of having to ditch at night due to 
a strike with one or more migratory birds, or due to inflight icing, in conjunction with other factors.  
 

3.2.3  Controlled flight into terrain, water, or an obstacle (CFIT) while en route 

 
Statement of top level event: The flight crew is operating a serviceable aircraft en route when it 

impacts terrain or the surface of the water 
 
3.2.3.1  General 
 
The risk of the „top level‟ event occurring is classified as Category A (loss of life) and Level 4 
(improbable). 
 
CFIT describes an accident in which an airworthy aircraft under the control of the pilots is 
unintentionally flown into the ground, water, or an obstacle. Customarily, the crew has very little (and 
most often, no) warning of the impending collision. As a category, CFIT accidents cause a large 
proportion of the fatalities experienced annually in commercial aviation worldwide. A CFIT accident 

                                                      
49 Rosekind et al., 1997, pp. 7.1 - 7.14. 
50 For an excellent list of studies on fatigue conducted in the United States, see the appendix of: Johnson and Avers, 2011.  
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generally results in a significant number of fatalities51. A disproportionately large number of CFIT 
accidents occur during the approach to land52, and many of these occur at night. 
 
Although the circumstances of CFIT accidents differ, human fatigue, loss of situational awareness 
(SA)53, and the mismanagement of automation are frequently cited as contributing factors54. In short, 
this category of accident is almost completely induced by human and organizational factors. 
 

This section examines CFIT accidents that occur en route. CFIT accidents on the approach to an 
installation are discussed in Section 3.2.4.  
 
Outbound and inbound flights are normally flown at 5,000 and 2,000 ft., respectively, using IFR flight 
plans on prescribed routes. The minimum en route altitude (MEA) is 1500 ft. MSL. NAV CANADA 
provides radar surveillance services for approximately 60 nm at altitudes above 2200 ft. MSL. When 
operating in uncontrolled airspace, the crew often operate with a block airspace clearance that 
enables them to change altitude without an Air Traffic Control (ATC) clearance.  
 
The SMEs believed that if a CFIT accident were to occur en route during night operations, it would 
likely happen in uncontrolled airspace (i.e., with no ATC radar surveillance) while operating with a 
block airspace clearance. Operational circumstances such as strong head winds or icing conditions at 
higher altitudes would likely cause the crew to descend to the lower altitude. There are myriad 
circumstances relating to the human factor that could subsequently combine to cause the chain of 
events leading to a CFIT accident.  
 
 
3.2.3.2  Key hazards that could contribute to en route CFIT accident 
 
Most of the antecedent hazards of a CFIT accident can occur in C-NL Offshore Industry operations 
during day or night. Key hazards identified in studies of CFIT accidents include55: 
 

 Degraded SA; 
 

 Intentional (i.e., willful) non-adherence to procedures56; 
 

 Unintentional mismanagement of automation (e.g., switching or selection errors; failure to 
correctly activate automation; inadvertent „de-activation‟ of automation) that goes undetected 
by both crew members; 

 
 Unintentional mismanagement of equipment (e.g., selection of the wrong altimeter setting; or 

forgetting to reselect the correct altimeter setting) that goes undetected by both crew 
members; and 

 
 Degraded functionality of equipment that goes undetected by both crew members57.  

                                                      
51 Khatwa and Roelen, 1997. 
52 Whether measured by aircraft movements, approaches and landings, or by flight hours. Approximately 70% of CFIT 
accidents occur during the descent and approach phase, and almost 60% during non-precision approaches (Khatwa and 
Roelen, 1997). 
53 There are numerous definitions of situational awareness, and many are obtuse. Generally, individuals who are “situationally 
aware” seek, recognize, understand and apply information from numerous sources to optimize their decisions and prioritize 
their activities in the present and immediate future. It is particularly important when there is a high flow of information, the 
context is dynamic, and the consequences of inappropriate decisions or errors are high. Although some individuals are more 
able to sustain good SA than others, the quality of SA varies even within a single person. Not surprisingly, SA is considered to 
be a major contributor to „human error‟: when a person has “lost the picture”, their decisions are more likely to lack the correct 
context, and their actions can be inappropriate or “wrong”.  
54 Walker et al., 1995; Khatwa and Roelen, 1996. 
55 Khatwa and Roelen, 1997. 
56 Either systemic or routine “work-arounds” by one or more persons, or a singular „violation‟ – a one-off.  
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The SMEs believed that Cougar‟s recruiting, training and monitoring processes precludeintentional 
non-adherence to procedures. Therefore, this hazard was not examined in detail during the analysis 
of en route CFIT accidents.  
 
The circumstances that can lead to degraded situational awareness – and the associated hazards in 
human performance – can be present during day or night operations. Degraded situational 
awareness can occur during stages of the flight segment where: 
 

 There is a lull in the activities on the flight deck, and the radios are quiet; or 
 
 The prescribed routes, flown using automated technology, tend to „normalize‟ activities, which 

under some circumstances has the potential to cause boredom.  
 
The circumstances that can lead to errors in managing automation or navigation aids exist during day 
or night operations. Given the high degree of experience and training of the flight crew, lapses in 
detecting errors likely only occur if the pilots are distracted by an abnormal situation, are fatigued, or 
are experiencing poor SA to such a degree that their expectations are significantly misaligned with 
reality. When this occurs, it has an insidious effect because undetected errors in managing 
automation or equipment will further degrade a crew‟s situational awareness: the information they 
obtain from their flight and navigational instruments will increasingly diverge from their expectations, 
causing their SA to deteriorate even further. 
  
All of the above-noted hazards could occur during day or night operations. However, during daytime 
operations, the crew would normally see the surface before impact, and have a chance to avert the 
accident. This last line of defence would not normally be available to a crew operating in no- or low-
light conditions.   
 
 
3.2.3.3  Assessment of Existing Mitigation 
 

 S-92A‟s are equipped with three altimeters which are cross-checked by the crew before each 
flight (this mitigates malfunctioning equipment). It was explained that the crew usually set 
altitude reminders, one at the assigned altitude (e.g., outbound at 5,000 ft.), another at a “not-
to-descend-below” altitude (e.g., 1,500 ft. – which is the MSA), and the third as a „RADALT‟. 

 
 RADALTs are mandatory equipment, and are generally set at 200 ft. 

 
 The Enhanced Ground Proximity Warning System (EGPWS) provides pilots with an 

automated audio warning.  
 

 Both pilots are trained to respond orally to such automated warnings as “minimums”, which 
enhances flight crew SA58 (e.g., it prompts pilots to account for and respond to the warning). 

 
 In areas where radar surveillance is provided, ATC will likely detect an aircraft descending 

from an assigned flight altitude and intervene.  
 

 Under some lighting conditions, the crew might visually detect the surface and avert the 
accident.  
 

The numerous, over-lapping forms of technical, operational, and procedural mitigation effectively 
mitigate the risks of CFIT during en route segments during day and night operations.  

 
                                                                                                                                                                     
57 An extreme example is the chance that the crew, while descending to a low altitude for operational reasons, does not make 
allowance for the significant altimeter error that can occur during very low atmospheric pressure conditions. 
 
58 This was described as flying with three pilots: the PF, the PM and the automation.  
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3.2.3.4  Assessment of risk 

 
The likelihood of a CFIT accident en route was assessed to be improbable because: 
 

 There is little exposure to the hazards that lead to a CFIT accident while en route, whether by 
day or by night; and  
 

 The existing mitigation was judged to be effective. 
  

3.2.4  Accident occurs during the approach, arrival or landing phase at an installation 

 
The SMEs examined four accident scenarios: 
 

(1) During the instrument approach, a CFIT accident occurs when the crewmembers fail to level-
off at the missed approach point;  
 

(2) The aircraft strikes one or more large birds during the latter stages of the approach, or during 
the arrival or landing; 
 

(3) During the arrival phase, the pilot flying (PF) manoeuvres the aircraft with an excessive 
closing rate and it impacts the installation; and 

 
(4) The pilots simultaneously experience a combination of normal and abnormal operating 

conditions (such as wind shear and a mechanical malfunction), and the aircraft impacts the 
installation.  

 
Of these scenarios, there was general agreement that the most likely scenarios would be 1 and 3, as 
described above. It should be noted that the other two scenarios are as likely to occur at day as at 
night.  
 
3.2.4.1  General 
 
The risk of the „top level‟ event occurring is classified as Category A (loss of life) and Level 3 
(remote). 
 
The procedure to transition from en route to landing is the same for both day and night, and involves 
three distinct phases: 
 

(1) An instrument approach is conducted with reference to onboard flight instruments and 
navigation aids; 

(2) The arrival phase is conducted so the crew can transition the aircraft to a location where it 
can be landed on the helideck; and  

(3) The landing is conducted to a designated landing area, with sole reference to visual cues on 
and around the helideck. 

 
The approach phase is described below.  
 

 Within 7 nm, speed is reduced to a maximum of 100 KIAS. 

 The same instrument approach procedure is used during day and night operations. The pilot 
in the right seat (PF)59 flies the instrument approach and the pilot in the left seat (PM) 

                                                      
59 PF, or pilot flying, is used to describe the crew member who is operating the flight and power controls. The PM (pilot 
monitoring) is the pilot who provides relevant information to the PF.  
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monitors and relays key information to the PF. The approach is conducted using the 
autopilot, and there is a strict protocol for communicating and coordinating activities. The 
pilots are trained to initiate a missed approach if they exceed specific criteria. Instrument 
approaches at night are reviewed after each flight, using the HFDM system. 

 When the aircraft arrives at a position approximately ¼ nm from the helideck, and the PM 
(seated on the left of the flight deck) has visual contact with the lighted landing area, the PM 
verbally acknowledges the visual contact and takes control of the aircraft (thereby becoming 
the PF). He decouples the automation and starts the arrival phase. The pilot in the right seat 
becomes the PM, and relays vital information to the PF.  

 A missed approach can be initiated at any time if either of the crew becomes uncomfortable 
with any aspect of the approach.  

 
The SMEs believed that if a CFIT accident were to occur during an instrument approach at night, it 
would likely be the result of the crew (1) mismanaging instrument approach information or 
automation, or (2) experiencing degraded SA, perhaps while managing an abnormal situation. The 
circumstances of a CFIT accident during the approach to the installation would differ considerably 
from those relating to CFIT en route, described in Section 3.2.3, The crew would experience human 
factors-related hazards that are present while actively flying the approach; compared with the hazards 
they would experience while flying the relatively inactive return leg, en route.  
  
The SMEs noted that:  
 

 Most CFIT accidents world-wide occur during the approach and landing phase, but that many 
occur during non-precision approaches, and Cougar pilots fly precision approaches at 
offshore installations; and 
 

 IFR approaches conducted by S-92A pilots involve more complex activities than many fixed 
wing instrument approaches to runways, and are conducted to lower minima.  

 
Arrival and landing: 
 

 The arrival and landing are very precise visual manoeuvres that involve the coordinated 
activity of both crew members.  
 

 The PF keeps the landing circle visible while descending to an altitude of 30 feet above the 
helideck. The arrival track from the decision point aligns the aircraft abeam the landing spot, 
so if a go-around is required, it will take the aircraft away from the installation. When the 
helicopter is abeam the lighted landing circle, the pilot “slides” the hovering aircraft sideways 
to a position directly above the landing area before descending to the helideck.  

 The PM is very active during the arrival and landing, and continuously calls speeds and 
headings to the PF. Exceedances are called by the PM (e.g., “Speed”) and must be 
answered by the PF (e.g., “Correcting”).  

 
SMEs identified the following key hazards:  
 

 Birds that may be present during all three phases;  
 

 Physiologically-based spatial disorientation (such as diminished depth perception which can 
lead to excessive closing rates during the arrival) and an absence of visual cues that causes 
a „black hole‟ effect. These are more likely to occur when manoeuvring to land on installations 
with few contrasting reference points (e.g., on an FPSO where the pilots look out into a „deep 
black‟ horizon, or during a go-around); 
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 Wind shear, which can occur during the arrival and landing phases; and 
 

 Obstacles on the installation that are a hazard during the latter stage of the arrival and 
landing phases60.  

 
Wind shear is a rapid change in wind velocity (i.e., a change in speed and direction) caused by the 
physical characteristics of the installation61. It can occur during day or night operations. Each 
installation is different, and it is generally accepted that wind shear is most prevalent on the Hibernia 
platform. The consequence of wind shear in a helicopter may vary from a barely perceptible „burble‟ 
to a significant force that may make the aircraft difficult to control. 
 
Exposure to wind shear is the same by day and night. Mitigation includes: 
 

 Maximum wind limitations (direction and speed) that have been established for the approach;  
 

 Weather observations that are taken on-site and relayed to flight crews; and  
 

 Wind socks at different locations of the installation so pilots can anticipate wind shear.  
 

The mitigation was judged to be equally effective during night operations as during day operations. 
Consequently, it was concluded that there is no increased risk during night operations as the result of 
wind shear.  
 
Birds are present at installations day and night. Commonly observed species include gulls and 
kestrels, although owls, marlins and hawks are also seen. There is no formal wildlife control program 
on the installations. The Helicopter Landing Officer (HLO) conducts a visual check for birds at the 
start of each day, which is repeated before every arrival and departure. Weather observers monitor 
bird activity and advise pilots of sightings. Darkness impedes the HLO, the weather observer, and the 
pilots from sighting the birds. 
  
The SMEs felt that the most effective mitigating measure at night would be the slow speed of the 
aircraft during arrival, landing, and take-off. Ornithologists note that numerous bird species detect and 
avoid slow-flying objects. Therefore, it is possible that birds would stay clear of the manoeuvring 
helicopters. If a strike were to occur, the slow speed of the S-92A would reduce the severity of the 
impact. Four of the five bird strikes recorded by Cougar Helicopters in the C-NL Offshore Area since 
2005 occurred while operating on or near an installation, all at slow speed62 (Table 3.1). None 
resulted in damage. Furthermore, all five bird strikes occurred in daylight conditions. Consequently, it 
was determined that for the reasons described above, birds would not constitute an increased risk 
during night helicopter transport operations in the vicinity of offshore installations.  
 
The numerous obstacles that are located on the installation are a hazard during the latter stage of 
the arrival phase, and during the landing63. 
 
The risk of collision with obstacles is mitigated in the following ways: 
 

 The installations are certified in accordance with standards for obstacles and lighting 
contained in Canadian and British documents (TP4414 and CAP437, respectively)64;  

                                                      
60 These may present additional risk when landing on an FPSO that is moving because of wind or waves.   
61 For example, the wind velocity at the top of an installation can vary dramatically from the wind speed or direction at the 
helideck, which in turn may differ from the wind on one or the other side of the installation at different elevations above the 
platform. 
62 In fact, one of the four took place on the helideck with no forward airspeed. 
63 During active periods, there may be as many as five ships very close to the installation. Some of these ships may extend as 
high as 100 feet above the surface. Pilots mitigate this hazard during their approach by obtaining information about the location 
of the ships, plotting their position relative to the approach track, and using radar to verify the position of all ships before 
conducting the approach. This hazard is present day and night. 
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 Cranes are stored inboard so they won‟t interfere with aircraft during the approach, arrival 

and landing; and, as noted, 
 

 The aircraft is flown very slowly by the pilot in the left seat, where he can observe and avoid 
contact with obstacles.  
 

The risk of striking an obstacle while manoeuvring at night for a landing is judged to be similar to the 
risk experienced during day operations.  
 
 
3.2.4.2  Hazards with increased exposure at night 
 
The SMEs at the sessions in May and October were not able to definitively identify the hazards during 
night IFR approaches that would differ from those encountered at the installations during daytime. 
Nevertheless, they believed there was a difference, and noted that worldwide accident data on CFIT 
accidents indicate that many CFIT accidents occur during night approaches. Often, deficiencies in 
human performance are implicated.  
 
Much of the mitigation of a CFIT accident depends strongly on the flight crew managing the 
technology that enables them to fly the approach, adhere to procedures, monitor their own and the 
other crew member‟s activities, and identify and respond to variations in performance in a timely way. 
The instrument approaches conducted by S-92A crews at offshore installations are considerably 
more demanding than those conducted by fixed-wing commercial crews at commercially operated, 
international and national airports.  
 
The arrival and landing are conducted visually. There are environmental conditions that cause pilots 
to be susceptible to physiologically-related hazards while conducting the visual procedures. The 
SMEs concluded that two hazards would be particularly relevant during night operations in the 
Jeanne d‟Arc Basin:  
 

(1) Degraded depth perception that could cause the PF to unwittingly fly the aircraft towards the 
installation with an excessive closing rate; and  
 

(2) Reduced or degraded visual cues that could result in a „black hole‟ effect or a false visual 
reference, which may cause the PF to unknowingly fly the aircraft into the installation or the 
water.  

 
Pilots may inadvertently select an excessive closing rate when the light conditions in the foreground 
and background lack contrast, and when their depth perception is diminished. Under such 
circumstances, the pilot may not be aware of the excessive closing rate until the aircraft is very close 
to the installation.  
 
The visual illusion of a „black hole‟ is most likely to occur to offshore pilots at night when there are no 
stars and there is no visible horizon, but there are several individual bright lights on or above the 
horizon (e.g., from a nearby support vessel or from the installation itself). If the pilot also lacks 
peripheral references to remain oriented with the horizon, he may misjudge the aircraft‟s position and 
descend. The black hole effect is most likely to occur: 
 

  At the early stages of the arrival phase on inbound headings to a MODU or an FPSO, where 
there are few visual cues;  
 

  While hovering over the helideck in preparation for landing when the into-wind alignment 
deprives the PF of visual references; and  

                                                                                                                                                                     
64 Cougar periodically inspects the installations to ensure compliance, and vets any changes the Operators propose. 
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  During a go around.  

 
 
3.2.4.3  Assessment of mitigation  
 
The key hazards related to the arrival and landing phase are mitigated operationally by adherence to 
procedures. As noted earlier, Cougar pilots are provided extensive line orientation flight training with 
Captains from the Training Department before they begin normal flight operations. This exposes them 
to the demanding operating environment. It also enables newly hired pilots to amass experience 
using Cougar‟s procedures and protocols. These procedures are the principal – and sometimes the 
only – mitigation for such hazards as excessive closing rates and the black hole effect. The strong 
reliance on the PM to provide the PF with flight information helps the PF to maintain an appropriate 
closing rate during a night arrival, and to counter the disorientation that can occur when experiencing 
a visual illusion. Extensive simulator training reinforces the importance of adhering to the procedures. 
It is imperative that the procedures and protocols for communication be followed precisely: any lapse 
in performance during night arrivals and landings can quickly lead to a catastrophic loss. Procedures 
and protocols are particularly important to counter the black hole effect. The black hole effect is 
insidious, and will normally affect both pilots if they rely on visual cues for orientation.  
 
It was noted that the yellow lighting prescribed by TC for the landing circles on the offshore 
installations65 is not as effective as the green lighting prescribed by the United Kingdom Civil Aviation 
Authority (UK CAA)66. Pilots noted that the circle of green lights that marks the helideck area is much 
more effective in differentiating the landing area from the “blaze” or “blanket” of yellow lights found on 
some installations.  
 
 
3.2.4.4  Assessment of comparative risk 
 
It was determined that the risk of collision with the installation during the arrival and landing phase at 
night is higher than during daylight operations. Installing green lights on the helideck of all 
installations, or employing other methods to enhance the depth perception of the PF would reduce 
the risk.  
 

3.2.5  Accident during take-off and departure from an installation 

 
The SMEs examined several accident scenarios: 
 

(1) While hovering above the landing area or positioning the aircraft for the take-off, the aircraft 
drifts and strikes the installation;  
 

(2) During the commencement of the departure, the PF over-rotates and strikes the installation 
or the water; and 
 

(3) The crew experiences a mechanical malfunction while manoeuvring close to the deck, and 
impacts the installation or the water. 
 

3.2.5.1  General 
 
The risk of the „top level‟ event occurring is classified as Category A (loss of life) and Level 3 
(remote). 
 

                                                      
65 Transport Canada, 1986. 
66 CAA (UK), 2010. 
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The take-off and the initial departure are visual manoeuvres that precede an IFR climb and departure. 
 
The pilot who flew the arrival and landing is the PF for the take-off and departure. The crew conduct a 
thorough pre-departure briefing, determine key speeds and criteria, complete the necessary checks 
and set up the flight deck for the lift-off and departure. They complete the centre of gravity check from 
the low hover, and may position the helicopter closer to the side of the deck for the take-off. The PM 
calls headings and altitudes. 
 
The take-off is initiated from 30 feet; The aircraft is rotated from 7 degrees nose-high to 10 degrees 
nose-down in one smooth manoeuvre that must “hit the numbers”. The aircraft accelerates in level 
flight to Vmini, at which time the PF commences an accelerating climb with references to the 
instruments. No turns are conducted lower than 400 ft. 
  
 
3.2.5.2  Key hazards that could contribute to an accident during the take-off and departure from an 

installation  
 
The SMEs identified: 
 

 A lack of visual references or the presence of misleading visual cues, particularly during the 
hover and initial take-off (leading to drift or black hole);  
 

 Over-rotation during the take-off; and 
  

 A major mechanical malfunction, particularly in conjunction with other operational or 
environmental circumstances after the take-off and before the climb.   

 
Inadequate visual references 
 
This is more likely to occur during nighttime than during daytime operations. The lack of visual cues 
during the hover and while positioning the helicopter for take-off may lead to undetected drift or 
descent – for similar reasons as during the arrival and landing. Experienced helicopter pilots have 
likened hovering at night with very limited visual references to flying a VFR procedure in instrument 
meteorological conditions (IMC). The black hole effect may occur more frequently, and with more 
critical effect, when operating from an FPSO vessel.  
 
Over-rotation 
 
This is most critical when operating from a vessel with low freeboard (i.e., where the elevation of the 
helideck is close to the surface). It could occur during day or night operations. If the PF does not “nail” 
the change in pitch precisely during the take-off, the airspeed will be too slow to effectively accelerate 
to the climb speed (if the nose is too high), or the aircraft may accelerate towards the water (if the 
nose is too low). Corrections on the flight controls may lead to over-control, which could create the 
aircraft to “wave” on the vertical plane, close to the surface of the water. The effects could be 
exacerbated by numerous other factors, including the black hole effect.   
  
Major mechanical malfunction 
 
This hazard can occur during day or night. It is most significant when the aircraft has not achieved 
Vmini, (normally 55 KIAS) between the take-off and the climb-out. Similar to over rotation, it is most 
significant when operating from a vessel with low ballast.  
 
 
3.2.5.3  Assessment of mitigation 
 
To varying degrees, all of the hazards noted above are mitigated by the pilots, who: 
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 Adhere to established protocols (e.g., the set-up of RADALTs, altimeters, and other aids in 

the flight deck); 
 

 Fly procedures for normal and emergency operations precisely; 
 

 Detect and respond in a timely way to the predictable variables that can occur during visual 
manoeuvres close to the deck; and  
 

 Communicate effectively, so the crew‟s activities are coordinated.  
 
Consequently, for reasons similar to those discussed during the assessment of mitigation for arrivals 
and landings (Section 3.2.4.2), anything that impedes the pilots‟ performance needs to be identified 
and managed. This can include such subjective factors as the stress created by having to rely on less 
than adequate visual references to manoeuvre the S-92A close to the installation at night.  
 
Cougar examines all HFDM data from night flights, so that performance deficiencies (individual and 
systemic) can be identified and addressed.  
 
 
3.2.5.4  Assessment of comparative risk 
 
It was determined that the risk of a collision with the installation or with water during the hover, take-
off, and initial departure is higher during night operations than during daylight operations. Section 4 
examines a number of ways by which the risk can be reduced. 
 

3.3  Analysis of post-impact hazards  

3.3.1 Introduction  

 
This section examines the high level hazards that can affect the survival and rescue of occupants of 
an S-92A after a top level event has occurred during night operations. The key factors that the expert 
panel identified are depicted in the Bow Tie diagrams presented in Appendix B.  
 
Many of the hazards identified by the SMEs could occur after an accident during day or night. 
Therefore, the analysis focused on the circumstances that could increase the risk of occupants who 
have entered the water in no- or low-light conditions67.  
 

3.3.2 Egress 

 
The greater impact forces associated with a night ditching would mean that egress by the occupants 
might be hindered by damage to the cabin. Injured occupants might find it difficult to exit the aircraft, 
or they might obstruct others trying to evacuate. 
 

3.3.3 Survival and rescue 

 
The measures to aid the survival and rescue of aircraft occupants are described in 2.2.3 (Cougar First 
Response SAR capability), 2.3 (DND SAR operations) and pages 14 and 15 in 2.5 (Mechanisms to 
Mitigate the Risks of Night Flight).  
                                                      
67 To illustrate: the SMEs noted that the First Response aircraft might be grounded due to weather at the time that an aircraft 
ditched. Because the hazard is the same during day or night, and the mitigation equally effective no matter what the time of 
day, no further analysis was conducted.   
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The hazards described below could occur during day or night, but potentially could lead to more 
severe losses (hence increased risk) at night.  
 

 It is likely that survivors who have successfully exited the aircraft might have more difficulty 
deploying or locating the life rafts, and may in particular experience difficulty in coordinating 
the boarding of life rafts. 
   

 There would likely be a longer wait for DND SAR military aircraft to arrive on scene. DND‟s 
SAR response times are not predicated on hours of daylight. The SAR Squadron maintains a 
30-minute response time, Monday to Friday, 0800 to 1600. Consequently, if a “daytime” 
helicopter transport flight ditches before or after these hours (or during a weekend flight), the 
helicopter passengers will likely wait longer for the DND primary SAR resource than if the 
ditching occurs during the SAR Squadron‟s “core hours”68. If a decision is made to resume 
night flights, there will be an increase in the number of hours flown on transport flights outside 
of DND‟s core hours. This might be significant if, after a ditching, life rafts and individuals drift 
further from the accident while waiting for SAR aircraft to arrive. This would delay the spotting 
of individuals in the dark. Additionally, if some of the survivors were seriously injured during 
the ditching, they might succumb to their injuries.  
 

 At night, after initially locating the accident site electronically, crews of the first response and 
military SAR aircraft would encounter difficulty in locating and retrieving individuals who are 
not in the life rafts. The level of difficulty increases, and the chance of success decreases, the 
longer the survivors are in the water.  
 

 Depending on the nature of the survivors‟ injuries, helicopters may need to return to 
hospitals, extending the time that other survivors remain in life rafts or in the water.  
 

These situations may arise whether the accident has occurred during day or night. However, there 
was consensus amongst the SMEs that procedures to visually pinpoint the location of individuals and 
to rescue persons from life rafts and the water take longer and become more complicated when 
conducted at night. All tasks take longer to complete, and often they are completed with less success. 
The added time taken for rescue activities may lead to a requirement for flight crews to return for fuel 
before all survivors have been located and evacuated. Although additional air and marine resources 
will be en route, and some could be on-site, the delays resulting from operating in darkness will 
increase the risk of post-impact fatalities. 
 
 

                                                      
68 Data provided by 103 Sqadron indicates that the primary SAR aircraft regularly is airborne in less than one hour during “after 
hours” – easily meeting the requirement of two hours. 
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4. MITIGATION STRATEGIES 

4.1 Introduction  

 
It was determined that the likelihood of an accident during departure and arrival at YYT, and of a 
CFIT accident en route would be similar during day and night operations.  
 
It was determined that with the current mitigation in place, there is a greater likelihood during night 
operations of an accident during the approach, arrival, landing, take-off, and departure phases at an 
offshore installation; and there is a greater likelihood that a ditching at night will result in a greater 
number of casualties.  
 
This section summarizes the circumstances that contribute to the heightened risk, and proposes 
strategies that could help reduce the risks to an acceptable level.   
 

4.2  Summary analysis of risk to night operations 

 
The increased risk experienced during night operations results from higher exposure to key hazards 
that, during operations in daylight, are managed to what Cougar Helicopters and their clients have 
determined to be an acceptable level of risk.  

4.2.1  Migratory Birds 

 
Birds that migrate at night were identified as a potential system hazard that could increase the 
likelihood of a ditching at night. However, in the absence of formal studies of the behaviours of bird 
species that migrate in the vicinity of the Avalon Peninsula, it was not possible to determine the risk of 
migratory birds to night helicopter transportation flights.  
 
This may be significant because: 
 

 A disproportionate number of reported bird strikes in North America occur at night;  
 

 Many species migrate in flocks at night, often at similar altitudes to those at which helicopters 
transit during cruise; and 
 

 Some criteria in the certification standards for the S-92A do not take full account of the 
predictable impact forces of strikes involving medium- and large-sized flocking birds.  

 
If studies indicate a seasonal presence of migratory bird species, the risk of a bird strike69 could be 
reduced by introducing: 
 

 Mechanisms to detect and forecast the route and altitude of migrating flocks; and  
 

 Operational procedures that could be implemented during the migratory seasons to reduce 
the likelihood and the severity of a damaging strike.  

4.2.2  Hazards that impact human performance 

 
Whether by day or by night, the successful conduct of the approach, arrival, landing, take-off, and 
departure at an offshore installation is highly dependent on: 
 

                                                      
69 The concern is that damage would be sufficient to cause a ditching.   
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 Precise and skillful flying with reference to instruments (during the approach) and to a 
combination of visual references and flight instruments (during the arrival, landing, and 
departure); 
 

 Adherence to procedures; 
 

 Effective management of automation and other aids; 
 

 Consistent and effective coordination of activities; 
 

 Timely and clear communication of precise information between the pilots; and 
 

 Well-informed and timely decision-making while multi-tasking. 
 
When all these requirements are met, the crew have the necessary situational awareness and skill to 
operate in this very dynamic environment.  
 
Procedures and protocols have been developed specifically for the operation of S-92A aircraft to and 
from the installations in the C-NL Offshore Area. Rigorous training and proficiency checks aim to 
develop and sustain flight crews‟ skills – in flying, in coordinating their activities, and in 
communicating.  
 
Nevertheless, an accident on or in the vicinity of an installation was judged by the SMEs to be the 
most likely top level event of the five that might occur. The significance of human factors-related 
hazards at night is demonstrated by the circumstances surrounding many CFIT accidents that occur 
at night in fixed-wing and rotary-wing commercial operations.  
 
The key hazards during night arrivals, landings, and departures relate to the conduct of visual 
manoeuvres when visual references may be degraded, misleading, or completely absent. These 
hazards are based in the human factor, and can lead to the PF closing at an excessive rate, or 
responding inappropriately to a visual illusion such as a black hole. The procedures and training are 
designed to mitigate these hazards. They do so by ensuring that the PM continuously provides critical 
information to the PF. However, there are many dynamic circumstances that can affect the 
manoeuvring of the S-92A in close proximity to the helideck. For example, it should be anticipated 
that a crew that is manoeuvring close to the landing surface70with limited or non-existent visual 
references, may be slow to detect or respond to the start of a descent, especially while dealing with 
the high workload that accompanies a rapid progression of predictable events (e.g., wind shear, out-
of-wind condition, drift towards the structure, etc.).  
 
The existing mitigation is thorough. However, it relies strongly on pilots performing with excellence in 
a complex and dynamic environment. Given the variability of human performance, no matter the 
professionalism, skill, and experience of the pilots, mitigation strategies need to address the human 
factors-related hazards that are more likely to occur during night operations.  
 
Exceptional efforts are needed to manage the potential human performance deficiencies that can 
occur at night. Crews – as individual pilots, and as a team that must coordinate their tasks precisely – 
must be able to operate consistently in a demanding and complex environment where there is a 
dynamic interplay of human, operational, and technical hazards.  
  

4.2.3  Hazards that affect egress, survival, and rescue at night  

 
As noted in Section 3, there is a higher likelihood that a ditching in no- or low-light conditions will 
result in increased impact forces. Passenger egress may be hindered by deformation of the cabin, or 
                                                      
70 For example, while manoeuvring to land, initiating a go-around, or immediately after lift-off. 
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by injured individuals having difficulty exiting the aircraft through the windows or door exits. Additional 
post-impact hazards that were identified during the analysis suggested that:  
 

 Survivors may experience difficulty locating and boarding the life rafts; 
 

 There will likely be a longer response time by the DND primary SAR aircraft if the occurrence 
occurs “after hours”;  
 

 After initially locating the accident site electronically, crews of Cougar‟s SAR aircraft and the 
military SAR aircraft will likely have difficulty locating individuals who are not in the life rafts, 
and the level of difficulty will increase the longer survivors are in the water; and  
 

 Depending on the nature of the survivors‟ injuries, helicopters may need to return to 
hospitals, extending the time that the other remaining survivors are in the life rafts or water.  
 

These situations may arise whether the accident has occurred during the day or night. However, 
there was consensus amongst the SMEs that conducting what are for the most part visual 
manoeuvres to pinpoint and rescue survivors takes longer at night than in daylight conditions. The 
potential for this to result in post-impact casualties is increased if some of the occupants are seriously 
injured during the ditching.  
 

4.3  Proposed Mitigation Strategies  

4.3.1  General 

 
Mitigation to manage the risks of night helicopter transportation must focus on reducing the likelihood 
of a top level event, so there is less chance of a night ditching. In this way, the occupants and crews 
of aircraft operating at night will not be exposed to the demanding conditions that can be expected 
during an egress, survival, and rescue in no- or low-light conditions. .  
 
The following strategies are intended to reduce the likelihood of a top level event during night 
operations. 

4.3.2  Research migratory bird behaviours   

 
A study of the nocturnal behaviours of birds that seasonally migrate along the east coast of 
Newfoundland would determine their significance to night helicopter transportation. The resulting 
information could be used to determine the likelihood and severity of a bird strike at night so that – if 
necessary – appropriate mitigation could be implemented. The mitigation might be technical or 
operational.   

4.3.3  Implement additional measures to reduce the exposure of human factors-related 
hazards    

 
Cougar currently expends significant resources to ensure that flight crew perform with a high level of 
proficiency. Therefore, if night flight was to resume, additional enhancements would be required to 
address the specific human factors-related hazards that are most significant during night operations. 
Skills would be enhanced, and pilots flying night operations would perform optimally.  
   
This might be achieved by critically reviewing and – if appropriate – enhancing the content and 
frequency of simulator training for night operations. Enhancing the functionality of the simulator to 
replicate conditions experienced during a ditching would not only improve flight crews‟ capabilities to 
ditch successfully. It would also enhance their decision-making and communications skills, and 
engender confidence in handling extremely demanding circumstances at night.  
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Additional mitigation that would enhance flight crews‟ performance during night operations would 
include, among other things:  
 

 A carefully designed, implemented and monitored program for crew pairing;  
 

 An appropriately conservative set of protocols to govern dispatch or the continuation of a 
night flight; and 
 

 The development of a formal fatigue management program (FMP)71. 
 

Fatigue is a known hazard which in the long-term can have a negative impact on the health, 
behaviours, cognitive function, and moods of individuals. In the short-term, a fatigued individual will 
often experience difficulties in concentrating, identifying and/or responding to cues, setting priorities, 
making timely decisions, and communicating. A fatigued person is more susceptible to losing 
situational awareness and less likely to handle stress effectively. In short, the effects of fatigue can 
degrade the performance of a highly experienced, well-trained, and motivated professional.  
 
Fatigue is a factor during day and night operations. It would take on increased significance if night 
helicopter transportation resumes because: 
 

 There would be potential for the crews to experience variable duty periods, and to fly a mix of 
flight taskings during core and non-core hours over their 21-day flying schedule;  
 

 The conduct of visual manoeuvres in less-than-optimal lighting conditions during night 
arrivals, landings, take-offs, and departures at an installation can lead to stress and fatigue; 
and 
 

 There a number of studies that link pilot fatigue with CFIT accidents at night.  
 

The Operators currently specify criteria that govern maximum duty periods and the accumulation of 
flying hours in short- and long-term periods, as well as minimum rest periods. Such limitations provide 
a solid foundation for a formal FMP by prescribing boundaries that will not normally be exceeded. An 
FMP is a comprehensive and proactive method by which operational and technical staff and Cougar 
Helicopters can proactively and systematically reduce exposure to fatigue – and combat the effects of 
fatigue when they occur – whether it is during day or night operations.   
 
Very little research has been published on the nature of fatigue in offshore helicopter operations72. 
There is an increasing body of research on the causes and effects of fatigue in short-haul, multi-
segment, commercial fixed wing operations, but few of the findings are transferable to C-NL Offshore 
Industry operations. A study of helicopter operations in the North Sea identified three factors that 
contribute to fatigue: 
 

 Operating in harsh and demanding environmental conditions; 
 

 Operating aircraft near their limits for range and performance; and 
 

 Conducting approaches, arrivals, landings, take-offs, and departures at challenging offshore 
sites. 
 

                                                      
71 Although designed for fixed-wing operations, insight into designing and developing a FMP can be obtained from IATA, 
ICAO, and IFALPA, 2011. 
72 There are some exceptions. See for instance: Foushee et al., 1996; Gander et al., 1998; and most recently Simons et al., 
2011.  
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A study on the effects of fatigue on spatial disorientation73 suggested that while older, more 
experienced pilots are more likely to recognize that they are experiencing conditions that could lead 
to spatial disorientation74, older pilots are also slightly more susceptible to the effects of at least one 
form of visual illusion. It is not known whether the findings from this unique study of fixed wing pilots 
are relevant for helicopter pilots.  
 
In summary: there are a number of human factors-related hazards to which C-NL Offshore Industry 
pilots have higher exposure during night operations. The key hazards are mitigated principally by 
precise piloting and effective crew coordination and communications. Fatigue is known to impede 
performance, yet there is very little scientific information about the causes and effects of fatigue in 
two-pilot, offshore helicopter operations. This is particularly significant in the C-NL Offshore Industry 
because of the: 
 

 Particularly demanding environmental conditions in which helicopter transportation takes 
place;  
 

 Particularly demanding operating environment when arriving and departing an installation;  
 

 Complex technology that must be operated in the S-92A aircraft in these demanding 
environments, and therefore the criticality of effectively managing the advanced technology;  
 

 The demographics of Cougar‟s experienced pilots; and  
 

 Scheduling policy of pilots working 21 days on followed by 21 days off.  
 
Therefore, consideration should be given to conducting a specialist study of the causes and effects of 
fatigue on flight crew operating in the C-NL Offshore Industry, the findings from which could be 
employed to help guide the design and implementation of an integrated FMP. 
  
As noted in Section 4.3.5, it is expected that if a decision is made to resume night helicopter 
transportation flights, Cougar will implement a change management process that will include the 
Maintenance Department. A risk management strategy that focuses on reducing the likelihood of a 
night ditching after a mechanical failure would be complemented by a comprehensive FMP for 
maintenance personnel.  
 
Recent studies indicate “that fatigue is a major challenge in the maintenance workforce” in aviation 
worldwide75. “The primary hazard facing aviation maintenance personnel … involves fatigue-impaired 
mental functioning and the possibility that it will lead to maintenance errors”76. Consequently, fatigue 
risk management systems (FRMS) for maintenance staff have slowly been emerging in the past few 
years. The objectives normally are threefold: 
 

(1) Reducing fatigue; 
 

(2) Reducing the number of fatigue-related errors or identifying the errors and correcting 
them; and 

 
(3) Limiting the harm caused by errors77.  

 

                                                      
73 Which, for instance can cause a pilot to experience and respond inappropriately to a „black hole‟ effect.  
74 Previc et al, 2007. 
75 Hackworth et al., 2007. 
76 Werfelman, 2011, p. 24. 
77 Ibid. 
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Emerging best practices include interventions associated with scheduling, policies and practices, 
education, organizational strategies, raising awareness, improving “healthy sleep”, vehicle and 
environmental strategies, and research and evaluation78.  
 
If Cougar were to custom-design FMPs for its flight crew and maintenance personnel, and integrate 
them with the company‟s Safety Management System (SMS), there would be increased assurance 
that: 
 

 The predictable conditions that decrease flight crew performance during night and day would 
be managed proactively, and the risk of an accident at or in the vicinity of the installation – 
particularly at night, but also during the day – would be reduced; and 
 

 Maintenance staff would perform their duties with less likelihood of human error caused by 
fatigue, reducing the likelihood of a mechanical failure during night and day.  
 

The flight crew-specific FMP would be an important mechanism to supplement the many other forms 
of mitigation that currently exist or are being proposed to reduce the instance of human error 
occurring, going undetected, or being inappropriately managed during night operations.  
 

4.3.4  Determine the feasibility of using NVGs to enable transport pilots to successfully ditch 
in conditions where there is very low or no ambient light 

 
Ditching is a visual manoeuvre. It was determined that there are insufficient visual references to 
conduct a controlled ditching or autorotation in no- or low-light conditions. The likelihood of such an 
event in the Jeanne d‟Arc Basin at night was judged to be ‟improbable‟, which could lead to the 
determination that the risk is an „acceptable level‟. However, if crews are not confident that they can 
successfully ditch at night, they may be strongly inclined to extend the time they remain airborne after 
identifying a problem. This could increase the chance of an uncontrollable emergency and an 
uncontrolled ditching, or a loss of flight control and subsequent impact with the water.  
 
Pilots equipped with and trained in the use of NVGs (or other systems to enhance night vision) would 
have sufficient visual reference to conduct a ditching or autorotation at night. However, equipping, 
training, and maintaining proficiency with NVGs requires a considerable expenditure of resources, 
and it is uncertain whether TC would authorize their use in commercial, passenger-carrying 
operations.  
 
Therefore, a detailed feasibility study should be conducted if consideration is given to the use of 
NVGs or other night vision enhancement systems.   
 

4.3.5   Continue to seek methods to reduce the likelihood of post-impact casualties  

 
Currently, there are significant measures in place to reduce injury during a ditching and to affect a 
successful egress, survival, and rescue. Furthermore, a number of initiatives are underway as a result 
of the OHSI to improve egress and survival training; personal protective equipment; Cougar‟s first 
response capability; and the coordinated activities of the military, the Coast Guard and Cougar 
Helicopters. With the exception of some of the initiatives proposed in this report (e.g., relating to 
NVGs), there are very few additional forms of mitigation that can be suggested.   
 
It is common practice in most safety-critical industries to practise responding to an accident, so that if 
an accident does occur, loss of life is minimized. This often takes the form of a joint exercise to verify 
that response plans remain relevant, and that the individual and collective activities of the various 
organizations are coordinated and effective. This has been the practice in the C-NL Offshore Industry.  
                                                      
78 Hobbs et al., 2011; Johnson and Avers, 2011. 
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There would be benefit in continuing    and, if appropriate, enhancing    joint exercises involving all the 
key responders to a ditching at night in the C-NL Offshore Area.  
 
Additionally, it may be beneficial to review the protocol(s) between the DND and Cougar in the 
context of this report. For instance, at any given time, the DND primary SAR aircraft may be 
positioned some distance from Gander, and this can impact the transit time after a night ditching. 
Such a review might lead to the requirement, for instance, to consider the launch of a DND SAR 
aircraft as part of the flight planning requirements for helicopter transport operations at night – 
considering forecast SAR conditions, just as forecast weather conditions are examined before each 
flight.  
 

4.3.6   Employ change management processes  

 
The Operators and Cougar employ change management processes to manage the risks of significant 
change. If a decision is made to resume night helicopter transportation, a centralized change 
management plan will be required for risk management activities to be implemented effectively. Such 
a plan would coordinate the activities within the maintenance, flight operations, and dispatch 
departments at Cougar, the changes in logistics amongst the Operators, and – as necessary – DND 
SAR resources.  
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5. CONCLUSION AND OBSERVATIONS 

5.1 Conclusion 

 
There is increased risk related to night helicopter transportation operations compared with daylight 
operations.  
 
The critical hazards identified in the analysis pertain to the conduct of visual manoeuvres: 
 

 During the arrival, landing, go-around, take-off, and departure phases at installations where 
visual references may be inadequate or misleading; and  
 

 During the ditching procedure because there is insufficient light to conduct the visual 
manoeuvre with the required precision.   

 
The existing procedures to mitigate the risks of arriving and departing the installation at night are 
thorough. However, they almost completely depend on a consistent and very high level of proficiency 
in the flying and decision-making skills of the PF, and on crew coordination and communication 
between the PF and the PM. The increased complexity of operating at night with limited or misleading 
visual references requires that extra measures be taken to achieve the necessary performance when 
arriving and departing from an installation.   
 
Furthermore, if a helicopter enters the water at night, there is increased risk of loss of life caused by 
the conditions that will be encountered during and after the egress, and by potential delays in 
completing the rescue. This is particularly true during a ditching en route.  
 
Consequently, if there is a decision to resume helicopter transport operations at night, the risk 
mitigation strategy needs to focus principally on reducing the likelihood of an accident occurring, so 
that the consequences of the potential deficiencies regarding night survival and rescue are lessened. 
Mitigation to reduce likelihood needs to specifically target human factor-related hazards, the 
significance of which are increased at night. There is need for additional methods to enhance the 
performance of flight crew who will operate in the demanding environmental conditions found in the 
Jeanne d‟Arc Basin at night. 
 
The following activities are proposed if there is a decision to resume helicopter transport operations at 
night:  
 

 Conduct a detailed study to determine the feasibility of using NVGs to acquire visual 
references for a night ditching. 
 

 Consider enhancing the fidelity and content of simulator training for ditching, and evaluating 
current simulator training scenarios to enhance – where possible – flight crew performance 
during the arrival, landing, departure, and go-around at installations at night. 
 

 Conduct a specialist study on the causes and effects of fatigue on flight crew if night 
operations are to be resumed, and employ the findings to help design an appropriate FMP. 
 

 In addition to an FMP for all flight crew, consider developing an FMP for maintenance 
personnel, and integrate both FMPs with the company‟s SMS. 
 

 Study the nocturnal behaviours of birds that seasonally migrate along the east coast of 
Newfoundland, and employ the findings – if appropriate – to mitigate the risks to night 
transport operations.  
 



 

 

January 2012  Page 44 

 Develop a centralized change management plan to coordinate the activities within the 
maintenance, flight operations, and dispatch departments of Cougar, the changes in logistics 
amongst the Operators, and – as necessary – changes in the relationships with DND SAR 
resources.  
 

 Take all necessary measures to enhance a SAR response to a night ditching, including the 
periodic conduct of joint exercises involving all the key responders.  

 
 Consider reviewing the current protocols between the DND and Cougar in the context of this 

report, so that, for instance, the availability of the DND SAR aircraft might become one of the 
flight planning requirements for night flights offshore.  

5.2    Observations 

5.2.1   Strategies to measure safety performance proactively  

 
The risks related to helicopter transport in the C-NL Offshore Industry are currently managed very 
well. The additional mitigation proposed in this report focuses in large part on managing the risks of 
human error that are more likely to occur at night. A performance measurement program would help 
determine whether the mitigation is achieving the desired effects. Measuring improvements in human 
performance can be complex. The program would likely need to be structured on a model that 
explicitly maps the objectives of the mitigation strategies with inputs, outputs, and outcomes. In this 
way, appropriate indicators of performance could be identified. Data would be collected that would 
provide key stakeholders with feedback on the effectiveness of the mitigation, so that changes to the 
mitigation could be incorporated when required.   
 

5.2.2   Communication strategies 

 
The issue of helicopter transport operations at night evokes strongly-held views that are potentially 
polarizing. Significant effort has gone into examining this issue, so that if a decision is made to 
resume flying at night, the associated risks will be reduced where feasible. Risk reduction will be 
achieved by investing significant resources, and the results will be measured on an ongoing basis. In 
short, it will involve managing a complex interplay of numerous factors, and it is essential that the 
thoroughness of the risk management strategy be understood by everyone who has a professional 
and personal interest in the safety of helicopter transport operations at night.  
 
Several recommendations from the OHSI have resulted in new mechanisms to communicate safety 
issues relating to the C-NL Offshore Industry. If a decision is made to resume flying at night, a 
comprehensive communications strategy should be implemented to address explicitly the concerns 
that will result from that decision.      
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APPENDIX A 
SUBJECT MATTER EXPERTS AND OBSERVERS 

 
FACILITATION 

Lead  May: Bob Harvey, Husky Energy 
 
October: Terry Kelly, OHSI Implementation Team Lead 

Assistants  Mathew Hawco, C-NLOPB OHSI Implementation Coordinator 

 Tom Moir, C-NLOPB OHSI Implementation Team 
 
PARTICIPANTS 

Clinton Cariou  ExxonMobil, expertise in PPE and survival/safety training 

Darren Darbyson Cougar Helicopters, S-92A SAR tech with recent DND experience 

Ray Dalton Suncor Energy, Offshore passenger (member of the OHSI Implementation Team) 

Paul Durdle  HMDC, C-NL logistics expertise (member of the OHSI Implementation Team) 

Tristan Grech Avionics Manager, Cougar Helicopters 

Ronnie Moores SAR Pilot, Cougar Helicopters 

Peter Noel C-NLOPB, expertise in C-NLOPB regulatory program 

Captain Pat Perry Cougar Helicopters, S-92A SAR/passenger transport pilot 

Captain Jim Pinhorn  DND SAR pilot, Cormorant Helicopter 103 Squadron 

Ron Wheeler  Transocean, Offshore passenger (member of the OHSI Implementation Team) 

John Whelan  HMDC, expertise in weather observation (member of the OHSI Implementation 
Team)  

Jeremy Whittle  Husky Energy, C-NL logistics expertise (member of the OHSI Implementation Team) 

 
OBSERVERS 

Ryan Brown C-NLOPB, Safety Officer (member of the OHSI Implementation Team) 

Stan Hussey Suncor Energy, Offshore passenger (member of the OHSI Implementation Team) 

Major Denis McGuire DND, Joint Rescue Coordination Centre, Halifax 

Ross McKay Transport Canada, Moncton 

Robert Normore Nova Scotia Offshore Petroleum Board  

Bill Noseworthy Husky Energy, Offshore passenger (member of the OHSI Implementation Team) 



 

 

APPENDIX B  
BOW TIE DIAGRAMS 

 
 
Five Bow-Tie top level event diagrams from the May expert panel session follow (three pages each). 
 
 
NOTE: The complete diagrams are much larger, including further layers of hazards and mitigations. As indicated 
in the report, after this session the data was considered incomplete. 
 
In this Appendix, the first three layers (top level event, the hazards and risks, and the intervening mitigations) are 
presented.
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APPENDIX C 
BIRDSTRIKE-RELATED CERTIFICATION REQUIREMENTS: S-92A 

 
Mitigation relating to bird strikes to the S-92A aircraft includes: 
 

 The windscreen for a FAR 29 Transport Category Rotorcraft is certified to withstand the 
impact of a single 2.2 lb bird at the maximum operating speed of 165 kts, such that the crew 
can continue safe flight and conduct a safe landing; 

 
 The engines installed in the S-92A aircraft are certified as described in Table B-1. 

 

Table B-1: Airworthiness Standards Aircraft Engines – Bird Ingestion 

Mass of 
ingested birds Number of ingested bird(s) Bird impact requirements 

 
3 ounces 

 
Maximum of 16 birds in rapid 
succession 

 
Impacts may not: 

 Cause more than 25% power or 
thrust loss 

 Require engine to be shut down 
within 5 minutes, or 

 Result in a hazardous situation 
 

 
1.5 pounds 

 
Maximum of eight birds in rapid 
succession 

 
Impacts may not: 

 Cause more than 25% power or 
thrust loss 

 Require engine to be shut down 
within 5 minutes, or 

 Result in a hazardous situation 
 

 
4 pounds 

 
1 

 
Engine is not to catch fire, burst, or 
lose the capacity of being shut down  
 

 
(Source: Engine requirements under FAA FAR 33 Turbine Engine Bird Strike Airworthiness 
Requirements) 
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APPENDIX D 
GULL MOVEMENTS IN THE AVALON PENINSULA 

 
Beacon Environmental, 2007 
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APPENDIX E 
COUGAR HELICOPTERS’ EMERGENCY DESCENT PROFILE 

 

  Reprinted with permission from Cougar Helicopters 


