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Foreword

This safety investigation is exclusively of a technical nature and the Final Ry
reflects the determination of theéAir Accident Investigation UniAAIY regarding
the circumstances of this occurrence and its probatid contributorycauses.

In accordance with the provisions of Annex"18 the Convention on International
Civil Aviation, Regulation (EU) No 996/2bafid Statutory Instrument No. 460 of
2009, safety investigations and associated safety recommendations are in no

concerned withapportioning blame or liability. They are independent of, separe
from and without prejudice to any judicial or administrative proceedings

apportion blame or liability. The sole objective of this safety investigation and F
Report is the preventionf accidents and incidents.

Accordingly, it is inappropriate that AAIU Reports should be used to assign fat
blame or determine liability, since neither the safety investigation nor the report
process has been undertaken for that purpose.

Extracts from this Report may be published providing that the source
acknowledged, the material is accurately reproduced and that it is not used
derogatory or misleading context.

' Annex 13 International Civil Aviation Organization (ICAO), Annex 13, Aircraft Accident and Incident
Investigation.

2 Regulation (EU) No 996/2016f 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 2008ir Navigation (Notification and Investigation of AccidentsioBe
Incidents and Incidents) Regulations 2009.
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In accordance withAnnex 13 to the Convention on International Civil Aviation
Regulation (EU) No 996/2010 and the provisions of SI 460 of 2009, the Chief Inspect
Air Accidents on 14 March 2017, appointed Mr Paul Farrell as the Investigater
Charge to carry out an Investigation into this Accident and prepare a Report.

Operator: CHC Ireland DAC

Manufacturer: Sikorsky Aircraft Corporation

Model: S92A

State of Registry Ireland

Registration: EHCR

Serial Number: 920051

Location: Black RockCo Mayo, Ireland

(9 nautical miles west of Blacksod)

Date/Time (UTC) 14 March 2017 @ 00.46rs

SYNOPSIS

A Sikorsky 2A helicopter, registration EICR (call sign Rescue 116), whichsabeing
operated by a private perator on behalf of the Irish Coast Guard (IRCG), wasarte
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airlift a casualty from a fishing vessalituated approximately 14hautica miles off the
west coast of Ireland. At 00.46 hren 14 March 2017while positioning for an approach
to Blacksod from the west, thadelicopter, which was flying at 200 feet above the seg|
collided with terrain at the western end ofBlack Rock, departed from controlled flight,
and impacted with the sea.

During the immediate search ahrescue responsethe Commanderwas found in the
seato the south-east of Black Rock andas later pronounced dead Subsequently, he
main wreckage ofthe Helicopterwas found close to the soutleastern tip of Black Rock,
on the seabedat a depth of approxmately 40 metres The deceasedCopilot was
located within the cockpit section of the wreckagand was recovered by navalervice
divers. Extensivesurface and underwater searches were conductdtwever, the two
Rear Crememberswere notlocated and remain lost at sea.

Fortytwo Safety Recommendationare made as a result of this Investigation.

* DAC Designated Activity Company.

®UTC Coordinated Universal Time. All timings in this Report are quoted inAf Ti@ time of the accident UTC

and local time were coincident.

® Rear Crew This term isused throughout the Report because it was the term predominantly used by
LISNE2YYy St 6K2 6SNB AYUSNWBASGSR o0& GKS Ly@SadAaalraazy
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e _______________________________________ L.
NOTIFICATION

Shannon Air Traffic ContrQATChotified the AAIU at approximately 02.30son 14 March
2017 that an Irish Coast Guard helicoptetas missinghear Blacksod Bay, Co. Maynd
shortly afterwards that debris was sighted in the sdavo Inspectors of Air c&idents
deployed to Blacksod and arriveat approximately08.00 hrs. The Chief Inspector of Air
Accidents and another Inspector of Air Accidents arrived later that aag on the following
day,to assist with the Investigation.

INVESTIGATION TEAM

In acordance with the provisions of Annex 13 to the Convention on International Civil
Aviation, Regulation (EU) No 996/2010, and Statutory Instrument No. 460 of t@0State

of Occurrence is obliged to investigatgcraftaccidents, andherefore the Invesigation was
conducted byL NB f AAILRM &xtensive orsite phase was carried out from 14 March
2017 to 10 April 2017. This was followed by a furthersiia phase from 22 July 2017 to
25 July 2017.

The AAIU Investigation team comprised:

Paul Farrel(Investigatorin-Charge)
Jurgen Whyte (Chief Inspector)

Kate Fitzgerald (InspecteEngineering)
Howard Hughes (InspecteOperations)
Leo Murray (InspectorOperations)
John Owens (InspecteEngineering)
KevinOZ edllaigh (Inspector Operations)

R

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)

TheAir Acidents Investigation Branch (AAIBccredited Representativand Advises), the
Marine Accident Investigation Branch (MAIB); the Maritime and Coastguard Agency (MCA);
and, Curtiss Wright (Penny & Giles) Data Recorders Limited.

United States of AmericaSA)

TheNational Transportation Safety BoafNTSB Accedited Representative and Advisg
the Federal Aviation Administratn (FAA Advise); SikorskyAircraft Corporation(Advises).



Europe

The EuropeatUnionAviation Safety AgendEASA) appointed an Advise
Norway

An S92A-qualified pilot, whois 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 Accredit&kpresentative to provida range ofexpertise

to the Investigation.

On-Xene Support

The Investigation acknowledges thwrk carried out atBlack Rock/Blacksashichinvolved
severalAgenciesincluding An Garda Siochantne Irish Coast Guard (IRC@&)e Operator;
the Irish Defence Forces: the Air Corps, the Army, the Naval Sehac€pmmissioners of
Irish Lightsthe Royal National Lifeboat Institution (RNIGgological Survey Irelandnd the
Marine Institute.

The Investigation also acknowledgd®se assistance and support provided by the Local
Authority (Mayo County Councédndthe Civil Defence

The communities of Blacksod anthe surrounding areas, and mg persons and
organisations from further afieldncluding mariners who worked in diftitt sea conditions, 8
rallied to support the large number of personnel who attended Blacksod to assist in the
search operationsthis support was invaluable, and proved to be of enormous assistance to
all involved.

THE INVESTIGATION

The AAIU Investigation commenced eantythe 14 March 2017, on receipt of natétion
that an IRCG Sikorsky93A helicopter, registration ECR, with acall sign2 TResglel16Q
(R116)was reported missingollowed shortlyafterwardsby reports of déris being sighted
in the sea

The initial on-site phase of the Investigation lastegpproximatelyone month. Emergency
responsepriority was given to the searcfor the missingcrewmembes. In addition to
discharging its investigative responsibilitieee tAAU providedtechnical assistancen the
coordination of the Remotely Operatédnderwater)Vehicle (ROV) search operations

'd GKS Ly@SadAa3araarzyQa NRdjpdrSoang adviding $hen thad NI {
they were free to engage with thimvestigation and provided contact details for the AAIU

As a resultthe AAIU spokél 2 | aA3JIYATFTAOFIY(d ydzYoSNI 2F GKS
course of the Investigatio’Ai (G KS Ly @SadGdA3IrGA2yQa NBljdzSaiz
of contact forthe Investigation.



In addition in order to have access to an individual with specific SAR piloting expertise on

the Sprn! KSEAO2LIGISNI GeLS:T GKS {!'w NBfS Ay L
Investigation appointed a4 Sy A2 NJ LIAf 2 G F NRrvAlvisk s pér Bithad (i 2 NI
5 (12) of S.I. No. 466f 2009, thesenior pilotwas subject to strict protocojsn particular

with regard to confidentiality within the Investigation. However, it was agreed thahyf a

issue was identified by the Investigation, which genior pilotfelt should be notified to the
Operator as an urgent safety concern, teenior pilotwould advise thelnvestigatorin-
Chargg(llQ and the 11C would communicate that concern to the OparaThe 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 whichuireqspecific expertise and
experience; such persons are referred to in this Report as-Rolsters; such persons are
Ffa2 02YY2yf gnoniidatddpede@® (2 a W

Prior to theR116accident 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). Arel was formed for the successful candidates, with one
person being apointed as an Inspector of Air Accidents to the AAIU in March 2017. On
receipt of sanction for an additional appointment, a second successful candidateyas

2y S 27F (K Sosthlddsrslivas aphblrded as awAlUInspector of Air Accidents in
Sepember 2018. A strict protocol was imposed to ensure that this person had no role in the
ongoing Investigation into R116 and was excluded frommaltters associated with this
Investigation

o

This Safetynivestigation is exclusively of a technical natusejn 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 liabilltye sole
objective of this Safetynlestigation and FindReport is the prevention of accidents and
AYOARSyGad ¢KS | 002YLX A&aKYSYyld 2F GKA& 20c¢
professional acceptance of, and confidence in, these tenets. Any attempt to use this Report
for purposes other than flight safetyinderminesits 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 concerndd imiproving
flight safety, and to that end nothing written in this Report should be interpreted as a
criticism of any individual or organisationhe Investigatiomequeststhat media activity in
relation to this Reporishouldtake due cognisance of thesssuesso that flight safetyis
enhanced rather than damaged.

The Final Reporin relation to an aircraft accident investigation is the foundation for
initiating safety actions which are necessary to prevent further accidents from similar
causesand intoducing improvements in areas which the Investigation idesgds actual or
potential systemic safety issueBherefore, the Final Repontito an accident must establish

in detail what happened, how it happened and why it happened.



The findingsprobable cause and/or contribudry cause<ontained inthe Final Reporimay

lead to safety recommendations so that appropriate preventive measures can be taken. In
that regard this Report isin accordance with Annex 13 requiremengsiucturedto include:

a record of relevant facts (Section-1Factual Informationpresened underthe 19, ICA©
prescribedheading$; an analysis of the relevant fac(Section 2- Analysi$; conclusions in

the form of findingsprobable cause and/orcontributory causeqSection3 - Conclusiong

and Safety Recommendations (Section 4 Safety RecommendatiopnsThroughout 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 atso listed at the end of theeport, 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 ectionl - Factualinformation) might only be uderstood

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 tothe 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, vétaires
reports to Wiscuss 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
accidentQt is neither practicable nor necessary to include all factual information gathered
and considered by the Investigation. Accordingly, while this Report cites particular exampleg,
of matters which the Investigation considers necessary to support its asafysilings and ——
recommendations, it should be uedstood that the Investigatiomonsidereda larger body

of evidence of which the examples cited are representative.

As prescribed in Annex 13, Section 7.Rreliminary ReportAAIU Report No. 201006, was

published on the 13 April 2018 KSNB I FGSNJ NBFSNNBR G2 | a K
Report)which incuded two Safety Recommendatiormje to the Operator regarding Route
Guidesand one tothe lifejacketmanufacturerregardingthe installation ofPe'sonal locator
BeacongPLBs)

In addition, Annex 13, Section 6.6, requires thaa FinalReport cannot be made publicly
available within twelve months, the State conducting the investigation shall make an interim
statement publicly available on eachnniversary of the occurrenceA First Interim
Statement AAIU Report &l 2018004, was published on the 16 March 201@hereafter
NEFSNNBR (2 |a G§KS Ly@sS a,iwkichlindludedyaQuithetCtiirde® (G L
Safety Recommendation®ne to the Helicopter Manufacturer relating to Flight Data
Recorder (FDR)osition accuracyone to the Operatorregarding a review of its Safety
Management System (SM3nd, one to the Ministerof Transport, Tourism, and Sport
regardingthe oversight of Search and Rescue (SAR) aviation operations in the Atate.
Second Interim Statememas published ol March 2019a Draft Final Report was issued

in confidence to interested parties on 13 September 204.9hird Interim Satement was
publishedon 12 March 2020and a Fourth Interim Statement was published on 12 March
2021



During the Draft Final Report comments process, one party invoked Regulation 15 of SI 460
of 2009 and sent &lotice of Reexaminationregarding certairfindings Cortributory Causes

and a ©nclusion 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 ReviewdBoany

out the reexamination 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 Sl 460 of 2009 for the-examination of specific findings of the Draft RiReport 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 +®xamination.

Hearings were held over 44 days in the period from 23 Novemt2d &920 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
I KIFANXYEFYyQa wSLR2NI (2 §KSncé with Refulatioyf 26(08) Caincd® NI
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 Bamathe Investigation has adopted the revised text
FTNRY GKS [/ KFEANXYEFYQad wSLR2 NI

The Investigation acknowledges that addressees of Safety Recodati@mms may have
made progressii 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.



PREAMBLE

The Hlicopter, EHCR was owned and operated by a comparmpntracted by the
Department of Transport, Tourism and Sport (DTT,A8)provide Search and Resc{8AR)
helicopter servicesin Ireland. The Operatorof EHCRwas the holder of an Air Operator
Certificate (AOC) issued by th&A and is henceforth referred to in the Report dhe
Operatof) ®

The Operator was also the holder of a kefiter Emergency Medical Service (HEMS)
approval, and the sole holder ohdrishNational SAR Approvath approvals werdssued
by the IAA.

Within DTTASSARwas managed by théRCGunder the Maritime Safety Directoratén
addition to operating SARiissionsthe Operator commenced HEMS operation2013 on
an opportunitybasis at the behest of the Irish Coast Guard

The Operator had four bases in Ireland, situasgdDublin Airport on the east cogsat
Shannonand SligoAirports on the west codsand at Waterford Airport on the southeast

coast Each base was allocated a rescuesight as follows: DubligWRescud16Q 2 { K¢ Yy 2 Y
Rescud 15Q Sligog Rescuel18Qand Waterfordg Rescuell7QEHCR was based at Duhlin
operating under theO | f f Re&chieBly) Y6 whights operated byEHCR and its sister
helicopters at the other bases are referred to#tee OperatiorQ ®

Flight crew at each base consisted of both commanders angilots. Two commanders 12
could be rostered together, witone nominated to act as qailot for a mission, as was the =~
case on the accident flightthe Operator used the terms (and roles) Pilot Monitoring (PM)
and Pilot Flying (PF); these roles could change within a particular mission but the designated
commanderemained the commander for the entire mission. The tdtight crew is used to

refer to pilots generallyThe Flight Crevior the accident flightare referred to in ths Repat

as the Commander and the @dot; the Rear Gew for the accident flightare referred to as

the Winchman andhe Winch Operator, usingroper casfi.e.the first letter of each word

is capitalisedreferences using nenapitalisedvordsare generic.

The Operator used an Operations Manual (OMhich was a multvolume docunment
(designated OM\, 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. Thadudl
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 OMGd#&es 02,

July 2016) which was HEMBecific.

" During the Investigation the title of i 5 SLJ NI YSyYy (i  4Theél Defakrheyit 6 Ransp@td W
Accordingly, where appropriate, such as when making Safety Recommendations, reference is made to
Wranspor  NJ (i K $rhdspdrK TodirismPand Spet | Yy R (itHe Pepérttdld@ Depatment of
Transpor X DTYAR W NB dzaSR Ay (i SNOKIy3ISFofte Ay (GKAa wSLR2NI®



The Operator set upg Pataroor Ay 2NRSNJ 2 YIyl3S G4KS NBJ
YR GKS Ly@SadAardizy o+ a NBIj dzSDatrSoROTHe2 02 L
Investigation was informed thate Pataroontforwarded queries from the Investigation to

0KS NBtSOFIyd LISNE2YO6AaUL ofariefy ahdiikSatatdomdS N | (152 NI
to provide a formal response on behalf of the Operatdany of these formal responses

were in the form & emails. Therefore, where relevant, the Investigatihas used quotes

from these enails in this Final Report.

1. FACTUAL INFORMATION
1.1 History of the Flight
1.1.1 The Calbut

At approximately 21.3%rs on the night of 13 March 2017, the captain of a Fishingsgel
(FV) contacted Malin Head Marine Rescue Sub Centre (MRS$&eltomedical advice
because a crewman on board had suffered an inj#tythe time of this call the FV was
operating in the North Atlantic Oceaapproximately 140 Nautical Milesl{/) west of Eagle
Island, Co. MayoA 21.42hrs, MRSC Malin contacted th&ligo SAR duty pilot, andsked
the Sligebased helicopter, R118 with airlifting tiured crewmarto hospital

At 22.10 hrs, following consultation with the Dubbasel Commander, whavas at home
the Marine Rescue Coordination CentdRCQ Dublin alerted the R116 crew via TEFRA

13 radio and tasked R116 to providBop Covet for R118. The details regarding the exact
nature of the taskingof R116 and R118and communications betweetthe relevant
agenciesare set out inrSectionl.17.13of this Report

One of the Dublin Basduty engineerswas alerted by a TETRA catl approximately
22.10hrs, as he was about to &e the DublifSARBase for his homeHe returned to the
operations buildng and went to the GpA f 2 &t €bdm, tdBheck thathe Copilot, who was
staying on the basehad received the TETRA call. Thepllot confirmedthat he had, and
that he had spoken by phone with MRDG@blin Whenanother Dublin Basengineerarrived
from home, the Helicopter wamwed out of the hangar to prepare it faefuelling.

The Commander telephoned the Sli§aRBa% from her car, while emoute to the Dublin
SAR Bseand spoke to the winch operatasf R118; thewinch operatorrecalledthat he
informed the Commandethat the two pilots were at the helicoptepreparing for startup,
and that he was laout to head out to join themThe Commander advised him that she had
received the call folFopCovef2 = sh&kwasi making her way to the DitbBase and that
she wanted to know whathe intentionsof the crew of R118vere. The Sligo winch operator
said thathe advised the Commander th#tey were headingffshoreto the west and that
he assumed R116 would route to Blacksod.

® TETRATerrestrial Trunked RadipA European standard for a trunked radio system and-tvay transceiver
specification.

o Top Cover An aircraft dispatched in support of another (SAR) aircraft which is conducting an offshore
mission. The term ialsoused to denote an air asset used as a SAR Support aircraft.



1.1.2

An engineer at theDublin SAR Bse, who was waiting in the operations room to receive a
final fuel load requirement from the Flight Creaf R116 recalled the Gmmander coming
onto the base followed shortly aftewardsby the two Rear @w. The four Gew Members
gathered in the operatons room. One of the Dublinbased enginees recalled the
Commander commenting that the Blacksod weather was probably not goingetgood
enough, and that the elicopter would route to SligoAt 22.35 hrs, the Winch Operator
telephonedMRC@ublinseeking an updategdositionfor the FV, because they were unable

to see theFVon the Automatic Identification Systeth (AlS. The Winch Operator also
telephoned MRCCDublinto enquire if R118 was having trouble getting into Blacksod; he
SELX FAYSR GKIG AT wwmnhen RABsdeduRl Yidvdito e&lio Skgy forz . f
fuel. MRCMublin undertook to check with MRSKalin. MRCublin subsequently rang
the Dublin Base to provide the regstedpositionupdatefor the FV

An enginer at the Sligo &se recalled that after R118 had departgde Commanderof
R116called the Sligo Base phanlee believed that this call was made from a land.liflee
Commander and thengineerknew each other andbriefly exchanged pleasantridsefore
the Commander toldhe engineerthat R116would be coming into Sligo for a rotersnning
refuelling because the weather at Blacksod was unsuitable.

The Cepilot arrived at theHelicopterat approximately 22.4 hrs, andtold the engineer that
the Commander hadequesteda total fuel on board 06,000 Ibs.Technical Log records
indicate that a volume of900 itres (L) of fuel, was uplifted to the Helicopter The
Commandes & FANRG KSI NR ockpif VoiceRecordelS(CVRp@ gD a  /
2253hrs.

14

The AccidentFlight

The Helicopter enginesere startedat 22.55 hrs, anit commenced takeff from RWY 16

at Dublin Airportat 23.02 hrsShortly after takeoff, the Helicopter established on a north
westerly track of approximately 300 degrees in accordance with its clearance. On transfer to
Dublin Departuresthe Helicopter was instructed to establish on a heading of 270 degrees.
The Helicopter continued to climbn the westerly heading, until reaching 3,00t (ft),

when it was transferred to Dublin Area Control Centre (AG#ver North Sector).

At 23.11 hrsthe Rear Crew made contact with R118 on TETRA. R118 informed R116 that it
was about to land in Blackd and that it would contact R116 when it was on the ground in
Blacksod. In additonw MMy A Y T 2 NY®@mlitionsvatrthe pédfate fine &h eh kind of
some low cloud eh approximately five hundred feet eh up to the north while we were
inbound throughBroadhaven bay ovérQ

The Helicopter continued to maintain 3,000 ft, and at 23M8 it commenced tracking
towards Sligo. Once established on course to Sligo, the Flight Coeducted fuel
calculations to determine if there was tane/fuel advantage iruplifting fuel at Blacksod
instead of SligoAt 23.20hrs, having crosshecked their calculationghe Flight Crew elected
to route to Blacksod

Y AIS:A system used to indicate the positions of maritime assets. Fordudhtails see&ection 1.6.6
" The Investigation was informed that R118 approached Blacksod using the SGLOWBS route (Sligo low level
route to Blacksod), which is different to the route Ridnded to use



The Rear Crew informed MRSC Malin of this decisBirortly after this, the Flight Crew
informed Dublin ACGf a change of routing, that they had turned approximately 20 degrees
left, and would be routing to Blackso@®ublin ACC instructed R116 to contact Shannon ACC
(Shannon North).

The Helicopter called Shannon Information (ATC) and repdhatlit was 7 NM south of

Kells (located approximately 29 NM nortwwest of Dublin)at 3,000 ft and that it was

en route to Blacksod. Shannon Information asked the Helicofsteconfirm that it was
operating under IFRInstrument Flight Rulesand if they were ready for €00 ft R116
responded confirming that it was operating under IFR atidht it would be climbig to

4,000 ft in approximately 20 NM. Shannon Information passed the latest Shannon QNH
(atmospheric pressure at sdavel)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{asheaded off the west
coast now, he has no cadt with me, if you contact him, can you ask him to give me a call
pleas&€

At 23.33hrs, R116 commenced 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 t
select APB3%on the Flight Management System (FMS).

At 00.04 hrsas R116 was paiss) overhead Knock Airpari, 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 30@Gnd 500 ft. The Commander asked the Rear Crew to request wind
direction, speed and visibility. This request was relayed to Blacksod helipadreply
receivedwasthat the wind was wessouth-west at 2533 knots, and the visibility was 2 NM.

As the Helicopter approached the Mayo coadtk S Cf A IK{G / NBHVEO2YYS
Approact) OKSOlfAadad ¢KS | St A 02 LIWGYNINGBLEM@ Je (NK n s
initial waypoint of the APBSS route; BLKMO was almost coincident with Black ARock
00.28 hrs, the Helicopter crossed the Mayo coast and flew out over Blacksod Bay, and
shortly afterthis, whenthe Helicopter was approximately 1.5 NM north of Dugorthi

Island, Co. Mayo, at 4,000 ft, int&rewcommunicationonfirmed that the Helicopter was

over the water

The Cepilot announced that the DVE checks were completed at 00.34hrs, as the
Helicopter passed abeathe navigational waypoinfBKSDRW®RIt Pre was selected and the
Helicopter commenced descenft this time, the Commander commented on the high

terrain at AchilA y (1 KS | Gife2 O hdBidAEN 3 YR (1 KS 2 Ay GKYIl y |
clear ahea®@ ® ¢ ilSt ther2informed ShannorACC that the Helicopter was in the
descent andthat they were making their way into Blacksod faefuelling. $hannon
acknowledged this and asked R116 to report again when airborne

2 APBSSA preprogrammed route in the Helicoptd-MS $ection1.6.6.2.

¥ Knock Airport Ireland West Airport (EIKN).

Y DVE Degraded Visual Environment, which OMB defines as visibility less4ti@f metres or no distinct
natural horizon.

> Alt Pre Altitude Preselect, a vertical mode selected on the dlight system.



As the Helicopter was passing 2,400 Appproach One (ARP mode(an automatic mode
available on 92A SAR helicopters to descend from 2,400 ft to 200 ft, unless interrupted at a
higher intermediate altitudejvas selected on thAutomatic Flight Control SysterARCY

As the Helicopter approached BLKM@ the descentwhile westbound the Commander
noted thatthey were clear to the right on radand commenced alight rightturn to allow
the descent to complete down to 200 ft, prior oleft turn back to BLKMO.

As the Helicopter tracked norttwvest from BLKMO, and psed approximately 800 fhithe

descent, the Gmmander asked the Gailot to Wonfirm we're clear ahead on radar and Bn

GYP WIZEEGPWS Enhanced Ground Proximity Warning Syd@itihe Cepilot responded

W2dz  NBXe2dz FNB Ot SR FKSIFR 2y X (G4Sy YAtS |

The Helicopter maintained north-westerly track until it reached 200 ft, at which point the

I 2YYlYRSN) I yy2dzy OSR GKFG ! LILINER I OK justyg8ing g | &
G2 KSfLI Al NRdzy R { KS AOMEiSp2r omibeddtheyied tuin 2§ K |
back towards BLKMO, th&/inchmanl yy 2 dzy OSR (Kl (G @&léaBaround toA O 2 LJ
i KS . ThiS Wwa$ fllowed approximately 30 seconds later by a further announcement from

the Capilot that they weretlh clear ahead o& GYP WIiZhd radarQ

At00.43KNE>X a4 GKS |1 StAO2LIGSNI 461 & G dzNPBeoged o0 (
Landind OKSO{1fAad o1 a O02Y, e CapidiRstatedswaKihgytdgeti K A &
ground coming in there at just over eight miles in the ten o'cloaitiorQ Just as the
/'2YYFYRSNI 61 & O2YLX SiBefgrélLandki® CGRYOUE MABY REFS
that she was visual with the surfacéthe sea —

At 00.45hrs, the Copilot announced2 { F & &2 avlrff dGFNBSGa G aa
out to the right ther®@ This was followed approximately 20 seconds later by an Auto Callout
Wltitude, Altitude€ which the Commander said wgést a small little island that's B L M O

itselfQ

Just prior to 00.46rsthe Winchman announceooking atan island just eh directly ahead
2F dza y2¢ 3Idz i Xe 20z 20y WIR S@THa EoyftiafiEde dsked for
confirmation of the required turn, and the Winchman replidéddenty degrees right yedThe
Commander instructed the Qulot to select headig (HDG) modewhich the Cepilot
acknowledged and actionedMthin one second of this acknowledgement, the Winchman
announced¥ome right now, come right, COME RIQHT

Shortly after this, the Helicopter pitched up rapidly and rolled to the right00.46:08 hrs,
the Helicopter collided with terrain at the western end of Black Rock, departed from
controlled flight, and impacted with the sedhe main wreckage of the Helicopter came to
rest on the seabed to the east of Black Rock, at a depth afetfes (m).



1.2

1.3

1.4

1.5

1

15.2

Injuries to Persons

Injuries to persons are listed fable No.1.

Injuries
Fatal

Serious
Minor/None

Table No.1: Injuries to persons

Additional Information relating to the Crew Bmbers is provided abectionl1.5, Personnel
Informationand, Section 1.13Medical and Pathological Information.

Damage to Aircraft

TheHelicopterwas destryed. Further detailsare contained irSectionl.12
Other Damage

There was nmor damage tduildings on BlacRock.

Personnel Information

General

The Helicopter f@w comprised a standard SAR complement of four personsH#iEopter
Commander, located in the rigitand cockpit seat, theCopilot located in the lefthand
cockpit seat, a Winch Operator, located the righthand side of the forward cabin at the
main entrance doorWinch Operator Station and a Winchmanlocated on the lefthand
side of the forward cabiref the SAR Operator Statipn

Helicopter Commander

The Helicopter/ 2 YYl YRSNJ KSt R | 9dzNRLISIY | yAzy
Licence (ATPL) Helicopter (H) issued in Ireland by thellKAS | 2 Y YSikgrek SR &
type rating was valid to 28 February 2018 (date ot:t8sFebruary 2017)The Commander
held a Class | Medical Certificate valid to 15 January 2018.

The Commander began flyingaining in 199Q gainingat NA @ S t Af 21
Helicopter (H) in December 1990 aacCommercial R 2 § Q& [ HOISVAOHS1992 ./
In late 1993, the Commander commencedployment with an Irish Heopter company
and completeda Multi-Engine (MERatingand an Instrument RatingIR) During 1994the
Commanderwas seconded to a SAR operatortie UK to gain flying experienceon the

Q
t
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a |
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S61N helicopter. Following this secondment, the Commander was attached to a base at

Shannon as an All Weather Search and Rescue (AWSaiRt.co



In early 2000, the Commander completbér command upgrade and was assigned as a
captain at Shannonin 2002, she wasassigned tothe Waterford SARBase and was
subsequently appointed as Chief Pilot theta 2013, the Commander completed a type

rating and an AWSAR OpearatConversion Course on tf#&92A. In July 2013, she completed

her Command Check on the93A andcompleted some operational shifts at the Waterford

SAR Base before beirmpsigned as a Captain attached to the Dublin SAR Base. The
Commander was responsible, amongst other ground dutigor the compilation and
YEYEFASYSyid 2F (GKS hLISNIG2NRa {!w LAf20 NER:
certification details are contained ifable No. 2.

Personal Detalls: Aged 45 years

Licence: F'ANI AYS ¢NIFyaLR2NI t Af @)
issued by the IAA Type Rating was valid until
28/02/2018

Medical Class I, valid until 15/01/2018

Certificate:

Table No2:/ 2 Y Y I Y IR&bdeRE medical certification details

Thecheckscompleted by theCommandeare listed inTable No.3.

Check Type Check Validto

LicenceProficiency Check (LPC) 09/02/2017 | 28/02/2018

Operator Proficiency Check (OPC) 09/02/2017 | 31/08/2017 18
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 tteommander

Other training completed by th€ommander is listed ihable No4.

Other Training GCompleted  Validto
Emergency and Safety Equipment 06/03/2017 | 31/03/2018
(Annual Check)

Exits Triennial Training 11/03/2016 | 31/03/2019
Helicopter Underwater Egress Trainin| 08/03/2017 | 30/04/2020
(HUET) with Short Term Air Supp

System (STASS) and Basic Fire Fighting

Fatigue Risk Management Refreshg¢ 02/07/2015 | 31/07/2017
Training

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 No4: Other training completed by th€ommander
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Flying Experience:
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Total alltypes: 5,292 hours
Total on type: 825 hours
Total on type P1: Approximately725 hours
Last 90 days: 33.6 hours
Last 28 days: 13.2 hours
Last 24 hours: 1.1 hours

TableNo5:/ 2YYIlI yRSNDAa Fféay3d SELISNRASyC

Duty Time:

¢CKS /2YYlIYRSNINA& RidhbleNoG AYS A& akKz2¢y Ay

BIVYANCRICRe - e [lsjell 11 hours 45 min
Rest period prior to duty: [RaleINIES

TableNo6:/ 2YYl YRSNRA Rdzié GAYS

HelicopterCaopilot

TheHelicopterCopilot held a European Union Flight Crew ATPL (H) issued in Ireland by the
IAA. His Sikorsky@A type rating was valid to 31 May 2017 (date of:té& May 2016)He

held a Class | Medical Certificate valid to 31 October 2017 with the provision to wear
corrective lenses.

The Copilot 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 upyerept with a
west-of-Ireland telicopteroperatorin December 1999lying a Bell 206 Jetranger

In August 2001, th€aopilot completed a MultiEngine (MERatingand an Instrument Rating
(IR) with a UK company flying a Eurocopter AS355F2 Ecureuil helicopteCoftiet
completed his type rating on a Sikorsk¥ BN inNorway in October 2001 and his AWSAR
Operabr Conversion Course in December 2001. He was assigned apilatcattached to
the Dublin SABaseand in December 20Qhe completed his commandpgrade and was
assigned as aaptain. In May 2013, th€aopilot completed his type rating on the Sikorsky
S92A in the UK and completed his AWSAR Operational Conversion Course in2AQLgust

In December 2013, he completed his Goamd Check and was assigned asapta&in
attached to the Dublin SAR Badée CeLJA f IRdn€e &nd medical certification details are
contained inTable No.7.



Personal Details: \ Aged 51 years

Licence: I ANXI AYyS

¢ NI y & LJ2 NIi
issued by the IAAType Rating wagalid until31/05/2017

t Af 2

i g

Medical
Cetrtificate:

Class I, valid until 31/10/2017

Table No7:CoLJA f 2 G Qa

f AOSyOS

Thechecks completed by th€opilot are listed inTable No 8.

Check Type ' Check Validto
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 No8: Checks completed by the ot
Other training completed by th€ovpilot is listed inTable No 9.
Additional Training Completed Validto
Emergency and Safety Equipment 28/07/2016 | 31/08/2017
(Annual Check)
Exits Triennial Training 28/07/2016 | 31/07/2019
Helicopter Underwater Egress Trainin{ 04/10/2016 | 30/11/2019 20
(HUET) with Short Terdir Supply System -
(STASS) and Basic Fire Fighting
Fatigue Risk Management Refreshq 01/07/2015 | 31/07/2017
Training
CRM Recurrent Training 13/10/2016 | 31/12/2017
Dangerous Goods (Carriage) 06/06/2015 | 30/06/2017
Controlled Fligt Into Terrain 21/09/2016 | 21/09/2018

Table No.9: Other training completed by the Galot

Flying Experience:

TheCdAf 20 Q& FfeAy3ad JallRBSyOS Aa RSGFAf SR Ay
Total all types: 3,435 hours
Total on type: 795 hours
Total on type P1: Approximately695 hours
Last 90 days: 37 hours
Last 28 days: 13.5 hours
Last 24 hours: 1.1 hours

Table No10: ColLJA f 2 (1 Q&

FteAay3d SELISNRASYyO!
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Duty Time:

TheCalJA f 2 Q& Rdzi eTalleN6s.B. A a4 aK2gy AY

DIV YN ARGl 10 hours 15 min
RES NI lelo Melglo]@eNe (V3 24 hours 30 min

Table No1l:ColLJA f 2 1 Qa Rdzié GAYS
154 Helicopter Winch Operator

The Winch Operator served initially agmditary SAR Crew Winchman and then as a Winch
Operator on Alouette Il and AS365F Dauphin helicopter$998, he jaed a civilian SAR
operator as a snior SAR Crewman. He completed an AWSAR @petanversion Course
on S61N in1998 and was assigned as a draied Winch Operator/Winchman attached to
the Dublin SABase In 2013,he completed an AWSAR Qpgor Conversion Course dhe
S92A and was assigned asluatrated Winch Operator/Winchman attached to the Dublin
SARBase

In addition to his SAR Crewman ratingg, was a PreHospital Emergency Care Council
(PHECC) registered paramedkhe Winchh LISNJ 2 NRa YSRAOIf OSNJI
contained inTableNo. 12.

Personal Details: \ Aged 53 years
VECIERSINileEel Class |1, valid until 08/01/2018

21 TableNo122 Ay OK hLISNI G2NRa YSRAOL f
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The Winch Operator underwetihe checkdisted inTableNo. 13.

Check Type Check Validto
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 th@/inch Operator is listed ihableNo. 14.

Additional Certificate Training Check Validto
Emergency and Safety Equipment 17/12/2016 | 31/12/2017
(Annual Check)

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

Helicopter Underwater Egress Trainin| 01/05/2015 | 30/04/2018
(HUET)with Short Term Air Supply Systen
(STASS) and Basic Fire Fighting

Fatigue Risk Management Refreshq 10/07/2015 | 10/07/2017

Training
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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Helicopter Winchman

The Winchmarserved as a militar AR Crew Winchman on Alouette 11l and AS365F Dauphin
helicoptersfrom 1999 In 2004, he joined civilian @erator as a SAR Crewman.

Hecompleted an AWSAR OpepatConversion Course dhe S61N in2004andfollowing an

initial assignment at the Sligo Base Was assigned as a Winchman attached to the Dubl
SARBase In 2013, hecompleted an AWSAR OpeoaiConversion Course adhe S92A and

was assigned asdual rated Winch Operator/Winchman attached to the Dul3iAR Basén

addition to his SAR Crewman ratingse was a PHEQG@gistered paramedic.The

2 AYOKYlFYyQa YSRAOFf OSNJIATEOleNd. iBA 2y RSGFAf & | N

Persoral Details: \ Aged38 years
VECTERSEIEEH Class I, valid untilgp04/2020

Table No.15:2 A y O K Ynedjcal gertification details

The Winchman underwent the checks listedrambleNo. 16.

Check Type Check Validto
Crewman Competency Che@®WSAR) 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 th@/inch Operator is listed ihableNo. 17. 22
Additional Certificate Training Check Validto |
Emergency an&afety Equipment 26/01/2016 | 31/03/2017
(Annual Check)
Exits Triennial Training 28/03/2016 | 31/03/2019

Helicopter Underwater Egress Trainin{ 27/07/2016 | 31/10/2019
(HUET) with Short Term Air Supply Syste
(STASS) and Basic Fire Fighting

Fatigue Risk Management Refresher| 14/07/2015 | 31/07/2017

Training
CRM Recurrent Training 13/10/2016 | 31/12/2017
Dangeros Goods (Carriage 19/01/2016 | 31/01/2018

Table No.17: Other training completed by the Winchman
72-Hour Activity Review
General

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 onrdst and wellbeing of the
individual. ¢ KS Ly @SadA3ardArAzy O2y il Ol SRiliesSto Gdéek 2 ¥
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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1.5.6.3

One issue which was mentioned by families, and also by colleagues of the Crew Members,
gla GKIG GKSNBE KIFIR 0SSy | o60SNBI@GSYSyd o6AGK,;
preceding the accident. Funeraéremonies for this person, a Pddblder of longservice

with the Operator, were held on Saturday, 11 March 20h7Co. Clareand on Monday, 13

March 2017 in Dublin Not all of the members of the accidehtS f A O 2rediiviiAkie

to attend the ceremonies.

Commander

On Friday, 10 March 2017, the Commander largely spent the day with family members and
friends, and attending to domestioatters. During the day she met with a colleague to make
NPEalGSN R2adzaldYSyda Ay 2NRSNJ (2 Elubekaf Shel G S
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, 12tMarch 2017, the Commander left for the Dublin Base aro@n@0 hrs. She
returned home at approximately 14.1%s 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
Commaumler rose between 06.08rsand 06.15 hrsThe Commandedropped her son to his
creche and later departed for the Dublin Base for her shift at 13.00 hrs.

The Commandereturned home around 21.2%5rs, and retired to bed about 30 minutes
later. At around 225 hrs she went back downstairs to her sister to say that she had been
called out and she departed for the Dublin Base.

Copilot

The Copilot had been offshift 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 Basehere he was on shift from 13.0@suntil 12 March 2017

at 14.00hrs approximately This was a delayed finish due to a SAR tasldagng the Ce

LIAf 20 Qa aKATFTGOZ K SonebmidedciBgrat 18%0ais, anding coriirheacing y 3 &
at 1203 hrsi each flight lasted approximately one houir was theCopilotQa LINI OG A OS
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 jamédfore retiring to bed
between 23.00hrs and 23.30 hrs. On 13 March 2017, he was awoken by an alarm at
07.15hrsand rose after 08.10 hrs. During the morning he checked work emails, had coffee
with a friend and did some household chores. He left hom&2a#0hrsto attend a service

for his deceased colleague, and proceeded from the service to the DaldinBse in order

to start his shift at approximately 14.30 hrs. He spekth his wife, by phone, at around
21.15 hrs.
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1.5.6.5

1.6

16.1

Winch Operator

The Winch Operator completed a rostered shift at 13m09on Friday 10 March 2017. He

was not on duty on Saturdagyl March 2017 or Sundag2 March 2017. It is understood
that he spent Saturday attending to domestmatters. On Sunday he visited fammembers
before returning home in the early evening. On Mondiy March 2017he 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 fawatthe had been unable to
FGGSYR KA& O2fftSI3dzSQa FdzySNIf OSNBY2yASa
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 pcactivhen he was alerted to the tasking

via his TETRA radio.

Winchman

The Winchman finished a run of two duties on Thursday, 9 March 2017. On, Frédsgyent

the day with family and was reported to be in good spirits. On Satytdayattended his
colleagizS Qa  Tejcé N& Wwas 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, March 2017, he started his shift at
13.00hrs.

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 Hes.indicatel to his wifethat the 24
AKAFTGO KIFIR 0SSY RAFFAOMAZ G0 RdzS G2 GKS SY20R2)
home when his TETRA radio activated with the taskimd le departed for the DubliBAR

Base.

Hesent a text message tois wife later to say that thewere headed to Sligo for fuehen
following R118 out towards thEVandindicated that he intended to sleep on base following
completion of the mission.

Aircraft Information
General

The Sikorsky -82A helicopter types fitted with two General Eledtr CT#A turboshaft
engines, with Full Authority Digital Engine Control (FADEG: enginespower a fully
articulated fourbladed main rotor, with a disc diameter of 17.17 m and a foladed tail
rotor system, with a disc diameter of 3.35 m. The maird aail 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 tadndis driven by a shaft from an intermediate gear
box (IGB)fitted near the base of the tail pyto The IGBis driven by a horizontal shaft from
the main rotor gear boxHigure Nol).



TAIL ROTOR
GEAR BOX OUTPUT
1,254 RPM

TAIL ROTOR
DRIVE SHAFT
3,326 RPM

TAIL ROTOR
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— : —— GEAR BOX
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QUILL SHAFT

7,500 RPM

Figure Nol: S92A Rotor Drivetrain

The helicopter is7.09 m long from nose to tail. A composite horizontal stabiliser, 2.98 m
long, is mounted on the rightand side of the tail section (the other principal dimensions of
the helicopter are contained akppendixA).

A retractable tricycle undercarriage ité¢d, with the main landing gears mounted in the aft
section of each sponsoh An emergency life raft is fitted in the front section of each
sponson $ection1.6.4). The centre (main) portion of each sponson contains a main fuel
GFylo ¢KS KiBdmtakeoffdivetyhtTisi12 820 ky. The cockpit is configured for
two-pilot operation in a siddéy-side layout; each pilot seat is fitted with a fipeint
restraint harness.

EHCR was manufactured in 2007 and was one of a fleet of f8@ASSARelicopters 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 Airworthviess Re

Certificate (ARC) was issued on 8 November 2016 and was valid until 7 November 2017. The

Helicopterhad operated for a total time of approximately 4,851 hours from the date of
manufacture until the occurrence datdotwithstanding the Daily Check carriedit on

13 March 2017, the most recent maintenance inspection wdoae 4 50 Hour Inspectidp
which was performed on 9 March 2017 at 4,848 hours.

10 Sponson A structure projecting from either side of the helicopter.
ol Weight Quantities denominated in Kgs are technicalmp@asurement of mass, although they are frequently
NBFSNNBéghde® | a v
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Photo No.1: EHCR, Sikorsky&A Tom Moloney

In the SAR configuration as used by the Operater Helicopterwas fitted with an auxiliary,
cabinmounted fuel tank to permit increased operating range and endurance. A three
person YtterQevacuation station was fitted, for the treatment of recovered casualties. A
wide-range of medical equipment wasirried on boardTheHelicoptefQ forward cabin was

fitted with a frontfacing crew seat on the leftand side, normally used by a winchman, and

a front-facing crewseat on the righthand side of the forward cabin, aft of the main sliding

door, normally occupied by a winch operator. The seats for the winch operator and winck£6
man were fitted with fouspoint restraint harnesses. TheelicopteQ &  9%lcankravsystem

cand6 S 2LISNI GSR FNRBY GKS {!w hLISNI (2 NIRcionadl 4]
1.6.6.12.

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 rampad, 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. $usttabin
windows are also provided. €ke windows can be jettisoned by pushing on the window
FNRY AyaARS GKS OFroAyd ¢2 FLOAECAGFIFGS SYSNH
can be jettisoned by rotating the internal emergency release handleoafexternally, by
pressinga red button and rotating the external release handle countdockwise(Photo No.

2 andPhoto No. 3.

18 EO/IR:Electrooptic and infrared
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Photo No.2andPhoto No.3: RightK YR aA RS LAt 20Qa 2SditArazyl o

Emergency Flotation System

The Helicopter wa fitted with an Emergency Flotation System (EFS), which incorporates five
inflatable flotation bags to keep it afloatnd facilitate evacuation following a controlled
ditching in water, in conditions up to sestate 6 (wave height 120 ft with wind speedf

27-33 knots kts)). Two of the bags are mounted below the cockpit jettisonable windows;
one bag is installed in the aft section of eagonson left-handand righthand)and one bag

is installed on the underside of the tail section. When armed, tbtatilon system can be
activated automatically by left and right immersion switches, or manually by either pilot.
Whenactivated compressed gakom highpressure cylindermflates each of the urethane
coated, nylon, pogout flotation bags.

¢ KS h L3Sndimal Zliydd 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
RSaA3ay SR G 2corirfleddiiicBri@ RBYSIW WA 2 YR Al hed y2i
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 EFRfgi is
prohibited.

Life Rafts

A l4person life raft (with an overload capacity of 21) is stowed in the forward section of
each sponson. Each life raft contaasurvival kit and an Emergency Locator Transmitter
(ELT). Raft inflation can be triggered either electrically from the chakpby manuabpull

Pring 2y (GKS alLkRyazyad 9FOK NIXYFd Aa AyFeEl aSt
of the raft causes it to deploy from its container.

SAR Operator Station/Equipment

The helicoptertype used by the Operator wasquipped with a Wescam MX5i EO/IR
Camera System (commonly referred@e® G KS h LIS NI a5 th&¥DI&sy4ia8iiE 2 vy y S ¢

Y The Investigation acknowledges that the Helicopter was equipped with an EO/IR camera system. However,
the Operator refers to the system withéh I Sy SNEFLIR GISKNWB dA K2 dzi AdGa Y| ydz f &c
wSLI2Z NI 2 NEFBNBYKDOEFERGES Wil 1Sy G2 NBFSNI 2 GKS 9hklLw i
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1.6.6.1

The camera system incorporates aydight camera with continuous zoom lens, an infrared
thermal camera with stepped zoom lens and»efl focal length daylight/lovight spotter

scope. It also incorporates an interface for the SpectréldHTSUNP searchlight system,
which can also be used as a standalone illumination source. The imagery can be viewed from
the SAR Operator Statidocaed on the lefthand side of the forward cabin and can also be
selected for viewing on a cockpit MuFunction Display (MFD),afpilot selects it. Th&AA
Approved,] St A O2 LJi SNJ eRbtyraztt IFlighi ManEaKEM, Supplement for use

of the EOIR system state®o not navigate or manoeuvre based on Wescam ima&gery

An Avalex AVMB240-XM digital video recorderSection1.11.15, which is alsanstalled in

the SAR Operatottation, provides the capability of recording video from the EO/IR camera.
¢ KS hLISNI (2NDa hPalR shadNIBGt BeNiked B dsolafiok forijudgement of
distanceQOMF also states tha#l secondary navigation source may not necessarily be
authorised m the OMB for aircraft navigation but may augment aircraft situational
awarenesso XSgcondary navigation equipment:Xive FLIR identified ground feat@e

| Todghbook O2 Y LJzi SNJ A& Ff&az2 7TAGB&BONED GKS {!w
Avionics
General

The avionics suite oBHCRncluded, amongst other components, the following systems:

28
® A Universal Navigation UllSlight Management System (FMS) with GPS and
Multi-Mission Management Systems (MMMS)

w Two Honeywell AB00 Radio Altimeters (Rad Alt)

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

w Honeywell MKXXIl Enhanced Ground Proximity Warning System (EGPWS) with
modified software for SAR profiles

w Honeywell Primus 701A Airborne, Ground and Sea Mappimgth®r Radar
System

w Euroavionic&uronavs Moving map display system

w SkytracSystems ISAT00 Flight Following System with CDU and Voice Capability

w Wescam MXL5i EO/IR camera system

w Global Wulfsberg Flexcommll VHF/UHF/AM/FM tactical communication
transceiver

w Saab Airborne R4A Automatic Identification System transponder

w Memory mapg Toughbook

w Dual Attitude Heading Reference Systems (AHRS)

w Emergency Locator Transmitter (ELT) with GPS position broadcast
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Automatic Deployable ELT (ADELT) System
Helicgoter Emergency Egress Lightfagstem(HEELS)
Honeywell Primus HEO50 High Frequency Radio System

€ € € €

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, &hdl the
Authority Digital Engine ContrdFADEYLsystem. 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), Emginerment and Caution
Advisory System (EICAS), Navigation (NAV), Health (HLTH), and Utilityp{saiéy) Control

Panels (DCPs) for the pilot and-mitot are located on the centre console; the DCP sets
various parameters, on its associated side of tlekpit, on the PFD and NAV displays.
PhotoNo.4d K2¢ga GKS flFe2dzi 2F GKS hLISNI 6§2NR&a 02«

Photo No.4: Cockpit Displays and Control Panels

Flight Management System with MukMission Management System

The Flight Management System (FM&)eivesprimary position information from short and

long range navigation sensors such as Distance Measuring Equipment (DME), Very High
Frequency Omi-directional Range (VOR) and Global Positioning System (GPS). Primary
position data received from eachrssor is combined in the FMS, to derive a best computed
L2aAldA2yd ¢KS 1 GAGdzZRS YR f2y3AGdzRS 2F (K
navigation display page.
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1.6.6.4

The FMS uties the derived bestomputed position to provide the capabilitp thavigate

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 selectionludes 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. Thehtligplan overlays weather radar data if
selected for display. Navigation data including next waypoint ID, distance;ttirge,

desired track, wind speed and direction, and present position is also displayed.

The MMMS includes the ability to steer the aaft through six distinct search modes (flight
patterns) ¢ rising ladder, race track, expanding square, search sector, orbit, and border
patrol. Characteristics of all patterns can be manually altered or custohtiy the flight
crew depending othe misson.

Radar Altimeter

| 5 dibneywal ABOQ wl R NJ ! f (7 sysbetn Jvaslfittedv THe Rdd fAltisystem
provides the height of the helicopter above the surface whenever it is within 2,500 ft of the
surface. This system provides radar altitude foK S O 2 O LRadar dltiDdesAte ! W
refers to a pilotselected settingg KA OK RA aLJ | 8 & BugQ G3KSE SAABA 21y T
analogueradar altimeter on the NAV pageWhen descending through the radar altitude

alert setting, theBLTITUDEurd alert will be generated once.

An analogueadar altimeteris displayed in the upper right corner of the NAV page on the 30
PFD The analogue gauge disappears when Radar Altitude is greater than 1,050 ft and
reappears when Radar Altitude is less than 1,80@\ 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) maintdires helicopter at a Radar Altitude. The
RadarAltitude at the time of capture will be the reference radar altitude.

Automatic Flight Control System Modes, including SAR modes

¢KS wCa {dzlJLJ SYSyd IyR GKS hLISNI{i2NRa hac
controlled from either MSPFour SAR approach modes (Approact APP1; Approach @

APP2; Approach to Poigt ATPT; Mark On TGPMOT) are includedthree hover modes
(Velocity Hover Hold VHLD; Position to Hover HaddPHLD; Crew HoverCHOV)and one
departure mode (Depart DPT) In each approach mode, the helicopter transitions from a

high speed, high altitude condition to a low speed, low altitude condititbre approaches

attempt to follow programmed deceleration and descent schedules, with denrgas
airspeeds corresponding to decreasing radio altitudes. The Investigation notes that a search
Y2 RSRCAW A & | f Abat thiseEhal HeRkcsibed in the RFM Supplementn the
hLISNI §2NRa haCo

*®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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Rad Altactive, the SAR approach modes are available. One of the SAR mdeRs,
automatically transitionstte helicopter from flight below 2,400 ft to low level operations

Once initiated, the helicopter will intercept and maintain an altitude/airspeed profile (called

Yhe lineQ0 Yy R O2yliAydzS R2gy (2 wnn Fid ! 02@S 21|
Airspeed) Figure No.2), unless interrupted by the pilot to level at a higher altitude. The
commanded descent rate is 500 Fg& NJ a Ay dzi S l6@2 @ @RISOOFRN S Q

6 K S3y Wi K? Thie doyhrdaRded deceleration rate is 1.2 kts per second.

APPROACH 1 TRANSITIONS TO THE LOW LEVEL ENVIRONMENT

APPROACH 1

80 KIAS
200 FT AWL

Figure No2: 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 controls thedescent of the klicopter. 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 Cveselected APP1 during the descefée¢tion1.11.9.

¢ KS h LIONA pr&viddge general instruction in relation to the use of modes:
Wutopilotg Coupler / flight director modes

It is standard procedure to operate the aircraft coupled, encouragingebetterall
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 dselections shall be announced, and confirmed by the gqithet: 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 IMGInstrument Meteorological Conditionshall be made by the PNMn

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 adjustenents
is making (for example, to IAS, HDG or ALT), so that the PM is aware and can monitor.

Zanw2 y (i BpProathiis/irfti@ed when the current speed and altitude match the programmed rates.



1.6.6.5

[.]

Coupler / FD management

[.]

The four steps are:

a. Select / arm (system)

b. (System) selected / armed

c. (System) captured (correct indication displayetherFMA)
d. Checke@

PF asks PM to couple a mode
PF PM
"Select altitude”

"Altitude selected"

"Altitude captured”

"Checked"

Enhanced Ground Proximity Warning System

The Helicopter g I & S |j dzA LILJSoReywéllA NIKK X)XQEnhaiced Ground Proximity
Warning System{EGPWJE The EGPWS uses system inputs, including geographic position,
attitude, heading, ahspeed,ground speedglideslope, landing gear position, and engine
parameters These are used in conjunction with the imt@l terrain, obstacle, and airport
databases, to predict potential conflicts between the helicoftdiight path and terrain or 32
an obstacle, and provide visual and aural alerts. In addition, a graphic display, generated-
from the EGPWS databases of thersunding 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 informatidhis position in space is

then compared to aerrain database and an obstacle database contained in the EGPWS
O2Y LIzl SNJ 42 LINPRdzOS | @ANIdzZ £ LIAOGIZINE G KA OF
awareness The EGPWS also uses barometriessure, Radar Altitude an@PS altitude to

derive Yeometric altitud& using the same Mean Sea Level (MSL) reference as the terrain,
obstacle and runway/helipad databases in the system.

TheHelicoptera | y dzF I OG dzZNBENDR& wCa aidl GdSa

ENHANCED GROUND PROXIMITY WARNING SYSTEM (EGPWS) The EGPWS will
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 dgay 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
obstaclexQ

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



Whe look ahead modes prevent the aircraft from running into sharply rising terrain or
man made obstaclem X% obstacle database tells the system the location and height
of known man madebstacles 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 databgse

Note: Neither the terrain at Black Rock, nor tihghthouse was contained in the EGPWS data
basesat the time of the accideniSection1.17.11contains further details.

EGPWS was a development from GPWS which was introduced to improve the safety of large
fixedwing aircraft. Airports have significant nibers of large fixedving 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 carefullyrseyed 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 expeditiousihe 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,frer 1 A @S (12 GKS . $hé EGPWSIdeedtdXbat L2 &
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 & subject to system selections as described below.

The Investigation notes that thEGPWSY I y dzF | O (i dzNB NI Whe WK Yxitlis a & I
Situational Awareness tool, and an alerting and warning device. It is not to be used for
navigation of the aircraff2

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 PEpadgeCs selected, then the
system will change one MFD to a NAV ARC page with terrain displayed.

TheEGPWS uses two sets of modes to protect against CFIT: (1) Six Basic mapdisi(to

not utilise a terrain database and, (2) leakead 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:

2 PFD ARCThe PFD ARC display adds additional information to the PFD while still observing a portion of the
compass card.



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
envebpe, the aural messag??ERRAIN TERR@N generated initially, and amber
caution lights are illuminated. If the helicopter continues to penetrate the envelope,
then the aural messag®ULL URs repeated continuously and the red warning lights
are illumnated until the warning envelope is exited. When the Mode 2B warning
envelope is penetrated, the aural messa@&RRAIN.Qs repeated and the amber
caution lights are illuminated until the envelope is exited.

Mode 3- Inadvertent Descent After Takaf. This mode provides alerts when the
helicopter loses a significant amount of altitude immediately after takeor during

a missed approach. Mode 3 is enabled after takieor goaround whenthe landing

gear is not inthe landing configuration, or whethe airspeed is greater than 50
knots. If the helicopter penetrates the Mode 3 boundary, the aural mest&deb Q ¢
SINKJs generated and amber caution lights are illuminated. The visual annunciators
remain active until a positive rate of climb isestadished.

Mode 4 - Insufficient Terrain Clearance. This mode provides alerts when the
helicopter descends below a pdetermined terrain clearance or floor. Mode 4 34
contains three sulmodes that depend upon helicopter airspeed and landing gear
configuration

o Mode 4A- Unsafe Terrain Clearaneésear Up. This mode is specific to flight
with landing gear retracted. Above 60 KIAS, the system annunciates
WERRAI® below 60 KIAS, the system annunciatE©O LOW GERQRThis
mode is generally active during cruised approach when the gear is up.

o0 Mode 4B- Unsafe Terrain ClearaneeGear Down. This mode is specific to
flight with the landing gear extendedA WOO LOW TERR®Hert is given
when radar altitude is below 100 ft for airspeeds above 120 KIAS. Asearsp
reduces, the alert boundary decreases to 10 ft and 80 KIAS.

o Mode 4C- Unsafe Terrain ClearaneéAt Takeoff - 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 enadblwhen 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 th&0Q ft; and (4) Landing gear is down.

Mode 6 - Additional Alerts, including Altituded&isories, Low Altitude, Bank Angle
and Tail Strike modes. This mode provides aural callouts for descent belew pre
defined altitudes and minimums and also for excessive bank angle and tail strike
warnings.



1.6.6.6

Low Altitude Switch

To allow for helicopter opmtions that require low altitude flight, an EGPW3 2 ¢ ! f (A (
function can be enabled with a switch. The RFM sta#&3W ALT Low altitude mode
desensitizes the system to allow for low altitude VFR fliJiitis means that, for obstacles

which are comained in the EGPWS databases, warning thresholds will be reduced; however,
AT Ly 20aiGal0tS Aa y2i AYOWKSE obhit{ KRUEI §FI2:
warnings will not be generated. KS 9Dt 2 { YI ydzFl Ot dzZNBENRA& Y ydz

Whe pilot mustmaintain 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
O2yRAGAZ2Yyad ¢KS WwWiz221] R2¢6yQ Fy3aftS Aa NB
time is greatly redced. Noted exception is Offshore Platform IFR approdehes.

¢KS 9Dt2{ YIydzZFlIOildzNBENRa YIlIydzaf adrdsSa aGKI
from 1.1 NM to 0.75 NM at 120 kts and th#orward airspeed will also modify the leok

ahead envelope. Below Qknots, the envelope is reduced until it is completely inhibited at
70knotsorlesb@K S h LISNJ G2NR& ha! adldsSa

Whe low altitude mode significantly reduces terrain warnings. The low altitude mode
may only be used when intentionally operating at lowele including during an
approach offshore. The low altitude mode may be used at any time in [ViMd@al
Meteorological Conditiondput it is not to be used in IMC except when carrying out an
ARAJAirborne Radar Approachgt-down offshoreQ

¢ KS h LISOVB Statesn

EGPWS 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 MBA 2
ALT shall not be selected when operating IMC except as required when performing
offshore approach procedures or low level SAR procedures

When this function is engaged:

Mode 1 is inhibited (note: this mode is not used on th@23 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\ALTITUDE, ALTITWB&Ilout is enabled

Terrain Advisory look ahead distances are reduced

= 4 -4 -4 -a -2

Note:Seled A2y 2F [h2 [ ¢ F2NJ GKS 9Dt2{ Aa GKS @
checklist. CVR data indicates that at 00h28the Copilot said4éw alt selecteflin response

G2 | NBdzSad FTNRY GKS /2YYlIyRSN PRuiddtey 3 K
Airspeed KIA$ at the time of the accident was 7kts.



1.6.6.7

Weather Radar

I HoéBeywell Primus 700A ¢S GKSNJ NI RFNJ a2aidSy ¢la FAGAHS
fully stabilsed, high power, digital radar, designed for high resoluti@ather detection and
GSNNFAY YIFILIWAYId ¢KS NI RFENI YIFydzFlF OGdZNENEQ Y

WYHE SYSTEMS PERFORM ONLY THE FUNCTIONS OF WEATHER DETECTIOI
MAPPING. IT SHOULD NOT BE USED OR RELIED UPON FOR PROXIMITY WARNIN!
ANTICOLLISION GRECTIQD

OMFstated Wavigation must not be predicated on the use of weather radar mQile®@MF

Section 3.18 SAR ovemter DVE IMQight letdowns one of the minimum equipment

NB lj dzA NB Y 8aflar Zervizdatile idpproved navigation mod&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 modese Operator informed the

Ly @S a i A 3 ONFAhas/nowir&nhovied Mference to "apped navigation modesand

now specifiehy N RF' NJ aS3G (2 | LIINBLINAIGS @ y3IS YR Y

The radar can be operated in numerous configurations to display weather or terrain
mapping information on the radar indicator, the MFDs, or on a comimnabf these
displays. Stabilisation is provided for 80 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, Btpdbtselectable.

¢KS mMHn RS3INBS aSO02 NllokKs[swedpslpgrankidid & & O A Vé_lﬁﬁ K
RSINBES aSOG2N) aol y frl24 aF LISING GYS\NOddalSRY 6 S 2 F o

Rdi I NB O2y i NP { RAN@RIacstex orf both [ilot DSHAR, a® ds® select the
operating range of the radaifhe 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 tiltthhe beam upward to +15°; counterlockwise 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 tah the receiver gain. Pushing in on the
GAIN? switch causes the system to enter the pset, calibrated gain mode. Calibrated gain

is the normal mode used for weather avoidance. In calibrated gain, the rotary portion of the
GAIN control does nothindrulling 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 sensitiity over the calibrated level to show very weak targets or it can be reduced
below the calibrated level to eliminate weak returns.

»RadarGAIN A measure of the sensitivity of the radar system.



In weather detection mode, storm intensity levels are displayed in four bright colours
contrasted against a black backgra 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 th#te white colour blinks. Range marks and identifying
numerics are provided to facilitate evaluation of storm cells.

WEATHER MIDpLE

RADAR

TILT

Figure No.3: Generic Weather Radar Display (SouREN)

The terrain mappindgunction is selected by setting the controls 8MAPlor GMAP2
Selection of theGMAP1function causessystem parameters to be optimgd to improve
resolution of small targets at short ranges or under sea clétwonditions. GMAPIprovides
maximum target resolution. When using th&MAP1 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 higkeastates CR1 is recommended to reduce the shater
returns. CR2 is recommended for use in medseastates. Sea clutter reduction will remain
operational as long as teMAPImode is being used.

Selection oilGMAP2gives a higksensitivity terrain mapping modehe reflected signal from
various sufaces is displayed as magenta, yellow, or cyan (most to least reflective). Switching
to the GMAP2mode will turn off the clutter reduction feature.

Note: A review of both the CVR and F[¥edtionl1.11) determined that during the approach
to Black Rock,he radar sector scawasd S F2NJ mMmHnc o6cnc SAGKSN]
longitudinal axis)the radarrangewas selected td0 NM andGMAP2wvas alscselected.

** 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.



1.6.6.8 SkytracSystems ISAT00 Flight Following System

TheHelicopterwas equipped with &kytracSystems ISATO0 Flight Following Systemwith a
Cockpit Display UniThe system includes the capability to transmit data via short burst data
(SBD) and voice telephony via the Iridium LEO (Low Earth Orbit) satellite nefiwerk
system consists od 12 channel parallel GPS receiver with a stated accuracy of less than
25 m The satellite transceiver uses an operating frequency of 1B83%6.5 MHz, with a
maximum power output of 5 WattsAccording to theSkytracSystems Manual, the ISADO0

is not chssified asequipment known to have a high potential for interfereficeaccordance

with FAA Policy No. AS2001-01%° dated 25 April 2002.

The SkytracSystems Manual states that the powep time to GPS position acquisition is 48
seconds from cold, and.D seconds for racquisition The GPS position is transmitted to
Skytra¢ and can be accessed in real time through a secure;lvasled portal The use of
Skytracon EHICR is described Bection1.11.11

1.6.6.9  Automatically Deployable Emergency Locatbransmitter

The Helicopter was equipped with a Model 5@Ritomatically Deployable Emergency
Locator Transmitte(ADELY), which is locatean the left side of the Helicopter, between the
intermediate gearbox and the ramp dooPloto No. §. Further detailsare contained in
AppendixB.

1.6.6.10 VHHUHF/AM/FM Tactical Communication Transceiver

38
The Helicopter was fitted with &lobal Wulfsberg Flexcomih VHF/UHF/AM/FM tactical

communication transceiver.

This unit allowsthe crew to communicate with noaviation units and agencies. The
transceiveron the accident helicopter typis located in the tail sectiorPfioto No.5).

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

Z5ASW2001:01: ©6 FR 50246 Policy for Certification Guidelines for Compliance to the Requirements for
Electrea l 3y SGAO / 2YLI GAoAfAGE 69a/0 ¢SaldAy3a FT2NJ WWO Il dzA LI
When Installed on Rotorcraft With Electronic Controls That Provide Gilitf Cdzy O A2y a Qo
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1.6.6.11 Moving Mgp Display

TheHelicopterwas equipped with a EuawionicsEuronavs moving map display which had a
number of maps/charts available for selection. Hugoavionicsligital moving map provides
the following functions:

w Maps The full colouEuronavSystem featureselectable map illustrations. Either
vector’® or scanned rastéf maps can be displayed. All map material can be
displayed in NortlJp or TrackJp modes with the helicopter position placed on
the bottom or centre of the screen. The map range can be adjulsyetheans of
the on-side range control. Map labels move with the map but remain upright to
enable easy reading in Tratlp mode.

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

w Air Databases The gstem also uses proprietary databases showing airspace
structures, topographical airport information like runways, available frequencies,
NDBsVORs and restricted airspace.

w Flight Analysis by Flight Recordinglight recording of flight track and altde
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.

39 w User DatabaseFour user databasesan be used to store other useefined map
— data.

The RFMstates\Po not use the EuroNav Digital Map system for primary navig&ion
OMB states

W X\VBhere applicable EuroNav may be selected on one of the inboard MFDs. Select a
suitable range scale to enhance threat and error managermeKi$e EuroNav V is a
moving map display system which displays on the cockpit MFDs. It provides task
management capabilities which allow the pilot andpilot to operate independently
enabling each to view maps and perform tasks as reqdir@d

Euronavwas not available in theFlight Simulation Training Device (FSTD) which the
h LIS NJ { 2 NQ & The pegator inflaim8d the Investigation that the normal cockpit
configuration was:

1 PF to have PFD display mode selected, with lower half of screen in ARC with EGPWS
displayed, TCAS actihamd with Flight Plan overlaid or with lower half of screen
displaying the compass rose or with lower haffscreen displaying radar inR&E
Mode.

6 vector Graphicsimages comprising of lines and curves.
" Raster Graphicsmages comprising of a dot matrix structure.



I PFo set his inboard MFD to either Euronav or EGPWS in full mode.

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

T PM to ®t his inboard MFD to Radar ilrR&@Mode.

¢CKS hLISNIG2NI AYF2NY¥YSR GKS Ly@gSadAaalriarazy GK
available, the cockpit screen configuration would be:

1 PF to have PFD display mode selected, with lower half of sine&RC with EGPWS
displayed, TCAS actiamd with Flight Plan overlaid or with lower half of screen
displaying the compass rose or with lower half of screen displaying radaR@
Mode.

9 PF to set his inboard MFD to EGPWS in full mode.

The Operatoinformed the Investigation it believethat 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 goerating.

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 inboare—
MFD.

OMF statesfor Night over land operations

W X Bhe Euronav alone should not be used for primary navigation as it provides
insufficient detail and is not kept ttp-date w XU&ing 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 w X 8econdary navigation equipmenindependent GPS positiomo K 6
cockpit moving mapo XB P

During aReview Fligh{Section1.16.1), which the Investigatiomndertook on one of the
hLISNF G6§2ND&a KSEtAO2LIWGSNBS AO0 ¢la y20SR GKIF G
Black Rock and insteatthe BLKMO waypoint was shown against a white, featureless, chart
margin(Photo No.6).



Waypoint

Photo No.6: EuronavimageNE  FNRY Ly @SadA3ardAaAz2yQa w!

In relation to the Eurommv imagerythe Investigation askedertain questions of the Operator
and received answers as follew

1 What was itsapproval process for the map data loaded onto tBerona? The

Operator responded saying that there was no approval process. The Operator
4 explained that in mie2015 new charts were uploaded after the Waterfad8d\R

Baseraised an issue with the paper charts and theronavCharts being out of

sync; this was the first time theeland operation was involved in updating charts

after the initial S ! NRff 2dzi® ¢KS hLISNFG2NJidal AR

dateQ LJ2 2 NJ |j (00Ot ¥ Reoltgfigd n 32 2 R |j ¢abOficHardid@ wm Y H

the system The imagery the Investigah observed on its Review Flight appears to

havebeen from the 1:250,000 Aeronautical Chart, and did not extend as far west

as Black Rock.

1 How were the charts that were loaded on tBgironavat the timeof the accident
specifie® The Operator said thatts 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.

1 Why was it deemed appropriate to have aerotiaal charts loadedn the system
which stopped short of Black Rock?KS hLISNJ 02NJ aF AR (K
FLILINRLINRFGSS GKFG A0 KFR Sy3aF3aSR gAl
were focussed on trying to improve the scan quality as the map wusable.

b
K

1 Was any guidance provided to crews about the us&wfonavwhen operating
outside of the areas provided in the map imagef?e Operator said that no
guidance had been providedbut noted that Euronavwas not to be used for
primary navigation.



1.6.6.12 WescamMX-15i Surveillance System

The subjecHelicopterwas fitted with a MXL5i (EO/IR) Surveillance System. The IR system is
commonly referred tod @ G KS h LIS NI dsz2heiBerwarid)Sdeling 1hiyafELIR)
system.

The MX15i System consists of the following main components:

w Turret
w Hand Controller
w GPS

The turret provides hardware and software functions that allow crew members to operate
the MX15i System using the Hand Controll&xternal communicabn interfaces can be
utilisSR G2 O2y iNBf 2LISNIGA2Y NBY2({iSte (§KNRIzZAK

The turret contains a videswitching matrix that manages output to external display
monitors, digital video recorders (DVR) and other associated wedggpment. 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:

. . : .42
WC[ Lw ohiygiNihting thed 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, andhe 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 caditions. 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 releas. Thereforetwice 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 towash 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.



—
Heavy snow and rain:

In these conditionsthe 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 wher¢he 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
differene 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 vesselsrtdlife, persons in thevater, 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
YR /wa 0SG6SSy GKS 2LISNI 2N I yR GKS NBa

1.6.7 Automatic Identification System

The Helicopterg | & S |j dzA LILSS8aR Aimbdrnie R4AI | THE AIS System included a

43 signal convertetocated above the rear fuselagan antenna below the fuselage on the left
hand side, and a GPS antenfitbled approximatelyhalf way up the tadlboom. AIS is a
transponder surveillance system that is operated in Ireland by the IRCG on fétE &f NB O 1 A ¢
2002/59/EC of the European Parliament and of the Council of 27 June 2002 establishing a
Community vessel traffic monitoringaddy T 2 N G A2y a@daisSyQ

In general terms, AIS messages are transmitted on two channels in & i&iffhe band
(AIS 1 [Channel 87B, 161.975 MHz] and AIS 2 [Channel 88B, 162.023n\ifdér to allow
many types of AIS equipment to communicate togethemch 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 mifdbte AIS
messages are desigado fit into between one and three slots depending on the type of
information being sent

In Ireland, he system comprises AIS base stations located at sixteen radio sites around the
coast on elevated groundhe data from these base stations feeds istmumber of servers,
which then deliver data to the IRCG control centrggrious agencies such as the Health
Service Executive (HSE) are also provided with this data.

8\VHF:Very High Frequency.



1.6.8

¢KS hLISNI G§2NR&a KSf
O2yidlAya RSGFAT & 2
longitude and altitude.

AO2LJi SNBE (NI yaTis inesdage ! L {
T 0KS frflcolrsedieligh g, datitutisy, A |j dzS

Relevant AIS data for R118 and R116 were provided to the Investigation by theSHREGG
1.11.12. The final AIS positions of R1d/6re used to direct the initial emergency response
and to inform the Investigation.

Further technical information relating to AIS is presentedppendixCto this Report.
Toughbook Computer

In addition to the KBt A O2 LJG SN & | @ A-8lohd MggediZzedzN dughBook I a
computer, loaded with specific application software and map data, was located at the SAR

2 LIS NI (i 2 NIAXdetaided! fies@ifitiGhdf thdoughbookfunctionality can be found at
AppendixD.

The Toughboolvad LINBEmf 2 R®Mngmaps: K G KS F2f f

1:50,000 ordnance survey maps (Island of Ireland) (elevationgiregh
All marine charts (Ireland and UK) (elevationmetres)
IAA 1:250,000 and 1:500,000 aeronautical charts (elevations in feet)

1
1
|
1 CAA 1:250,000 and 1:500,000 aeronautatedrts (UK) (elevations in feet) 44

1 Road atlas and regional maps (Ireland and UK)

The 1:50000 imageryloaded on theToughbookdid not show any terrain or lighthouse at

the location of Black Rockinstead, it showed plain blyandicating open water The
Operator stated that the 1:5@00 ordnance survey chart data was supplied to @erator,

via the IRCGby Ordnance Survey Irelar{®Sl)in September 2012 and was subsequently
configured for use orthe Toughbookd & 2y S 2F (GKS hTEEOEerat@ N a
provided a copy of the original imagery it had received and the Invesiigaoted that it did

not show anything at the location of Black RoEkirthermore,the eastern section, which

was approximately half of the imageontained National Gridrles, whereas the western
portion did not.

The Investigation asked O6l explain whatimageryhad been requested and whatt had
supplied The OSI informed the Investigation that:

WLY WFydzZ NBE HAaMHYE h{L NBOSA DS HRorbusgof & | A f
OSI 1:50,000 Discovery series mapping in inland or in mountainous areas. The emall
YSyldAzya GKS g2NRa WAYyflFIYyRQ GgA0SsT WY2dzy

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.



The need to use 1:50,000 Discovery series mapping in this way, for finding inland
locations makessense 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 exantpls isfthat

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 aries 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.

OSlisawarethat f O] w201 LatlyR gla I gl&LRAYl
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 AviatitioAty to
confirm the ceordinates 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 Imggyoint. 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 feBtaitk 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 systermd 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
recognisake as there was no gird index further west of Irish Grid Eastirgydinate
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 &ilometres 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 fithess for purpose of the intended use of
the maps, the operational scale of the maps or ather matter.

OSI can assist with producing customised mapping for customer needs if requested to
R2 &2 YR KIFI& LINBGA2dzate R2YyS a2 F2NJ I y:



The Investigatiorasked the Operator what was the approval process for the map data
loaded onto theToughbook and the Operator said that there tdeen no formalised Flight
Operations Department approval process for map data loaded ontd theghbook but that
procedures were being developed. The Investigation asked the Operator whatspesce
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 tBete Agency
responsible for the official, definitive surveying and topographic mappirtgeRepublic of
Ireland it was not considered necessary to systematically check the supplied map image files
for accuracy The Operator said thatisually, the mapped terrain on the digitised maps
appeared to be identical to the paper maps carried, &mat prior to the accidentthere had

been no reports oinaccuracies in the digitised maps

The Operator went on to explain that it did carry ot December 20123 threepart check
of the accuracy of the configuration and calibration processhich had been completed
(between October 2012 and December 2012) by“garty vendor.This involved checking
individual test waypoints corresponding to giide intersections, for various locations
throughout Irelandcrosschechkng location and feature outlies with other aeronautical and
marine mapping data on th&oughbook and, flight testing to ensure that theK St A O2 LJG S N
reaktime GPS location as displayed on the map was accufaie Operator stated that these
checks were not to review the underlyingfermation provided by the OSI, but rather to
ensure that the Operator's waypoints ovkid accurately with the maps supplied.
Furthermore, the Operator informed the Investigation thiatthad made no attempt to
mislead OSI or withhold information about what the data was to be used for.

In relation to OSI mapshe Operatorsubsequentlynformed the Investigation that

While the maps were not intended for aeronautical navigation tbeyld 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 $athhe 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 mapt& identify

the actual area. Copies of the maps are held in each Ops room ahdacm the
aircraft.Q

Furthermore, the Operatoalsoinformed the Investigation that

Hrocedures to formally record the uploading of subsequent versions of maps have been
RSOSt2LISR YR INB y2g O2we brgcddies deyeloped S h
do not extend to checking the underlying content of the maps as they are uploaded,
whichare 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
providedQ



1.7 Meteorological Information
1.7.1 Introduction

In order to establish a generpicture of the meteorological conditions prevailing at the time
of the occurrence, the Investigation obtained meteorological data from several sources,
including Met Eireanmg the Irish National Meteorological Aviation Services Divigia8D),
andlocal ey-witnesses

1.7.2 Met Eireann

ASDis tasked with providing a wide range of meteorological facilities to civil, military and
general aviatiori 2 YSSG GKS {GFG4SQa 206f A JAShDcbrapyses: a |
the Central Aviation Office at Shannon Airport, together with the meteorological offices at
Dublin Airport, CorkAirport and Casement Aerodromdt issues Terminal Area Forecasts
(TAFs) and Local Area ForecdstaF)for the various airports angmaller airfields in the

country, as well as localveatherwarnings (SIGMETS) for the Irish Flight Information Region
(FIR), and emoute documentation and briefings. The following weather information was
provided to the Investigation.

1.7.21 General Situation

Whe general weather situation was warm sector conditions across Ireland with a very
weak cold front orientated northeastsouthwest and situated just to the northwest of
— the country moving soutkastwards through relatively high pressufibe surface wid
was southwest 20 kt, gusting &b kt, with visibility between-3 km in mist and
drizzle, overcast with a cloud base of 3@WO ft. Surface temperature was 10 dedQC.

Reports indicatd that the frontal surface passed through the Belmullet area at circa 01.00
01.30 hrs.

The Significant Weather Chart issued by Met Eireann at 1&48TC on 13 March 2017 and
valid for 00.0thrsUTC 14 March 201% reproduced ilAppendixE

1.7.2.2 Belmullet Automatic

The Belmullet automatic synoptic weather station, which is operated and utilised by Met
Eireann, is located approximately 13 km to the north of Blacksutiapproximately 27 km

to the northeast of Black Rock is 9 m (30 ft) aboveneansea level (AMISL). A graphical
representation of the weather conditions at Belmullet between 00h@®and 01.00hrs on

14 March 2017s presented atAppendix F, Figure No.FL. A general interpretation of the
recorded parameters identifetthe following:overcast skies, with a cloud base of between
300 and 400 ft, a visibility of between0®0 and 4000 m (2 k4 km) and continuous light
precipitation.



1.7.2.3

1.7.2.4

1.7.2.5

1.7.2.6

Hourly Weather Conditions

A summary of the hourly weather conditions experienced in the occurrenea @8 km
west of Blacksod) for the period 23.66s on13 March 2017 until 04.00rs onthe 14 March
2017 is presented appendixF, Table NoFL.

Aftercast

An aftercast, which was prepared by Met Eireann, tfa occurrence site area centred at
BlackRockfor 00.45hrs onthe 14 March 201,4is presented inrable No.18.

Meteorological Warm sector conditions across Irelandd cold front
Situation: orientated northeastsouthwest and situated just to thi
northwest of the country was moving sou#astwards

Wind (surface) Southwest 20 kt, gusting 386 kt

Wind (2000 ft) ‘ Westsouthwest 35 kt

WILLREsr-I=X{0[0Ri13M The existing stablewarm sector conditions and dat
received from the Castor Bay sounding suggest that ti
was a relatively uniform flow, in terms of direction and wi
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 30800 ft 48
ST RECI[JBEA 10/9 deg. C

Pt

MSL Pressure 1025hectgpascalst{Pg
Freezing Level 8,000 ft

Table No0.18: Aftercastfor occurrencesite area 00.451rs onthe 14 March 2017

Sea Area Forecast

A Sea Area Forecast for Irish Coastal Waters was issued by Met Eireann diré®003
March 2017and is presented aAppendixF, Table No 2.

Forecast for Search/Rescue Area

On the evening of the 13 March 2017, a forecast was issued by Met Eia¢@arB84hrs, for
a position west of the intended SAR location for R118 and is present&ppandixF, Table
No.R3 - Forecast No. 1

A second forecast was issued by Met Eireann 0Bra8%n 14 March 2017 for the Blacksod
Bay area and is presented AappendixF, Table NoF3 - Forecast No. 2



1.7.3

1.74

Local Witnesseg Weather Observations

On the evening of the 13/14 March 201f#yo attendants were at Blacksod.ighthouseto

provide fue] local communications and local weather updates both helicopters(R118

and R116) Aswasnormal practice, when the weather was inclemeat) g@tendant would
RNAGS G2 | 20t D@ibiSlesAwi® GLRAYH] $SYRGFSIE &K PN
the pending arrival of a helicopter. This viewing point is located@pmately one mile west

of Blacksod.ighthouseand is at a height cipproximately200 ft AMSL. A second hill, known
asWermon HilDis located slightly north of the viewing point at a heightapproximately

300 ft AMSL and is used as a visual refeestestimate cloud base.

Prior to the arrival of R11@&ne of the attendantglrove to the viewing point at 00.0Brsto
check the prevailing weather conditionBable No.19 - Observation No. 1).

When R116 did not arrive as expected, an attendaant to the viewing point to see if he
could see the approaching R116 and also checked the prevailing weather conditadnes (
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 00.0Brs 14 March 2017 at 01.1Brs
Wind | WSW 25 30 kt WSW 25 30 kt
Visibility | Horizontal 3-5 miles (58 km) | 20 metres
Weather | Intermittent light rain Intermittent light rain
Sl 400- 500 ft ASL 200 ft ASL

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

The RNLIAchill Lifeboatdunched at 01.3(hrs in response to a MYDAYalert 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 spé&sxbr
visibility persisted until the lifeboat cleared the westeim of Achill Islandat Achill Head

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 CVRExtracts of relevant transmissions are
presented afTableNo. 20.

Time  Source ' Transmission Remarks

23.11hrs | R118 to R116 | w Xc6nditions at the pad are | R118 had just

fine eh eh kind of some low landed at Blacksod
cloud eh approximately five and was taking on
hundred feet eh up to the north fuel.

while we were inbound through
BroadhavenBay over




Time
00.38B hrs

' Source
lighthouse
Attendant to
R116

' Transmission

[X] indications of between three
F2dzNJ FADS Kdzy R
good enough to come {iX]

Remarks
lighthouse
Attendant had
driven up the hill to
the reference point

00.10 hrs

lighthouse
Attendant to
R116

[X] the wind is westouthwest,
westsouthwest, twenty five to
thirty three knots, visibility at
sea level here with me is two
miles at the minutgX]

Following a reques
from R116

00.16 hrs

Shannon AT®
R116

[X] midnight to zero nine
Kdzy RNBR Ay GKS
wind is two twenty at thirteen
knots the visibility will be ten
plus the cloud is broken eightes
hundred feet becoming betwee|
midnight andzero two hundred
in the morning broken twelve
hundred and temporarily
between after zero two hundre(
three thousand metres in mist
and light rain and drizzle broke
seven hundred becoming
between zero two hundred and
zero five hundred two fifty at
thirteenknots broken at two
thousand[X]

Sligo TAF

00.17 hrs

Shannon AT®
R116

[X] the wind is surface wind twc
two zero degrees one six knotg
visibility is ten plus cloud
overcast one thousand eight
hundred feet QNH is one zero
two five hectopascdlX]

Shannon ATC
relayedthe latest
actualweather
report for Sligo

00.18 hrs

Shannon AT®
R116

[X] 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 twele dew point
eight QNH setting is one zero
two eight hectopascals no sig

[X]

Following request
from R116 to
Shannon ATC

Table No.20: Extract of weather report transrssions




—
1.8 Aids to Navigation

1.8.1.1 General

There were no ground aids applicable to thavigation of the helicopterAll navigation was
conducted usinghe AFCS, AHRS, FMS, amdboarddocumentation

Information provided by the Operatoregardingroutes to landing sites and transit routes

were contained in the ofboard FMS databasanda hardcopyin adisplay bookconsisting

of transparent, Adsized plastic pockets. The document is titlt1S Route Gui@but was
commonly refered to by flight crewas theWow Level Route Gui@® NJ & A Y Rfiuie G K S
GuiceQ Hlots can also input atioc routes based on selected waypoints and the needs of a
specific flightTheAeronautical Charts required to be carried are describe8ection1.18.1

1.8.2 FMS Route Guide

The(FMS)Route Guide is one of what was referred tofbght aew asthe threebook€2The
Investigation was informed thathe three book&referred to the (FMS)Route Guide, the
Landing Site Directorf.SDand theRNAV (Area NavigatioWaypoint Listing.

Upon request, the Operator provided the Investigation with O 2 LJ& RaeFGuid@us W

Wanding Site Directo@which were extant on the night of the accidenihe Investigation

requested that these be provided in the same format as they would have been presented to

helicoptercrews at the time of the accidenifhey were prowled in a ring binder, and in the
51 case of the Route Guide, each route spanned two consecutivefauamy, A4sized pages,
the first page being the chart and the second being a page of associated Tiest
Investigation understands that in-EIR, each roetwasmost likelypresented on two facing
pages, in a transparent pocket binddihe Route Guide used both landscape and portrait
layouts; all information tables were provided in portrait formathereasthe majority of
route images were in landscap&he Investigation notes that the Route Guidettevas in
Times New Roman font, wherettge Landing Site Directory text was in Calibri font.

Correspondence indicates thahd 0 May 2013, during a major revision of the Route Guide
layout at the time of theS92A introduction, one of the @JS NJ § 2 NiRcGiwad dvited 0 &
offer an opinion @ a proposed Route Guide formatuggested/aske&ould it be possible

G2 FNNFy3S (GKS LI adsS &adzOK GKIFG S OK Thidzi S
would involve all maps being on ev@umbered pages with the text appearing on the
following oddnumbered pag@ It is not known in whichspecificorder the pages of the
APBS®ute were presented to the accident Flight Crew.

On the copy of the Route Guide mided to the Investigaion, each route compriseda
one-pageimage showin@n overlay of the route on a segment of an IAA Aeronautical Chart
Another portrait-oriented page contaied additional information about the route The
scaling of the routamageswas not standardisedeach scanned imagappeared tohave
beenenlargedas much as possihlé was not apparent from any of the routes reviewed by
the Investigation which particular version of IAA chart was usdtieabasis for each route



The information pagefor the routewas laid out as a series of tables titled: Navigational Plan;
Hazards/Obstacles; CoastdDBs/lighthouses; Comms; Latitude and Longitude.

All versions of theeronauticalcharts 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€hart users are requested to refer any comments on the portrayal or
content of aeronatical and topographical information to the VFR ChértgEmail: vircharts

[...] Users should at all times adhere to Visual Flight Rules and the relevant Rules of2the Air
Route guides did not includais cautionary text, othe legend from the IAA chns on which

they were basedny G KS L! ! Q& I lightd®use vazie AdéntifiedbyOpkatinga & >
red dot of fixed diameter at the locatiomnd placing the elevation in black, italic numerals
adjacent to the red dot. The Investigation is aware thatlier versions of these IAA charts
(and the latestversions included a text entry adjacent to each lighthouse which provided
the lighthouse& flashing pattern; no such text entagljacent to each lighthouseas present

on the pictorial representation fothe route. The tabulated text section of the Route Guide
did contain a reference to lighthouse flashing patterns.

Three of the 29 routeAPBSS, APBSN and LOWC#&Ted close toa high obstacleTwo

of the routes to BlacksodAPBSSFigure No.4 and Figure No.5) and APBSNW®lacksod
North), started atk NBR R2G3X FRa2FOSyd (i 282XpdKAOKS o6&
Blackrock appeared to the right of the red dotWOWCAST(Bull lighthouse to
Castletownbere Refu@istarted at Bull Rock a 272 ft lighthouse which ireezards/Obstacles

table describel asW dzt f L & Bdckgd® amul castetownbere are batifuelling sites

dza SR o0& (i KilicdptedS Té lavasNdation notes that the titltRoute LOWCAST

(Bl lighthouseto Castletownbere Refy€ldentified that it started at a lighthouse, whereas 52
It . { { Q®Route ABBS®lacksod SoujhRout€did not identify that it started at a
lighthouse. These three routes (APBSS, APBSN and LOWCAST) were tree@mbutes

which included on the route chart the teX!EGXollowed by the leg number (e.g. Leg 1/7,

Leg 2/6, Leg 4, efc

The Investigation notes that routes could, and did, cross terrain and obstacle®Rewge
SGLOWBESIligo to Blacksof)crossed the Glash Islanidghthouse(chart height 89 ft,
GFodzZE F SR 20a0GF0fS KSAIKIG mMannQu o

The Operator informed the Investigation thés routes Hre VFR routes, not IER he
Investigation asked the Operator what this statement was based on and haosv thi
information was conveyed to crew§he Operator responded saying that it has always been
the case and that it had always trained its crews to understargl

On the issue of training of crews to use routeem the Low Level Route Guidéhe
Investigaion understands that prior to the accident the routes were not available in the
simulator used by the OperatoiThe Investigation was informed that Flight Simulation
Training involved a Line Oriented Flight TrainfET style mission whereby crew were
required to construct a temporary route and navigate to a simulated casualtpute from

the Low Level Route Guide was typically flown during a combined HEMS and SAR
competence check flighfThe Investigation was informed by individual pilots that bessau

0KS NRdziSa 6SNB i LAE23aQ K2YS o0l asSas (KSée
a i I G S Routéskweré brigfed and line checks completed as part of all competence check
flightsQ ®



The Operator informed the Investigation that:

Bincethe 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 conditiorSince 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 big&fings.

The Invesgation found that there wasno 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, standardisedraining/checking of route briefing; anthat the Operator did nbhave

a SAR standards pilot who would visit bate@teract with operational crewspromoting

best practice and providing feedback to management on matters of concern which were
identified. TKS  hLISNI G62NJ AYyF2NX¥SR (KS nolrggdefodylok 3 G A
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 ags€ssed

Inthisregardd KS Ly @SadaAa3aldAazy y20Sa ddKIG GKS hLISH
Yy AYGSNYFGA2Yy It KSfAO2LISNI Ay Rdza dheBlobad,l F S ¢
safetyfocused association for the offshore helicopter indus®@ne of the iltiatives which

this organisation has promoted is the Line Operations Safety Audits (LB8¢arding LOSA,

ICAO Do®8n o & (LOSASiIses expert and highly trained observers to collect data about
flight crew behaviourk YR aA G dzr GA 2y | f flightsOniy2NAE2 R yi KS/ 2 NS
parent company personnel, during an interview in a HeliOffshore LOSA promotional video,

y 2 (0 BtRey fy with a trainer, whether in the aircraft or in the simulator, they know they're
being watched, they know they're beiegamined and so they are putting more effort into
making sure they do things rightQ

l'Yy20KSNJ 2LISNI §2NE  O2y ( NA o6 dzi Ay 3is] dofe tdaiakyS & |
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 mjudt a case of pilots
monitoring other pilots to see what's working and what's not workihg.

The Investigation notes that in June 2019, an industry periodical website quoted a senior
al FSGe YIyF3aSNI gA0K GKS hLISNLOBAMNINES alcllaln® vy (i (
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 &dit ' yR GKI G [ h{!
Ireland in 2020.



The particular route in use on theAird KAPESS ¥ Ay O2 N1J2 NI (i S@enefal 4 SOl
CommentQOnly four of the 29 routes had ®eneral Commen@section Two of the routes

which had a¥eneral Commen8section were designatedRoute LOWDUBL1 (Dublin Low

Level Route ©and ‘RouteLOWDUB2 (Dublin Low Level Route @y each of these Dublin

routes, the Weneral Commen®Bstated @ver wabNJ £ S3a | NB (G2Thé S ¥t
Operator informed the Investigation thaalthough not explainedn the Route Guidethe

purpose of500 ft redriction on these overwater legs was for A€@nsideratiors and not

related to obstacle clearancgé. h 2 5! .Nawation#d Pla@ Gl 6f S fA&adSR (S
for Leg 1 and 50 ft for Leg ZK SHazHrds/Obstacleéd (| 6 f S Q@Y fil éntkyyfd8 R |
Legsl and 2; the 1,000 fhazardobstacle was appraomately 0.5 NM south othe waypoint

where Leg 2, an overland leg, joined Leg 3, an overwatemieigh crews were instructed to

fly at 500 ft. TKS h LISNJ 2 NJ A y F 2 NI STRis énkySderifieg & Sadatd i@ I G A 2
this case a populated area) which is proximate but not on the route over which crews should
not fly below 1000 % Q ¢ KS Ly @SadAal A2y hévevdriwhd & h LIS
Operator described was not clear to the Investigation from the Route Guide as presented.

Thefirst page of the Route Guide wa Route Index under the Headi#g/iS Route Gui@t
listed the number, designator and name for each of theutes For example, Route 1,
designatedAPBS@had the title Blacksod Soufd O the 29 routes, 25 of the designators
incorporate the letters#OWe.g. ‘Route SGLOWBESligoto Blacksod) Route LOWCARL
(Carlingford LoughQ Route LOWDUB1(Dublin bw Level Route 19 Note: LOWDUBL is
described asPublin LL RouteCk the FMS Route Guide index page.

The secod page of the Route Guide stated 54

Whe following contains route information copied from S61 RNAV informatioritfile
has been updated foFMS compatibilitylt 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 taggouit
is a work in progress so if you have any comments/suggestions, please(evert.

In the FMS Index, three routes were available to approach/depart the Blacksod Refuel site:
Route 1 APBSS (Blacksod SeuRpute) 2 APBSN (Blacksod Ndth) | R6iRe 44SGLOWBS
(Sligo to Blacksof)

The Flight Cre@ a LJt to vise Rdut@ 1APBSKSand, with reference to thédelicopteQ a
FMSRouteGuideL Y RSES Sy (i SABBE K JidicopiddBS G { F2NJ (K

route into Blacksod.



None of the outes in the Route Guide includenformation about the vertical profile to be

flown when following a route ©me routes did include suggested minimum altitugdésr
SEFYLX S (KS GKNBS LyAaaKocemmey (iNPodziSSaggas SO Ki S
PANQ YAYAYdzY Ff@GAGAdZRS F2NJ I LILINE | OK

TKS Ly@SadA3araAzy y2G4SR GKFG Ay O2y @SNELF GA:
term Wow Level Route Gui@eas used to refer to the FMS RouBiide Furthermore, the

i S NDsw L¥vel Rougand thel 6 6 NS @ ALRAN RIY appedr often in the headings

and bodies of email correspondenabout the Route Giide, and also iBase Flight Safety
Meeting BFSNIminutes(Section 1.17.%

Whenquesk 2y SR a (2 dEeLev#hS eonsenssivievbviais thail thathvas

what it was always calledlhe InvestB I G A2y | 41 SR 4lKW lleveliaR tod KS
them as SAR operators; several indicated that 200 ft would be low level and a few indicated
that 50 ft would be low levelThe Investigation i not find any guidance to inform crews

about the definition of the term2ow levelin respect of the Route Guide.

9YFAf GKNBIR& I Y2y 3 #&dn the tidgs N the Z2RiatrodutSiodind y vy S
service,said that the 92A FMS flew routes vedifferently to the S61N, particularly when

tight turns were involved. Thee®A FMS incorporated a feature to designate a waypoint as

Wi 2 @S afFat2e F IOfbMEIGTRe WNS1 FMBIF y dzF | OnialdgNGRINID Hafiydver Sa W
waypoint is a waypoint which Wicause the navigation computer to delay making an
automatic leg change until the aircraft is directly over the wayp@ib. W{ YQ 3NJig I ¢adzNI/K
Operal 2ND& GSNY F2NJ Iy Fdzi2Yl (A Govdflgra OKEY RS
selected for a particularoute waypoint The UNS1 FM8II vy dzF | OrjadziIStstExhat
WAutomatic leg changes occur before the Tt@] 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 @ NM

The enail threads said thaall waypoints vere 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 thaEMS routesvere used in conjunction with EGPWS, Radar Badonavto

assist navigatiomnd advised cautn in the use of overfly/smart turras such selections in
O2yedzyOliA2y GAGK GAYR RANBOGAZY FyR &aiNBy3
ground

An amail thread in 2014 regarding a wind turbinghich was a new hazard for one of the

low levelDublin routesrevealed a reticence to add a waypoint for the wind turbine to the
FMSwagJ2 Ayd RIGFo6FaSsy 0SOlFdzaS A (DrectN@K0O50B0 FCa
function. However, the email thread said that it was important that local [Dublinigpivere

aware of the wind turbine and it was suggested that it should become part of the base brief

for visiting crewsThese emails alssaidthat 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 crewstaely sought to avoid as opposed to aiming towards them.
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1.8.4

Safety RecommendatiolRLD2017008§ Route Guides

INGKS Ly@Sada3al iAa 2 gtpaghtheNdvdstigatianyviasiilBat avprelinimh
stage, the Investigation was of the opinion thall routes contained in its Route Guide
should be reviewed or revaluated to enhance the information provided to crews.
Accordingly,the Investigationissued the Safety Recommendain IRLD20170030 the
hLISNF 2N NBfFdAy3a 2 GKS hLISNI G§2NRa w2 dzi

CHC lIreland should reviewhsvaluate allRoute Guids in use by its SAR helicopters| in

S

Ireland, with a view to enhancing the information provided on obstacle heights|and

positions, terrain clearance, vertical profile, the positions of waypoints in relatm
obstacles and EGPWS database terrain and obstacle limitat®in®2Z017005

The response received to date is presentedppendix Go this Report.

.fFO01az2R {APBE3EK w2dziS W

¢CKS Ly@SadAariaArzy | ail SR ABBSS & bbBEthaROpeabdi saik |
0KF G A G Apprioaei2 BlackIod Sd@Re Navigation Plan for this route comprised a
total of 7 legswith legs 1 to 4 used for the arrivand legs 5 to 7 fathe departure as shown

in the Navigation PlanThe legsare defined by means of namedaypoints identified by 5
letter identifiers B2 A y LJdz(i G A XPBSSI KAS/ (INSRhaizakSSciddBdvaypoints in the
Navigation Plan are loadedA copy of he APBSSoute information as provided to the
Investigationjsreproduced inFigure No4.

lj
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Route Guide

SM 03/02/15
Route APBSS (Blacksod South) Route
Navigational Plan: South Route
Leg From To Distance Track | Terrain
Leg 1 BLKMO BKSDA 6 104 310" Black Rock
Leg 2 BKSDA BKSDB 4 088 Over Sea
Leg 3 BKSDB BKSDC 4 035 Over Sea
Leg 4 BKSDC BLKSD 3 246 345° Blacksod
Leg5 BLKSD BKSDB 2 150 Over Sea
Leg 6 BKSDB BKSDA 4 268 Over Sea
Leg 7 BKSDA BLKMO 3 284 310" Black Rock
Hazards/Obstacles: Coastal NDB’s/ Lighthouses:

1. Black Rock Lighthouse 310°
2. Iniskee Islands 230°

1. Black Rock Lighthouse: F1. W. R. 12secs
2. Blacksod Light: Gp. F1. (2) WR 7.5secs

3. Inisglora 200°

4. Duvillaun More & Beg on departure from
BSF 250°

5. Aerial west of Blacksod 250°

6. The LZ is surrounded by an 8 granite
wall. Both the house and lighthouse have
aerials and lights.

7. Achill Island Cliffs 2200°

Comms:

1. Blacksod Radio CHI16 Marine FM

General Comments:
Severe 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 North) is advised.

Latitude Longitude
Deg Min Sec (dec) Deg Min Sec (dec)
BLKMO 54 04 00 010 19 00
BKSDA 54 03 50 010 09 30
BKSDB 54 04 40 010 02 40
BKSDC 54 07 40 010 00 40
BLKSD 54 05 90 010 03 80

Figure No4 w2 dzi S DdzA RS Ay ¥ 2 NIBlgaksb®S6uthLJr 3S  F2 NJ

¢KS w2dziS DdzA RAPBES aNER dAIKS2 625Gt & ahU\AsSugdVAR
chart Figure No5). The start of the inbound route (and erad the outbound route)is the
BLKMOwaypoint Based on the GPS coordinates provided in the APBSS ttadleaypoint
BLKM@was located in the water just off the eastern end of Black R@u&inboundroute
ends at the Blacksod helipad whishsituated adjacent to Blacksagghthouse



There is no legend provided in the Route Guide. From examination,ytnbaogy used in
the Route Guide waas follows:

¢ KS NP dzii SAPRSE Syfshowi ik Blddk laktering on a yellow background
at thetop of the chart.

1 The route wa identified by a black lindegs are numbered sequentially in black,
inbound to the helipad and outbound to Bla&kck) with black crosses marking
each waypoint.

The 5letter waypoint identifiers wee in black lettering om yellow background.

Hazards and Obstles listed on the title page we identified bywhite numerals
within red circlesoutlined in black

1 Lighthouseswere marked with a small red dot with an elevatidm italic
numerals)adjacent to thered dot The elevation wa a numerical valyeno units
were indicated. Two lighthouses are markedlackRock Lighthouse'H y at®he
FANBO 61 8LRAYG hbddbacny B the héliRadefuelingfaclitg R W

Figure No5:W! t . { { Q w2dzi S D dziokeSatichfas pdBoutd GUER NI | { A 2
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Regarding this version of APBSS, the Investigation notes the following:

1 This route was designateal \Route APBSS (Blacksod South) Rintdhe Route
Guide, and was the first rouia the guide.

1 The Wazard/Obstacl@table quoted the height of the Black Rotlghthouseas
310Cbut the chart showed it a82 The Operator advised the Investigation that it
was company policy to add 10% to obstacle heights in Route Guides, but no
documented procedur€ to support this was provided to the Investigation.

9 ¢KS !t. {{ NRdzi$S Ko-mn Ui g 2t inNG& T ShBSO6 A of G 2
GKS bl @A GA2Y T t € y o Bladk RidBLightRousé 3@ 2 |
in the Hazards/Oliacles section. The Coastal NDB's/Lighthouses section also
O2y il Aya BIBEKRBNA gHBUSEP2 W

1 TheRoute imagendthe Navigational Plan and Hazards/Obstatédsdes referred
to seven obstacles, designated with numbers 1 through 7 and seven dsp
designated with numbers 1 through 7. Legd &re for getting into Blacksod; legs
5-7 are for getting out of Blacksod. Leg 1 starts at BRudk and leg 7 ends at
BlackRock

1 Following the route, either inbound or outboundesulted in BlackRock being
overflown. The Operator was unable to say definitively why APBSS started and
ended at a high obstacle, but two possibilitiegere suggested by several
personnel to whom the Investigation spoke A Yl & KIF @S 06SSy
originator considead that placing the waypoint on the obstacle would ensure that

59 crews were always aware of its location; alternatively, it may have been a
throwback to earliergeneration navigation systems which requiredcadibration
by overflying a known terrain featas to reset the system datum.

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

1 Obstacle designatorappeared in the vicinity of the obstacle to which they
referred but did not follow a psitioning convention in relation to the obstacle e.g.
the obstacle 1 designator waspproximately 0.6 NMcentreto-centre) west of
Black Rockighthouse(to which it referred), the obstacle 4 designator was to the
east of the Duvillaun islands (to which referred), the obstacle 7 designator
appeared twice tothe north of the Achill Islandliffs (to which they referred).
These designators were approximately 6 mm in diameter.

1 Black Rock Lighthouse was indicated on the Route Guide by a relisc
(approximaely 4 mm in diameter) with a waypoint designator (perpendicularly
crossed lines) which obscwtesome of the lighthouse markethe BLKMO
waypoint label was positioned approximately 0.6 NM (ces#itre&eentre) south of
the waypoint at Black Rock K S  éBRdMdBckQW | LILISF NBR 2y (KS
image, approximately 0.8 NM to the east of Black Rock.

P¢KS hLISNI G2NNa habDs F2NJ I SEtAO02LISNI 9YSNASYyOe aSRAO
relation to estimated site (nosurveyed) landing sites that dimensions should be factored by a minimum of

10% to account for any inaccuracies. Howewan, 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.



1 The ratio of the squares of the diameters of the obstacle 1 designatorBéak
RockLighthousemarkerdiscsindicates that the area of the lighthouse marker was
less than half the area of the obstacle marker.

 Obstacle 5 was designateé#lerid 6 Sad 2F . Hiwever] undeRtheH p n Q
headingWerrair(in the Navigational Plan table for leg 4 (the arrival intacBsod),
theentryreadd n pQ .4 I 01 42R

1 The islands namediishkea Nortfand Yhishkea Soutdon the chart were
referred to in the obstacle table akhiskee Island?

 TheGPS coordinates far | & LIBEKMIDshéM itwas located in the water just
off the eastern end of Black Rockhis meant that when approachin@LKM@
from the west to initiate the APBSS route, thelicopter must overfly the Black
Rock terrain and obstacle (lighthouge$t priorto the start of the route.

f Hazards/Obstacles entry 4 redldz@A f £ | dzy a2NB 9 . S3 2y R
The designatorBSRwas the threeletter designator for Blacksodighthouse
which was used with the old-GLN RNAV databaseThe designator should have
been updated 6 BLKSRIt had been updatedi BLKEDN the RouteAPBSK

1 No vertical profile guidance or minimum heiglatitudes were provided for route
legs

1 Legs 1 and 7 are reciprocal legs.they have same endpointsut were flown in
opposite directionsHowever, the distance quoted for Leg 1 was six miles, but the

distance quoted for leg 7 was three miles. 60

The Investigation was provideslith a number of photographsaken in the Dublin Base at
approximately 03.3rs onthe morning of the accidentOne ofthese photographsRhoto
No.7)aK2ga GKS Gg2 LI3IASa 2F !'t.{{ZX AY | NAyS3
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 (APB®age) taken at Dublin Basat 03.30hrs on14 March 2017
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The Investigation notes thahe route imagery in this photograpis not the same as that
contained in the Route Guiderovided by the Operato(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 additionthe Investigation is of the opinion thahis image ould invoke a greater

& Sy a GperdvaterChan the version provided by the Operat This ledhe Investigation

to question which version of APBSS was available to the Crew of R116.

Routed dzA RS  dzLJR I séchndaty dgi®atibase lewl and the Investigation was not
provided with evidence of a defined procedure for the distribution of updates to the Route
Guideor how it was monitored thasuch updates had been incorporated into the relevant
Route Guides in aircraft. Thack of gprocedureto track what exactly was incorporatedt

an individual copy of the Route Guidmd the fact that theelevant sections of Route Guide
from R116 werenot recovered after the accidentmeant that it wa not possibleor the
Investigaton to determinewhat image for APBSS was available toRhghtCrew.

Route Familiarisation

Regarding Routes generallige Investigation notes that OMA states:

4h order to be nominated as a commander the pilot must havk: 6

b. Adequate knowledge dhe 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 us#ds route / area andaerodrome
knowledge shall be maintained by operating at least once omdht or area or to the
aerodrome within a 12Znonth periodQ

OMA gates that route training and check records were to be maintained onhheJS NJ & 2 NQ
Qualifications Management System (QMS) for a periodived years The Investigation was

not provided with any specific records for eithBilot regarding route training and check
records However, the Investigation was provided with copies of the last AWSARHEMS

Pilot Competence Check for eachd®, both checks were carried out concurrently on a single

flight. The Investigation notes that:

1 The HEMS check assesdater alia Wamiliarity with established HEMS operating
sites in the landing site directdptow level flight in poor weather and selections
from the air of HEMS operating sites.

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

1 As part of thecompetencechecks a low level route from theRoute Guidewas
used However, the Investigation notes that each of these checks was carried out at
the PilotsQhome base and accordingly from their dap-day experiencgthey
would have been familiar with the routes useahd would therefore beaware of
obstacles and safe operating altitudéhe particular (Dublin) routes used for the
Pilots' competence check flights prescribaa over water altitudeof 500 ft, due to
ATC considerations, in th&eneral Commen@section.

1 Ead of thecompetencechecks was carried out und@ayCronditions.
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The Investigation understands thain generalbecause routes flown during competence
checkswerS 0 LIAf 2034Q K2 Wee nétlrequed o cahtlugt RuANRrbugS &
briefing of the route based on the contents of tReute Guide

¢ KS h LISOWA pravidd éxtensive guidance regarding minimum flight altitudes; this
guidance would apply to ne8AR flights but could inform decisions on SAR flights also. OMD
Oz2y il Aya AAAYATAOl Yy RSO AT & 2 ¥ 0dKS h LIS N
qualifications. In partialar, OMD stated thataerodrome 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 flovamd, sub-bases within a
geograplic areadid not require an additional route and aerodrome cheldwever, a local

base area examination or detailed briefing was required to cover any differences to mitigate
risk Furthermore, OMD stated that an orientation wés be provided upon arrival at a sub
base, with documentation to record that the pilot has been thoroughly prepargue
Operator stated that the text in OMD relatéo Commercial Air Transpo(CA) operations.

OMG states that HEMS operations are conductedien 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 migattasked during their duty periodhe
Investigaion was not provided with documentation to record that either of the Flight Crew
members had completed a stliase orientation at Sligo or Shannon. Furthermore, the Sligo
SAR Baseérief did not make referece to Blacksod or its associated routdhe relevant
extracts from OMA and OMD can be found®apendixH.

62

Route Guide Origins, Updating and Usage

The Investigation asked the Operator what were the origins of its Route Guide. The Operator
was unable tobe definitive 6 dziT &1 AR (Kl (0 pdssbfd MB/IKISINR (i 6 & NI
company when it took on the original SAR contract usk&d.I$ helicopters The Operator

said that the routes were designed to be used in a variety of circumstances and that the
LINS & ONR LJG A @S dzahad tRePpotantBiINdirtr@itice risk RéRvall /ad t& ritigake
itQldsaid 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/éxia 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
S92A into serviceThis project was an amalgam of vko to revise all waypoint designators
from the three character format used with the@3N to the five character format used with
the S92A; to move from a manual preparation method involving stickers and photocopied
chart sections, to a system involvingasned imagery and graphic overlaysnd to
standardise the Route Guide (arelated documents, namelghe Landing Site Directory and
wbh! + 2 2LRAYyG tAaG0 | ONR adthe Qp&dor wakJ8ridble(itd NI &
provide a copy of the earlier Route @aiused on the 81N, as none had been retained.
However, a copy of analversion of the Blacksod South Route, dated May 1999 and called
WnPB®Iaslocated in Blacksod Lighthouse. It was part of a presentation made in 2001 to the
Lighthouse Operators byhe commercial organisation that preceded the Operator in
providing helicopter SAR services to the S{&igure No6).



Sikorsky 92A, HICR Black RockCo. Mayo, Ireland 14 March 2017
FINAL REPORT
Routes : APBS (BS':"CI’;‘S;’C' Refer to Ordnance
Section 6 urvey , Discovery ::f; 11999 =
APBS2 (Bla ries , 1:50,000 ,
Norh) | Sheet 22 .
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Navigation plan : South Route : L
Leg From To Dist Track Highest terrain | Still wind time | Comments
Leg 1 BKM TPA 6nm 104° 310’Blackrock | 3
Leg2 TPA TPB 4nm 088° Over sea 2.5
Leg3 TPB TPC 4nm 035° Over sea 2.5
Leg 4 TPC BSF 3nm 246° 345’ Blacksod | 2
Leg 5 BSF TPB 2nm 150° Over sea 1 Go around
Leg 6 TPB TPA 4nm 268° Over sea 2.5
Leg? TPA BKM 3nm 284° 310’Blackrock | 3

Figure No6: Copy of Blacksod South route from May 1999

The Investigation compared this version with the route images in ugbeatime of the
accident. The following points were noted:

1 Thel999 version was overlaid on an Ordnance Survey. map

Air Accident Investigatiornit Report 2@1 - 008



1 The dstruction markers appear to be placed on the obstructions rather than in
the vicinity of the obstructions. For example, there i®d sticker over Black Rock,
even though this meant that the waypoint designator was displaced from the
obstacle

1 The obstruction marker at Black Rock overlaid the Route Legs, aserdhe
Route Guiddn use on the nighbf the accident, tle legs andwvaypoint marker
oveirlaid the lighthouse symbol, while the obstruction marker was situated
approximately 0.6 NMo the west of the lighthouse

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

1 Thetracksfrom 1999 are the same as those that were in Reute Guiden 2017.
However, as 18 years had elapsed thesacks would have changed by
approximately3 degrees in the intervening period, due ¢banges in thenagnetic

variation

CKS mMpdd JSNBdaoyn®a PISAFASR | W

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

1 The ratio of the squares of the diameters of the 1999 obstacle markers (8 mm) to
the 2017 dstacle 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 thaie objective of the Route Guide revision project was toﬁ
transpose the $1N RouteGuide to make it compatibleith the S92Aand did not consider
the enhanced capabilities of th892A.

The Operator did not have defined processes for designing routes or selecting waypoints
This meant that decisions regarding these matters could betas the best judgment of a
small group of committed, knowledgeable and watentioned personnel, without
independent/external review or oversighbDuring the Route Guide revision project, it was
identified in an email that a list or database was reqdito manage the routes and to track
revisions and proving of routesowever, the Investigation was not provided with evidence
that such a list or database was produc&tlorkaround solutions for keeping track of route
proving were suggested (tompanyemails) which included the idea of a list at each hase
where different crews could check off routes which had been proven.

¢CKS Ly@SaaAararazy o1 a AyarenNZSmRaaK{id ! yRE N
Department, with wichthe Operator had &ervicearrangement, had no involvement in the
preparation, updating or approval of the Route Guide.

The email correspondence indicdtthat routes were viewed as being basentric, i.e.each
base was seen as the owner of a number of routes and as being responsipteviding 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, ff@wvaral

times, in different conditions (and different combinations of overflies and smart tyrzasjl

adjusted if necessarp ST2NB 0 SAy 3 LlinZagdRThelldvestiadion dawisS R Y
informed that there was no laid down process for route proving/approval and mbeage

was provided that such check flights were undertaken and documented

In July 2013there wasa proposal to record all routes that had been test flowm update

the index page on th&®oute Guideo state whether or not a route had been test flopand
toaddanoticeli 2 G KS Ay RSE Nakréh8 aréalldwédito/uSe rautéd- afinighit or

AY LIR22N) gAAAOAfAGE dzyf Sadaa EpaddabosugestekidaNS § K
list of all routes in each area [Base] was to be developed displayed on the Ops Room

wall, along the lines offRoute) Pate Test FlonQW¥. & 2 &a& ah@EommentQ The

h LJS NJ Safetij}and Qualitintegrated Database $QID system(Section1.17.4.9 had the

potential to provide ameansto record and trackthe actions associated with thRoute
provingtask The Investigation notes thahe associated email chain involved several pilots,
including aPostHolder, however,SQID was neither used nor suggested for pligpose

Whilst the enails reviewed seem to indicate committed efforts by a number of persons at all
bases, there was no one individual/P¢$blder responsible for driving the project and none

of those involved had been trained for this type of woAaur years after the Rout&uide

GNF yalLlaArdArzys (GKS R2 OdzYlSig/awork it prégiess @l ghodA v S F
0S dzZASR gA0GK (GKS ySOSaalNE ObrdziAzy dzyGAaf | f
in progress so if you have any comments/suggestions, pleaset@® ¢ KS Ay @3S & (A ;
not provided with any evidence that the project to finalise the Route Guide had been
assigned to an accountable Pasblder. In particular, the Investigation was not provided

with evidence of a plan to bring the Route GUEANER Y (i K Swoikinlpriogiea® 202 Ui K |-
2 TappkBved) ©

Those involved in producing the Route Guide had no training in the design or preparation of
Route Guidse. It was explained to the Investigation that bases submitted information to
update the Rote Guide.This was then incorporated, and the update was circulated to all
bases. The Operator had nformal processes for checking of the content for safety,
consistency or errors, nor was theasmy formalprocess for flight evaluation of routesll
involved in the project undertook this work in addition to their rostered duties, which of
necessity took priority.

There was 1© documented procedure for how flightew were to use the Route GuidBrior
to the accident, the FMS routes were not availabledse in the FSTD which tl@perator
used for training its flightrew.

Top CoveMissionSx Days prior to theAccident

On 8 March 2017, the IRCG tasked R116 to proViae Coverfor R118 whichhad been
tasked witha medical evacuation mission from a vessel approximately 200 NM west of
Blacksod RL16 routed to Blacksodand refuelled before following R118 in the direction of

the vessel RL18 completed the transfer of the casualty frahe vessel and released R11® t
return to base The Winch Operator on the accident flight was also #iach operator on

the 8 March 2017 flight.
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The 8 March 2017 crew was initially alerted at 00.40, inas airborne at 01.40 hrsand
refuelledat BlacksodThe commander, cepilot and winchmarspoke with the Investigatian
They said that weather conditions on the night at Blacksod were g&odng their cross
country transit they conducted an initial bria§y for using APBSS to get into Blacksod for
fuel. The intial brief calledfor a route height ofat least500 feet AGLAbove Ground kevel)
One of the crew had previously been based at Sligo and integetiat there was a large
rock BlackRocK on the route On consulting the obstacleable and route image this was
confirmed and it was then planned to fly the route at a higher altitude (90MH)vever, on
approaching Blacksod, visibility was so good that it was possibleute directly into
Blacksod without following the APBSS route.

Followingrefuelling, cduring their departure from Blacksod, ttf&eMarch cew 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 FLIRO(IR),signalled to the Winch
Operdor (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 winchrHawever, the
winchman informed the Investigation that he did not think the FLIR imagehe flight

cNB ssiconversation would have madesuch an irpressionon the Winch Operator that he
would have been sensitised to the presence of BRaogk when he returnedhere on the
accident flight. The Investigation also notes tliadtm the seat which the Winch @rator
occupidal, the view out of the helicoptewasrestrictedby the surface of the sponson.

The routing followed by the mission of 8 Mar2B17 is shown below iRigure No.7.

FLIGHT OF R116; 8 MARCH 2017
FDR POSITION DATA

Direction of Flight: 4smm

Figure No.7: Routing followed by the mission of 8 March 2017
Communications
Introduction
The Helicopter was equipped with a widerar of communications equipmergroviding

voice and data capabilities, for use during SAR missions. A technical description of this
equipment can be found appendixl.
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Communications Procedures

The use of thdnterCom SystemICS and the responsibility for the operation of the radio
communcations systems on board is described in Section 8.3.17 of OMA as follows

1 WPM's primary task is tononitor the aircraft's flight patHX] perform ATC radio
calls[X]

1 The secondary task of PM is accomplishing-itight path actions (nofATC radio
communicationso X. 8 he secondary task should not compromise the primary task
of monitoring the flight pathQ

1 WPF's primary task is to control and monitbe aircraft's flght path w XA C radio
calls as required

1 The secondary task of PF is monitoring -fiyht path actions (nofATC radio
communicationso ¥. & he secondary task should not compromise the primary task
of controlling and monitoring the aircraft flight paf.

It would be normal for pilots to conduct ATC communications, as a radio telephony licence,
GKAOK A& AadadzSR O2AYOARSYyl( gAGK || LIAf20aQ
radios on ATC frequencies.

Section 6.3 of OMF states:

We¢ KS g A Wil Kormalli}NBpgrate 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 wdsk PF to monitor the other communications box if
required. All crew members should announce on the intercom when a call is about to be
YIRS a2 0GKFG AyGiSNO2Y OKFG 2N 20KSNI (NI vy

Notwithstanding this, responsibility for the operationf the various norATC radios is
generally dependent on the phase of flight and workload of individual ocnembers.

In-Flight Communications
General

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

The FDR recorded a number of parameters related to the@ard communication systems

Pilot_Radio_Keying
Copilot_Radio_Keying
ICS_STATION_3_RADIO_KEYING

1
1
1
1 ICS_STATION_4_RADIO_KEYING



A graphic representation of these parameters is showRigure 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 he transmissionsmade from the IHlicopter. The
Pilot_Radio_Keyingnd Copilot_Radio_Keyingarameters are associated with transmissions
on the respective VH&ero radio; Radio 1 for the Pilot and Radio 2 for thep{lmt. For
example, the Commander made a number of trarssiuns to ATC at the beginning of the
flight. These transmissions do not appear on thgot Radio_Keyingparameter because the
transmissions were via the ulots VHF radio, and were recorded on the
Copilot_Radio_Keyingarameter The remaining parameter are associated with all radio
transmissions conducted via the particular audio panel in ufeéS_STATION_3
RADIO_KEYING for the Winch Operator, and ICS_STATION_4 RADIO_KEYING for the
Winchman I became apparent to the Investigation that these paramstewere not
recording alltransmissions from the élicopter. For example, at 23.1 hrs the Winch
Operator madecontact with R118 via TETR2e(tion1.1.2). As can be seen iRigure No38,

this transmission was not recorded on the ICS_STATION_3 RADIO.KE¥IRBR does

not record transmissions from customspecific radios, such as TETRA, that were added
postmanufacture.

Radio Keying - Sikorsky S-92A EI-ICR 'Rescue 116’ End of

Take off Recording
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Figure No8: FDR Recorded Transmission Data
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The Investigation then reviewed all other recording sources to complete a summary of
transmissions from thelelicopter during the flightThe transmission sources were \(EHEro
band radios, TETRA radMarine VHF radios, and HF radio

A summary of the irflight communications is listed ifiable No. 21 The total number of
transmissionsTotal T} refers to the number of times the respective Crewmember pressed
the transmit button on any of the eboard radios These transmissions are further broken
down into the purpose of the transmissionATCrelated Tx, Missionelated Tx, or R118
related Tx

Total ATG Mission R118 Overall Tx Overall Comms

TX related Tx related Tx related Tx Duration (mm:ss) Duration (mm:ss)
Commander 24 16 0 8 1:14 4:24
Corpilot 39 29 10 0 2:31 6:23
Winch Op 114 0 79 35 10:11 28:49

Table No21: Summary oRadio Transmissions from R116

The AT@elated communications refer to any transmission made to Dublin or Shannon ATC
services relating to the operation of the aircrafior example, AT@lated Tx included
requests for taxi or takeff clearance, ornavigation instructions The R11&elated
transmissions are transmissions made directly to R118 from R116 during the Hight
example, the Commander is listed as making eight transmissions related to RiEE®
OGNl yaYAaarzya o SNB tsitical R1LIB ¥nwhrigul SHEDD drequetcies Y LJ
asit could not be contacted through any other radio communicatiofiee mssionrelated
transmissions were made in connection with the overall mission being conducted by R116
For example, the CGpilot made10 transmissions directly relating to the mission, consisting
of requests to Shannon ATC for updated weather reports for Sligo and Dahizh were
obtained prior to the Commander deciding to route to Blacksod instead of Sligo. The
transmission duratior(Overall Tx Duration) refers to the amount of time that the transmit
button was pressed during the flight by the respective Crew memlied communications
duration (Overall Comms Duratiprrefers to the amount of ©w time dedicated to
communications actities. For example, the Cgilot contacted Dublin ATC at 22.58s to

file a verbal flight planThe Caopilot 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 RadicCommunications
I adzYYFNE 2F wmmc Qa O2 Y Ydzy A Olitdatenptsito aprikadtk ! ¢

R118 and intercrew observations regarding communication difficulties is provided at
AppendixJ,
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1.10.2

Aerodrome Information

General

The intended landing site was a helipad (elevation 10 feet AMiglgted in a compound
adjacent to BlacksodLighthouse at Blacksod Pointon the southern tip of theErris
peninsula Co. Mayo Thecompoundat Blacksodhad refueling facilities and was used by
civil and military helicoptes. The compound (approximate dimensions 60 m by 45 m)
comprisedof two helipads surrounded by stone wallninefeet in height

The main pad was constructed of concrete and measured 20.2 m by 20.2 m; the second pad
wastoo small to accommodate the Sikors&92A Anumber of obstaclesvere presentat

the site; the two most prominenbeing the main lighthouse building on one sidetiog
compound and a private house situated on the opposite side.

Landing Site Directory

Information for eacHanding site used by the Operatancluding Blacksod, was contained in
an OperatorcompiledLSD

The LSD provided information on the 40 landsitgs listed in the guide indeXhe Directory
was prefaced with the following:

S92 Landing Site Directory 70
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 alsurveyed anding sites marked on it was also provided, which
O2y il Ay SR (Re$2322D4-HI/SNWESE/LSED ddntained two landing sites, whose
amendment date was 01/02/2016, whictelf between the dates of Revision #21 and
Revision #230MC, Sectior?2.8, stated that the validity of the LSD was to be verified by
O2y Gl OGAYy3 (GKS hLISNI{I2NRa [{5 O22NRAYI (2N

Each landing site ldaan amendment number and amendment date. The Blacksod landing
site was at amendment 2 and was dated 01/02/2013. OMG stdtezperating 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 conddted
Investigation notes that a number of night HEMS missiowglving landing at Blacksod were
carried out after 01/02/2014i.e. more than 12 months after the published date of the last
survey

This revision information in the LSD was followed wHSD Notes/Performance
Requirement@



WHospital Sites:
1. HEMSnissions shall be operated P&1

2. SAR missions classified as life or death shall be operated:

 PC1lor

1 PC2 neexposure 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 salile for PC1 and the casualty is not classified as life
or death then an alternative landing site must be used.

Nonthospital Sites
1. HEMS and APAir Ambulancemissions shall be operated PC2axposure.

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 procedu@@ssideration may also

be given to using the Nigistun® Q

An additional table provid# guidance for crews regarding HEMS Day/Night and SAR
suitability for each landing sitélhe information rehting to Blacksods reproduced inTable
No. 22.

Landing Site

Blacksod Y Y 2

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

Theentry for each landing siteomprised a page of information in tabular formaith an
additional page containing aerial photographs of each landing siken in daylight
conditions.The photographs of théanding sitesvere presented with overlays of sectors in

red thatwere not to be used due to the presence of obstacl@& SBLKISMBlacksodRS F dzS Q
landing sitewad £ A2 G SR Ay (K SOIfishowd iFifueMNodzy RSNJ ¢ 6 Y

%31, No. 19/19991rish Aviation Authority (Operations) Ordd999 provides the following definitions:

t / Wwerformance ClassQl YSI yas>x Ay NBflFiAz2zy G2 | KStAO02LISNE LK
power unit failure, it is able to land on the rejected tayt area or safely continue the flight to appropriate

landing area, depending on when the failure occurs;

PC20t SNF2NX I FO8SYYyasaaAryi NBfIFiGAz2zy G2 | KStAO2LIWiSNE LI
power unit failure, it is able to safely continue the flight, except when theribccurs prior to a defined point

after takeoff or after a defined point before landing, in which case a forced landing may be required.

Exposur@ A& | GSNY LW ASR G2 | tSNF2NXIFyOS /flraa oK
K St A O 2ohiiighdelwih thd terms of that Performance Class.
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1111

— —
BLKSD Day and Night: PC2
Blacksod Refuel subject to WAT and Obstacle Accountability
JDescription: Lighthouse re-fuel facility. Compound Latitude: 54.05.90
surrounded by 9" wall. Longitude: W 010.03.80
Site Dimension: See Photo Elevation: 10'
Surface: Concrete: 20.2m x 20.2m Lighting: YES
ATC: Shannon : 127.5 Fuel: YES
| LANDING HEADING: The following shall be lied to LDP/DPBL
Heading {(magnetic): 0°-20° 30°-60° 60°-90° 150°-180°
|add: (feet) 9' 30" 56 9’
IHeading (magnetic): 180°-210° 210°-240° 300°-330° | 330°-360°
|add: (feet) 9’ 50" 33 43"
| TAKE-OFF HEADING: The following shall be applied to TDP/DPATO
IHeading (magnetic): 0°-30° 30°-60° 150°-180°
lada: (feet) 9 30" 9"
IHeading (magnetic): 180°-210° 210°-240° | 240°-270° | 270°-3200° 330°-360°
|add: (feet) 9' 50" 50" E 43"
Obstacle I Obstacle Bearing Distance(m) Height{ft}
1 ILI'gh‘t Poles 045°-090° B0m 30
2 JFuel Tank 070° 23m 19'
3 IMal’n Building 090° 46m 56'
2 [rrees 250° 36m 50'
5 JHouse 310° 40m 33’
6 IBoat Mast behind house 320° 30m 43"
7
3
9
10
11
12
13
14
Inote: 72
Severe Downdrafting in southerly wind E—
caused by Achill head.
Turbulence on pad caused by
. surrounding 9" wall in strong winds.
When operating with exposure on SAR
missions, no risk to third parties can be
accepted unless the mission is
classified as life or death.
Red Zone is a no fly zone for normal operations but may be used for a
balked landing subject to (Obstacle + LDP) as listed above.
BIKSD | Aamdt:2 | 01/02/2013 | | Page1

Figure No9:[  YRAY 3 { A0S 5 A NBLOASHRAKS0RS F 828 NI (A 2y
Flight Recorders
Multi-Purpose Flight Recorder (MPFR)

The Helicopterwas fitted with a Penny & Giles D516162 MPFRwhich is also used on
other aircraft/helicopter typesThe MPFRPhoto No.8) is a dualpurposeunit incorporating

a CVRandan FDR, which records tmeost recent 25 hours of flight data and just over two
hours of audio data in a solid state Crash Survivable Memory Module (C3Mikig¢ event

of a crash or water landing a 10 g impact switch or an immersion switch interrupts electrical
power to the MPFR lich stops it recordingAn Underwater Locator Beacon (ULB) was
attached to the MPFRt 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.



The ULB signal was first detected by a team from[thgh| Marine Institute(Ml), operating
from a localfishing vesselon 15 March 2017 The signal location was subsequently
confirmed by an AAIU Inspector of Air Accidents using detection equipmentdptbby the
UK AAIBandon 22 March 2017the main wreckage of the Helicopter wasually identified
on the sea bed during ROV search operations.

Photo No.8: The MPFR from #CR (ULB visible on ldfand side)

The MPFR wagbservedby ROV attachedto its original mounting poirgin 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 No0.9: The MPFR in the leftand Avionics Rack on the seab#tl)(

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 insulatingterial. This
construction protects the storage media, called tAecident Protected Memory Board
(APMB), which is located at the centre of the MPFROto No.10).
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1.11.21

Photo No.10: Example of an Accident Protected Memory Board (APMB)

The CSMM design usdiskon-Chip (DOEGJ 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 electronicke four DOC modules are defined as FDR1,
FDR2, CVR1 and CVRAqto No.11). FDR1 and FDR2 are used to store flight data; the two
FDR DOC modules provide redundancy. CVRL1 is dedicated to the storage of audiedrecor
from the Cockpit Area Microphone (CAM) and CVR2 is dedicated to the recording of the
crew microphone channels.

IC1 - IC2 -
Drive 0 Drive 1 74
"IFDR1” ‘IFDR2” -
63 IC4 -
Drive 2 Drive 3
“/CVR1” E “ICVR2"

I v B O N B R Y I R

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

Data Recovery
General

The data recovery process required tdesassembly of the MPFR due to the duration of
immersion in seawaterThe MPFR was transportedinder AAIU sort, to the UK AAIB
Recorders Laboratory. During the disassembly, some minor external damage was noted on
the chassis of the recordeHowever, the CSMM and APMB containing the CVR anddazR

did not show any signs of physical impact damage.

DOC: ¢ K DisknChip A& +  LINBLINASGFNE LINRRdzOG fAYS GKAOK
applications. The device was supplied as a module in@irBdual irline package with a ptout and electical
interface compatible with a particular memory chip socket.



It was noted that water had entered the inside of the crash protected encloftlreto No.

12 shows the MPFR memory board following removal. Examinatiadheoinemory board
showed evidence of corrosion on the contacts of several of the memory deHeetrical
testing revealed short circuits which necessitated additional measures to recover the CVR
and FDR recordingdhese measures included d@m®ldering imividual 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, tkiK AAIB undertook a comphensive studyof

the corrosion on the MPFRAppendix K) to establish whether there were wider safety
implications associated with the observed corrosidime study revealed that thé? ¥ A N& (i
ISy SNI A »fyhis pddti@uamtyp® of MPFR was manufactured from 20@iwever,

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 cogpesed product would
improvethe performance of the device if subjected to fire.

CKAE OKFy3as 41 & Of I aaNTkyARD: St wisk needssangz® | O

FLILJX & G2 9! {! F2NJ OSNUAFAOIGAZ2Y |yYyR (KS O
priviegesMPFRs withth & Y 2 RA T A Ol (i 5ezofid gererdion (GER)Y StRC WA 0
the manufacturer.Based on data provided by the manufacturer, it is estimated that up to
1,950GEN2VIPFRs were manufactured between 2001 and 2013.

¢CKS 1I'L. Qa aiddzRe ArRbchsesiof MPERs thiatkadibeen fifmemgeal in NB L

sea water, five had suffered from corrosion of the ARMIBfive of these units were fitted

with the GEN2 CSMMncorporating a combination of coppéyased insulation and APMBs
coated in PolyurethaneOn four out of five of these unitshere was corrosion on the

electrical pins, leading to damage or loss of the pitfsofo No.13).

The electrical pins on the memory devices of the MPFR-4n/Elv 6 SNBE NI RE& TINR S
which consists of 58% iron and 42%kei¢ plated in either tilead 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 saltwater. The combination of saltvater with the coppetbased product resulted in a
copper/water soltion that was able to permeate the polyurethane conformal coating and
come into contact with the pins of the memory devices



1.11.2.2

TK SNB | T i S NEsindle substithtdorh rédctialf tdbk place, whereby the iron in the
Alloy 426 a RSLX SGSR (2 GKS SEGSYd GKFG GKS LA
electrical connections were broken.

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

Ly H nthic Hendratiol (GEN®)> | f (dBsigl bf ihe @FMBeferred to by the
manufacturer as theReplacement Crash Survivable Memory Mod(RCSMM),was
introduced The previous generation CSMM insulation materials remained the same, but the
conformal coating applied to the APMB was change®tb NEE. Sy SQ 76
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 CSMMThe CSMM with the alternative design of APMB wetested and passed

all crash survivability requiremerifs 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

During discussions garding the content of the UK AAIB study, the following safety actions
were identified and acted on by the manufacturer of the MPFR:

1 As of December 2017, the MPFR manufacturer started to replace second
generation CSMMs fitted to commercial aircraft wittirtl generation CSMMs.

3 Single Substitution ReactianA specific type of oxidatiereduction reaction in which an element or ion is
replaced by another in a compound.

% Parylene is the trade name for a variety of chemical vapour deposited polyl\fene) polymers used as
moisture and dielectric barriers.

4 European Organization for Civil Aviation Equipment (EUROCAEpEIM#um Operational Performance
SpecificationFor Flight Data Recorder Systédns / | (i S38,EN@c Mimithtum Operational Performance
Specification For Cockpit Voice Recorder Syterh Y Sy R Y S y@il23m and () W&Dk24ah
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1 In February 2018, the manufacturer of the MPFR issued Service Bulletin (SB) No.
D5161531-22 requiring the replacement of second generation memory modules
with third generation memory modules in the affected MPFRs.

1 On 8 February @8, EASA issuefafety Information Bulletin (SIB) No. 2@
Multi-Purpose Flight RecordgsppendixL), which recommends that owners and
operators of the second generation MPFR accomplish the actions specified in the
YIydzZFlF OGdzZNENDRZ-2Z. . b2d® 5pmMcmMp

1 EASAnNnformed the Investigation that it understood thahe MPFR manufacturer
planned to complete thenodification progranby September 2023.

As of December 2018, the MPFR manufacturer estimated that there were approximately 800
GEN2 CSMLEequipped MPFRaffected by theEASA SIB NoOB8-05. The manufacturer has
informed the Investigation thatas of September 2019, 164hits have been modified in
accordance with the SIRB will take several years to complete the program.

TheLy @S a G A 3 (rm2Sya@raentiBdicii@d that thg iaBufacturer 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 nmaifacturer has developed dAdvanced Recoveérgrocedure for memory
devices where the CSMU memory pins have corrodiée 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 areader. The MPFR manufacturer then reconstructs the file system from the raw
data.

Asstatedinthd Yy @S A G A3 GA 2y Qa ,@AghEoiithe idghtifiSdafery adtiont G SY
being taken by the MPFR manufacturer and EASA, the Investigation dabmgiter that a

Safety Recommendation was necessag S Ly @SadA3l GAazy yz2aSa (K
positive engagement with the Investigation process, and acknowledges thactike
approach taken by the MPFR manufacturer in addressing the issuesindted Report.

Cockpit Voice RecorderGeneral

Thel St A O XVWRe®HI was designed to recoal total of six audio files from four
separate audio channels:

1 Three separate audio channels (the Comman@expilot and Rear Crew) from the
Helicopterintercommunication systenfor at leastthe most recent30 minutes.
The Rear Crew channel records audio from both rear crew members on a single
track.

1 A combined single audio track of the three intercommunication system channels
for at least the most recert20 minutes.

1 Cockpit Area Microphondor at least the most recent30 minutes with a
bandwidth of 150 Hz to 6 kHz.

1 Cockpit Area Microphonfor at least the most recent20 minutes with a reduced
bandwidth of 150 Hz to 3.5 kHz.
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All six channels recordedidio for the flight In each case, the respective channels exceeded
the respective recordingninimum durations (30 minuté$20 minutes) required by the
EUROCAs$pecification documents.

Channel Audio duration Channel Description

wx+tmQ 0.33:54 Rear Crer Channel

W+HQ 0.30:42 Copilot Channel

W+o0Q 0.31:19 CommandeChannel

W/ Q 2.03:10 Three combined CV Channels (CV1, CV2, CV3)
Yv/ Q 0.33:43 Cockpit Area Microphondé 60 Hz to 6 kHz)
YPv/iQ 2.02:30 Cockpit Area Microphond 60 Hz td3.5 kHz)

A transcript of the final one minute and 41 seconds of the CVR recording was inclualed as

l LIWSYRAE G2 GKS Ly@Saaddan updad/ \@mbion tisNdBlfidadYat y I N.
Appendix M to this Report Following the publication of theinvesi A 3 | {Prel@njiddya

Report, the Investigation continued the process of analysing the CVR recordings in order to
construct a transcript of the full duration of the recorded audfl radio transmissions to

and from the Helicopter were crosgeferenced to the recordings provided to the
Investigation by the IRCG, Dublin ATC and Shannon WECfull transcript was then
validated and synchronised with the HUMS positional tfat® construct a graphic
representation of the geographiodation of all voice and audio recordings.

Cockpit Voice Recordey Content

7
C2NJ GKS AYyAGALIE LR2NIA2Yy 2F GKS Tf&AIeix —ﬁgx.
channel, as it contained the combined recording of all the ICS channels for the Thght
gvQ OK tegbsdiBgbegan on the afternoon prior to the accident flightith the sound
of the EGPWS callouts &&lideslope, Pull Up, Warning Terifhese callouts are indicative
2F GKS 02y Bd@ ¥ A DEontdirESo0 paget af K S h LISHRIA Namek W
/| KSO1fA&ald RI (imEh&diatalyifellowingvtizs éhecky ebCommander and Winch
hLISNI 62N OFy ©6S KSI NR HoiStlPotSty XA K (I fyRRK eyt us i
{ KSI NF NB5Y QI 3 Normal @h&cklif BuBng tHis process, the Winch Operator
said Your windows are filthy aren't theg® which the Commander replie?know, | know
LUY 2dzad 3I2Ay3 G2 3ASG I aGSLI fF RRSNI 6 KSNB
those at nigh@© The Investigation was informed by staff at the DubBAR Bse that the
aircraft had been washed on the morning of 13 March 20IFe Commander had
approached a staff member at the DublBAR Bse, saying that thédelicopterwindows
were streaky and asking farstep 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 beemeturned to the appropriate locations. The Investigation was also
informed that it was not unusual for pilots to cleaelicopterwindows.

% Appendix A to the AAIU Interim Statement No. 2008 dated 16 March 2018 G | (i § Rn lighKdf the &
errors previously identified in the FDR position data, the Investigation will use the corrected position data
NBO2NRSR 2y (GKS 1 !laf{ F2NJIff lyréd®ara 2F (KS KStAO02]



The Winch Operator and Winchman can then be heard conducting cloecksjuipment

during the afternoon prior to theaccident flight including carabiners, thpA t 2 18 Q bl @
cockpit items includingA f Ziféjackes, STASSbottles, flot torches, and cabin items

Ay Of adark fiffee® t A FS 2 O¥. Shis sequent® of thcksdlasted around six
minutes. Transiissions 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 14.10rs on13 March 2017 The next ATC communication recorded on the
CVR was &m an aircraft that had just landed at EIDW was recorded. This established the
time on the CVR as 223 4rs.

The CVR and FDR were synchronised by referencing the radio transmissions cptlo¢ Co

and Commander of R116 to ATC and comparing them t&theaA £ 2 i wl dRAY2t Alf 2804
wl RA 2 pafatéteysTéeorded on the FDRhis verified the start time of the CVR
recording of the accident flight as 23:32hrs UTC At the start of the recording, the Co

pilot is on board theHelicopter The APU® is heard to start aR2.49 hrs. Amember of the

ground crew is then heard asking the-fitot (by name) about how much fuel is required
TheColJAf 20 NBalLlRyRa (KI{I GHKBol BYdazh iV RB NLID 6z R i €

The Cepilot contacted ATC at 223 hrsrequesting engine start, and advised that they would
be departing west bound t&ither to Sligo or Blacksod, we're not sure at the morfe¥t
this point in the recording, the Commanders on board the elicopter and in the cockpit
At 22.53 hrs, theCommander advised the ilot, st giving you direct to Sligo there we'll
put everything in en rout@

The Qrew continued with the checklist items, including a departure and emergency brief by

the Commander The Helicopter taxied onto RWY 16/34 and mmpleted a power
assurance/hover check @8.02hrs. The M-pilot advised the ATC controller thd#te're quite

heavy here with fuel so if you're happy intersection lona one six departure down one six right
turn outQPermission was granted by ATC fodeparture down RWY 16 with a right turn
towards the WestThe Helicopter departed EIDW &3.03hrs, with the Commander as the
handling pilot At 23.06 hrs, 1 KS / NB¢g Saidl of RedERA O@wn M OG6 ¢
TETRA, and R118 advised that they wese anding at Blacksod and would contact them

after they had landedThe Commander acknowledged this say#tggreat thanks you might

just find out what the conditions are like there as Well

The Helicopter reached an initial cruising tdude of 3,000 ft at 23.07 hrs, and the
Commander remarkete'll just get out of Dublifairspacejand then we can start to have a

look at everythin@The Winch Operator advised the crew of the location of & which

was inserted into the FMS as the next navigatiaypoint after SligpoThe F\MQa LI2 aAGA 2 Y
277 NM westnorth-west of R116, which at thé St A O FrolindSpeEdsof 73 kts would

take over three hours to reaclflhe Commandewas then heard requesting theo@ilot to

calculate a fuel quantity and time raged for a flight to Sligo and onwards to th&!

% STASSShort Term Air Supplystem.

¥ pLBPersonal Locator Beacon.

%8 APU:The Auxiliary Power Unitvas selected to OFF shortly after engine stgstand remained OFF for the
rest of the flight.



At 2311 hrs, the Winch Operator used theeTRAadio to make contact with R118 i

had just notifiedWalin Head Gast Guard that they were on the ground at Blacksold

response to the Wincih LISNI G 2 ND&a NBIljdzSad F2N 6SIFIKSNE v
CG Radio replyingRescue one one six affirmlyeonditions 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 throudp Broadhaven Bay, ov@The Flight @w had not heard the transmission

from R118.andthe Winch Operator advised théommander&onditions good at Blackstd

At 23.13 hrs, R11@as cleared by ATC to route direct to Sliffee Winch Operator informed
MRSQMValin that they were routing to Sligo foefuelling and that if the plan changed they

would notify MRSC MalinAt 23.14 hrs, ATC cleared theelicopterto climb to 4,000 ft when

readz. 6 KAOK GKS [/ 2YYLl yR SisbnieIstagR Thé GoimmandeStheNS |j dzA
handed over control of theHelicopterto the Copilot, at 23.15 hrsrequested the'three
bookg)from the Rear Crewpgnd carried outfuel calculationsThe Winchman inquiredPo

you want Blacksod and the Commander asked K | {i Q desigitako§ for that@The
Winchman saidB L K S ®and the CVR indicated that the Commander entered this
designator into the FMShe Commander calculated the time and fuel required to fly to the
FVvia Sligo or Blacksod respectiveand concluded thatising Blacksod asrafuelling site

would save 700 Ibs of fuel and 30 minutes flying tinlee Commander concluded at

2320 hrs that ® kinda makes more sense guys really to go to Black3be Rear Crew
expressed their agreement and the Commander askedpilot What do you thinRCand

he agreed¥ehQ The Commander saVe're going to have a good bit of clag around but

we've got time the Copilot agreed sayingd S Q@S ®Fhé Canrhavider continued
@SONBE y20 dzyRSNJ yeé LINBaadaNBE a2 X SK X KI LI
$SQ@S 3A20 LD Be Copilot thi€rjected#et us tbSlighand the Commander 80
continued®@SG ok O1 42 LQY RAEABOdA2AZIASH2. HROF A B Rdz
turnCand the Cepilot answereddlrightQ

The Winch Operator observed that, dependingwinen R118&rrived at the FV, the routing

to Blacksod may allow R116 to return to base without a furtieduelling. 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 Blacksothe Winch Operator notifiedRSC Malitny TETRA

of their intentions, which included a revised elapsed timeoné& hour and 12 minutes to
Blacksod MRSC Malimeplied that they would notify personnel at Blacksod of the planned
arrival of R116 The Commander advised Dublin AEE 2321 hrs, of the change of plan
which the Commander stated would require a left turnasbund 20 degreesAt the same
time, R118 called on TETRA to advise that they were just airborne from Blacksod and routing
to the F\, which was 143M westnorth-west of BlacksodThis placed R118 approximately
72 minutes flying time ahead of R11&xcluding the time required for R116 to conduct an
approach, land, réuel 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 thessidn was completedAt

23.24 hrs, the Winchman asked the Commanddiave we an approach into Blacksot®

which the Commander replie¢d SK ¢S R23I 48 Qff 2dzad LR2LI A0 A

¥ Malin Head Coast Guard he radio calign used to refer to MRSC Malin.



At 23.5 hrs, the ShannonAir Traffic Control OfficeATCQ contacted the Commandeand
said¥escue 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
pleaserhe Commander acknowledged the requete Commander advised tiieear Crew

2F {KIyy2yQa NBIjdzSadsz GSifTheAwingh Qpétaior contastedli A
R118 by TETRA and told his counterpart, who he referred to by name, to tell his pilots to
contact Shannon AT@L18 called Shannon &Twithin one minute Shannon requested
wMMYy Q&  F¥ldcatibniiwhithiv@sonfirmed as 00.47 hrs.

At 23.27 hrsthe Commander advised Shannon ATC that R116 was seven miles south of Kells
(located approximately 29 NM nortwest 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 milé$.2333 hrs, R116 began a

climb from 3,000 ft to 4,000 ft in order to rrdain terrain separation for the rest of the
transit to Blacksod.

At 23.3 hrs, the Helicopter had levelled at 4,000 ft, atfte Commander saifust going to

reFlF YAT A NRAS YeaStxd wChiss f.2(0QNinkAdaSplugitadzi K
inQ The Cepilot noted WK 1 Qa GKS GAYR RéeaypEh& Co@mahder G K S
acknowledged sayingd SK X NBRdAzOS (GKS &aLISSR Fa YdzOK | &
but I'd rather noQ The Cepilot added ¥howing forty kots from the wedRand the
Commander acknowledge§leh shouldn't be too lumpy as wll ! t X Judt going to pop

that [APBSSh nowQ The Commander then complained thHtoody lights in this thing drive

me mad) the Copilot agreed saying®d SK S Ke atioki@u®&anhd the Commander
responded®# KS@ QNB a2 | yy2e Ay 30ThaXomrhandsriadvised the-Oodzil i 2
pilot Wiy eyes are still @and he acknowledgetio problen® The Commander then asked

the Copilot W ... just double check thisyeli B O] w2 O] SK a @anditdel (0 Qa
Copilot acknowledged¥elQThe Commander continuéed 5 '~ { 5 .2 { 5 [/
the rest is ouRthe Capilot acknowledged®hank yo@ The Commander saléh sending you

direct to the ... this on@the Caopilot acknowledged®kayand the @mmander continued
YhisoffshoreoneX 32 Ay 3 RAWARB OG G2 |

The Commander continuedd SQf f 2dzad &Gl e dzoJ KSNBX FyR ¢S
GSQONBE Of SINJ X y2 LRAYG Ay Debddingihgr@ThdQghilGa a & ¢
acknowledgd this sayingPo our ét-down out ther€® At 2340 hrs, the Commander stated

that W QY LJX | ypung tHe hduBeSadd2gave an arrival estimate of 00.40 hahich

the Copilot noted as being in one hour.

Following agreement in the cockpit on the flight plan, the Commander checked with the
Rear Crewnembers to confirm that they were also happy with the pl8ath the Winchman

and Winch Operator confirmed that they were hapgiie Winchman asked the Commande

by name if she wanted a coffee, to which the commander replied = L QQThe 3viithy” R
Operator said that he was looking forward to segthe staff at Blacksod for the second time

in a week He described a previous missidor R116involvinga similar supporting role He

said that the previous week, the other helicopter (R118) had winched ani@dout, and

that R116had got within 2630 miles (of the casualty vessel)y the time that R118 had
completed the SAR winching.



After this discussion, the flight continued with minimal extraneous conversafiba Flight

Qrew contacted Shanngrat 2351 hrs,to confirm thatEIKN was closed, while the ReeeWC
continued to try unsuccessfullyto establish tweway communications with RB. The

Winch Operator bemoaned the lack of communications with R118, sayind§dtatno point

Ay dza y20 KIFI@GAy3 02YYaA 6AGK 203 225¢18s teA I K (G X
Commander remarked tha&od I'd say | haven't been in Blacksod inwbifteen years§to

which the Winchman replie SKXZ A G Qa 06SSy | Qb&Comranderahdd Y S |
asked the Ceilot directly \How about you[Co-pilot name]have you been in recent#§lTo

which the Cepilot replied Ho not recently[Commandes name], been a whil@ At
approximately 23.59 hrs, the Winch Operator and theRilot had a discussion about the

Winch Operator's experiences with radio communication the previous week

At 23.51 hrs, MRSC Malimdvised R116 that the visibility at Blacksod was now down to three
miles The Winch Operatoinformed the Commander, who acknowledged the information

and requested a report of the cloud base and the wind .alke Winch Operator relayed the

request to MRS Malin At 23.5 hrs, the Commander aské#an you guys take that one
0KSNB GKIFG 06221 2dzi 2F (KS 4| @OBaviead@FB4hlsy R 2 -
and 00.® hrs the four @ew Members were involved in combined efforts to contact R118 via

the different communications options on boardRL16 was unable to establish
communications withR113 during this period MRSC Malirdid advise that they were
receiving AIS transmissisfrom R118.

At 00.05hrs, the Commander saidist going to double check that route ef@oLJA f 2 (i Q&
nameli 2 4SS AT X 65 VGRRhedoRowds BhortlyyaerwardsSvEH & 85
it does say here em severe turbulence may be experienced during this approach due—te
proximity of Achill IslasfQ The Cepilot acknowledged, and the Commander went Gh

strong winds from the south south westerly directiofsowhich the Cepilot responded

WYkay The Commander continuee're kind of there but more westefithe Copilot
acknowledged, and #n Commander continue#h use of B P SBlacksodNorth ... sure we'll

give it a go if we don't like it we'll just go nottewhich the Cepilot acknowledged¥eh

OkayQ

The Commandecontinued®verfly that's good...overfly... eh | think we'll just kebpm all
2P0SNFfea X YAIKG 06S gl @& 7T NgSKitim&welh N2 Y
probably make a smart turn thoughThe Cepilot concurred sayingk G Q& [jdzA G S G A -
overflyQ The Commander then sai# Y{ 5/ X ¢SUft Ol g Oddeling JS NF
WverfyQ Y RS (i K $8marttuenf2@vaypoint. |

“overfly:Al2 (I SNP6RRE RS ! b{ M Ca{ a lAfiylavef wagpdirt i§ Swiaypdiri Which Wil

cause the navigation computer to delay making an automatic leg change until the aircraft is directly over the
waypointQ

“TK SGemeral Commen® a4 SOWR S yh RIFNI (2 N2 davSdzli 6. Dfzh BS Y Is@itgsda 2 R { 2
i K ISéverahturbulence 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 (BlacksodNor A & | ROAASR®Q

“Smart Turnt KS hLISNI G2NRa GSNY F2NJ Iy | dzi 2 YI i &K Bdom@tia OKI y
leg changes occur before the Ti®] waypoint at a distance based upon groundspeed, leg change magnitude,

and roll steering bank limfor the present altitude. The maximum distance before the waypoint at which the

tS3 OKIy3aS gAftf 200dzNJ Ada mMH baQo



At 00.08 hrs, Blacksod helipad contacted R116 on Marine Chann@hd&Vinch Operator

said that they would arrive in 20 minutes, and requested information on the wind, cloud
base and visibility at the helipadOne of thehelipadpersonneladvised the Winch Operator

that the cloud base wa'three, four, five hundredfeetCand 4 good enough to comeQte

also advised that the wind wagest-south-west at 2533 kts, and that the igibility was two

miles The Winch Operatoasked the Commander if she had heard the transmission from
Blacksodput was told to standby, as the Commander was replying to an ATC transmission
about communications with R118he Commander themold the WinchOperatorthat she
KFIR O2LIA SR (K SregilNddrgdifeenaaciwhaeyer | 4 W

At 00.10hrs, the Commander briefed the Galot on the approach into Blacksod

Wthink 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
NRdzi ST 3SG GKS &aLISSR o6l 01 dzyidAf ©6SQNB O2
round em if we're happy with the visuals on the first-muit'll be on my side sdiiQf € 06 S
my landngWS Qf £ 32 Ay>S AF y20 ¢6SUf fandetizivell R2

YF1S adaNB AidiQa 2yQlF (g2 F2dz2NJ T SNB KSIRAY!

The Winchman asked if Blacksod was approvedWot re-fuelling®. The Commander
NEBL ASR (KI G aK $adRdt Regmthere] byit2pgesunedl that K Siadhe
Commander asked the Winch Operator what he had done during the mission the previous
week, and though initially unsurehe recalled that they had kep®pinningXrotor blades
turning) the week before The Commander then confirmed that theelicopterwould be at
22,400 Ibs on arrival, which would allow them to do a PC1 arrival.

' nnomo KNBSX AYYSRAIFGSte F2f t-@dsadFhathek S /
g2dz RY QG YAYR 43nal he¢ Gominandertten took dontrol of flying the
Helicopter The Commander advised the dot that it was on the first pageThe
Commander told the GCpilot that everything was an overfly waypojmwith the exception

that one waypointwhich was a'¥mart turnQ The Cepilot did not verbalise any obstacle
information.

N)Y

The Cepilot asked what the®scaperouteQwas if they did not become visualhe
Commander repliedirect to back down here or even just head sowtMtléere's a mast up
there somewherél KS@ QNB al ey 3 2y GKS 6Sai

The Cepilot agreed with this plan, and the Commander said tiidhey were unsuccessful

at getting into Blacksod using the APBSS Route they could try #®ldndQand if not, then

they couldroute to Sligo The Caopilot was requested to get weather for Sligét 00.14 hrs,

the Copilot offered 4 come back on the sticRbut the Commander declined sayildg Q Y
KFELILR Sy2dzZaAK G§KSNBE AT &ShkzalsoNdjuesdted himztofcdnrm X L
her calculations offte minimum fuel required to return from Blacksod, via Sligo, to Dublin.

3 Hot Refuelling:A term used to refer to refuelling the helicopter with rotor blades and/or engines running.
This procedure reduces the @NB dzy R GAYS F2NJ NBFdzSttAy3I> FyR Aa LISN
ha! {SOGARYT ®HidMYWI H#AGK SyaAySa k NRI2NA NizyyAy3aQ



The Commander observed that they were passing over the high ground at the Nephin
Mountains.Where is a two six four five which is past Nephin is@The Winchman replied

that they had‘Hll the Nephins the@nd quoted a figure 0830Qthe approximate height in
metres of the Nephin Beg Mountain when viewed on the OSI 1:50,000 fhapCepilot

then contacted Shannon ATC and requested the latesither report for Sligo and Dublin
Shannon provided the current Terminal Area Forecast for Sligo and the Commander, noted
at 00.16 hrsthat they wouldget in on thaton that low route€

When the weather for Dublin was provided, the-@itot noted thatat that time both Sligo

and Dublin wereWide oper® The Commander then asked the -@ibot to check the fuel
figures, and the Gepilot replied at 00.19hrs, they look pretty goodo/ 2 YY I Y RSMD& VI
be honest with you, you seem to have covered allblge£ 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 @dot ¥€h no ide&and the Ceopilot advised Shannothat,

while it was not their intention to go as far as the ship, it was a possibility bectiese

having problems getting two way with eh rescue one one eight at the mdtdnsaid that

they would land in Blacksod, refuel, and figure it out from theAt 00.21 hrs, he
Commandercommentedthat Achill was to the South of their track with a height of 2,267

ft, and that they were to be sure that they were clear of it before they descendleel Co

pilot asked how much fuel would be uplifted at Blacksdde Commandernd Cepilot
reviewed the fuel required for the various legs and for potential winching. Then the
Commandeiasked the Cgilot to check the fuel calculations to ensure that it was added up
correctly, and offered the use of a calculator ifceesary The Cepilot checked the
calculations andconfirmed that the figure of 5,800 Ibs calculated by the Commander was 84
good. -

The Investigation was informed by several personnel that custom and practice wathehat
winchmanor the winch operatowould be called forward to the cockpit area to receive a
briefing prior to an approachwhich the Operator informed the Investigation would be
carried out from the MFDON the Accident flight,ta00.24 hrs, the Winchman asked the

Flight Crew®ould you show me our approach irBtacksod guys just so | have an idea with

the eh FLIR when we get int®iThe Cepilot replied@ 2 A1 Q& G2 KSNBI Ay
overfly, smart turn, here, not visydback to her® The Winchman noted that the igh

ground wasWbviously in here somewhepand the Commander replied 2 6y KSNB X K,
our first point here; we go S.D.fan apparent reference to waypoint BKSDA] & K I (1 Qa |
gKSY 6SQNB OTe Winthmdn @ksénied that there was going to destrong

tailwind on the approachThe Commander advisedfeh we're just going to bring the speed

o O1 SY 6SUff 2dzad sSUff {1SSLI Ad O2dzL)X SR
more manageable as we go around the corner tkErke Commander said that if they were

not happy on the first pas$ie'll go back around, we'll couple it up go back around, and we

go back in again though it's been donlkyears since I've been in here but we'll stay nice

and controlle@®

MeKS /2YYl y R® Mo dxiseveB R (W nndH M MONBVE five sgvie alGd GBSRO O KN
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 EURONAYV imagery of the I1AA
aeronautical chart.



The Commandé&rd &G+ GSR RS&aoOSyd LXLy ¢6Fa G2 ONRaa
DVE checks, and start descending once they pagskd® LIZBKSDR Th& Commander

noted that they hadthe high groundjust coming in to ourS Ky A Yy SwoavGive2 O |
severfand could start getting downAt 00.26 hrs, he Caopilot checked with the Rear Crew if

there had been any contact with R1IBe Winch Operator advised that R118 and the Coast
Guard had been in contact via satellite phortde asked if the=Vwas 140NM offshore The
Commanderreplie® FF 9 3t S LatlyRYI gKSNBROSNI 0KFG Aa

The Winch Operator and Winchman discussed this question in a manner which suggested
GKFIG GKS&@ ¢SNB f221Ay3 a4 F YL 2yndihkS Y2
Winch Operator then informed the Commander thi#h yeh eagle island is at eh off the
O2Fad G2 GKS vy 2 NIHwelek Baspesitic nkp tiatfwas baeingaligplayed

was notverbalied on the CVR.

haC LINB B\ENppoo&cRchédls @ K A A &houidlbé ddmpligted prior to the initial

SAR approach / descent in a degraded visual environfn00.27 hrsthe Commander

noted that they were abeam Achill and requested the DVE checks. The Crew commenced the
DVE Approach checlsigure No 10, in blue)

APPROACH DVE APPROACH
1  Approach Briefing Complete 1 Landing Gear..........ccccrre-.......DOWN, 3 greens
a. Approach type/use of FD/speeds 2 Radar.......ccccovrreeeereennen..o..Mode/scale A/R
b. STAR/procedural sector 3 EGPWS LOW ALT
c. FAT/Crossing altitudes/timing 4 Analogue Rad Alt Set
d. Minima (DA/MDA/MAP), weather 5 Bugs Set
e. Runway elevation a. Vyoss. Set
f. Go-around procedure/after G/A b. ALTP. A/R
2 Navaids Set c. MINS, MSA
3 MFD’s Set d. RADALT. A/R
4  Altimeters/Bugs/MSA Set e. HVR RA Set
6 Surface W/V Noted
X Extamatliphts . Set A/R
8 Let down procedure ...........coereereeccenee. Brief
9 Fuel Review
10  Position____ Confirm (2 separate sources)

Figure Nol10: Extract from Operator's-82A Normal Checklist

The undercarriage was selected down and confirmed as having three grdaasCaopilot

Ot RBldD) W YR GKS / 2YYIl yRSadarvag N antNdispl®edioKkthel (1 K
CoLIAf 20Qa aARSSI IpibtRo shEtljGAR2(n®dTheliCiéptiot doirmed

the selection of GMAP2, checked the TILT of the antenna and was satisfied with the GAIN
setting on the radar, stating that he wouMring that up to aboutfourQ to which the
Commander replied¥ea, you should get a good pict@€lhe required scale was not
specifically mentioned



Y wn AEN
Lle o b

During the checks, the Commander requested and @opilot confirmedthat the EGPWS
was selected to LOW APTthe Analogue Radlts were selectedthe Vrosé® bug was set to
38 kts andALT PRE was set to 2,400dt the APP1 approach, which was to fi@vn fully
coupled MINS(minimums on pressure altimetergjere set to 2,200 ftRad Alt was set to
180 ft. Te Commander stated we get visual below we said three hundred feet at the
moment so we'll aim just to go down to the two hundxdhe Cepilot said that he
understood and confimed that 180 ft was set on theal Alts. The Commander stated that
the Hover RadAlt would be brought up to 150 fijust in cas® The wind velocity was
announced by the Cpilot as being 240 degrees at 40 kihe Commander requested that
all the external lights were to be switched on, with the exception of th&HIr SUNwhich
was to be armedThe Capilot called out each lighting system as he switched itRwsition
lights, logo lights, rotor lights, scene lights, and he confirmed with the Winchman that the
NIGHTSUNvas armed There was no indicatiorirom the CVR that the gproach tecks
(Figure No10, in yellow) were conducted.

ha! vy ®dshg thebohecklist systén a (Stepis $hat reuire dual pilot action and / or

verbal confirmation are signified in bold with a solid line connecting the challenge and
respons@¢ KS Ly @SadA 3 Leiido@nyprogeduieS a ad KRl Wl NJ SR 6A
line.

OMF prescribes more details for th& (i S YLetyd@wn Ptocedu@Ey R A (F8eRasp> W
follows:

8. Letdown procedure .................. Brief
a. Crew brief tanclude the following: 86
i. Tracks and waypoints
ii. Use of FD: APP modes and altitudes; roll channel use
iii. Capture speed
iv. Decision poirft
v. Goaround heading and altitudes
vi. Use of APY
9. Fuel o, Review
a. Quantity remaining
b. Fuel burn on scene
c. Minimum oftscene fuel (bing6€)

“>LOW ALT SwitctBee Seion 1.6.6.60f this Report.

“ \iross Takeoff Safety Speed, the minimum speed at which the best angle of climb may be achieved with one engine
inoperative.

*" Decision Point The point at which the PM must either have acquired sufficient visual references to continue
with the approach or hovemanoeuvre, or else conduct a-goound.

“®Use of APY  h a C Use oféARU: he implications of an AC generation malfunction in thieveWDVE
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 Ib/hbibwever, the Helicopter Manufacturer informed the

Ly @Said A 3thel 3924/ elediidall siisteris 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 segenérator. The -92A Rotorcraft Flight
alydzZf tFNIG LY {SOGA2Yy LLL G9YSNHSyO& t NRPOSRdAz2NBat¢
related to the AC electrical system. Sikorsky notes that selecting the APU on before operationslevd low
DVE environment mitigates risks related to loss of both AC electrical sy3tems.



The letdown procedure was briefed by the Commander, with all timings and
acknowledgements by the Gmlot presented in square brackets, as follows:

YCommander at 00.30:01 hrekay letdown procedure, can | wait until we're abeam
this alpha position[an apparent reference to waypoint BKSDAgre [Co-pilot
acknowledged at 00.30:05 hrskay] [Commander at 00.30:06 hrgind then we're
going to, I'm going to select alt pre downtiwo thousand and four hundred fedCo

pilot acknowledged at 00.30:09 hrsoger] [Commander at 00.30:10 hrsi you're
happy we're clear of everything€opilot acknowledged at 00.30:11 hranderstood
[Commander at 00.30:12 hrsl. QY 32 A y 3 praagh ol theyvayl dbwn to

two hundred feet, eighty knots[Copilot acknowledged at 00.30:15 hrsreq
[Commander at 00.30:16 hrsh, it might be slightly past M fan apparent reference

to waypoint BLKMO4t that moment so we'll see what, how we dreight wise at that
moment, so | 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[@bpilot
acknowledged at 00.30:27 hmrsmger understoof[Commander at 00.30:28rs] 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 j@o-pilot acknowledged at 00.30:34 hiGkayQ

At 00.30:37 hrsthe GbJA f 2 & 234 I KR (d@vin piodeduret 3 irawel Rifowed by

GKS HaRR #KAOK A& GKS ySEG DUVESRPROASH SME 3 Glif R
The fuel was checked by the Commander as being 3,000 Ibs which was stated as being more
than sufficient to get to Sligo, and that the weatherSitgo was good.

ForA 0 SY ™ /DVE APPRGAGH @ KMgOrg Bo.10), the position check required two
separate sourcesThe Commander saithat they could see where they were and asked
whether everybody was happy with the positiofhe Capilot confirmed that he was happy,
and the Winchman said that they were out over the watér 00.31 hrs, he Commander
asked the Cilot to call out theHelicoptef éurrent latitude and longitudeThe Winchman
confirmed that this wasdang o2 The position @ this crosscheckis shown inFigure No. 11

SAghleam

Blacksod

& N54/0229 W010 01 60

Position Check
EI-ICR ‘Rescue 116’
00.31 hrs 14 March 2017

Figure Nol11: Location of position crossheck carried out at 00.31 hrs



Following this position check, the @dot announced that thePVE check3vere complete

The Winchman then informed the other Crew Members that R118 had five minutes to run to
the FV. The Capilot said that this news wa$antasticQ and the Commandenbservedthat

they (R116would not have to gaoo far.

At 00.32 hrsthe Flight Crew had an initial discussion about the arrival at the helipad at
Blacksod The Commander initially asked the @Bibot to double check that 50 ft was to be
added to the LDBfor their ariival heading of 21240 degreeghighlighted with a red box in

Figue No. 13. The Capilot confirmed the 50 ft addition to the LDFPhe Commander replied

Hfty feet okay and anything else they're saying on tha@dime Cepilot then read the note

from the LSDé€h severe downdraft in southerly wind caused by Achill Bkeadbulence on

LI R OF dzaSR o6& &adz2NNRdzy RAYy3a VyAYyS F220 ol ff
exposure on SAR missions no risk to third parties can be accepted unless the mission is
classified as life and dea®fl The notes reacby the Cepilot appedNd 2 y Laidié SiteV

DdzA éh$he¥ [ Y{ 5 . f I CchaitFiBureNs. 1pizS f Q

BLK§D Note: I
Blacksod Refuel Severe Downdrafting in southerly wind

- - caused by Achill head.
|Description: Lighthouse re-fuel facility. Compound

surrounded by 9' wall.

Turbulence on pad caused by

Site Dimension: See Photo
Surface: Concrete: 20.2m x 20.2m surrounding 9' wall in strong winds.
ATC: Shannon : 127.5

Heading (magnetic): 0°-30° 30°-60° accepted unless the mission

JAdd: (feet) 9' 30’ assified as life or death

IHeading (magnetic): 180°-210° 210°-240° 88
JAdd: (feet) 9' 50'

Figure No12: 9 E (i NJ O BLXSDBNMEkY0d Refel O K | NI

The Commander then briefed the Qdot that the landing at Blacksod would be a PC2
landing using a PGiofile, that the LDP would be 175 ft and thedgavould be 50 ktsThe
Commander asked the ulot to keep a close eye on her going in, and that if there were
any problems that they would execut goaround to the suth and couple the aircraft
controlsback up againThe Cepilot acknowledged thismmediately following the briefing,
the Commander noted that thelelicopterwas approaching position BKSDA, and that there
gl & KAITK 3INER dzy R 2d6€H 1 d2paitie Gdagnghdér saidktiheNibuid
reduce the speed to 100 kts and recgtied the Cepilot to selectBLTPREDown to 2,400 ft
The Winchman advised that they welgll clear ahea@ The Caopilot 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 fozfuelling.

At 00.35 hrsthe Copilot asked the Commandéyou happy with the ranged/ 2 Y Y I y RS NI
name] at the moment ye® The Commander replied#h yes for the moment yeh I'm just

going to stick on the map if you're happ@oLJA f 2 (i Qfar th¢ mofrero XI8 let you

mess about with those ranges whatever you're happy @ithe Cepilot then notedthat the
Helicopterwas passing 3,400 ft for 2,400 ft

“LDP Landing Decision Point.

* The Operator informed the Investigation that this caution refers to departures from the helipad above a
maximum operating weight of 24,500dkas described iI®OMF Section 10.4.4.2.2 PC2 takepf¥/ith exposure
(SAR missions only).



The Commander replied that there was one thousand to level, and the&pproachOneQ
[an apparent reference to APR1$he noted that they had four miles to run to BLKMO and
asked the Cilot to select heading modand said that they would'8tay her€until they
were atthe height they wanted The Commander then briefed thRear Crewthat there
were four miles to run to the firstvaypoint, and that they would route a bit further west in
order to omplete the APP1 descent profile down to 200 ft.

At 0036 hrsi KSNB ¢l a (GKS &a2dzyR ABVEL ORHNE Adicogar A O O
reached 2,400 ft and the Commander requested thepdat to select¥pproachOne three-

cue, ooupledd The Commander then confirmed the selection and capture of the Approach
One mode, indicated airspeed witRad Alt armed in the descent, and that theayere Yh
heading2going pasttheir Yhitial pointQ(BLKMQ) At 00.38 hrs, there was the sound of a
synthetic @2 A OS  KINIMEMSY MINIMUMS The Commander acknowledged the
annunciation and asked the ot to reset the\VALT PREo 500 ft The Caopilot confirmed

the selection andhoted that they had one mile to go to BLKMfying west boundjand
were passig 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 degeso that they could sweep
back around to the left when they levelled at 200 ft.

The Commander advised thed& Qew that theFlight Cew were disabling the audio on the
HF and FM radios as it was going to Basy for a b and the Winchman and Winch
Operator acknowledged thislhe Commander asked th@ew to Weep your eyes peeled
once we get down thef2 This was acknowledged by the Winchman and the-fimt. A
00.40 hrsthe Cockpit Crew crosshecked that theHelicopter was passing 1,000 ft on the
89 RadAlt. The Commander requested that the ante be turned off as the OAT was +10
degrees The Commander then s that the plan was to reduce the speed to 90 kts to avoid
|y &l &8I %4 Thér&after, the Cepilot called out the height in 100 ft incrementat 00.41
hrs, passing 700 ftthe Commander requested confirmation that they were clear ahead on
radar and on EPWSThe Capilot confirmed that they werédélear ahead on ten mile range
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 tuhe Capilot
continued the altitude callouts in 100 ft increments until passing 300 ft, which he
additionally confirmed a¥00 feet to go to 200 fe&Thereafter, he called out the altitude in
ten foot increments until theHelicopterlevelled at 200 ftRad Alt. The Commander noted
the speed reducing in accordance with the Appro@steprofile.

The Commander announced that Approa€ine was complete, that theHelicopter was
turning back around to the left and that, once inbound, she would be asking for Th&V
Winchman reported®K, clear around to the I€#nd the Cepilot called\€lear ahead ol

GYP WIiZandradar.CAt 00.42 hrs,ie Commander requested the @dot to selectH ! £ X 2 NJ
Searcl® and then confirmed thatthdicated airspeed, search, an@drAlt captured This
statementwould usuallyrefer to the captured AFCS modeas displayedacross the top of
0KS tAf20Q& PhodNa. 14 & aAK26Y AY

eKAA FLIISENB G2 0S5 nuisa®@F ENBWOHE FANR YR G&BIHOIDIt 29 &8 2
understand that when using APP1 to descend, if IAS is leftealb00 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 trairsoitagierot

use APP1 above 100 KIAS.



FDl o IAS  GSROH oRALT

Photo No.14: Photo of 892A MFD 1, taken during Review Fligbg¢tion1.16.1)

At00.43 hrs, the 2 YY I Yy RS NJ NBE.|j IFS2NIS Rhddkish ghfcipation of an
increase in groundspeedKS [ F YRAY 3 3ISFNJ 61 & G§ENSBBA.NBNEFS vz
response to item NoH Rada 2y . 8 RKENBY g¢hecli® FigureONo. 1} the
Commandereplied® 1 Q&4 2y > O SQNB dzaAy3a Al

BEFORE LANDING
1 Landing Gear DN, 3 Greens
2 SET el e L R T A/R
3 Parking Brake A/R
4 DEPBUBS L e e e A/R
5 Compasses SLAVED/DG
6  (*)Role Equipment .....ccccevieinecninns A/R / Secure
7 Eanding Briefliig ..o iisiiinaiin. Complete
Figure No13: Extract fromOperator'sS92A Normal Checklist 90

The Commander handed over control of the collective lever while the parking brake was
LI I O SORQTieZomknander then resumed control of the collectieeer and confirmed

that she was happy with thBisplay Control PaneDCH bugs The Flight Creverosschecked

the Helicoptercompass on a heading of 179 degrees and the Commander statedbtlfaty”
goingto start my left turn nowIn reply, the Cepilot noted ‘8tarting to get ground coming in

there at just over eight miles in the ten o'clock posi@ddine Commander replied that this

made senseThe role equipment was confirmed to be secure by both Wimchman and the

Winch Operator IKS / 2 YY Il Y RSNDa f{ MkaRagsirdjusbguthite Buvfgcad & |
Grada f GKSNB lyegle gKAOK Aa 3I22R SK ONRST
em, landing using a PC one profile L D P one seventydivgdfeound \fosdifty five knot€

The Caopilot acknowledged the brief and then stated that the before landing checks were
complete The Commander then requested the @tot to YPut the speed back to seventy

five [kts IAS]as we go round the corn@to which the Cepilot replied‘8eventy five selecté&l

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 includeddikK S Ly @Sad A 3|
PreliminaryReport Following further review of the CVR, an updated versiotheftranscript

is includedin AppendixM of this Report The Cepilot noted, at 00.4521°% hrs that there

was 1.3 miles to run to BLKMO, and that the next waypoint wouldBhkevo Kildierra Delta

AlphaQ

*2The time format used for the remaining part ®éction1.11.4will be HH.MM:SS



1.115

The Commander confirmed the configuration of the aircraftYslicated Airspeed, Search

and RadAltQThe Capilot noted, at 00.4537 hrs, that there wereWmall targets® at six miles

MM 2Q0f 201 Xt I NBS Qzhozé secoridSIatda siinthetidl voiSe whishh8aikdi
annunciating an‘\ALTITUDE ALTITWDMAution The Commander acknowledged this by
statingthatd KSNB Q& 2dzaid | avIitt&deAaGditsS AatlyR (KL

At 00.4556 hrs, the Winchman informed the Commander thatvaas Yboking at an island

directly ahead of us now guys, you wanna come right 2 YY |l YRS NIIEe VY I Y.
Commander asked the Winchm&aK come right, confirné®@he Winchman replietventy

degrees right ye@ At 00.4602 hrs, the Commander requested the Qilot to WK come
NAIKGZ &St SO0 KOWKRARY IX &S {ASO (| SBERANRUGHOSE, 6 A (0 F
Coupler / flight director mode§s K A O K All inddé l@ctiols below 500 feet at night or

in IMC shall be made by the PM, on the PF's requit,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.

A > s oA

CoLIAf 20 Qa NBLX &3 YRS 2NRAEAKKY |y?2 ¢XIORR Qin anR 3 K ( >
increasingly concerned tondess than one secondfter this, at 00.4@8 hrs, a synthetic

voice was heard annunciating 8&LTITUDE ALTITWUD&ution Mincident with the seond

I yydzy OA} (i A 2 AWLTEODE&iskiusd was2hBiard whith the Investigation believes

was due to the initial impacDuring the final seven seconds of the CVR recordieget were

no recorded identifiable verbalisations by any Crew Members or exchanges between the
Crew Asynthetic voice was heard annunciating a number of caution messages prior to the
end of the recording'8MOKE IN BAGGAGE, SMOKE IN BAQ@EEIOUPCEFOO LOW

GEAR TOO LO®E The recording ended at 00.48 hrs,during the second annunciation of

the $OO LOW GE&aution.

Cockpit Area Microphone Recordingontent

The CVR recorded two Cockpit Area Microphone (CAM) Channels, previously described as
0 KISQ@W | HQRXChdhnelsThe LQC Channel recorded 2.0288 of low quality (50 Hz

to 3.5 kHz)yecording of theCAM The HQC Channel recorded 33.43 minutes of high quality
audio 50 Hz to 6 kHAjom the CAM The microphone which supplies the audio to the CVR

is located on the upper part of the main cockpit instrument panel between N&F&nd

MFD3.

The Investigation examined a spectrogramf the CAM recording@FigureNo. 14 with the
assistance of the UK AAIB Recorder Laboradgod noted that the audio frequecy of the
recording was consistent with thelelicopteQ & Y I Ay NRG2NJ wt a .Iha NBC
particular, the Investigation observed that there was a drop in the audio frequency of the
CAM recording in the moments leading up to théial sound ofinpact at 00.468 hrs.

*% In Preliminary Report 201006, the transcript stated the phras&§mall target at six mile® Subsequent

review, analysis and validation of the CVR concluded that the word used by hitoOovastargetYplural).

*>*In Preliminary Report 201006, thel NI y 8 ONA LJi & @IK(i 8BRzZAGKS BN EST AW S
itselfQ Subsequent review, analysis and validation of the CVR concluded that the phrase used by the
I 2 YYLl ¥y R Shedke'sjusta swall little island that's B L M O iQelf

% Fectrogram: A graph with time on axis and audio signal frequency ora¥s (also called a Sonogram).
Frequency is measured in a linear vertical scale fr@i4lto 8,000 hertz.
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/ Sound of e
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Figure No14: { LISOGNRANI Y 2F FAYIFf un aS0O2yR
recording with FDR Main Rotor RPM data

The CAM audio recording indicated that there was an increase in a soundnthahave
been due towind noise While the noisewas of a similar frequency to the rotor RPM noise
shown in the Spectrogram, an examination of the wavefSraf the final 10 seconds of the
flight (Figure No.15) indicated agradual but considerablehange in amplitude during the
final five seconds of theecording.

2.0 33:33.0 33:34.0 33:35.0 33:36.0 33:37.0 33:38.0 33:39.0 33:40.0 33:41.0 33:42.0 33:43.0 D
[} [l 1 1 L1 L1 1 Il i} L 1

Increasing Noise Volume I—

Initial Impact Recording

Figure No15:2  @ST2NXY 2F CAyYylf mn aSO2yRa 2F wwmwm

The CAM channel did not record any sounds that wandicate the separation of anyapts
of the cabin structure, doors or windows prior to the end of tkeeording.

A sound consisting of two sequential, higiiched, half second long, descending tones was
recorded & nndncYmo KNRI AYYSRALFGSt & SMPKEIR GA Y 3
BAGGAQEon two of the CVR channel§he sound wasecordedon the V@ | GVR W
OKIFIyySftas odzi y23G 2y SAlGKCIN RGUR THeSourrdaves] LIA
not heard again during the final six seconds of audio recording.

% waveform: A graph with time on >axis and audio signal amplitude oraXis.Amplitude is measured in a
linear vertical scale frorl.0 to +1.0 units.



1.116

1.116.1

Recorded Flight Data

Position Data (Latitude and Longitude)

Asnoted inthel Yy @Sa G A3 0A 2y Q& ,QlariNgitlie exayiinatoNhf Yhe daial (1 S Y
recovered from the FDR, the Investigatiound that the latitude and longitude position
information, whilst generally consistent with the expected flight path, appeamedmalous

(Figure No. 1k

——%EDRI Path :

Figure No.l16: Position data from FDR1 showing the flight path eiiCR

LG oFa y20SR (0KIFIG GKS LRaAGAZ2Y Ay T2z A2Y
flight path. The Investigation reviewed the position information for BDfor comparative
purposes; this data also indicated a jagged flight p&ibure No. 1Y.

The Investigation reviewed the FDR positional data EHCG, another IRCG -S2A
helicopter TKAda RFGF £ &2 LINRiGRddDS RE XK Ingdligaieh R 2 N
informed the Helicopter Manufacturer of this finding; te Manufacturer conducted an
examination of the data processing and recording system for present position on9Ba S
helicopter.

{—— FDR1 Path |
FDR2 Path |

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 theHRS,and the MFDs in order to enable accurate
navigation of the helicopter.



Thereafter, the position data is provided to the various recording systems on board the
helicopter, such as the FDR and HUMISds architecture is shown ifigure No. 18 The
Helicopter Manufacturer informed the Investigation that the position data being supplied
from the AHRSto the MFD and HUMS is formatted in four partsc@arseposition for
latitude, acoarseposition for longitude, dine position for latitude and dine position for
longitude The coarseposition 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
was noted by the Investigation that the MFD did rsatpply the four components of the
position data to the FDR at all times.

GNSS Position AHRS Present Position

FMS
GNSS Data Source] — AHRS E— HUMS

AHRS Present Position
AHRS or FMS
AHRS or FMS Present Position

Present Position

FMS Present Position

MFDs — DCU —— FDR

Note 1 Note 2

Note 1: MFD transmits FMS Present Position to the DCU unless the aircraft ground speed is less than 50 kts and in SAR
APP2, the MFD then transmits AHRS Present Position.

Note 2: The DCU transmits 2 words to the FDR for each input label from the MFD.

Figure Nol18: Positional Data Flow from FMS to FDR and HUH&cOpter Manufacturer

94
The Helicopter Manufacturer informed the Investigation that the MFD logic was designed to—

provide bothcoarseand 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 Médall2pther
times, onlycoarsedata was to be provided to the FDR, which reduced the acgufieom
within 2 ft to within 61 ft approximately.

During the accident flight the eéficopter 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 reading.

The Helicopter Manufacturer informed the Investigation that the difference between the
coarseand fine position was insufficient to account for the jagged flight path that was
recorded on the FDR of-EIR (and HCG) The MFD supplies the positi data through a
Data Concentrator Unit (DCU) to the FORis data consists of 20 bifsof information for
each of the two parameterscéarse 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 &blts rather than the original 20
bits of data being recorded on the FDR for the position of idedicopter This masking
resulted in a reduction in the accuracy of thearseposition recorded from approximately

61 ft to 247 ft The existence of this eor has been confirmed by thédelicopter
Manufacturer through laboratory and flight testing.

*Bit:Binary Digicl aAy3f S LIASOS 2F RAIAGLE REGFEE O2yaraday3
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1.11.6.2 Safety Actiong Position Data (Latitude and Longitude)

The HelicopterManufacturer advised the Investigation that the formatting error would be
addressed by a fure 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,#RSpr HUMS recorded datdhe error is limited to the dat

passed from the MFD through the DCU to the FIDi¢ Manufacturer also confirmed that

the data processing system is unique to th@®23\ helicopter and is not used in the

al ydzfFl OG dzNBNDa 20§KSNJ G e lA&ardingyhbe thvebtiydtioiis a 2 F
satisfied that this anomaly was not a factor in teident.

INGKS Ly@SaidaAaal Gaz2y Qéhe l6vedigation dckhdntedgkdythe pasitivé S Y S
engagement of theHelicopter Manufacturer in identifying the root cause of the position

data discrepancy in the FDR recordinistwithstanding the Safety Action commenced by

the Manufacturer,coarseposition datawas (and is)being provided to the FDR 0f92A
helicopters The Wlanual of Accident and Incident Investigation (ICA0 I¥56 Xstates that

Whe primary purpose of a modern FDR system is to capture all significant data related to the
2LISNF GA2y | yR LISNF Zhedvestigaonvas Bf thé #eSv thatkhdostd F G Q
accurate available position should be recorded on the FDR, regardless of groundspeed, SAR
mode or any other flight phase @nsequently, the Investigationissued Safety
RecommendationRLD20180D relating to the Flight Data Recording Syst@mits Hrst

Interim Statemern.

The Sikorsky Aircraft Corporation should make the necessary updates/modifications to
9 the S92A helicopter to ensure that the latitude and longitude information recorded on

the Flight Data Recorder reflects the most accurate positidormation available during
all flight regimes and mission profildERLD2018001

The response to date is presentedAppendix Go this Report.
1.11.7 Navigation Mode Data (AFCS SAR Modes)

During the course of the Investigation, it became apparent that all of the lateral
navigation modes were being recorded to the FDRparticular, during the final three
minutes of the accident flight, the FDR contained no record of an AFCS lateral navigation
mode being used to navigate thdelicopter along the desikflight 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 identifan absence of a selected lateral navigation
mode on the FDRHowever, this did not eliminate the possibility that théelicopterwas
2LISNI GAy 3 AyrolldhaladS YRREY A¥T GRS 6aSyO0S 27F |
mode.

The Helicopter Manufacture confirmed thatnot all AFCS SAR modes are recorded on the
FDR The Manufacturer informed the Investigation that the AFCS SAR modes are recorded on
the HUMS cardUsing the HUMS datahé Manufacturer provided the Investigation with the
necessary lateralavigation parameters use during the flight



1.11.8

¢CKS LYy@SadAalraAazy gl a dzySRCB ¥W2RIAVR GKS N
al ydzFI OGdzZNEND&a wCa {dzLJLJ SYSyid 2NJ Ay GKS hl
informed the Investigation thati St S GRGRY A2 y¥Y (KS {!w Y2RS YSy
coupled the helicopterto the roll channel and that the functionaity was identical to
selecting®™MAW DN the MSP. The Operator ffilner explained that if a crew veafollowing an

FMS company routeggnd had the SAR menu active on the MSP, they would press the SRCH
button which would couple the helicopter in rodind the helicopter would fly the route for

them.

The Helicopter Manufacturer informed the Investigation that when SRCH is engaged, the
Coupled Fligt 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
confirmedthat SRCH can be used to follow FMS navigation without an active search pattern,
that existing RFM documentation on NAV mode also applies to SRCH, artketteats no
specific published guidance on AFCS SRCH mode.

Sikorsky 92A RFMS No. 4 Part 1 inahisathe following limitation related to the use of SAR
AFCS modesNight or IMC SAR approaches are only permitted if the entire approach is
conducted overwateé® @

Recorded Flight Data Timing

As previously described inKS Ly @Sa i A 3 (A 2 h@RDR tompohentYohthe!l g
MPFR recorded the data from 952 parameters over a period of 25 hthedMPFR recorded
two copies of these parametersone 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 duraflemdnvestigation
confirmed that this anomalgid not result from corrosion during immersion in salt water or

due to any preexisting condition. The FDR data contained a seri¢g N y R 2e¥ @hiciS NP
were recorded to the device during routine power interruptions associated with-sand
shutdown of the Helicopter The discrepancy occurred due to a read error by the MPFR
YI ydzF I OG dzZNBEND& LINE LINA S NE esavalid fightNiBtg, rathek A O K
than as part of the poweup or powerdown of the device. When the data was extredt
dzaAy3 GKS 1 L!' Q&8 LINPLINASGI NBE WRITY B 22X6GES MK A C
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 beenamled on both of

the FDR DOC3he Investigation is satisfied th#his anomaly did not affect the analysis of

the data.



——
1.11.9 FDR Flight Data Summary

The FDR data indicated that the Helicopter departed EIDW from RWY 16 ath?3.88d
commenced a climbingight turn, during which time the FMS lateral navigation (LNAV)
mode was selectedlhis mode established the Helicopter on a course direct to Shgahe
Helicopter passed through 1,400 ft altitude, Dublin ATC provided radar vectors for traffic
separaton. The Helicopter levelled at an altitude of 3,000 ft on a QNH of 1029 hPa as it
crossedPhe War@ £ | LILINE E A Y l-nbréhivést ofiDulblim Airgo8andiaccelerated

to an IAS of 130 ktsthe Helicopter resumed lateral navigation to Sligo at 2309 and
followed the track shown ifrigureNo. 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 Helipa& 23.34 hrs, the Helicopter commenced a
climb from 3,000 ft usig vertical speed and reduced the IAS to 100 kts as it passed south of
Granard, Co. Longfordhe Helicopter levelled at 4,000 ft altitude three minutes later and
accelerated to 130 kts IA$he Helicopter maintained a course towards Blacksod Helipad for
an additional three minutesAt 23.39 hrs, ashte Helicopter passed 6 NM nordast 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.
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Figure No19: Flight Path of R116 from departure until on track for Sligo

At 23.43 hrsthe FDR recorded the @dA £ 2 1 Qa 6 S| (1 KSNJ NderRsetMi 10t y 3 S
miles range from the start of the flight, was set to 25 mile rarijee CoLJA f 2 (I @@as a C5
the only cockpit screen that displayed weather radar information during the flitgtlé No.

23).



At 00.17 hrs, the selected IAS was reduced20 k&ts As the Helicopter passed 2 NM south

of Nephin Beg Mountain at 00.22 Rfswhile 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 chaagvas 24 NM east of Black Rock, and was just prior to
the Caopilot 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 tlagiaiu 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 iifable No. 3. These settings did not changkiring the remainder of

the flight.

Parameter Status MFD1 MFD2 MFD5 MFD3 MFD4
Option
] ACTIVE/ NOT ACTIVE: NOT NOT NOT
WxR Display o1 acTIVE | ACTIVE | 10NMRangel  ACTIVE | ACTIVE | ACTIVE
Terrain ACTIVE/ ACTIVE NOT NOT NOT NOT
Display NOT ACTIVE ACTIVE ACTIVE ACTIVE | ACTIVE
Display PFD/NAV/ TACTICAL
Mode EICAS/VIDEO PFD NAV EICAS VIDE® PFD
Display HSI FULL/ARC
Format Dig Map/Fixed ARC ARC N/A DIG MAP FULL
Declutter ACTIVE/ NOT NOT NOT NOT NOT
NOT ACTIVE | ACTIVE | ACTIVE ACTIVE ACTIVE | ACTIVE
TCAS ACTIVE/ 98
Display NOT ACTIVE ACTIVE | ACTIVE | NOT ACTIVE ACTIVE | ACTIVE
. SELECTED/ NOT NOT
Flight plan | |51 seLgctd SELECTE| SELECTE| o = repl SELECTE| of/ Eote
LTNG ACTIVE/ NOT NOT NOT NOT NOT
Display NOT ACTIVE | ACTIVE | ACTIVE ACTIVE ACTIVE | ACTIVE

Table No.23: EHCR 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 kBing
No. 1 Alt Preselect mode, and the IAS was reduced to 100 His flight path and significant
FLCR events for the remaining 12 minutes of the flight are representdeignre No.20. The
Helicopter passed through 3,400 ft in the descent at 00.36 hrs,®hdS I Ribdé Ivas
selected as the active lateral navigation modhe Alt Preselect mode remaing engaged
until 00.38hrs, as the Helicopter passed 2,400 ft in the descent. This is the altitude at which
APP1AFCSSAR mode becomes availalite selection The FDR records APP1 selection at
00.37 hrs At 00.39 hrs, the Helicopter turned right from a greetic heading of 277 degrees
onto a heading of 291 degree3he IAS was selected to 90 kts at 00.40 hrs, and the
Commander requested the @A f 2 i  G2A NBDEGS Qliéh the FMS fard he
acknowledged thisThe bearing to BLKMO at this time was 13&gekes However, the

I St A 02 LJ0I SNJI SIS RholgdBriRg the esenit 00.42 hrs, an IAS of 80 kts was
selected as part of the APP1 mode requiremenibe APP1 mode disengaged at
00.42 hrs The local OAT recorded by the FDR was’€10

*®The CVR recorded the cockpit Crew discussing the high ground in the tithigyhelicopter at this time.
*Tactical Videoln this cockpit configuration, this term refers to the Euronav moving map display.



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 BludMO, at

00.40 hrs, the Commander had previously requestesl recordedon the CVRW5 A NB Ol
[ Yam®B | St A02LIi SN 6S3l yheadingD GYd2NJS ol 20 (INRS £ S
degrees was recorded by the FDRe turn rate shown irfFigure No20 appears higher than

this roll angle would suggesihis was due to the effect of the prevailing wind at the time.
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Figure No20: FDR/HUMS Significant Events, Oth&l- 00.46 hrs

The FDR recorded the wind as coming from 230 degrees magnetic with acfz®Hts; the

| St A02LJiSNNEA 3INRdzy RALISSR 4| aAs tNSHBIRdpIRrP&ESsed &  p .
through a heading of 230 degrees, the crosswind component caused the Helicopter to drift
further eastwards in the turnThe Helicopter continued turng left and as it passed through

203 degrees, the FDR recorded that thBNo. 1WI S| RA y @odd ab Gettivaed

and the roll angle reduced to 3 degrees to the .Iéltis reduction in roll angle coincided

(00.42 hrs) with a recording on the CVRiluf CoLJA f 2 (i | yS¢aRctizgeledigite W
HUMS data recorded the activation of the AFCS SAR SRCH navigation mode at.tfietime

I 2YYlFYRSNI 61 & Ki&icateR Aispred Gaych anlRadGMt LI0 deNtBeR Q

CVR

At 00.43 hrs, the FDR rec®d 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-8fdegrees to the

left. Athough 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
SRCHA 00.44 hrs, the IAS was further reduced to 75 kts, and remained at g¢lest®n

until the final accident sequence.

Also & 00.44 hrs, the FDR recorded the use of the transmission button on ICS station 3 (the

2 Ay OK hLISN}G2NRa adldAaz2yoT GKAa gl a | OFff
being used by MRSC Malithe Helicopter continued to turn to the left and it began to
reduce the rate of turn to establish on a direct course towards BLKMQhis point
DuvilaunMrL af ' YR g1 amma P @oshighi@ii®& high ground at Achill was
totheright of tt§ | St A 02 LJi SN & (Q-pilbt®y T inApReSa) hedwdling avAkR S R
Mmmgp RSIANBSazE gAGK | NBO2NRSR RNATFG |y3af s
magnetic heading.
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' nnodénp KNBX GKS C5w NBO2NRSR (KBthd @YYl YR
LIAEf 20Qa wlk R ! f. this N&S Rsdie Helicbpter gassedromer ah dutcrop of two
rocks, Carrickduffand Carrickad which are located approximately 0.65 NM to the west of

the Black RocKlhese heights were below the selected minimundRst height of 180 ft,

YR GKA&a (GNIXABSNBOR atnyhdaioh inSh@ QockpitThe Commander
identified thissayingthere's just a small little island that's B L M O itQet

The FDR recorded a rate of climb of 1p for two seconds ashe AFCS tarned the
Helicopter tothe selected Rad Alt height of 200. flour seconds later, the Helicopter
descended at 12%pm for two seconds to recover back to 200 ft again as the Helicopter
passed east ofCarrickduffand Carrickad The Helicopter rolled out of the left turn and
maintained a heading of 120 degrees whileSRCHnode, 20 seconds prior to the initial
impact The FDR parameters from the €A f 23 Qa &ARS 2F (KS
groundspeed of 90 kts, and a drift anglefi RS3INBESa G2 GKS ST
magnetic heading of 120 degrees, which gave a tmagk ground of 108 degreedhe

2 AYOKYLl yQa 2anastmniidirdetly 2heédp2 F O@dzNNBR | o2dzi c¢cnn
the western end of Black Rock at approabtely 12 seconds prior to the initial impact with
terrain. The FDR data did not indicate any technical issues or eaceesl during the flight.

Final Accident Sequence

A graphical representation of the FDR parametersthe final minutes of the acciderilight

is included inAppendix N. At 00.45:48K NA& > & SIfKSO (U5 Rpar&nteterroR the DR
changedinstantly from 137 degreesto the HSt A O2 LJG SN a | Olddgreés KS I |
AV RAOI (i A YPHSHEKNECH 0 dzk $2 W 6+ & LIND & a 6nthe Rymotd K299 «
Instrument Controller Eigure No. 2)located on the righthand side of the cockpit central
console 2 NJ Of | RWSHeDIR KA (®ya 2y GKS Osheamsst £ SNJ
navigation mode is selectethey cause the respective left aght course indicator bathe

split baKpto point at the selected navigation sourchis action will not cause the Helicopter

to route direct to the source unless an appropriate lateral navigation mode is selected on the
AFCSIt will not change thenavigation mode or waypoint selection in the FMS Flight Plan.

A X L oA X

At 00.46:04hrs, Wleading HOLD AN g & aSt SOGSR FyR OF LJi dZNBR:
selected headinghanged from 12@egreeso 123degrees

At 00.46:06 hrs, a number of parameter changes were recorded by the FDR (unless
otherwise stated, the equivalent parameten® the CeLJA f 2 (1 Q&  &likoRtér that T K
were recorded on the FDR were of similaagnitude in each case)

1 TheRotor Speededuced from 105% to 98%

! Thet A f Golfe€ide Stick Positimmanged from21.25% to +30%



—
Thet A t Bitéh @titudechanged from +3to +5°

Thet Af 23 Q& =+ikchdsaddo1f006dmLIS S R

Thet A f BitéhStigk Positiochanged from +12% t®7%

Thet Af 23 Q& w2 thangddfrdm@.5% tb 213% (G A 2 Y

Thet A f 2 @v&s380 kislafd the A f Graust&peedvas 90 kts

TheVertical Acceleratiomcreased from 1g to 1.99

= 4 4 -4 - -

It should be noted that thédelicopte Manufacturer confirmed to the Investigation that the

FDR record®itch Rolland CollectiveStickpositionfor both the Pilot and Geilot channes,

but does not measure or record thenagnitude of theforce applied to any of the

| St A O2 LI Stk dontialdlTheyADRBata did not recomhether any forces applied

to the flight contros originated from the/ 2 YY I Yy RISCeIAf 2 1 Qa NB & LISOI
controls.

At 00.46:07hrs:

TheRotor Speededuced from 98% to 94.25%

Thet A f Golfe€litie Stk Positiorchanged from 30% tel0.25%
Thet A f Bitéh @thitudechanged from +5to +29.8

Thet Af 2 G Q& +ifchedisaddroni DOQFFRE3R00fpM
Thet A f Bitéh Stick Positiochanged from27% to +29.5%

Thet Af 20 Q& w2 thingdd frdméi1% toR5%6A ( A 2 v
Thet A f 2 Wv&s&7 Kislad the A f GrauStdpeedvas 87 kts.

TheVertical Acceleratiomcreased from 1.9g to 2.17¢g
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Master Caution annunciation on the EICAS

Low Rotor RPM annunciation on the EICAS

Thet Af 20 Q& in@ehsked flom @tak9tirighiR S

TheYaw rateincreased from Oto 9°/sec to theright
TheCopilots Radar Altitude reduced from 216 ft to 76 ft
ThePilots Radar Altitude reduced from 216 to 85 ft

9y 3IAYS b3IQa AYONBIFIASR FNRY yez (2 1
The #1Radar Alt ONleactivated

¢ KB[ WL ¢! 59 > anhundtation a5 Biggered

FD DGRD (Flight Director degradaaunciation on the EICAS
Longitudinal acceleration from 02g to 0.45g

= -4 4 -4 -4 -4 -8 -2 -2 -2 -2 -2 -2 -5 -2 -2 -2 -2 -2



At 00.46:08hrs, (the time of impact with terrair)
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
The following systems were recorded on the FDR to have changed st&0gl6t08hrs:

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

TheRotor Speethcreased fron 94% to 107%

Thet A f Golfie€ige Stick Positimmanged from10.25% to +4.75%

Thet A t Ritéh @titudechanged from +2980 +57.6

Thet A f 23 Q& =+ikchdsad@roni 3,000038ES3R50fpm
Thet A f Bitéh Siick Positiochanged from +29.5% to +2%
Thet Af 23 Q& w2 thaingdd frdmB.5% tb-20%A G A 2 Y

Thet A f 2 lie@ued ko!57 kts and the A f GrausHdpeededuced to 85 kts.

TheVertical Acceleratioreduced from 2.17g to 1.1g

Thet Af 20 Q& in@ebsedrdm®irightitadaRB right

TheYaw rateincreased from 9sec to theright to 23/sec to the right
TheCopilots Radar Altitude reduced from 76 ft to 5 ft

ThePilots Radar Altitude reduced from 85 ft to 11 ft

9Yy3AAYS b3IQA NBRAzOSR FTNRBY Pz

A & L oA

CKBAW20Ga al 3ykangedirorh RBoRLER 3 Q

#1 & #2 Attitude Hold fail

activated

activated

activated

activated

activated

activated

activated

activated

activated

activated

activated

activated

activated

activated

i 2
¢CKEAW20G4a . I NB /irerbdedd €@dm3BES fttof3GR At (1 dzR S Q
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¢ KBEFRGEARDOWNAY RAOF GAZ2Y deactivated
f ¢ KBIGHT GEARDOWNA Y RAOF GA2Y deactivated
T Temp Che IGB activated

At 00.46:0%hrs:

==

TheRotor Speethcreased from 107% to 110%

Thet A f Golfe€ide Stick Positimmanged from +4.75% +14.75%

Thet A f Bitéh @tlitudechanged from +57%t0-30.5° and then to +29

Thet Af 23 Q& +chanded fedm 8,250 EBMIBRD00 FPM

Roll attitudeincreased from 132rightto 172 right

TheYaw rateincreased from 23sec to theright to 6(°/sec to the right

Thet A t Bitéh Stick Positiochanged from +2% t83%

TheCopilots Radar Altitudéencreased from 5 ft to 53 ft

ThePilots Radar Altitudencreased from 11 ft to 131 ft

9y 3 A Y Berdased@dm 94% to 96%

Thet A f 2 le@uted ko!19 kts and the A f Graudapeededuced to 85 kts
TheVertical Acceleratioreduced from 1.1g te0.43g

Thet Af 23 Q& w2 thaingdd frdm3Q% td A (G A 2 Y
CKEAW20a . I NP /irerNddds OdmS3eR fttofs4ukt (i dzR S Q
¢CKEAW20Ga al 3ykadgeddrom HBBcRORL 3 Q

The AFCS DGRD caution activated

The AVC FAIL caution activated (AVC: Active Vibration Cancelling System)
¢KS 9Dt2{ W¢hh [h2 D9!wQ | OGADI GSR
¢CKS W[ !b5LbD D9!'w !tQ 2 NYyAy3a I OGADIGSF
¢ KNo.o¥ | BRNJ dzf A O t NaBivatedzNE | A 3K a2RSQ
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= 4 4 4 4 -4 -4 -5 -5 -5 -5 -5 -2 -5 -3 -3 -3 -2 -2

From thistime onward, the FDR recording indicated that tHelicopterhad departed from
controlled flight The nature of theHelicopteQ&a G NJ 2SO02NE YR GKS R
were such that many of the recorded flight parameters, particularly those that rely on
dynamic air pressure, cannot be relied on as being accurdite recorded Rad Alt
parameters for the final secosdwere 228 ft, 183 ft, 490 ft, 483 ft, and 116 $nce the Rad

Alt measurements are based on a radar return from the ground, thesenteas cannot be

relied upon as the &licopter was experiencing significant pitch and retkcursiors. The
barometric dtitude recordedat the time indicated that the Bt A O2 LJG SN & | f GA G
to increase to a maximum of 574 ft before descending to 30at fthe end of the FDR
recording
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A number of additional parameters are includeddippendixN. Thesediscreté® parameters
were recorded on the FDR betwe@0.46:08hrs, and the end of the recording &0.46:19
hrs, and indicated the functional state of particular systems.

SkytracSatellite Communication System

The Investigation was provided with a copy of th8 HA O2 LJG SNR& Ff AIKG LI
the Skytracsystem described iBection 1.6 and is shown ifrigure No. 22

Figure No22: Skytradlight path for EHICR, 1314 Mar 2017

The track created from the recorded positions ofl&R during the flighshowed a high
degree of correlation with the data received from the other available position sources, such
as FDR, HUMS, AIS and Shannon ATC radar recordiowsver, the Skytrac System

. . : ) ) : ) » 104
primarily provides a flightollowing function and can be configurgd transmit position ——
information at any interval between 0.5 seconds and 15 minuteghe case of the IRCG
helicopters, the position was transmitted every three minutes. The Iatr positions
received from EICR are shown iRigure No. 23The impactwith Black Rock occurred prior
to the expected position transmission at 00.47 hrs.

00.41,hrs
Blacksod/®
e~ {.;'\00.325 hirs
\\@(J.35 hrs
Achillkoa®
Figure No23: Skytradinal transmitted positions (Wite line) for EICR
® Discrete:¢ KS (dBd#Q WNBFSNE (2 | adadsSy LINFYSGSNI GKIG A

ACTIVATED or DEAZATED, FUNCTIONAL or FAILED.
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105

Sikorsky $2A, HICR Black RockCo. Mayo, Ireland 14 March 2017

FINAL REPORT

The Investigation noted that while the sampling rate of the positions reported bkyérac
System during the flight is insufficient to reproduce an accurate flight path, the positions and
times provide a correlation with the other position sources.

AIS Data

The AIS is described 8ection 1.6 The IRCQused a reatime display of AlSata on a large
screen atMRCCDublin, and at each MRS@h 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 degred@ss data was tnsmitted at 10 second
intervals Figure No. 23t The final transmission was 80.46:07hrs.

AIS/HEALTH ATLAS DATA for R116

Figure No24: AIS Position Data,-EIR, 00.3400.46 hrs

The AIS data is also used by the National Aeromedical Coordination QEAGCHf the
National Ambulance Service (NAS) is used to proide NAS staff with near retime
information of helicopter locationsin the immediate aftermath of the accident, the Health
Intelligence Unit of the HSE provided near si@le AIS information for all IRCG heliters
to the Investigation Figure No. 2pincluding the last position of thielicopterat 00.46:07
hrs.

P, O "R116 Flight ma
Af_’/—‘?\rz;ﬁmk Dugag:non g p

Bundoran \, ;P Allflight paths from 22:59hrs 13/03/2017 to
( "—\\ 7~ PO 08:28hrs 1410372017
! / 2
) Enniskillen \“Armagh-Banbr
Y e TS —7\" y w @™ ELICR (Rescue 116)
sligo o= ’(\ ) by
onaghan
F o0 B
/g.. 2
N L \’\ ¢ L
’ L
uhda

] EHICG (Rescue 118)
EIICD

[J EIICA (Shannon)
ElICU

Kildare!

Portiadise
Athy Wickiow

\ . o ol > 2l h
Ennis "'—'—‘a""/ Carlow

Figure No25: The AIS position reports from-EIR as shown on the HSE Health Atlas
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The NAS provigsa flight following servicéor missiongthat it tasks.As EHCR was tasked by
the IRCG as part of a SAR tasking, the IRCG was responsible for flight follhw&irigS
information from NAS databases based on positioning information supplied from the
IRCG/DTTAS National AIS systefoymed the initial search efforts folEHCR The AIS data
showeda high degree of correlation with the FDR and HUMS dabsequentlyrecovered
by the Investigation.

The Investigation was notified that an AIS sigapparently associated withEHCRhad
appearedon a number of occasions after the accideinteach instance, the MM3Inumber
associated with HICR would appear on commercially available AIS software sysims
MMSI would appear in several different locations¢luding near Black RockZo. Mayo;
south-west of Portugal Kigure No. 2B and South AmericaHowever, the vessel status,
speed, course, AlS source, wind speed and wind direction would remain identical regardless
of the current date or place, and would be moseggestie of a surface vesséhan a
helicopter.

1 S4R 250002899 ()

ilude:  36.83945 @

de 5406973
Ul -9.569462 @

itude. -10.3441

UK Coast & Attantic
7 Aug 04:02UTC

\ Underway using Engine
1 SR 250002699 (IE) & ’ 139k 163
e s

£ 1609 (BMT-1DeTIC )

97 m, 189
10 Aug 04:02

2kn

1

UK Coast & Atlantic
185ep 0954 UTC
Underway using Engine
139kn /163

1609 (BMT-10eTIC)

137 nm. 285
185ep 2045

2kn

&
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Figure No26: Examples of AIS displaying different Locations-4CRI

The Investigation requested the assistance of the UK MAIB to contact industry sources
regardingthe reliability of commercially availabl@pen-source AlSbasd 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 vess®l a signal fromE / wQa I'L{
Accordingly, the Investigation does not consider thatsthevere valigignalsrom EHCR.

EGPWS nunciations

The EGPWS System is describe8dntion1.6.6.5 The warning and caution annunciations

that do not have an independent aud© | LJ- 6 Af A1 &3 0 &2 Aax&EBaudioK S 9
source are listed inAppendix O The EGPWS manufacturer used the FDR data recovered by

the Investigation to conducan EGPWSirsulation. With the landing gear in the DOWN
position, the Mode 4b annunciatiocriteria were substantially reduced (10 ft at 80 kiEhe
activation of the LOW ALT switch by the Flight Crew at 0&@RE & dzf (| SR 2AlY | IKKSS F
functions of the EGPW&ingsubstantially reduced, and the ModeVaLTITUDE, ALTITUDE
(generated fran Rad Altinputs) callout being enabled. However, the lighthouse and terrain

at Black Rock were not in the EGPWS databases, and theiefi8ok dhead? T dzy OG A 2y
redundant

®. 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 identifistiRE|
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1.11.14

1.11.141

¢CKS aAyYydzZ I GA2Y AYRAOIGSR (KI (ALTITKESENSS Lacg N Qf
These occurred a00.45:40hrs, as theHelicopter passed overhea@arrickduffCarrickad

and at00.46:08hrs, as theHelicopter approached the western end of Black Rdakh of

these annunciations can be heard on all the CVR ICS chaffimesmulation demonstrated

that both events were due to thed” Alt reducing below the bugged height of 180 ft in
accordance with the EGPWS Mode 6 criteria.

¢CKS aAAYdzZ A2y ARSYGATASR Yl Yy &t®W4e:ars, Whickl dzy O A
was within one second after the initial impact witerrain. The EGPWSY | y dzF | O (i dzNB
Welicopter- Enhanced Ground Proximity Warning System Pilot's Quidél G I 4R (G K |
excessive bank angle warning is provided based upon Radio AltituddttRatle and Roll

RateQ The Manual indicated that at aa Alt of 50 ft or below, the annunciation is triggered

when the bank angle of thédelicopter exceeds 30 degreesAt 00.46:08 hrs, the FDR
indicated a Bd Alt height of 11 ft and a roll angle of 4kgrees to the right.

¢KS 9Dt 2 { Y linfedizEe ControrR@Ec R Ests a number of annunciations that

Wre the only voices that can interrdphe current EGPWS annunciatiofnese include the
BMOKE IN BAGGAGE | Y y dzyTizAdsults\ a2 tfiesimulation indicatd i K | (1 BANK S W
| bD[FY Y dzy OAl GA2Y ¢ & adzLIIWNB¥EE SRb 0 anhuddiaton, @ A 2
and was therefore not heard on the CVRie FDR recorded the activation of th[ h 2

w h ¢ hmar€ing just prior to impact as the maiotor RPM reduced below 95%, but this was

not audible on the CVRt is considered probable that this was also suppressed by the
W{ahY9 L b annindabdnIhe @cording of the HUMS position data ended prior to

the end of the CVR recording$herefore it is not possible to accurately represent the
locations of final EGPWS eailllts that were audible on the CVR

The substantial reduction in Mode 4b annunciation criteria was based on the undercarriage
being down and lockedAt 00.46:@ hrs, the FDR recded that theW[ 9 C¢ D9 lamd 5 h 2 &
WLDI¢ DO9!indicahidndda®vatedTKA & SOSy i NBAG2NBR500GKS 3
FOG GSNNIAYy Of SI NI} @GS adin SiySiecdpity? BEihansadn@roind & Q
Proximity Warning System Pilot's GU& A & GNAIISNBR (i KO LOWt 2 {

D 9 ! amifunciation.

Health and Usage Monitoring System (HUMS)
General

TheHelicopter was equipped with a Goodrich HUMS, also referred to a§4MOMS It is a
commercially available, integrated airborne and gnd system, designed to perform
diagnostic, health and usage monitoring functionsaohSf A O2 LJG SND& RNA GBS i
auxiliary and structural components. IMBUMS is intended to provide information &n

operator, maintenance personnel and flightew, 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 affyght basis This data is made available

to maintenance personrieon the ground for analysis to identify conditions that require
maintenance.

®2|MD: Integrated Mechanical Diagnostics.



The HUMS also detects and records individual component usage, such as the number of
engine or APU starts, rotor brake applications, tafis 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 emoard HUMS is # 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 solutgymrmonitoring drive train health statuand, monitoring

and processing all accelerometer, tachometer, and sensor raw data. The MPU is also
designed to receive information from the drivetrain and from tRetor Track and Balance
System(ROTABS) accelerorees, the tachometers, blade tracker, and helicopter data buses
(including Air Data Computer(ADC), AFCS, AHRS, and D@ signals from the
accelerometer, tachometer, and tracker are all fed into the MPU where they aresedyiti
processed and sent to ¢hMFD for display to the flight crewifure No27).

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 Groun&tation. The DTU is mounted on the right hand avionics rack in
the cabin.

] NAV EICAS HLTH uTiL VIDEO
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AVIONICS STATUS
SUBSYSTEM STATUS

ADS 2
ADF 1
ADF 2
AHRS 1
AHRS 2
ANG NOT CONFIGURED
CVR/FDR 1
CVR/FDR 2 NOT CONFIGURED
DCP 1
DCP 2
DCU1
DCU 2
DCU 1 VNE OFF
DCU 2 VNE OFF
DIG MAP 1 NOT CONFIGURED
DIG MAP 2 NOT CONFIGURED
DNE 1
DNE 2
1 EGPWS
FNS 1

FNS 2 NOT CONFIGURED
1 FOGS
LSS NOT CONFIGURED

MDC
1 MFD1
MORE

Figure No27: Example of the HUMS Interface displayed on MFD 5



The DTMU is Rersonal Computer Memory Card International AssocidBa@MCIA) 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 apprately 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 extesdis 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 1Mb/hour.

The DTMU from HCR waslocated on 23 March 2018 by ROWwas still attached to its
original mounting point in the front right avionics rackhe DTMU was recovered by Irish
Naval Service divers on 24 March 2017, 10 days after its immer$ien DTMU was
transportedunder AAIU escorto the UK AAIB Recorders Laboratoryhe UK Athough the
HUMS is not designed or constructed to be crpsbtected, the DTMU was in good
condition and the data was recovered from the carh@to No.15).

) Calirornia PC

ATA PC CARD

109 P o L
- 1'{":!'7‘ s
D Fr! .

<

:
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-aocC | e8sC

.-
> 4

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

The data file was in a proprietary formalhe Helicopter Manufacturer converted the
contents of the PCMCIA card into engineering units using proprietary software, and provided
the results to the Investigation for rewie and analysisAs previously described ithe
Ly@SadAaal dAazyQa &dSedionl. 1l ypai tBidNReport, thé HUMS dabayivas
used by the Investigation to determine the flight path of the Helicopter.

The HUMS collected data from acceleromstéocated 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, Tailokr, Main Gearbox (rotor speed), and a Rotor Blade Tracking
Cameraly | RRAGAZ2Y I GKS 1! a{ at! O2fXSHISR RI w{
and AFCSThe Maintenance Data Computer (MDC) data was collected in turn from other
systems throughout lte 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).



1.11.14.2 HUMS Data (Position)

The Investigation examined the HUMS parameters for the flighinost cases, there was a
high degree of correlation between the HUMS and FDR parameiées discrepancy
between the latitude and longitude parameters of the two devices has been described
previously inSectionl1.11.6

TheLy @Sa A3l A2y Qa Gatetldhal, LY GSNARY {GFGSYSyd

Wiyl feara O PRefdapeONMaSuractdrar of th&afcraft position recorded by
HUMS revealed that HUMS position was not as precise as HiRS@ue to the
resolution of the aircraft position data in HUMS. Understanding of the resolution
limitation allowed the Helicopter Manufacturer to analytically correct the aircraft
L2aAldAz2y REFEGE ®Q

The difference between the AIS position data and the HipbE#ion data (uncorrected and
corrected) is shown irFigure No. 28 The discrepancy noted il KS Ly @SadA 3l (A
Interim Statementwas examined by the Helicopter Manufacturerhis included the
O2YLX SGAz2y 2F | (Said 7tk ®Kanfirnt the fildiag ofatthey dzF |
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. Bignificance has been rounded down, therefore
shifting the recorded positionThe corrected helicopter flight path was 159 ft to the north

and 18 ft to the west of the original HUMS recorded data.
110

Figure No28: AIS Path data with uncorrected andrrected HUMS Path Dat&r116

C2ft2gAy3a GKS O2YLIX SGAz2y 2F (GKS al ydzfl O dzN
the error in the HUMS software, the Helicopter Manufacturer updated software ver&itih

with a new-114 software version which corceed the discrepancyThe 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
I St A02LJI SND& d&Hy tha i KUMS Wadls iukher NS He adkdRtBat indicated by
the wreckage pattern found omlack RocKSection1.12). 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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1.11.14.3

A previous AAU Report AAIU Report No.2011-016) involving an aircraft conducting
manoeuvres prior to impacting terrain observed that

We¢KS AYAGALF T 2dziLdzi NBIAFNRAYy3I GKS | ANONIF
However, the Manufacturer indicated th#fte 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 casee DR position then generated is an approximate
LR2aAdAz2y o6FaASR 2y GKS ftlLad 1yz2é6y LRAAGAZ2
YR Lw{ ®Q

As previously noted, th&dSt A O2 LJGSNRa LIRaAdGA2y Lt AYyTF2NXYIG
Source via the ARSto the HUMSKigure No29).

GNSS Position AHRS Present Position

GNSS Igall\t/LSSource) > AHRS : H U MS

Figure No29: 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 obé loss
GPS position informatiohe Helicopter Manufacturer stated that

W5 0F aY22iKAy3 AyOfdzZRAy3a 5w A& SyYyGdANBf e
AHRSdoes indeed have the capability of predicting the position when GPS drops out.
¢KFGQa | Qhe dielidopted ManuaEturerjises the ARJosition data for SAR
2LISNI GA2yad XCKS ¢SOKYAOFHRSYX LBIOR TAD | dide2 W
4 LINPQGARAY3I | aO2FadAay3aé OF LI oAt AGE AT
GAYSS |y AYyOUSNyrt X FAEGSNI O2yGAydzSa
integrated inertial NSandR @St 20A0ASaADPQ

HUMS Data@ther Parameters)

The Investigation compared the HUMS data with the FDR data for the flight and noted that
the HUMS data recording, as shown Appendix P, stopped approximately three seconds
after the initial impact with BldcRock, which occurred at 00.88: hrs.The data showed a
near-exact correlation between the HUMS (blue and red lines) and [Eg&efiblack ines)
parameters prior to 00.468 hrs The data appeared to show a divergence between the
HUMS and FDR datasjuprior to the initial impactThis apparent divergence was caused by
differences in the rate of data sampling by the HUAAE FDRsystems

An extract of the HUMS data fromppendix P is shown inFigure No.30; the data range

coloured yellow represents 0.5 seconds of flight tirfike table lists the parameter values
F2N GKS P&l Attiuaeidid&yteds s they were recorded to theFFRANd HUMS
respectively during that time period.
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It can be seen that the HUMS provided the Investigation with additional asta result of
the higher routine sampling rate Furthermore, when the signals from other sensors
indicated that a significant event wa occurring,the HUMS automatically increadethe
sampling rate.Table No.24 shows comparative examples of the sampling rates for the

parameters shown above. 112
Paramete Name HUMS Output Rat¥ | Output Raté*
to FDR
HUMS_Cal Airspef@omputed Airspeed Knots Up to 8.7 per second | 1 per second
HUMS_Radar altitudeRadio Height Feet Up to 10 per second | 1 per second
HUMS_Roll AngleRoll Angle Degrees | Up to 64 persecond 2 per second
HUMS_Pitch AnglePitch angle Degrees | Up to 64 per second | 2 per second
HUMS_Baro Corrected AlPressure 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 indicate
that the Helicopter experienced a more substantial departure from controlled flight than
that indicated by the FDR data.

Avalex Digital Video Recorder

TheHelicopterwas fited with an AVRB240-XM Digital Video Recorder (DVR) manufactured
by Avalex Technologies Corporatiddh¢to No.16). The DVR provides the capability of
recording video from the Wescam MD%i EO/IR Camera SysteSe(tion1.6.6.12.

® HUMS Output RateBased onWL y i SNF I OS / 2 y (i N®Z Heditl? éhdz¥sdge (Monfading) ( K S
System (HUM®) RI GSR mMp WdzyS uHnmy @
*FDR Output Rate: I & § 922 ¥DRWParameter Definition AMS@.0)R+ 1 SR 0i:1 al NDK H



The system is setfoy G F AYSR GAGKAY GKS O2yiNRf LI ySt
AYGSNFIOSR (2 GKS {!w hLISNI{G2NRa YhalWR2y O
contained 16 GB of internal memorywith the capability to add either a SD Flash Card or a
USB® Flash Bive for recording Both memory deviceswere removable. The DVR was
controlled by the use of BMode Controknob to select PLAY, STOP or REC (record) functions,
and aMenu button, which provided access to optional functions such as video quality
sdection and storage locations for the recorded video data.

/ LST <4 lI» »» ¥ '

Modé Control Knob  Menu Button /\ ‘ USB SLOT

Photo No.16: Avalex AVEB240-XM DVR

The CVR had indicated that the Winchman was using the Wescatb6MXO/IR Camera
during the flight and observed Black Rock with tB®AR camera prior tompact The
Investigation considered itmportant to recover the Avalex DVR in order to establish
whether theEOIR camerautput had been recorded.

Following ROV operations in March and April 2017, a further sea bed search commenced on
23 July 2017Section 1.12.) when te DVRFhoto No.17) was recovered The unit was

113 damaged and both th#lenubutton andMode Controknob were missing from the panei
was not possible to determine by visual inspection of the panel which position the Mode
Controlknob 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.

O T e

‘{ REC

INTERNAL

Photo No0.17: Avalex AVE8240XM DVR from HCR (with Flash Drive)

The unit was brought to the NTSB Vehicle Recorder Saatidrashington D.Gor analysis
The DVR was analysed by the use of bottayjKand Computer Tomography (CT) scdms
particular, the remaining parts of th®lode Controknob were examined to deterime the
position of the selector knabThese scansRhoto No.18) showed that the knob was set to

0 KBLA® Y2 RS> IwPgR hyWhee washo Wieo data found on the DVR internal
storage.

65GB:Gigabyte; one gigabyte is equivalent to 1,000,000,000 bytes.
®® USBUniversal Serial Bus



Photo No0.18: CT Scan dflode Controknob showingPLAYImode selectedNTSB

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 conducteg 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 wadated 12 March 2017 and was of 10 minutes
duration, recorded during a SAR missiéBR data for this flight was also recovered from the
MPFR Figure No.31) and showed that the helicopter routefiom Dublin Airportto the

scene of an accidenbrought a caualty to a hospital in Dublin, and then returned to Dublin
Airport.
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Figure No31: FDR Data from Rescue 116 Mission on 12 March 2017

The three video files occupied 1 GB of space on the USB @iz were no files relating to

any flights after 12Mlarch 2017 on the USB device, which had approximately 15 GB of free
space remainingThe 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 accidenhareddre the
Investigaion is of the opinion that the system was capable of recording if it had been
switched on during the accident flight.



1.11.16 Toughbook

The Toughbook was recovered from the seabed on 23 March. 201ad been immersed in
salt water for nine dayslhe device s extensively damaged during the accident sequence,
and significant salt corrosion was evident on many of the components upon red®testo

No. 19). Due to the extent and nature of the damage to the Toughbook, it was not possible
to extract any data fro the device.

115 e
- TOUGHBOOK - FRONT TOUGHBOOK - BACK &

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 00.46s on14 March 2017. Later that day, an Inspector of Air
Accidentarticipated in araerialsurvey of Black Roethich identified thatdebrisfrom the
Helicopter wasvisible close to the helipad and below the steel grid at its southern edge
(Photo No.20).



Photo No.20: Debris situated close to the helipad and below its steel grid
1.12.2 Debris found on Black Rock

On15 March 2017the 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 tl
areas thatwere safely accessible on foot. Four large pieces and several smaller pieces of
IGB fairing were found close to the helipad. Fractured sections of thed&iy, including

the oil level sensor and a portion of the chip detector were found close @ohilipad. The
locatiors of the IGB and its oil system componems the helicopter typeare shown in
Figure No. 3ZNote: The wiring installation shown relates to a test sgi andwas not the
production standard for the Helicopter

Figure No.32: Location of IGB on the helicopter type
(1: Oitlevel sightglass; 2: Oilevel sensor; 3: Chip detector)
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Sikorsky $2A, HICR Black RockCo. Mayo, Ireland 14 March 2017
FINAL REPORT

The Investigation rnstruced the fractured sections of théGBcasing Gouge marks, in a
direction parallel to the longitudinal axis of the Helater, were found on the base of the oil
level sightglass housing=igure No33).

Figure No.33: ReconstructedGBcasingand damage to base of eiével sightglass housing

The horizontal stabiliser separated from the tail rotor pylon in the acdidgequence. The

main section, approximately 2.7 m in length (circled in greeRigureNo. 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 veasbedded in the trailing edge of the
stabiliser. The separated horizontal stabiliser had sustained substantial damage. A piece of
GNF¥AfAy3a SR3ISET M Y Ay fSy3aJGdK o06OANDtSR Ay
horizontal stabiliser, was found on ttséde of a large outcrop, 3 m to the soutiest of the
perimeter wall at the lighthouse.

Figure No.34: Sections of horizontal stabiliser (circledhragenta and green)
and roof damage (circled in yellow)



Two pieces of aluminium alloy structureach 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 anigtdrted.

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 oélficeteading 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 structufFegure No35).

Figure N0.35: Gouge in upper aft edge of aft sectiohhorizontal stabiliser

Two tail rotor control cable pulleys were also found on Black Rock. One of the pulleys w8
lying on the platform at the top of the lighthousBeveral fragments of a landing gear wheel

rim were found close to the helipad. Ofimgment of the wheel rim and several other pieces

of debris were found below the helipad grid, at its southern edge. One ofriggnents of

wheel rim was imprinted with a serial numbegd A y 3 G KS | St A O2 LJh& NDa
Investigation establishethat the fragmentwas from the number one (lethand outboard)

main wheel. The damage pattern on this rfragment suggested that it had been rolled
outwards, which was consistent with a tyre overpressure event during the impact sequence.
Partsof the Wufsberg transceiver, whictvas located in the tail section dhe 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, fueh visits were made to Black Rock on
20 March 2017, and again on 21 Marcl2017. With the assistance of Defence Forces
personne] who providedmountaineering expertise, members of the AAdklaminedlarge
areas of Black Rock not accessible by foot. No obvious point of impact was fouigh
concentration of debris was found in the area below the helipadts southern sideRhoto
No. 21).





















































































































































































































































































































































































































































































































































































































































































































