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Foreword 
 
This safety investigation is exclusively of a technical nature and the Final Report 
reflects the determination of the Air Accident Investigation Unit (AAIU) regarding 
the circumstances of this occurrence and its probable and contributory causes. 
 
In accordance with the provisions of Annex 131 to the Convention on International 
Civil Aviation, Regulation (EU) No 996/20102 and Statutory Instrument No. 460 of 
20093, safety investigations and associated safety recommendations are in no case 
concerned with apportioning blame or liability. They are independent of, separate 
from and without prejudice to any judicial or administrative proceedings to 
apportion blame or liability. The sole objective of this safety investigation and Final 
Report is the prevention of accidents and incidents. 
 
Accordingly, it is inappropriate that AAIU Reports should be used to assign fault or 
blame or determine liability, since neither the safety investigation nor the reporting 
process has been undertaken for that purpose. 
 
Extracts from this Report may be published providing that the source is 
acknowledged, the material is accurately reproduced and that it is not used in a 
derogatory or misleading context. 
 

 
 
  

                                                      
1
 Annex 13: International Civil Aviation Organization (ICAO), Annex 13, Aircraft Accident and Incident 

Investigation. 
2
 Regulation (EU) No 996/2010 of the European Parliament and of the Council of 20 October 2010 on the 

investigation and prevention of accidents and incidents in civil aviation. 
3
 Statutory Instrument (SI) No. 460 of 2009: Air Navigation (Notification and Investigation of Accidents, Serious 

Incidents and Incidents) Regulations 2009. 
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AAIU Report No: 2021-008 

State File No: IRL00917016 

Report Format: Formal Report 

Published: 5 November 2021 
 

In accordance with Annex 13 to the Convention on International Civil Aviation, 
Regulation (EU) No 996/2010 and the provisions of SI 460 of 2009, the Chief Inspector of 
Air Accidents, on 14 March 2017, appointed Mr Paul Farrell as the Investigator-in-
Charge to carry out an Investigation into this Accident and prepare a Report. 
 

Operator:  CHC Ireland DAC4 
Manufacturer:  Sikorsky Aircraft Corporation 
Model: S-92A 
State of Registry: Ireland 
Registration: EI-ICR 
Serial Number: 920051 
Location: Black Rock, Co Mayo, Ireland 

(9 nautical miles west of Blacksod) 
Date/Time (UTC)5 
 

14 March 2017 @ 00.46 hrs 

 

SYNOPSIS 
 

A Sikorsky S-92A helicopter, registration EI-ICR (call sign Rescue 116), which was being 
operated by a private operator on behalf of the Irish Coast Guard (IRCG), was en route 
from Dublin, ƻƴ LǊŜƭŀƴŘΩǎ Ŝŀǎǘ Ŏƻŀǎǘ, to Blacksod, Co. Mayo, on LǊŜƭŀƴŘΩǎ west coast. The 
CƭƛƎƘǘ /ǊŜǿΩǎ ƛƴǘŜƴǘƛƻƴ ǿŀǎ ǘƻ ǊŜŦǳŜƭ ŀǘ .ƭŀŎƪǎƻŘ ōŜŦƻǊŜ ǇǊƻŎŜŜŘƛƴƎΣ ŀǎ ǘŀǎƪŜŘΣ ǘƻ 
ǇǊƻǾƛŘŜ ¢ƻǇ /ƻǾŜǊ ŦƻǊ ŀƴƻǘƘŜǊ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ƘŜƭƛŎƻǇǘŜǊǎΣ ǿƘƛŎƘ ƘŀŘ ōŜŜƴ ǘŀǎƪŜŘ ǘƻ 
airlift a casualty from a fishing vessel, situated approximately 140 nautical miles off the 
west coast of Ireland. At 00.46 hrs, on 14 March 2017, while positioning for an approach 
to Blacksod from the west, the Helicopter, which was flying at 200 feet above the sea, 
collided with terrain at the western end of Black Rock, departed from controlled flight, 
and impacted with the sea. 
 

During the immediate search and rescue response, the Commander was found in the 
sea to the south-east of Black Rock and was later pronounced dead. Subsequently, the 
main wreckage of the Helicopter was found close to the south-eastern tip of Black Rock, 
on the seabed at a depth of approximately 40 metres. The deceased Co-pilot was 
located within the cockpit section of the wreckage and was recovered by naval service 
divers. Extensive surface and underwater searches were conducted; however, the two 
Rear Crew6 members were not located and remain lost at sea. 

 

Forty two Safety Recommendations are made as a result of this Investigation.  

                                                      
4
 DAC: Designated Activity Company. 

5
 UTC: Coordinated Universal Time. All timings in this Report are quoted in UTC. At the time of the accident UTC 

and local time were coincident. 
6
 Rear Crew: This term is used throughout the Report because it was the term predominantly used by 
ǇŜǊǎƻƴƴŜƭ ǿƘƻ ǿŜǊŜ ƛƴǘŜǊǾƛŜǿŜŘ ōȅ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΦ ¢ƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ƴƻǘŜǎ ǘƘŀǘ ǘƘŜ hǇŜǊŀǘƻǊΩǎ Ƴŀƴǳŀƭǎ ǳǎŜ 
ǘƘŜ ǘŜǊƳ ΨTechnical CrewΩ (TC). 
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NOTIFICATION 
 
Shannon Air Traffic Control (ATC) notified the AAIU at approximately 02.30 hrs on 14 March 
2017 that an Irish Coast Guard helicopter was missing near Blacksod Bay, Co. Mayo, and 
shortly afterwards that debris was sighted in the sea. Two Inspectors of Air Accidents 
deployed to Blacksod and arrived at approximately 08.00 hrs. The Chief Inspector of Air 
Accidents and another Inspector of Air Accidents arrived later that day, and on the following 
day, to assist with the Investigation. 
 

INVESTIGATION TEAM 
 
In accordance with the provisions of Annex 13 to the Convention on International Civil 
Aviation, Regulation (EU) No 996/2010, and Statutory Instrument No. 460 of 2009, the State 
of Occurrence is obliged to investigate aircraft accidents, and therefore the Investigation was 
conducted by LǊŜƭŀƴŘΩǎ AAIU. An extensive on-site phase was carried out from 14 March 
2017 to 10 April 2017. This was followed by a further on-site phase from 22 July 2017 to  
25 July 2017. 
 
The AAIU Investigation team comprised: 
 

Paul Farrell (Investigator-in-Charge) 
Jurgen Whyte (Chief Inspector) 
Kate Fitzgerald (Inspector - Engineering) 
Howard Hughes (Inspector - Operations) 
Leo Murray (Inspector - Operations) 
John Owens (Inspector - Engineering) 
Kevin OΩCeallaigh (Inspector - Operations) 

 
In accordance with the provisions of Annex 13, several states, agencies and advisers 
provided assistance to the Investigation: 
 
Ireland 
 
The Irish Aviation Authority (IAA) appointed a point of contact for the Investigation. 
 
United Kingdom (UK) 
 
The Air Accidents Investigation Branch (AAIB - Accredited Representative and Advisers); the 
Marine Accident Investigation Branch (MAIB); the Maritime and Coastguard Agency (MCA); 
and, Curtiss Wright (Penny & Giles) Data Recorders Limited. 
 
United States of America (USA) 
 
The National Transportation Safety Board (NTSB - Accredited Representative and Advisers); 
the Federal Aviation Administration (FAA - Adviser); Sikorsky Aircraft Corporation (Advisers). 
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Europe 
 
The European Union Aviation Safety Agency (EASA) appointed an Adviser. 
 
Norway 
 
An S-92A-qualified pilot, who is an inspector with the Accident Investigation Board of 
Norway, and had a background in SAR, Air Ambulance, offshore operations and simulator 
instruction, was appointed as an Accredited Representative to provide a range of expertise 
to the Investigation. 
 
On-Scene Support 
 
The Investigation acknowledges the work carried out at Black Rock/Blacksod which involved 
several Agencies, including: An Garda Síochána; the Irish Coast Guard (IRCG); the Operator; 
the Irish Defence Forces: the Air Corps, the Army, the Naval Service; the Commissioners of 
Irish Lights; the Royal National Lifeboat Institution (RNLI); Geological Survey Ireland; and the 
Marine Institute. 
 
The Investigation also acknowledges the assistance and support provided by the Local 
Authority (Mayo County Council) and the Civil Defence. 
 
The communities of Blacksod and the surrounding areas, and many persons and 
organisations from further afield, including mariners who worked in difficult sea conditions, 
rallied to support the large number of personnel who attended Blacksod to assist in the 
search operations; this support was invaluable, and proved to be of enormous assistance to 
all involved. 
 

THE INVESTIGATION 
 
The AAIU Investigation commenced early on the 14 March 2017, on receipt of notification 
that an IRCG Sikorsky S-92A helicopter, registration EI-ICR, with a call sign ƻŦ ΨRescue 116Ω 
(R116), was reported missing, followed shortly afterwards by reports of debris being sighted 
in the sea. 
 
The initial on-site phase of the Investigation lasted approximately one month. Emergency 
response priority was given to the search for the missing crewmembers. In addition to 
discharging its investigative responsibilities, the AAIU provided technical assistance in the 
coordination of the Remotely Operated (underwater) Vehicle (ROV) search operations. 
 
!ǘ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ ǊŜǉǳŜǎǘΣ ǘƘŜ hǇŜǊŀǘƻǊ ŜƳŀƛƭŜŘ ŀƭƭ of its personnel advising them that 
they were free to engage with the Investigation and provided contact details for the AAIU. 
As a result, the AAIU spoke ǘƻ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƴǳƳōŜǊ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǇŜǊǎƻƴƴŜƭ ŘǳǊƛƴƎ ǘƘŜ 
course of the Investigation. Aǘ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ ǊŜǉǳŜǎǘΣ ǘƘŜ hǇŜǊŀǘƻǊ ƴƻƳƛƴŀǘŜŘ ŀ Ǉƻƛƴǘ 
of contact for the Investigation.   
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In addition, in order to have access to an individual with specific SAR piloting expertise on 
the S-фн! ƘŜƭƛŎƻǇǘŜǊ ǘȅǇŜΣ ǘƘŜ {!w ǊƻƭŜ ƛƴ LǊŜƭŀƴŘ ŀƴŘ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǇǊƻŎŜŘǳǊŜǎΣ ǘƘŜ 
Investigation appointed ŀ ǎŜƴƛƻǊ Ǉƛƭƻǘ ŦǊƻƳ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǎǘŀŦŦ ŀǎ an Adviser. As per Section 
5 (12) of S.I. No. 460 of 2009, the senior pilot was subject to strict protocols, in particular 
with regard to confidentiality within the Investigation. However, it was agreed that if any 
issue was identified by the Investigation, which the senior pilot felt should be notified to the 
Operator as an urgent safety concern, the senior pilot would advise the Investigator-in-
Charge (IIC) and the IIC would communicate that concern to the Operator. The Investigation 
is satisfied that this protocol was adhered to throughout the Investigation. 
 
Air operators are required to have qualified persons, acceptable to the Regulatory Authority, 
occupying a number of critical management positions which require specific expertise and 
experience; such persons are referred to in this Report as Post-Holders; such persons are 
ŀƭǎƻ ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ Ψnominated personsΩΦ 
 
Prior to the R116 accident, the AAIU had held an open competition (commencing October 
2016), through the Public Appointments Service (PAS), for the recruitment of an Inspector of 
Air Accidents (Engineering). A Panel was formed for the successful candidates, with one 
person being appointed as an Inspector of Air Accidents to the AAIU in March 2017. On 
receipt of sanction for an additional appointment, a second successful candidate, who was 
ƻƴŜ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ tost-Holders, was appointed as an AAIU Inspector of Air Accidents in 
September 2018. A strict protocol was imposed to ensure that this person had no role in the 
ongoing Investigation into R116 and was excluded from all matters associated with this 
Investigation. 
 
This Safety Investigation is exclusively of a technical nature, is in no case concerned with 
apportioning blame or liability and is independent of, separate from and without prejudice 
to, any judicial or administrative proceedings to apportion blame or liability. The sole 
objective of this Safety Investigation and Final Report is the prevention of accidents and 
ƛƴŎƛŘŜƴǘǎΦ ¢ƘŜ ŀŎŎƻƳǇƭƛǎƘƳŜƴǘ ƻŦ ǘƘƛǎ ƻōƧŜŎǘƛǾŜ ǊŜƭƛŜǎ ƻƴ ǘƘŜ ŀǾƛŀǘƛƻƴ ŎƻƳƳǳƴƛǘȅΩǎ 
professional acceptance of, and confidence in, these tenets. Any attempt to use this Report 
for purposes other than flight safety undermines its fundamental purpose and risks 
damaging flight safety in the long term. 
 
The Investigation is obliged to report the evidence it finds and to provide its analysis; 
however, it should be understood that the Investigation is solely concerned with improving 
flight safety, and to that end nothing written in this Report should be interpreted as a 
criticism of any individual or organisation. The Investigation requests that media activity in 
relation to this Report should take due cognisance of these issues so that flight safety is 
enhanced rather than damaged. 
 
The Final Report in relation to an aircraft accident investigation is the foundation for 
initiating safety actions which are necessary to prevent further accidents from similar 
causes, and introducing improvements in areas which the Investigation identifies as actual or 
potential systemic safety issues. Therefore, the Final Report into an accident must establish 
in detail what happened, how it happened and why it happened.  
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The findings, probable cause and/or contributory causes contained in the Final Report may 
lead to safety recommendations so that appropriate preventive measures can be taken. In 
that regard, this Report is, in accordance with Annex 13 requirements, structured to include: 
a record of relevant facts (Section 1 - Factual Information, presented under the 19, ICAO-
prescribed headings); an analysis of the relevant facts (Section 2 - Analysis); conclusions in 
the form of findings, probable cause and/or contributory causes (Section 3 - Conclusions); 
and Safety Recommendations (Section 4 - Safety Recommendations). Throughout the 
Report, the first use of an acronym is preceded by its full title. All acronyms are included in a 
table at the end of the main Report; Appendices are also listed at the end of the Report, and 
are contained in a separate volume. 
 

Furthermore, the Report is intended to be read as a complete document as the relevance of 
matters raised in one section (e.g. Section 1 - Factual Information) might only be understood 
when integrated with other information in later sections; accordingly, it could be 
inappropriate or misleading to focus on any one particular statement, aspect or comment 
within the whole report. 
 

In addition to the proximate circumstances and events related to the occurrence, the Report 
deals with systemic safety issues which were identified during the Investigation. This is in 
keeping with the ICAO Manual of Aircraft Accident and Incident Investigation, which requires 
reports to Ψdiscuss and analyse any issue that came to light during the investigation which 
was identified as a safety deficiency, although such issue may not have contributed to the 
accident.Ω It is neither practicable nor necessary to include all factual information gathered 
and considered by the Investigation. Accordingly, while this Report cites particular examples 
of matters which the Investigation considers necessary to support its analysis, findings and 
recommendations, it should be understood that the Investigation considered a larger body 
of evidence of which the examples cited are representative. 
 

As prescribed in Annex 13, Section 7.4, a Preliminary Report, AAIU Report No. 2017-006, was 
published on the 13 April 2017 όƘŜǊŜŀŦǘŜǊ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ tǊŜƭƛƳƛƴŀǊȅ 
Report) which included two Safety Recommendations, one to the Operator regarding Route 
Guides and one to the lifejacket manufacturer regarding the installation of Personal Locator 
Beacons (PLBs). 
 

In addition, Annex 13, Section 6.6, requires that if a Final Report cannot be made publicly 
available within twelve months, the State conducting the investigation shall make an interim 
statement publicly available on each anniversary of the occurrence. A First Interim 
Statement, AAIU Report No. 2018-004, was published on the 16 March 2018 (hereafter 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ CƛǊǎǘ LƴǘŜǊƛƳ {ǘŀǘŜƳŜƴǘύ, which included a further three 
Safety Recommendations: one to the Helicopter Manufacturer relating to Flight Data 
Recorder (FDR) position accuracy; one to the Operator regarding a review of its Safety 
Management System (SMS); and, one to the Minister of Transport, Tourism, and Sport 
regarding the oversight of Search and Rescue (SAR) aviation operations in the State. A 
Second Interim Statement was published on 1 March 2019; a Draft Final Report was issued 
in confidence to interested parties on 13 September 2019; a Third Interim Statement was 
published on 12 March 2020, and a Fourth Interim Statement was published on 12 March 
2021.  
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During the Draft Final Report comments process, one party invoked Regulation 15 of SI 460 
of 2009 and sent a Notice of Re-examination regarding certain Findings, Contributory Causes 
and a Conclusion in the Draft Final Report to the Minister for Transport, Tourism and Sport. 
On 23 December 2019, the Minister informed the Chief Inspector of Air Accidents that, in 
accordance with Regulation 16 of SI 460 of 2009, he was appointing a Review Board to carry 
out the re-examination requested. On 9 March 2020, the AAIU was advised by the 
Department of Transport, Tourism and Sport, that a Review Board has been established 
under SI 460 of 2009 for the re-examination of specific findings of the Draft Final Report into 
the accident to R116.  
 
The Investigation advised all interested parties, on 9 March 2020, of the Departmental 
contact details for information relating to the re-examination.  
 
Hearings were held over 44 days in the period from 23 November 2020 to 20 July 2021. 
 
On 1 October 2021, the Chairman of the Review Board provided his Report to the Minister in 
accordance with Regulation 16(10). On 15 October 2021, the Minister sent a copy of the 
/ƘŀƛǊƳŀƴΩǎ wŜǇƻǊǘ ǘƻ ǘƘŜ /ƘƛŜŦ LƴǎǇŜŎǘƻǊΣ ŀƭǎƻ ƛƴ ŀŎŎƻǊŘŀnce with Regulation 16(10), and 
referred all matters related to the Investigation back to the Chief Inspector to finalise the 
Investigation report. Regarding the specific Findings, Contributory Causes and Conclusion 
which were considered by the Review Board, the Investigation has adopted the revised text 
ŦǊƻƳ ǘƘŜ /ƘŀƛǊƳŀƴΩǎ wŜǇƻǊǘΦ  
 
The Investigation acknowledges that addressees of Safety Recommendations may have 
made progress in addressing those recommendations since the Draft Final Report was issued 
in September 2019. However, for certainty regarding these matters, this Final Report 
includes substantially the same Safety Recommendations; addressees can identify any 
actions taken since September 2019 in their responses to the Safety Recommendations in 
this Final Report, and these will be included in the updated Safety Recommendations on the 
AAIU website. 
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PREAMBLE 
 
The Helicopter, EI-ICR, was owned and operated by a company contracted by the 
Department of Transport, Tourism and Sport (DTTAS)7, to provide Search and Rescue (SAR) 
helicopter services in Ireland. The Operator of EI-ICR was the holder of an Air Operator 
Certificate (AOC) issued by the IAA, and is henceforth referred to in the Report as Ψthe 
OperatorΩΦ 
 

The Operator was also the holder of a Helicopter Emergency Medical Service (HEMS) 
approval, and the sole holder of an Irish National SAR Approval. Both approvals were issued 
by the IAA. 
 
Within DTTAS, SAR was managed by the IRCG, under the Maritime Safety Directorate. In 
addition to operating SAR missions, the Operator commenced HEMS operations in 2013, on 
an opportunity basis, at the behest of the Irish Coast Guard. 
 

The Operator had four bases in Ireland, situated at Dublin Airport on the east coast, at 
Shannon and Sligo Airports on the west coast, and at Waterford Airport on the south-east 
coast. Each base was allocated a rescue call sign as follows: Dublin ς ΨRescue 116ΩΣ {Ƙŀƴƴƻƴ ς 
ΨRescue 115Ω, Sligo ς ΨRescue 118Ω, and Waterford ς ΨRescue 117Ω. EI-ICR was based at Dublin, 
operating under the Ŏŀƭƭ ǎƛƎƴ ΨRescue 116Ω όwммсύ. Flights operated by EI-ICR and its sister 
helicopters at the other bases are referred to as Ψthe OperationΩΦ 
 
Flight crew at each base consisted of both commanders and co-pilots. Two commanders 
could be rostered together, with one nominated to act as co-pilot for a mission, as was the 
case on the accident flight. The Operator used the terms (and roles) Pilot Monitoring (PM) 
and Pilot Flying (PF); these roles could change within a particular mission but the designated 
commander remained the commander for the entire mission. The term flight crew is used to 
refer to pilots generally. The Flight Crew for the accident flight are referred to in this Report 
as the Commander and the Co-pilot; the Rear Crew for the accident flight are referred to as 
the Winchman and the Winch Operator, using Ψproper caseΩ, i.e. the first letter of each word 
is capitalised; references using non-capitalised words are generic. 
 
The Operator used an Operations Manual (OM), which was a multi-volume document 
(designated OMA, OMB, OMC, OMD, OMF and OMG), setting out the processes and 
procedures for conducting operations. The Investigation requested the Operator to provide 
copies of all volumes of its OM which were extant at the time of the accident. The individual 
volumes provided were OMA (Rev 01, dated 01 July 2016), OMB (Rev 01, dated 01 July 
2016), OMC (Rev 01, dated 01 July 2016), OMD (volumes 1, 2 & 3, Rev 02, dated 01 Jan 
2017), OMF (Rev 02, dated 01 July 2016) which was SAR specific, and OMG (Rev 02, dated 01 
July 2016) which was HEMS-specific. 
  

                                                      
7
 During the Investigation the title of thŜ 5ŜǇŀǊǘƳŜƴǘ ǿŀǎ ŎƘŀƴƎŜŘ ǘƻ ΨThe Department of TransportΩΦ 

Accordingly, where appropriate, such as when making Safety Recommendations, reference is made to 
ΨTransportΩ ǊŀǘƘŜǊ ǘƘŀƴ ΨTransport, Tourism and SportΩΣ ŀƴŘ ǘƘŜ ǘŜǊƳǎ Ψthe DepartmentΩΣ ΨDepartment of 
TransportΩΣ ŀƴŘ ΨDTTASΩ ŀǊŜ ǳǎŜŘ ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅ ƛƴ ǘƘƛǎ wŜǇƻǊǘΦ 
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The Operator set up a ΨDataroomΩ ƛƴ ƻǊŘŜǊ ǘƻ ƳŀƴŀƎŜ ǘƘŜ ǊŜǉǳŜǎǘǎ ŦǊƻƳ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ 
ŀƴŘ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ǿŀǎ ǊŜǉǳŜǎǘŜŘ ǘƻ ŎƻǇȅ ŀƭƭ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ǘƘƛǎ ΨDataroomΩ. The 
Investigation was informed that the ΨDataroomΩ forwarded queries from the Investigation to 
ǘƘŜ ǊŜƭŜǾŀƴǘ ǇŜǊǎƻƴόǎύ ǿƛǘƘƛƴ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ƻǊƎŀƴƛǎŀǘƛƻƴ for reply, and ǘƘŜ ΨDataroomΩ ǿŀǎ 
to provide a formal response on behalf of the Operator. Many of these formal responses 
were in the form of emails. Therefore, where relevant, the Investigation has used quotes 
from these emails in this Final Report. 
 
 

1. FACTUAL INFORMATION 
 

1.1 History of the Flight 
 

1.1.1 The Call-out 
 

At approximately 21.39 hrs on the night of 13 March 2017, the captain of a Fishing Vessel 
(FV) contacted Malin Head Marine Rescue Sub Centre (MRSC) to seek medical advice 
because a crewman on board had suffered an injury. At the time of this call the FV was 
operating in the North Atlantic Ocean, approximately 140 Nautical Miles (NM) west of Eagle 
Island, Co. Mayo. At 21.42 hrs, MRSC Malin contacted the Sligo SAR duty pilot, and tasked 
the Sligo-based helicopter, R118 with airlifting the injured crewman to hospital. 
 

At 22.10 hrs, following consultation with the Dublin-based Commander, who was at home, 
the Marine Rescue Coordination Centre (MRCC) Dublin alerted the R116 crew via TETRA8 
radio and tasked R116 to provide Top Cover9 for R118. The details regarding the exact 
nature of the tasking of R116 and R118, and communications between the relevant 
agencies, are set out in Section 1.17.13 of this Report. 
 

One of the Dublin Base duty engineers was alerted by a TETRA call at approximately  
22.10 hrs, as he was about to leave the Dublin SAR Base for his home. He returned to the 
operations building and went to the Co-pƛƭƻǘΩǎ ǊŜst room, to check that the Co-pilot, who was 
staying on the base, had received the TETRA call. The Co-pilot confirmed that he had, and 
that he had spoken by phone with MRCC Dublin. When another Dublin Base engineer arrived 
from home, the Helicopter was towed out of the hangar to prepare it for refuelling. 
 

The Commander telephoned the Sligo SAR Base from her car, while en route to the Dublin 
SAR Base and spoke to the winch operator of R118; the winch operator recalled that he 
informed the Commander that the two pilots were at the helicopter preparing for start-up, 
and that he was about to head out to join them. The Commander advised him that she had 
received the call for ΨTop CoverΩΣ ǘƘŀǘ she was making her way to the Dublin Base, and that 
she wanted to know what the intentions of the crew of R118 were. The Sligo winch operator 
said that he advised the Commander that they were heading offshore to the west and that 
he assumed R116 would route to Blacksod.  

                                                      
8
 TETRA: Terrestrial Trunked Radio ς A European standard for a trunked radio system and two-way transceiver 

specification. 
9
 Top Cover: An aircraft dispatched in support of another (SAR) aircraft which is conducting an offshore 

mission. The term is also used to denote an air asset used as a SAR Support aircraft. 
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An engineer at the Dublin SAR Base, who was waiting in the operations room to receive a 
final fuel load requirement from the Flight Crew of R116, recalled the Commander coming 
onto the base, followed shortly afterwards by the two Rear Crew. The four Crew Members 
gathered in the operations room. One of the Dublin-based engineers recalled the 
Commander commenting that the Blacksod weather was probably not going to be good 
enough, and that the Helicopter would route to Sligo. At 22.35 hrs, the Winch Operator 
telephoned MRCC Dublin seeking an updated position for the FV, because they were unable 
to see the FV on the Automatic Identification System10 (AIS). The Winch Operator also 
telephoned MRCC Dublin to enquire if R118 was having trouble getting into Blacksod; he 
ŜȄǇƭŀƛƴŜŘ ǘƘŀǘ ƛŦ wмму ŎƻǳƭŘƴΩǘ ƎŜǘ ƛƴǘƻ .ƭŀŎƪǎƻŘ, then R116 would have to head to Sligo for 
fuel. MRCC Dublin undertook to check with MRSC Malin. MRCC Dublin subsequently rang 
the Dublin Base to provide the requested position update for the FV. 
 

An engineer at the Sligo Base recalled that after R118 had departed, the Commander of 
R116 called the Sligo Base phone; he believed that this call was made from a land line. The 
Commander and the engineer knew each other and briefly exchanged pleasantries before 
the Commander told the engineer that R116 would be coming into Sligo for a rotors-running 
refuelling because the weather at Blacksod was unsuitable. 
 

The Co-pilot arrived at the Helicopter at approximately 22.47 hrs, and told the engineer that 
the Commander had requested a total fuel on board of 5,000 lbs. Technical Log records 
indicate that a volume of 900 litres (L) of fuel, was uplifted to the Helicopter. The 
Commander ǿŀǎ ŦƛǊǎǘ ƘŜŀǊŘ ƻƴ ǘƘŜ IŜƭƛŎƻǇǘŜǊΩǎ /ockpit Voice Recorder (CVR) recording at 
22.53 hrs. 
 

1.1.2 The Accident Flight 
 

The Helicopter engines were started at 22.55 hrs, and it commenced take-off from RWY 16, 
at Dublin Airport, at 23.02 hrs. Shortly after take-off, the Helicopter established on a north-
westerly track of approximately 300 degrees in accordance with its clearance. On transfer to 
Dublin Departures, the Helicopter was instructed to establish on a heading of 270 degrees. 
The Helicopter continued to climb on the westerly heading, until reaching 3,000 feet (ft), 
when it was transferred to Dublin Area Control Centre (ACC - Lower North Sector). 
 

At 23.11 hrs, the Rear Crew made contact with R118 on TETRA. R118 informed R116 that it 
was about to land in Blacksod and that it would contact R116 when it was on the ground in 
Blacksod11. In addition, wмму ƛƴŦƻǊƳŜŘ wммс ǘƘŀǘ Ψconditions at the pad are fine eh eh kind of 
some low cloud eh approximately five hundred feet eh up to the north while we were 
inbound through Broadhaven bay overΦΩ 
 

The Helicopter continued to maintain 3,000 ft, and at 23.13 hrs it commenced tracking 
towards Sligo. Once established on course to Sligo, the Flight Crew conducted fuel 
calculations to determine if there was a time/fuel advantage in uplifting fuel at Blacksod 
instead of Sligo. At 23.20 hrs, having cross-checked their calculations, the Flight Crew elected 
to route to Blacksod.  

                                                      
10

 AIS: A system used to indicate the positions of maritime assets. For further details see Section 1.6.6. 
11

 The Investigation was informed that R118 approached Blacksod using the SGLOWBS route (Sligo low level 
route to Blacksod), which is different to the route R116 intended to use. 
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The Rear Crew informed MRSC Malin of this decision. Shortly after this, the Flight Crew 
informed Dublin ACC of a change of routing, that they had turned approximately 20 degrees 
left, and would be routing to Blacksod. Dublin ACC instructed R116 to contact Shannon ACC 
(Shannon North). 
 

The Helicopter called Shannon Information (ATC) and reported that it was 7 NM south of 
Kells (located approximately 29 NM north-west of Dublin) at 3,000 ft and that it was  
en route to Blacksod. Shannon Information asked the Helicopter to confirm that it was 
operating under IFR (Instrument Flight Rules) and if they were ready for 4,000 ft. R116 
responded, confirming that it was operating under IFR and that it would be climbing to  
4,000 ft in approximately 20 NM. Shannon Information passed the latest Shannon QNH 
(atmospheric pressure at sea-level) and asked the Helicopter to confirm if it was routing to 
Sligo or Blacksod. The Commander read back the QNH and reported that they were routing 
to Blacksod. Shannon Information informed R116 that R118 was Ψjust headed off the west 
coast now, he has no contact with me, if you contact him, can you ask him to give me a call 
pleaseΩ. 
 

At 23.33 hrs, R116 commenced a climb from 3,000 ft, levelling at 4,000 ft three minutes 
later. Once the Helicopter was level at 4,000 ft, the Commander stated that she was going to 
select APBSS12 on the Flight Management System (FMS). 
 

At 00.04 hrs, as R116 was passing overhead Knock Airport13, the Rear Crew made initial 
contact with Blacksod helipad to request information on the wind, cloud base and visibility. 
At 00.09 hrs, Blacksod helipad replied to R116 with an estimated cloud base, which was 
reported as between 300 and 500 ft. The Commander asked the Rear Crew to request wind 
direction, speed and visibility. This request was relayed to Blacksod helipad; the reply 
received was that the wind was west-south-west at 25-33 knots, and the visibility was 2 NM. 
 

As the Helicopter approached the Mayo coast, ǘƘŜ CƭƛƎƘǘ /ǊŜǿ ŎƻƳƳŜƴŎŜŘ ǘƘŜ ΨDVE14 
ApproachΩ ŎƘŜŎƪƭƛǎǘΦ ¢ƘŜ IŜƭƛŎƻǇǘŜǊ ǿŀǎ ŀǘ пΣллл ŦǘΣ ǘǊŀŎƪƛƴƎ ǘƻǿŀǊŘǎ waypoint ΨBLKMOΩΣ ǘƘe 
initial waypoint of the APBSS route; BLKMO was almost coincident with Black Rock. At  
00.28 hrs, the Helicopter crossed the Mayo coast and flew out over Blacksod Bay, and 
shortly after this, when the Helicopter was approximately 1.5 NM north of Dugort, Achill 
Island, Co. Mayo, at 4,000 ft, inter-Crew communications confirmed that the Helicopter was 
over the water. 
 

The Co-pilot announced that the DVE checks were complete, and at 00.34 hrs, as the 
Helicopter passed abeam the navigational waypoint ΨBKSDAΩΣ ΨAlt PreΩ15 was selected and the 
Helicopter commenced descent. At this time, the Commander commented on the high 
terrain at Achill, ƛƴ ǘƘŜ IŜƭƛŎƻǇǘŜǊΩǎ Ψnine ƻΩŎƭƻŎƪ positionΩΣ ŀƴŘ ǘƘŜ ²ƛƴŎƘƳŀƴ ŀƴƴƻǳƴŎŜŘ Ψall 
clear aheadΩΦ ¢ƘŜ /ƻ-pilot then informed Shannon ACC that the Helicopter was in the 
descent and that they were making their way into Blacksod for refuelling. Shannon 
acknowledged this and asked R116 to report again when airborne.   

                                                      
12

 APBSS: A pre-programmed route in the Helicopter FMS (Section 1.6.6.2). 
13

 Knock Airport: Ireland West Airport (EIKN). 
14

 DVE: Degraded Visual Environment, which OMB defines as visibility less than 4,000 metres or no distinct 
natural horizon. 
15

 Alt Pre: Altitude Preselect, a vertical mode selected on the auto-flight system. 
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As the Helicopter was passing 2,400 ft, Approach One (APP1) mode (an automatic mode 
available on S-92A SAR helicopters to descend from 2,400 ft to 200 ft, unless interrupted at a 
higher intermediate altitude) was selected on the Automatic Flight Control System (AFCS). 
 

As the Helicopter approached BLKMO, in the descent, while westbound, the Commander 
noted that they were clear to the right on radar and commenced a slight right turn to allow 
the descent to complete down to 200 ft, prior to a left turn back to BLKMO. 
 

As the Helicopter tracked north-west from BLKMO, and passed approximately 800 ft in the 
descent, the Commander asked the Co-pilot to Ψconfirm we're clear ahead on radar and on E 
GYP WIZZ [EGPWS ς Enhanced Ground Proximity Warning System]Ω. The Co-pilot responded 
Ψȅƻǳ ŀǊŜΧȅƻǳ ŀǊŜ ŎƭŜŀǊ ŀƘŜŀŘ ƻƴ Χ ǘŜƴ ƳƛƭŜ ǊŀƴƎŜΩ. 
 

The Helicopter maintained a north-westerly track until it reached 200 ft, at which point the 
/ƻƳƳŀƴŘŜǊ ŀƴƴƻǳƴŎŜŘ ǘƘŀǘ !ǇǇǊƻŀŎƘ hƴŜ ǿŀǎ ŎƻƳǇƭŜǘŜ ŀƴŘ ǘƘŀǘ ǎƘŜ ǿŀǎ ΨώΧϐ just going 
ǘƻ ƘŜƭǇ ƛǘ ǊƻǳƴŘ ǘƘŜ ŎƻǊƴŜǊ Χ ŎƻƳƛƴƎ ǘƻ ǘƘŜ ƭŜŦǘΩ. As the Helicopter commenced the left turn 
back towards BLKMO, the Winchman ŀƴƴƻǳƴŎŜŘ ǘƘŀǘ ǘƘŜ IŜƭƛŎƻǇǘŜǊ ǿŀǎ Ψclear around to 
ǘƘŜ ƭŜŦǘΩ. This was followed approximately 30 seconds later by a further announcement from 
the Co-pilot that they were Ψah clear ahead on E GYP WIZZ and radarΩ. 
 
At 00.43 ƘǊǎΣ ŀǎ ǘƘŜ IŜƭƛŎƻǇǘŜǊ ǿŀǎ ǘǳǊƴƛƴƎ ōŀŎƪ ǘƻǿŀǊŘǎ .[Yah ŀǘ нлл ŦǘΣ ǘƘŜ ΨBefore 
LandingΩ ŎƘŜŎƪƭƛǎǘ ǿŀǎ ŎƻƳƳŜƴŎŜŘΦ 5ǳǊƛƴƎ ǘƘƛǎ ǘƛƳŜ, the Co-pilot stated: Ψstarting to get 
ground coming in there at just over eight miles in the ten o'clock positionΩ. Just as the 
/ƻƳƳŀƴŘŜǊ ǿŀǎ ŎƻƳǇƭŜǘƛƴƎ ǘƘŜ Ŧƛƴŀƭ ƛǘŜƳ ƻŦ ǘƘŜ ΨBefore LandingΩ ŎƘŜŎƪƭƛǎǘΣ ǎƘŜ ŎƻƳƳŜƴǘŜŘ 
that she was visual with the surface of the sea. 
 

At 00.45 hrs, the Co-pilot announced Ψƻƪŀȅ ǎƻ ǎƳŀƭƭ ǘŀǊƎŜǘǎ ŀǘ ǎƛȄ ƳƛƭŜǎ ŀǘ мм ƻϥŎƭƻŎƪ Χ ƭŀǊƎŜ 
out to the right thereΩ. This was followed approximately 20 seconds later by an Auto Callout 
ΨAltitude, AltitudeΩ, which the Commander said was Ψjust a small little island that's B L M O 
itselfΩ. 
 

Just prior to 00.46 hrs the Winchman announced ΨLooking at an island just eh directly ahead 
ƻŦ ǳǎ ƴƻǿ ƎǳȅǎΧȅƻǳ ǿŀƴƴŀ ŎƻƳŜ ǊƛƎƘǘ ώ/ƻƳƳŀƴŘŜǊΩǎ ƴŀƳŜϐΩ. The Commander asked for 
confirmation of the required turn, and the Winchman replied Ψtwenty degrees right yehΩ. The 
Commander instructed the Co-pilot to select heading (HDG) mode, which the Co-pilot 
acknowledged and actioned. Within one second of this acknowledgement, the Winchman 
announced Ψcome right now, come right, COME RIGHTΩ. 
 

Shortly after this, the Helicopter pitched up rapidly and rolled to the right. At 00.46:08 hrs, 
the Helicopter collided with terrain at the western end of Black Rock, departed from 
controlled flight, and impacted with the sea. The main wreckage of the Helicopter came to 
rest on the seabed to the east of Black Rock, at a depth of 40 metres (m). 
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1.2 Injuries to Persons 
 

Injuries to persons are listed in Table No. 1. 
 

Injuries Crew Passengers Others 

Fatal 4 0 0 

Serious 0 0 0 

Minor/None 0 0  
 

Table No. 1: Injuries to persons 

Additional Information relating to the Crew Members is provided at Section 1.5, Personnel 
Information and, Section 1.13, Medical and Pathological Information. 
 

1.3 Damage to Aircraft 
 
The Helicopter was destroyed. Further details are contained in Section 1.12. 
 

1.4 Other Damage 
 
There was minor damage to buildings on Black Rock. 
 

1.5 Personnel Information 
 

1.5.1 General 
 
The Helicopter Crew comprised a standard SAR complement of four persons: the Helicopter 
Commander, located in the right-hand cockpit seat, the Co-pilot located in the left-hand 
cockpit seat, a Winch Operator, located on the right-hand side of the forward cabin at the 
main entrance door (Winch Operator Station), and a Winchman located on the left-hand 
side of the forward cabin (at the SAR Operator Station). 
 

1.5.2 Helicopter Commander 
 
The Helicopter /ƻƳƳŀƴŘŜǊ ƘŜƭŘ ŀ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ CƭƛƎƘǘ /ǊŜǿ !ƛǊƭƛƴŜ ¢ǊŀƴǎǇƻǊǘ tƛƭƻǘΩǎ 
Licence (ATPL) Helicopter (H) issued in Ireland by the IAA. ¢ƘŜ /ƻƳƳŀƴŘŜǊΩǎ Sikorsky S-92A 
type rating was valid to 28 February 2018 (date of test: 9 February 2017). The Commander 
held a Class I Medical Certificate valid to 15 January 2018. 
 
The Commander began flying training in 1990, gaining a tǊƛǾŀǘŜ tƛƭƻǘΩǎ [ƛŎŜƴŎŜ όtt[ύ 
Helicopter (H) in December 1990 and a Commercial PƛƭƻǘΩǎ [ƛŎŜƴŎŜ ό/t[ύ (H) in March 1992. 
In late 1993, the Commander commenced employment with an Irish helicopter company 
and completed a Multi-Engine (ME) Rating and an Instrument Rating (IR). During 1994, the 
Commander was seconded to a SAR operator in the UK, to gain flying experience on the  
S-61N helicopter. Following this secondment, the Commander was attached to a base at 
Shannon as an All Weather Search and Rescue (AWSAR) co-pilot. 
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In early 2000, the Commander completed her command upgrade and was assigned as a 
captain at Shannon. In 2002, she was assigned to the Waterford SAR Base and was 
subsequently appointed as Chief Pilot there. In 2013, the Commander completed a type 
rating and an AWSAR Operator Conversion Course on the S-92A. In July 2013, she completed 
her Command Check on the S-92A and completed some operational shifts at the Waterford 
SAR Base before being assigned as a Captain attached to the Dublin SAR Base. The 
Commander was responsible, amongst other ground duties, for the compilation and 
ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ {!w Ǉƛƭƻǘ ǊƻǎǘŜǊΦ ¢ƘŜ /ƻƳƳŀƴŘŜǊΩǎ ƭƛŎŜƴŎŜ ŀƴŘ ƳŜŘƛŎŀƭ 
certification details are contained in Table No. 2. 
 

Personal Details: Aged 45 years 

Licence: !ƛǊƭƛƴŜ ¢ǊŀƴǎǇƻǊǘ tƛƭƻǘΩǎ [ƛŎŜƴŎŜ ό!¢t[ύ IŜƭƛŎƻǇǘŜǊ (H), 
issued by the IAA; Type Rating was valid until 
28/02/2018 

Medical 
Certificate:  

Class I, valid until 15/01/2018 

 

Table No. 2: /ƻƳƳŀƴŘŜǊΩǎ licence and medical certification details 
 
The checks completed by the Commander are listed in Table No. 3. 
 

Check Type Check Valid to 

Licence Proficiency Check (LPC) 09/02/2017 28/02/2018 

Operator Proficiency Check (OPC) 09/02/2017 31/08/2017 

Pilot Competence Check (HEMS) 06/03/2017 31/03/2018 

Pilot Competence Check (AWSAR) 06/03/2017 31/03/2018 
 

Table No. 3: Checks completed by the Commander 

Other training completed by the Commander is listed in Table No. 4. 
 

Other Training Completed Valid to 

Emergency and Safety Equipment 
(Annual Check) 

06/03/2017 31/03/2018 

Exits Triennial Training 11/03/2016 31/03/2019 

Helicopter Underwater Egress Training 
(HUET) with Short Term Air Supply 
System (STASS) and Basic Fire Fighting 

08/03/2017 30/04/2020 

Fatigue Risk Management Refresher 
Training 

02/07/2015 31/07/2017 

CRM Recurrent Training 13/10/2016 31/12/2017 

Dangerous Goods (Carriage) 19/03/2016 31/03/2018 

Controlled Flight Into Terrain 21/09/2016 21/09/2018 
 

Table No. 4: Other training completed by the Commander 
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Flying Experience: 
 
¢ƘŜ /ƻƳƳŀƴŘŜǊΩǎ ŦƭȅƛƴƎ ŜȄǇŜǊƛŜƴŎŜ ƛǎ ŘŜǘŀƛƭŜŘ ƛƴ Table No. 5. 
 

Total all types: 5,292 hours 

Total on type: 825 hours 

Total on type P1: Approximately 725 hours  

Last 90 days: 33.6 hours 

Last 28 days: 13.2 hours 

Last 24 hours: 1.1 hours 
 

Table No. 5: /ƻƳƳŀƴŘŜǊΩǎ ŦƭȅƛƴƎ ŜȄǇŜǊƛŜƴŎŜ 

Duty Time: 
 

¢ƘŜ /ƻƳƳŀƴŘŜǊΩǎ Řǳǘȅ ǘƛƳŜ ƛǎ ǎƘƻǿƴ ƛƴ Table No. 6. 
 

Duty Time up to accident:  11 hours 45 min 

Rest period prior to duty: 23 hours 
 

Table No. 6: /ƻƳƳŀƴŘŜǊΩǎ Řǳǘȅ ǘƛƳŜ 

 
1.5.3 Helicopter Co-pilot 

 
The Helicopter Co-pilot held a European Union Flight Crew ATPL (H) issued in Ireland by the 
IAA. His Sikorsky S-92A type rating was valid to 31 May 2017 (date of test: 12 May 2016). He 
held a Class I Medical Certificate valid to 31 October 2017 with the provision to wear 
corrective lenses. 
 
The Co-pilot commenced helicopter flying in 1996. He was issued with his PPL (H) on  
15 October 1996 and his CPL (H) on 25 November 1998. He took up employment with a 
west-of-Ireland helicopter operator in December 1999, flying a Bell 206 Jetranger. 
 
In August 2001, the Co-pilot completed a Multi-Engine (ME) Rating and an Instrument Rating 
(IR) with a UK company flying a Eurocopter AS355F2 Écureuil helicopter. The Co-pilot 
completed his type rating on a Sikorsky S-61N in Norway in October 2001 and his AWSAR 
Operator Conversion Course in December 2001. He was assigned as a co-pilot attached to 
the Dublin SAR Base and in December 2007, he completed his command upgrade and was 
assigned as a captain. In May 2013, the Co-pilot completed his type rating on the Sikorsky  
S-92A in the UK and completed his AWSAR Operational Conversion Course in August 2013. 
 
In December 2013, he completed his Command Check and was assigned as a captain 
attached to the Dublin SAR Base. The Co-ǇƛƭƻǘΩǎ licence and medical certification details are 
contained in Table No. 7. 
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Personal Details: Aged 51 years  

Licence: !ƛǊƭƛƴŜ ¢ǊŀƴǎǇƻǊǘ tƛƭƻǘΩǎ [ƛŎŜƴŎŜ ό!¢t[ύ IŜƭƛŎƻǇǘŜǊ όIύΣ 
issued by the IAA; Type Rating was valid until 31/05/2017 

Medical 
Certificate:  

Class I, valid until 31/10/2017 

 

Table No. 7: Co-ǇƛƭƻǘΩǎ ƭƛŎŜƴŎŜ ŀƴŘ ƳŜŘƛŎŀƭ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŘŜǘŀƛƭǎ 

The checks completed by the Co-pilot are listed in Table No. 8. 
 

Check Type Check Valid to 

Licence Proficiency Check (LPC)  12/05/2016 31/05/2017 

Operator Proficiency Check (OPC) 10/11/2016 31/05/2017 

Pilot Competence Check (HEMS) 09/12/2016 31/12/2017 

Pilot Competence Check (AWSAR) 09/12/2016 31/12/2017 
 

Table No. 8: Checks completed by the Co-pilot 

Other training completed by the Co-pilot is listed in Table No. 9. 
 

Additional Training Completed Valid to 

Emergency and Safety Equipment 
(Annual Check) 

28/07/2016 31/08/2017 

Exits Triennial Training 28/07/2016 31/07/2019 

Helicopter Underwater Egress Training 
(HUET) with Short Term Air Supply System 
(STASS) and Basic Fire Fighting 

04/10/2016 30/11/2019 

Fatigue Risk Management Refresher 
Training 

01/07/2015 31/07/2017 

CRM Recurrent Training 13/10/2016 31/12/2017 

Dangerous Goods (Carriage) 06/06/2015 30/06/2017 

Controlled Flight Into Terrain 21/09/2016 21/09/2018 
 

Table No. 9: Other training completed by the Co-pilot 

Flying Experience: 
 
The Co-ǇƛƭƻǘΩǎ ŦƭȅƛƴƎ ŜȄǇŜǊƛŜƴŎŜ ƛǎ ŘŜǘŀƛƭŜŘ ƛƴ Table No. 10. 
 

Total all types: 3,435 hours 

Total on type: 795 hours 

Total on type P1: Approximately 695 hours  

Last 90 days: 37 hours 

Last 28 days: 13.5 hours 

Last 24 hours: 1.1 hours 
 

Table No. 10: Co-ǇƛƭƻǘΩǎ ŦƭȅƛƴƎ ŜȄǇŜǊƛŜƴŎŜ 
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Duty Time: 
 

The Co-ǇƛƭƻǘΩǎ Řǳǘȅ ǘƛƳŜ ƛǎ ǎƘƻǿƴ ƛƴ Table No. 11. 
 

Duty Time up to accident:  10 hours 15 min 

Rest period prior to duty: 24 hours 30 min 
 

Table No. 11: Co-ǇƛƭƻǘΩǎ Řǳǘȅ ǘƛƳŜ 

1.5.4 Helicopter Winch Operator 
  

The Winch Operator served initially as a military SAR Crew Winchman and then as a Winch 
Operator on Alouette III and AS365F Dauphin helicopters. In 1998, he joined a civilian SAR 
operator as a senior SAR Crewman. He completed an AWSAR Operator Conversion Course 
on S-61N in 1998 and was assigned as a dual-rated Winch Operator/Winchman attached to 
the Dublin SAR Base. In 2013, he completed an AWSAR Operator Conversion Course on the 
S-92A and was assigned as a dual-rated Winch Operator/Winchman attached to the Dublin 
SAR Base. 
 

In addition to his SAR Crewman ratings, he was a Pre-Hospital Emergency Care Council 
(PHECC) registered paramedic. The Winch hǇŜǊŀǘƻǊΩǎ ƳŜŘƛŎŀƭ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŘŜǘŀƛƭǎ ŀǊŜ 
contained in Table No. 12. 

 

Personal Details: Aged 53 years  

Medical Certificate:  Class II, valid until 08/01/2018 
 

Table No. 12: ²ƛƴŎƘ hǇŜǊŀǘƻǊΩǎ ƳŜŘƛŎŀƭ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŘŜǘŀƛƭǎ 

The Winch Operator underwent the checks listed in Table No. 13. 
 

Check Type Check Valid to 

Crewman Competency Check (AWSAR) 17/12/2016 17/12/2017 

PHECC Paramedic 31/05/2017 31/05/2017 
 

Table No. 13: Checks completed by the Winch Operator 
 

Other training completed by the Winch Operator is listed in Table No. 14. 
 

Additional Certificate Training Check Valid to 

Emergency and Safety Equipment 
(Annual Check) 

17/12/2016 31/12/2017 

Exits Triennial Training 16/05/2016 31/05/2019 

Helicopter Underwater Egress Training 
(HUET) with Short Term Air Supply System 
(STASS) and Basic Fire Fighting 

01/05/2015 30/04/2018 

Fatigue Risk Management Refresher 
Training 

10/07/2015 10/07/2017 

CRM Recurrent Training 21/12/2016 31/12/2017 

Dangerous Goods (Carriage) 18/03/2016 31/03/2018 
 

Table No. 14: Other training completed by the Winch Operator  
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1.5.5 Helicopter Winchman 

 
The Winchman served as a military SAR Crew Winchman on Alouette III and AS365F Dauphin 
helicopters from 1999. In 2004, he joined a civilian operator as a SAR Crewman. 
 

He completed an AWSAR Operator Conversion Course on the S-61N in 2004 and following an 
initial assignment at the Sligo Base he was assigned as a Winchman attached to the Dublin 
SAR Base. In 2013, he completed an AWSAR Operator Conversion Course on the S-92A and 
was assigned as a dual rated Winch Operator/Winchman attached to the Dublin SAR Base. In 
addition to his SAR Crewman ratings, he was a PHECC-registered paramedic. The 
²ƛƴŎƘƳŀƴΩǎ ƳŜŘƛŎŀƭ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŘŜǘŀƛƭǎ ŀǊŜ ŎƻƴǘŀƛƴŜŘ ƛƴ Table No. 15. 

 

Personal Details: Aged 38 years  

Medical Certificate:  Class II, valid until 09/04/2020 
 

Table No. 15: ²ƛƴŎƘƳŀƴΩǎ medical certification details 

The Winchman underwent the checks listed in Table No. 16. 
 

Check Type Check Valid to 

Crewman Competency Check (AWSAR) 28/03/2016 31/03/2017 

PHECC Paramedic 31/05/2016 31/05/2017 

 

Table No. 16: Checks completed by the Winchman 

Other training completed by the Winch Operator is listed in Table No. 17. 
 

Additional Certificate Training Check Valid to 

Emergency and Safety Equipment 
(Annual Check) 

26/01/2016 31/03/2017 

Exits Triennial Training 28/03/2016 31/03/2019 

Helicopter Underwater Egress Training 
(HUET) with Short Term Air Supply System 
(STASS) and Basic Fire Fighting 

27/07/2016 31/10/2019 

Fatigue Risk Management Refresher 
Training 

14/07/2015 31/07/2017 

CRM Recurrent Training 13/10/2016 31/12/2017 

Dangerous Goods (Carriage) 19/01/2016 31/01/2018 
 

Table No. 17: Other training completed by the Winchman 

1.5.6 72-Hour Activity Review 
 

 General 1.5.6.1
 

In accident investigation it is necessary to examine the activity of each of the Crew Members 
to establish if the nature of such activities had a bearing on the rest and wellbeing of the 
individual. ¢ƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ŎƻƴǘŀŎǘŜŘ ŜŀŎƘ ƻŦ ǘƘŜ /ǊŜǿ aŜƳōŜǊǎΩ ŦŀƳilies to seek 
assistance in understanding their activity profiles in the days immediately preceding the 
accident. The Investigation also spoke with colleagues of the Crew Members.  
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One issue which was mentioned by families, and also by colleagues of the Crew Members, 
ǿŀǎ ǘƘŀǘ ǘƘŜǊŜ ƘŀŘ ōŜŜƴ ŀ ōŜǊŜŀǾŜƳŜƴǘ ǿƛǘƘƛƴ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǎǘŀŦŦ ŎƻƳƳǳƴƛǘȅ ƛƴ ǘƘŜ ǿŜŜƪ 
preceding the accident. Funeral ceremonies for this person, a Post-Holder of long service 
with the Operator, were held on Saturday, 11 March 2017, in Co. Clare, and on Monday, 13 
March 2017, in Dublin. Not all of the members of the accident IŜƭƛŎƻǇǘŜǊΩǎ crew were able 
to attend the ceremonies. 
 

 Commander 1.5.6.2
 

On Friday, 10 March 2017, the Commander largely spent the day with family members and 
friends, and attending to domestic matters. During the day she met with a colleague to make 
ǊƻǎǘŜǊ ŀŘƧǳǎǘƳŜƴǘǎ ƛƴ ƻǊŘŜǊ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ǎǘŀŦŦ ŀǘǘŜƴŘŀƴŎŜ ŀǘ ǘƘŜƛǊ ŎƻƭƭŜŀƎǳŜΩs funeral. She 
spent the evening at home and retired to bed sometime before 23.45 hrs. On Saturday 11 
March 2017, the Commander spent the morning at home before leaving for her shift at the 
Dublin Base. She returned home around 21.30 hrs. 
 
On Sunday, 12th March 2017, the Commander left for the Dublin Base around 07.00 hrs. She 
returned home at approximately 14.15 hrs and spent the rest of the day with family and 
friends, before retiring to bed at approximately 21.30 hrs. On Monday, 13 March 2017, the 
Commander rose between 06.00 hrs and 06.15 hrs. The Commander dropped her son to his 
crèche and later departed for the Dublin Base for her shift at 13.00 hrs. 
 
The Commander returned home around 21.25 hrs, and retired to bed about 30 minutes 
later. At around 22.15 hrs, she went back downstairs to her sister to say that she had been 
called out and she departed for the Dublin Base. 
 

 Co-pilot 1.5.6.3
 
The Co-pilot had been off-shift from 5 March until 11 March 2017, and reportedly had a 
relaxing week. He spent Friday 10 March 2017, attending to family and domestic matters, 
and retired to bed before 23.30 hrs. On Saturday 11 March 2017, he awoke before 08.30 hrs, 
and departed for the Dublin Base, where he was on shift from 13.00 hrs until 12 March 2017 
at 14.00 hrs approximately. This was a delayed finish due to a SAR tasking; during the Co-
ǇƛƭƻǘΩǎ ǎƘƛŦǘΣ ƘŜ ŎŀǊǊƛŜŘ ƻǳǘ ǘǿƻ ǘŀǎƪƛƴƎǎ: one commencing at 19.59 hrs, and one commencing 
at 12.03 hrs ï each flight lasted approximately one hour. It was the Co-pilotΩǎ ǇǊŀŎǘƛŎŜΣ ŘǳŜ 
to the distance from his home to the Dublin Base, to sleep on base during his rostered 
duties. He spent Sunday afternoon and evening with his family before retiring to bed 
between 23.00 hrs and 23.30 hrs. On 13 March 2017, he was awoken by an alarm at  
07.15 hrs and rose after 08.10 hrs. During the morning he checked work emails, had coffee 
with a friend and did some household chores. He left home at 12.40 hrs to attend a service 
for his deceased colleague, and proceeded from the service to the Dublin SAR Base in order 
to start his shift at approximately 14.30 hrs. He spoke with his wife, by phone, at around 
21.15 hrs. 
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 Winch Operator 1.5.6.4

 
The Winch Operator completed a rostered shift at 13.00 hrs on Friday, 10 March 2017. He 
was not on duty on Saturday, 11 March 2017 or Sunday, 12 March 2017. It is understood 
that he spent Saturday attending to domestic matters. On Sunday he visited family members 
before returning home in the early evening. On Monday, 13 March 2017, he reported for his 
shift at the Dublin Base at 13.00 hrs. Staff at the Dublin Base informed the Investigation that 
his mood was quite subdued which they attributed to the fact that he had been unable to 
ŀǘǘŜƴŘ Ƙƛǎ ŎƻƭƭŜŀƎǳŜΩǎ ŦǳƴŜǊŀƭ ŎŜǊŜƳƻƴƛŜǎ ƻƴ ŜƛǘƘŜǊ {ŀǘǳǊŘŀȅ ƻǊ aƻƴŘŀȅΦ IŜ ŘŜǇŀǊǘŜŘ ǘƘŜ 
base for home at around 21.00 hrs. The Investigation was informed that it seemed that he 
had retired to bed and was reading, as was his practice, when he was alerted to the tasking 
via his TETRA radio. 
 

 Winchman 1.5.6.5
 
The Winchman finished a run of two duties on Thursday, 9 March 2017. On Friday, he spent 
the day with family and was reported to be in good spirits. On Saturday, he attended his 
colleagǳŜΩǎ ŦǳƴŜǊŀƭ service. He was reported to be in good form, spoke with several 
colleagues throughout the day and was reportedly reconciled to the bereavement. Sunday 
was spent with family and friends. On Monday, 13 March 2017, he started his shift at  
13.00 hrs. 
 
His wife had occasional text communications with him throughout the day and his wife and 
children collected him from the Dublin Base at 21.00 hrs. He indicated to his wife that the 
ǎƘƛŦǘ ƘŀŘ ōŜŜƴ ŘƛŦŦƛŎǳƭǘ ŘǳŜ ǘƻ ǘƘŜ ŜƳƻǘƛƻƴǎ ŀǊƻǳƴŘ Ƙƛǎ ŎƻƭƭŜŀƎǳŜΩǎ ŘŜŀǘƘΦ IŜ ǿŀǎ ǊŜƭŀȄƛƴƎ ŀǘ 
home when his TETRA radio activated with the tasking and he departed for the Dublin SAR 
Base. 
 
He sent a text message to his wife later to say that they were headed to Sligo for fuel, then 
following R118 out towards the FV and indicated that he intended to sleep on base following 
completion of the mission. 
 

1.6 Aircraft Information 
 

1.6.1 General 
 
The Sikorsky S-92A helicopter type is fitted with two General Electric CT7-8A turboshaft 
engines, with Full Authority Digital Engine Control (FADEC). The engines power a fully 
articulated four-bladed main rotor, with a disc diameter of 17.17 m and a four-bladed tail 
rotor system, with a disc diameter of 3.35 m. The main and tail rotor blades are 
manufactured from composite materials. The tail rotor is mounted on a tail rotor gear box 
installed in the upper section of the tail, and is driven by a shaft from an intermediate gear 
box (IGB) fitted near the base of the tail pylon. The IGB is driven by a horizontal shaft from 
the main rotor gear box (Figure No. 1). 
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Figure No. 1: S-92A Rotor Drivetrain 

The helicopter is 17.09 m long from nose to tail. A composite horizontal stabiliser, 2.98 m 
long, is mounted on the right-hand side of the tail section (the other principal dimensions of 
the helicopter are contained at Appendix A). 
 
A retractable tricycle undercarriage is fitted, with the main landing gears mounted in the aft 
section of each sponson16. An emergency life raft is fitted in the front section of each 
sponson (Section 1.6.4). The centre (main) portion of each sponson contains a main fuel 
ǘŀƴƪΦ ¢ƘŜ ƘŜƭƛŎƻǇǘŜǊΩǎ ƳŀȄimum take-off weight17 is 12,020 kg. The cockpit is configured for 
two-pilot operation in a side-by-side layout; each pilot seat is fitted with a five-point 
restraint harness. 
 
EI-ICR was manufactured in 2007 and was one of a fleet of five S-92A SAR helicopters in use 
by the Operator (Photo No. 1). It was first registered in Ireland in 2013. Its Certificate of 
Airworthiness was issued by the IAA on 14 June 2013. The associated Airworthiness Review 
Certificate (ARC) was issued on 8 November 2016 and was valid until 7 November 2017. The 
Helicopter had operated for a total time of approximately 4,851 hours from the date of 
manufacture until the occurrence date. Notwithstanding the Daily Check carried out on  
13 March 2017, the most recent maintenance inspection was a ΨZone 4 - 50 Hour InspectionΩ, 
which was performed on 9 March 2017 at 4,848 hours. 
  

                                                      
16

 Sponson: A structure projecting from either side of the helicopter. 
17

 Weight: Quantities denominated in Kgs are technically a measurement of mass, although they are frequently 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨweightΩΦ 
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Photo No. 1: EI-ICR, Sikorsky S-92A (Tom Moloney) 

In the SAR configuration as used by the Operator, the Helicopter was fitted with an auxiliary, 
cabin-mounted fuel tank to permit increased operating range and endurance. A three-
person ΨlitterΩ evacuation station was fitted, for the treatment of recovered casualties. A 
wide-range of medical equipment was carried on board. The HelicopterΩǎ forward cabin was 
fitted with a front-facing crew seat on the left-hand side, normally used by a winchman, and 
a front-facing crew seat on the right-hand side of the forward cabin, aft of the main sliding 
door, normally occupied by a winch operator. The seats for the winch operator and winch 
man were fitted with four-point restraint harnesses. The HelicopterΩǎ 9hκLw18 camera system 
can ōŜ ƻǇŜǊŀǘŜŘ ŦǊƻƳ ǘƘŜ {!w hǇŜǊŀǘƻǊΩǎ ǎǘŀǘƛƻƴ ŦƻǊǿŀǊŘ ƻŦ ǘƘŜ ǿƛƴŎƘƳŀƴΩǎ ǎŜŀǘ όSection 
1.6.6.12).  
 

1.6.2 Emergency Exits 
 
On the helicopter type as used by the Operator, in addition to the main sliding door on the 
right-hand side of the cabin, and the rear ramp door, four cabin emergency exits are fitted, 
one of which is integral to the main cabin entrance door. Each of the four cabin emergency 
exits can be jettisoned by rotating the interior or exterior release handle. Push-out cabin 
windows are also provided. These windows can be jettisoned by pushing on the window 
ŦǊƻƳ ƛƴǎƛŘŜ ǘƘŜ ŎŀōƛƴΦ ¢ƻ ŦŀŎƛƭƛǘŀǘŜ ŜƳŜǊƎŜƴŎȅ ŜƎǊŜǎǎ ŦǊƻƳ ǘƘŜ ŎƻŎƪǇƛǘΣ ǘƘŜ ǇƛƭƻǘǎΩ ǿƛƴŘƻǿǎ 
can be jettisoned by rotating the internal emergency release handle aft, or externally, by 
pressing a red button and rotating the external release handle counter-clockwise (Photo No. 
2 and Photo No. 3). 
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 EO/IR: Electro-optic and infrared 
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Photo No. 2 and Photo No. 3: Right-ƘŀƴŘ ǎƛŘŜ ǇƛƭƻǘΩǎ ƧŜǘǘƛǎƻƴŀōƭŜ ǿƛƴŘƻǿ όŜƳŜǊƎŜƴŎȅ ŜȄƛǘύ 

1.6.3 Emergency Flotation System 
 
The Helicopter was fitted with an Emergency Flotation System (EFS), which incorporates five 
inflatable flotation bags to keep it afloat and facilitate evacuation following a controlled 
ditching in water, in conditions up to sea-state 6 (wave height 14-20 ft with wind speed of 
27-33 knots (kts)). Two of the bags are mounted below the cockpit jettisonable windows; 
one bag is installed in the aft section of each sponson (left-hand and right-hand) and one bag 
is installed on the underside of the tail section. When armed, the flotation system can be 
activated automatically by left and right immersion switches, or manually by either pilot. 
When activated, compressed gas from high-pressure cylinders inflates each of the urethane-
coated, nylon, pop-out flotation bags. 
 
¢ƘŜ hǇŜǊŀǘƻǊΩs normal flight checklist instructs flight crews to arm the EFS when the 
helicopter is operating over water and travelling at a speed of less than 80 kts. The EFS is 
ŘŜǎƛƎƴŜŘ ǘƻ ōŜ ǳǎŜŘ ƛƴ ŀ Ψcontrolled ditchingΩ ǎŎŜƴŀǊƛƻ ŀƴŘ ƛǘ ƛǎ ƴƻǘ ŘŜǎƛƎƴŜŘ ǘƻ ŀōǎƻǊō ǘhe 
force of a significant water impact. Deployment of the EFS is intended to be carried out once 
the helicopter has entered the water, and intentional deployment of the EFS in-flight is 
prohibited. 
 

1.6.4 Life Rafts 
 
A 14-person life raft (with an overload capacity of 21) is stowed in the forward section of 
each sponson. Each life raft contains a survival kit and an Emergency Locator Transmitter 
(ELT). Raft inflation can be triggered either electrically from the cockpit, or by manual-pull 
ΨD-ringsΩ ƻƴ ǘƘŜ ǎǇƻƴǎƻƴǎΦ 9ŀŎƘ ǊŀŦǘ ƛǎ ƛƴŦƭŀǘŜŘ ōȅ ƛǘǎ ƻǿƴ ƛƴǘŜƎǊŀǘŜŘ ƴƛǘǊƻƎŜƴ ōƻǘǘƭŜΦ LƴŦƭŀǘƛƻƴ 
of the raft causes it to deploy from its container.  
 

1.6.5 SAR Operator Station/Equipment 
 
The helicopter type used by the Operator was equipped with a Wescam MX-15i EO/IR 
Camera System (commonly referred to ōȅ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǇŜǊǎƻƴƴŜƭ as the ΨFLIRΩ system19).  
  

                                                      
19

 The Investigation acknowledges that the Helicopter was equipped with an EO/IR camera system. However, 
the Operator refers to the system with thŜ ƎŜƴŜǊŀƭ ǘŜǊƳ ΨFLIRΩ ǘƘǊƻǳƎƘƻǳǘ ƛǘǎ ƳŀƴǳŀƭǎΦ !ŎŎƻǊŘƛƴƎƭȅΣ ƛƴ ǘƘƛǎ 
wŜǇƻǊǘΣ ǊŜŦŜǊŜƴŎŜǎ ǘƻ ΨFLIRΩ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ ǘƻ ǊŜŦŜǊ ǘƻ ǘƘŜ 9hκLw ǎȅǎǘŜƳΦ 
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The camera system incorporates a daylight camera with continuous zoom lens, an infrared 
thermal camera with stepped zoom lens and a fixed focal length daylight/low-light spotter 
scope. It also incorporates an interface for the Spectrolab NIGHTSUN XP searchlight system, 
which can also be used as a standalone illumination source. The imagery can be viewed from 
the SAR Operator Station located on the left-hand side of the forward cabin and can also be 
selected for viewing on a cockpit Multi-Function Display (MFD), if a pilot selects it. The FAA-
Approved, IŜƭƛŎƻǇǘŜǊ aŀƴǳŦŀŎǘǳǊŜǊΩǎΣ Rotorcraft Flight Manual (RFM), Supplement for use 
of the EO/IR system states ΨDo not navigate or manoeuvre based on Wescam imageryΩ. 
 
An Avalex AVR-8240-XM digital video recorder (Section 1.11.15), which is also installed in 
the SAR Operator station, provides the capability of recording video from the EO/IR camera. 
¢ƘŜ hǇŜǊŀǘƻǊΩǎ haC ǇǊŜǎŎǊƛōŜǎ ǘƘŀǘ ΨFLIR should not be used in isolation for judgement of 
distances.Ω OMF also states that Ψa secondary navigation source may not necessarily be 
authorised in the OMB for aircraft navigation but may augment aircraft situational 
awareness ώΧϐ Secondary navigation equipment: ώΧϐ iv. FLIR identified ground featureΩ. 
 
! ΨToughbookΩ ŎƻƳǇǳǘŜǊ ƛǎ ŀƭǎƻ ŦƛǘǘŜŘ ǘƻ ǘƘŜ {!w hǇŜǊŀǘƻǊΩǎ ǎǘŀǘƛƻƴ όSection 1.6.8). 
 

1.6.6 Avionics 
 

 General 1.6.6.1
 
The avionics suite on EI-ICR included, amongst other components, the following systems: 
 

ω A Universal Navigation UNS1 Flight Management System (FMS) with GPS and 
Multi-Mission Management Systems (MMMS) 

ω Two Honeywell AA-300 Radio Altimeters (Rad Alt) 

ω Dual digital Automatic Flight Control Systems (AFCS) with modified software for 
SAR profiles 

ω Honeywell MKXXII Enhanced Ground Proximity Warning System (EGPWS) with 
modified software for SAR profiles 

ω Honeywell Primus 701A Airborne, Ground and Sea Mapping Weather Radar 
System 

ω Euroavionics Euronav 5 Moving map display system 

ω Skytrac Systems ISAT-100 Flight Following System with CDU and Voice Capability 

ω Wescam MX-15i EO/IR camera system 

ω Global Wulfsberg Flexcomm II VHF/UHF/AM/FM tactical communication 
transceiver 

ω Saab Airborne R4A Automatic Identification System transponder 

ω Memory map ς Toughbook 

ω Dual Attitude Heading Reference Systems (AHRS) 

ω Emergency Locator Transmitter (ELT) with GPS position broadcast  
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ω Automatic Deployable ELT (ADELT) System 

ω Helicopter Emergency Egress Lighting System (HEELS) 

ω Honeywell Primus HF-1050 High Frequency Radio System 

ω ASKNES Aviation Polycon Wireless SAR intercom System 
 
The Rockwell Collins Avionics Management System (AMS) consists of five MFDs, two Mode 
Select Panels (MSPs) and two Data Concentrator Units (DCUs). DCUs collect and process 
signals from the Air Data Computer (ADC), the AHRS, the drive train sensors, and the Full 
Authority Digital Engine Control (FADEC) system. Each MFD provides the capability to select 
various page formats using fixed function bezel keys located at the top of the display. The 
available page formats are: Primary Flight Display (PFD), Engine Instrument and Caution 
Advisory System (EICAS), Navigation (NAV), Health (HLTH), and Utility (UTIL). Display Control 
Panels (DCPs) for the pilot and co-pilot are located on the centre console; the DCP sets 
various parameters, on its associated side of the cockpit, on the PFD and NAV displays. 
Photo No. 4 ǎƘƻǿǎ ǘƘŜ ƭŀȅƻǳǘ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ŎƻŎƪǇƛǘ ǎŎǊŜŜƴǎΦ 
 

 
 

Photo No. 4: Cockpit Displays and Control Panels 
 

 Flight Management System with Multi-Mission Management System 1.6.6.2
 

The Flight Management System (FMS) receives primary position information from short and 
long range navigation sensors such as Distance Measuring Equipment (DME), Very High 
Frequency Omni-directional Range (VOR) and Global Positioning System (GPS). Primary 
position data received from each sensor is combined in the FMS, to derive a best computed 
ǇƻǎƛǘƛƻƴΦ ¢ƘŜ ƭŀǘƛǘǳŘŜ ŀƴŘ ƭƻƴƎƛǘǳŘŜ ƻŦ ǘƘŜ ƘŜƭƛŎƻǇǘŜǊΩǎ Ǉƻǎƛǘƛƻƴ ƛǎ ǇǊŜǎŜƴǘŜŘ ƻƴ ǘƘŜ ŎƻŎƪǇƛǘ 
navigation display page.   
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The FMS utilises the derived best-computed position to provide the capability to navigate 
the helicopter along a selected flight path. Flight planning is accomplished by accessing the 
internal navigation database provided by third parties and/or an operator, and/or pilot-
defined data. The data available to the pilot for selection includes waypoints, routes, 
airways, arrivals, departures, approaches and runways to create the desired flight plan. The 
FMS data can be displayed on the MFDs. The flight plan can be displayed as a line diagram 
on the cockpit navigation display page. The flight plan overlays weather radar data if 
selected for display. Navigation data including next waypoint ID, distance, time-to-go, 
desired track, wind speed and direction, and present position is also displayed. 
 

The MMMS includes the ability to steer the aircraft through six distinct search modes (flight 
patterns) ς rising ladder, race track, expanding square, search sector, orbit, and border 
patrol. Characteristics of all patterns can be manually altered or customised by the flight 
crew depending on the mission. 
 

 Radar Altimeter 1.6.6.3
 

! 5ǳŀƭ ΨHoneywell AA-300Ω wŀŘŀǊ !ƭǘƛƳŜǘŜǊ όwŀŘ !ƭǘ20) system was fitted. The Rad Alt system 
provides the height of the helicopter above the surface whenever it is within 2,500 ft of the 
surface. This system provides radar altitude for ǘƘŜ ŎƻŎƪǇƛǘ tC5ǎΦ ! ΨRadar altitude AlertΩ 
refers to a pilot-selected setting, ǿƘƛŎƘ ŘƛǎǇƭŀȅǎ ƻƴ ǘƘŜ tC5 ŀƴŘ ŀǎ ŀ ΨbugΩ ǎŜƭŜŎǘƛƻƴ ƻƴ ǘƘŜ 
analogue radar altimeter on the NAV page. When descending through the radar altitude 
alert setting, the ΨALTITUDEΩ aural alert will be generated once. 
 

An analogue radar altimeter is displayed in the upper right corner of the NAV page on the 
PFD. The analogue gauge disappears when Radar Altitude is greater than 1,050 ft and 
reappears when Radar Altitude is less than 1,000 ft. A digital readout of Radar Altitude is 
shown inside the analogue gauge. The digital readout disappears when Radar Altitude is 
greater than 2,500 ft and reappears when radio altitude is less than 2,450 ft. 
 

The Radar Altitude Hold Mode (RALT) maintains the helicopter at a Radar Altitude. The 
Radar Altitude at the time of capture will be the reference radar altitude. 
 

 Automatic Flight Control System Modes, including SAR modes 1.6.6.4
 

¢ƘŜ wCa {ǳǇǇƭŜƳŜƴǘ ŀƴŘ ǘƘŜ hǇŜǊŀǘƻǊΩǎ haC ǊŜŦŜǊ ǘƻ ŜƛƎƘǘ {!w ƳƻŘŜǎΣ ǿƘƛŎƘ ŀǊŜ 
controlled from either MSP. Four SAR approach modes (Approach 1 ς APP1; Approach 2 ς 
APP2; Approach to Point ς ATPT; Mark On TOP ς MOT) are included: three hover modes 
(Velocity Hover Hold ς VHLD; Position to Hover Hold ς PHLD; Crew Hover ς CHOV); and one 
departure mode (Depart ς DPT). In each approach mode, the helicopter transitions from a 
high speed, high altitude condition to a low speed, low altitude condition. The approaches 
attempt to follow programmed deceleration and descent schedules, with decreasing 
airspeeds corresponding to decreasing radio altitudes. The Investigation notes that a search 
ƳƻŘŜΣ ΨSRCHΩ ƛǎ ŀƭǎƻ ǇǊƻǾƛŘŜŘ, but this is not described in the RFM Supplement or in the 
hǇŜǊŀǘƻǊΩǎ haCΦ 
  

                                                      
20

 Rad Alt: A term which is commonly used to refer to the Radar Altimeter, which itself is often referred to as a 
Radio Altimeter.  
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5ŜǎŎŜƴǘ ŦǊƻƳ ŎǊǳƛǎŜ ŦƭƛƎƘǘ ƛǎ ƳŀŘŜ ǿƛǘƘ ΨALTPΩ ό!ƭǘƛǘǳŘŜ tǊŜǎŜƭŜŎǘύ ƳƻŘŜΣ ǳǎƛƴƎ ōŀǊƻƳŜǘǊƛŎ 
ŀƭǘƛǘǳŘŜ όŀƴ ŀƭǘƛǘǳŘŜ ǊŜŦŜǊŜƴŎŜ ƛǎ ǎŜǘ ŦƻǊ ǘƘŜ ŀƛǊŎǊŀŦǘΩǎ ŦƭƛƎƘǘ ŘƛǊŜŎǘƻǊύΦ .Ŝƭƻǿ нΣплл ŦǘΣ ǿƛǘƘ ǘƘŜ 
Rad Alt active, the SAR approach modes are available. One of the SAR modes, APP1, 
automatically transitions the helicopter from flight below 2,400 ft to low level operations. 
Once initiated, the helicopter will intercept and maintain an altitude/airspeed profile (called 
Ψthe lineΩύ ŀƴŘ ŎƻƴǘƛƴǳŜ Řƻǿƴ ǘƻ нлл Ŧǘ !ōƻǾŜ ²ŀǘŜǊ [ŜǾŜƭ ό!²[ύ ŀƴŘ ул YL!{ όƪǘǎ LƴŘƛŎŀǘŜŘ 
Airspeed) (Figure No. 2), unless interrupted by the pilot to level at a higher altitude. The 
commanded descent rate is 500 Feet pŜǊ aƛƴǳǘŜ όCtaύ ǿƘŜƴ ΨŀōƻǾŜ ǘƘŜ ƭƛƴŜΩ and 200 FPM 
ǿƘŜƴ Ψƻƴ ǘƘŜ ƭƛƴŜΩ 21. The commanded deceleration rate is 1.2 kts per second. 
 

 
 

Figure No. 2: SAR Mode APP1 
 

On reaching 200 ft, the helicopter will transition to RALT mode and will transition to 
Indicated Airspeed Hold (IAS) mode when it reaches 80 KIAS. APP1 is a vertical navigation 
mode only, which means that it controls the descent of the helicopter. During APP1, the 
pilot may also select a heading or FMS roll mode. If no roll or heading mode is selected, the 
helicopter will generally maintain its current heading. The FDR from the accident flight 
indicates that the Flight Crew selected APP1 during the descent (Section 1.11.9). 
 

¢ƘŜ hǇŜǊŀǘƻǊΩǎ OMA provides general instruction in relation to the use of modes: 
 

ΨAutopilot ς Coupler / flight director modes 
 

It is standard procedure to operate the aircraft coupled, encouraging better overall 
management of aircraft systems, navigation and passenger comfort. It is important to 
involve both pilots in the process at all times to maintain a closed loop. All mode 
selections and de-selections shall be announced, and confirmed by the other pilot. The 
PF may make coupled mode selections himself or may request the PM to make 
selections, in particular at times of high workload. All mode selections below 500 feet 
at night or in IMC [Instrument Meteorological Conditions] shall be made by the PM, on 
the PF's request, with the exception of selection of GA (and any other mode that may 
be engaged directly by buttons on the flight controls) and full disengagement of the 
coupler / FD. The PF may adjust modes once captured but shall call the adjustments he 
is making (for example, to IAS, HDG or ALT), so that the PM is aware and can monitor.  

                                                      
21

 An Ψƻƴ ǘƘŜ ƭƛƴŜΩ approach is initiated when the current speed and altitude match the programmed rates. 
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[...] 
Coupler / FD management 
[...] 
The four steps are: 
 

a. Select / arm (system) 
b. (System) selected / armed 
c. (System) captured (correct indication displayed on the FMA) 
d. CheckedΩ 

 

PF asks PM to couple a mode 

PF  PM 

"Select altitude"  

 "Altitude selected" 

"Altitude captured"  

 "Checked" 
 

 Enhanced Ground Proximity Warning System 1.6.6.5
 

The Helicopter ǿŀǎ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀ ΨHoneywell MK XXIIΩ Enhanced Ground Proximity 
Warning System (EGPWS). The EGPWS uses system inputs, including geographic position, 
attitude, heading, air-speed, ground speed, glideslope, landing gear position, and engine 
parameters. These are used in conjunction with the internal terrain, obstacle, and airport 
databases, to predict potential conflicts between the helicopterΩǎ flight path and terrain or 
an obstacle, and provide visual and aural alerts. In addition, a graphic display, generated 
from the EGPWS databases of the surrounding terrain, can be displayed on an MFD. 
 

GPS signals received by the helicopter are processed by the EGPWS computer to provide 
both horizontal (lateral) and vertical (altitude) position information. This position in space is 
then compared to a terrain database and an obstacle database contained in the EGPWS 
ŎƻƳǇǳǘŜǊ ǘƻ ǇǊƻŘǳŎŜ ŀ ǾƛǊǘǳŀƭ ǇƛŎǘǳǊŜ ǿƘƛŎƘ Ŏŀƴ ǘƘŜƴ ōŜ ŘƛǎǇƭŀȅŜŘ ǘƻ ŀƛŘ ŀ ǇƛƭƻǘΩǎ ǎƛǘǳŀǘƛƻƴŀƭ 
awareness. The EGPWS also uses barometric pressure, Radar Altitude and GPS altitude to 
derive Ψgeometric altitudeΩ, using the same Mean Sea Level (MSL) reference as the terrain, 
obstacle and runway/helipad databases in the system. 
 
The Helicopter aŀƴǳŦŀŎǘǳǊŜǊΩǎ wCa ǎǘŀǘŜǎ: 
 

ΨENHANCED GROUND PROXIMITY WARNING SYSTEM (EGPWS) The EGPWS will not 
provide power line warnings. Power lines are not included in the EGPWS data base. 
Navigation must not be predicated upon the use of EGPWS information. NOTE The 
Terrain and Obstacle display is intended to serve as a terrain and obstacle awareness 
tool only. The display and/or database may not provide the accuracy and/or fidelity on 
which to base routine navigation decisions and plan routes to avoid terrain or 
obstacles.Ω 
 

The RFM also says the EGPWS is designed to decrease instances of Controlled Flight Into 
Terrain (CFIT) by increasing pilot situational awareness. The RFM says:  
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ΨThe look ahead modes prevent the aircraft from running into sharply rising terrain or 
man made obstacles ώΧϐ An obstacle database tells the system the location and height 
of known man made obstacles which are more than 100 feet high. Not all obstacles are 
in the database and some areas of the world have no obstacle coverage. Power lines 
are generally not included in the obstacle database.Ω 
 

Note: Neither the terrain at Black Rock, nor the lighthouse was contained in the EGPWS data 
bases at the time of the accident; Section 1.17.11 contains further details. 
 
EGPWS was a development from GPWS which was introduced to improve the safety of large 
fixed-wing aircraft. Airports have significant numbers of large fixed-wing aircraft, from 
different operators, routinely and frequently flying into and out of those locations. 
Consequently, any issue with EGPWS terrain or obstacle databases for airport approaches, 
which by definition have been carefully surveyed and designed, would likely be detected and 
reported by multiple aircraft operators, and also the airport operator, and consequently 
would be liable to be resolved expeditiously. The Operator was the only operator using its 
Route Guide, and the frequency of operations along each route is not known nor recorded.  
 
The EGPWS can provide flight crews with a display of the surrounding terrain and obstacles 
contained in its databases, reƭŀǘƛǾŜ ǘƻ ǘƘŜ ƘŜƭƛŎƻǇǘŜǊΩǎ Ǉƻǎƛǘƛƻƴ. If the EGPWS detects that 
the helicopter is in conflict with, or will come into conflict with, database terrain or 
obstacle(s), it provides a combination of annunciator lights, colour display(s) and aural alerts. 
This is subject to system selections as described below. 
 
The Investigation notes that the EGPWS ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ Ƴŀƴǳŀƭ ǎǘŀǘŜǎ ΨThe MK XXII is a 
Situational Awareness tool, and an alerting and warning device. It is not to be used for 
navigation of the aircraft.Ω  
 
If an alert occurs when terrain is not selected on any MFD, terrain will automatically appear 
on an available NAV or PFD ARC page. If no NAV or PFD ARC22 page is selected, then the 
system will change one MFD to a NAV ARC page with terrain displayed. 
 
The EGPWS uses two sets of modes to protect against CFIT: (1) Six Basic modes (1-6), that do 
not utilise a terrain database and, (2) look-ahead modes that require GPS position 
information and a terrain database. Both sets provide visual and aural alerts when 
terrain/obstacle clearance is not assured. 
 
The basic modes include: 
  

                                                      
22

 PFD ARC: The PFD ARC display adds additional information to the PFD while still observing a portion of the 
compass card.  
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¶ Mode 1 - Excessive Rate of Descent. The RFM states that this mode is not used. 
 

¶ Mode 2A/B - Excessive Terrain Closure Rate. This mode provides alerts when the 
helicopter is closing with the terrain at an excessive rate. It is not necessary for the 
helicopter to be descending in order to produce a Mode 2 alert, level flight (or even a 
climb) towards obstructing terrain can result in hazardous terrain closure rate. The 
Terrain Closure Rate variable is computed within the EGPWS computer by combining 
Radio Altitude and Vertical Speed. If the helicopter penetrates the Mode 2A alerting 
envelope, the aural message ΨTERRAIN TERRAINΩ is generated initially, and amber 
caution lights are illuminated. If the helicopter continues to penetrate the envelope, 
then the aural message ΨPULL UPΩ is repeated continuously and the red warning lights 
are illuminated until the warning envelope is exited. When the Mode 2B warning 
envelope is penetrated, the aural message ΨTERRAIN....Ω is repeated and the amber 
caution lights are illuminated until the envelope is exited. 
 

¶ Mode 3 - Inadvertent Descent After Take-off. This mode provides alerts when the 
helicopter loses a significant amount of altitude immediately after take-off or during 
a missed approach. Mode 3 is enabled after take-off or go-around when the landing 
gear is not in the landing configuration, or when the airspeed is greater than 50 
knots. If the helicopter penetrates the Mode 3 boundary, the aural message Ψ5hbΩ¢ 
SINKΩ is generated and amber caution lights are illuminated. The visual annunciators 
remain active until a positive rate of climb is re-established. 

 

¶ Mode 4 - Insufficient Terrain Clearance. This mode provides alerts when the 
helicopter descends below a pre-determined terrain clearance or floor. Mode 4 
contains three sub-modes that depend upon helicopter airspeed and landing gear 
configuration: 
 

o Mode 4A - Unsafe Terrain Clearance - Gear Up. This mode is specific to flight 
with landing gear retracted. Above 60 KIAS, the system annunciates 
ΨTERRAINΩ; below 60 KIAS, the system annunciates ΨTOO LOW GEARΩ. This 
mode is generally active during cruise and approach when the gear is up. 
 

o Mode 4B - Unsafe Terrain Clearance ς Gear Down. This mode is specific to 
flight with the landing gear extended. A ΨTOO LOW TERRAINΩ alert is given 
when radar altitude is below 100 ft for airspeeds above 120 KIAS. As airspeed 
reduces, the alert boundary decreases to 10 ft and 80 KIAS. 

 

o Mode 4C - Unsafe Terrain Clearance - At Take-off - is active during the take-
off phase when airspeed is greater than 50 KIAS and the gear is up. 
 

¶ Mode 5 - Glideslope Alert. This mode is enabled when all of the following are 
present: (1) ILS is the active navigation source; (2) the helicopter is receiving a valid 
glideslope signal; (3) Rad Alt is less than 1,000 ft; and (4) Landing gear is down. 
 

¶ Mode 6 - Additional Alerts, including Altitude Advisories, Low Altitude, Bank Angle 
and Tail Strike modes. This mode provides aural callouts for descent below pre-
defined altitudes and minimums and also for excessive bank angle and tail strike 
warnings.  
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 Low Altitude Switch 1.6.6.6
 

To allow for helicopter operations that require low altitude flight, an EGPWS Ψ[ƻǿ !ƭǘƛǘǳŘŜΩ 
function can be enabled with a switch. The RFM states ΨLOW ALT - Low altitude mode 
desensitizes the system to allow for low altitude VFR flightΩ. This means that, for obstacles 
which are contained in the EGPWS databases, warning thresholds will be reduced; however, 
ƛŦ ŀƴ ƻōǎǘŀŎƭŜ ƛǎ ƴƻǘ ƛƴ ǘƘŜ 9Dt²{ ŘŀǘŀōŀǎŜǎΣ ǎŜƭŜŎǘƛƴƎ ΨLOW ALTΩ ǿƛƭƭ ƘŀǾŜ ƴƻ ŜŦŦŜŎǘ ŀǎ 
warnings will not be generated. ¢ƘŜ 9Dt²{ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ Ƴŀƴǳŀƭ ǎǘŀǘŜǎ: 
 

ΨThe pilot must maintain visual contact with all terrain and obstacles at all times when 
using the Low Altitude mode. The Low Altitude mode must not be engaged during IFR 
ŎƻƴŘƛǘƛƻƴǎΦ ¢ƘŜ Ψƭƻƻƪ ŘƻǿƴΩ ŀƴƎƭŜ ƛǎ ǊŜŘǳŎŜŘ ǿƛǘƘ Ψ[ƻǿ !ƭǘƛǘǳŘŜΩ ŜƴƎŀƎŜŘΦ ²ŀǊƴƛƴƎ 
time is greatly reduced. Noted exception is Offshore Platform IFR approaches.Ω 
 

¢ƘŜ 9Dt²{ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ Ƴŀƴǳŀƭ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ [h² ![¢L¢¦59 ǊŜŘǳŎŜǎ ǘƘŜ ƭƻƻƪ ŀƘŜŀŘ 
from 1.1 NM to 0.75 NM at 120 kts and that ΨForward airspeed will also modify the look-
ahead envelope. Below 100 knots, the envelope is reduced until it is completely inhibited at 
70 knots or lessΦΩ ¢ƘŜ hǇŜǊŀǘƻǊΩǎ ha! ǎǘŀǘŜǎ: 
 

ΨThe low altitude mode significantly reduces terrain warnings. The low altitude mode 
may only be used when intentionally operating at low level, including during an 
approach offshore. The low altitude mode may be used at any time in VMC [Visual 
Meteorological Conditions] but it is not to be used in IMC except when carrying out an 
ARA [Airborne Radar Approach] let-down offshore.Ω 
 

¢ƘŜ hǇŜǊŀǘƻǊΩs OMB States: 
 

ΨEGPWS low altitude mode shall not be selected when operating IMC or at night except 
as required when performing offshore platform IMC approach procedures or SAR 
operations. In these cases it shall be deselected when climbing back above MSA Χ [h² 
ALT shall not be selected when operating IMC except as required when performing 
offshore approach procedures or low level SAR proceduresΩ. 

 

When this function is engaged: 
 

¶ Mode 1 is inhibited (note: this mode is not used on the S-92A helicopter) 

¶ Mode 2 warning boundaries are significantly reduced 

¶ Mode 3 warnings are inhibited above 100 ft AGL 

¶ Mode 4 warning boundaries are significantly reduced 

¶ Mode 6 ΨALTITUDE, ALTITUDEΩ callout is enabled 

¶ Terrain Advisory look ahead distances are reduced 
 

Note: Selecǘƛƻƴ ƻŦ [h² ![¢ ŦƻǊ ǘƘŜ 9Dt²{ ƛǎ ǘƘŜ ǘƘƛǊŘ ƛǘŜƳ ƻƴ ǘƘŜ hǇŜǊŀǘƻǊΩǎ 5±9 !ǇǇǊƻŀŎƘ 
checklist. CVR data indicates that at 00.28 hrs the Co-pilot said Ψlow alt selectedΩ in response 
ǘƻ ŀ ǊŜǉǳŜǎǘ ŦǊƻƳ ǘƘŜ /ƻƳƳŀƴŘŜǊ ŘǳǊƛƴƎ ǘƘŜ 5±9 ŎƘŜŎƪǎΦ ¢ƘŜ IŜƭƛŎƻǇǘŜǊΩǎ Indicated 
Airspeed (KIAS) at the time of the accident was 77 kts.   
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 Weather Radar 1.6.6.7
 

! ΨHoneywell Primus 701AΩ ǿŜŀǘƘŜǊ ǊŀŘŀǊ ǎȅǎǘŜƳ ǿŀǎ ŦƛǘǘŜŘΦ ¢Ƙƛǎ ǎȅǎǘŜƳ ƛǎ ŀ ƘƛƎƘ ǊŜǎƻƭǳǘƛƻƴΣ 
fully stabilised, high power, digital radar, designed for high resolution weather detection and 
ǘŜǊǊŀƛƴ ƳŀǇǇƛƴƎΦ ¢ƘŜ ǊŀŘŀǊ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ Ƴŀƴǳŀƭ ƛƴŎƭǳŘŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿŀǊƴƛƴƎΥ 
 

ΨTHE SYSTEMS PERFORM ONLY THE FUNCTIONS OF WEATHER DETECTION OR 
MAPPING. IT SHOULD NOT BE USED OR RELIED UPON FOR PROXIMITY WARNING OR 
ANTI-COLLISION PROTECTIONΩ. 

 

OMF stated ΨNavigation must not be predicated on the use of weather radar modes.Ω In OMF 
Section 3.18 SAR over-water DVE IMC/night let-downs one of the minimum equipment 
ǊŜǉǳƛǊŜƳŜƴǘǎ ǿŀǎ ΨRadar, serviceable in approved navigation modesΩ. However, when the 
Investigation asked the Operator to provide details of the approved radar navigation modes 
it was informed that there were no approved navigation modes. The Operator informed the 
LƴǾŜǎǘƛƎŀǘƛƻƴ ǘƘŀǘ ΨOMF has now removed reference to "approved navigation modes" and 
now specifies ϦǊŀŘŀǊ ǎŜǘ ǘƻ ŀǇǇǊƻǇǊƛŀǘŜ ǊŀƴƎŜ ŀƴŘ ƳƻŘŜ όDa!tм ƻǊ Da!tнύέΩ. 
 

The radar can be operated in numerous configurations to display weather or terrain 
mapping information on the radar indicator, the MFDs, or on a combination of these 
displays. Stabilisation is provided for +/- 30 degrees combined pitch, roll, and tilt. 
 

Weather is presented on the PFD ARC and NAV display format pages. The radar has a 
horizontal forward looking scan angle of 120 degrees or 60 degrees, which is pilot-selectable. 
¢ƘŜ мнл ŘŜƎǊŜŜ ǎŜŎǘƻǊ Ƙŀǎ ŀ ƴƻǊƳŀƭ ǎŎŀƴ ǊŀǘŜ ƻŦ мн Ψlooks [sweeps] per minuteΩΣ ǿƘƛƭŜ ǘƘŜ сл 
ŘŜƎǊŜŜ ǎŜŎǘƻǊ ǎŎŀƴ Ƙŀǎ ŀ ŦŀǎǘŜǊ ǳǇŘŀǘŜ ƻŦ нп Ψƭƻƻƪǎ ǇŜǊ ƳƛƴǳǘŜΩ. 
 

RoǘŀǊȅ ŎƻƴǘǊƻƭ ƪƴƻōǎΣ ƭŀōŜƭƭŜŘ ΨRANGEΩ, located on both pilot DCPs, are used to select the 
operating range of the radar. The selection system permits range selections of 0.5, 1.0, 2.5, 
5.0, 10, 25, 50, 100, 200 and 300 NM (full scale). 
 

A rotary control is used to select the tilt angle of the antenna beam with relation to the 
horizon. Clockwise rotation tilts the beam upward to +15°; counter-clockwise rotation tilts 
the beam downward to -15°. A digital readout of the antenna tilt angle is displayed on the 
weather radar display. 
 
A rotary control and push/pull switch is used to control the receiver gain. Pushing in on the 
GAIN23 switch causes the system to enter the pre-set, calibrated gain mode. Calibrated gain 
is the normal mode used for weather avoidance. In calibrated gain, the rotary portion of the 
GAIN control does nothing. Pulling out on the GAIN switch causes the system to enter the 
variable gain mode with VAR displayed. Variable gain can be used for additional weather 
analysis and for ground terrain mapping. In Weather (WX) mode, variable gain can increase 
receiver sensitivity over the calibrated level to show very weak targets or it can be reduced 
below the calibrated level to eliminate weak returns. 
  

                                                      
23

 Radar GAIN: A measure of the sensitivity of the radar system. 
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In weather detection mode, storm intensity levels are displayed in four bright colours 
contrasted against a black background (Figure No. 3). Areas of very heavy rainfall will appear 
in magenta, heavy rainfall in red, less severe rainfall in yellow, moderate rainfall in green, 
and little or no rainfall in black (background). Areas of detected turbulence appear in white; 
the system can be configured so that the white colour blinks. Range marks and identifying 
numerics are provided to facilitate evaluation of storm cells. 
 

 
 

Figure No. 3: Generic Weather Radar Display (Source: RFM) 
 

The terrain mapping function is selected by setting the controls to GMAP1 or GMAP2. 
Selection of the GMAP1 function causes system parameters to be optimised to improve 
resolution of small targets at short ranges or under sea clutter24 conditions. GMAP1 provides 
maximum target resolution. When using the GMAP1 mode for over water terrain 
mapping/search, the clutter reduction (*CR) button allows use of the CR1 or CR2 modes for 
sea clutter reduction. For high sea-states CR1 is recommended to reduce the sea clutter 
returns. CR2 is recommended for use in medium sea-states. Sea clutter reduction will remain 
operational as long as the GMAP1 mode is being used. 
 

Selection of GMAP2 gives a high-sensitivity terrain mapping mode; the reflected signal from 
various surfaces is displayed as magenta, yellow, or cyan (most to least reflective). Switching 
to the GMAP2 mode will turn off the clutter reduction feature. 
 

Note: A review of both the CVR and FDR (Section 1.11) determined that during the approach 
to Black Rock, the radar sector scan was ǎŜǘ ŦƻǊ мнлϲ όслϲ ŜƛǘƘŜǊ ǎƛŘŜ ƻŦ ǘƘŜ ƘŜƭƛŎƻǇǘŜǊΩǎ 
longitudinal axis); the radar range was selected to 10 NM, and GMAP2 was also selected. 
  

                                                      
24

 Sea clutter: Refers to the radar signals returned from a wavy and turbulent rough sea surface. The radar 
returns from small targets can be obscured by the sea clutter. 
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 Skytrac Systems ISAT-100 Flight Following System 1.6.6.8
 

The Helicopter was equipped with a Skytrac Systems ISAT-100 Flight Following System with a 
Cockpit Display Unit. The system includes the capability to transmit data via short burst data 
(SBD) and voice telephony via the Iridium LEO (Low Earth Orbit) satellite network. The 
system consists of a 12 channel parallel GPS receiver with a stated accuracy of less than  
25 m. The satellite transceiver uses an operating frequency of 1616-1626.5 MHz, with a 
maximum power output of 5 Watts. According to the Skytrac Systems Manual, the ISAT-100 
is not classified as Ψequipment known to have a high potential for interferenceΩ in accordance 
with FAA Policy No. ASW-2001-0125 dated 25 April 2002. 
 

The Skytrac Systems Manual states that the power-up time to GPS position acquisition is 48 
seconds from cold, and 0.1 seconds for re-acquisition. The GPS position is transmitted to 
Skytrac, and can be accessed in real time through a secure, web-based portal. The use of 
Skytrac on EI-ICR is described in Section 1.11.11. 
 

 Automatically Deployable Emergency Locator Transmitter 1.6.6.9
 

The Helicopter was equipped with a Model 503 Automatically Deployable Emergency 
Locator Transmitter (ADELT), which is located on the left side of the Helicopter, between the 
intermediate gearbox and the ramp door (Photo No. 5). Further details are contained in 
Appendix B. 
 

 VHF/UHF/AM/FM Tactical Communication Transceiver 1.6.6.10
 

The Helicopter was fitted with a Global Wulfsberg Flexcomm II VHF/UHF/AM/FM tactical 
communication transceiver. 
 

This unit allows the crew to communicate with non-aviation units and agencies. The 
transceiver on the accident helicopter type is located in the tail section (Photo No. 5). 

 

 
 

Photo No. 5: Location of ADELT (green) and Wulfsberg transceiver (yellow)  

                                                      
25

ASW-2001-01: Ψ66 FR 50246 - Policy for Certification Guidelines for Compliance to the Requirements for 

Electro-aŀƎƴŜǘƛŎ /ƻƳǇŀǘƛōƛƭƛǘȅ ό9a/ύ ¢ŜǎǘƛƴƎ ŦƻǊ ΨΨ9ǉǳƛǇƳŜƴǘ Yƴƻǿƴ ǘƻ IŀǾŜ ŀ IƛƎƘ tƻǘŜƴǘƛŀƭ ŦƻǊ LƴǘŜǊŦŜǊŜƴŎŜΩΩ 
When Installed on Rotorcraft With Electronic Controls That Provide CritƛŎŀƭ CǳƴŎǘƛƻƴǎΩΦ 
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 Moving Map Display 1.6.6.11

 

The Helicopter was equipped with a Euroavionics Euronav 5 moving map display which had a 
number of maps/charts available for selection. The Euroavionics digital moving map provides 
the following functions: 
 

ω Maps: The full colour Euronav System features selectable map illustrations. Either 
vector26 or scanned raster27 maps can be displayed. All map material can be 
displayed in North-Up or Track-Up modes with the helicopter position placed on 
the bottom or centre of the screen. The map range can be adjusted by means of 
the on-side range control. Map labels move with the map but remain upright to 
enable easy reading in Track-Up mode. 

ω Terrain Maps: Raster maps based on Digital Terrain Elevation Data (DTED) or other 
digital terrain data. 

ω Air Databases: The system also uses proprietary databases showing airspace 
structures, topographical airport information like runways, available frequencies, 
NDBs, VORs and restricted airspace. 

ω Flight Analysis by Flight Recording: Flight recording of flight track and altitude 
profile can be reviewed or analysed after landing. Events during flight are 
displayed as a flag in the map. A previous flight track can be used for guidance. 

ω User Database: Four user databases can be used to store other user-defined map 
data. 

The RFM states ΨDo not use the EuroNav Digital Map system for primary navigation.Ω  
 

OMB states: 
 

ΨώΧϐ Where applicable EuroNav may be selected on one of the inboard MFDs. Select a 
suitable range scale to enhance threat and error management ώΧϐ The EuroNav V is a 
moving map display system which displays on the cockpit MFDs. It provides task 
management capabilities which allow the pilot and co-pilot to operate independently 
enabling each to view maps and perform tasks as requiredΦΩ 
 

Euronav was not available in the Flight Simulation Training Device (FSTD) which the 
hǇŜǊŀǘƻǊΩǎ ŎǊŜǿǎ ǳǎŜd. The Operator informed the Investigation that the normal cockpit 
configuration was: 
 

¶ PF to have PFD display mode selected, with lower half of screen in ARC with EGPWS 
displayed, TCAS active and with Flight Plan overlaid or with lower half of screen 
displaying the compass rose or with lower half of screen displaying radar in ARC 
Mode.  

                                                      
26

 Vector Graphics: Images comprising of lines and curves. 
27

 Raster Graphics: Images comprising of a dot matrix structure. 
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¶ PF to set his inboard MFD to either Euronav or EGPWS in full mode. 

¶ PM to have PFD display mode selected, with lower half of screen in ARC with 
EGPWS displayed, TCAS active and with Flight Plan overlaid or with lower half of 
screen displaying the compass rose. 

¶ PM to set his inboard MFD to Radar in ARC Mode. 
 

¢ƘŜ hǇŜǊŀǘƻǊ ƛƴŦƻǊƳŜŘ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ǘƘŀǘ ƛƴ ǘƘŜ {ƛƳǳƭŀǘƻǊΣ ǿƘƛŎƘ ŘƛŘƴΩǘ ƘŀǾŜ 9ǳǊƻƴŀǾ 
available, the cockpit screen configuration would be: 
 

¶ PF to have PFD display mode selected, with lower half of screen in ARC with EGPWS 
displayed, TCAS active and with Flight Plan overlaid or with lower half of screen 
displaying the compass rose or with lower half of screen displaying radar in ARC 
Mode. 

¶ PF to set his inboard MFD to EGPWS in full mode. 
 
The Operator informed the Investigation it believed that crews are aware of all the possible 
configurations for both the helicopter and the simulator, and would select the most 
appropriate combination to give optimum configuration for the flight regime in which they 
were operating. 
 
Some pilots reported to the Investigation that in the simulator, because Euronav was 
unavailable, they operated with EGPWS on both the lower half of their PFD and their inboard 
MFD. 
 
OMF states, for Night over land operations: 
 

ΨώΧϐ The Euronav alone should not be used for primary navigation as it provides 
insufficient detail and is not kept up-to-date ώΧϐ Using only the FMS / Euronav will get 
the aircraft in the general vicinity of the landing site, however use of the appropriate 
charts with careful route selection and study is required to positively identify the 
landing site ώΧϐ Secondary navigation equipment: Independent GPS position (ώΧϐ 
cockpit moving map ώΧϐ)ΩΦ 
 

During a Review Flight (Section 1.16.1), which the Investigation undertook on one of the 
hǇŜǊŀǘƻǊΩǎ ƘŜƭƛŎƻǇǘŜǊǎΣ ƛǘ ǿŀǎ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ƳƻǾƛƴƎ ƳŀǇ ƛƳŀƎŜǊȅ ŘƛŘ ƴƻǘ ŜȄǘŜƴŘ ŀǎ ŦŀǊ ŀǎ 
Black Rock and instead, the BLKMO waypoint was shown against a white, featureless, chart 
margin (Photo No. 6).  
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Photo No. 6: Euronav imageǊȅ ŦǊƻƳ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ wŜǾƛŜǿ CƭƛƎƘǘ 
 
In relation to the Euronav imagery, the Investigation asked certain questions of the Operator 
and received answers as follows: 
 

¶ What was its approval process for the map data loaded onto the Euronav? The 
Operator responded saying that there was no approval process. The Operator 
explained that in mid-2015 new charts were uploaded after the Waterford SAR 
Base raised an issue with the paper charts and the Euronav Charts being out of 
sync; this was the first time the Ireland operation was involved in updating charts 
after the initial S-фн! ǊƻƭƭƻǳǘΦ ¢ƘŜ hǇŜǊŀǘƻǊ ǎŀƛŘ ǘƘŀǘ ŀŦǘŜǊ ǘƘŜ ǳǇŘŀǘŜ ƛǘ ƘŀŘ ŀƴ Ψin 
dateΩ ǇƻƻǊ ǉǳŀƭƛǘȅ мΥрлл,000 ŀƴŘ ŀƴ Ψout of dateΩ ƎƻƻŘ ǉǳŀƭƛǘȅ мΥнрл,000 chart in 
the system. The imagery the Investigation observed on its Review Flight appears to 
have been from the 1:250,000 Aeronautical Chart, and did not extend as far west 
as Black Rock. 

¶ How were the charts that were loaded on the Euronav at the time of the accident 
specified? The Operator said that its supplier could not get the Irish Charts 
digitally, and so had to scan them in. The Operator presumed that the entire chart 
area would have been scanned, as had been the case with the earlier chart 
versions. 

¶ Why was it deemed appropriate to have aeronautical charts loaded in the system 
which stopped short of Black Rock? ¢ƘŜ hǇŜǊŀǘƻǊ ǎŀƛŘ ǘƘŀǘ ƛǘ ǿŀǎƴΩǘ ŘŜŜƳŜŘ 
ŀǇǇǊƻǇǊƛŀǘŜΣ ǘƘŀǘ ƛǘ ƘŀŘ ŜƴƎŀƎŜŘ ǿƛǘƘ ƛǘǎ ǎǳǇǇƭƛŜǊ ŀƴŘ ǘƘŀǘ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ŜŦŦƻǊǘǎ 
were focussed on trying to improve the scan quality as the map was unusable. 

 

¶ Was any guidance provided to crews about the use of Euronav when operating 
outside of the areas provided in the map imagery? The Operator said that no 
guidance had been provided, but noted that Euronav was not to be used for 
primary navigation.  
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 Wescam MX-15i Surveillance System 1.6.6.12
 

The subject Helicopter was fitted with a MX-15i (EO/IR) Surveillance System. The IR system is 

commonly referred to ōȅ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǇŜǊǎƻƴƴŜƭ as the Forward Looking Infrared (FLIR) 

system. 

The MX-15i System consists of the following main components: 

ω Turret 

ω Hand Controller 

ω GPS 
 

The turret provides hardware and software functions that allow crew members to operate 
the MX-15i System using the Hand Controller. External communication interfaces can be 
utilisŜŘ ǘƻ ŎƻƴǘǊƻƭ ƻǇŜǊŀǘƛƻƴ ǊŜƳƻǘŜƭȅ ǘƘǊƻǳƎƘ ǘƘŜ ƘŜƭƛŎƻǇǘŜǊΩǎ ŎƻƳǇǳǘŜǊ ǎȅǎǘŜƳǎΦ 
 

The turret contains a video-switching matrix that manages output to external display 
monitors, digital video recorders (DVR) and other associated video equipment. Graphical 
overlays on top of the displayed video provide the primary method for viewing system status 
information. Infrequently used status information and other control parameters are viewed 
through user menus. 
 
OMF states: 
 

ΨC[Lw ǿƻǊƪǎ ōȅ highlighting the temperature differential between a target and its 
surrounding environment. It is particularly effective on cold clear nights where there is 
a clear temperature differential between land and sea, and targets such as vessels and 
people, and the surrounding environment. The FLIR picture is dependent on the thermal 
output of the target, target size, aircraft height and speed. FLIR effectiveness is 
adversely affected by rough sea conditions, fog, mist and rain but can prove beneficial 
in hazy conditions. In particular the following factors are relevant: 

 
Diurnal effect: 
 
Objects warm up during the day as they absorb solar radiation and at night they 
release this radiation back into space. All objects have a different rate of absorption 
and release. Therefore, twice a day targets can merge into the background or become 
poorly defined as target and background temperatures merge. 
 
Mist/light precipitation:  
 
In light rain and mist conditions, targets without their own source of thermal output 
begin to wash out and become less well defined on the screen, thus reducing detection 
range and clarity. Providing the search FLIR camera angles are adhered to, no 
adjustment in sweep widths is necessary.  
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Heavy snow and rain: 
 

In these conditions, the FLIR performance degrades significantly as the weather 
conditions worsen to a point where a 'visual only' search should be considered. Outside 
of heavy rain and snow showers however, the FLIR usually works well. 
 

Industrial haze: 
 

In conditions where the visibility is reduced by industrial haze, suspended dust particles 
and such, the FLIR detection range will be far in excess of the visual detection range. 
 

Generally FLIR performance at night is better than by day. At night there is a greater 
difference between the target and the background temperature. This produces a more 
clearly defined image on the monitor screen. 
 

FLIR should not be used in isolation for judgement of distances. 
 

FLIR may be used to search for vessels, life-rafts, persons in the water, or missing 
persons overland. It can also be used to assist in navigation and confirm terrain or 
targets with the radar. It is a valuable tool that depends on effective communication 
ŀƴŘ /wa ōŜǘǿŜŜƴ ǘƘŜ ƻǇŜǊŀǘƻǊ ŀƴŘ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ŎǊŜǿΦΩ 

 

1.6.7 Automatic Identification System 
 

The Helicopter ǿŀǎ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀ ΨSaab Airborne R4AΩ !L{Φ The AIS System included a 
signal converter located above the rear fuselage, an antenna below the fuselage on the left-
hand side, and a GPS antenna fitted approximately half way up the tail-boom. AIS is a 
transponder surveillance system that is operated in Ireland by the IRCG on foot of Ψ5ƛǊŜŎǘƛǾŜ 
2002/59/EC of the European Parliament and of the Council of 27 June 2002 establishing a 
Community vessel traffic monitoring and ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳΩ. 
 

In general terms, AIS messages are transmitted on two channels in the VHF28 marine band 
(AIS 1 [Channel 87B, 161.975 MHz] and AIS 2 [Channel 88B, 162.025 MHz]). In order to allow 
many types of AIS equipment to communicate together, each unit can only transmit its 
message at a predetermined time, so that it is not transmitting at the same moment on the 
same channel as another unit. 
 

Each channel is divided into 2,250 equal time slots that repeat every minute. The AIS 
messages are designed to fit into between one and three slots depending on the type of 
information being sent.  
 
In Ireland, the system comprises AIS base stations located at sixteen radio sites around the 
coast on elevated ground. The data from these base stations feeds into a number of servers, 
which then deliver data to the IRCG control centres. Various agencies such as the Health 
Service Executive (HSE) are also provided with this data.  

                                                      
28

 VHF: Very High Frequency. 
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¢ƘŜ hǇŜǊŀǘƻǊΩǎ ƘŜƭƛŎƻǇǘŜǊǎ ǘǊŀƴǎƳƛǘ ŀƴ !L{ {!w ƳŜǎǎŀƎŜ ŜǾŜǊȅ мл ǎŜŎƻƴŘǎ. This message 
Ŏƻƴǘŀƛƴǎ ŘŜǘŀƛƭǎ ƻŦ ǘƘŜ ƘŜƭƛŎƻǇǘŜǊΩǎ ǳƴƛǉǳŜ ƛŘŜƴǘƛŦƛŜǊΣ ǎǇŜŜŘ and course over ground, latitude, 
longitude and altitude. 
 

Relevant AIS data for R118 and R116 were provided to the Investigation by the IRCG (Section 
1.11.12). The final AIS positions of R116 were used to direct the initial emergency response 
and to inform the Investigation. 
 

Further technical information relating to AIS is presented as Appendix C to this Report. 
 

1.6.8 Toughbook Computer 
 

In addition to the HŜƭƛŎƻǇǘŜǊΩǎ ŀǾƛƻƴƛŎǎ ǎǳƛǘŜΣ ŀ ǎǘŀƴŘ-alone ruggedized Toughbook 
computer, loaded with specific application software and map data, was located at the SAR 
ƻǇŜǊŀǘƻǊΩǎ ŎƻƴǎƻƭŜΦ A detailed description of the Toughbook functionality can be found at 
Appendix D. 
 

The Toughbook waǎ ǇǊŜπƭƻŀŘŜŘ ǿƛǘƘ ǘƘŜ Ŧƻƭƭowing maps: 
 

¶ 1:50,000 ordnance survey maps (Island of Ireland) (elevations in metres) 
 

¶ All marine charts (Ireland and UK) (elevations in metres) 
 

¶ IAA 1:250,000 and 1:500,000 aeronautical charts (elevations in feet) 
 

¶ CAA 1:250,000 and 1:500,000 aeronautical charts (UK) (elevations in feet) 
 

¶ Road atlas and regional maps (Ireland and UK) 
 

The 1:50,000 imagery loaded on the Toughbook did not show any terrain or lighthouse at 
the location of Black Rock; instead, it showed plain blue, indicating open water. The 
Operator stated that the 1:50,000 ordnance survey chart data was supplied to the Operator, 
via the IRCG, by Ordnance Survey Ireland (OSI) in September 2012 and was subsequently 
configured for use on the Toughbook ōȅ ƻƴŜ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǎǳǇǇƭƛŜǊǎ. The Operator 
provided a copy of the original imagery it had received and the Investigation noted that it did 
not show anything at the location of Black Rock. Furthermore, the eastern section, which 
was approximately half of the image, contained National Grid lines, whereas the western 
portion did not. 
 

The Investigation asked OSI to explain what imagery had been requested and what it had 
supplied. The OSI informed the Investigation that: 
 

ΨLƴ WŀƴǳŀǊȅ нлмнΣ h{L ǊŜŎŜƛǾŜŘ ŀƴ ŜƳŀƛƭ ǘƘŀǘ ŎƭŜŀǊƭȅ ŘŜǎŎǊƛōŜŘ ŀ ǊŜǉǳŜǎǘ for use of the 
OSI 1:50,000 Discovery series mapping in inland or in mountainous areas. The email 
ƳŜƴǘƛƻƴǎ ǘƘŜ ǿƻǊŘǎ ΨƛƴƭŀƴŘΩ ǘǿƛŎŜΣ ΨƳƻǳƴǘŀƛƴƻǳǎΩ ŀǊŜŀǎ ǘƘǊŜŜ ǘƛƳŜǎΦ 
 

The email says that the location of an emergency is often passed on by the original 
informant using a grid reference or local place names. The request specifically said that 
the intention was to be able to view the Discovery series maps.  
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The need to use 1:50,000 Discovery series mapping in this way, for finding inland 
locations makes sense to OSI, as anyone in trouble would most probably have a 
1:50,000 Discovery series paper map. 
 
The OSI 1:50,000 Discovery series mapping is not meant to be used for aeronautical 
navigation and any such use would be incorrect. A very obvious example of this is that 
the OSI 1:50,000 Discovery series mapping references height information in meters 
above mean sea level (not feet above mean sea level). 
 
Additionally, it is critical to note, that in the area of interest the requested OSI 1:50,000 
Discovery series map does not extend westwards beyond the Irish Grid Easting co-
ordinate 52,000. The western edge of the OSI 1:50,000 Discovery topographic map 
detail in the area in question is approximately 4 kilometres east of Black Rock Island. 
 
OSI is aware that .ƭŀŎƪ wƻŎƪ LǎƭŀƴŘ ǿŀǎ ŀ ǿŀȅǇƻƛƴǘ ƻƴ ǘƘŜ hǇŜǊŀǘƻǊΩǎ wƻǳǘŜ DǳƛŘŜΦ h{L 
does not know the origin of this information for Black Rock Island, including the origin 
of its height value. 
 
OSI can confirm that after the incident it was tasked by the Irish Aviation Authority to 
confirm the co-ordinates of the lighthouse position on Black Rock Island, the altitude of 
the base of the lighthouse, the altitude of the top of the lighthouse, the height of the 
lighthouse structure and the ground elevation of the highest nearby point. OSI can 
confirm that the latest IAA Aeronautical Charts (published May 2019), at scales of 
1:500,000 and 1:250,000, now reference a height of 262 feet for Black Rock Island. The 
previous versions of these Charts referenced a height of 282 feet for Black Rock Island 
(this previous height was not supplied by OSI). 
 
OSI has no knowledge of how its data was treated for representation in the computer 
application mentioned. Nor do OSI know what other data might also have been 
represented in the system and how that integration process was completed or how that 
data was interpreted. 
 
OSI understood that the 1:50,000 Discovery map was supplied to fulfil a specific request 
for use in inland areas. The edge of the topographic map detail was clearly 
recognisable as there was no gird index further west of Irish Grid Easting co-ordinate 
52,000, which are the same as the bounds of the topographic map detail in the digital 
map. Therefore, the edge of the paper map and the digital tile were the same, 
approximately 4 kilometres east of Black Rock Island. 
 
Despite the supply of paper maps in 2007, 2017 and digital maps in 2012, no 
clarifications were sought from OSI about the fitness for purpose of the intended use of 
the maps, the operational scale of the maps or any other matter. 
 
OSI can assist with producing customised mapping for customer needs if requested to 
Řƻ ǎƻΣ ŀƴŘ Ƙŀǎ ǇǊŜǾƛƻǳǎƭȅ ŘƻƴŜ ǎƻ ŦƻǊ ŀƴƻǘƘŜǊ ŀǾƛŀǘƛƻƴ ŀǇǇƭƛŎŀǘƛƻƴΦΩ  



 

  

4
6
 

 1 

 

46 

 

 
The Investigation asked the Operator what was the approval process for the map data 
loaded onto the Toughbook, and the Operator said that there had been no formalised Flight 
Operations Department approval process for map data loaded onto the Toughbook, but that 
procedures were being developed. The Investigation asked the Operator what processes 
were in place to ensure that the data obtained from OSI, via IRCG, was adequate for the 
intended purpose. The Operator said that as the data originated from the State Agency 
responsible for the official, definitive surveying and topographic mapping of the Republic of 
Ireland, it was not considered necessary to systematically check the supplied map image files 
for accuracy. The Operator said that visually, the mapped terrain on the digitised maps 
appeared to be identical to the paper maps carried, and that prior to the accident there had 
been no reports of inaccuracies in the digitised maps.  
 
The Operator went on to explain that it did carry out (in December 2012) a three-part check 
of the accuracy of the configuration and calibration process ς which had been completed 
(between October 2012 and December 2012) by a 3rd party vendor. This involved checking 
individual test waypoints corresponding to grid-line intersections, for various locations 
throughout Ireland; cross-checking location and feature outlines with other aeronautical and 
marine mapping data on the Toughbook; and, flight testing to ensure that the ƘŜƭƛŎƻǇǘŜǊΩǎ 
real-time GPS location as displayed on the map was accurate. The Operator stated that these 
checks were not to review the underlying information provided by the OSI, but rather to 
ensure that the Operator's waypoints over-laid accurately with the maps supplied. 
Furthermore, the Operator informed the Investigation that it had made no attempt to 
mislead OSI or withhold information about what the data was to be used for. 
 
In relation to OSI maps, the Operator subsequently informed the Investigation that: 
 

Ψwhile the maps were not intended for aeronautical navigation they could be used for 
situational awareness. For example, a tasking might involve a grid reference provided 
by a Mountain Rescue team or a member of the public, as opposed to a Lat/Long. The 
TC could convert the grid reference to an approximate Lat/Long such that the pilots 
could enter into the FMS. Alternatively the IRCG may task an aircraft to a townland or 
headland with a "local" name that might not be detailed on the 1:250000 or 1:500000 
maps and so again the TC could get out the appropriate 1:50000 map & try to identify 
the actual area. Copies of the maps are held in each Ops room and on-board the 
aircraft.Ω 

 
Furthermore, the Operator also informed the Investigation that: 
 

Ψprocedures to formally record the uploading of subsequent versions of maps have been 
ŘŜǾŜƭƻǇŜŘ ŀƴŘ ŀǊŜ ƴƻǿ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ha/ ώΧϐ The processes developed 
do not extend to checking the underlying content of the maps as they are uploaded, 
which are provided by a State agency with expertise in this area. That said, crews have 
always been, and continue to be, in a position to report errors identified in the maps 
provided.Ω  
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1.7 Meteorological Information 

 
1.7.1 Introduction 

 
In order to establish a general picture of the meteorological conditions prevailing at the time 
of the occurrence, the Investigation obtained meteorological data from several sources, 
including Met Éireann ς the Irish National Meteorological Aviation Services Division (ASD), 
and local eye-witnesses. 
 

1.7.2 Met Éireann 
 
ASD is tasked with providing a wide range of meteorological facilities to civil, military and 
general aviation ǘƻ ƳŜŜǘ ǘƘŜ {ǘŀǘŜΩǎ ƻōƭƛƎŀǘƛƻƴ ŀǎ ŀƴ L/!h ŎƻƴǘǊŀŎǘƛƴƎ {ǘŀǘŜ. ASD comprises 
the Central Aviation Office at Shannon Airport, together with the meteorological offices at 
Dublin Airport, Cork Airport and Casement Aerodrome. It issues Terminal Area Forecasts 
(TAFs) and Local Area Forecasts (LAF) for the various airports and smaller airfields in the 
country, as well as local weather warnings (SIGMETS) for the Irish Flight Information Region 
(FIR), and en route documentation and briefings. The following weather information was 
provided to the Investigation. 
 

 General Situation 1.7.2.1
 

ΨThe general weather situation was warm sector conditions across Ireland with a very 
weak cold front orientated northeast - southwest and situated just to the northwest of 
the country moving south-eastwards through relatively high pressure. The surface wind 
was southwest 20 kt, gusting 30-35 kt, with visibility between 2-3 km in mist and 
drizzle, overcast with a cloud base of 300 - 400 ft. Surface temperature was 10 deg. C.Ω 

 
Reports indicated that the frontal surface passed through the Belmullet area at circa 01.00 - 
01.30 hrs. 
 
The Significant Weather Chart issued by Met Éireann at 18.13 hrs UTC on 13 March 2017 and 
valid for 00.00 hrs UTC 14 March 2017 is reproduced in Appendix E. 
 

 Belmullet Automatic 1.7.2.2
 
The Belmullet automatic synoptic weather station, which is operated and utilised by Met 
Éireann, is located approximately 13 km to the north of Blacksod and approximately 27 km 
to the northeast of Black Rock; it is 9 m (30 ft) above mean sea level (AMSL). A graphical 
representation of the weather conditions at Belmullet between 00.00 hrs and 01.00 hrs on 
14 March 2017 is presented at Appendix F, Figure No. F1. A general interpretation of the 
recorded parameters identified the following: overcast skies, with a cloud base of between 
300 and 400 ft, a visibility of between 2,000 and 4,000 m (2 km-4 km) and continuous light 
precipitation.  
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 Hourly Weather Conditions 1.7.2.3

 
A summary of the hourly weather conditions experienced in the occurrence area (18 km 
west of Blacksod) for the period 23.00 hrs on 13 March 2017 until 04.00 hrs on the 14 March 
2017 is presented at Appendix F, Table No. F1. 
 

 Aftercast 1.7.2.4
 
An aftercast, which was prepared by Met Éireann, for the occurrence site area centred at 
Black Rock for 00.45 hrs on the 14 March 2017, is presented in Table No. 18. 

 

Meteorological 
Situation: 
 

Warm sector conditions across Ireland. A cold front 
orientated northeast-southwest and situated just to the 
northwest of the country was moving south-eastwards  

Wind (surface): Southwest 20 kt, gusting 30-35 kt 

Wind (2000 ft): West-southwest 35 kt 

Wind (surface-300 ft): The existing stable warm sector conditions and data 
received from the Castor Bay sounding suggest that there 
was a relatively uniform flow, in terms of direction and wind 
speed, in the vertical between the surface and 300 ft 

Visibility: 2-3 km 

Weather: Mist and drizzle 

Cloud: Overcast with a cloud base of 300 - 400 ft 

Surface Temp/Dew 
Pt: 

10/9 deg. C 

MSL Pressure: 1025 hectopascals (hPa) 

Freezing Level: 8,000 ft 
 

Table No. 18: Aftercast for occurrence site area 00.45 hrs on the 14 March 2017 

 Sea Area Forecast 1.7.2.5
 
A Sea Area Forecast for Irish Coastal Waters was issued by Met Éireann at 18.00 hrs on 13 
March 2017, and is presented at Appendix F, Table No. F2. 
 

 Forecast for Search/Rescue Area 1.7.2.6
 
On the evening of the 13 March 2017, a forecast was issued by Met Éireann at 22.34 hrs, for 
a position west of the intended SAR location for R118 and is presented at Appendix F, Table 
No. F3 - Forecast No. 1. 
 
A second forecast was issued by Met Éireann 02.28 hrs on 14 March 2017 for the Blacksod 
Bay area and is presented at Appendix F, Table No. F3 - Forecast No. 2. 
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1.7.3 Local Witnesses ς Weather Observations 

 
On the evening of the 13/14 March 2017, two attendants were at Blacksod Lighthouse to 
provide fuel, local communications and local weather updates for both helicopters (R118 
and R116). As was normal practice, when the weather was inclement, an attendant would 
ŘǊƛǾŜ ǘƻ ŀ ƭƻŎŀƭ ǾƛŜǿƛƴƎ Ǉƻƛƴǘ ƪƴƻǿƴ ŀǎ ΨDeirbhiles TwistΩ ǘƻ ƳŀƪŜ ŀ ǿŜŀǘƘŜǊ ƻōǎŜǊǾŀǘƛƻƴ ŦƻǊ 
the pending arrival of a helicopter. This viewing point is located approximately one mile west 
of Blacksod Lighthouse and is at a height of approximately 200 ft AMSL. A second hill, known 
as ΨTermon HillΩ, is located slightly north of the viewing point at a height of approximately 
300 ft AMSL and is used as a visual reference to estimate cloud base. 
 
Prior to the arrival of R116, one of the attendants drove to the viewing point at 00.05 hrs to 
check the prevailing weather conditions (Table No. 19 - Observation No. 1). 
 
When R116 did not arrive as expected, an attendant went to the viewing point to see if he 
could see the approaching R116 and also checked the prevailing weather conditions (Table 
No. 19 - Observation No. 2). 
 

Information  Weather Observation No. 1 Weather Observation No. 2 

Location Viewing point  Viewing point  

Date/Time 14 March 2017 at 00.05 hrs 14 March 2017 at 01.15 hrs 

Wind WSW 25 - 30 kt WSW 25 - 30 kt 

Visibility Horizontal 3 - 5 miles (5-8 km) 20 metres  

Weather Intermittent light rain Intermittent light rain 

Cloud base 400 - 500 ft ASL 200 ft ASL 
 

Table No. 19: Visual weather observations, before and after the accident 

The RNLI Achill Lifeboat launched at 01.30 hrs in response to a MAYDAY alert from MRSC 
Malin. The lifeboat crew informed the Investigation that at time of launch, visibility was 
particularly poor and forced the lifeboat to proceed with caution, at a low speed. Poor 
visibility persisted until the lifeboat cleared the western tip of Achill Island, at Achill Head. 
 

1.7.4 Airborne Weather Transmissions 
 

A number of weather report transmissions were received by R116 during its transit to the 
west coast, which were recorded on the CVR. Extracts of relevant transmissions are 
presented at Table No. 20. 
 

Time Source Transmission Remarks 

23.11 hrs R118 to R116 ώΧϐ conditions at the pad are 
fine eh eh kind of some low 
cloud eh approximately five 
hundred feet eh up to the north 
while we were inbound through 
Broadhaven Bay over 

R118 had just 
landed at Blacksod 
and was taking on 
fuel. 
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Time Source Transmission Remarks 

00.08 hrs lighthouse 
Attendant to 
R116 

[Χ] indications of between three 
ŦƻǳǊ ŦƛǾŜ ƘǳƴŘǊŜŘ όŦŜŜǘ ƘŜǊŜύ ƛǘΩǎ 
good enough to come in [Χ] 
 

lighthouse 
Attendant had 
driven up the hill to 
the reference point  

00.10 hrs lighthouse 
Attendant to 
R116 

[Χ] the wind is west-south-west, 
west-south-west, twenty five to 
thirty three knots, visibility at 
sea level here with me is two 
miles at the minute [Χ] 
 

Following a request 
from R116 

00.16 hrs Shannon ATC to 
R116 

[Χ] midnight to zero nine 
ƘǳƴŘǊŜŘ ƛƴ ǘƘŜ ΧƳƻǊƴƛƴƎ ǘƘŜ 
wind is two twenty at thirteen 
knots the visibility will be ten 
plus the cloud is broken eighteen 
hundred feet becoming between 
midnight and zero two hundred 
in the morning broken twelve 
hundred and temporarily 
between after zero two hundred 
three thousand metres in mist 
and light rain and drizzle broken 
seven hundred becoming 
between zero two hundred and 
zero five hundred two fifty at 
thirteen knots broken at two 
thousand [Χ] 
 

Sligo TAF 

00.17 hrs Shannon ATC to 
R116 

[Χ] the wind is surface wind two 
two zero degrees one six knots 
visibility is ten plus cloud 
overcast one thousand eight 
hundred feet QNH is one zero 
two five hectopascal [Χ] 

Shannon ATC 
relayed the latest 
actual weather 
report for Sligo  

00.18 hrs Shannon ATC to 
R116 

[Χ] Dublin met report is on the 
hour midnight eh two forty at 
sixteen knots ten plus few 
seventeen hundred feet broken 
twenty five hundred feet 
temperature twelve dew point 
eight QNH setting is one zero 
two eight hectopascals no sig 
[Χ] 

Following request 
from R116 to 
Shannon ATC 

 

Table No. 20: Extract of weather report transmissions 
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1.8 Aids to Navigation 

 
 General 1.8.1.1

 
There were no ground aids applicable to the navigation of the helicopter. All navigation was 
conducted using the AFCS, AHRS, FMS, and on-board documentation. 
 

Information provided by the Operator regarding routes to landing sites and transit routes 
were contained in the on-board FMS database, and a hard-copy in a display book, consisting 
of transparent, A4-sized plastic pockets. The document is titled ΨFMS Route GuideΩ, but was 
commonly referred to by flight crew as the ΨLow Level Route GuideΩ ƻǊ ǎƛƳǇƭȅ ǘƘŜ ΨRoute 
GuideΩ. Pilots can also input ad-hoc routes based on selected waypoints and the needs of a 
specific flight. The Aeronautical Charts required to be carried are described in Section 1.18.1. 
 

1.8.2 FMS Route Guide 
 

The (FMS) Route Guide is one of what was referred to by flight crew as Ψthe three booksΩ. The 
Investigation was informed that Ψthe three booksΩ referred to the (FMS) Route Guide, the 
Landing Site Directory (LSD) and the RNAV (Area Navigation) Waypoint Listing. 
 
Upon request, the Operator provided the Investigation with ŀ ŎƻǇȅ ƻŦ ǘƘŜ ΨRoute GuideΩ and 
ΨLanding Site DirectoryΩ which were extant on the night of the accident. The Investigation 
requested that these be provided in the same format as they would have been presented to 
helicopter crews at the time of the accident. They were provided in a ring binder, and in the 
case of the Route Guide, each route spanned two consecutive, non-facing, A4-sized pages, 
the first page being the chart and the second being a page of associated text. The 
Investigation understands that in EI-ICR, each route was most likely presented on two facing 
pages, in a transparent pocket binder. The Route Guide used both landscape and portrait 
layouts; all information tables were provided in portrait format, whereas the majority of 
route images were in landscape. The Investigation notes that the Route Guide text was in 
Times New Roman font, whereas the Landing Site Directory text was in Calibri font. 
 
Correspondence indicates that on 10 May 2013, during a major revision of the Route Guide 
layout at the time of the S-92A introduction, one of the OǇŜǊŀǘƻǊΩǎ Ǉƛƭƻǘǎ who was invited to 
offer an opinion on a proposed Route Guide format, suggested/asked ΨWould it be possible 
ǘƻ ŀǊǊŀƴƎŜ ǘƘŜ ǇŀǎǘŜ ǎǳŎƘ ǘƘŀǘ ŜŀŎƘ ǊƻǳǘŜ ǎǇŀƴǎ ŀ ΨŘƻǳōƭŜ ǇŀƎŜ ǎǇǊŜŀŘΩ LƴǎƛŘŜ ǘƘŜ ŦƛƭŜΚ This 
would involve all maps being on even-numbered pages with the text appearing on the 
following odd-numbered pageΩ. It is not known in which specific order the pages of the 
APBSS route were presented to the accident Flight Crew. 
 
On the copy of the Route Guide provided to the Investigation, each route comprised a  
one-page image showing an overlay of the route on a segment of an IAA Aeronautical Chart. 
Another portrait-oriented page contained additional information about the route. The 
scaling of the route images was not standardised; each scanned image appeared to have 
been enlarged as much as possible. It was not apparent from any of the routes reviewed by 
the Investigation which particular version of IAA chart was used as the basis for each route. 
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The information page for the route was laid out as a series of tables titled: Navigational Plan; 
Hazards/Obstacles; Coastal NDBs/lighthouses; Comms; Latitude and Longitude. 
 

All versions of the aeronautical charts issued by the IAA contained information panels which 
indicated that the charts in question were for use in VFR conditions only. Examples of this 
wording included ΨChart users are requested to refer any comments on the portrayal or 
content of aeronautical and topographical information to the VFR Charts [...] Email: vfrcharts 
[...] Users should at all times adhere to Visual Flight Rules and the relevant Rules of the AirΩ. 
Route guides did not include this cautionary text, or the legend from the IAA charts on which 
they were based. hƴ ǘƘŜ L!!Ωǎ ŀŜǊƻƴŀǳǘƛŎŀƭ ŎƘŀǊǘǎΣ lighthouses were identified by placing a 
red dot of fixed diameter at the location, and placing the elevation in black, italic numerals 
adjacent to the red dot. The Investigation is aware that earlier versions of these IAA charts 
(and the latest versions) included a text entry adjacent to each lighthouse which provided 
the lighthouseΩs flashing pattern; no such text entry adjacent to each lighthouse was present 
on the pictorial representation of the route. The tabulated text section of the Route Guide 
did contain a reference to lighthouse flashing patterns. 
 

Three of the 29 routes (APBSS, APBSN and LOWCAST) started close to a high obstacle. Two 
of the routes to Blacksod, APBSS (Figure No. 4 and Figure No. 5) and APBSN (ΨBlacksod 
NorthΩ), started at ŀ ǊŜŘ ŘƻǘΣ ŀŘƧŀŎŜƴǘ ǘƻ ǿƘƛŎƘ ǿŜǊŜ ǘƘŜ ƴǳƳŜǊŀƭǎ Ψ282ΩΦ ¢ƘŜ ǿƻǊŘ 
ΨBlackrockΩ appeared to the right of the red dot. ΨLOWCASTΩ (ΨBull lighthouse to 
Castletownbere RefuelΩ) started at Bull Rock a 272 ft lighthouse which the Hazards/Obstacles 
table described as Ψ.ǳƭƭ LǎƭŀƴŘ оосΩ. Blacksod and Castletownbere are both refuelling sites 
ǳǎŜŘ ōȅ ǘƘŜ hǇŜǊŀǘƻǊΩǎ helicopters. The Investigation notes that the title ΨRoute LOWCAST 
(Bull lighthouse to Castletownbere Refuel)Ω identified that it started at a lighthouse, whereas 
!t.{{Ωǎ ǘƛǘƭŜΣ ΨRoute APBSS (Blacksod South) RouteΩ did not identify that it started at a 
lighthouse. These three routes (APBSS, APBSN and LOWCAST) were the only three routes 
which included on the route chart the text ΨLEGΩ followed by the leg number (e.g. Leg 1/7, 
Leg 2/6, Leg 4, etc.). 
 

The Investigation notes that routes could, and did, cross terrain and obstacles e.g. ΨRoute 
SGLOWBS (Sligo to Blacksod)Ω crossed the Glash Island Lighthouse (chart height 89 ft, 
ǘŀōǳƭŀǘŜŘ ƻōǎǘŀŎƭŜ ƘŜƛƎƘǘ мллΩύΦ 
 

The Operator informed the Investigation that its routes Ψare VFR routes, not IFR.Ω The 
Investigation asked the Operator what this statement was based on and how this 
information was conveyed to crews. The Operator responded saying that it has always been 
the case and that it had always trained its crews to understand this. 
 

On the issue of training of crews to use routes from the Low Level Route Guide, the 
Investigation understands that prior to the accident the routes were not available in the 
simulator used by the Operator. The Investigation was informed that Flight Simulation 
Training involved a Line Oriented Flight Training (ΨLOFTΩ) style mission whereby crew were 
required to construct a temporary route and navigate to a simulated casualty. A route from 
the Low Level Route Guide was typically flown during a combined HEMS and SAR 
competence check flight. The Investigation was informed by individual pilots that because 
ǘƘŜ ǊƻǳǘŜǎ ǿŜǊŜ ŀǘ ǇƛƭƻǘǎΩ ƘƻƳŜ ōŀǎŜǎΣ ǘƘŜȅ ǿŜǊŜ ƴƻǘ ōǊƛŜŦŜŘ ƛƴ ŘŜǘŀƛƭ ƘƻǿŜǾŜǊΣ ǘƘŜ hǇŜǊŀǘƻǊ 
ǎǘŀǘŜŘ ǘƘŀǘ ΨRoutes were briefed and line checks completed as part of all competence check 
flightsΩΦ   
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The Operator informed the Investigation that:  
 

ΨSince the introduction of the S92 in 2012, every 6 months all pilots have received 8 
hours simulator training. 2 of these 8 hours are dedicated to a real time LOFT SAR 
mission at night in DVE conditions. Since the Accident, the LOFT mission profile was 
changed; one LOFT mission profile is specifically "route" related, the other is open 
water related but with emphasis on low level malfunction handling. Every simulator 
session is preceded by four hours of briefings including TKI & operational briefings.Ω 

 

The Investigation found that there was: no formal procedure or training laid down by the 
Operator to tell its crews how to use the Route Guide; no design standard for routes; no 
formal, standardised training/checking of route briefing; and, that the Operator did not have 
a SAR standards pilot who would visit bases to interact with operational crews, promoting 
best practice and providing feedback to management on matters of concern which were 
identified. TƘŜ hǇŜǊŀǘƻǊ ƛƴŦƻǊƳŜŘ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ Ψno regulatory or 
contractual requirement for the Operator to have a SAR standards pilot function and that 
there is no regulatory or contractual basis against which such a role could be assessedΦΩ  
 
In this regard, ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ƴƻǘŜǎ ǘƘŀǘ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǇŀǊŜƴǘ ŎƻƳǇŀƴȅ ƛǎ ŀ ǇŀǊǘƛŎƛǇŀƴǘ ƛƴ 
ŀƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƘŜƭƛŎƻǇǘŜǊ ƛƴŘǳǎǘǊȅ ǎŀŦŜǘȅ ƛƴƛǘƛŀǘƛǾŜ ŎŀƭƭŜŘ IŜƭƛhŦŦǎƘƻǊŜ ǿƘƛŎƘ ƛǎ Ψthe global, 
safety-focused association for the offshore helicopter industryΦΩ One of the initiatives which 
this organisation has promoted is the Line Operations Safety Audits (LOSA). Regarding LOSA, 
ICAO Doc 98ло ǎǘŀǘŜǎ ΨLOSA uses expert and highly trained observers to collect data about 
flight crew behaviour ŀƴŘ ǎƛǘǳŀǘƛƻƴŀƭ ŦŀŎǘƻǊǎ ƻƴ άƴƻǊƳŀƭέ flights.Ω hƴŜ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ 
parent company personnel, during an interview in a HeliOffshore LOSA promotional video, 
ƴƻǘŜŘ ΨIf they fly with a trainer, whether in the aircraft or in the simulator, they know they're 
being watched, they know they're being examined and so they are putting more effort into 
making sure they do things rightΦΩ 
 

!ƴƻǘƘŜǊ ƻǇŜǊŀǘƻǊΣ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ǎŀƳŜ ǾƛŘŜƻΣ ƴƻǘŜŘ Ψώ[h{! is] done totally 
independently outside of the training function or management function, so the benefit of 
that is we don't see angel like behavior that you'd get maybe in the simulator or when you 
have a training or management function present. It's very much just a case of pilots 
monitoring other pilots to see what's working and what's not working.Ω  
 
The Investigation notes that in June 2019, an industry periodical website quoted a senior 
ǎŀŦŜǘȅ ƳŀƴŀƎŜǊ ǿƛǘƘ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǇŀǊŜƴǘ ŎƻƳǇŀƴȅ ŀǎ ǎŀȅƛƴƎ ǘƘŀǘ ΨLOSA provides a chance 
to observe crews in a natural and relaxed state to better understand threats and errors in a 
real environment, so is much more than a checklist or auditΩΣ ŀƴŘ ǘƘŀǘ [h{! ǿƛƭƭ ƳƻǾŜ ǘƻ 
Ireland in 2020.  
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The particular route in use on the nƛƎƘǘΣ ΨAPBSSΩΣ ƛƴŎƻǊǇƻǊŀǘŜŘ ŀ ǎŜŎǘƛƻƴ ŎŀƭƭŜŘ ΨGeneral 
CommentsΩ. Only four of the 29 routes had a ΨGeneral CommentsΩ section. Two of the routes, 
which had a ΨGeneral CommentsΩ section, were designated ΨRoute LOWDUB1 (Dublin Low 
Level Route 1)Ω and ΨRoute LOWDUB2 (Dublin Low Level Route 2)Ω. For each of these Dublin 
routes, the ΨGeneral CommentsΩ stated ΨOver watŜǊ ƭŜƎǎ ŀǊŜ ǘƻ ōŜ Ŧƭƻǿƴ ŀǘ рллΩ. The 
Operator informed the Investigation that, although not explained in the Route Guide, the 
purpose of 500 ft restriction on these overwater legs was for ATC considerations and not 
related to obstacle clearance. [h²5¦.мΩǎ ΨNavigational PlanΩ ǘŀōƭŜ ƭƛǎǘŜŘ ǘŜǊǊŀƛƴ ƻŦ млл Ŧǘ 
for Leg 1 and 50 ft for Leg 2. TƘŜ ΨHazards/ObstaclesΩ ǘŀōƭŜ ŎƻƴǘŀƛƴŜŘ ŀ м,000 ft entry for 
Legs 1 and 2; the 1,000 ft hazard/obstacle was approximately 0.5 NM south of the waypoint 
where Leg 2, an overland leg, joined Leg 3, an overwater leg, which crews were instructed to 
fly at 500 ft. TƘŜ hǇŜǊŀǘƻǊ ƛƴŦƻǊƳŜŘ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ǘƘŀǘ ΨThis entry identifies a hazard (in 
this case a populated area) which is proximate but not on the route over which crews should 
not fly below 1000 ftΦΩ ¢ƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ƴƻǘŜǎ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ŎƻƳƳŜƴǘ; however, what the 
Operator described was not clear to the Investigation from the Route Guide as presented. 
 

The first page of the Route Guide was a Route Index under the Heading ΨFMS Route GuideΩ. It 
listed the number, designator and name for each of the routes. For example, Route 1, 
designated ΨAPBSSΩ, had the title ΨBlacksod SouthΩ. Of the 29 routes, 25 of the designators 
incorporate the letters ΨLOWΩ e.g. ΨRoute SGLOWBS (Sligo to Blacksod)Ω, ΨRoute LOWCARL 
(Carlingford Lough)Ω, ΨRoute LOWDUB1 (Dublin Low Level Route 1)Ω. Note: LOWDUB1 is 
described as ΨDublin LL Route 1Ω in the FMS Route Guide index page. 
 

The second page of the Route Guide stated: 
  

ΨThe following contains route information copied from S61 RNAV information/file. It 
has been updated for FMS compatibility. It is a work in progress and should be used 
with the necessary caution until all routes/waypoints are proven. 
 

Caution all waypoints are set up as *overfly* 
 

All routes have new 5 to 8 character designators but should make sense to you. Again it 
is a work in progress so if you have any comments/suggestions, please revert.Ω 

 

In the FMS Index, three routes were available to approach/depart the Blacksod Refuel site: 
ΨRoute 1 APBSS (Blacksod South)ΩΣ ΨRoute 2 APBSN (Blacksod North)Ω ŀƴŘ ΨRoute 4 SGLOWBS 
(Sligo to Blacksod)Ω. 
 
The Flight CrewΩǎ Ǉƭŀƴ ǿŀǎ to use Route 1 (APBSS) and, with reference to the HelicopterΩǎ 
FMS Route Guide LƴŘŜȄΣ ŜƴǘŜǊŜŘ ǘƘŜ wƻǳǘŜ ΨAPBSSΩ ƛƴǘƻ ǘƘŜ HelicopterΩǎ Ca{ ŦƻǊ ǘƘŜ ŀǊǊƛǾŀƭ 
route into Blacksod.  
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None of the routes in the Route Guide included information about the vertical profile to be 
flown when following a route. Some routes did include suggested minimum altitudes; for 
ŜȄŀƳǇƭŜΣ ǘƘŜ ǘƘǊŜŜ LƴƛǎƘōƻŦƛƴ ǊƻǳǘŜǎ ŜŀŎƘ ƛƴŎƭǳŘŜŘΣ ƛƴ ǘƘŜ ΨCommsΩ ǘŀōƭŜΣ ǘƘŜ ǘŜȄǘ ΨSuggest 
рллΩ ƳƛƴƛƳǳƳ ŀƭǘƛǘǳŘŜ ŦƻǊ ŀǇǇǊƻŀŎƘΩ.  
 
TƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ƴƻǘŜŘ ǘƘŀǘ ƛƴ ŎƻƴǾŜǊǎŀǘƛƻƴ ǿƛǘƘ Ƴŀƴȅ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ǇŜǊǎƻƴƴŜƭ ǘƘŜ 
term ΨLow Level Route GuideΩ was used to refer to the FMS Route Guide. Furthermore, the 
ǘŜǊƳ ΨLow Level RouteΩ, and the ŀōōǊŜǾƛŀǘƛƻƴǎ ΨLLRΩ and ΨLLΩ, appear often in the headings 
and bodies of email correspondence about the Route Guide, and also in Base Flight Safety 
Meeting (BFSM) minutes (Section 1.17.4). 
 
When questƛƻƴŜŘ ŀǎ ǘƻ ǿƘȅ ǘƘŜȅ ŎŀƭƭŜŘ ƛǘ ΨLow LevelΩ, the consensus view was that that was 
what it was always called. The InvestiƎŀǘƛƻƴ ŀǎƪŜŘ ǿƘŀǘ ŘƛŘ ǘƘŜ ǘŜǊƳ ΨLow LevelΩ mean to 
them as SAR operators; several indicated that 200 ft would be low level and a few indicated 
that 50 ft would be low level. The Investigation did not find any guidance to inform crews 
about the definition of the term ΨLow LevelΩ in respect of the Route Guide. 
 
9Ƴŀƛƭ ǘƘǊŜŀŘǎ ŀƳƻƴƎǎǘ hǇŜǊŀǘƻǊΩǎ ǇŜǊǎƻƴƴŜƭ, from the time of the S-92A introduction into 
service, said that the S-92A FMS flew routes very differently to the S-61N, particularly when 
tight turns were involved. The S-92A FMS incorporated a feature to designate a waypoint as 
ΨϝƻǾŜǊŦƭȅϝΩΣ aƭǎƻ ǘŜǊƳŜŘ ΨflyoverΩ. The UNS1 FMS mŀƴǳŦŀŎǘǳǊŜǊΩǎ mŀƴǳŀƭ ǎǘŀǘŜǎ ΨA flyover 
waypoint is a waypoint which will cause the navigation computer to delay making an 
automatic leg change until the aircraft is directly over the waypoint.ΩΦ Ψ{ƳŀǊǘ ¢ǳǊƴΩΣ ǿŀǎ ǘƘŜ 
OperaǘƻǊΩǎ ǘŜǊƳ ŦƻǊ ŀƴ ŀǳǘƻƳŀǘƛŎ ƭŜƎ ŎƘŀƴƎŜ ǿƘƛŎƘ ǿƻǳƭŘ ƻŎŎǳǊ ƛŦ Ψ*overfly*Ω ǿŀǎ ŘŜ-
selected for a particular route waypoint. The UNS1 FMS mŀƴǳŦŀŎǘǳǊŜǊΩǎ manual states that 
ΨAutomatic leg changes occur before the TO [to] waypoint at a distance based upon 
groundspeed, leg change magnitude, and roll steering bank limit for the present altitude. The 
maximum distance before the waypoint at which the leg change will occur is 12 NMΩ. 
 
The email threads said that all waypoints were designated overfly and would remain so to 
avoid confusion, with the onus on crews to change them to smart turn if and as required. 
Emails noted that FMS routes were used in conjunction with EGPWS, Radar and Euronav to 
assist navigation and advised caution in the use of overfly/smart turn, as such selections in 
ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ǿƛƴŘ ŘƛǊŜŎǘƛƻƴ ŀƴŘ ǎǘǊŜƴƎǘƘ ǿƻǳƭŘ ŀƭǘŜǊ ǘƘŜ ƘŜƭƛŎƻǇǘŜǊΩǎ ǘǊŀŎƪ ƻǾŜǊ ǘƘŜ 
ground. 
 
An email thread in 2014 regarding a wind turbine, which was a new hazard for one of the 
low level Dublin routes, revealed a reticence to add a waypoint for the wind turbine to the 
FMS wayǇƻƛƴǘ ŘŀǘŀōŀǎŜΣ ōŜŎŀǳǎŜ ƛǘ ƳƛƎƘǘ ōŜ Ŧƭƻǿƴ ǘƻǿŀǊŘǎ ǳǎƛƴƎ ǘƘŜ ΨDirect ToΩ ό5¢hύ Ca{ 
function. However, the email thread said that it was important that local [Dublin] pilots were 
aware of the wind turbine and it was suggested that it should become part of the base brief 
for visiting crews. These emails also said that three waypoints had earlier been added to the 
FMS waypoint database for the locations of three wind turbines on the low level route for 
Cork Airport; however, it was noted that these were the only three waypoints in the 
company database that crews actively sought to avoid as opposed to aiming towards them.  
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1.8.3 Safety Recommendation IRLD2017005 ς Route Guides 

 
In ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ tǊŜƭƛƳƛƴŀǊȅ wŜǇƻǊǘ, although the Investigation was still at a preliminary 
stage, the Investigation was of the opinion that all routes contained in its Route Guide 
should be reviewed or re-evaluated to enhance the information provided to crews. 
Accordingly, the Investigation issued the Safety Recommendation IRLD2017005 to the 
hǇŜǊŀǘƻǊ ǊŜƭŀǘƛƴƎ ǘƻ ǘƘŜ hǇŜǊŀǘƻǊΩǎ wƻǳǘŜ DǳƛŘŜΦ  
 

CHC Ireland should review/re-evaluate all Route Guides in use by its SAR helicopters in 
Ireland, with a view to enhancing the information provided on obstacle heights and 
positions, terrain clearance, vertical profile, the positions of waypoints in relation to 
obstacles and EGPWS database terrain and obstacle limitations (IRLD2017005). 

 
The response received to date is presented in Appendix G to this Report. 

 
1.8.4 .ƭŀŎƪǎƻŘ {ƻǳǘƘ wƻǳǘŜ ΨAPBSSΩ 

 
¢ƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ŀǎƪŜŘ ǘƘŜ hǇŜǊŀǘƻǊ ǿƘŀǘ ǘƘŜ ŀŎǊƻƴȅƳ ΨAPBSSΩ ǎǘƻƻŘ for; the Operator said 
ǘƘŀǘ ƛǘ ǎǘƻƻŘ ŦƻǊ ΨApproach Blacksod SouthΩΦ The Navigation Plan for this route comprised a 
total of 7 legs, with legs 1 to 4 used for the arrival, and legs 5 to 7 for the departure as shown 
in the Navigation Plan. The legs are defined by means of named waypoints identified by 5-
letter identifiers. Bȅ ƛƴǇǳǘǘƛƴƎ ǘƘŜ ǊƻǳǘŜ ΨAPBSSΩ ƛƴǘƻ ǘƘŜ CaS the associated waypoints in the 
Navigation Plan are loaded. A copy of the APBSS route information, as provided to the 
Investigation, is reproduced in Figure No. 4. 
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Figure No. 4: wƻǳǘŜ DǳƛŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǇŀƎŜ ŦƻǊ Ψ!t.{{Ω Blacksod South. 

¢ƘŜ wƻǳǘŜ DǳƛŘŜ ŀƭǎƻ ǎƘƻǿǎ ǘƘŜ ΨAPBSSΩ ǊƻǳǘŜ ƻǾŜǊƭŀƛŘ ƻƴ ŀ section of an IAA-issued VFR 
chart (Figure No. 5). The start of the inbound route (and end of the outbound route) is the 
BLKMO waypoint. Based on the GPS coordinates provided in the APBSS table, the waypoint 
ΨBLKMOΩ was located in the water just off the eastern end of Black Rock. The inbound route 
ends at the Blacksod helipad which is situated adjacent to Blacksod Lighthouse.  
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There is no legend provided in the Route Guide. From examination, the symbology used in 
the Route Guide was as follows: 
 

¶ ¢ƘŜ ǊƻǳǘŜ ƛŘŜƴǘƛŦƛŜǊ ΨAPBSSΩ ǿŀs shown in black lettering on a yellow background 
at the top of the chart. 

¶ The route was identified by a black line (legs are numbered sequentially in black, 
inbound to the helipad and outbound to Black Rock) with black crosses marking 
each waypoint. 

¶ The 5-letter waypoint identifiers were in black lettering on a yellow background. 

¶ Hazards and Obstacles listed on the title page were identified by white numerals 
within red circles, outlined in black. 

¶ Lighthouses were marked with a small red dot with an elevation (in italic 
numerals) adjacent to the red dot. The elevation was a numerical value; no units 
were indicated. Two lighthouses are marked: Black Rock Lighthouse ΨнунΩ at the 
ŦƛǊǎǘ ǿŀȅǇƻƛƴǘ ƛƴōƻǳƴŘ ŀƴŘ .ƭŀŎƪǎƻŘ ΨпоΩ adjacent to the helipad refuelling facility. 

 

 
 

Figure No. 5: Ψ!t.{{Ω wƻǳǘŜ DǳƛŘŜ ŎƘŀǊǘ ƛƴŦƻǊƳŀǘƛƻƴ (orientation as per Route Guide)  
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Regarding this version of APBSS, the Investigation notes the following: 
 

¶ This route was designated as ΨRoute APBSS (Blacksod South) RouteΩ in the Route 
Guide, and was the first route in the guide. 

¶ The ΨHazard/ObstacleΩ table quoted the height of the Black Rock Lighthouse as 
310Ω but the chart showed it as 282. The Operator advised the Investigation that it 
was company policy to add 10% to obstacle heights in Route Guides, but no 
documented procedure29 to support this was provided to the Investigation. 

¶ ¢ƘŜ !t.{{ ǊƻǳǘŜ Ƙŀǎ ǘǿƻ ǊŜŦŜǊŜƴŎŜǎ ǘƻ Ψомлϥ .ƭŀŎƪ wƻŎƪΩ in the Terrain column of 
ǘƘŜ bŀǾƛƎŀǘƛƻƴŀƭ tƭŀƴΦ ¢ƘŜǊŜ ƛǎ ŀƭǎƻ ŀ ǊŜŦŜǊŜƴŎŜ ǘƻ Ψ1. Black Rock Lighthouse 310'Ω 
in the Hazards/Obstacles section. The Coastal NDB's/Lighthouses section also 
Ŏƻƴǘŀƛƴǎ ǊŜŦŜǊŜƴŎŜ ǘƻ ΨBlack Rock LighthouseΩΦ 

¶ The Route image and the Navigational Plan and Hazards/Obstacles tables, referred 
to seven obstacles, designated with numbers 1 through 7 and seven legs, also 
designated with numbers 1 through 7. Legs 1-4 are for getting into Blacksod; legs 
5-7 are for getting out of Blacksod. Leg 1 starts at Black Rock, and leg 7 ends at 
Black Rock. 

¶ Following the route, either inbound or outbound, resulted in Black Rock being 
overflown. The Operator was unable to say definitively why APBSS started and 
ended at a high obstacle, but two possibilities were suggested by several 
personnel to whom the Investigation spokeΥ ƛǘ Ƴŀȅ ƘŀǾŜ ōŜŜƴ ǘƘŀǘ ǘƘŜ ǊƻǳǘŜΩǎ 
originator considered that placing the waypoint on the obstacle would ensure that 
crews were always aware of its location; alternatively, it may have been a 
throwback to earlier-generation navigation systems which required re-calibration 
by overflying a known terrain features to re-set the system datum. 

¶ APBSS, APBSN and LOWCAST were the only three routes in the Route Guide which 
included Leg designations on the chart. 

¶ Obstacle designators appeared in the vicinity of the obstacle to which they 
referred but did not follow a positioning convention in relation to the obstacle e.g. 
the obstacle 1 designator was approximately 0.6 NM (centre-to-centre) west of 
Black Rock Lighthouse (to which it referred), the obstacle 4 designator was to the 
east of the Duvillaun islands (to which it referred), the obstacle 7 designator 
appeared twice to the north of the Achill Island cliffs (to which they referred). 
These designators were approximately 6 mm in diameter. 

¶ Black Rock Lighthouse was indicated on the Route Guide by a red disc 
(approximately 4 mm in diameter) with a waypoint designator (perpendicularly 
crossed lines) which obscured some of the lighthouse marker; the BLKMO 
waypoint label was positioned approximately 0.6 NM (centre-to-centre) south of 
the waypoint at Black Rock. ¢ƘŜ ǿƻǊŘ ΨBlackrockΩ ŀǇǇŜŀǊŜŘ ƻƴ ǘƘŜ wƻǳǘŜ DǳƛŘŜ 
image, approximately 0.8 NM to the east of Black Rock.  

                                                      
29

 ¢ƘŜ hǇŜǊŀǘƻǊΩǎ haDΣ ŦƻǊ IŜƭƛŎƻǇǘŜǊ 9ƳŜǊƎŜƴŎȅ aŜŘƛŎŀƭ {ŜǊǾƛŎŜ όI9a{ύ ŀƴŘ {ǇŜŎƛŀƭ hǇŜǊŀǘƛƻƴΣ ŘƻŜǎ ǎŀȅ ƛƴ 
relation to estimated site (non-surveyed) landing sites that dimensions should be factored by a minimum of 
10% to account for any inaccuracies. However, an estimated site is defined as one where no reliable 
information has been obtained and thus would not apply to Route Guides. Furthermore, the use of estimated 
sites is limited to day only. 
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¶ The ratio of the squares of the diameters of the obstacle 1 designator and Black 
Rock Lighthouse marker discs indicates that the area of the lighthouse marker was 
less than half the area of the obstacle marker. 

¶ Obstacle 5 was designated ΨAeriaƭ ǿŜǎǘ ƻŦ .ƭŀŎƪǎƻŘ нрлΩ. However, under the 
heading ΨTerrainΩ in the Navigational Plan table for leg 4 (the arrival into Blacksod), 
the entry read ΨопрΩ .ƭŀŎƪǎƻŘΩ. 

¶ The islands named ΨInishkea NorthΩ and ΨInishkea SouthΩ on the chart were 
referred to in the obstacle table as ΨIniskee IslandsΩ 

¶ The GPS coordinates for ǿŀȅǇƻƛƴǘ ΨBLKMOΩ show it was located in the water just 
off the eastern end of Black Rock. This meant that when approaching ΨBLKMOΩ 
from the west to initiate the APBSS route, the helicopter must overfly the Black 
Rock terrain and obstacle (lighthouse) just prior to the start of the route. 

¶ Hazards/Obstacles entry 4 read Ψ5ǳǾƛƭƭŀǳƴ aƻǊŜ ϧ .ŜƎ ƻƴ ŘŜǇŀǊǘǳǊŜ ŦǊƻƳ .{C нрлΩ 
The designator ΨBSFΩ was the three-letter designator for Blacksod Lighthouse 
which was used with the old S-61N RNAV database. The designator should have 
been updated to ΨBLKSDΩ; it had been updated ǘƻ ΨBLKSDΩ on the Route ΨAPBSNΩ. 

¶ No vertical profile guidance or minimum heights/altitudes were provided for route 
legs. 

¶ Legs 1 and 7 are reciprocal legs, i.e. they have same endpoints but were flown in 
opposite directions. However, the distance quoted for Leg 1 was six miles, but the 
distance quoted for leg 7 was three miles. 

 

The Investigation was provided with a number of photographs taken in the Dublin Base at 
approximately 03.30 hrs on the morning of the accident. One of these photographs (Photo 
No. 7) ǎƘƻǿǎ ǘƘŜ ǘǿƻ ǇŀƎŜǎ ƻŦ !t.{{Σ ƛƴ ŀ ǊƛƴƎ ōƛƴŘŜǊΣ ǿƘƛŎƘ ǿŀǎ ǘƘŜ 5ǳōƭƛƴ .ŀǎŜΩǎ ŎƻǇȅ ƻŦ 
the Route Guide. It is not known if the Crew consulted this copy of the Route Guide prior to 
departure. 
 

 
 

Photo No. 7: Route Guide (APBSS Pages) taken at Dublin Base at 03.30 hrs on 14 March 2017  



Sikorsky S-92A, EI-ICR Black Rock, Co. Mayo, Ireland 14 March 2017 
      FINAL REPORT 

 

Air Accident Investigation Unit Report 2021 - 008 
 

61 

 

 

The Investigation notes that the route imagery in this photograph is not the same as that 
contained in the Route Guide provided by the Operator (Figure No. 5). In particular, it is 
noted the terrain at Achill Island, Obstacle 3 and one of the Obstacle 7 designators are not 
shown. In addition, the Investigation is of the opinion that this image could invoke a greater 
ǎŜƴǎŜ ƻŦ Ψopen-waterΩ than the version provided by the Operator. This led the Investigation 
to question which version of APBSS was available to the Crew of R116. 
 

Route ƎǳƛŘŜ ǳǇŘŀǘƛƴƎ ǿŀǎ ŀ Ψsecondary dutyΩ at base level and the Investigation was not 
provided with evidence of a defined procedure for the distribution of updates to the Route 
Guide or how it was monitored that such updates had been incorporated into the relevant 
Route Guides in aircraft. This lack of a procedure to track what exactly was incorporated into 
an individual copy of the Route Guide, and the fact that the relevant sections of Route Guide 
from R116 were not recovered after the accident, meant that it was not possible for the 
Investigation to determine what image for APBSS was available to the Flight Crew. 

1.8.5 Route Familiarisation 
 

Regarding Routes generally, the Investigation notes that OMA states: 
 

ΨIn order to be nominated as a commander the pilot must have: ώΧϐ 
  

b. Adequate knowledge of the route or area to be flown and of the aerodromes, 
including alternate aerodromes, facilities and procedures to be used 
 

c. Had initial familiarisation training of the route or area to be flown and of the 
aerodromes, facilities and procedures to be used. This route / area and aerodrome 
knowledge shall be maintained by operating at least once on the route or area or to the 
aerodrome within a 12-month period.Ω 

 

OMA states that route training and check records were to be maintained on the hǇŜǊŀǘƻǊΩǎ 
Qualifications Management System (QMS) for a period of five years. The Investigation was 
not provided with any specific records for either Pilot regarding route training and check 
records. However, the Investigation was provided with copies of the last AWSAR and HEMS 
Pilot Competence Check for each Pilot; both checks were carried out concurrently on a single 
flight. The Investigation notes that: 
 

¶ The HEMS check assesses, inter alia, ΨFamiliarity with established HEMS operating 
sites in the landing site directoryΩ, low level flight in poor weather and selections 
from the air of HEMS operating sites. 

¶ Route/Fuel planning is assessed during the AWSAR check but there is no reference 
in either competence check to Route Guide familiarity. 

¶ As part of the competence checks, a low level route from the Route Guide was 
used. However, the Investigation notes that each of these checks was carried out at 
the PilotsΩ home base, and accordingly from their day-to-day experience, they 
would have been familiar with the routes used, and would therefore be aware of 
obstacles and safe operating altitudes. The particular (Dublin) routes used for the 
Pilots' competence check flights prescribed an over water altitude of 500 ft, due to 
ATC considerations, in the ΨGeneral CommentsΩ section. 

¶ Each of the competence checks was carried out under ΨdayΩ conditions.  
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The Investigation understands that, in general, because routes flown during competence 
checks werŜ ŀǘ ǇƛƭƻǘǎΩ ƘƻƳŜ ōŀǎŜǎΣ ŎŀƴŘƛŘŀǘŜǎ were not required to conduct a thorough 
briefing of the route based on the contents of the Route Guide. 
 
¢ƘŜ hǇŜǊŀǘƻǊΩǎ OMA provided extensive guidance regarding minimum flight altitudes; this 
guidance would apply to non-SAR flights but could inform decisions on SAR flights also. OMD 
Ŏƻƴǘŀƛƴǎ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜǘŀƛƭǎ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ wƻǳǘŜ ŀƴŘ ŀŜǊƻŘǊƻƳŜ ŎƻƳǇŜǘŜƴŎŜ 
qualifications. In particular, OMD stated that: aerodrome and area of operation training was 
required for pilots to qualify them for areas of operation to which they are assigned; training 
should provide adequate knowledge of the route to be flown; and, sub-bases within a 
geographic area did not require an additional route and aerodrome check. However, a local 
base area examination or detailed briefing was required to cover any differences to mitigate 
risk. Furthermore, OMD stated that an orientation was to be provided upon arrival at a sub-
base, with documentation to record that the pilot has been thoroughly prepared. The 
Operator stated that the text in OMD related to Commercial Air Transport (CAT) operations. 
OMG states that HEMS operations are conducted under the auspices of EASA OPS and 
comply with CAT regulations. Accordingly, HEMS is a CAT activity, and therefore OMD 
required these records for base orientation to be completed prior to a visiting pilot being 
able to undertake any HEMS missions that might be tasked during their duty period. The 
Investigation was not provided with documentation to record that either of the Flight Crew 
members had completed a sub-base orientation at Sligo or Shannon. Furthermore, the Sligo 
SAR Base brief did not make reference to Blacksod or its associated routes. The relevant 
extracts from OMA and OMD can be found at Appendix H. 
 

1.8.6 Route Guide Origins, Updating and Usage 
 
The Investigation asked the Operator what were the origins of its Route Guide. The Operator 
was unable to be definitive, ōǳǘ ǎŀƛŘ ǘƘŀǘ ǘƘŜ ǊƻǳǘŜǎ ǿŜǊŜ ΨpossiblyΩ ƛƴƘŜǊƛǘŜŘ ōȅ ǘƘŜ 
company when it took on the original SAR contract using S-61N helicopters. The Operator 
said that the routes were designed to be used in a variety of circumstances and that the 
ǇǊŜǎŎǊƛǇǘƛǾŜ ǳǎŜ ƻŦ ǾŜǊǘƛŎŀƭ ǇǊƻŦƛƭŜǎ Ψhad the potential to introduce risk as well as to mitigate 
itΩΦ It said that SAR crews were trained in a large number of scenarios and the routes were 
merely there as a framework on which to build a plan for entry/exit to a number of known 
sites. The Operator said that it was a guide as opposed to a prescriptive approach plate. 
 
The Operator undertook a major revision of the Route Guide with the introduction of the  
S-92A into service. This project was an amalgam of work: to revise all waypoint designators 
from the three character format used with the S-61N to the five character format used with 
the S-92A; to move from a manual preparation method involving stickers and photocopied 
chart sections, to a system involving scanned imagery and graphic overlays; and to 
standardise the Route Guide (and related documents, namely the Landing Site Directory and 
wb!± ²ŀȅǇƻƛƴǘ ƭƛǎǘύ ŀŎǊƻǎǎ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ōŀǎŜ ƴŜǘǿƻǊƪ. The Operator was unable to 
provide a copy of the earlier Route Guide used on the S-61N, as none had been retained. 
However, a copy of an old version of the Blacksod South Route, dated May 1999 and called 
ΨAPBSΩΣ was located in Blacksod Lighthouse. It was part of a presentation made in 2001 to the 
Lighthouse Operators by the commercial organisation that preceded the Operator in 
providing helicopter SAR services to the State (Figure No. 6).  
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Figure No. 6: Copy of Blacksod South route from May 1999 
 
The Investigation compared this version with the route images in use at the time of the 
accident. The following points were noted: 

 

¶ The 1999 version was overlaid on an Ordnance Survey map.  
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¶ The obstruction markers appear to be placed on the obstructions rather than in 
the vicinity of the obstructions. For example, there is a red sticker over Black Rock, 
even though this meant that the waypoint designator was displaced from the 
obstacle. 

¶ The obstruction marker at Black Rock overlaid the Route Legs, whereas in the 
Route Guide in use on the night of the accident, the legs and waypoint marker 
overlaid the lighthouse symbol, while the obstruction marker was situated 
approximately 0.6 NM to the west of the lighthouse. 

¶ Legs 1 and 7 were reciprocal legs but had different lengths (6 NM vs 3 NM); this 
anomaly was perpetuated in the APBSS version extant at the time of the accident. 

¶ The tracks from 1999 are the same as those that were in the Route Guide in 2017. 
However, as 18 years had elapsed these tracks would have changed by 
approximately 3 degrees in the intervening period, due to changes in the magnetic 
variation. 

¶ ¢ƘŜ мффф ǾŜǊǎƛƻƴ ǎǇŜŎƛŦƛŜŘ ŀ ΨGo aroundΩ [ŜƎΦ 

¶ The diameter of the obstacle and waypoint markers used in the 1999 version was 
8 mm. 

¶ The ratio of the squares of the diameters of the 1999 obstacle markers (8 mm) to 
the 2017 obstacle markers (6 mm) indicates that areas of the 1999 obstacle 
markers were 75% larger than the areas of the 2017 obstacle markers. 

 
The Investigation was informed that the objective of the Route Guide revision project was to 
transpose the S-61N Route Guide to make it compatible with the S-92A and did not consider 
the enhanced capabilities of the S-92A. 
 
The Operator did not have defined processes for designing routes or selecting waypoints. 
This meant that decisions regarding these matters could be based on the best judgment of a 
small group of committed, knowledgeable and well-intentioned personnel, without 
independent/external review or oversight. During the Route Guide revision project, it was 
identified in an email that a list or database was required to manage the routes and to track 
revisions and proving of routes. However, the Investigation was not provided with evidence 
that such a list or database was produced. Workaround solutions for keeping track of route 
proving were suggested (in company emails) which included the idea of a list at each base, 
where different crews could check off routes which had been proven. 
 
¢ƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ǿŀǎ ƛƴŦƻǊƳŜŘ ǘƘŀǘ ǘƘŜ hǇŜǊŀǘƻǊΩǎ Parent CompanyΩǎ {ǘŀƴŘŀǊŘǎ 
Department, with which the Operator had a service arrangement, had no involvement in the 
preparation, updating or approval of the Route Guide. 
 
The email correspondence indicated that routes were viewed as being base-centric, i.e. each 
base was seen as the owner of a number of routes and as being responsible for providing the 
route information for production and amendment of those routes.  
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Suggestions were made (by email) regarding the need for routes to be test flown, several 
times, in different conditions (and different combinations of overflies and smart turns), and 
adjusted if necessary ōŜŦƻǊŜ ōŜƛƴƎ ǇŀǎǎŜŘ ǘƻ ōŜ ǳǎŜŘ Ψin angerΩ. The Investigation was 
informed that there was no laid down process for route proving/approval and no evidence 
was provided that such check flights were undertaken and documented. 
 

In July 2013, there was a proposal to record all routes that had been test flown; to update 
the index page on the Route Guide to state whether or not a route had been test flown; and 
to add a notice ǘƻ ǘƘŜ ƛƴŘŜȄ ǇŀƎŜ ǎǘŀǘƛƴƎ ǘƘŀǘ ΨNo crews are allowed to use routes at night or 
ƛƴ ǇƻƻǊ Ǿƛǎƛōƛƭƛǘȅ ǳƴƭŜǎǎ ƛƴŘƛŎŀǘŜŘ ƘŜǊŜ ǘƘŀǘ ǘƘŜȅ ƘŀǾŜ ǘŜǎǘ ŦƭƻǿƴΩΦ Emails also suggested that a 
list of all routes in each area [Base] was to be developed and displayed on the Ops Room 
wall, along the lines of; ΨRouteΩ, ΨDate Test FlownΩ, Ψ.ȅ ²ƘƻƳΩ and any ΨCommentsΩ. The 
hǇŜǊŀǘƻǊΩǎ Safety and Quality Integrated Database (SQID) system (Section 1.17.4.2) had the 
potential to provide a means to record and track the actions associated with the Route 
proving task. The Investigation notes that the associated email chain involved several pilots, 
including a Post-Holder; however, SQID was neither used nor suggested for this purpose. 
 
Whilst the emails reviewed seem to indicate committed efforts by a number of persons at all 
bases, there was no one individual/Post-Holder responsible for driving the project and none 
of those involved had been trained for this type of work. Four years after the Route Guide 
ǘǊŀƴǎǇƻǎƛǘƛƻƴΣ ǘƘŜ ŘƻŎǳƳŜƴǘ ǎǘƛƭƭ ŎƻƴǘŀƛƴŜŘ ǘƘŜ ǿŀǊƴƛƴƎǎ ΨIt is a work in progress and should 
ōŜ ǳǎŜŘ ǿƛǘƘ ǘƘŜ ƴŜŎŜǎǎŀǊȅ Ŏŀǳǘƛƻƴ ǳƴǘƛƭ ŀƭƭ ǊƻǳǘŜǎκǿŀȅǇƻƛƴǘǎ ŀǊŜ ǇǊƻǾŜƴ Χ !Ǝŀƛƴ ƛǘ ƛǎ ŀ ǿƻǊƪ 
in progress so if you have any comments/suggestions, please revertΩΦ ¢ƘŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ǿŀǎ 
not provided with any evidence that the project to finalise the Route Guide had been 
assigned to an accountable Post-Holder. In particular, the Investigation was not provided 
with evidence of a plan to bring the Route Guide ŦǊƻƳ ǘƘŜ ǎǘŀǘǳǎ ƻŦ Ψwork in progressΩ ǘƻ ǘƘŀǘ 
ƻŦ ΨapprovedΩΦ 
 
Those involved in producing the Route Guide had no training in the design or preparation of 
Route Guides. It was explained to the Investigation that bases submitted information to 
update the Route Guide. This was then incorporated, and the update was circulated to all 
bases. The Operator had no formal processes for checking of the content for safety, 
consistency or errors, nor was there any formal process for flight evaluation of routes. All 
involved in the project undertook this work in addition to their rostered duties, which of 
necessity took priority. 
 

There was no documented procedure for how flight crew were to use the Route Guide. Prior 
to the accident, the FMS routes were not available for use in the FSTD which the Operator 
used for training its flight crew.  
 

1.8.7 Top Cover Mission Six Days prior to the Accident 
 
On 8 March 2017, the IRCG tasked R116 to provide Top Cover for R118, which had been 
tasked with a medical evacuation mission from a vessel approximately 200 NM west of 
Blacksod. R116 routed to Blacksod, and refuelled, before following R118 in the direction of 
the vessel. R118 completed the transfer of the casualty from the vessel and released R116 to 
return to base. The Winch Operator on the accident flight was also the winch operator on 
the 8 March 2017 flight.  
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The 8 March 2017 crew was initially alerted at 00.40 hrs, was airborne at 01.40 hrs, and 
refuelled at Blacksod. The commander, co-pilot and winchman spoke with the Investigation. 
They said that weather conditions on the night at Blacksod were good. During their cross-
country transit they conducted an initial briefing for using APBSS to get into Blacksod for 
fuel. The initial brief called for a route height of at least 500 feet AGL (Above Ground Level). 
One of the crew had previously been based at Sligo and interjected that there was a large 
rock [Black Rock] on the route. On consulting the obstacle table and route image, this was 
confirmed and it was then planned to fly the route at a higher altitude (900 ft). However, on 
approaching Blacksod, visibility was so good that it was possible to route directly into 
Blacksod without following the APBSS route. 
 

Following refuelling, during their departure from Blacksod, the 8 March crew inspected Black 
Rock using both FLIR and the naked eye as they passed it at a safe altitude of approximately 
1,000 ft. The winchman, who was operating the FLIR (EO/IR), signalled to the Winch 
Operator (who was strapped into his crew seat on the opposite side of the aircraft) that the 
image on the FLIR screen was the rock formation which the pilots were discussing at that 
time. The Winch Operator signalled an acknowledgement to the winchman. However, the 
winchman informed the Investigation that he did not think the FLIR image, or the flight 
cǊŜǿΩs conversation, would have made such an impression on the Winch Operator that he 
would have been sensitised to the presence of Black Rock when he returned there on the 
accident flight. The Investigation also notes that from the seat which the Winch Operator 
occupied, the view out of the helicopter was restricted by the surface of the sponson. 
 

The routing followed by the mission of 8 March 2017 is shown below in Figure No. 7. 
 

 
 

Figure No. 7: Routing followed by the mission of 8 March 2017 
 

1.9 Communications 
 

1.9.1 Introduction 
 

The Helicopter was equipped with a wide array of communications equipment providing 
voice and data capabilities, for use during SAR missions. A technical description of this 
equipment can be found at Appendix I.  
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1.9.2 Communications Procedures 
 

The use of the InterCom System (ICS) and the responsibility for the operation of the radio 
communications systems on board is described in Section 8.3.17 of OMA as follows: 
 

¶ ΨPM's primary task is to monitor the aircraft's flight path [Χ] perform ATC radio 
calls [Χ] 
 

¶ The secondary task of PM is accomplishing non-flight path actions (non-ATC radio 
communications ώΧϐ). The secondary task should not compromise the primary task 
of monitoring the flight path.Ω 
 

¶ ΨPF's primary task is to control and monitor the aircraft's flight path ώΧϐ ATC radio 
calls as required. 
 

¶ The secondary task of PF is monitoring non-flight path actions (non-ATC radio 
communications ώΧϐ). The secondary task should not compromise the primary task 
of controlling and monitoring the aircraft flight path.Ω 

 

It would be normal for pilots to conduct ATC communications, as a radio telephony licence, 
ǿƘƛŎƘ ƛǎ ƛǎǎǳŜŘ ŎƻƛƴŎƛŘŜƴǘ ǿƛǘƘ ŀ ǇƛƭƻǘǎΩ ŦƭȅƛƴƎ ƭƛŎŜƴŎŜΣ ƛǎ ƳŀƴŘŀǘƻǊȅ ŦƻǊ ƻǇŜǊŀǘƛƴƎ ±IC !a 
radios on ATC frequencies. 
 

Section 6.3 of OMF states: 
 

Ψ¢ƘŜ ǿƛƴŎƘ ŎǊŜǿ will normally operate marine FM, while PM operates VHF AM and 
SATCOM / HF. PM will inform the crew which communications box he is using so that 
they may select volume up or down as required. When PM is operating on one of the 
communications boxes, he will ask PF to monitor the other communications box if 
required. All crew members should announce on the intercom when a call is about to be 
ƳŀŘŜ ǎƻ ǘƘŀǘ ƛƴǘŜǊŎƻƳ ŎƘŀǘ ƻǊ ƻǘƘŜǊ ǘǊŀƴǎƳƛǎǎƛƻƴǎ Ƴŀȅ ŎŜŀǎŜΦΩ 

 

Notwithstanding this, responsibility for the operation of the various non-ATC radios is 
generally dependent on the phase of flight and workload of individual crew members. 
 

1.9.3 In-Flight Communications 
 

 General 1.9.3.1
 

The Investigation received recorded data related to the in-flight communications from a 
number of sources, including the CVR, the FDR, ATC and IRCG recordings of radio 
transmissions. 
 

The FDR recorded a number of parameters related to the on-board communication systems: 
 

¶ Pilot_Radio_Keying 

¶ Copilot_Radio_Keying 

¶ ICS_STATION_3_RADIO_KEYING 

¶ ICS_STATION_4_RADIO_KEYING  
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A graphic representation of these parameters is shown in Figure No. 8. It became apparent 
early in the Investigation that the four FDR parameters did not record the same format of 
data, and did not record all the transmissions made from the Helicopter. The 
Pilot_Radio_Keying and Copilot_Radio_Keying parameters are associated with transmissions 
on the respective VHF-aero radio; Radio 1 for the Pilot and Radio 2 for the Co-pilot. For 
example, the Commander made a number of transmissions to ATC at the beginning of the 
flight. These transmissions do not appear on the Pilot_Radio_Keying parameter because the 
transmissions were via the Co-pilots VHF radio, and were recorded on the 
Copilot_Radio_Keying parameter. The remaining parameters are associated with all radio 
transmissions conducted via the particular audio panel in use; ICS_STATION_3_ 
RADIO_KEYING for the Winch Operator, and ICS_STATION_4_RADIO_KEYING for the 
Winchman. It became apparent to the Investigation that these parameters were not 
recording all transmissions from the Helicopter. For example, at 23.11 hrs the Winch 
Operator made contact with R118 via TETRA (Section 1.1.2). As can be seen in Figure No. 8, 
this transmission was not recorded on the ICS_STATION_3_RADIO_KEYING. The FDR does 
not record transmissions from customer-specific radios, such as TETRA, that were added 
post-manufacture. 
 

 
 

Figure No. 8: FDR Recorded Transmission Data  
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The Investigation then reviewed all other recording sources to complete a summary of 
transmissions from the Helicopter during the flight. The transmission sources were VHF-aero 
band radios, TETRA radio, Marine VHF radios, and HF radio. 
 
A summary of the in-flight communications is listed in Table No. 21. The total number of 
transmissions (Total Tx) refers to the number of times the respective Crewmember pressed 
the transmit button on any of the on-board radios. These transmissions are further broken 
down into the purpose of the transmissions; ATC-related Tx, Mission-related Tx, or R118-
related Tx. 
 

Role Total 
Tx 

ATC- 
related Tx 

Mission-
related Tx 

R118- 
related Tx 

Overall Tx 
Duration (mm:ss) 

Overall Comms 
Duration (mm:ss) 

Commander 24 16 0 8 1:14 4:24 

Co-pilot 39 29 10 0 2:31 6:23 

Winch Op 114 0 79 35 10:11 28:49 

 

Table No. 21: Summary of Radio Transmissions from R116 

The ATC-related communications refer to any transmission made to Dublin or Shannon ATC 
services relating to the operation of the aircraft. For example, ATC-related Tx included 
requests for taxi or take-off clearance, or navigation instructions. The R118-related 
transmissions are transmissions made directly to R118 from R116 during the flight. For 
example, the Commander is listed as making eight transmissions related to R118. These 
ǘǊŀƴǎƳƛǎǎƛƻƴǎ ǿŜǊŜ ǘƘŜ /ƻƳƳŀƴŘŜǊΩǎ ŀǘǘŜƳǇts to call R118 on various VHF-aero frequencies 
as it could not be contacted through any other radio communications. The mission-related 
transmissions were made in connection with the overall mission being conducted by R116. 
For example, the Co-pilot made 10 transmissions directly relating to the mission, consisting 
of requests to Shannon ATC for updated weather reports for Sligo and Dublin, which were 
obtained prior to the Commander deciding to route to Blacksod instead of Sligo. The 
transmission duration (Overall Tx Duration) refers to the amount of time that the transmit 
button was pressed during the flight by the respective Crew member. The communications 
duration (Overall Comms Duration) refers to the amount of Crew time dedicated to 
communications activities. For example, the Co-pilot contacted Dublin ATC at 22.53 hrs to 
file a verbal flight plan. The Co-pilot made four transmissions, totalling 24 seconds duration. 
However, the entire interaction including the response from Dublin ATC, gave an overall 
communications duration of 48 seconds. 
 

 R116 Radio Communications 1.9.3.2
 
! ǎǳƳƳŀǊȅ ƻŦ wммсΩǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǿƛǘƘ !¢/ ŀƴŘ ƻǘƘŜǊ ŀƎŜƴŎƛŜǎΣ its attempts to contact 
R118, and inter-crew observations regarding communication difficulties is provided at 
Appendix J.  
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1.10 Aerodrome Information 

 
1.10.1 General 

 
The intended landing site was a helipad (elevation 10 feet AMSL) situated in a compound 
adjacent to Blacksod Lighthouse, at Blacksod Point, on the southern tip of the Erris 
peninsula, Co. Mayo. The compound at Blacksod had refuelling facilities and was used by 
civil and military helicopters. The compound (approximate dimensions 60 m by 45 m) 
comprised of two helipads surrounded by a stone wall nine feet in height. 
 
The main pad was constructed of concrete and measured 20.2 m by 20.2 m; the second pad 
was too small to accommodate the Sikorsky S-92A. A number of obstacles were present at 
the site; the two most prominent being the main lighthouse building on one side of the 
compound and a private house situated on the opposite side. 
 

1.10.2 Landing Site Directory 
 
Information for each landing site used by the Operator, including Blacksod, was contained in 
an Operator-compiled LSD. 
 
The LSD provided information on the 40 landing sites listed in the guide index. The Directory 
was prefaced with the following: 
 

S92 Landing Site Directory 
Revision #21: 09/09/2015 

To check you have the latest update see 
[URL]/ FMS DATABASE/ APPROVED LANDING SITES/S92 

CURRENT 
 

A map of Ireland with all surveyed landing sites marked on it was also provided, which 
ŎƻƴǘŀƛƴŜŘ ǘƘŜ ǎǘŀǘŜƳŜƴǘ ΨRev 23: 27-04-нлмсΩ. The LSD contained two landing sites, whose 
amendment date was 01/02/2016, which fell between the dates of Revision #21 and 
Revision #23. OMC, Section 2.8, stated that the validity of the LSD was to be verified by 
ŎƻƴǘŀŎǘƛƴƎ ǘƘŜ hǇŜǊŀǘƻǊΩǎ [{5 ŎƻƻǊŘƛƴŀǘƻǊΦ 
 
Each landing site had an amendment number and amendment date. The Blacksod landing 
site was at amendment 2 and was dated 01/02/2013. OMG states ΨIf operating to a site 
where more than 12 months have passed since the last survey / update, then the site shall be 
restricted to day operations only until a resurvey / update has been conductedΩ. The 
Investigation notes that a number of night HEMS missions involving landing at Blacksod were 
carried out after 01/02/2014, i.e. more than 12 months after the published date of the last 
survey. 
 
This revision information in the LSD was followed with ΨLSD Notes/ Performance 
RequirementsΩ:  
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ΨHospital Sites: 
1. HEMS missions shall be operated PC130 
 
2. SAR missions classified as life or death shall be operated: 

 

¶ PC1 or 
 

¶ PC2 no-exposure at sites not suitable for PC1. 
 
3. SAR missions not classified as life or death shall be operated PC1. 
Note: If the hospital site is not suitable for PC1 and the casualty is not classified as life 
or death then an alternative landing site must be used. 
 

Non-hospital Sites: 
1. HEMS and AA [Air Ambulance] missions shall be operated PC2 no-exposure. 
 

2. SAR missions may be operated PC2 with exposure. 
 

Night: For night operations the site shall be adequately illuminated from the ground. 
Prior to commencing the approach the commander shall ensure that the lighting is 
sufficient to illuminate the site itself and any obstructions that could create potential 
hazards during approach, landing and departure procedures. Consideration may also 
be given to using the Night-sunΦΩ 
 

An additional table provided guidance for crews regarding HEMS Day/Night and SAR 
suitability for each landing site. The information relating to Blacksod is reproduced in Table 
No. 22. 
 

Landing Site 
HEMS: 
DAY 

HEMS: 
NIGHT 

SAR AMDT. # 

Blacksod Y Y  2 
 

Table No. 22: Guidance for crews regarding HEMS Day/Night for Blacksod 

The entry for each landing site comprised a page of information in tabular format with an 
additional page containing aerial photographs of each landing site taken in daylight 
conditions. The photographs of the landing sites were presented with overlays of sectors in 
red that were not to be used due to the presence of obstacles. TƘŜ ΨBLKSD-Blacksod RŜŦǳŜƭΩ 
landing site waǎ ƭƛǎǘŜŘ ƛƴ ǘƘŜ [{5 ƛƴŘŜȄ ǳƴŘŜǊ ¢ŀō Ψ7Ω. It is shown in Figure No. 9  

                                                      
30

 S.I. No. 19/1999 - Irish Aviation Authority (Operations) Order, 1999 provides the following definitions:  
t/мκΩPerformance Class 1Ω ƳŜŀƴǎΣ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ŀ ƘŜƭƛŎƻǇǘŜǊΣ ǇŜǊŦƻǊƳŀƴŎŜ ǎǳŎƘ ǘƘŀǘΣ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ŎǊƛǘƛŎŀƭ 
power unit failure, it is able to land on the rejected take-off area or safely continue the flight to an appropriate 
landing area, depending on when the failure occurs; 
PC2/ΩtŜǊŦƻǊƳŀƴŎŜ /ƭŀǎǎ нΩ ƳŜŀƴǎΣ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ŀ ƘŜƭƛŎƻǇǘŜǊΣ ǇŜǊŦƻǊƳŀƴŎŜ ǎǳŎƘ ǘƘŀǘ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ŎǊƛǘƛŎŀƭ 
power unit failure, it is able to safely continue the flight, except when the failure occurs prior to a defined point 
after take-off or after a defined point before landing, in which case a forced landing may be required. 
ΨExposureΩ ƛǎ ŀ ǘŜǊƳ ŀǇǇƭƛŜŘ ǘƻ ŀ tŜǊŦƻǊƳŀƴŎŜ /ƭŀǎǎ ǿƘŜƴ ǘƘŜǊŜ ŀǊŜ ŎǊƛǘŜǊƛŀ ǿƘƛŎƘ ǘŜƳǇƻǊŀǊƛƭȅ ŀŦŦŜŎǘ ŀ 
ƘŜƭƛŎƻǇǘŜǊΩǎ Ŏompliance with the terms of that Performance Class. 
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Figure No. 9: [ŀƴŘƛƴƎ {ƛǘŜ 5ƛǊŜŎǘƻǊȅ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ΨBLKSD-Blacksod RŜŦǳŜƭΩ 
 

1.11 Flight Recorders 
 

1.11.1 Multi -Purpose Flight Recorder (MPFR) 
 
The Helicopter was fitted with a Penny & Giles D51615-102 MPFR, which is also used on 
other aircraft/helicopter types. The MPFR (Photo No. 8) is a dual-purpose unit incorporating 
a CVR and an FDR, which records the most recent 25 hours of flight data and just over two 
hours of audio data in a solid state Crash Survivable Memory Module (CSMM). In the event 
of a crash or water landing a 10 g impact switch or an immersion switch interrupts electrical 
power to the MPFR which stops it recording. An Underwater Locator Beacon (ULB) was 
attached to the MPFR. It was designed to activate upon immersion in water and transmit an 
acoustic signal on a frequency of 37.5 kHz for up to 30 days.   
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The ULB signal was first detected by a team from the [Irish] Marine Institute (MI), operating 
from a local fishing vessel, on 15 March 2017. The signal location was subsequently 
confirmed by an AAIU Inspector of Air Accidents using detection equipment provided by the 
UK AAIB, and on 22 March 2017, the main wreckage of the Helicopter was visually identified 
on the sea bed during ROV search operations. 
 

 
 

Photo No. 8: The MPFR from EI-ICR (ULB visible on left-hand side) 

The MPFR was observed by ROV, attached to its original mounting points in the forward, 
left-hand avionics rack (Photo No. 9), and recovered by Irish Naval Service divers on  
24 March 2017, 10 days after its immersion. 
 

 
 

Photo No. 9: The MPFR in the left-hand Avionics Rack on the seabed (MI) 

The MPFR exterior main chassis protects the internal circuitry that controls the operation of 
the device. Inside the main chassis and internal circuitry is the CSMM, which consists of two 
concentric outer and inner tubes packed with protective insulating material. This 
construction protects the storage media, called the Accident Protected Memory Board 
(APMB), which is located at the centre of the MPFR (Photo No. 10).  
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Photo No. 10: Example of an Accident Protected Memory Board (APMB) 

The CSMM design uses Disk-on-Chip (DOC)31 technology. A total of four DOC modules are 
used in the MPFR, with each DOC module consisting of a controller and three flash memory 
Integrated Circuits (ICs). The DOC modules are installed on a main circuit board that provides 
the interconnection to the chassis electronics. The four DOC modules are defined as FDR1, 
FDR2, CVR1 and CVR2 (Photo No. 11). FDR1 and FDR2 are used to store flight data; the two 
FDR DOC modules provide redundancy. CVR1 is dedicated to the storage of audio recorded 
from the Cockpit Area Microphone (CAM) and CVR2 is dedicated to the recording of the 
crew microphone channels. 
 

 
 

Photo No. 11: Location of FDR1, FDR2, CVR1 and CVR2 DOC modules on APMB 

1.11.2 Data Recovery 
 

 General 1.11.2.1
 
The data recovery process required the disassembly of the MPFR due to the duration of 
immersion in seawater. The MPFR was transported, under AAIU escort, to the UK AAIB 
Recorders Laboratory. During the disassembly, some minor external damage was noted on 
the chassis of the recorder. However, the CSMM and APMB containing the CVR and FDR data 
did not show any signs of physical impact damage.  

                                                      
31

DOC: ¢ƘŜ ΨDiskOnChipΩ ƛǎ ŀ ǇǊƻǇǊƛŜǘŀǊȅ ǇǊƻŘǳŎǘ ƭƛƴŜ ǿƘƛŎƘ Ŏŀƴ ōŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴǘƻ ǎƳŀƭƭ ŜƳōŜŘŘŜŘ 
applications. The device was supplied as a module in a 32-pin dual in-line package with a pin-out and electrical 
interface compatible with a particular memory chip socket. 
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It was noted that water had entered the inside of the crash protected enclosure. Photo No. 
12 shows the MPFR memory board following removal. Examination of the memory board 
showed evidence of corrosion on the contacts of several of the memory devices. Electrical 
testing revealed short circuits which necessitated additional measures to recover the CVR 
and FDR recordings. These measures included de-soldering individual memory devices and 
re-installing them on a functional memory board provided by the MPFR manufacturer. 
 

 
 

Photo No. 12: MPFR Memory Board with discolouration of glass spheres 

At the request of the AAIU Investigation, the UK AAIB undertook a comprehensive study of 
the corrosion on the MPFR (Appendix K) to establish whether there were wider safety 
implications associated with the observed corrosion. The study revealed that the ΨŦƛǊǎǘ 
ƎŜƴŜǊŀǘƛƻƴ όD9bмύΩ of this particular type of MPFR was manufactured from 2001. However, 
in 2006 the manufacturer reviewed the design of the MPFR and identified that a change in 
the composition of an insulation material from boric acid to a copper-based product would 
improve the performance of the device if subjected to fire. 
 
¢Ƙƛǎ ŎƘŀƴƎŜ ǿŀǎ ŎƭŀǎǎƛŦƛŜŘ ōȅ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊ ŀǎ ΨƳƛƴƻǊΩ. As such, it was not necessary to 
ŀǇǇƭȅ ǘƻ 9!{! ŦƻǊ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ǘƘŜ ŎƘŀƴƎŜ ǿŀǎ ŀǇǇǊƻǾŜŘ ǳƴŘŜǊ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ 
privileges. MPFRs with thƛǎ ƳƻŘƛŦƛŎŀǘƛƻƴ ǿŜǊŜ ǘŜǊƳŜŘ Ψsecond generation (GEN2)Ω atCwǎ ōȅ 
the manufacturer. Based on data provided by the manufacturer, it is estimated that up to 
1,950 GEN2 MPFRs were manufactured between 2001 and 2013. 
 
¢ƘŜ !!L.Ωǎ ǎǘǳŘȅ ƛŘŜƴǘƛŦƛŜŘ ǘƘŀǘΣ ƻŦ мр ǊŜǇƻrted cases of MPFRs that had been submerged in 
sea water, five had suffered from corrosion of the APMB. All five of these units were fitted 
with the GEN2 CSMM, incorporating a combination of copper-based insulation and APMBs 
coated in Polyurethane. On four out of five of these units there was corrosion on the 
electrical pins, leading to damage or loss of the pins (Photo No. 13). 
 
The electrical pins on the memory devices of the MPFR on EI-L/w ǿŜǊŜ ƳŀŘŜ ŦǊƻƳ Ψ!ƭƭƻȅ пнΩ, 
which consists of 58% iron and 42% nickel, plated in either tin-lead or tin. It should be noted 
that the corrosion on the pins of the memory devices was not as a direct result of exposure 
to salt-water. The combination of salt-water with the copper-based product resulted in a 
copper/water solution that was able to permeate the polyurethane conformal coating and 
come into contact with the pins of the memory devices.   
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TƘŜǊŜŀŦǘŜǊΣ ŀ ŎƘŜƳƛŎŀƭ Ψsingle substitution reactionΩ32 took place, whereby the iron in the 
Alloy 42 ǿŀǎ ŘŜǇƭŜǘŜŘ ǘƻ ǘƘŜ ŜȄǘŜƴǘ ǘƘŀǘ ǘƘŜ ǇƛƴǎΩ ǎǘǊǳŎǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅ ǿŀǎ ƭƻǎǘ ŀƴŘ ǘƘŜƛǊ 
electrical connections were broken. 
 

 
 

Photo No. 13: Underside of FDR1 DOC; pins are damaged or missing due to corrosion 
 

Lƴ нлмоΣ ŀ Ψthird generation (GEN3)ΩΣ ŀƭǘŜǊƴŀǘƛǾŜ design of the APMB, referred to by the 
manufacturer as the Replacement Crash Survivable Memory Module (RCSMM), was 
introduced. The previous generation CSMM insulation materials remained the same, but the 
conformal coating applied to the APMB was changed to ΨtŀǊȅƭŜƴŜΩ33. 
 
The manufacturer advised that this type of conformal coating had been demonstrated to 
provide improved protection compared to the Polyurethane used in the first and second 
generation CSMM. The CSMM with the alternative design of APMB was retested and passed 
all crash survivability requirements34. To date, the CVR and FDR data has been successfully 
recovered from all GEN2 MPFRs that have suffered corrosion of the APMB following sea 
water immersion. 
 

 Safety Action Taken 1.11.2.2
 
During discussions regarding the content of the UK AAIB study, the following safety actions 
were identified and acted on by the manufacturer of the MPFR: 
 

¶ As of December 2017, the MPFR manufacturer started to replace second 
generation CSMMs fitted to commercial aircraft with third generation CSMMs.  

                                                      
32

 Single Substitution Reaction: A specific type of oxidation-reduction reaction in which an element or ion is 
replaced by another in a compound. 
33

 Parylene is the trade name for a variety of chemical vapour deposited poly (p-xylylene) polymers used as 
moisture and dielectric barriers. 
34

 European Organization for Civil Aviation Equipment (EUROCAE) ED-рр ΨMinimum Operational Performance 
Specification For Flight Data Recorder SystemsΩ /ŀǘŜƎƻǊȅ !м34, ED-рс! ΨMinimum Operational Performance 
Specification For Cockpit Voice Recorder SystemΩ !ƳŜƴŘƳŜƴǘ мΣ όWύ¢{h-C123a and (J)TSO-C124a. 
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¶ In February 2018, the manufacturer of the MPFR issued Service Bulletin (SB) No. 
D51615-31-22 requiring the replacement of second generation memory modules 
with third generation memory modules in the affected MPFRs. 

 

¶ On 8 February 2018, EASA issued Safety Information Bulletin (SIB) No. 2018-05 
Multi-Purpose Flight Recorders (Appendix L), which recommends that owners and 
operators of the second generation MPFR accomplish the actions specified in the 
ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ {. bƻΦ 5рмсмр-31-22. 

 

¶ EASA informed the Investigation that it understood that the MPFR manufacturer 
planned to complete the modification program by September 2023. 

 

As of December 2018, the MPFR manufacturer estimated that there were approximately 800 
GEN2 CSMU-equipped MPFRs affected by the EASA SIB No. 2018-05. The manufacturer has 
informed the Investigation that, as of September 2019, 164 units have been modified in 
accordance with the SIB. It will take several years to complete the program. 
 

The LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ CƛǊǎǘ LƴǘŜrim Statement indicated that the manufacturer of the MPFR was 
developing specialist techniques to recover data from memory devices fitted to second 
generation CSMMs if they suffer from a loss of pins due to water immersion. As of December 
2018, the MPFR manufacturer has developed an 'Advanced Recovery' procedure for memory 
devices where the CSMU memory pins have corroded. The process uses laser ablation to 
gain access to the memory IC lead frame, with a special adaptor being used to then connect 
the IC to a reader. The MPFR manufacturer then reconstructs the file system from the raw 
data. 
 
As stated in the LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ CƛǊǎǘ LƴǘŜǊƛƳ {ǘŀǘŜƳŜƴǘ, in light of the identified safety action 
being taken by the MPFR manufacturer and EASA, the Investigation did not consider that a 
Safety Recommendation was necessary. TƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ƴƻǘŜǎ ǘƘŜ atCw ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ 
positive engagement with the Investigation process, and acknowledges the pro-active 
approach taken by the MPFR manufacturer in addressing the issues noted in this Report. 
 

1.11.3 Cockpit Voice Recorder - General 
 
The IŜƭƛŎƻǇǘŜǊΩǎ CVR system was designed to record a total of six audio files from four 
separate audio channels: 
 

¶ Three separate audio channels (the Commander, Co-pilot and Rear Crew) from the 
Helicopter intercommunication system for at least the most recent 30 minutes. 
The Rear Crew channel records audio from both rear crew members on a single 
track. 

¶ A combined single audio track of the three intercommunication system channels 
for at least the most recent 120 minutes. 

¶ Cockpit Area Microphone for at least the most recent 30 minutes with a 
bandwidth of 150 Hz to 6 kHz. 

¶ Cockpit Area Microphone for at least the most recent 120 minutes with a reduced 
bandwidth of 150 Hz to 3.5 kHz.  
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All six channels recorded audio for the flight. In each case, the respective channels exceeded 
the respective recording minimum durations (30 minutes/120 minutes) required by the 
EUROCAE specification documents. 
 
Channel  Audio duration Channel Description 
Ψ/±мΩ    0.33:54  Rear Crew Channel 
Ψ/±нΩ    0.30:42  Co-pilot Channel 
Ψ/±оΩ    0.31:19  Commander Channel 
Ψ/±/Ω    2.03:10  Three combined CV Channels (CV1, CV2, CV3) 
ΨIv/Ω    0.33:43  Cockpit Area Microphone (150 Hz to 6 kHz) 
Ψ[v/Ω    2.02:30  Cockpit Area Microphone (150 Hz to 3.5 kHz) 
 
A transcript of the final one minute and 41 seconds of the CVR recording was included as an 
!ǇǇŜƴŘƛȄ ǘƻ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ tǊŜƭƛƳƛƴŀǊȅ wŜǇƻǊǘ and an updated version is included at 
Appendix M to this Report. Following the publication of the InvesǘƛƎŀǘƛƻƴΩǎ Preliminary 
Report, the Investigation continued the process of analysing the CVR recordings in order to 
construct a transcript of the full duration of the recorded audio. All radio transmissions to 
and from the Helicopter were cross-referenced to the recordings provided to the 
Investigation by the IRCG, Dublin ATC and Shannon ATC. The full transcript was then 
validated and synchronised with the HUMS positional data35 to construct a graphic 
representation of the geographic location of all voice and audio recordings. 
 

1.11.4 Cockpit Voice Recorder ς Content 
 

CƻǊ ǘƘŜ ƛƴƛǘƛŀƭ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŦƭƛƎƘǘΣ ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ǊŜƭƛŜŘ ƻƴ ǘƘŜ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ΨCVCΩ 
channel, as it contained the combined recording of all the ICS channels for the flight. The 
ΨCVCΩ ŎƘŀƴƴŜƭ recording began, on the afternoon prior to the accident flight, with the sound 
of the EGPWS callouts of ΨGlideslope, Pull Up, Warning TerrainΩ. These callouts are indicative 
ƻŦ ǘƘŜ ŎƻƴŘǳŎǘ ƻŦ ǘƘŜ Ψ!ǾƛƻƴƛŎǎ /ƘŜŎƪǎΩ contained on page 4 of ǘƘŜ hǇŜǊŀǘƻǊǎ ΨS-92A Normal 
/ƘŜŎƪƭƛǎǘ ŘŀǘŜŘ нлмс Wǳƭȅ мΩΦ Immediately following this check, the Commander and Winch 
hǇŜǊŀǘƻǊ Ŏŀƴ ōŜ ƘŜŀǊŘ ǎŜǉǳŜƴǘƛŀƭƭȅ ŎƻƳǇƭŜǘƛƴƎ ǘƘŜ ΨHoist Pre-CƭƛƎƘǘ /ƘŜŎƪΩ ŀƴŘ ǘƘŜ ΨHoist 
{ƘŜŀǊ ¢ŜǎǘΩ ŦǊƻƳ ǇŀƎŜ р ƻŦ ǘƘŜ ΨNormal ChecklistΩ. During this process, the Winch Operator 
said Ψyour windows are filthy aren't they?Ω to which the Commander replied ΨI know, I know 
LϥƳ Ƨǳǎǘ ƎƻƛƴƎ ǘƻ ƎŜǘ ŀ ǎǘŜǇ ƭŀŘŘŜǊ ǘƘŜǊŜ ƴƻǿ ƛƴ ŀ ǎŜŎƻƴŘΧΩŎŀǳǎŜΣ ŜƘΣ L ǿƻƴϥǘ ōŜ ǎŜŜƛƴƎ ƻǳǘ ƻŦ 
those at nightΩ. The Investigation was informed by staff at the Dublin SAR Base that the 
aircraft had been washed on the morning of 13 March 2017. The Commander had 
approached a staff member at the Dublin SAR Base, saying that the Helicopter windows 
were streaky and asking for a step ladder and cleaning materials. The staff member escorted 
the Commander to obtain the necessary items. Later, the Commander advised the staff 
member that she was finished cleaning the windows and that the cleaning materials and 
step ladder had been returned to the appropriate locations. The Investigation was also 
informed that it was not unusual for pilots to clean helicopter windows.  

                                                      
35

 Appendix A to the AAIU Interim Statement No. 2018-004 dated 16 March 2018 ǎǘŀǘŜŘ ǘƘŀǘ άIn light of the 
errors previously identified in the FDR position data, the Investigation will use the corrected position data 
ǊŜŎƻǊŘŜŘ ƻƴ ǘƘŜ I¦a{ ŦƻǊ ŀƭƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƘŜƭƛŎƻǇǘŜǊΩǎ ŦƭƛƎƘǘ ǇŀǘƘ ƻǊ ǇƻǎƛǘƛƻƴέΦ 
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The Winch Operator and Winchman can then be heard conducting checks on equipment 
during the afternoon prior to the accident flight, including carabiners, the pƛƭƻǘǎΩ bŀǾ .ƻȄΣ 
cockpit items including pƛƭƻǘǎΩ lifejackets, STASS36 bottles, pilot torches, and cabin items 
ƛƴŎƭǳŘƛƴƎ ΨMark FifteenΩ ƭƛŦŜƧŀŎƪŜǘǎ ŀƴŘ t[.ǎ37. This sequence of checks lasted around six 
minutes. Transmissions from the Dublin ATC Ground controller to other aircraft were audible 
on the CVR, allowing the Investigation to determine that the recording occurred at 
approximately 14.10 hrs on 13 March 2017. The next ATC communication recorded on the 
CVR was from an aircraft that had just landed at EIDW was recorded. This established the 
time on the CVR as 22.49 hrs. 
 

The CVR and FDR were synchronised by referencing the radio transmissions of the Co-pilot 
and Commander of R116 to ATC and comparing them to the Ψ/ƻ-Ǉƛƭƻǘ wŀŘƛƻ ƪŜȅƛƴƎΩ and Ψtƛƭƻǘ 
wŀŘƛƻ YŜȅƛƴƎΩ parameters recorded on the FDR. This verified the start time of the CVR 
recording of the accident flight as 22.43:32 hrs UTC. At the start of the recording, the Co-
pilot is on board the Helicopter. The APU38 is heard to start at 22.49 hrs. A member of the 
ground crew is then heard asking the Co-pilot (by name) about how much fuel is required. 
The Co-Ǉƛƭƻǘ ǊŜǎǇƻƴŘǎ ǘƘŀǘ ǘƘŜ /ƻƳƳŀƴŘŜǊ όōȅ ƴŀƳŜύ ǎŀƛŘ Ψfive ώǘƘƻǳǎŀƴŘ ǇƻǳƴŘǎϐΩΦ 
 

The Co-pilot contacted ATC at 22.53 hrs requesting engine start, and advised that they would 
be departing west bound to Ψeither to Sligo or Blacksod, we're not sure at the momentΩ. At 
this point in the recording, the Commander was on board the Helicopter and in the cockpit. 
At 22.53 hrs, the Commander advised the Co-pilot, Ψjust giving you direct to Sligo there we'll 
put everything in en routeΩ. 
 
The Crew continued with the checklist items, including a departure and emergency brief by 
the Commander. The Helicopter taxied onto RWY 16/34 and completed a power 
assurance/hover check at 23.02 hrs. The Co-pilot advised the ATC controller that Ψwe're quite 
heavy here with fuel so if you're happy intersection Iona one six departure down one six right 
turn outΩ. Permission was granted by ATC for a departure down RWY 16 with a right turn 
towards the West. The Helicopter departed EIDW at 23.03 hrs, with the Commander as the 
handling pilot. At 23.06 hrs, ǘƘŜ /ǊŜǿ ŜǎǘŀōƭƛǎƘŜŘ ŎƻƴǘŀŎǘ ǿƛǘƘ ΨRescue 118Ω όwммуύ Ǿƛŀ 
TETRA, and R118 advised that they were just landing at Blacksod and would contact them 
after they had landed. The Commander acknowledged this saying Ψoh great thanks you might 
just find out what the conditions are like there as wellΩ. 
 
The Helicopter reached an initial cruising altitude of 3,000 ft at 23.07 hrs, and the 
Commander remarked Ψwe'll just get out of Dublin [airspace] and then we can start to have a 
look at everythingΩ. The Winch Operator advised the crew of the location of the FV, which 
was inserted into the FMS as the next navigation waypoint after Sligo. The FVΩǎ Ǉƻǎƛǘƛƻƴ ǿŀǎ 
277 NM west-north-west of R116, which at the IŜƭƛŎƻǇǘŜǊΩǎ groundspeed of 73 kts would 
take over three hours to reach. The Commander was then heard requesting the Co-pilot to 
calculate a fuel quantity and time required for a flight to Sligo and onwards to the FV. 
  

                                                      
36

 STASS: Short Term Air Supply System. 
37

 PLB: Personal Locator Beacon. 
38

 APU: The Auxiliary Power Unit was selected to OFF shortly after engine start-up and remained OFF for the 
rest of the flight. 
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At 23.11 hrs, the Winch Operator used the TETRA radio to make contact with R118 which 
had just notified ΨMalin Head Coast GuardΩ39 that they were on the ground at Blacksod. In 
response to the Winch hǇŜǊŀǘƻǊΩǎ ǊŜǉǳŜǎǘ ŦƻǊ ǿŜŀǘƘŜǊΣ wмму ǿŀǎ ǊŜŎƻǊŘŜŘ ōȅ aŀƭƛƴ IŜŀŘ 
CG Radio replying, ΨRescue one one six affirm yeh conditions at the pad are fine eh eh kind of 
some low cloud eh approximately five hundred feet eh up to the north while we were 
inbound through Broadhaven Bay, overΩ. The Flight Crew had not heard the transmission 
from R118, and the Winch Operator advised the Commander Ψconditions good at BlacksodΩ. 
At 23.13 hrs, R116 was cleared by ATC to route direct to Sligo. The Winch Operator informed 
MRSC Malin that they were routing to Sligo for refuelling and that if the plan changed they 
would notify MRSC Malin. At 23.14 hrs, ATC cleared the Helicopter to climb to 4,000 ft when 
readyΣ ǿƘƛŎƘ ǘƘŜ /ƻƳƳŀƴŘŜǊ ǎŀƛŘ ǿƛƭƭ ōŜ ǊŜǉǳƛǊŜŘ Ψat some stageΩ. The Commander then 
handed over control of the Helicopter to the Co-pilot, at 23.15 hrs, requested the Ψthree 
booksΩ (from the Rear Crew), and carried out fuel calculations. The Winchman inquired ΨDo 
you want Blacksod inΩ and the Commander asked ΨǿƘŀǘΩǎ ǘƘŜ designator for that?Ω The 
Winchman said ΨB L K S DΩ, and the CVR indicated that the Commander entered this 
designator into the FMS. The Commander calculated the time and fuel required to fly to the 
FV via Sligo or Blacksod respectively, and concluded that using Blacksod as a refuelling site 
would save 700 lbs of fuel and 30 minutes flying time. The Commander concluded at  
23.20 hrs that Ψit kinda makes more sense guys really to go to BlacksodΩ. The Rear Crew 
expressed their agreement and the Commander asked the Co-pilot Ψwhat do you think?Ω and 
he agreed ΨyehΩ. The Commander said ΨWe're going to have a good bit of clag around but 
we've got timeΩ; the Co-pilot agreed saying ΨǿŜΩǾŜ Ǝƻǘ ǘƛƳŜΩ. The Commander continued 
Ψ²ŜΩǊŜ ƴƻǘ ǳƴŘŜǊ ŀƴȅ ǇǊŜǎǎǳǊŜ ǎƻ Χ ŜƘ Χ ƘŀǇǇȅ ŜƴƻǳƎƘ ǿƛǘƘ ǘƘŀǘ ŀƴŘ ƭƻƻƪ ƛŦ ǿŜ ŘƻƴΩǘ ƎŜǘ ƛƴ 
ǿŜΩǾŜ Ǝƻǘ ǇƭŜƴǘȅ ƻŦ ŦǳŜƭ ǘƻΩ; the Co-pilot interjected Ψget us to SligoΩ and the Commander 
continued ΨƎŜǘ ōŀŎƪ ǎƻ LΩƳ Ƨǳǎǘ ƎƻƛƴƎ ǘƻ ƎƛǾŜ ȅƻǳ ŀ ŘƛǊŜŎǘ ǘƻ ŜƳ .ƭŀŎƪǎƻŘ ƴƻǿΦ ¸ƻǳΩƭƭ ƎŜǘ ŀ ƭŜŦǘ 
turnΩ and the Co-pilot answered ΨalrightΩ. 
 
The Winch Operator observed that, depending on when R118 arrived at the FV, the routing 
to Blacksod may allow R116 to return to base without a further refuelling. The Commander 
noted that they were under no time pressure and that they had plenty of fuel to get to Sligo 
if they were unable to land at Blacksod. The Winch Operator notified MRSC Malin by TETRA 
of their intentions, which included a revised elapsed time of one hour and 12 minutes to 
Blacksod. MRSC Malin replied that they would notify personnel at Blacksod of the planned 
arrival of R116. The Commander advised Dublin ATC, at 23.21 hrs, of the change of plan 
which the Commander stated would require a left turn of around 20 degrees. At the same 
time, R118 called on TETRA to advise that they were just airborne from Blacksod and routing 
to the FV, which was 143 NM west-north-west of Blacksod. This placed R118 approximately 
72 minutes flying time ahead of R116, excluding the time required for R116 to conduct an 
approach, land, re-fuel and depart from Blacksod. 
 
Over the following ten minutes, the Commander reviewed the fuel calculations for the 
mission, including the fuel required to return to Dublin after the mission was completed. At 
23.24 hrs, the Winchman asked the Commander ΨHave we an approach into Blacksod?Ω to 
which the Commander replied Ψ̧ŜƘ ǿŜ ŘƻΣ ǿŜΩƭƭ Ƨǳǎǘ ǇƻǇ ƛǘ ƛƴΩ.  

                                                      
39

 Malin Head Coast Guard: The radio call-sign used to refer to MRSC Malin.  
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At 23.26 hrs, the Shannon Air Traffic Control Officer (ATCO) contacted the Commander and 
said Ψrescue one six roger, rescue one one eight is just eh headed off the west coast now, he's 
no contact with me so if you are talking to him yourself can you get him to give me a call 
please.Ω The Commander acknowledged the request. The Commander advised the Rear Crew 
ƻŦ {ƘŀƴƴƻƴΩǎ ǊŜǉǳŜǎǘΣ ǘŜƭƭƛƴƎ ǘƘŜƳ ǘƘŀǘ ƛǘ ǿŀǎ ƴƻǘ ǳǊƎŜƴǘ. The Winch Operator contacted 
R118 by TETRA and told his counterpart, who he referred to by name, to tell his pilots to 
contact Shannon ATC. R118 called Shannon ATC within one minute. Shannon requested 
wммуΩǎ 9¢! ŀǘ ǘƘŜ FV location, which was confirmed as 00.47 hrs. 
 
At 23.27 hrs, the Commander advised Shannon ATC that R116 was seven miles south of Kells 
(located approximately 29 NM north-west of Dublin), at three thousand feet, routing to 
Blacksod. The Commander confirmed to Shannon ATC that R116 was operating under IFR 
and would climb to four thousand feet in another twenty miles. At 23.33 hrs, R116 began a 
climb from 3,000 ft to 4,000 ft in order to maintain terrain separation for the rest of the 
transit to Blacksod. 
 
At 23.36 hrs, the Helicopter had levelled at 4,000 ft, and the Commander said ΨJust going to 
re-ŦŀƳƛƭƛŀǊƛǎŜ ƳȅǎŜƭŦ ǿƛǘƘ .ƭŀŎƪǎƻŘ Χ ǎƻǳǘƘ Χ ƻƪŀȅ [Co-ǇƛƭƻǘΩǎ ƴŀƳŜϐ I think we just plug that 
inΩ. The Co-pilot noted ΨǿƘŀǘΩǎ ǘƘŜ ǿƛƴŘ ŘƻƛƴƎΚ CǊƻƳ ǘƘŜ ǿŜǎǘ, okay.Ω The Commander 
acknowledged saying ΨȅŜƘ Χ ǊŜŘǳŎŜ ǘƘŜ ǎǇŜŜŘ ŀǎ ƳǳŎƘ ŀǎ ǿŜ ŎŀƴΣ ǘƘŜǊŜϥǎ ǘƘŜ ƴƻǊǘƘŜǊƴ ƻƴŜΣ 
but I'd rather notΩ. The Co-pilot added Ψshowing forty knots from the westΩ and the 
Commander acknowledged Ψyeh shouldn't be too lumpy as well Χ !t.{{ Χ Just going to pop 
that [APBSS] in nowΩ. The Commander then complained that Ψbloody lights in this thing drive 
me madΩ; the Co-pilot agreed saying ΨȅŜƘ ŜƘ ǘƘŜȅΩre atrociousΩ and the Commander 
responded Ψ¢ƘŜȅΩǊŜ ǎƻ ŀƴƴƻȅƛƴƎ LΩƳ ǇǊŜǎǎƛƴƎ ōǳǘǘƻƴǎ ƘŜǊŜΩ. The Commander advised the Co-
pilot ΨMy eyes are still inΩ and he acknowledged Ψno problemΩ. The Commander then asked 
the Co-pilot Ψk ... just double check this yeh BƭŀŎƪ wƻŎƪ ŜƘ a h ǘƘŀǘΩǎ ǘƘŜ ŦƛǊǎǘ ƻƴŜΩ and the 
Co-pilot acknowledged ΨyehΩ. The Commander continued Ψ{ 5 !Σ { 5 .Σ { 5 / Χ 5 . ŀƴŘ ǘƘŜƴ 
the rest is outΩ; the Co-pilot acknowledged ΨThank youΩ. The Commander said Ψah sending you 
direct to the ... this oneΩ, the Co-pilot acknowledged ΨOkayΩ and the Commander continued 
Ψthis offshore one ΧƎƻƛƴƎ ŘƛǊŜŎǘ ǘƻ [ M OΩ. 
 

The Commander continued ΨǿŜΩƭƭ Ƨǳǎǘ ǎǘŀȅ ǳǇ ƘŜǊŜ ŀƴŘ ǿŜ Ŏŀƴ ŀƴŘ ƻƴŎŜ ǿŜΩǊŜ ƘŀǇǇȅ ŀƴŘ 
ǿŜΩǊŜ ŎƭŜŀǊ Χ ƴƻ Ǉƻƛƴǘ ƛƴ ǊǳǎƘƛƴƎ ǳƴƭŜǎǎ ǿŜ Χ ƻǊ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ be sitting thereΩ. The Co-pilot 
acknowledged this saying ΨDo our let-down out thereΩ. At 23.40 hrs, the Commander stated 
that ΨLΩƳ ǇƭŀƴƴƛƴƎ ǘƻ Ǝƻ round the housesΩ and gave an arrival estimate of 00.40 hrs, which 
the Co-pilot noted as being in one hour. 
 

Following agreement in the cockpit on the flight plan, the Commander checked with the 
Rear Crew members to confirm that they were also happy with the plan. Both the Winchman 
and Winch Operator confirmed that they were happy. The Winchman asked the Commander 
by name if she wanted a coffee, to which the commander replied ΨbƻΣ LΩƳ ƎǊŀƴŘΩ. The Winch 
Operator said that he was looking forward to seeing the staff at Blacksod for the second time 
in a week. He described a previous mission for R116 involving a similar supporting role. He 
said that the previous week, the other helicopter (R118) had winched at 200 miles out, and 
that R116 had got within 20-30 miles (of the casualty vessel) by the time that R118 had 
completed the SAR winching.  
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After this discussion, the flight continued with minimal extraneous conversation. The Flight 
Crew contacted Shannon, at 23.51 hrs, to confirm that EIKN was closed, while the Rear Crew 
continued to try, unsuccessfully, to establish two-way communications with R118. The 
Winch Operator bemoaned the lack of communications with R118, saying that Ψyeh, no point 
ƛƴ ǳǎ ƴƻǘ ƘŀǾƛƴƎ ŎƻƳƳǎ ǿƛǘƘ ƻƴŜ ƻƴŜ ŜƛƎƘǘΧǘƘŀǘϥǎ ǿƘŀǘ ǿŜϥǊŜ ƘŜǊŜ ŦƻǊΩ. At 23.52 hrs, the 
Commander remarked that ΨGod I'd say I haven't been in Blacksod in about fifteen yearsΩ to 
which the Winchman replied Ψ̧ŜƘΣ ƛǘΩǎ ōŜŜƴ ŀ ǿƘƛƭŜ ŦƻǊ ƳŜ ǘƻƻ ŀƭǊƛƎƘǘΩ. The Commander then 
asked the Co-pilot directly Ψhow about you [Co-pilot name] have you been in recently?Ω To 
which the Co-pilot replied Ψno not recently [Commanders name], been a whileΩ. At 
approximately 23.59 hrs, the Winch Operator and the Co-Pilot had a discussion about the 
Winch Operator's experiences with radio communication the previous week. 
 

At 23.54 hrs, MRSC Malin advised R116 that the visibility at Blacksod was now down to three 
miles. The Winch Operator informed the Commander, who acknowledged the information 
and requested a report of the cloud base and the wind also. The Winch Operator relayed the 
request to MRSC Malin. At 23.55 hrs, the Commander asked Ψcan you guys take that one 
ǘƘŜǊŜ ǘƘŀǘ ōƻƻƪ ƻǳǘ ƻŦ ǘƘŜ ǿŀȅ ƛǘΩǎ ƪƛƴŘ ƻŦ ŀƴƴƻȅƛƴƎ ƳŜ L ƴŜŜŘ ǘƻ Řƻ ǘƘƛǎΩ. Between 23.54 hrs 
and 00.05 hrs the four Crew Members were involved in combined efforts to contact R118 via 
the different communications options on board. R116 was unable to establish 
communications with R118 during this period. MRSC Malin did advise that they were 
receiving AIS transmissions from R118. 
 

At 00.05 hrs, the Commander said Ψjust going to double check that route em [Co-ǇƛƭƻǘΩǎ 
name] ǘƻ ǎŜŜ ƛŦ Χ ǿŜ ƴŜŜŘ ǘƻ Řƻ ŀƴȅ ƻǾŜǊŦƭȅǎ40Ω and she followed shortly afterwards with Ψyeh 
it does say here em severe turbulence may be experienced during this approach due to 
proximity of Achill IslandΩ. The Co-pilot acknowledged, and the Commander went on Ψin 
strong winds from the south south westerly direction soΩ to which the Co-pilot responded 
ΨOkayΩ. The Commander continued Ψwe're kind of there but more westerlyΩ, the Co-pilot 
acknowledged, and the Commander continued Ψeh use of A B P S Blacksod North ... sure we'll 
give it a go if we don't like it we'll just go north41Ω, which the Co-pilot acknowledged ΨYeh 
OkayΩ. 
 
The Commander continued Ψoverfly that's good...overfly... eh I think we'll just keep them all 
ƻǾŜǊŦƭȅǎ Χ ƳƛƎƘǘ ōŜ ŀǿŀȅ ŦŀǊ ŜƴƻǳƎƘ ŦǊƻƳ ǘƘŜ ƭŀƴŘ ŀǊŜƴϥǘ ǿŜ Χ ȅŜƘ Χ that one we'll 
probably make a smart turn thoughΩ. The Co-pilot concurred saying ΨƛǘΩǎ ǉǳƛǘŜ ǘƛƎƘǘ ŦƻǊ ŀƴ 
overflyΩ. The Commander then said Ψ.Y{5/ Χ ǿŜϥƭƭ ŎŀƴŎŜƭ ƻǾŜǊŦƭȅ ǘƘŀǘ ƻƴŜΩ. Cancelling 
ΨoverflyΩ ƳŀŘŜ ǘƘŜ ǿŀȅǇƻƛƴǘ ŀ ΨSmart-turn42Ω waypoint.  

                                                      
40

 Overfly: Alsƻ ǘŜǊƳŜŘ ΨflyoverΩ. ¢ƘŜ ¦b{м Ca{ aŀƴǳŀƭ ǎǘŀǘŜǎ ǘƘŀǘ ΨA flyover waypoint is a waypoint which will 
cause the navigation computer to delay making an automatic leg change until the aircraft is directly over the 
waypoint.Ω 
41

 TƘŜ ΨGeneral CommentsΩ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ hǇŜǊŀǘƻǊΩǎ wƻǳǘŜ DǳƛŘŜΥ ΨwƻǳǘŜ !t.{{ ό.ƭŀŎƪǎƻŘ {ƻǳǘƘύ wƻǳǘŜΩ states 
ǘƘŀǘ ΨSevere turbulence may be experienced during this approach due to the proximity of Achill Island. In strong 
winds from a south/ south westerly direction use of APBSN (Blacksod NorǘƘύ ƛǎ ŀŘǾƛǎŜŘΦΩ 
42

 Smart Turn: ¢ƘŜ hǇŜǊŀǘƻǊΩǎ ǘŜǊƳ ŦƻǊ ŀƴ ŀǳǘƻƳŀǘƛŎ ƭŜƎ ŎƘŀƴƎŜΦ ¢ƘŜ ¦b{м Ca{ aŀƴǳŀƭ ǎǘŀǘŜǎ ǘƘŀǘ ΨAutomatic 
leg changes occur before the TO [to]  waypoint at a distance based upon groundspeed, leg change magnitude, 
and roll steering bank limit for the present altitude. The maximum distance before the waypoint at which the 
ƭŜƎ ŎƘŀƴƎŜ ǿƛƭƭ ƻŎŎǳǊ ƛǎ мн baΩΦ 
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At 00.08 hrs, Blacksod helipad contacted R116 on Marine Channel 16. The Winch Operator 
said that they would arrive in 20 minutes, and requested information on the wind, cloud 
base, and visibility at the helipad. One of the helipad personnel advised the Winch Operator 
that the cloud base was Ψthree, four, five hundred feetΩ and Ψis good enough to come inΩ. He 
also advised that the wind was west-south-west at 25-33 kts, and that the visibility was two 
miles. The Winch Operator asked the Commander if she had heard the transmission from 
Blacksod, but was told to standby, as the Commander was replying to an ATC transmission 
about communications with R118. The Commander then told the Winch Operator that she 
ƘŀŘ ŎƻǇƛŜŘ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀǎ Ψthree hundred feet and whateverΩ. 
 
At 00.10 hrs, the Commander briefed the Co-pilot on the approach into Blacksod: 
 

ΨI think we just go straight over and when we're happy enough to step it down em 
down below two four we'll do the approach one all the way down, let it just fly the 
ǊƻǳǘŜΣ ƎŜǘ ǘƘŜ ǎǇŜŜŘ ōŀŎƪ ǳƴǘƛƭ ǿŜΩǊŜ ŎƻƳŦƻǊǘŀōƭŜ ŀƴŘ ƭƛǘŜǊŀƭƭȅ Ƨǳǎǘ ƭŜǘ ƛǘ Ŧƭȅ ŀƭƭ ǘƘŜ ǿŀȅ 
round em if we're happy with the visuals on the first run-in it'll be on my side so iǘΩƭƭ ōŜ 
my landing. WŜΩƭƭ Ǝƻ ƛƴΣ ƛŦ ƴƻǘ ǿŜϥƭƭ Ƨǳǎǘ Řƻ ŀ ŎƛǊŎǳƛǘ ŀƭƭ ǘƘŜ ǿŀȅ ŀǊƻǳƴŘ and eh we'll 
ƳŀƪŜ ǎǳǊŜ ƛǘΩǎ ƻƴ ŀ ǘǿƻ ŦƻǳǊ ȊŜǊƻ ƘŜŀŘƛƴƎΩ 

The Winchman asked if Blacksod was approved for Ψhot re-fuellingΩ43. The Commander 
ǊŜǇƭƛŜŘ ǘƘŀǘ ǎƘŜ ŘƛŘƴΩǘ ƪƴƻǿ ŀǎ ǎƘŜ had not been there, but presumed that it was. The 
Commander asked the Winch Operator what he had done during the mission the previous 
week, and, though initially unsure, he recalled that they had kept ΨspinningΩ (rotor blades 
turning) the week before. The Commander then confirmed that the Helicopter would be at 
22,400 lbs on arrival, which would allow them to do a PC1 arrival. 
 
!ǘ ллΦмо ƘǊǎΣ ƛƳƳŜŘƛŀǘŜƭȅ ŦƻƭƭƻǿƛƴƎ ǘƘŜ /ƻƳƳŀƴŘŜǊΩǎ ōǊƛŜŦƛƴƎΣ ǘƘŜ /ƻ-pilot said that he 
ǿƻǳƭŘƴΩǘ ƳƛƴŘ ƎŜǘǘƛƴƎ ŀ ƭƻƻƪ ŀǘ Ψthe mapΩ. The Commander then took control of flying the 
Helicopter. The Commander advised the Co-pilot that it was on the first page. The 
Commander told the Co-pilot that everything was an overfly waypoint, with the exception 
that one waypoint which was a Ψsmart turnΩ. The Co-pilot did not verbalise any obstacle 
information. 
 
The Co-pilot asked what the Ψescape routeΩ was if they did not become visual. The 
Commander replied Ψdirect to back down here or even just head south ώΧϐ there's a mast up 
there somewhere ǘƘŜȅΩǊŜ ǎŀȅƛƴƎ ƻƴ ǘƘŜ ǿŜǎǘΩΦ 
 
The Co-pilot agreed with this plan, and the Commander said that if they were unsuccessful 
at getting into Blacksod using the APBSS Route they could try to the ΨNorthΩ and if not, then 
they could route to Sligo. The Co-pilot was requested to get weather for Sligo. At 00.14 hrs, 
the Co-pilot offered Ψto come back on the sticksΩ, but the Commander declined saying ΨLΩƳ 
ƘŀǇǇȅ ŜƴƻǳƎƘ ǘƘŜǊŜ ƛŦ ȅƻǳ ŀǊŜ ŀŎǘǳŀƭƭȅ Χ LΩƭƭ ǎǘŀȅ ƻƴ ƛǘΩ. She also requested him to confirm 
her calculations of the minimum fuel required to return from Blacksod, via Sligo, to Dublin.  

                                                      
43

 Hot Refuelling: A term used to refer to refuelling the helicopter with rotor blades and/or engines running. 
This procedure reduces the on-gǊƻǳƴŘ ǘƛƳŜ ŦƻǊ ǊŜŦǳŜƭƭƛƴƎΣ ŀƴŘ ƛǎ ǇŜǊƳƛǘǘŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ hǇŜǊŀǘƻǊΩǎ 
ha! {ŜŎǘƛƻƴ уΦнΦмΦт ΨwŜŦǳŜƭƭƛƴƎ ǿƛǘƘ ŜƴƎƛƴŜǎ κ ǊƻǘƻǊǎ ǊǳƴƴƛƴƎΩ. 
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The Commander observed that they were passing over the high ground at the Nephin 
Mountains. ΨThere is a two six four five which is past Nephin isn't itΩ. The Winchman replied 
that they had Ψall the Nephins thereΩ and quoted a figure of Ψ630Ω, the approximate height in 
metres of the Nephin Beg Mountain when viewed on the OSI 1:50,000 map. The Co-pilot 
then contacted Shannon ATC and requested the latest weather report for Sligo and Dublin. 
Shannon provided the current Terminal Area Forecast for Sligo and the Commander noted, 
at 00.16 hrs, that they would Ψget in on that on that low routeΩ. 
 
When the weather for Dublin was provided, the Co-pilot noted that at that time both Sligo 
and Dublin were Ψwide openΩ. The Commander then asked the Co-pilot to check the fuel 
figures, and the Co-pilot replied, at 00.19 hrs, Ψthey look pretty good ώ/ƻƳƳŀƴŘŜǊΩǎ ƴŀƳŜϐ to 
be honest with you, you seem to have covered all the basesΩ. Shannon ATC then enquired 
how far west R116 intended to travel, and whether they intended to go all the way to the 
FV. The Commander advised the Co-pilot Ψeh no ideaΩ and the Co-pilot advised Shannon that, 
while it was not their intention to go as far as the ship, it was a possibility because Ψwe're 
having problems getting two way with eh rescue one one eight at the momentΩ. He said that 
they would land in Blacksod, refuel, and figure it out from there. At 00.21 hrs, the 
Commander commented that Achill was to the South of their track with a height of 2,26744 
ft, and that they were to be sure that they were clear of it before they descended. The Co-
pilot asked how much fuel would be uplifted at Blacksod. The Commander and Co-pilot 
reviewed the fuel required for the various legs and for potential winching. Then the 
Commander asked the Co-pilot to check the fuel calculations to ensure that it was added up 
correctly, and offered the use of a calculator if necessary. The Co-pilot checked the 
calculations and confirmed that the figure of 5,800 lbs calculated by the Commander was 
good. 
 
The Investigation was informed by several personnel that custom and practice was that the 
winchman or the winch operator would be called forward to the cockpit area to receive a 
briefing prior to an approach, which the Operator informed the Investigation would be 
carried out from the MFDs. On the Accident flight, at 00.24 hrs, the Winchman asked the 
Flight Crew Ψcould you show me our approach into Blacksod guys just so I have an idea with 
the eh FLIR when we get into itΩ. The Co-pilot replied Ψǎƻ ƛǘΩǎ ǘƻ ƘŜǊŜΣ ƛƴΣ ƻǾŜǊŦƭȅΣ ƻǾŜǊŦƭȅΣ 
overfly, smart turn, here, not visual, back to hereΩ. The Winchman noted that the high 
ground was Ψobviously in here somewhereΩ, and the Commander replied Ψ5ƻǿƴ ƘŜǊŜΧǘƘƛǎ ƛǎ 
our first point here; we go S.D.A. [an apparent reference to waypoint BKSDA]Σ ǘƘŀǘΩǎ ƪƛƴŘŀ 
ǿƘŜƴ ǿŜΩǊŜ ŀōŜŀƳ !ŎƘƛƭƭΩ. The Winchman observed that there was going to be a strong 
tailwind on the approach. The Commander advised Ψyeh we're just going to bring the speed 
ōŀŎƪ ŜƳ ǿŜϥƭƭ Ƨǳǎǘ ǿŜϥƭƭ ƪŜŜǇ ƛǘ ŎƻǳǇƭŜŘ ǘƘŜ ǿƘƻƭŜ ǿŀȅ ƪŜŜǇ ǘƘŜ ǎǇŜŜŘ ōŀŎƪ ŀƴŘ ƛǘΩǎ ƳǳŎƘ 
more manageable as we go around the corner thereΩ. The Commander said that if they were 
not happy on the first pass, Ψwe'll go back around, we'll couple it up go back around, and we 
go back in again though it's been donkeyΩs years since I've been in here but we'll stay nice 
and controlledΩ.  

                                                      
44

 ¢ƘŜ /ƻƳƳŀƴŘŜǊ ǎǘŀǘŜŘ Ψtwo two six sevenΩ ŀǘ ллΦнм ƘǊǎΣ ŀƴŘ ǎǘŀǘŜŘ Ψtwo two five sevenΩ ŀǘ ллΦоп ƘǊǎΦ ¢ƘŜ 
latter is consistent with the spot height of 2,257 ft located near Achill Head as shown on the VFR Aeronautical 
Charts (1:500,000 and 1:250,000 scale) issued by the IAA, and on the 1:250,000 EURONAV imagery of the IAA 
aeronautical chart. 
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The CommanderΩǎ ǎǘŀǘŜŘ ŘŜǎŎŜƴǘ Ǉƭŀƴ ǿŀǎ ǘƻ ŎǊƻǎǎ ǘƘŜ Ŏƻŀǎǘ ŀōŜŀƳ ǘƘŜ !ŎƘƛƭƭ ŀǊŜŀΣ ǎǘŀǊǘ ǘƘŜ 
DVE checks, and start descending once they passed ǿŀȅǇƻƛƴǘ ΨBKSDAΩ. The Commander 
noted that they had Ψthe high ground just coming in to our ŜƘ ƴƛƴŜ ƻΩŎƭƻŎƪ two two five 
sevenΩ and could start getting down. At 00.26 hrs, the Co-pilot checked with the Rear Crew if 
there had been any contact with R118. The Winch Operator advised that R118 and the Coast 
Guard had been in contact via satellite phone. He asked if the FV was 140 NM offshore. The 
Commander replied ΨƻŦŦ 9ŀƎƭŜ LǎƭŀƴŘΣ ǿƘŜǊŜǾŜǊ ǘƘŀǘ ƛǎΧ²ƘŜǊŜΩǎ 9ŀƎƭŜ LǎƭŀƴŘ?Ω 
 

The Winch Operator and Winchman discussed this question in a manner which suggested 
ǘƘŀǘ ǘƘŜȅ ǿŜǊŜ ƭƻƻƪƛƴƎ ŀǘ ŀ ƳŀǇ ƻƴ ǘƘŜ ƳƻƴƛǘƻǊ ŀǘ ǘƘŜ {!w hǇŜǊŀǘƻǊΩǎ {ǘŀǘƛƻƴΣ ŀnd the 
Winch Operator then informed the Commander that Ψoh yeh eagle island is at eh off the 
Ŏƻŀǎǘ ǘƻ ǘƘŜ ƴƻǊǘƘ ǘƘŜǊŜΧȅŜƘ ƻŦŦ aŀȅƻΩ. However, the specific map that was being displayed 
was not verbalised on the CVR. 
 
haC ǇǊŜǎŎǊƛōŜŘ ΨDVE approach checksΩ ǿƘƛŎƘ ƛǘ ǎŀƛŘ Ψshould be completed prior to the initial 
SAR approach / descent in a degraded visual environment.Ω At 00.27 hrs, the Commander 
noted that they were abeam Achill and requested the DVE checks. The Crew commenced the 
DVE Approach checks (Figure No. 10, in blue). 
 

 
 

Figure No. 10: Extract from Operator's S-92A Normal Checklist 

The undercarriage was selected down and confirmed as having three greens. The Co-pilot 
ŎŀƭƭŜŘ ΨRadarΩ ŀƴŘ ǘƘŜ /ƻƳƳŀƴŘŜǊ ŎƻƴŦƛǊƳŜŘ ǘƘŀǘ ǘƘŜ radar was ON and displayed on the 
Co-ǇƛƭƻǘΩǎ ǎƛŘŜΣ ŀƴŘ ǊŜǉǳŜǎǘŜŘ ǘƘŜ /ƻ-pilot to select GMAP2 mode. The Co-pilot confirmed 
the selection of GMAP2, checked the TILT of the antenna and was satisfied with the GAIN 
setting on the radar, stating that he would Ψbring that up to about fourΩ, to which the 
Commander replied Ψyea, you should get a good pictureΩ. The required scale was not 
specifically mentioned.  
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During the checks, the Commander requested and the Co-pilot confirmed that the EGPWS 
was selected to LOW ALT45; the Analogue Rad Alts were selected; the VTOSS

46 bug was set to 
38 kts; and ALT PRE was set to 2,400 ft, for the APP1 approach, which was to be flown fully 
coupled. MINS (minimums on pressure altimeters) were set to 2,200 ft. Rad Alt was set to 
180 ft. The Commander stated Ψif we get visual below we said three hundred feet at the 
moment so we'll aim just to go down to the two hundredΩ. The Co-pilot said that he 
understood, and confirmed that 180 ft was set on the Rad Alts. The Commander stated that 
the Hover Rad Alt would be brought up to 150 ft Ψjust in caseΩ. The wind velocity was 
announced by the Co-pilot as being 240 degrees at 40 kts. The Commander requested that 
all the external lights were to be switched on, with the exception of the NIGHTSUN, which 
was to be armed. The Co-pilot called out each lighting system as he switched it on: Position 
lights, logo lights, rotor lights, scene lights, and he confirmed with the Winchman that the 
NIGHTSUN was armed. There was no indication from the CVR that the Approach checks 
(Figure No. 10, in yellow) were conducted. 
 

ha! уΦоΦмфΦо ΨUsing the checklist systemΩ ǎǘŀǘŜǎ ΨSteps that require dual pilot action and / or 
verbal confirmation are signified in bold with a solid line connecting the challenge and 
responseΩ. ¢ƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ƴƻǘŜǎ ǘƘŀǘ ΨLet down procedureΩ ƛǎ ƴƻǘ ƳŀǊƪŜŘ ǿƛǘƘ ǎǳŎƘ ŀ ōƻƭŘ 
line. 
 

OMF prescribes more details for the ƛǘŜƳ уΣ ΨLet down procedureΩΣ ŀƴŘ ƛǘŜƳ фΣ ΨFuelΩΣ as 
follows: 
 

Ψ8. Let-down procedure .................. Brief 
a. Crew brief to include the following: 

i. Tracks and waypoints 
ii. Use of FD: APP modes and altitudes; roll channel use 
iii. Capture speed 
iv. Decision point47 
v. Go-around heading and altitudes 
vi. Use of APU48 

9. Fuel ........................................... Review 
a. Quantity remaining 
b. Fuel burn on scene 
c. Minimum off-scene fuel (bingo)Ω  

                                                      
45

 LOW ALT Switch: See Section 1.6.6.6 of this Report. 
46

 VTOSS: Take-off Safety Speed, the minimum speed at which the best angle of climb may be achieved with one engine 

inoperative. 
47

 Decision Point: The point at which the PM must either have acquired sufficient visual references to continue 
with the approach or hover manoeuvre, or else conduct a go-around. 
48

 Use of APUΥ haC ǎŀȅǎ ΨUse of APU: The implications of an AC generation malfunction in the low-level DVE 
environment could potentially have serious consequences. With the APU selected on, the implications may be 
reduced significantly. Consideration should be given to turning on the APU prior to descent in to a DVE. The 
'offload' fuel burn of the APU is approximately 60 lb/hourΦΩ However, the Helicopter Manufacturer informed the 
LƴǾŜǎǘƛƎŀǘƛƻƴ ǘƘŀǘ Ψthe S-92A electrical system is fully redundant, such that if an AC Generator malfunctions 
there is no loss of functionality and thus no immediate consequence. After a single generator or Generator 
Control Unit failure, the full electrical load is taken over by the second generator. The S-92A Rotorcraft Flight 
aŀƴǳŀƭ tŀǊǘ LΣ {ŜŎǘƛƻƴ LLL ά9ƳŜǊƎŜƴŎȅ tǊƻŎŜŘǳǊŜǎέ ǎŜŎǘƛƻƴ ά9ƭŜŎǘǊƛŎŀƭ {ȅǎǘŜƳ aŀƭŦǳƴŎǘƛƻƴǎέ ŀŘŘǊŜǎǎ ŦŀƛƭǳǊŜǎ 
related to the AC electrical system. Sikorsky notes that selecting the APU on before operations in a low-level 
DVE environment mitigates risks related to loss of both AC electrical systems.Ω 
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The let-down procedure was briefed by the Commander, with all timings and 
acknowledgements by the Co-pilot presented in square brackets, as follows: 
 

Ψ[Commander at 00.30:01 hrs] okay let-down procedure, can I wait until we're abeam 
this alpha position [an apparent reference to waypoint BKSDA] here [Co-pilot 
acknowledged at 00.30:05 hrs: okay] [Commander at 00.30:06 hrs] and then we're 
going to, I'm going to select alt pre down to two thousand and four hundred feet, [Co-
pilot acknowledged at 00.30:09 hrs: roger] [Commander at 00.30:10 hrs] if you're 
happy we're clear of everything [Co-pilot acknowledged at 00.30:11 hrs: understood] 
[Commander at 00.30:12 hrs]  LΩƳ ƎƻƛƴƎ ǘƻ Řƻ ŀƴ ŀǇproach one all the way down to 
two hundred feet, eighty knots, [Co-pilot acknowledged at 00.30:15 hrs: yes] 
[Commander at 00.30:16 hrs] eh, it might be slightly past M O [an apparent reference 
to waypoint BLKMO] at that moment so we'll see what, how we are height wise at that 
moment, so I think we'll just eh take a heading, continue on past there go back around 
and the aim is just to follow the route all the way round em and eh [Co-pilot 
acknowledged at 00.30:27 hrs: roger understood] [Commander at 00.30:29 hrs] getting 
the speed back as much as we're comfortable, we're aware we're going to have a 
pretty high ground speed on the way in. [Co-pilot acknowledged at 00.30:34 hrs: Okay]Ω 

 

At 00.30:37 hrs the Co-Ǉƛƭƻǘ ǎŀƛŘ Ψǎƻ ǘƘŀǘΩǎ ǘƘŜ ƭŜǘ-down procedureΩ ƛƳƳŜŘƛately followed by 
ǘƘŜ ǿƻǊŘ ΨfuelΩΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ƴŜȄǘ ƛǘŜƳ ŀŦǘŜǊ ƭŜǘ Řƻǿƴ ōǊƛŜŦ ƻƴ ǘƘŜ ΨDVE APPROACHΩ ŎƘŜŎƪƭƛǎǘΦ 
The fuel was checked by the Commander as being 3,000 lbs which was stated as being more 
than sufficient to get to Sligo, and that the weather at Sligo was good. 
 

For ƛǘŜƳ мл ƻƴ ǘƘŜ ΨDVE APPROACHΩ ŎƘŜŎƪǎ (Figure No. 10), the position check required two 
separate sources. The Commander said that they could see where they were and asked 
whether everybody was happy with the position. The Co-pilot confirmed that he was happy, 
and the Winchman said that they were out over the water. At 00.31 hrs, the Commander 
asked the Co-pilot to call out the HelicopterΩǎ current latitude and longitude. The Winchman 
confirmed that this was Ψbang onΩ. The position of this cross-check is shown in Figure No. 11. 
 

 
 

Figure No. 11: Location of position cross-check carried out at 00.31 hrs  
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Following this position check, the Co-pilot announced that the ΨDVE checksΩ were complete. 
The Winchman then informed the other Crew Members that R118 had five minutes to run to 
the FV. The Co-pilot said that this news was ΨfantasticΩ, and the Commander observed that 
they (R116) would not have to go too far. 
 

At 00.32 hrs, the Flight Crew had an initial discussion about the arrival at the helipad at 
Blacksod. The Commander initially asked the Co-pilot to double check that 50 ft was to be 
added to the LDP49 for their arrival heading of 210-240 degrees (highlighted with a red box in 
Figure No. 12). The Co-pilot confirmed the 50 ft addition to the LDP. The Commander replied 
Ψfifty feet okay and anything else they're saying on that ehΩ. The Co-pilot then read the note 
from the LSD Ψeh severe downdraft in southerly wind caused by Achill Head Χ turbulence on 
ǇŀŘ ŎŀǳǎŜŘ ōȅ ǎǳǊǊƻǳƴŘƛƴƎ ƴƛƴŜ Ŧƻƻǘ ǿŀƭƭ ŀƴŘ ǎǘǊƻƴƎ ǿƛƴŘǎ Χ ŜƘ ǿƘŜƴ ƻǇŜǊŀǘƛƴƎ ǿƛǘƘ 
exposure on SAR missions no risk to third parties can be accepted unless the mission is 
classified as life and deathΩ50. The notes read by the Co-pilot appeaǊ ƻƴ ǘƘŜ ΨLanding Site 
DǳƛŘŜΩ on the Ψ.[Y{5 .ƭŀŎƪǎƻŘ wŜŦǳŜƭΩ chart (Figure No. 12). 
 

 
 

Figure No. 12: 9ȄǘǊŀŎǘǎ ŦǊƻƳ ΨBLKSD Blacksod RefuelΩ ŎƘŀǊǘ 

The Commander then briefed the Co-pilot that the landing at Blacksod would be a PC2 
landing using a PC1 profile, that the LDP would be 175 ft and the VTOSS would be 50 kts. The 
Commander asked the Co-pilot to keep a close eye on her going in, and that if there were 
any problems that they would execute a go-around to the south and couple the aircraft 
controls back up again. The Co-pilot acknowledged this. Immediately following the briefing, 
the Commander noted that the Helicopter was approaching position BKSDA, and that there 
ǿŀǎ ƘƛƎƘ ƎǊƻǳƴŘ ƻŦ нΣнрт Ŧǘ ƛƴ ǘƘŜƛǊ Ψф hΩclockΩ Ǉƻǎƛǘƛƻƴ. The Commander said that she would 
reduce the speed to 100 kts and requested the Co-pilot to select ΨALT PREΩ down to 2,400 ft. 
The Winchman advised that they were Ψall clear aheadΩ. The Co-pilot confirmed the selection 
of ALT PRE and informed Shannon ATC that they were leaving 4,000 ft and descending to 
make their way into Blacksod for refuelling. 
 

At 00.35 hrs, the Co-pilot asked the Commander Ψyou happy with the range ώ/ƻƳƳŀƴŘŜǊΩǎ 
name] at the moment yehΩ. The Commander replied Ψeh yes for the moment yeh I'm just 
going to stick on the map if you're happy [Co-ǇƛƭƻǘΩǎ ƴŀƳŜϐ for the moment ώΧϐ I'll let you 
mess about with those ranges whatever you're happy withΩ. The Co-pilot then noted that the 
Helicopter was passing 3,400 ft for 2,400 ft.  

                                                      
49

 LDP: Landing Decision Point. 
50

 The Operator informed the Investigation that this caution refers to departures from the helipad above a 
maximum operating weight of 24,500 lbs as described in OMF Section 10.4.4.2.2 PC2 takeoff ς With exposure 
(SAR missions only). 
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The Commander replied that there was one thousand to level, and then the ΨApproach OneΩ 
[an apparent reference to APP1]. She noted that they had four miles to run to BLKMO and 
asked the Co-pilot to select heading mode and said that they would Ψstay hereΩ until they 
were at the height they wanted. The Commander then briefed the Rear Crew that there 
were four miles to run to the first waypoint, and that they would route a bit further west in 
order to complete the APP1 descent profile down to 200 ft. 
 

At 00.36 hrs, ǘƘŜǊŜ ǿŀǎ ǘƘŜ ǎƻǳƴŘ ƻŦ ŀ ǎȅƴǘƘŜǘƛŎ ǾƻƛŎŜ ŎŀƭƭƛƴƎ ΨLEVEL OFFΩ. The Helicopter 
reached 2,400 ft and the Commander requested the Co-pilot to select ΨApproach One, three-
cue, coupledΩ. The Commander then confirmed the selection and capture of the Approach 
One mode, indicated airspeed with Rad Alt armed in the descent, and that they were Ψin 
headingΩ going past their Ψinitial pointΩ (BLKMO). At 00.38 hrs, there was the sound of a 
synthetic ǾƻƛŎŜ ŎŀƭƭƛƴƎ ΨMINIMUMS MINIMUMSΩ. The Commander acknowledged the 
annunciation and asked the Co-pilot to reset the ΨALT PREΩ to 500 ft. The Co-pilot confirmed 
the selection and noted that they had one mile to go to BLKMO (flying west bound) and 
were passing 2,000 ft for 200 ft. The Commander noted that the radar was clear and 
initiated a turn to the right (noted on the FDR to be ten degrees) so that they could sweep 
back around to the left when they levelled at 200 ft. 
 

The Commander advised the Rear Crew that the Flight Crew were disabling the audio on the 
HF and FM radios as it was going to be Ψbusy for a bitΩ, and the Winchman and Winch 
Operator acknowledged this. The Commander asked the Crew to Ψkeep your eyes peeled 
once we get down thereΩ. This was acknowledged by the Winchman and the Co-pilot. At 
00.40 hrs, the Cockpit Crew cross-checked that the Helicopter was passing 1,000 ft on the 
Rad Alt. The Commander requested that the anti-ice be turned off as the OAT was +10 
degrees. The Commander then said that the plan was to reduce the speed to 90 kts to avoid 
ŀƴȅ ΨǎǉǳŀǿƪǎΩ51. Thereafter, the Co-pilot called out the height in 100 ft increments. At 00.41 
hrs, passing 700 ft, the Commander requested confirmation that they were clear ahead on 
radar and on EGPWS. The Co-pilot confirmed that they were Ψclear ahead on ten mile rangeΩ. 
The Commander requested direct to BLKMO again and indicated that they would maintain 
their heading until they were level, and that it would then be a left turn. The Co-pilot 
continued the altitude callouts in 100 ft increments until passing 300 ft, which he 
additionally confirmed as Ψ100 feet to go to 200 feetΩ. Thereafter, he called out the altitude in 
ten foot increments until the Helicopter levelled at 200 ft Rad Alt. The Commander noted 
the speed reducing in accordance with the Approach One profile. 
 

The Commander announced that Approach One was complete, that the Helicopter was 
turning back around to the left and that, once inbound, she would be asking for NAV. The 
Winchman reported ΨOK, clear around to the leftΩ and the Co-pilot called ΨClear ahead on E 
GYP WIZZ and radar.Ω At 00.42 hrs, the Commander requested the Co-pilot to select Ψb!±ΧƻǊ 
SearchΩ, and then confirmed that ΨIndicated airspeed, search, and Rad Alt capturedΩ. This 
statement would usually refer to the captured AFCS modes as displayed across the top of 
ǘƘŜ tƛƭƻǘΩǎ tC5Σ ŀǎ ǎƘƻǿƴ ƛƴ Photo No. 14.  

                                                      
51

 ¢Ƙƛǎ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀ ǊŜŦŜǊŜƴŎŜ ǘƻ ǇƻǘŜƴǘƛŀƭ ΨnuisanceΩ ŀƭŜǊǘǎ ŦǊƻƳ ǘƘŜ 9Dt²{ ǎȅǎǘŜƳΦ ¢ƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ 
understand that when using APP1 to descend, if IAS is left above 100 KIAS the EGPWS can perceive a threat as 
the aircraft is descending towards the water; the speed will reduce with the APP1 profile, but potentially not 
before the EGPWS system gives an aural & visual warning. Accordingly, the Operator trains its personnel not 
use APP1 above 100 KIAS. 
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Photo No. 14: Photo of S-92A MFD 1, taken during Review Flight (Section 1.16.1) 
 

At 00.43 hrs, the /ƻƳƳŀƴŘŜǊ ǊŜǉǳŜǎǘŜŘ ǘƘŜ Ψ.ŜŦƻǊŜ [ŀƴŘƛƴƎΩ checklist in anticipation of an 
increase in groundspeed. TƘŜ [ŀƴŘƛƴƎ ƎŜŀǊ ǿŀǎ ŎƻƴŦƛǊƳŜŘ ŀǎ Řƻǿƴ ǿƛǘƘ ΨǘƘǊŜŜ ƎǊŜŜƴǎΩ. In 
response to item No. н ΨRadarΩ ƻƴ ǘƘŜ Ψ.ŜŦƻǊŜ [ŀƴŘƛƴƎΩ checklist (Figure No. 13), the 
Commander replied ΨLǘΩǎ ƻƴΣ ǿŜΩǊŜ ǳǎƛƴƎ ƛǘΩ. 
 

 
 

Figure No. 13: Extract from Operator's S-92A Normal Checklist 
 

The Commander handed over control of the collective lever while the parking brake was 
ǇƭŀŎŜŘ ǘƻ ΨONΩ. The Commander then resumed control of the collective lever and confirmed 
that she was happy with the Display Control Panel (DCP) bugs. The Flight Crew cross-checked 
the Helicopter compass on a heading of 179 degrees and the Commander stated that ΨLΩƳ 
going to start my left turn nowΩ. In reply, the Co-pilot noted Ψstarting to get ground coming in 
there at just over eight miles in the ten o'clock positionΩ. The Commander replied that this 
made sense. The role equipment was confirmed to be secure by both the Winchman and the 
Winch Operator. TƘŜ /ƻƳƳŀƴŘŜǊΩǎ ƭŀƴŘƛƴƎ ōǊƛŜŦƛƴƎ ǿŀǎ Ψokay again just got the surface 
Ǿƛǎǳŀƭ ǘƘŜǊŜ ŀƴȅǿŀȅ ǿƘƛŎƘ ƛǎ ƎƻƻŘ ŜƘ ōǊƛŜŦ ŦƻǊ ƭŀƴŘƛƴƎ ŜƘ LϥŘ ǎŀȅ ƛǘΩǎ ƎƻƛƴƎ ǘƻ ōŜ ŀ t/ ǘǿƻΣ 
em, landing using a PC one profile L D P one seventy five feet go-round VTOSS fifty five knotsΩ. 
The Co-pilot acknowledged the brief and then stated that the before landing checks were 
complete. The Commander then requested the Co-pilot to Ψput the speed back to seventy 
five [kts IAS] as we go round the cornerΩ, to which the Co-pilot replied Ψseventy five selectedΩ. 
There was no discussion on the CVR recording of the horizontal visibility in the Black Rock 
area. 
 

The transcript of the remaining portion of the flight was included in ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ 
Preliminary Report. Following further review of the CVR, an updated version of the transcript 
is included in Appendix M of this Report. The Co-pilot noted, at 00.45:2152 hrs that there 
was 1.3 miles to run to BLKMO, and that the next waypoint would be ΨBravo Kilo Sierra Delta 
AlphaΩ.   

                                                      
52

 The time format used for the remaining part of Section 1.11.4 will be HH.MM:SS. 
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The Commander confirmed the configuration of the aircraft as ΨIndicated Airspeed, Search 
and Rad AltΩ. The Co-pilot noted, at 00.45:37 hrs, that there were Ψsmall targets53 at six miles 
мм ƻΩŎƭƻŎƪΧƭŀǊƎŜ ƻǳǘ ǘƘŜǊŜ ǘƻ ǘƘŜ ǊƛƎƘǘΩ. Three seconds later, a synthetic voice was heard 
annunciating an ΨALTITUDE ALTITUDEΩ caution. The Commander acknowledged this by 
stating that ΨǘƘŜǊŜΩǎ Ƨǳǎǘ ŀ ǎƳŀƭƭ ƭƛǘǘƭŜ ƛǎƭŀƴŘ ǘƘŀǘΩǎ .[ah ƛǘǎŜƭŦΩ54. 
 

At 00.45:56 hrs, the Winchman informed the Commander that he was Ψlooking at an island 
directly ahead of us now guys, you wanna come right ώ/ƻƳƳŀƴŘŜǊΩǎ ƴŀƳŜϐΩ. The 
Commander asked the Winchman ΨOK come right, confirm?Ω The Winchman replied Ψtwenty 
degrees right yehΩ. At 00.46:02 hrs, the Commander requested the Co-pilot to ΨOK come 
ǊƛƎƘǘΣ ǎŜƭŜŎǘ ƘŜŀŘƛƴƎΧǎŜƭŜŎǘ ƘŜŀŘƛƴƎΩ. TƘƛǎ ǿŀǎ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ Ψ8.3.17.3.2 Autopilot ς 
Coupler / flight director modesΩ ǿƘƛŎƘ ǎǘŀǘŜǎ ΨAll mode selections below 500 feet at night or 
in IMC shall be made by the PM, on the PF's request, with the exception of selection of GA 
(and any other mode that may be engaged directly by buttons on the flight controls) and full 
disengagement of the coupler / FD. 
 

The Co-pilot replied, at 00.46:04 hrs, ΨwƻƎŜǊΧƘŜŀŘƛƴƎ ǎŜƭŜŎǘŜŘΩ. Within one second of the 
Co-ǇƛƭƻǘΩǎ ǊŜǇƭȅΣ ǘƘŜ ²ƛƴŎƘƳŀƴ ǎŀƛŘ Ψ/ƻƳŜ ǊƛƎƘǘ ƴƻǿΧŎƻƳŜ ǊƛƎƘǘΧ/ha9 wLDI¢Ω in an 
increasingly concerned tone; less than one second after this, at 00.46:08 hrs, a synthetic 
voice was heard annunciating an ΨALTITUDE ALTITUDEΩ caution. Coincident with the second 
ŀƴƴǳƴŎƛŀǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊŘ ΨALTITUDEΩΣ a sound was heard, which the Investigation believes 
was due to the initial impact. During the final seven seconds of the CVR recording there were 
no recorded identifiable verbalisations by any Crew Members or exchanges between the 
Crew. A synthetic voice was heard annunciating a number of caution messages prior to the 
end of the recording; ΨSMOKE IN BAGGAGE, SMOKE IN BAGGAGEΩ, ΨDECOUPLEΩ, ΨTOO LOW 
GEAR TOO LOW GEΩ. The recording ended at 00.46:19 hrs, during the second annunciation of 
the ΨTOO LOW GEARΩ caution. 
 

1.11.5 Cockpit Area Microphone Recordings ς Content 
 

The CVR recorded two Cockpit Area Microphone (CAM) Channels, previously described as 
ǘƘŜ ΨLQCΩ ŀƴŘ ΨHQCΩ Channels. The LQC Channel recorded 2.02:30 hrs of low quality (150 Hz 
to 3.5 kHz) recording of the CAM. The HQC Channel recorded 33.43 minutes of high quality 
audio (150 Hz to 6 kHz) from the CAM. The microphone which supplies the audio to the CVR 
is located on the upper part of the main cockpit instrument panel between MFD 5 and  
MFD 3. 
 

The Investigation examined a spectrogram55 of the CAM recordings (Figure No. 14) with the 
assistance of the UK AAIB Recorder Laboratory and noted that the audio frequency of the 
recording was consistent with the HelicopterΩǎ Ƴŀƛƴ ǊƻǘƻǊ wta ŀǎ ǊŜŎƻǊŘŜŘ ƻƴ ǘƘŜ C5w. In 
particular, the Investigation observed that there was a drop in the audio frequency of the 
CAM recording in the moments leading up to the initial sound of impact at 00.46:08 hrs.  

                                                      
53

 In Preliminary Report 2017-006, the transcript stated the phrase; Ψsmall target at six milesΩ. Subsequent 
review, analysis and validation of the CVR concluded that the word used by the Co-pilot was ΨtargetsΩ (plural). 
54

 In Preliminary Report 2017-006, the ǘǊŀƴǎŎǊƛǇǘ ǎǘŀǘŜŘ ǘƘŜ ǇƘǊŀǎŜΤ Ψ9Ƙ Ƨǳǎǘ ŀ ǎƳŀƭƭ ƭƛǘǘƭŜ ƛǎƭŀƴŘΧ ǘƘŀǘΩǎ . [ a h 
itselfΩ.  Subsequent review, analysis and validation of the CVR concluded that the phrase used by the 
/ƻƳƳŀƴŘŜǊ ǿŀǎ Ψthere's just a small little island that's B L M O itselfΩ 
55

 Spectrogram: A graph with time on X-axis and audio signal frequency on Y-axis (also called a Sonogram). 
Frequency is measured in a linear vertical scale from 1,024 to 8,000 hertz. 
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Figure No. 14: {ǇŜŎǘǊƻƎǊŀƳ ƻŦ Ŧƛƴŀƭ нл ǎŜŎƻƴŘǎ ƻŦ ΨIv/Ω /!a  

recording with FDR Main Rotor RPM data 

 
The CAM audio recording indicated that there was an increase in a sound that may have 
been due to wind noise. While the noise was of a similar frequency to the rotor RPM noise 
shown in the Spectrogram, an examination of the waveform56 of the final 10 seconds of the 
flight (Figure No. 15) indicated a gradual but considerable change in amplitude during the 
final five seconds of the recording. 
 

 
 

Figure No. 15: ²ŀǾŜŦƻǊƳ ƻŦ Cƛƴŀƭ мл ǎŜŎƻƴŘǎ ƻŦ wммс ΨIv/Ω /ƻŎƪǇƛǘ !ǊŜŀ aƛŎǊƻǇƘƻƴŜ 

The CAM channel did not record any sounds that would indicate the separation of any parts 
of the cabin structure, doors or windows prior to the end of the recording. 
 
A sound consisting of two sequential, high-pitched, half second long, descending tones was 
recorded ŀǘ ллΦпсΥмо ƘǊǎΣ ƛƳƳŜŘƛŀǘŜƭȅ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǎŜŎƻƴŘ ŀƴƴǳƴŎƛŀǘƛƻƴ ƻŦ ΨSMOKE IN 
BAGGAGEΩ, on two of the CVR channels. The sound was recorded on the ΨCVCΩ ŀƴŘ ΨCV1Ω 
ŎƘŀƴƴŜƭǎΣ ōǳǘ ƴƻǘ ƻƴ ŜƛǘƘŜǊ ƻŦ ǘƘŜ /ƻŎƪǇƛǘ /ǊŜǿ ŎƘŀƴƴŜƭǎ όΨCV2Ω ŀƴŘ ΨCV3Ωύ. The sound was 
not heard again during the final six seconds of audio recording. 
  

                                                      
56

 Waveform: A graph with time on X-axis and audio signal amplitude on Y-axis. Amplitude is measured in a 
linear vertical scale from -1.0 to +1.0 units. 
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1.11.6 Recorded Flight Data 
 

 Position Data (Latitude and Longitude) 1.11.6.1
 

As noted in the LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ CƛǊǎǘ LƴǘŜǊƛƳ {ǘŀǘŜƳŜƴǘ, during the examination of the data 
recovered from the FDR, the Investigation found that the latitude and longitude position 
information, whilst generally consistent with the expected flight path, appeared anomalous 
(Figure No. 16). 
 

 
 

Figure No. 16: Position data from FDR1 showing the flight path of EI-ICR 
 

Lǘ ǿŀǎ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜŎƻǊŘŜŘ ƻƴ C5wм ǇǊƻŘǳŎŜŘ ŀ ƧŀƎƎŜŘ ƻǊ ΨzigzagΩ 
flight path. The Investigation reviewed the position information for FDR2 for comparative 
purposes; this data also indicated a jagged flight path (Figure No. 17). 
 

The Investigation reviewed the FDR positional data for EI-ICG, another IRCG S-92A 
helicopter. TƘƛǎ Řŀǘŀ ŀƭǎƻ ǇǊƻŘǳŎŜŘ ǘƘŜ ƧŀƎƎŜŘ ƻǊ ΨzigzagΩ ŦƭƛƎƘǘ ǇŀǘƘ. The Investigation 
informed the Helicopter Manufacturer of this finding; the Manufacturer conducted an 
examination of the data processing and recording system for present position on the S-92A 
helicopter. 
 

 
 

Figure No. 17: Position data from FDR1 and FDR2 showing the flight path of EI-ICR 

The primary navigation interface between the helicopter and the flight crew is the FMS. Raw 
GPS data is received by the FMS from satellite sensors and is provided as an input to the 
various aircraft systems including the AHRS, and the MFDs in order to enable accurate 
navigation of the helicopter.   
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Thereafter, the position data is provided to the various recording systems on board the 
helicopter, such as the FDR and HUMS. This architecture is shown in Figure No. 18. The 
Helicopter Manufacturer informed the Investigation that the position data being supplied 
from the AHRS, to the MFD and HUMS is formatted in four parts; a coarse position for 
latitude, a coarse position for longitude, a fine position for latitude and a fine position for 
longitude. The coarse position is accurate to within approximately 61 ft, and the addition of 
fine position increases the accuracy of the overall position to within approximately 2 ft. It 
was noted by the Investigation that the MFD did not supply the four components of the 
position data to the FDR at all times. 
 

 
 

Figure No. 18: Positional Data Flow from FMS to FDR and HUMS (Helicopter Manufacturer) 

The Helicopter Manufacturer informed the Investigation that the MFD logic was designed to 
provide both coarse and fine position data to the FDR if the helicopter was travelling at a 
groundspeed of less than 50 kts and/or in SAR APP2 (SAR Approach Mode 2). At all other 
times, only coarse data was to be provided to the FDR, which reduced the accuracy from 
within 2 ft to within 61 ft approximately. 
 

During the accident flight the Helicopter departed from EIDW and accelerated to normal 
cruising speed. Thereafter, the FDR data indicated that it remained above 50 kts 
groundspeed until the end of the recording. 
 

The Helicopter Manufacturer informed the Investigation that the difference between the 
coarse and fine position was insufficient to account for the jagged flight path that was 
recorded on the FDR of EI-ICR (and EI-ICG). The MFD supplies the position data through a 
Data Concentrator Unit (DCU) to the FDR. This data consists of 20 bits57 of information for 
each of the two parameters (coarse latitude and coarse longitude). Following further 
examination of the FDR data recording process, the Manufacturer informed the Investigation 
that a formatting error in the data output from the MFD to the DCU caused two bits of data 
to be masked (hidden) from view. This error resulted in 18 bits rather than the original 20 
bits of data being recorded on the FDR for the position of the Helicopter. This masking 
resulted in a reduction in the accuracy of the coarse position recorded from approximately 
61 ft to 247 ft. The existence of this error has been confirmed by the Helicopter 
Manufacturer through laboratory and flight testing.  

                                                      
57

 Bit: Binary Digit ς ŀ ǎƛƴƎƭŜ ǇƛŜŎŜ ƻŦ ŘƛƎƛǘŀƭ ŘŀǘŀΣ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ŜƛǘƘŜǊ ŀ ΨмΩ ƻǊ ΨлΩ ōƛƴŀǊȅ ǾŀƭǳŜΦ 
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 Safety Action ς Position Data (Latitude and Longitude) 1.11.6.2
 

The Helicopter Manufacturer advised the Investigation that the formatting error would be 
addressed by a future software update. The Manufacturer confirmed to the Investigation 
that the error in the formatting of position data does not affect the navigation functions of 
the helicopter, pilot displays, AHRS, or HUMS recorded data. The error is limited to the data 
passed from the MFD through the DCU to the FDR. The Manufacturer also confirmed that 
the data processing system is unique to the S-92A helicopter and is not used in the 
aŀƴǳŦŀŎǘǳǊŜǊΩǎ ƻǘƘŜǊ ǘȅǇŜǎ ƻǊ ǾŀǊƛŀƴǘǎ ƻŦ ƘŜƭƛŎƻǇǘŜǊΦ Accordingly, the Investigation is 
satisfied that this anomaly was not a factor in the accident. 
 

In ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ CƛǊǎǘ LƴǘŜǊƛƳ {ǘŀǘŜƳŜƴǘ, the Investigation acknowledged the positive 
engagement of the Helicopter Manufacturer in identifying the root cause of the position 
data discrepancy in the FDR recordings. Notwithstanding the Safety Action commenced by 
the Manufacturer, coarse position data was (and is) being provided to the FDR of S-92A 
helicopters. The ΨManual of Accident and Incident Investigation (ICAO Doc 9756)Ω states that 
ΨThe primary purpose of a modern FDR system is to capture all significant data related to the 
ƻǇŜǊŀǘƛƻƴ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ŀƛǊŎǊŀŦǘΩ. The Investigation was of the view that the most 
accurate available position should be recorded on the FDR, regardless of groundspeed, SAR 
mode or any other flight phase. Consequently, the Investigation issued Safety 
Recommendation IRLD2018001 relating to the Flight Data Recording System in its First 
Interim Statement.  
 

The Sikorsky Aircraft Corporation should make the necessary updates/modifications to 
the S-92A helicopter to ensure that the latitude and longitude information recorded on 
the Flight Data Recorder reflects the most accurate position information available during 
all flight regimes and mission profiles (IRLD2018001). 

 

The response to date is presented in Appendix G to this Report. 
 

1.11.7 Navigation Mode Data (AFCS SAR Modes) 
 

During the course of the Investigation, it became apparent that not all of the lateral 
navigation modes were being recorded to the FDR. In particular, during the final three 
minutes of the accident flight, the FDR contained no record of an AFCS lateral navigation 
mode being used to navigate the Helicopter along the desired flight path until activation of 
the Heading mode just prior to the initial impact with Black Rock. The CVR provided the 
Investigation with an indication of the navigation mode requested by the crew during the 
flight. The Investigation was able to identify an absence of a selected lateral navigation 
mode on the FDR. However, this did not eliminate the possibility that the Helicopter was 
ƻǇŜǊŀǘƛƴƎ ƛƴ ǎƻƳŜ ŦƻǊƳ ƻŦ Ψroll holdΩ ƳƻŘŜ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀƴȅ ƻǘƘŜǊ ǎŜƭŜŎǘŜŘ ƭŀǘŜǊŀƭ 
mode. 
 

The Helicopter Manufacturer confirmed that not all AFCS SAR modes are recorded on the 
FDR. The Manufacturer informed the Investigation that the AFCS SAR modes are recorded on 
the HUMS card. Using the HUMS data, the Manufacturer provided the Investigation with the 
necessary lateral navigation parameters in use during the flight.  
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¢ƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴ ǿŀǎ ǳƴŀōƭŜ ǘƻ ŦƛƴŘ ŀƴȅ ǊŜŦŜǊŜƴŎŜ ǘƻ ǘƘŜ ΨSRCHΩ ƳƻŘŜ ƛƴ ǘƘŜ IŜƭƛŎƻǇǘŜǊ 
aŀƴǳŦŀŎǘǳǊŜǊΩǎ wCa {ǳǇǇƭŜƳŜƴǘ ƻǊ ƛƴ ǘƘŜ hǇŜǊŀǘƻǊΩǎ ƻǇŜǊŀǘƛƻƴǎ ƳŀƴǳŀƭǎΦ ¢ƘŜ hǇŜǊŀǘƻǊ 
informed the Investigation that ǎŜƭŜŎǘƛƴƎ ΨSRCHΩ ƻƴ ǘƘŜ {!w ƳƻŘŜ ƳŜƴǳ ƻƴ ǘƘŜ a{tΣ 
coupled the helicopter to the roll channel, and that the functionality was identical to 
selecting ΨNAVΩ on the MSP. The Operator further explained that if a crew was following an 
FMS company route, and had the SAR menu active on the MSP, they would press the SRCH 
button which would couple the helicopter in roll, and the helicopter would fly the route for 
them. 
 
The Helicopter Manufacturer informed the Investigation that when SRCH is engaged, the 
Coupled Flight Director (CFD) can only couple to the FMS, as opposed to the NAV button, 
which allows coupling to either FMS or VOR. It also said that use of the SRCH button 
provided a subset of the functionality of the NAV button. The Helicopter Manufacturer 
confirmed that SRCH can be used to follow FMS navigation without an active search pattern, 
that existing RFM documentation on NAV mode also applies to SRCH, and that there is no 
specific published guidance on AFCS SRCH mode. 
 
Sikorsky S-92A RFMS No. 4 Part 1 includes the following limitation related to the use of SAR 
AFCS modes: ΨNight or IMC SAR approaches are only permitted if the entire approach is 
conducted overwaterΩΦ 
 

1.11.8 Recorded Flight Data Timing 
 
As previously described in ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ tǊŜƭƛƳƛƴŀǊȅ wŜǇƻǊt, the FDR component of the 
MPFR recorded the data from 952 parameters over a period of 25 hours. The MPFR recorded 
two copies of these parameters ς one copy to each of the respective DOC modules on the 
CSMM (FDR1 and FDR2). The Investigation initially noted that there was a discrepancy of 
approximately 32 minutes between FDR1 and FDR2 recording durations. The Investigation 
confirmed that this anomaly did not result from corrosion during immersion in salt water or 
due to any pre-existing condition. The FDR data contained a series of ΨǊŀƴŘƻƳ ȊŜǊƻeǎΩ which 
were recorded to the device during routine power interruptions associated with start-up and 
shut-down of the Helicopter. The discrepancy occurred due to a read error by the MPFR 
ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǇǊƻǇǊƛŜǘŀǊȅ ǎƻŦǘǿŀǊŜΣ ǿƘƛŎƘ ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ ȊŜǊƻes as valid flight data, rather 
than as part of the power-up or power-down of the device. When the data was extracted 
ǳǎƛƴƎ ǘƘŜ !!L¦Ωǎ ǇǊƻǇǊƛŜǘŀǊȅ ǎƻŦǘǿŀǊŜΣ ǿƘƛŎƘ ŎƻǊǊŜŎǘƭȅ ƛƴǘŜǊǇǊŜǘŜŘ ǘƘŜ ΨǊŀƴŘƻƳ ȊŜǊƻeǎΩ data, 
there was no discrepancy between the duration of the two sets of data on the MPFR (FDR1 
and FDR2). This confirmed that the same flight data duration had been recorded on both of 
the FDR DOCs. The Investigation is satisfied that this anomaly did not affect the analysis of 
the data.  
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1.11.9 FDR Flight Data Summary 

 
The FDR data indicated that the Helicopter departed EIDW from RWY 16 at 23.02 hrs, and 
commenced a climbing right turn, during which time the FMS lateral navigation (LNAV) 
mode was selected. This mode established the Helicopter on a course direct to Sligo. As the 
Helicopter passed through 1,400 ft altitude, Dublin ATC provided radar vectors for traffic 
separation. The Helicopter levelled at an altitude of 3,000 ft on a QNH of 1029 hPa as it 
crossed ΨThe WardΩΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅ н ba ǿŜǎǘ-north-west of Dublin Airport, and accelerated 
to an IAS of 130 kts. The Helicopter resumed lateral navigation to Sligo at 23.09 hrs, and 
followed the track shown in Figure No. 19. 
 
At 23.20 hrs, in the vicinity of Athboy, Co. Meath, the Helicopter turned left onto a course 
that would bring it towards Blacksod Helipad. At 23.34 hrs, the Helicopter commenced a 
climb from 3,000 ft using vertical speed and reduced the IAS to 100 kts as it passed south of 
Granard, Co. Longford. The Helicopter levelled at 4,000 ft altitude three minutes later and 
accelerated to 130 kts IAS. The Helicopter maintained a course towards Blacksod Helipad for 
an additional three minutes. At 23.39 hrs, as the Helicopter passed 6 NM north-east of 
Longford Town, the course was adjusted to route directly to the FMS waypoint BLKMO, 
which involved a left turn of approximately four degrees onto a magnetic course of 280 
degrees. The Helicopter maintained this course and altitude at an indicated airspeed of 130 
kts. 
 

 
 

Figure No. 19: Flight Path of R116 from departure until on track for Sligo 
 

At 23.43 hrs, the FDR recorded the Co-ǇƛƭƻǘΩǎ ǿŜŀǘƘŜǊ ǊŀŘŀǊ ǊŀƴƎŜΣ ǿƘƛŎƘ ƘŀŘ been set at 10 
miles range from the start of the flight, was set to 25 mile range. The Co-ǇƛƭƻǘΩǎ aC5 2 was 
the only cockpit screen that displayed weather radar information during the flight (Table No. 
23).  
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At 00.17 hrs, the selected IAS was reduced to 120 kts. As the Helicopter passed 2 NM south 
of Nephin Beg Mountain at 00.22 hrs58, while still at 4,000 ft, the FDR recorded that the 
selected range on the weather radar was changed from 25 miles range back to 10 mile 
range. The position of this range change was 24 NM east of Black Rock, and was just prior to 
the Co-pilot briefing the Winchman on the intended route into Blacksod. At 00.32 hrs, the 
selected IAS was reduced to 110 kts. 
 

The FDR recorded data related to the MFDs and the weather radar for the duration of the 
flight. The configuration of each MFD and the weather radar mode and range settings from 
the point at which the Helicopter commenced descent from 4,000 ft until the end of the 
recording are shown in Table No. 23. These settings did not change during the remainder of 
the flight. 
 

Parameter Status 
Option 

MFD1 MFD2 MFD5 MFD3 MFD4 

WxR Display 
ACTIVE/ 
NOT ACTIVE 

NOT 
ACTIVE 

ACTIVE: 
10NM Range 

NOT 
ACTIVE 

NOT 
ACTIVE 

NOT 
ACTIVE 

Terrain 
Display 

ACTIVE/ 
NOT ACTIVE 

ACTIVE 
NOT 

ACTIVE 
NOT 

ACTIVE 
NOT 

ACTIVE 
NOT 

ACTIVE 

Display 
Mode 

PFD/NAV/ 
EICAS/VIDEO 

PFD NAV EICAS 
TACTICAL 
VIDEO
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PFD 

Display 
Format 

HSI FULL/ARC 
Dig Map/Fixed 

ARC ARC N/A DIG MAP FULL 

Declutter 
ACTIVE/ 
NOT ACTIVE 

NOT 
ACTIVE 

NOT 
ACTIVE 

NOT 
ACTIVE 

NOT 
ACTIVE 

NOT 
ACTIVE 

TCAS 
Display 

ACTIVE/ 
NOT ACTIVE 

ACTIVE ACTIVE NOT ACTIVE ACTIVE ACTIVE 

Flight plan 
SELECTED/ 
NOT SELECTED 

SELECTED SELECTED 
NOT 

SELECTED 
SELECTED 

NOT 
SELECTED 

LTNG 
Display 

ACTIVE/ 
NOT ACTIVE 

NOT 
ACTIVE 

NOT 
ACTIVE 

NOT 
ACTIVE 

NOT 
ACTIVE 

NOT 
ACTIVE 

 

Table No. 23: EI-ICR MFD Configuration from Top of Descent until End of Recording 
 

At 00.34 hrs, the Helicopter began to descend from 4,000 ft at a rate of 500 fpm using FD 
No. 1 Alt Pre-select mode, and the IAS was reduced to 100 kts. The flight path and significant 
FDR events for the remaining 12 minutes of the flight are represented in Figure No. 20. The 
Helicopter passed through 3,400 ft in the descent at 00.36 hrs, and ΨIŜŀŘƛƴƎΩ mode was 
selected as the active lateral navigation mode. The Alt Pre-select mode remained engaged 
until 00.38 hrs, as the Helicopter passed 2,400 ft in the descent. This is the altitude at which 
APP1 AFCS SAR mode becomes available for selection. The FDR records APP1 selection at  
00.37 hrs. At 00.39 hrs, the Helicopter turned right from a magnetic heading of 277 degrees 
onto a heading of 291 degrees. The IAS was selected to 90 kts at 00.40 hrs, and the 
Commander requested the Co-Ǉƛƭƻǘ ǘƻ ǎŜƭŜŎǘ Ψ5ƛǊŜŎǘ ǘƻ .[YahΩ on the FMS, and he 
acknowledged this. The bearing to BLKMO at this time was 137 degrees. However, the 
IŜƭƛŎƻǇǘŜǊ ǊŜƳŀƛƴŜŘ ƛƴ ΨIŜŀŘƛƴƎΩ mode during the descent. At 00.42 hrs, an IAS of 80 kts was 
selected as part of the APP1 mode requirements. The APP1 mode disengaged at  
00.42 hrs. The local OAT recorded by the FDR was +10°C.  

                                                      
58

 The CVR recorded the cockpit Crew discussing the high ground in the vicinity of the helicopter at this time. 
59

 Tactical Video: In this cockpit configuration, this term refers to the Euronav moving map display. 
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Once the Helicopter had levelled at 200 ft on the Rad Alt, the selected heading bug was 
turned to the left over a period of fourteen seconds from its heading of 291 degrees onto a 
heading of 137 degrees. This was the course required to fly direct to BLKMO when, at  
00.40 hrs, the Commander had previously requested (as recorded on the CVR) Ψ5ƛǊŜŎǘ ǘƻ 
.[YahΩ. TƘŜ IŜƭƛŎƻǇǘŜǊ ōŜƎŀƴ ǘƻ ǘǳǊƴ ǘƻ ǘƘŜ ƭŜŦǘ ƛƴ ΨheadingΩ ƳƻŘŜΦ ! Ǌƻƭƭ ŀƴƎƭŜ ƻŦ мн 
degrees was recorded by the FDR. The turn rate shown in Figure No. 20 appears higher than 
this roll angle would suggest. This was due to the effect of the prevailing wind at the time. 
 

 
 

Figure No. 20: FDR/HUMS Significant Events, 00.34 hrs - 00.46 hrs 
 

The FDR recorded the wind as coming from 230 degrees magnetic with a speed of 33 kts; the 
IŜƭƛŎƻǇǘŜǊΩǎ ƎǊƻǳƴŘǎǇŜŜŘ ǿŀǎ ǊŜŎƻǊŘŜŘ ŀǎ рл ƪǘǎ ŘǳǊƛƴƎ ǘƘŜ ǘǳǊƴ. As the Helicopter passed 
through a heading of 230 degrees, the crosswind component caused the Helicopter to drift 
further eastwards in the turn. The Helicopter continued turning left and as it passed through 
203 degrees, the FDR recorded that the FD No. 1 ΨIŜŀŘƛƴƎ {ŜƭŜŎǘΩ mode was de-activated 
and the roll angle reduced to 3 degrees to the left. This reduction in roll angle coincided  
(00.42 hrs) with a recording on the CVR of the Co-Ǉƛƭƻǘ ŀƴƴƻǳƴŎƛƴƎ ΨSearch selectedΩ. The 
HUMS data recorded the activation of the AFCS SAR SRCH navigation mode at this time. The 
/ƻƳƳŀƴŘŜǊ ǿŀǎ ƘŜŀǊŘ ǘƻ ŎƻƴŦƛǊƳ ΨIndicated Airspeed, Search and Rad Alt ŎŀǇǘǳǊŜŘΩ on the 
CVR. 
 

At 00.43 hrs, the FDR recorded a change in roll angle to the right, which caused a three 
degree turn to the right. The Helicopter then returned to a roll angle of 1-2 degrees to the 
left. Although the FDR or HUMS recorded no change in lateral mode selection, this sequence 
of manoeuvres would be indicative of the Helicopter AFCS Flight Director transitioning from 
a navigation ARM mode to navigation CAPTURE mode; the NAV mode in this instance being 
SRCH. At 00.44 hrs, the IAS was further reduced to 75 kts, and remained at this selection 
until the final accident sequence. 
 

Also at 00.44 hrs, the FDR recorded the use of the transmission button on ICS station 3 (the 
²ƛƴŎƘ hǇŜǊŀǘƻǊΩǎ ǎǘŀǘƛƻƴύΤ ǘƘƛǎ ǿŀǎ ŀ Ŏŀƭƭ ǘƻ .ŜƭƳǳƭƭŜǘ /ƻŀǎǘ DǳŀǊŘΣ ŀ Ŏŀƭƭ ǎƛƎƴ ǿƘƛŎƘ ǿŀǎ 
being used by MRSC Malin. The Helicopter continued to turn to the left and it began to 
reduce the rate of turn to establish on a direct course towards BLKMO. At this point 
Duvillaun Mór LǎƭŀƴŘ ǿŀǎ с ba ƛƴ ǘƘŜ Ψмм ƻΩŎƭƻŎƪΩ position and the high ground at Achill was 
to the right of thŜ IŜƭƛŎƻǇǘŜǊΩǎ ǘǊŀŎƪΤ ǘƘŜ ǊŜŎƻǊŘŜŘ (Co-pilotΩǎ ǎƛŘŜύ magnetic heading was 
ммф ŘŜƎǊŜŜǎΣ ǿƛǘƘ ŀ ǊŜŎƻǊŘŜŘ ŘǊƛŦǘ ŀƴƎƭŜ ƻŦ мм ŘŜƎǊŜŜǎ ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ IŜƭƛŎƻǇǘŜǊΩǎ 
magnetic heading.  
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!ǘ ллΦпр ƘǊǎΣ ǘƘŜ C5w ǊŜŎƻǊŘŜŘ ǘƘŜ /ƻƳƳŀƴŘŜǊΩǎ wŀŘ !ƭǘ ǊŜŘǳŎƛƴƎ ǘƻ мтм Ŧǘ ŀnd the Co-
ǇƛƭƻǘΩǎ wŀŘ !ƭǘ ǊŜŘǳŎƛƴƎ ǘƻ мтл Ŧǘ. This was as the Helicopter passed over an outcrop of two 
rocks, Carrickduff and Carrickad, which are located approximately 0.65 NM to the west of 
the Black Rock. These heights were below the selected minimum Rad Alt height of 180 ft, 
ŀƴŘ ǘƘƛǎ ǘǊƛƎƎŜǊŜŘ ŀƴ Ψ![¢L¢¦59Σ ![¢L¢¦59Ω annunciation in the cockpit. The Commander 
identified this saying Ψthere's just a small little island that's B L M O itselfΩΦ 
 

The FDR recorded a rate of climb of 125 fpm for two seconds as the AFCS returned the 
Helicopter to the selected Rad Alt height of 200 ft. Four seconds later, the Helicopter 
descended at 125 fpm for two seconds to recover back to 200 ft again as the Helicopter 
passed east of Carrickduff and Carrickad. The Helicopter rolled out of the left turn and 
maintained a heading of 120 degrees while in SRCH mode, 20 seconds prior to the initial 
impact. The FDR parameters from the Co-ǇƛƭƻǘΩǎ ǎƛŘŜ ƻŦ ǘƘŜ IŜƭƛŎƻǇǘŜǊ ǊŜŎƻǊŘŜŘ 
groundspeed of 90 kts, and a drift angle of мн ŘŜƎǊŜŜǎ ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ IŜƭƛŎƻǇǘŜǊΩǎ 
magnetic heading of 120 degrees, which gave a track-over ground of 108 degrees. The 
²ƛƴŎƘƳŀƴΩǎ ƻōǎŜǊǾŀǘƛƻƴ ƻŦ Ψan island, directly aheadΩ ƻŎŎǳǊǊŜŘ ŀōƻǳǘ слл ƳκлΦо ba ŦǊƻƳ 
the western end of Black Rock at approximately 12 seconds prior to the initial impact with 
terrain. The FDR data did not indicate any technical issues or exceedances during the flight. 
 

1.11.10 Final Accident Sequence 
 

A graphical representation of the FDR parameters for the final minutes of the accident flight 
is included in Appendix N. At 00.45:48 ƘǊǎΣ ǘƘŜ ΨǎŜƭŜŎǘŜŘ ƘŜŀŘƛƴƎΩ parameter on the FDR 
changed instantly from 137 degrees to the HŜƭƛŎƻǇǘŜǊΩǎ ŀŎǘǳŀƭ ƘŜŀŘƛƴƎ ƻŦ мнл degrees, 
ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ǘƘŜ ΨPUSH SYNCΩ ōǳǘǘƻƴ ǿŀǎ ǇǊŜǎǎŜŘ ƻƴ ǘƘŜ ƘŜŀŘƛƴƎ ƪƴƻō on the Remote 
Instrument Controller (Figure No. 21) located on the right-hand side of the cockpit central 
console. FƻǊ ŎƭŀǊƛǘȅΣ ǘƘŜ ΨPUSH DIRΩ ōǳǘǘƻƴǎ ƻƴ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊ Řƻ ƴƻǘ ŦǳƴŎǘƛƻƴ when FMS 
navigation mode is selected; they cause the respective left or right course indicator bar (Ψthe 
split barΩ) to point at the selected navigation source. This action will not cause the Helicopter 
to route direct to the source unless an appropriate lateral navigation mode is selected on the 
AFCS. It will not change the navigation mode or waypoint selection in the FMS Flight Plan. 
 

 
 

Figure No. 21: Remote Instrument Controller with Heading Synchronisation button 

At 00.46:04 hrs, ΨHeading HOLD ONΩ ǿŀǎ ǎŜƭŜŎǘŜŘ ŀƴŘ ŎŀǇǘǳǊŜŘΣ ŀƴŘ ƻƴŜ ǎŜŎƻƴŘ ƭŀǘŜǊ ǘƘŜ 
selected heading changed from 120 degrees to 123 degrees. 
 

At 00.46:06 hrs, a number of parameter changes were recorded by the FDR (unless 
otherwise stated, the equivalent parameters from the Co-ǇƛƭƻǘΩǎ ǎƛŘŜ ƻŦ ǘƘŜ Ielicopter that 
were recorded on the FDR were of similar magnitude in each case): 
 

¶ The Rotor Speed reduced from 105% to 98% 

¶ The tƛƭƻǘΩǎ Collective Stick Position changed from -21.25% to +30%   
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¶ The tƛƭƻǘΩǎ Pitch Attitude changed from +3° to +5° 

¶ The tƛƭƻǘΩǎ ±ŜǊǘƛŎŀƭ {ǇŜŜŘ increased to 1,000 fpm 

¶ The tƛƭƻǘΩǎ Pitch Stick Position changed from +12% to -27% 

¶ The tƛƭƻǘΩǎ wƻƭƭ {ǘƛŎƪ tƻǎƛǘƛƻƴ changed from -1.5% to +11% 

¶ The tƛƭƻǘΩǎ L!{ was 80 kts and the tƛƭƻǘΩǎ Groundspeed was 90 kts 

¶ The Vertical Acceleration increased from 1g to 1.9g 

 
It should be noted that the Helicopter Manufacturer confirmed to the Investigation that the 
FDR records Pitch, Roll and Collective Stick position for both the Pilot and Co-pilot channels, 
but does not measure or record the magnitude of the force applied to any of the 
IŜƭƛŎƻǇǘŜǊΩǎ ǇǊƛƳŀǊȅ flight controls. The FDR data did not record whether any forces applied 
to the flight controls originated from the /ƻƳƳŀƴŘŜǊΩǎ or Co-ǇƛƭƻǘΩǎ ǊŜǎǇŜŎǘƛǾŜ ŦƭƛƎƘǘ 
controls. 
 
At 00.46:07 hrs: 
 

¶ The Rotor Speed reduced from 98% to 94.25% 

¶ The tƛƭƻǘΩǎ Collective Stick Position changed from 30% to -10.25% 

¶ The tƛƭƻǘΩǎ Pitch Attitude changed from +5° to +29.8° 

¶ The tƛƭƻǘΩǎ ±ŜǊǘƛŎŀƭ {ǇŜŜŘ increased from 1,000 fpm to 3,000 fpm 

¶ The tƛƭƻǘΩǎ Pitch Stick Position changed from -27% to +29.5% 

¶ The tƛƭƻǘΩǎ wƻƭƭ {ǘƛŎƪ tƻǎƛǘƛƻƴ changed from +11% to -5.5% 

¶ The tƛƭƻǘΩǎ L!{ was 77 kts and the tƛƭƻǘΩǎ Groundspeed was 87 kts. 

¶ The Vertical Acceleration increased from 1.9g to 2.17g 

¶ Master Caution annunciation on the EICAS 

¶ Low Rotor RPM annunciation on the EICAS 

¶ The tƛƭƻǘΩǎ wƻƭƭ ŀǘǘƛǘǳŘŜ increased from 0° to 9° right 

¶ The Yaw rate increased from 0° to 9°/sec to the right 

¶ The Co-pilots Radar Altitude reduced from 216 ft to 76 ft 

¶ The Pilots Radar Altitude reduced from 216 to 85 ft 

¶ 9ƴƎƛƴŜ bƎΩǎ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ ус҈ ǘƻ фт҈ 

¶ The #1 Radar Alt ON deactivated 

¶ ¢ƘŜ Ψ![¢L¢¦59Σ ![¢L¢¦59Ω annunciation was triggered 

¶ FD DGRD (Flight Director degraded) annunciation on the EICAS 

¶ Longitudinal acceleration from 0.02g to 0.45g  
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At 00.46:08 hrs, (the time of impact with terrain): 
 

¶ The Rotor Speed increased from 94% to 107%  

¶ The tƛƭƻǘΩǎ Collective Stick Position changed from -10.25% to +4.75% 

¶ The tƛƭƻǘΩǎ Pitch Attitude changed from +29.8° to +57.6° 

¶ The tƛƭƻǘΩǎ ±ŜǊǘƛŎŀƭ {ǇŜŜŘ increased from 3,000 fpm to 3,250 fpm 

¶ The tƛƭƻǘΩǎ Pitch Stick Position changed from +29.5% to +2% 

¶ The tƛƭƻǘΩǎ wƻƭƭ {ǘƛŎƪ tƻǎƛǘƛƻƴ changed from -5.5% to -30% 

¶ The tƛƭƻǘΩǎ L!{ reduced to 57 kts and the tƛƭƻǘΩǎ Groundspeed reduced to 85 kts. 

¶ The Vertical Acceleration reduced from 2.17g to 1.1g 

¶ The tƛƭƻǘΩǎ wƻƭƭ ŀǘǘƛǘǳŘŜ increased from 9° right to 132° right 

¶ The Yaw rate increased from 9°/sec to the right to 23°/sec to the right 

¶ The Co-pilots Radar Altitude reduced from 76 ft to 5 ft 

¶ The Pilots Radar Altitude reduced from 85 ft to 11 ft 

¶ 9ƴƎƛƴŜ bƎΩǎ ǊŜŘǳŎŜŘ ŦǊƻƳ фт҈ ǘƻ фп҈ 

¶ ¢ƘŜ Ψtƛƭƻǘǎ .ŀǊƻ /ƻǊǊŜŎǘŜŘ !ƭǘƛǘǳŘŜΩ increased from 305 ft to 362 ft 

¶ ¢ƘŜ Ψtƛƭƻǘǎ aŀƎƴŜǘƛŎ IŜŀŘƛƴƎΩ changed from 120° to 160° 

The following systems were recorded on the FDR to have changed status at 00.46:08 hrs: 
 

¶ #1 & #2 Attitude Hold fail      activated 

¶ #1 Baro altitude mode ON      activated 

¶ #1 collective trim fail      activated 

¶ #1 & #2 Secondary SAS fail      activated 

¶ #1 & #2 Heading hold fail      activated 

¶ #1 & #2 NAV vertical mode fail     activated 

¶ #1 & #2 Turn Coordination fail     activated 

¶ #1 & #2 Weight on Wheels      activated 

¶ #1 Yaw trim fail       activated 

¶ Autopilot Channel 1 fail      activated 

¶ Copilot FD Couple fail      activated 

¶ Pilot FD Couple fail       activated 

¶ ¢ƘŜ ΨHARD LANDINGΩ Ŏŀǳǘƛƻƴ     activated 

¶ ¢ƘŜ ΨSMOKE IN BAGGAGEΩ Ŏŀǳǘƛƻƴ    activated 

¶ ¢ƘŜ ΨAUTOPILOT 1 FAILΩ ŀƴŘ ΨAUTOPILOT 2 FAILΩ Ŏŀǳǘƛƻƴǎ activated  
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¶ ¢ƘŜ ΨLEFT GEAR DOWNΩ ƛƴŘƛŎŀǘƛƻƴ     deactivated 

¶ ¢ƘŜ ΨRIGHT GEAR DOWNΩ ƛƴŘƛŎŀǘƛƻƴ    deactivated 

¶ Temp Ch6 IGB       activated 

 

At 00.46:09 hrs: 
 

¶ The Rotor Speed increased from 107% to 110% 

¶ The tƛƭƻǘΩǎ Collective Stick Position changed from +4.75% to +14.75% 

¶ The tƛƭƻǘΩǎ Pitch Attitude changed from +57.6° to -30.5° and then to +29° 

¶ The tƛƭƻǘΩǎ ±ŜǊǘƛŎŀƭ {ǇŜŜŘ changed from 3,250 FPM to -8,000 FPM 

¶ Roll attitude increased from 132° right to 172° right 

¶ The Yaw rate increased from 23°/sec to the right to 60°/sec to the right 

¶ The tƛƭƻǘΩǎ Pitch Stick Position changed from +2% to -33% 

¶ The Co-pilots Radar Altitude increased from 5 ft to 53 ft 

¶ The Pilots Radar Altitude increased from 11 ft to 131 ft 

¶ 9ƴƎƛƴŜ bƎΩǎ increased from 94% to 96% 

¶ The tƛƭƻǘΩǎ L!{ reduced to 19 kts and the tƛƭƻǘΩǎ Groundspeed reduced to 85 kts 

¶ The Vertical Acceleration reduced from 1.1g to -0.43g 

¶ The tƛƭƻǘΩǎ wƻƭƭ {ǘƛŎƪ tƻǎƛǘƛƻƴ changed from -30% to +11% 

¶ ¢ƘŜ Ψtƛƭƻǘǎ .ŀǊƻ /ƻǊǊŜŎǘŜŘ !ƭǘƛǘǳŘŜΩ increased from 362 ft to 544 ft 

¶ ¢ƘŜ Ψtƛƭƻǘǎ aŀƎƴŜǘƛŎ IŜŀŘƛƴƎΩ changed from 160° to 091° 

¶ The AFCS DGRD caution activated 

¶ The AVC FAIL caution activated (AVC: Active Vibration Cancelling System) 

¶ ¢ƘŜ 9Dt²{ Ψ¢hh [h² D9!wΩ ŀŎǘƛǾŀǘŜŘ 

¶ ¢ƘŜ Ψ[!b5LbD D9!w ¦tΩ ²ŀǊƴƛƴƎ ŀŎǘƛǾŀǘŜŘ 

¶ ¢ƘŜ ΨNo. о IȅŘǊŀǳƭƛŎ tǊŜǎǎǳǊŜ IƛƎƘ aƻŘŜΩ activated 

 

From this time onward, the FDR recording indicated that the Helicopter had departed from 
controlled flight. The nature of the HelicopterΩǎ ǘǊŀƧŜŎǘƻǊȅ ŀƴŘ ǘƘŜ ŘȅƴŀƳƛŎ ŦƻǊŎŜǎ ƛƴǾƻƭǾŜŘ 
were such that many of the recorded flight parameters, particularly those that rely on 
dynamic air pressure, cannot be relied on as being accurate. The recorded Rad Alt 
parameters for the final seconds were 228 ft, 183 ft, 490 ft, 483 ft, and 116 ft. Since the Rad 
Alt measurements are based on a radar return from the ground, these parameters cannot be 
relied upon as the Helicopter was experiencing significant pitch and roll excursions. The 
barometric altitude recorded at the time indicated that the HŜƭƛŎƻǇǘŜǊΩǎ ŀƭǘƛǘǳŘŜ ŎƻƴǘƛƴǳŜŘ 
to increase to a maximum of 574 ft before descending to 302 ft at the end of the FDR 
recording.  
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A number of additional parameters are included in Appendix N. These discrete60 parameters 
were recorded on the FDR between 00.46:08 hrs, and the end of the recording at 00.46:19 
hrs, and indicated the functional state of particular systems.  
 

1.11.11 Skytrac Satellite Communication System 
 

The Investigation was provided with a copy of the HŜƭƛŎƻǇǘŜǊΩǎ ŦƭƛƎƘǘ ǇŀǘƘΣ ŀǎ ǊŜŎƻǊŘŜŘ ƻƴ 
the Skytrac system described in Section 1.6, and is shown in Figure No. 22. 
 

 
 

Figure No. 22: Skytrac flight path for EI-ICR, 13-14 Mar 2017 

The track created from the recorded positions of EI-ICR during the flight showed a high 
degree of correlation with the data received from the other available position sources, such 
as FDR, HUMS, AIS and Shannon ATC radar recordings. However, the Skytrac System 
primarily provides a flight-following function and can be configured to transmit position 
information at any interval between 0.5 seconds and 15 minutes. In the case of the IRCG 
helicopters, the position was transmitted every three minutes. The last four positions 
received from EI-ICR are shown in Figure No. 23. The impact with Black Rock occurred prior 
to the expected position transmission at 00.47 hrs. 

 

 
 

Figure No. 23: Skytrac final transmitted positions (white line) for EI-ICR  
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 Discrete: ¢ƘŜ ǘŜǊƳ ΨdiscreteΩ ǊŜŦŜǊǎ ǘƻ ŀ ǎȅǎǘŜƳ ǇŀǊŀƳŜǘŜǊ ǘƘŀǘ ƛǎ ōƛƴŀǊȅ ƛƴ ƴŀǘǳǊŜΤ ŜƛǘƘŜǊ hb ƻǊ hCCΣ 
ACTIVATED or DEACTIVATED, FUNCTIONAL or FAILED.  
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The Investigation noted that while the sampling rate of the positions reported by the Skytrac 
System during the flight is insufficient to reproduce an accurate flight path, the positions and 
times provide a correlation with the other position sources. 
 

1.11.12 AIS Data 
 

The AIS is described in Section 1.6. The IRCG used a real-time display of AIS data on a large 
screen at MRCC Dublin, and at each MRSC. In addition to the position in Latitude and 
Longitude, the AIS System transmits a date and time stamp, the ground speed in knots, 
altitude in metres and helicopter heading in degrees. This data was transmitted at 10 second 
intervals (Figure No. 24). The final transmission was at 00.46:07 hrs. 
 

 
 

Figure No. 24: AIS Position Data, EI-ICR, 00.34 - 00.46 hrs 
 

The AIS data is also used by the National Aeromedical Coordination Centre (NACC) of the 
National Ambulance Service (NAS). It is used to provide NAS staff with near real-time 
information of helicopter locations. In the immediate aftermath of the accident, the Health 
Intelligence Unit of the HSE provided near real-time AIS information for all IRCG helicopters 
to the Investigation (Figure No. 25) including the last position of the Helicopter at 00.46:07 
hrs. 
 

 
 

Figure No. 25: The AIS position reports from EI-ICR as shown on the HSE Health Atlas  
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The NAS provides a flight following service for missions that it tasks. As EI-ICR was tasked by 
the IRCG as part of a SAR tasking, the IRCG was responsible for flight following. The AIS 
information from NAS databases, based on positioning information supplied from the 
IRCG/DTTAS National AIS system, informed the initial search efforts for EI-ICR. The AIS data 
showed a high degree of correlation with the FDR and HUMS data subsequently recovered 
by the Investigation. 
 

The Investigation was notified that an AIS signal apparently associated with EI-ICR had 
appeared on a number of occasions after the accident. In each instance, the MMSI61 number 
associated with EI-ICR would appear on commercially available AIS software systems. The 
MMSI would appear in several different locations, including: near Black Rock, Co. Mayo; 
south-west of Portugal (Figure No. 26); and South America. However, the vessel status, 
speed, course, AIS source, wind speed and wind direction would remain identical regardless 
of the current date or place, and would be more suggestive of a surface vessel than a 
helicopter. 
 

 
 

Figure No. 26: Examples of AIS displaying different Locations of EI-ICR 

The Investigation requested the assistance of the UK MAIB to contact industry sources 
regarding the reliability of commercially available, open-source, AIS-based products. The 
Investigation was informed that the AIS data in question was most likely caused by an 
internal error in the database of received AIS transmissions, rather than due to an 
erroneously programmed AIS transmitter on a vessel, or a signal from EI-L/wΩǎ !L{. 
Accordingly, the Investigation does not consider that these were valid signals from EI-ICR. 
 

1.11.13 EGPWS Annunciations 
 

The EGPWS System is described in Section 1.6.6.5. The warning and caution annunciations 
that do not have an independent audio ŎŀǇŀōƛƭƛǘȅΣ ōǳǘ ǳǎŜ ǘƘŜ 9Dt²{ ΨǾƻƛŎŜΩ as an audio 
source, are listed in Appendix O. The EGPWS manufacturer used the FDR data recovered by 
the Investigation to conduct an EGPWS simulation. With the landing gear in the DOWN 
position, the Mode 4b annunciation criteria were substantially reduced (10 ft at 80 kts). The 
activation of the LOW ALT switch by the Flight Crew at 00.28 hrs ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ Ψƭƻƻƪ ŀƘŜŀŘΩ 
functions of the EGPWS being substantially reduced, and the Mode 6 ΨALTITUDE, ALTITUDEΩ 
(generated from Rad Alt inputs) callout being enabled. However, the lighthouse and terrain 
at Black Rock were not in the EGPWS databases, and therefore ǘƘŜ Ψlook aheadΩ ŦǳƴŎǘƛƻƴ ǿŀǎ 
redundant.  
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 MMSI: A nine digit number used by maritime digital selective calling (DSC), AIS and certain other equipment 
to uniquely identify a ship or a coast radio station. MMSI 250002899 identified EI-ICR. 
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¢ƘŜ ǎƛƳǳƭŀǘƛƻƴ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘŜǊŜ ǿŜǊŜ ǘǿƻ ǎŜǇŀǊŀǘŜ Ŏŀƭƭƻǳǘǎ ƻŦ ΨALTITUDE ![¢L¢¦59Ω. 
These occurred at 00.45:40 hrs, as the Helicopter passed overhead Carrickduff/Carrickad, 
and at 00.46:08 hrs, as the Helicopter approached the western end of Black Rock. Both of 
these annunciations can be heard on all the CVR ICS channels. The simulation demonstrated 
that both events were due to the Rad Alt reducing below the bugged height of 180 ft in 
accordance with the EGPWS Mode 6 criteria. 
 

¢ƘŜ ǎƛƳǳƭŀǘƛƻƴ ƛŘŜƴǘƛŦƛŜŘ ŀƴ 9Dt²{ ŀƴƴǳƴŎƛŀǘƛƻƴ ƻŦ Ψ.!bY !bD[9Ω at 00.46:09 hrs, which 
was within one second after the initial impact with terrain. The EGPWS ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ 
ΨHelicopter - Enhanced Ground Proximity Warning System Pilot's GuideΩ ǎǘŀǘŜŘ ǘƘŀǘ Ψan 
excessive bank angle warning is provided based upon Radio Altitude, Roll Attitude and Roll 
RateΩ. The Manual indicated that at a Rad Alt of 50 ft or below, the annunciation is triggered 
when the bank angle of the Helicopter exceeds 30 degrees. At 00.46:08 hrs, the FDR 
indicated a Rad Alt height of 11 ft and a roll angle of 44 degrees to the right. 
 

¢ƘŜ 9Dt²{ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ Interface Control Document lists a number of annunciations that 
Ψare the only voices that can interruptΩ the current EGPWS annunciation. These include the 
ΨSMOKE IN BAGGAGEΩ ŀƴƴǳƴŎƛŀǘƛƻƴ. The results of the simulation indicated ǘƘŀǘ ǘƘŜ ΨBANK 
!bD[9Ω ŀƴƴǳƴŎƛŀǘƛƻƴ ǿŀǎ ǎǳǇǇǊŜǎǎŜŘ ōȅ ǘƘŜ ǇǊƛƻǊƛǘƛǎŜŘ Ψ{ahY9 Lb .!DD!D9Ω annunciation, 
and was therefore not heard on the CVR. The FDR recorded the activation of the Ψ[h² 
wh¢hwΩ warning just prior to impact as the main rotor RPM reduced below 95%, but this was 
not audible on the CVR. It is considered probable that this was also suppressed by the 
Ψ{ahY9 Lb .!DD!D9Ω annunciation. The recording of the HUMS position data ended prior to 
the end of the CVR recordings. Therefore, it is not possible to accurately represent the 
locations of final EGPWS call-outs that were audible on the CVR. 
 
The substantial reduction in Mode 4b annunciation criteria was based on the undercarriage 
being down and locked. At 00.46:08 hrs, the FDR recorded that the Ψ[9C¢ D9!w 5h²bΩ and 
ΨwLDI¢ D9!w 5h²bΩ indication deactivated. TƘƛǎ ŜǾŜƴǘ ǊŜǎǘƻǊŜŘ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎǊƛǘŜǊƛŀ ƻŦ Ψ150 
Ŧǘ ǘŜǊǊŀƛƴ ŎƭŜŀǊŀƴŎŜ ǿƘŜƴ ōŜƭƻǿ млл ƪǘǎΩ ŀǎ ǎǘŀǘŜŘ ƛƴ ǘƘŜ ΨHelicopter - Enhanced Ground 
Proximity Warning System Pilot's GuideΩ. TƘƛǎ ǘǊƛƎƎŜǊŜŘ ǘƘŜ 9Dt²{ aƻŘŜ пō ΨTOO LOW 
D9!wΩ annunciation. 
 

1.11.14 Health and Usage Monitoring System (HUMS) 
 

 General 1.11.14.1
 

The Helicopter was equipped with a Goodrich HUMS, also referred to as IMD62-HUMS. It is a 
commercially available, integrated airborne and ground system, designed to perform 
diagnostic, health and usage monitoring functions on a hŜƭƛŎƻǇǘŜǊΩǎ ŘǊƛǾŜ ǘǊŀƛƴΣ ǇǊƻǇǳƭǎƛƻƴΣ 
auxiliary and structural components. IMD-HUMS is intended to provide information to an 
operator, maintenance personnel and flight crew, about the maintenance and serviceability 
of the helicopter. The HUMS collects, processes, and records data from an array of dedicated 
sensors and independent helicopter systems on a per-flight basis. This data is made available 
to maintenance personnel on the ground for analysis to identify conditions that require 
maintenance.  
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 IMD: Integrated Mechanical Diagnostics. 
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The HUMS also detects and records individual component usage, such as the number of 
engine or APU starts, rotor brake applications, take-offs and landings, as well as the 
operating hours of various components. This information allows scheduled maintenance to 
be performed on the basis of actual component usage as opposed to being estimated based 
on airframe or engine hours. 
 
The principal component of the on-board HUMS is the Main Processor Unit (MPU). It is 
designed to control the overall system by performing the following functions: acting as the 
communications link between all main components of the system; calculating flight regimes; 
calculating track and balance solutions; monitoring drive train health status; and, monitoring 
and processing all accelerometer, tachometer, and sensor raw data. The MPU is also 
designed to receive information from the drivetrain and from the Rotor Track and Balance 
System (ROTABS) accelerometers, the tachometers, blade tracker, and helicopter data buses 
(including Air Data Computer (ADC), AFCS, AHRS, and DCU). Raw signals from the 
accelerometer, tachometer, and tracker are all fed into the MPU where they are digitised, 
processed and sent to the MFD for display to the flight crew (Figure No. 27). 
 
The MPU sends the data to a Data Transfer Unit (DTU), which records all data to a Data 
Transfer Memory Unit (DTMU). Typically, the DTMU card is removed after every flight to 
transfer data to the Ground Station. The DTU is mounted on the right hand avionics rack in 
the cabin. 
 

 
 

Figure No. 27: Example of the HUMS Interface displayed on MFD 5 
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The DTMU is a Personal Computer Memory Card International Association (PCMCIA) memory 
card, available in various capacities from 20 Megabytes (Mb) to 256 Mb. Data is typically 
recorded at a rate of approximately 10 Mb per hour; thus, a 20 Mb card will hold 
approximately 2 hours of data, while a 256 Mb card will hold approximately 25 hours of 
data. In terms of recording time, these capacities can be sharply reduced if a large number of 
exceedances have been detected. During normal operation, data is recorded on the Data 
Card at a rate of 1 Hz to 10 Hz. However, when an exceedance is detected, HUMS records 
data at a higher rate for a period of 15 seconds prior to and 15 seconds after the 
exceedance. A large number of exceedances can therefore fill a Data Card much faster than 
the average rate of 10 Mb/hour. 
 

The DTMU from EI-ICR was located on 23 March 2018 by ROV. It was still attached to its 
original mounting point in the front right avionics rack. The DTMU was recovered by Irish 
Naval Service divers on 24 March 2017, 10 days after its immersion. The DTMU was 
transported under AAIU escort to the UK AAIB Recorders Laboratory in the UK. Although the 
HUMS is not designed or constructed to be crash-protected, the DTMU was in good 
condition and the data was recovered from the card (Photo No. 15). 

 

 
 

Photo No. 15: HUMS PCMCIA card with top and bottom covers (UK AAIB) 

The data file was in a proprietary format. The Helicopter Manufacturer converted the 
contents of the PCMCIA card into engineering units using proprietary software, and provided 
the results to the Investigation for review and analysis. As previously described in the 
LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ CƛǊǎǘ LƴǘŜǊƛƳ {ǘŀǘŜƳŜƴǘ and Section 1.11.6 of this Report, the HUMS data was 
used by the Investigation to determine the flight path of the Helicopter. 
 

The HUMS collected data from accelerometers located on the Airframe (4), Cockpit (2), 
Cabin (1), Tail Pylon (1), Engine (4), Main Gearbox (10), Intermediate Gearbox (1) and Tail 
Rotor Gearbox (1). The HUMS was also supplied by sensors located in the Engine High Speed 
Shaft, the Main Rotor, Tail Rotor, Main Gearbox (rotor speed), and a Rotor Blade Tracking 
Camera. Iƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ I¦a{ at¦ ŎƻƭƭŜŎǘŜŘ Řŀǘŀ ŦǊƻƳ ǘƘŜ tƛƭƻǘΩǎ ŀƴŘ /ƻ-ǇƛƭƻǘΩǎ !Iw{Σ !5/ 
and AFCS. The Maintenance Data Computer (MDC) data was collected in turn from other 
systems throughout the Helicopter (either directly or indirectly). These systems included 
Weather Radar (WxR), radio frequencies (Comm and Nav), Radio Altimeters, FMS status, 
Fuel Quantity, Chip Detection System (CDS) and the Auxiliary Power Unit (APU).  
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 HUMS Data (Position) 1.11.14.2

 
The Investigation examined the HUMS parameters for the flight. In most cases, there was a 
high degree of correlation between the HUMS and FDR parameters. The discrepancy 
between the latitude and longitude parameters of the two devices has been described 
previously in Section 1.11.6. 
 

The LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ CƛǊǎǘ LƴǘŜǊƛƳ {ǘŀǘŜƳŜƴǘ stated that; 
 

Ψ!ƴŀƭȅǎƛǎ ŎƻƴŘǳŎǘŜŘ ōȅ ǘƘŜ Helicopter Manufacturer of the aircraft position recorded by 
HUMS revealed that HUMS position was not as precise as the AHRS, due to the 
resolution of the aircraft position data in HUMS. Understanding of the resolution 
limitation allowed the Helicopter Manufacturer to analytically correct the aircraft 
Ǉƻǎƛǘƛƻƴ ŘŀǘŀΦΩ 

 

The difference between the AIS position data and the HUMS position data (uncorrected and 
corrected) is shown in Figure No. 28. The discrepancy noted in ǘƘŜ LƴǾŜǎǘƛƎŀǘƛƻƴΩǎ CƛǊǎǘ 
Interim Statement was examined by the Helicopter Manufacturer. This included the 
ŎƻƳǇƭŜǘƛƻƴ ƻŦ ŀ ǘŜǎǘ ŦƭƛƎƘǘ ŀǘ ǘƘŜ aŀƴǳŦŀŎǘǳǊŜǊΩǎ ŦŀŎƛƭity to confirm the findings of the 
examination. Following the flight, the Manufacturer noted that the HUMS software supplier 
did not have the correct significance (in degrees) assigned to bits in the latitude and 
longitude labels recorded to the DTMU. Bit significance has been rounded down, therefore 
shifting the recorded position. The corrected helicopter flight path was 159 ft to the north 
and 18 ft to the west of the original HUMS recorded data. 
 

 
 

Figure No. 28: AIS Path data with uncorrected and corrected HUMS Path Data - R116 

CƻƭƭƻǿƛƴƎ ǘƘŜ ŎƻƳǇƭŜǘƛƻƴ ƻŦ ǘƘŜ aŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǘŜǊƴŀƭ ŜȄŀƳƛƴŀǘƛƻƴ ŀƴŘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ 
the error in the HUMS software, the Helicopter Manufacturer updated software version -112 
with a new -114 software version which corrected the discrepancy. The corrected position 
data is estimated by the Manufacturer to be within a margin of error of 2 ft approximately. 
 

Once the corrected HUMS Flight Path was established, the Investigation noted that the 
IŜƭƛŎƻǇǘŜǊΩǎ ŦƭƛƎƘǘ ǇŀǘƘ ǊŜŎƻǊŘŜd by the HUMS was further to the north of that indicated by 
the wreckage pattern found on Black Rock (Section 1.12). The HUMS flight path did not 
indicate the right turn recorded by the FDR just prior to the initial impact with the terrain.  
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A previous AAIU Report (AAIU Report No.: 2011-016) involving an aircraft conducting 
manoeuvres prior to impacting terrain observed that: 
 

Ψ¢ƘŜ ƛƴƛǘƛŀƭ ƻǳǘǇǳǘ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŀƛǊŎǊŀŦǘΩǎ ƴŀǾƛƎŀǘƛƻƴŀƭ Ǉƻǎƛǘƛƻƴ ǎƘƻǿŜŘ ŘƛǎŎƻƴǘƛƴǳƛǘƛŜǎΦ 
However, the Manufacturer indicated that the navigational position recorded by the 
FDR is based on the GPS, which goes into a Dead Reckoning (DR) mode if the satellite 
signal is temporarily lost (e.g. if obscured by terrain or during manoeuvres involving 
significant bank angles). In this case, the DR position then generated is an approximate 
Ǉƻǎƛǘƛƻƴ ōŀǎŜŘ ƻƴ ǘƘŜ ƭŀǎǘ ƪƴƻǿƴ Ǉƻǎƛǘƛƻƴ ǳǇŘŀǘŜŘ ōȅ ƛƴǇǳǘǎ ŦǊƻƳ ǘƘŜ ŀƛǊŎǊŀŦǘΩǎ ŀƛǊ Řŀǘŀ 
ŀƴŘ Lw{ΦΩ 

 
As previously noted, the hŜƭƛŎƻǇǘŜǊΩǎ Ǉƻǎƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǎŜƴǘ ŦǊƻƳ ǘƘŜ Db{{ 5ŀǘŀ 
Source via the AHRS, to the HUMS (Figure No. 29). 
 

 
 

Figure No. 29: Schematic of GPS data processing 
 

The Investigation asked the Helicopter Manufacturer to comment on whether the HUMS 
data could be subject to any form of DR mode or other data smoothing as a result of a loss of 
GPS position information. The Helicopter Manufacturer stated that: 
 

Ψ5ŀǘŀ ǎƳƻƻǘƘƛƴƎ ƛƴŎƭǳŘƛƴƎ 5w ƛǎ ŜƴǘƛǊŜƭȅ ǇƻǎǎƛōƭŜΦ I¦a{ ƎŜǘǎ ƛǘǎ Řŀǘŀ ŦǊƻƳ !Iw{Σ ŀƴŘ 
AHRS, does indeed have the capability of predicting the position when GPS drops out. 
¢ƘŀǘΩǎ ŀŎǘǳŀƭƭȅ ǿƘȅ [the Helicopter Manufacturer] uses the AHRS position data for SAR 
ƻǇŜǊŀǘƛƻƴǎΦ Χ¢ƘŜ ¢ŜŎƘƴƛŎŀƭ {ǇŜŎƛŦƛŎŀǘƛƻƴ ŀǇǇƭƛŎŀōƭŜ ǘƻ ǘƘŀǘ !HRS, Χ Ŏŀƴ ōŜ ǎǳƳƳŀǊƛȊŜŘ 
ŀǎ ǇǊƻǾƛŘƛƴƎ ŀ άŎƻŀǎǘƛƴƎέ ŎŀǇŀōƛƭƛǘȅ ƛŦ Dt{ ŘǊƻǇǎ ƻǳǘ ŦƻǊ ǳǇ ǘƻ ол ǎŜŎƻƴŘǎΦ 5ǳǊƛƴƎ ǘhis 
ǘƛƳŜΣ ŀƴ ƛƴǘŜǊƴŀƭ Χ ŦƛƭǘŜǊ ŎƻƴǘƛƴǳŜǎ ǘƻ ǳǇŘŀǘŜ ǘƘŜ ƭŀǎǘ ǾŀƭƛŘ Dt{ Ǉƻǎƛǘƛƻƴ ǳǎƛƴƎ 
integrated inertial N-S and E-² ǾŜƭƻŎƛǘƛŜǎΦΩ 
 

 HUMS Data (Other Parameters) 1.11.14.3
 

The Investigation compared the HUMS data with the FDR data for the flight and noted that 
the HUMS data recording, as shown in Appendix P, stopped approximately three seconds 
after the initial impact with Black Rock, which occurred at 00.46:08 hrs. The data showed a 
near-exact correlation between the HUMS (blue and red lines) and FDR (jagged black lines) 
parameters prior to 00.46:08 hrs. The data appeared to show a divergence between the 
HUMS and FDR data just prior to the initial impact. This apparent divergence was caused by 
differences in the rate of data sampling by the HUMS and FDR systems. 
 
An extract of the HUMS data from Appendix P is shown in Figure No. 30; the data range 
coloured yellow represents 0.5 seconds of flight time. The table lists the parameter values 
ŦƻǊ ǘƘŜ IŜƭƛŎƻǇǘŜǊΩǎ Pitch Attitude in degrees as they were recorded to the FDR and HUMS 
respectively during that time period.  
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Figure No. 30: 9ȄŀƳǇƭŜ ƻŦ {ŀƳǇƭŜ wŀǘŜ ƻŦ I¦a{ ŀƴŘ C5w ǇŀǊŀƳŜǘŜǊ ΨtƛǘŎƘ !ƴƎƭŜΩ 

It can be seen that the HUMS provided the Investigation with additional data as a result of 
the higher routine sampling rate. Furthermore, when the signals from other sensors 
indicated that a significant event was occurring, the HUMS automatically increased the 
sampling rate. Table No. 24 shows comparative examples of the sampling rates for the 
parameters shown above. 

 
Parameter Name Units HUMS Output Rate

63
 Output Rate

64
 

to FDR 

HUMS_Cal Airspeed/Computed Airspeed Knots Up to 8.7 per second  1 per second 

HUMS_Radar altitude / Radio Height Feet Up to 10 per second 1 per second 

HUMS_Roll Angle / Roll Angle Degrees Up to 64 per second 2 per second 

HUMS_Pitch Angle / Pitch angle Degrees Up to 64 per second 2 per second 

HUMS_Baro Corrected Alt / Pressure Altitude Feet Up to 17.4 per second  1 per second 
 

Table No. 24: Comparative sampling rates for FDR and HUMS data 
 

The additional data provided by the more frequent sampling rate of the HUMS indicated 
that the Helicopter experienced a more substantial departure from controlled flight than 
that indicated by the FDR data. 
 

1.11.15 Avalex Digital Video Recorder 
 

The Helicopter was fitted with an AVR-8240-XM Digital Video Recorder (DVR) manufactured 
by Avalex Technologies Corporation (Photo No. 16). The DVR provides the capability of 
recording video from the Wescam MX-15i EO/IR Camera System (Section 1.6.6.12).   

                                                      
63

 HUMS Output Rate: Based on ΨLƴǘŜǊŦŀŎŜ /ƻƴǘǊƻƭ 5ƻŎǳƳŜƴǘ ŦƻǊ ǘƘŜ {-92 Health and Usage Monitoring 

System (HUMS)Ω ŘŀǘŜŘ мр WǳƴŜ нлмуΦ 
64

 FDR Output Rate: .ŀǎŜŘ ƻƴ ΨS-92A FDR Parameter Definition (AMS 8.0)Ω ŘŀǘŜŘ мл aŀǊŎƘ н015. 
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The system is self-coƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ǇŀƴŜƭ ƛƴ ǘƘŜ {!w hǇŜǊŀǘƻǊΩǎ ŎƻƴǎƻƭŜ ŀƴŘ 
ƛƴǘŜǊŦŀŎŜŘ ǘƻ ǘƘŜ {!w hǇŜǊŀǘƻǊΩǎ Ƴƛǎǎƛƻƴ ǾƛŘŜƻ ŘƛǎǇƭŀȅ ŦƻǊ 9hκLw ǾƛŘŜƻ ǇƭŀȅōŀŎƪ. The DVR 
contained 16 GB65 of internal memory, with the capability to add either a SD Flash Card or a 
USB66 Flash Drive for recording. Both memory devices were removable. The DVR was 
controlled by the use of a Mode Control knob to select PLAY, STOP or REC (record) functions, 
and a Menu button, which provided access to optional functions such as video quality 
selection and storage locations for the recorded video data. 
 

 
 

Photo No. 16: Avalex AVR-8240-XM DVR 
 
The CVR had indicated that the Winchman was using the Wescam MX-15i EO/IR Camera 
during the flight and observed Black Rock with the EO/IR camera prior to impact. The 
Investigation considered it important to recover the Avalex DVR in order to establish 
whether the EO/IR camera output had been recorded. 
 
Following ROV operations in March and April 2017, a further sea bed search commenced on 
23 July 2017 (Section 1.12.5), when the DVR (Photo No. 17) was recovered. The unit was 
damaged and both the Menu button and Mode Control knob were missing from the panel. It 
was not possible to determine by visual inspection of the panel which position the Mode 
Control knob was set to at the time of the accident. It was also not possible to determine 
which media (USB, SD Card, internal) was selected as the storage location for recorded data. 
 

 
 

Photo No. 17: Avalex AVR-8240-XM DVR from EI-ICR (with Flash Drive) 
 
The unit was brought to the NTSB Vehicle Recorder Section in Washington D.C. for analysis. 
The DVR was analysed by the use of both X-ray and Computer Tomography (CT) scans. In 
particular, the remaining parts of the Mode Control knob were examined to determine the 
position of the selector knob. These scans (Photo No. 18) showed that the knob was set to 
ǘƘŜ ΨPLAYΩ ƳƻŘŜΣ ŀƴŘ ƴƻǘ ǘƻ Ψw9/hw5Ω. There was no video data found on the DVR internal 
storage.  

                                                      
65

 GB: Gigabyte; one gigabyte is equivalent to 1,000,000,000 bytes. 
66

 USB: Universal Serial Bus. 
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Photo No. 18: CT Scan of Mode Control knob showing 'PLAYΩ mode selected (NTSB) 

Three video files were recovered from a USB flash drive located in the USB slot on the front 
panel of the DVR. The first video file was recorded on 3 March 2017 and was of 45 minutes 
duration. It was a recording of search conducted by Rescue 116 in an area west of Drogheda, 
Co. Louth. The second video recording was dated 8 March 2017 and was of 35 seconds 
duration. It was a recording of a search that was conducted by Rescue 116 at Howth Head, 
Co. Dublin. The third video recording was dated 12 March 2017 and was of 10 minutes 
duration, recorded during a SAR mission. FDR data for this flight was also recovered from the 
MPFR (Figure No. 31) and showed that the helicopter routed from Dublin Airport to the 
scene of an accident, brought a casualty to a hospital in Dublin, and then returned to Dublin 
Airport. 
 

 
 

Figure No. 31: FDR Data from Rescue 116 Mission on 12 March 2017 

The three video files occupied 1 GB of space on the USB drive. There were no files relating to 
any flights after 12 March 2017 on the USB device, which had approximately 15 GB of free 
space remaining. The third video established that both the Avalex DVR and the Wescam MX-
15i EO/IR Camera System were functional on the day prior to the accident and therefore the 
Investigation is of the opinion that the system was capable of recording if it had been 
switched on during the accident flight.  
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1.11.16 Toughbook 

 
The Toughbook was recovered from the seabed on 23 March 2017. It had been immersed in 
salt water for nine days. The device was extensively damaged during the accident sequence, 
and significant salt corrosion was evident on many of the components upon recovery (Photo 
No. 19). Due to the extent and nature of the damage to the Toughbook, it was not possible 
to extract any data from the device. 
 

 
 

Photo No. 19: Photo of front and back of R116 Toughbook 
 

1.12 Wreckage and Impact Information 
 

1.12.1 Initial Observations 
 
The accident occurred at 00.46 hrs on 14 March 2017. Later that day, an Inspector of Air 
Accidents participated in an aerial survey of Black Rock which identified that debris from the 
Helicopter was visible close to the helipad and below the steel grid at its southern edge 
(Photo No. 20). 
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Photo No. 20: Debris situated close to the helipad and below its steel grid 
 

1.12.2 Debris found on Black Rock 
 
On 15 March 2017, the day following the accident, an Inspector of Air Accidents travelled by 
helicopter to Black Rock and recovered several items of wreckage. On 16 March 2017, 
several members of the Investigation team conducted a land search on Black Rock of the 
areas that were safely accessible on foot. Four large pieces and several smaller pieces of the 
IGB fairing were found close to the helipad. Fractured sections of the IGB casing, including 
the oil level sensor and a portion of the chip detector were found close to the helipad. The 
locations of the IGB and its oil system components on the helicopter type are shown in 
Figure No. 32 (Note: The wiring installation shown relates to a test set-up and was not the 
production standard for the Helicopter). 
 

 
 

Figure No. 32: Location of IGB on the helicopter type 
(1: Oil-level sight-glass; 2: Oil-level sensor; 3: Chip detector) 
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The Investigation reconstructed the fractured sections of the IGB casing. Gouge marks, in a 
direction parallel to the longitudinal axis of the Helicopter, were found on the base of the oil-
level sight-glass housing (Figure No. 33). 
 

 
 

Figure No. 33: Reconstructed IGB casing and damage to base of oil-level sight-glass housing 

The horizontal stabiliser separated from the tail rotor pylon in the accident sequence. The 
main section, approximately 2.7 m in length (circled in green in Figure No. 34), was found 
adjacent to an outhouse. Tiles on the roof of the outhouse exhibited damage (circled in 
yellow). A piece of what appeared to be a roof tile was embedded in the trailing edge of the 
stabiliser. The separated horizontal stabiliser had sustained substantial damage. A piece of 
ǘǊŀƛƭƛƴƎ ŜŘƎŜΣ м Ƴ ƛƴ ƭŜƴƎǘƘ όŎƛǊŎƭŜŘ ƛƴ ƳŀƎŜƴǘŀύ ŦǊƻƳ ǘƘŜ ƛƴƴŜǊ ǇŀǊǘ ǘƘŜ IŜƭƛŎƻǇǘŜǊΩǎ 
horizontal stabiliser, was found on the side of a large outcrop, 3 m to the south-west of the 
perimeter wall at the lighthouse. 
 

 
 

Figure No. 34: Sections of horizontal stabiliser (circled in magenta and green)  
and roof damage (circled in yellow) 
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Two pieces of aluminium alloy structure, each approximately 600 mm in length, were found 
to the east of the outhouses. These pieces were later identified to be forward and aft 
sections of the mounting structure for the horizontal stabiliser. The underside of each of 
these pieces was scraped and distorted. 
 
Fragments of the tail rotor blades, including blade tips, were also recovered from Black Rock, 
most of which were less than 50 mm long. During the subsequent wreckage layout at the 
AAIU wreckage examination facility at Gormanston, a piece of metallic leading edge erosion 
strip from one of the tail rotor blades was found to fit into a gouge in the upper aft edge of 
the aft section of horizontal stabiliser mounting structure (Figure No. 35). 
 

 
 

Figure No. 35: Gouge in upper aft edge of aft section of horizontal stabiliser 

Two tail rotor control cable pulleys were also found on Black Rock. One of the pulleys was 
lying on the platform at the top of the lighthouse. Several fragments of a landing gear wheel 
rim were found close to the helipad. One fragment of the wheel rim and several other pieces 
of debris were found below the helipad grid, at its southern edge. One of the fragments of 
wheel rim was imprinted with a serial number. UǎƛƴƎ ǘƘŜ IŜƭƛŎƻǇǘŜǊΩǎ ǘŜŎƘƴƛŎŀƭ ǊŜŎƻǊŘǎΣ ǘhe 
Investigation established that the fragment was from the number one (left-hand outboard) 
main wheel. The damage pattern on this rim fragment, suggested that it had been rolled 
outwards, which was consistent with a tyre overpressure event during the impact sequence. 
Parts of the Wulfsberg transceiver, which was located in the tail section of the Helicopter, 
were found to the east of the outhouses. 
 
No contents from the Helicopter cabin or any personal effects were found on Black Rock. 
 
In an attempt to locate a point of impact, further visits were made to Black Rock on  
20 March 2017, and again on 21 March 2017. With the assistance of Defence Forces 
personnel, who provided mountaineering expertise, members of the AAIU examined large 
areas of Black Rock not accessible by foot. No obvious point of impact was found. A high 
concentration of debris was found in the area below the helipad on its southern side (Photo 
No. 21). 
  














































































































































































































































































































































































































































































