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SUMMARY

Problem aea

The evidence available from potentially survivable helicopter water impact accidents indicates that drowning
is the primary cause of death in those who do not survive. Capsize is virtually inevitable in helicopter water
impacts, requiring those who sureithe impact to perform an underwater escape. Capsize can also occur
following a controlled ditching due, for example, to wave action.

Fatalities can be divided into those who fail to escape from the inverted cabin and those who do escape but
then drownwhile awaiting rescue and recovery. The main focus of this research is underwater escape where
many factors may contribute to the failure to survive but, overall, the issue is a mismatch between breath
hold time and escape time. In cold water, the inapilio breathhold for sufficient time to complete an
underwater escape is well documented. Issues that increase escape time may include seat harness release,
the difficulties of locating and opening exits underwater and the size of the exit. While chargsopter

design and improvements to personal safety equipment over the years have reduced the level of risk
associated with underwater escape, some issues remain to be adequately addressed.

Description of work

The literature review reported in thisodument forms the initial phase of the work commissioned to improve

the understanding of the survivability issues associated with helicopter underwater escape. The review
consisted of a search for scientific papers, technical reports from the industigeativestigation reports

and other documents relating to helicopter underwater escape. Research undertaken to evaluate the
underwater escape process has been broken down to allow an assessment of the different factors that may
impede escape up to the pa of reaching a place of relative safety (nhormally by boarding a life raft). Human
morphology and both physiological and psychological responses have been considered as they will also have a
major impact on the likelihood of survival. Helicopter undet@vaescape training research has been
included, providing useful data relating to the underwater escape process.

Results andapplication

The literature review aims to provide a comprehensive overview of the problems experienced in performing
an underwate escape and the research undertaken to both understand the issues and identify areas where
safety improvements can be made. The results of the redmnwthenanalysed, with the aim of identifying

any gaps in the understanding of the problems faced hyigors. Finally, recommendations for future
research are outlined.
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ABBREVIATIONS

ACRONYM | DESCRIPTION
AAIB Air Accident Investigation Bran¢tK)
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ACRONYM DESCRIPTION

PLB Personal locator beacon
SAR Search and rescue

SWET Shallow waterescape trainer
TSB Transport Safety Board
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GLOSSARY

Term DESCRIPTION

Arrhythmia Acondition in which the heart beats with anirregular or abnormal rhythm

Cold shock Physiologicalesponses of the body caused by sudden cooling of the skin,
characterised by an increase in heart rate and blood pressure and an inability to
control breathing.

Ditching An emergency landing on water, deliberately executed in accordance with flight
manual procedures, with the intent of abandoning thelicopteras soon as
practicable.

Diving reflex Physiological responsed the bodyto submersionwhich include aemporary
cessation of breathinga decrease in heart rate awdnstriction ofperipheralblood
vessels

Drowning The process of experiencing respaey impairment due to submersion or immersio
in liquid.

Emergency exit | An exit to be used in an emergency as described in C®B05 and 2729.807.

Emergency Asystem of floats and any associated partsthat is designed and installed on a

flotation g/stem

helicopterto provide buoyancy and flotation stability.

Escape Leaving the helicopter by the quickest means possible, often usidgrwater
emergency exg
Evacuation Leavimg the helicopter via themergencyexits, in a controlled manner.

Hostile sea area

Survivablewater
impact

Syncope (Fainting

Underwater

Open sea areas north of 45N and south of 45S designated by the authority of thi
State concernetl

Awater impact with a reasonable expectancy of no incapacitating injuries to a
significant proportion of persons inside thelicopter, and where the cabin and
cockpit remain essentially intact.

Atemporary loss of consciousness usuadliated to insufficient blood flow to the
brain. It most often occurs when blood pressure is too low (hypotension) and the
heart doesn't pump enough oxygen to the brain.

An emergency exit designed and installed to facilitate rapid occupant escape fro

! Certification Specifications and Acceptable Means of Compliance for Small/Large Rotorcraft (EASA, 2020b; 2020c)
2 See E2012) for full definition of hostile
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Term

DESCRIPTION

emergency exit

capsized and floodeldelicopter (alsccommonlyreferred to as emergency exits and
pushout windows in the literature).

Unintentional contact with water oexceeding the ditching capabilibf the
helicopterfor water entry.
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1. Introduction

1.1 Background

Theresearchpresented in this reporaddressesafety recommendation 20616 from the UK Air Accident
Investigation Branch (UK AAIB) report AAR 1/2Q8fgting to the accidentto helicopter GWNSB on
approach to Sumburgh, UK, @3 August 2013afety Recommendation 2046 states: It is recommended

that the European Aviation Safety Agency instigates a research programme to provide realistic data to better
support regulations relating to evacuation and survivability of occupants in commercial helicopters operating
offshore. This programme should better quantify the characteristics of helicopter underwater evacuation and
include conditions representative aftual offshore operations and passenger demographics

In the accident in question (AAIB, 2016)tve passengers escaped from the helicopter and survived while
four did not survive. When considering some of the problems experiedogitig underwater esgpe, the

report confirms that one passenger died as a result of being unable to successfully escape from the cabin.
Those passengers who escaped from the cabin used the escape windows as exits. A number of escape
windows were displaced during the initimhpact; others were removed by the passengers. The majority of
passengers who removed windows to escape reported thiis'was not easy and was significantly harder
than they experienced during trainihgFew reported having time to take a breath beforecbming
submerged, and none of the survivors used themergency breathing systenEB$ Problems due to
darkness and poor visibility were also reported, with one passenger describing finding the exit window by feel
alone. While some passengers used their nearest exit, others crossed the cabin to find ahlextivo crew
members were both injured but survived. Both had problems locating the door emergency jettison handle
and had to resort to using the normal handle to opbe doors and escape.

After due consideratiorof the safety recommendatiofeASA respondetEASAagrees that generation of

safety data as suggested by this recommendation, and the related discussion text in the accident report, could
provide valuable iput to future rulemaking decisions related to underwater evacuation of rotor.cE#SA

will perform an initial review into the nature of the research that could be envisaged.

AAR 1/2016AAIB, 20163tates that underwater evacuation studies carried out over the last 25 years, for the
most part, used simulated fuselages and seats and have been conducted in warm, still water conditions. This
is quite correctlyattributed to cost, safety and ethical reass. They then go on to state that research trials
have tended to centre on one aspect of the evacuation, rather than researching the whole evacuation process
from start to finish under realistic conditiondhe limitations already cited may prevent thiom being
achieved. A review of the literature is therefore needed to identify the work that has been undertaken to
date relating to helicopter evacuation, underwater escape and survivability.
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1.2 OverallAimsandObjectives
The overall aim of this resech isto addressi KS AYAGALFf NBGASSH NEFSHBBPR
Recommendation 201616. The objectives are:

w to provide an ugto-date review of information currently available on helicopmracuation and
underwater escape;

w to investigatewhy some occupants fail to escape while others succeed,;

W to identify gaps in the knowledge;

W to determine what further research is needed to fill those gaps and improve the likelihood of
successful escape in future accidents;

() to provide information that wilhelp in future rulemaking tasks undertaken by EASA.

1.3 Scope

Chapter3 of this report presentsthe results of the literature review relating to helicoptevacuation and
underwater escape. When reviewing helicopter accidents, emphasis has been placed on more recent
accidents where current helicopter designs are involaedl where the problems experienced angore
relevant to current equipment, rules and trainingSurvivability issues ndlirectly related to underwater
escape (e.g. issues with life rafts) are also included for completenbeseview of helicopter underwater
escape research is intended to be more comprehensive as the results tend to be more generic and research
undertakenin the past is often still relevant today.

Chapter4 describes the gaps in research that have been identifedanalysisias been undertakeof the
shortfalls in theevidencefor each key task and componeniolved in the process of underwater escapela

survival identifying areas where research is lacking, of poor quality oraftdate.

Chapter5 providesrecommendations for future research.nAutline of each project is provided as well as an
estimation of the cost®f high potential benefit pr@cts
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2. Analysis ofinformation

2.1 Literature

An extensive literature review was undertaken to source as much information as possible relating to
helicopter underwater escape, covering the experience of passengers and crew in accidents as well as
researchconducted intchelicopterunderwater escape This includgproceduresequipment, evacuation and
escape routes, training and survivability. The following data sources were used:

w Personal library of scientific/research papers, technical reports, accident investigation reports and
fatal accident inquiry reports gathered over 30 years workinghanarea including industry
reports from before the year 2000 which are rantailablein electronic format.

() Accident reports accessed from the website of organisations such as the Air Accident
Investigation Branch (AAIB), ANBrway, AIB Nigeria, Transport Safety Board (TSB) Canada,
National TSB (US), Australian TSB and the Dutch Safety. Boa

w Review of key documents generated by aviation safety regulators such as NRAIAEULSSA,
2016a) and CAA CAP 1145AA2014)

() Access to a range of ergonomics journals including 'Ergonomics' and 'Applied Ergonomics' and the

Research Gateway throughembership of the Chartered Institute of Ergonomics and Human

Factors.

Online search engines such as Google Scholar.

Mendeley a cloudbased data repository.

ScienceDirectaccess to Elsevier journal papers within the ergonomics field.

PubMed access tditerature from MEDLINE, life science journals.

€ e g ¢

Keywords used in the search for reports, papers and articles irgthedtens such as: helicopter, evacuation,
escape, underwater, survivability, exit, cabin, cockpit, disorientation, ditching and imp&boraknown to
work in this areavere alsotargeted

Information wascollated and organised based wacontent and the nature of the informatioprovided The

main literature review was supported by Bibliography (Annex Ayhich provides a brief sumary of each
accident report and research document referengeegulations specification@andequipment standardsare

not included in the Annex)rheresearch papers and repontgere rated on the basis of publication type; peer
reviewed science journgbapers were given the highest rating while conference papers and unpublished
industry reports were given the lowest rating

Where possibleresearch documentsvere sought thatare freely accessibleHowever some of the key
research undertaken in the pabas been commissioned by industry. In a number of casdsstry reports
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have been written whictare unpublished and therefor@ot freely accessible via the internetThesewvere
awardeda lower grading than peer reviewed published papers that arelyraecessible.

2.2 WitnessEvidence

Efforts were made to identify all sources of information including, where possible, access to individuals
involved in theG-WNSBSumburgh accident as well as discussion with the accident investigators.

A meeting was held with the Air Accident Investigation Branch (AAl#dh the aim of fully understandg
their concernsarising from theinvestigation. Their report, AAR 1/2016, states thatrvivors from this
accident repeatedly commented that their experience of eagdpom the helicopter cabin was very different
from that simulated in training The testimoral eviderte from survivors could not bdisclosed, but the
problems experienced were discussadjeneral termsvith the AAIBSenior Inspector of Air Accideritsgain
further understanding of the reported findingg here was a desire to understand why some individuals
survive while others do netand how passenger demographics affect surviddie AAIB's concern about a
lack of research undertaken in helicoptenderwater escapewas also discussedlong with access to
unpublished work and reports that have not been made available electronicitgre was alsooncernthat
accident report recommendations were often natcted uponand lessonsvere not being learned. With
regard to training, there was concern that this was not regulated by E#iA,a dependencaipon the
offshore industry to define minimum requirements hisfeedbackwill be used wherperformingthe analysis
of the literature.
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3. Literature Review

3.1 Review of Accident Reports

3.1.1 General

As tis literature reviewfocuses orhelicopter underwater escapeéhe main emphasis of the accident review

is on water impact accidents which almost always result in immediate cap§ine notable exgation was

the water impact accident to ®EDU (AAIB, 2011) which did not capsize, primarily due to the automatic
deployment of the emergency flotation system (EFS) following impact with the water. This led to a
recommendation to EASA to require a meansaatomatically inflating emergency flotation equipment
following water entry.

Some of the high impact accidents were manvivable, meaning that there is little or no knowledge to be
gained with regard to escapél hese have not been included in the revie

Ditching accidents have been included where lessons can be leatmer@ are a number of cases where the
aircraft has capsized following successful evacuation of the occupants (AIB Norway, 1998; AIB Nigeria, 2016).
Capsize is a less frequent occurceriollowing aditching accidentoccurring either due to lack pflamage o,

or nondeployment ofthe emergency flotation systertEFSr due to severe weather conditior(e.g. AAIB,

1990.

In the past, accident reports have concentrated upon tiaeise of accident, but in recent years, much more
emphasis has also been placed on survivability aspects, providing strong pointers to the problems
experienced by the occupanits escaping from the helicopter

3.1.2 Failure to escape
When passengersr crew fal to escape from the aircraft they are often found in their seat, with the harness

still secued (AAIB, 1993; TSB Canada, 2010; AAIB,).20lt6 many cases, this is due either to loss of
consciousness, other impact injuries, or drowning without evidencggafificant impact injuries.

Five passengers failed to escape froAiIGH in the 1992 accident near the Cormorant Alpha platform (AAIB,
1993). All five passengers who failed to escape from the cabin had managed to release their seat belts and
"appeared b be in the process of escapin®@ne was still inside the cabin, lying across the rear bench seat
next to a smalkizedescape windowthe investigators considered that his stature was such that he could
have passed through the aperture. One was foundiglly through an escape window, one was lying across

an exit door and one was just outside the aircraft. The remainingsnorivor who did not escape from the
cabin was foundo be trapped bya headset cord around his neck.

HUE- Final report PAGEL7



RdEASA

European Union Aviation Safety Agency

In the 2013G-WNSBaccident(AAIB, 20162020, a head injury was sustained by the one passenger who was
found still secured by the seat harnes# secondpassengerthad released their seat harness but did not
escape from the cabin.This person was recovered from the wateutside of the helicopter after the
fuselage had broken open due to wave action and contact with the shohe evidence suggested that the
passenger had drowned while still in the helicopter.

In the 2009GGZ CHvater impact accideneastof{ (i ® W2 K ynh@land andLatsaf@ 8B Canada, 2010),
sevenof the nonsurvivors had no significant injuries, whitee injuriesthat were incurredwvere to the lower
rather than upper limbs.The accident report states that the seat belt mechanisms were operational
suggesting that in this case, it was the debilitating effects of celtbckwhichresulted in drowning before
the nonsurvivorswere able tdocate and releas their seat belts.

3.1.3 &Seating, harnesses and crash attenuation

In a 1990North Seaaccidentto GBDEJAAIB, 1991jhich occurredbefore the introduction of energy
absorbing seats, he force of impact with the sea coupled withthe collapse of passenger seatwas
considered to havecontributed to injury and incapacitatioand may have been a direct cause of death
some of the occupantsThe collapse of the seat#ould certainly have hamperegscape Lap belts were still
being used at this timeit was reported that three of the passengers had some difficulty in releakigig lap
strap buckle.The accident reportrecommended that seat requirements should be reviewed and newly
manufactured aircraft should have an effective upper torso restraint installed.

The report of the @5ZCH accident in 2009 (TSB Canada, 20&0 of the few to provide information about

the energy absorbing seating usethis reportstated that the helicopter impacted with the water with an
estimated force in the magnitude of 20g to 25g. Much of the impact force was absorbed by the fudedage
attenuating seats, and fogpoint harness system. Thefayce experienced by each individual differed
depending on the force applied to the fuselage in the area where they were seated. Except for the four
passenger seats that bottomed out, the occotsawere generally subjected to inertia load factors between at
least 5.3g and 8.6g in the direction of the vertical seat axis. In addition, the helicopter struck the surface with a
forward velocity of approximately 55 to 60 knots which would have intredwe horizontal force on the
occupants of approximately 5g to '8g As stated above, most of the resultant injuries were to the lower
limbs. The report states that laof the seat harness systems were examiradter the accidentandwere

found to be functonal.

3.1.4 Exitroute used

While most helicopter underwater escapgaining HUEY courses require participants to escape from a seat
next to their exit, passengers may not be sitting next to an emergency escape winddie real
environment These passengemay have to select an exit route after overcoming the stress of the impact
and disorientation following inversion.
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In the GTIGH accident (AAIB, 1998was reported thatnone of the passengers recalled seeing the exit
lighting. There was no evidence to suggedhkat it was not working, and the investigatotisought that they
may have escaped before the lights were activated.

In the 2009water impactaccident to GREDUhear the ETAP platforfdAIB, 2011), a number of issues were
highlighted in relation to the evacuation and survivability of occupamist all passengers used thigpelV
exits to evacuate directly into the life rafontrary totheir training, five of the passengers used three of the
escape windows to leave the lga. The cepilot evacuated via his exit and entered the water before boarding
the life raft from the waterThe commander's door jettison wabstructedby the forward EFfotation unit.
This was thought to be due to loss of the helicopter's tail whesilted in a noselown floating attitude.

The GWNSBaccident (AAIB, 201@emonstrated thatthe exit routesusedare not always those that might

be expected. While somgassengersitting next to a windovescaped througihat window, others did not

For example,Passenger 'F' was sitting next to exit R2, and was close to R1 (through which two other
passengers escaped) but escaped through exit L2 after crossing the tahih.four passengers were known

to have undertaken what would be termed a cs@sbin escapavhenthis was not the shortest route to an

exit. Four emergency exit windows were opened by passengers; two passasgarzed througlvindow R1,

three passengers escaped throug¥indow R5, two passengersscaped throughwindow R6 and three
passengers escaped throug¥indow L2. Problems due to darkness and poor visibility were also reported,
one passenger describing finding the exit window by feel.

3.1.5 Release of exits

There are a number of accidents from the last 30 years wheeer¢lease of exits has prevented or made
escape much more difficult There are also cases where the impact resulted in dislodgement of the exits,
potentially making escapeasierfor the occupants.

In the water impact acciderio GBEWIat the Brent Spaplatform (AAIB, 1991), ast of the cabin windows

were either broken or dislodged cleanly by the distortion of the airframe or the force of the wathis

clearly aided egress for those who were not incapacitated by the imgadhe case of the-GZE accident

in Canada in 2009, both sides of the fuselage fractured horizontally along the passenger window frames and
exits; all of the passenger escape windows had separated from the fuselage during the impact and none were
recovered (TSB Canada, 2011).

A ditching accidento GBDESn 1988 (AAIB, 1990) took place in rough seas, resultiag immediate roll to

the side followed by capsizeAfter capsize, neither pilot was able to locate the jettison handle for their
emergency exit from an inverted ptisn under water. One pilot proceeded aft to the cargo door which he
was not able to open.On the point of drowning the pilot managed to escape by punching out a passenger
window. The second pilot had slid open his side window through which he escdigdailing to find the
jettison handle for his emergency exit.
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The Canadian Air Force accidentthe approach to HMCS Athabaskaeast of Aalborg, Denmarkn 2008

(FSIR, 20Gf again provided evidence of the difficulties that can be experienced &tiempting to escape

from an inverted helicopterexacerbated by almost complete darkndssthis case Four of the five crew
members had problems locating and operating the various exit release handles, with three using their EBS to
give themenoughtime to make a successful escap®ne of the occupants recalled thathe HEELS lit up the
doorframe well, but did not show the position of the emergency release Haodlghe upper personnel door.

The evacuatiorof GREDU (AAIB, 201ias hindered by the fing, used to jettison the right cabin dopr

being obscured by a passenger seat. The passenger briefing had shown how to jettison the doors and
windows, but had not made it clear that the release mechanism was not readily accessible from the door
area. As a result, the right cabin door was opened norm@ley it was slid forwardl whichresulted intwo of

the escape windowbeing obstructed

In the October 2012 ditching of-GHCNouthwest of Shetland, WRAIB, 2014), after the crew had depoly

the life rafts, one crew member entered the cabin and opened the left door rather than jettisoning it as he
thought jettison of the door would damage the life raft. The commander went back to the cockpit and
operated the jettison handle for the cockpit dodjia case of capsize), but did not appear to realise that the
doors needed to be pushed to fully jettison them.

In the GWNSBaccident (AAIB, 2016),either pilot could locate the emergency jettison handle for their
respective door and were forced to uske normal door handle.In the passenger cabin a number of the
underwater escape windows were displaced by the water impact, while others were removed by passengers.
The majority of passengers who removed escape windows reported that this was not easyasnd
"significantly harder than they experienced during traifiing

3.1.6 Nonsurvivors recovered from thaigace

There are a number dfurvivableaccidents where occupants appear to have released their harness and
escaped from the helicopter but have thémiled to survive. In most cases evidence suggests that the cause
of death was drowningsometimes exacerbated by cold exposuren some cases the lifejacket had been
successfully inflated (AAIB, 201#@)lowing escape In others, the lifejacket had nobeen inflated TSB
Canada, 2005 was only partially inflated (AAIB, 199BSB Canada, 20)dr a lifejacket was not worn (BFU,
2014)

In the GTIGH accident (AAIB, 1998jhe of the survivors attempted to help another occupant into the life
raft, but the attempt failed and the individual drifted awa®f the other nomrsurvivors who reached the
water surface, the report suggests that some were initially conscious, while thasat least one case of a
passenger whiad apparentlydiedat an early stagepossibly drowning before reaching the surface. The co
pilot survived for a considerable time, helping others, but is then thought to have succumbed to hypothermia
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and subsequentlydrowned. Another was still alive when grab lines were thrown to him, dnaiwned before
he could be rescued, presumed due to swamping by waves.

There areother cases where an occupant has successfully escaped from the helicoptba$titen died

prior to rescue In the GGZCH accident (TSB Canada, 20403 passengemanagd to escape from the
helicopter but drowned either before or shortly after reaching thater surface. She wa®bservedface

down in the water 17 minutes after the impactn the 2013 G-WNSBaccident (AAIB, 2016), one passenger
was thought to have suffered heart failure aftbeing helped onto the fuselage and therto a life raft. In

this accident, anothempassenger was recovered from the sea; this individual had released their harness,
es@ped from the helicopter and inflated their life jacket. Death was therefore attributed to drowning despite
a minor head injury.

3.1.7 Personal safety equipmeptoblems

While the designof personal safety equipment has improved over the years, issues relatidgsign and
performance are still regularly identified accidentreports.

The GWNSB accident (AAIB, 2018AIB, 202pis one of the few survivable water impact accidents involving
capsize where passengers were carrying a hybrid rebreather ABfSit one werestill inthe stowed position

when checked aftethe accident. The stored air had been released into the EBS counterlighg to
automatic activation orcontact withthe water) Theaccident report suggests that the passenger survivors
"were unaware that the hybrid LAP Plus jacket had an automatically released air supply. They believed that
the EBS would only be of assistance if they inflated it manually with an expelled"bréeathould be noted

that the training provided to offshore workes at this timedid cover the gas cylinder and release of gas on
water entry, butthis gas release wa®t experienced during practicélaining exercises.In the case of one
non-survivor, damageto the air bladderwas found, sufficient to result in los§ air or entry of water into the
EBS$although it cannot be determined when this happendde crew were noéquipped withEBS.

Compressed air EBS were carried by ¢hew of the Canadian military SA&rcraft, in the accidenbver
Chedabucto Bain 2008(FSIR, 2008bPne crew member had tried to use his EBS but could not locate it (it
had become separated from his life preserveryeaond had no recollection of using his EBS; another had not
had any formal training in EBBerationand did notattempt to use it The EBS assemblies carried for the two
flight engineers both nonsurvivors,were found with the cylinders empty. Of the EBS assemblies carried for
the SAR technicians, one was found empty with the pressure gauge cracked and the ashetiound.

Problems were experienced with the lifejackets used at the tifriie 1992G-TIGHaccident in the North Sea
(AAIB, 1993), with théduoyancy chambers riding up the body, while survivalso reported problems
deploying the sprayhood. Of thaon-survivorstwo were supported by their lifejacket®ne was floating
facedown with the lifejacket deflated due to damage, while the lifejacket had ridden up the bodies of the
other two non-survivorsto the point where their faces were underwater. Téw@rvivors reported that waves
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were breaking over their heads, with no protection provided by the sprayhdoésto a failureto deploy
them. Only one of the immersion suits, worn by a ramvivor, was found to have leaked significantly,
although the suitwvas partially unzipped when the body was recovered.

Immersion suitseals have improvedver the yearsredudng problems due to leakageyut there are still

some reportswhere water has leaked into the s(#.g.DSB2010. The DSB report suggests tlispite the

level of leakage being within requirementshiad an adverse effect ame occupantsmental state A much

more serious leakage problem was identified in Banadian Coast Gua@GCFU accident in the M'Clure
Srait in 2013 (TSB Canada, 2015). In this fatal accident, in water temperatu®e8 &, all three occupants

had escaped from théelicopter but drowned before recovery.hezip of the suit worn by thepilot was only

done up to miasternumleveland the suit wasconsequenthfull of water. He had donned a lifejacket before
departure but was not wearing it when found. The pilot was thus thought to have drowned due to the
combined effects of cold and a lack of buoyancy to keep the head above Wdtersiits of the two non
HUETrained passengers were both full of water, and they had both failed to don the hood and gitwes.
level of insulation in their suits was half that which would be expected for an approved helicopter suit. One
had a partially infited lifejacket and walloating on his sideThe othemwas wearing an uninflated life jacket

and was found floating facdown. Both passengers were also therefore assumed to have drowned due to the
combined effects of cold and lack of support from thégjackets.In the GREDW ditching (AAIB, 2014), both
crew members were wearing immersion suits with a split neck seal, which were worn with the zip partly
undone to improve comfort. While the qulot was able to do up his zip to prepare for the ditchitige
commander was not. If the helicopter had capsized before evacuation was complete his suit would have
filled with water (the sea surface temperature was@® sea state was slight to moderate).

Following aditching of GCHCNn 2012 (AAIB, 2014)a number of problems with the personal safety
equipment worn by occupantaere identified. Passengers donned the neoprene gloves of their immersion
suits in preparation for the ditching, resulting in loss of manual dexterity, which may have contributed to
problems experienced in locating and removing the cover of the EBS. Neither pilot was wearing an immersion
suit. The sea surface temperature was reported as beingCllwith a moderate sea state and swell of
somewhere between 1 and 2 m. Fortunately, bpilots were able to enter the life rafts directly without
entering the water. If they had been forced to enter the water they would have been at risk of experiencing
cold shock and body coolingA similar situation occurred ife GWNSB accident (AAIBQ16)when reither

pilot was wearing an immersion suiiue to high cockpit temperaturesNone of the survivorsrhentioned

feeling cold initially, or suffering cold shock when first submerged in the Wa@me suit filled with water

over time with the wearer feeling cold as time passed. Four other passengers reported some water ingress.
In the Canadian SAR accident in 2008 (FSIR, 2008b), neither the three pilots, who survived, nor the two flight
engineers who did not survive, were weariag immersionsuit. Thetwo SAR technicians were wearing
flotation coveralls with positive buoyancy and life preservers, which had not been inflabedsurvived and

one died Cause of death of the nesurvivorswas given aslrowning Sea water temperature was about

10 C The two occupants of the ditching accident in the Baltic Sea in 2012 (BFU, 2014) were found some
distance from the aircraft, with cause of death attributed to hypothermia in combination with drownimg.
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this case, sa water temperature waabout 4 C No protective clothing or lifejackets were wobgy thetwo
crew members

Gloves are not normally donned pdiching as they may make it more difficult to carry out actions such as
releasing the seat harness. However, dexterity may be lost very quickly in cold Wwatieming the GSAR
ditchinginto the North Seanear Den ldlderin 2006(DSB 2010 the passengers reported having difficulties in
donning their glovesvhile in the water and in poor light. Breaking waves also made it difficult for the
passengers to don the hood, with someceivingassistance from otherdVlost o the crew were either not
wearing gloves or not carrying therReripheral cooling and loss of dexterityay explain why the cpilot was
unable to firethe emergency flares.The one survivor from the Canadi@GZCHaccidentin 2009reported

that, onrelD KAy 3 (G KS ¢ (S NdabiedeNdbr h@ §laves forSraisg hisispray BoodR dzS (i 2
feeling in his hands having been lost (TGiBada 2010. Similarly, in he Canadian Air Force accident in
Denmark in2008 (FSIR, 208Bone crew member had difficulty releasing his EBS from its Velcro strap, the
survivors struggled to use their strobe lights once on the water surface, and onlypfotie five crew
membeiswas able to operate his bagdack life raft.This was akttributed to loss of dexterity caused by the
exposure to wateat 2 C

Once in the life raft, a loss of manual dexterity due to cold would meanghativorswould find it difficult to

grasp and use the survival equipment provided within the r&firvivorsmayneed to carry out actions such

as operating painter lines, deploying the sea anchor finmay flares. Although theseactions are difficult to
complete with cold handghey will also be difficulto performwith gloved hands. In the-BREDU accident

(AAB, 2011), some passengers had problems retrieving seasickness tablets from sodden packaging resulting
in Safety Recommendation 200¥0 that all emergency equipment should be capablebeihg easily
accessed and utilised with gloved hands.

Following theGGZCHaccident in Canada (TSB Canada, 20i®)ignalsvere detected from either the
emergency locator transmitter or the personal locator beacons worn by the occupants of the helicopter.

3.1.8 Value ofpassenger briefings anchaining

A number of recent acdents have highlighted both benefits and concerns about training that have affected
procedures followed by the crew and passengers.

In the ditching incident east of AberdeenREDW) in May 2012 (AAIB, 2014), the passengers were reported
to have carried ot pre-ditching drills recalled from their safety training, fitting their survival hoods, preparing
their rebreather EBS and locating their nearest exits. Both crew and passengers appear to have correctly
followed evacuation procedures according to themining. As an examplehoth life rafts were deployed by

the crew. The passengers jettisoned the main cabin dgmessumaby in response tdhe preflight briefing

and training.
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Following the ditching of @HCN in October 201&2AIB, 2014)it was repoted that some passengers
experienced difficulty in locating and opening the EBS mouthpiece cover. They had donned their gloves first
and it was considered that this may have contributed to the difficulty in opening the cover. The AAIB also
reported that they considered the donning of gloves would have made it difficult to operate the jettison
mechanism on the cabin windows. It is not stated whether prior training or thdligte briefing provided

any instruction about when to don the gloves. This dastates how a small detail such as when to deploy
gloves can prevent equipment from being used effectively under emergency conditions.

Also diring the evacuation of @HCN (AAIB, 2014) theqmitot took the decision to open rather than jettison
the cabindoor due to concern that the liferaft would be damaged if the door was jettisoned. The action of
opening the door blockedwo escape windows, makinghem unavailable for escape had the aircraft
capsized. Problems with liferaft deployment also meant thadividuals had to use their initiative toake it
work. This demonstrates how trdgynamicsituationof a real accident cadiffer from the set scenario taught
during training.

Issues relating to passenger briefing were found during astandardflight operation vhen GJSAR ditched

near Den Helder in 200@®SB, 200). In this casea search and rescue helicopterasbeing used to transfer
passengers to shoreA series of problems were experienced during the evacuation of the helicopter. As this
was not a standard flight, the passenger briefing was not as detailed as usual, with nbeildg@rovided

No warning was given to the passengers of the impending ditching and there was no 'brace for impact'
command,removing the opportunityo preparefor the event. Not all of the passengers heard the briefing to
follow instructions from the crew ithe emergency. As a result, some started to evacuate the cabin before
instructed with the rotors still turning. Due to the severe sea conditions, thevdoelieved that the
helicopter was in imminent danger of capsizing, although it remained upright for a further 8 hidusgs
fortunate that no one was injureduring the evacuation

One further training issue identified from th&-JSARaccident(DSB, @10) related to the use of personal
safety equipment. As reported previously, the passengers experienced problems donning their gloves and
were unable to don their hoodsDonning of hood and gloves was reported to have not been covered during
HUET traimg.

In an accident involving a Canadian military SAR aircraft (FSIR) 20@8e compressed air EBS was carried
by the crew, one crew member had not hadyformal training in EBS use and did not attempt to usdtit
was suggested that this might be eltio the fact that EBS use wawot an ingrained part of his egress skills
In the case of the @VNSB accident (AAIB, 201Bssengeswere carrying EBS but only a few attempted to
use it, without success. They later reported that thesrgvunawareof the automatically released air supply
inherent in the designeven though this had been covered in their BERing, suggesting that the detail of
the training had been forgotten
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In the Canadian Coastguabds CFlaccident(TSB Canada, 2015), neithetls# two passengers were thought

to have undertaken HUET training and it was thought that this may have contributed to thesunawal. All

of the passengers in the 200@GZCHaccident(TSB Canada, 2010) had received HUET training, but the
Offshore Hécopter Safety Inquiry which followedilVells, 2010placed great emphasis on the level of training
fidelity offered by the different training organisations involved.

These issues demonstrate the importance to helicopter crew and passengers of botiptezlisafetyand
HUETraining and preflight briefings.

3.2 Review of ktlicopterUnderwater Escapdresearch

3.2.1 Brace position

In those ditching and water impact accidents whererthés advancewarning of impact,passengers are
trained to adopta brace positia to limit any injuries that might be sustained due to the hagitelerations
experienced and flailing of limbsSince the widespread use of shoulder harnessesbeen implementedan
upright brace position has been adopted for helicopter passengers, although the specific position
recommended may vary.

Over 30 years agBrooks (1989) noted that brace positions advocated for helicopter crew members and
passengers had been transferred directly from those used for fixed wing aircraft, in his wathdlittle
consideration for the fact that the majority of impacts haveosty vertical force components with a high
chance of contact injuriésand no account taken of the effects ofrimshing water and disorientation in the
event of immediate inversion. H®aderecommendations for passengers using a lap strap. oflgr a pot

not flying the helicopter using a fowpoint harness and a seat with headresttfeeommendedhat the feet

be placed 105 cm apart, knees together, arms folded across each other and hands grasping the clothing
collar and if possible the shoulder haness to protect the face.

At the current time,ICAO (2018) provide detailed information on bracing positions for aircraft passengers,
but they go on to state that their guidance isot suitable for helicopter operations as crash dynamics differ
signifiantly between fixedving aircraft and helicoptefs

In Canada,an Advisory Circular was released inl@@equiring offshore passengers to assume a brace
position with knees together and arms folded across the clesl fingers under the strap€lransport
Canada 2016). They go on to advise thaifter impact, the hand closest to the exit should lower to reach for

the seat edge in order to landmark the exit. The occupant should then reach for the exit door/window frame
with the hand closest to the exit akeep that hand on the exit while the opposite hand releases the shoulder
harness. They go on to acknowledge thaalthough in generalpassengers and crew members are advised

not to hold on to the restraint system as it can introduce slack into the sydtanoffshore helicopter
occupants in a seat with a shoulder harness, TCCA recommends maintaining a positive grip on the restraint
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system with the fingers (thumbs should be facing up) in order to assist the occupant with egress upon impact.
By maintaininga grip on the restraint system, the occupant need only slide his/her hand down the harness to
unfasten their safety belt. Doing this may save time and reduce or limit the effects of disorientationtmaused

a helicopter sinking and rolling.Disorientation is a known added problem when underwater, but the
Canadian guidance does not explain why they recomngradping the harness rather than the seat edge,
despite then suggesting that after impact, one hand should be lowered to the seat edge to landmaxitthe

Nor do they explain why this different procedure shousssist the occupant with egréssAnecdotally, the

advice to grip the restraint system has caused concern within the offshore indostegent years, as this

could prevent effective recail restraint

In the US, the FAR016)have recommended a brace for imgagosition for helicopters thatncludes an
instruction that '‘arms and hands should be positioned in their laps or holding thet side of their seats, but
should not be holding onto their restraint systém$he research was focussed on passengers and flight
attendants and makes no reference to the differences between onshore and offshore operations. A previous
Interagency Awtion Safety AlertS Department of the Interior, 20L8mphasised thenportance of head
positioning and the need tnot grasp the restraint harness.

It is understood that inEurope there is no mandated brace position for commercial helicopters, with
variations dependingupon aircraft type harness type whether seats areforward or aft facingand other
seatingconfiguration issuesBrace position is the responsibility of the helicopter operaftihegenericbrace
position used forpassenger trainings therefore not necessarilgxactlythe same as that described in the
briefing and safety card for a particular helicopteDptions used include placirigands on the front edge of
the seator holding onto the immersion suit at the knetsavoid flailingof the arms In any aircraft with
stroking seats, feet need to be slightly forward of the seat to avoid injury.

It is recognisedhat in a helicopter crash, and particularly a water impatie dynamicsare different to a
fixedwing aircraft impact, with higher verticatcelerationsand reduced forward components in many cases
(Bathelmess, 1988; Transport Canada, 201Barthelmesslso pointed out that the brace position may not
reduce serious injuries in accidentvhere the impactesults in veryhigh verticalaccelerationsand that
inertial reactions of the head or of internal organs cannot be effectively controlled by bracing, although
energy absorbing restraint systems will helespite this,no research papes have been foundwhich
specificallyinvestigat the optimumbrace position for a helicopter water impact.

While not having a direct influence on underwater escaginer than helping to minimise injurybrace
position may affect the ease of undertakiribe initial steps in arunderwater escape procedureAfter
impact, when the brace position is releasethe helicopter occupant must be able to locate thharness
release mechanism, locatnd deploythe EBS if worn, and establish a reference poiniation to the best
escape routebefore jettisoning the exijtif seated next to an exignd then releasing the harnes$he ability
to adopt any given brace position may also be influenced by the body size of the individual.
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During a crossabinescapetest following training, Mills and Muir (1998) found that one participant forgot to
adopt the brace position. This is unlikelyairditchingwhen the crewgivingthe command to bracerovidea
prompt. The morelikely situationis the water impactasewherethe majority ofoccupantamay beunaware
andwill not have braced for impact. Injuries are much more likely to be sustained in this sitadttionigh
the use of shoulder harnessasd energy absorbing seatiggp some way to mitigatthis.

3.2.2 Seding

If a helicopter occupant is to have a chance of successfully undertaking underwater escape then the initial
water impact must be surviveddeally with minimal or no injuriesCrash attenuating (energy absorbing)
seats have been developed as one meahgeducing acceleration injuries, along with crashworthy designs,
delethalisation of structures and body restraint harness systems (see Shanahan, 2005). Such seats are
particularly important in mitigating verticaccelerationloading. Early designs weebased on a fixed load
(Desjardins, 2006; Heimenz et al, 2007) designed f0th percentile seat occupant meeg that lighter
occupants were exposed tugheracceleratios than heavier occupants, while heavier occupants used more
stroke, i.e. the seamoved to a lower position. Variablead energy absorbers were then developed to allow

for occupants with different mass, reducing the risk of the seat 'bottoming out’. According to Taber (2013),
the crash attenuating seats used in the Sikorskp ®dicopter are desighed for a standard mass of 77 kg,
which is below the average mass of a member of the offshore workforce in Europe and North America (see
section3.2.17). This example seat moves through approximately 18 cm to achieve the maximumdstroke
position.

When undertaking either training or research trials, the fidelity of equipment such as the seating within
helicopter simulators has been questioned. In the past, low fidelity seating has been used, with low seat
backs and twepoint lap strapharnesses. More modern designs of helicopter simulator tend to have higher
fidelity seating withslightlyhigher seat backs and four éive-point seat harnessesSome also have stroking
seats.

Helicopter underwater escape trans (HUET)n Canada now have seats which can be used both in the
normal position, and in a lower position which simulates the so called 'stroked' position. GGZ&CH
accident report (TSB Canada, 2010) shows a high fidelity HUET seat used for training inCGéalida,
(reproduced at Fig). Fig2 shows a training seat in the low (stroked) position, with the knees of the trainee
bent as a result. The body position which results from this change in seat position means that the person has
to reach further to pustout the window, from whereit may be more difficult to apply force teject the
window. It may also be more difficult to find the harness release due to the more crouched body position.

Taber (2013) compared escape times from a helicopter simulatorset be representative of an® and
found that escape from three different seats that were fixada stroked position(lower by about24 cm)
took significantly longe(21.4 + 6.2 s; n = 28&)an escape from the same seats in their normal position (8.9
4.7 s; n = 53). Subjecitso found it to bemore difficult to escape from the stroked seat position than the
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seat in its normal positigrocation and deployment of the seat harness being more difficlihis study was
undertaken with one design of ogressed air EBS. The author noted that space limitations could limit
deployment of other EBS desigwhen in the stroked positian However, this could also be true of other
compressed air EBS dependent upon the location of the EBS on the suit systatar study (Taber et al,

2015) using trained staff showed no difference in the success rate for harness release between a normal seat
position and the stroked position, suggesting that training and experience of releasing the buckles
underwater could redce the incidence of problems with release. In this study there was just one case out of
nine where the participant found it difficult to locate the harness buckle from the stroked seat position.

Figurel - Energy absorbing seat for trainirf@aken from TSB Figure2 - Energy absorbing seat for training in a stroked positic
Canada, 2010)

3.2.3 Seat harness release

Seat harness release is a key component in the process that occupastdotow when attempting to
escapefrom a submerged helicopter. In 1973, Rice and Greeewmmended HUET training, suggesting the
"trainees should be so well drilled in the procedure to bewelibin unstrapping that he can perform
instinctively in a anic type situatioh They alscadvocated the development of an automatic, water
activated, timecontrolled release mechanism for seat harnessed/hile such systems have now been
developed,they posethe problem that early releasef the harnesscould impair rather than improve the
likelihood of a successful escapaarticularly if it occurred before or during the exit remowpkration In the
meantime, harness mechanisms have been improwedelation to ease of release, and the majority of
civilian conmercial helicopters now utilisa four-point harness with waist straps, duiakertia reel shoulder
straps and a rotary buckle.
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Various research projects have highlighted problems related to harness rel&¥sgk commissioned by the

UK CAA to investigatescape from a partially inverted helicopt@amieson et al, 2@) Jamieson, Armstrong

& Coleshaw, 2001 knownas the'side-floating’ concept(see3.2.11), demonstrated that subjects had some
difficulty releasing the seat harness when seated on the upper side of the simuldten the body wakeld
partially above the water surfaceThis was thought to place an uneven load on the harness release
mechanism.Two participants (out of 30) were completely unable to release the harness without assistance.
Fortunately, under the conditions of the simulation, with the helicopter at an angle of eitherd5p10

from upright, video footage showed that participarwere able to place their heads clear of the water, within
the air gap, before releasing the harne3he project reportJamiesoret al,2001) recommended that more
work be undertaken to investigate uneven loading on a{ooint harness release mecham.

Harness functionality was investigated Byber et al (2015)who found someissues withthe release
mechanism. Irtrials undertaken indry conditionsthere wasone casewvherethe harness release mechanism
did not fully disengage on the first attempin this casethe shoulder harneskad not beentightened ina
central position. In a further three casetfje straps did not symmetrically release when the harness was
loose or when a manikin was used and legs influenced relelstrials conducted undsvater, there were
four cases wher@ot all straps released simultaneousBil with the harness fully tightened. In one of these,
the participant needed three attempts to release the harnelS® other problems were reported, although it
should be noted hat these trials were conducted usirggther a manikin ortrained instructors. Offshore
passengers will have much less experience of releasing the rotary buckle underwater and are more likely to
panic during an underwater escapd.aber(2013)had previously reported that trial participants found it was
more difficult tolocate and operate theeat harnes$rom the cramped stroked seat position than from the
normal seat position.

Compatibility issug between the seat harness and emergency breathing systemwmn on either the
lifejacket or immersion suit chest arewere identified by Coleshaw (2013)Vhen the EBS was deployed in
air there were some cases whetbe harness wasverlayingthe EBSimpairing deployment of theEBS.
There were also a number of occasions whire EBS was found to be sitting just above the harness huckle
causing concern that buckle release could be compromis&ia number of occasiongn attempting to
release the buckl during underwater escape the shoulder strap furthest from the escape window failed to
release from the buckle. This created resistamdeen the participants attempted to move towards their
escape window, hindering escape. In each cdsmayever, the participant was able to pull free and
successfully escape from the helicopter simulator

These studies tend to show that seat harnesses are generally functioning correctly, but that there are some
cases where release may be hampered, thereby potentially stpttie escape process.
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3.2.4 Size oluinderwater exis

Surprisingly little worlhad been undertaken until very recently regarding the minimum size requirements for
underwateremergency exitsi.e. escape windows. A key piece of work was undertaken by the Riftkitkn

of AviationMedicine (RAF IAMJAllan and Ward, 1986), which used an adjustable escape exit to investigate
the smallest acceptable size. Orilyefsubjects were used for this study, with-deltoid breadths (shoulder
widths) ranging from 465 mm up 512 mm. This represented the BQip to the 99 percentile of the Ryal

Air Forcepopulation in 197. It must be assumed that these subjects were young and physicalbgiiity
military airmen They wore arange of different uninsulated helicopter mmersion suit and lifejacket
combinationsover underclothing which is likely to have been less bulky than the clothing and equipment
worn by civilian helicopter occupants in recent years. Subjects performed repeated escape exercises in
different body orentations. During initial trials, asimilar technique was observed to be used by all four
participants, with one hand grasping the exit, the other arm, shoulder and head passing through the exit
followed by the second shoulder, trunk then legéfter varing the exit size, the authors concluded that
escapeexits down to a sizeneasuring 432 mm (17") by 356 mm (14/§re compatible with escape for all but
very large individuals. It was also shown that four individuals could escape through an exit afetlisa
period of 24 s.It should be noted that the exit in this study was oriented such that it 4&2%smm wide, with

the smaller dimension of 356 mm being the height. It is not likely that the orientation would have affected
the minimum size determirg but it should be noted that helicopter escape windows are generally taller
than they are wide, which may add some additional escape difficulty as the individual must orientate
themselves correctly to escape though a minimum size of &tie minimum aceptable escape window size
determined by this study was then used by the UK CAA in guidance (Leafl8t, Helicopter emergency
escape facilitieghcluded intheir Civil Aircraft Airworthiness Information and Procedui@sA, 2006)

No further work vasperformed onhelicopter underwater escape window siziagtil the mismatch between
underwater escape window size and passenger body size was highlightieel UK CAA'Sfshore helicopter
safety review, CAP 1148CAA, 2014)published following theGWNSBaccident in2013 (AAIB, 2016)
Research into body size for the offshore indug®yewart et al, 2016)vas underway at the Robert Gordon
University at the time, directed at setting design standards for offshore installations, e.g. width of corridors,
size of hatchesThisincluded a consideration dielicopter exit sizingThe study investigatethe ability of
differently sized individuals to pass a frame over the body, sized to replicate the previously recommended
minimum escape windovdimensions(432 mm x 356 mm). The participants in this study were members of
the UK offshore workforceThe body size of participants was measured using-@ 8canner, with each
dressed in a helicopter immersion suit and lifejacket with hybrid rebreather, as wotiheo UK offshore
workforce at that time.The authors concluded that body morphology could explain up to 75%heof
likelihood of successiiyl escaping through amall window with the best three variables (weight,-téltoid

and maximum chest depth) preding egress outcome with a 70% accuracy

3 Later amended as CAP 562, LeafleB84
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Working with Step Change in Safetyhe CAA developed a scheme for establishing the minimum exit size.
Based primarily on the RAF 1AM research (Allan and Ward, 1986), the minimum exit width was related to
thorax depth and the minimum exit diagonal measurement was linked {detiioid breadth. This scheme

was validated by the results of the research at Robert Gordon University (Stewart et al, 2016) and agreed with
the industry. The minimum dimensions were set 4@ on window sizes of the existing fleet and
anthropometric data gathered in the UK atmbk account of the type of clothing and equipment currently
worn by the European offshore workforce. It would not have been practical to set the minimum exit giee lar
enough for the largest occupant; hence & OKSYS Sy idlFAftAy3 (GKS WINI RAY:
established. The minimum width was set to 14 inches and the minimum diagonal to 22 ;imcmes
rectangular exitsvere required tobe capable of admithg an ellipse of 14 inches by 22 incheimder the
scheme, members of the offshore workforce exceeding these dimensions were to be grderttabroad

(XBR) and seated next to the larger main aircraft exits having a minimum width of 19 inches andwammi
height of 26 inches (Type IV exir ellipse of 19 inches by 26 incheise. large enough for any foreseeable
occupant. Based on the data available, it was estimated that there would be sufficient seats next to these
exits on all current helicopteypes to accommodate the proportion of XBR passengers expected. The scheme
was mandated in the UK in 2014 under a Safety Directive issued by thE€CBAA201§ in response to an
FOGA2y Ay (GKS /11 Qa 2FFaAK2NBE NI @mnmSnporated intd the EASAmIn 0 ®
operating rules for Helicopter Offshore Flight Operations (HQE®BA, 2016kp hostile environments,

which came into effect in 2018 in the form afiew Acceptable Means of Compliance (AMCL1
SPA.HOFO.165(h))

Anthropometiic data available fronthe Stewart et al2016) research confirmed that, as thorax depth and
bideltoid breadth are correlated, it was not necessary to measure thorax depth, cditbid breadth
(shoulder width) this being the easier of the typarameters to measureStep Change in Safety undertook a
campaign during 2014 and into 2015 to measure the shoulder width of all UK offshore w(s&er€AA,
2015a;2016) by April 2015 they had measured 40,000 individuapresenting 100% of the comeorkforce
and 50% of those who travelled less frequentyf all the individuals measured, a little fewer than 3% had a
shoulder breadth exceeding the minimum window diagomn&. XBR passengers.

The issue of passenger size versus underwater escapeowisize waslsoaddressed by the European rule
making taslkgroupRMT.0120 as part ofan initiative to enhance the aircraft design specifications in relation
to helicopter ditching and water impact occupant survivabifBASA2016a). As from 2018, the mimum

size for all underwater exits on new helicopter designs is Tyded V19 inches wide by 26 inches Hidtr

C29 rotorcraft (EASA, 2018aand of a size and shape capable of admitting an ellipse of 19 inches by 26
inches for CS 27 rotorcrafEASA, 2018b)

4 Step Change in Safety is a not for profit tri part ganisation representing the UK offshore workforce, regulators and
employers.
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3.2.5 Escape ttough underwateemergency exg
The ability to escape through a particular exit is affected by a number of different factors other than exit size.

Followingthe RAF IAMescape trialsconducted in 1986Allan and Ward recommenddtat handholds be
provided to allow passengers to pull themselves towards an escapeTdx# washought to be particularly
important when the buoyancy of an immersion suit tenddltat the individual away from the exiBrooks et
al (1994) similarlgalled for a grab bar around the periphery of an exit.

The effort needed to remove an exit was explored by Bohemier et al (1991), who fourtthérahe taken to
remove anexit reducedescape success rategien compared to escape with exits missing. &qush out
window, they identified the now well understood issue that participants found that their body floated away
from the window as they pushed against the The authors state that bracing the body against the seat back
aided exit removal.They ale found that an exit with a pull strip required dexterity to gra#pe pull tab.

The Bohemier study looked at two exits with mechanical release mechanisms, and two types-otipush
window (one with a seal). Brooks et al (1994) raised concern abounhuh®er of different exit jettison
mechanismsand the fact that release mechanisms were not always intuitaile this study focussed on
helicopters used by the Canadian Air Force at that time, ti®served thatwhat appeared to be relatively
simple reéase mechanisms when upright on dry land became much more difficult when inverted underwater,
with the occupantbreath-holding and buoyant due to the immersion sult further study in 1997 (Brooksd
Bohemier 1997) of both military and civilian helicaws found a similar lack of standardisation, with little
progress made since the previous report. This paper identified many problems with the exit mechanisms
used and also reviewed a number of different tab and lever emergency window mechanisdestified the

issue that, at that time, there was no regulatory requirement fgoushout type window (although there

were requirements for Type IV exiteut these did not specify what the operating mechanism should be)
Barker and Bellenkes (1996) confedhthe prevalence of problems opening and jettisoning exits in their
review of cockpit egress problems reported by US Navy pildts.an attempt to resolve some of these
problems Brooks et al(199%) developed their ownuniversalexit mechanism incorporating an &asy to
locate and graspbar jettison mechanisrwith a surround to hold and aid actuation and strobe lighting. They
reporteda 2 s advantage for time to escape comparegettison of astandardpushout window, although

the new systenwas slower than a simple rotary levexit mechanism

Mills and Muir (1998)alsofound that the time taken to operate and remove exits waiical to the overall

time taken to escape Escape wmdow removal was the most common factor reported to impexseape

with some failng to operate the (simulated) exitlthoughthis was primarily a problem for those who had
not received training in exit removalhe force required to remove the exit was a key isslibeauthors
concluded that It is essential tht HUET trainees have experience of operating representative exits,
underwater during trainingto ensure transfer of training to the operational environment

HUE- Final report PAGE32



RdEASA

European Union Aviation Safety Agency

It is generally accepted that if a helicopter occupant needs to remove an exit or escape wihdaw, is
highly desirable to do this with the seat harnestil secured, enabling the individual to apply force
effectively This was confirmed by Mills and Muir (19989%); a number of their study participantdad
released their seat belt beforeperating the exit, making operation of the exit either difficult or impossible.

The forces needed to jettison an exit have come under much greater scrutiny in recent etrs.first of a
series of studies Taber and Sweeney (2014)ng training sti, measured he maximum voluntary forces
neededto jettison a puskout force plate designed to replicate a helicopter simulator paghwindowbased
on the $92 (asused during helicopter underwater egress training in Cana&gnificantly higher forsewere
needed to jettison the exit when pressure was applied to the centre of the fplate compared to the outer
corners. Overall, individual mximal voluntary jettison forcegaried from as little as 15 kg force up t8 k&g
force, with a mean value d29 kg force across all conditioni this study, there was no significant difference
in the forces generated by the male (n=hd female (n=3) participants.

King et al (2018) compared different methods of jettisoning a simulptsttout window in bothdry and wet
(underwater) conditions. Analysis of the data suggested that an elbow strike was highly successful when
participants were inverted underwater. When attempting to jettison the simulated window by striking it with
a hand as opposed to the elbotine arm and fist moved through a long range of motion generadiragy that
was thought to opposdhe movement, thus decreasing the loaapplied This made it very difficult for
participants to jettison the window using a hand in the wet condition. A snatinge of movement when
striking the window waghought to improve thejettison success rate.A 2017 studyTaber et al, 2017a)
explored other factors that influence the ability of a passenger to successfully jettis®@zahelicopter push

out window wnder simulated conditions.In this paper, based on trial results, theyggested that the mass
and functional reach obccupantsbe considered when selecting individuals to sit next to pushwindows
requiring high forces to jettison the exit.

Taber etal (2017) gaired access tahe pushout windows of a number afperationalS92 helicopters They
used a redesigned force plate to measure jettison forceescribed asdynamic strike valués (It is of note
that the authors state that these windoware designed to be struck rather than pushed out¥ing three
different helicopters, aotal of 17 trialswere completecon eight windowswith force applied tothe window
cornersin all but one case Four out of seven static force trials were successtdjuiring a mean force of
119kg to jettison the window.In dynamic force trialspofir out of ten were successful, requiring a mean force
of 117 kg to jettison the windowA finite element analysis (FEA) mogekdicted that 115 kg force would
need to ke applied to a corner to achieve jettisonlnterestingly, the figures presented show thathe
maximum dynamic forces applied to theal windows averaged 123 kgvhen jettison was not achieved.
Taber et al commented omtra- and interaircraft variabilitywhich was considered to be due to a humber of
factors. The main seal was secured with an adhesive during painting, while a small amount of oil or grease
had permeated into the space between the seal and window's outer suifasemeother cases. Thigas
thought to have either increased or decreased the amount of friction between the two componems. Th
higher friction forcescould account forsome ofthe failures despite highemean loads being applied.
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Conversely, Taber et #2017b)comment on theanecdotal claim that windows sometimes fall out when
someoneleansagainst them. Due to this potential variability, Taber et al warn against training for maximal
loads to avoid too many trainees failing to complete the takber et al (2017auggestedhat, for training,

"one window in the simulator could be used to demonstrate the more realistic loads while the others could
remain at the current lower jettison load requiremehts

Following their 2014 study, Taber and Sweeney statbd fact that tis is the only known study of its kind,
indicates that there are thousands of individuals being transported to and from offshore installation around
the world every week in helicopters that have not had exit jettison force tests carrledotlheir laer study,

Taber et al (2017b) concluded that"present, there is no way of truly knowing if the person sitting next to an
exit is physically capable of opening it in the event of a survivable water ifnggihg on to suggeghat
further testing shou be carried out on existing and future helicopter designs.

Once an occupant has removed the escape window, they are faced with the task of egressing through the
opening. The size of helicopter occupants is address@8at7 The relationship betweesxit size and body
size is considered &.2.4

The equipment worn by a helicopter occupant must alsédben into account whenonsidering underwater
escape. The bulk ofnaimmersion suit uninflated lifejacket and EB&dd to body siz€dKozey et al2009;
Stewart et al, 2016) and may therefore influence the ability to escafige buoyancy of an immersion suits

will affect ease of escape; those with higher inherent buoyancy make it more difficult for an occupant to
control their position angbull themselves down to an exit when inverted (Brooks, 1988; Stewart et al, 2017b).
The bulk may cause snagging or mayeck the progress of the individual, requiring the individual to adjust
their position to progress through the exit (Coleshaw, 2018)lanand Ward (1986) found that snagging
during escape through an underwater exitas most likely to be caused by protrusions over the back rather
than those over the abdomen. They recommended that careful consideration be given to the compatibility of
addedsafety equipment to ensure that it does not pose a snagging hazard. Benham and Haywood (1996)
establishedhat a very bulky itensuch asa personal survival pack (carried by military aircrew) slowed down
escape, while body orientation whegrassing throug the exit influenced the level of snagging experienced.
Furthemore, high levels of snagging had an effect on the aircrew's confidence in their ability to escape, while
enhanced training helped to counteract this, increasing levels of confidence.

A studs of offshoresurvival training program@aber and McGayr2013)found that a higher percentage of
female trainees required assistance when opening the exits compared to male traaitesigh no gender
difference was found in the earlier Taber and Sweestudy (Taber and Sweeney, 2014)

3.2.6 Disorientation

Disorientation is a common problem experienced by individuals when exposed to submersion and inversion
as would occur ira helicoptercapsize Under normal circumstances, orientation is achievednbggrating
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information from the visual (eyes), vestibular (ears) and other parts of the somatosensory system; the
conscious perception ofensations such auch, pressure, pain, temperature, giion, movement and
vibrationwhich arise from the muscles, jo# skin, and fascia

When a person is submerged underwat@nportant visual cues are generally lost due to low light leasid
the effects ofwater onvisual acuity (see 3.2.7)At the same timénversion results irtonfused stimuli from
the vestibuér system, particularly when the motion of the helicopter suddertigngesSensory ges can be
misinterpreted by the braimesulting ina loss of sense of directiand an inability to determine true body
positionand orientation

In an early study of underwater escape from helicopt&ige and Greear (197f®)undthat in-rushing water

was the most significant problem for those attempting to escape from a helicopter following water impact,
and that this was associated with confusia@isorientation and problems reaching the exits. As a rehdly
suggested thafparticipantsin underwater escape traininghould wait for the simulator movement to stop
and the bubbles clear before attempting to orientate themselves, and only thease their harnesd his is

now the standard training procedure.

The Mills and Muir (1998) study found that 61% of participants experienced disorientation during a test
inversion following training. A majority described this as a sensation of losing their sense of direction and
feeling confused about the direction of agpe. Some reported degree opanic, and othersf feeling dizzy

and confused. Rather surprisinglynlypa small numberreported that disorientationhad impeded their
escape These individuals had to +@ientate themselvesand this took more time. A lower percentage
reported disorientation during a second crassbin escape test, although this lower incidence could be due
to the increased experience afn additionalrun and habituation to the environment. In this case, 9% of
participants went in the wong direction due to the disorientation.

In their 1991 study, Bohemier et &und that disorientation decreased with experience in the helicopter.
They alsospeculated that occupantaeedingto turn their bodies to locate theexit experienced greater
disorientationthan those who were facinthe direction of egress.

In an attempt to quantify the degree of disorientatiamduced by a helicopter capsitgheung et al (2000)
comparal the relative degree of underwater disorientation induceddg 9 ¢ {heticopter simulator and a
shallow water escape trainer (SWET). The SWET is a device consisting of a metal frame and seat, which float
on the water surface when upright. It allows an individual to experience inversion in very controlled
conditions, theSWET generally being turned by two instructors. Changesraeption ofthe gravitational

vertical indicated bypointing, were used as a measure of disorientatiénmajority of the subjects pointed in

a direction parallel to the frontal plane in easkating condition (SWET, MET®indow seat and MEWS

aisle seat). Angular deviations from the gravitational vertical primarily ranged betweandd90 in the

SWET, compared to a much wider range oft® 180 in the MET#. Subjective responses confirmed
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significantly higher degree of disorientation in the full helicopter simulatbkvas concluded that the MEXS
provided higher fidelity with respect to disorientation.

Lower levels of idorientation werereported by participants escaping from a leelpter in a sideloating
(150) attitude (Jamiesoret al, 20002001) compared to a similar 18@version(see3.2.11).

Leach (2016) made the important point that valuable time must be expended in reorienting a cognitive map
even when there was no chge in the relative positions of the person and the efihis mental map is
needed to allow the helicopter occupant to locate their exit in poor visibility conditions with very limited
visual reference points. The increased time needed to locate thevadsupportedby the findings ofCheung

et al (2000)who reported that egress from the helicopter simulator took significantly longer than that from
the SWET seat, despite use of a similar exit.

3.2.7 Vision underwater

In his 1989 review of helicopter underwatescape Brooks referred to a degradation of vision when
underwater and suggested the benefits of wearing swimming gogglega and Kinney (1969) found a 90%
decrement in visual acuity when subjects were immersed in water without a face mask companedrtdm

their study of escape through underwater exits, Allan and Ward (1986) found that swimming goggles greatly
helped the vision of their participantsThe training situation shows that some individuals will close their eyes
while underwater and agmpt to escape by feel only. Mills and Muir (1998) commented on one subject who
did not open his eyes, and who failed to escape. When undertaking acassescape test some reported

that although they hadbpened their eyes, it had not helped as thegre unable to see the exitln trials
undertaken in 4C water, Mallam and MacKinnon (2011) found that escape tasks, including deployment of
EBS, jettison of an exit and harness release, took significantly longer in the dark than in light conditions.
Anecdotally, it is also recognised that the large number of bubblested by the capsize of a helicopter
greatly reduces underwater visibility during the first few minutes following inversion.

A limited number of studies have looked at the effects of lbght levels Early work byRyack et al (1977)
evaluatedthe effectiveness of escape hatch lighting in day and night condijtifinding that nore rapid
egress was achievedwhen exits were illuminated. A further study (Ryack et al, 1984) found that
electrduminescen lighting for escape hatchesas vsible to lightadapted subjects in turbid water_uria et

al (1984)investigated theoptimal arrangement of lights around helicopter escape exit® range of
intensities required, effects of viewing angledadimensions of lights on visibilityn 2004, O'Neil et al
similarlyinvestigated the underwater detectability of a lighting system on a helicopter escape exit. They
found that at a distancef 1.5 m the lighting system was detectible in less than 1dy sall subjects in both
clear and turbid water and in both dark and light conditions. Performance deteriorated somewhat at 3 m, but
was not reliably detected in turbid water under light conditions at this distané#ile exit lighting systems
have beerdeveloped to improve the ease of escape,more recent published work has been found covering
this issue. It should be noted thahight-time flying accounts for approximately 8% of total annual flying hours
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in the North Sea (Nascimento, 2012; Nascime®@d,4) while nighttime accident rates are much higher than
daytime rates (Ross and Gibb, 2008)

3.2.8 Cosscabin escape

In 1999, Bohemier et al made the important point that Saat beside an open exit provides the greatest
probability of survival. Chances of survival decrease with increased distance between seat.and/kigt
this is well recognisedjuring training subjects are usually placed a seat next to a window,rinarily for
safety reasons.Anecdotally,in the past,injuriesduring traininghave been caused lparticipantsseated in
aisle seats beingnwilling to wait for the person in the exit seat to escaptwever, anumber of different
research studies usingelicopter simulators havcluded cros€abin underwateescape exercises.

The Shell study (Mills and Muir, 1998¢luded acrosscabin escapexercise but without the use of escape
windows. Participants toolk mean time oflL7 - 18 s to escape frorthe simulator having crossed to an exit
on the opposite side of the simdular to their seat. Only slight variations in the mean time to escape were
observed with the different training regimes usedn the crosscabintest the most common factor which
impeded escape was seat belt releaseth 54% of participants repoirtg this problem Disorientation and
confusion about the direction they had to travel to escape was reported by 38% of participaigsand the
motion of the water within the helicoptesimulator, meant that participants had to ‘fight' to swim across the
cabin. Many puled themselveshandover-handacross the cabin.

Bohemier et al (1990) investigated ease of underwater escape from three different seat positions in a
helicoptersimulator. Escape from a seat across the aisle from the designated exit took a mean time of 49 s,
compared to 60 s and 62 s to escape following a route that either required the participant to turn to an exit
behind the seat, or to move down the fuselagean exit on the opposite sigdée. the escape route required
longitudinal movement inside the cabirirhese authors later found that the provision of either an overhead
guide bar or a guide bar mounted on the side of the cabin improved escape sucassBahemier et gl

1991), whereasause of seat backs along the aialehandholdsesulted in little or no improvement.

Disorientation and difficulty finding exits were the two factors found to give the highest ratings of difficulty
when escaping from fully inverted helicopter simulator (Jamiesenal, 2001) This was especially true when
subjects were required to make their way across the cabin to esaapen finding the exit was much more
difficult without any directphysicalcontact with the exit sed for escap@andwith poor visibility due to the
underwater environment and bubbles. In this caS8% of participants fagd to escape correctly. Of those

who failed, 67% surfaced in the small air gap maintained in the simulator for safety reasidaghelother

33% escaped through their nearest exit instead of crossing the cabin. If this exit had been blocked in a real
accident, this option would not have been availahfethere would be very little chance of finding an air gap

in a fully invertectabin.
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3.2.9 Succesandegresgime

Various studies that have measured the time takenifjividual subjects to escape from a helicopter
simulator have found itto vary from aboutl1l5 seconds up to25 seconds dependent upon conditions
(Bohemier, Chandler ar@ill, 1990Mills and Muir, 1998Coleshaw and Howson, 199Baber, 2018 Longer
escape times for those who are last to leaW®e cabinhave been found when a full cabin of passengers is
simulated (see3.2.10.

Bohemier et al (1990) provided someidence to suggest that the probability of making a successful escape
improved over a sequence eévenexercisesvhen no EBS wases When EBS was used, success rates were
higher, masking any improvement due to repetition. Thegnt on tofind that egresssuccess rates were
dependent uponthe exit route taken(Bohemier et gl 1991) attributing thisto disorientation and the
distance travelled to reach the exifTheydemonstratedthat the probability of successfully reaching the exit
improved over a sguence offive to seven exercises, but commented thagaching the exit did not
necessarily equate to a successful escape due to a lack of a reference handrbltb the exit and
movement of the door release handle when operated in the inverted pos{iiothis sequence of tests an
‘emergency escape door' was used).

Mills and Muir (1998) demonstrated an improvement in success of escape and overall escape tivme as
level of raining was increased. A grogp subjects who only undertook dry trainingdk 23.1 + 3.9 s to
escape, whereas those who had received training in water, that included one inversion and removal of exits,
took 15.7 + 2.0 s to escapeThis latter group showed H00% success rafer escape, compared to success
rates ranging from 110 87 % in other training groupdn thethree groups of subjects who undertook at least

one inversion during trainingsignificantly more participants escaped successfudignpared to those who

had not experienced inversipmdicating the importance axperiendng at least one capsize during training.
Those who covered only parts of the full escape process in their practical training were slower and less
successful than the group whose practical trairimgudedall aspects (inversion and exit removal).

Taber (2013) found that subjects took significantly longer to escape from an inverted helicopter simulator
when lights were dimmed and the angle of inversion was changed from tt8@ither 160 or 200.
However, it is not possible to determine whethenitasthe reduced light levels, the offset to the inversion
angle or both which causdtie longer escape time.

3.2.10Fullunderwater escapérials

The authors of Air Accident Report 1/2016 (AAIB, 2016) commentddrésaarch trials Have tended to
centre on one aspect of the participant's evacuation experience; for example, use of survival equipment,
rather than researching the whole evacuation process from start to finish under realistic cofiditions

While thereis some truth in this statement (leaving aside the issue of realistic conditions), one of the reasons
is that the scientific process involves testing a hypothesis that can be clearly defined and controlled. When
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multiple factors are considereitl is muchmore difficult to come to clear conclusions about cause and effect.

A number of research studies have been undertaken where multiple variables are considered (e.g. Taber,
2013), but this makes inuch moredifficult to determine the cause of a particulinding. In Taber's paper
(2013), the finding about escape times from stroked and normal seats is confounded by the fact that some
trials were conducted with full inversion in the light and some were conducted in reduced light and an offset
angle; it ismpossible to determine whetheand howthis affected the primary finding.

Only a limited number of research trials abbelievedto have been undertaken with a realistic number of
people in the cabin.A series of trialsvere commissioned by Shedljth the helicopter simulator configured to
replicatea range of helicopter typda servicen the 1990s (Clark, 1996 hesavere conducted with a small
number of subjects initially, but then built up progressively to half the expected number of occupants (see
Brooks et al, 2001). This study focussed on the ability of participants to follow the manufacturer's or
operators recommended escape routing, the operationuntlerwater emergency exits and mouting to
alternative exits if a chosen route was blocke@apsizes were undertaken with a predictable roll rate in
either direction, with the cabin completely floodedroblems varied, dependent upon the aircraft type
simulated, but included factors such:as

1 alack of spacand legroom between the seating

the brace position required for lap beltausingdisorientation;

problemsof disorientation and means @stablishing reference points for escape

a lack of handholds

those in aisle seats having to wéit others to makeheir escape before they coulgtoceed,;
seats unexpectedly folding forwards;

seats with no direct access to an exit;

problems operating multiple action exits.

=A =4 =4 -4 -4 =4 =2

These findings led to some significant changes in the layout of the helicopteesviceat that time, as well

as a range of other design and equipment changeabin configuration changes included enlarged andpush
out windows, seating alignedith the exits, higkbacked seats withupper torso-restraint, and guide bars
added to bench seats.

The only kown study to use a full complement of passengers was an investigation aimed at establishing the
time needed to evacuate &uper Puma (Broolet al, 199%; 2001). The helicopter simulator used was
configured to seat either 15 or 18 passengeMlith the 18-seat configuration and a slow 180nversion,
participants took betwee3 sand 109 s to escape, timed from the point when the simulator hit the water

the participantswere underwater forbetween 27 s and 92 s for the last person .oWtith an immediate
inversion, escape times ranged from 17 s for first person out to 36 s for the last person out, with the last
person breatkholding for 33 s. Escape times following an immediate inversion were a little slower in the
dark, with the last person out takingB s to escape, representing a 38 s brehtifd. The authors report that
EBSwere used by a number of the participants in different exercises, although it is not reported at what time

the subjects resorted tit (EBS were provided in case subjects couldbmeath-hold for sufficient time to
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complete their escape)When consideringproblems encountered, some participants reportedifficulty
opening exits and difficulty due to exits not being aligned with sealthough there were few problems
locating exis. A number found that their bulky (insulated) immersion suit impeded their escayostly due

to the suit's inherent buoyancy. In one trial conducted in dark conditions it is stated thate' were five
reports of subjects feeling their escape had biegpeded by other subjects or by the darknfortunately, it

is not possible to separate the impact of these two factors, although there are no similar comments about
other subjects impeding escape in the earlier trials in the light. The exit being blocked by asndifemtwas

the second leasreported problem. However, in the discussion it is reported tldthough not commented

on in the questionnaire, some of the participants remarked afterwards that use of EBS allowed them to stay
calm while waiting for others to clear their exit routeDarkness was reported to have increased anxiety,
disorientation and the ability to see exits.

One further variable investigated by Brooks e{2001)was a 90roll to simulate a5-seathelicopter floating
on its side. None of the participants attengplto escape from the underwater exitl climbedout of their
seats to egress via the exitéacing the surface of the watér It would appear that these exits were
underwater as breattnold times extended to 52 s for the last person out and againgesoanticipants used
their EBSThe bulky wet immersion suitspededegress

There were a number of limitations tthe Brooks et a(2001)study. All the trials were conductedith the

same group of subjecnd appear to have been conducted on the saday, meaning that both learning and
increasing fatigue may have had an effect on the resuld. of the trial subjects were either professional
instructors and divers from a HUET training centre or were trained naval clearance thignseingto
reduce the likelihood of drowning or injurgluring the trialsand for ethical reasons. All were therefore
comfortable underwater and skilled at escaping from confined spaces. Greater problems and longer escape
times are likely to have been found with nam@bjects,andthe authorsacknowledgedhis issue. Thigctor

may also have influenced the fact that there were surprisingly fennal comments about escape routes
being blocked by other participants, and the need to wait to egress through anleigtalso acknowledged

in the paper that the highly trained professional participants were less likely to report anxiety and difficulties
than an average helicopter passenger.

Overall, Brooks et al (2001) concluded that brehtid times were too long for the last occupants to escape
from the fully occupied helicopter simulator without having to use BBS(in spite of the fact that
participants of the trial were highly trainegind experienced The authors called for new helicopters to be
designedto accommodate a total underwater evacuation tineé within 20 seconds. If this could not be
achieved, passengers should be provided with some form of air supply, or the helicoptdat be modified

to stay afloat with an air space in the cakie. sidefloating, see 3.2.11).

It should be noted that the first (internal) report of these trials (Brooks et al, bp@Jerred to the study as
"an initial investigatioh, inferring that further work was originally intendedThe original intention was to
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carry out afollow-up study with naive subjectsbut this was prevented by a lack of funding (Dr Brooks,
personal communication)

3.2.11Effects of capsize angle

While helicopter underwater esape training always assumes that an inverted helicopter will have rolled
through 180, this is not the case in all helicopter water impact acciderisfferentorientationscanresult
from unevendeployment ofa helicopter's emergency flotation systera,g. due todamagesustained to the
flotation during the impact Damage to one or more of the flotation bags could result in the helicopter
floating on the surface but either on its side, nose down, or somethidgeiween. Evacuation or escape
from such anangle may be easier than a fully inverted aircraft, ey pose different challenget the
occupants for which they have nbeenspecifically trained.

Rice and Greear (1978mmentedthat when a helicopter sinks on its side, the escape exits are either below
or above the occupants.They reported cases whemrvivors havenad to dive down under the sinking
aircraft because the opposite exibove themwas unreachablehighlighting sme of the problems that might

be experienced by occupants in this situatigkccording to the Wells Report (Wells, 2@1052) nvestigating
offshore helicopter safety followinthe GGZCHaccident in Canada in 2009, the helicopter sank very quickly
on its port side, with the one survivor escaping through a starboard exit before floapitgthe surfaceThis

report of the events suggests that the starboard underwater emergency exits were pushed out by water
pressure.

More recently the 'siddloating’ concept has been promoted by the UK Civil Aviation Authority (Gt
the aim of preventing total inversion of the helicoptethereby allowing some exits temain above the
water once a stable position is achievi&€AA, 200& Howson, 2006 Model tegs were initially undertaken
to prove the concept and determindé¢ most efficient and stable flotation systeidackson and Rowe, 1997)
This study foundan asymmetric configuratioto be the most effectivewith a combination of a buoyant
cowling panel ad a single buoyancy unit placed along one side of the fuseldgk up on the cabin wallhe
flotation was designed to provide a floating level and attitude that would provide a significant air gap in the
helicopter cabin, and also ensure that the exit®re above the water surface and accessible to the
occupants.The model tests demonstrated that thisuld be achieved with thasymmetric configurationthe
helicopter model floating atn attitude of 150° from the vertical The helicopteremaired stable in that
attitude whether itrolled through an angle of 150° or 210°

A human factors study followed (Coleshaw and Howson, 1999; Jamieson et al, 2000; Jamieson et,al, 2001)
which established that participants found escape from the -iogting Felicopter simulator to be
significantlyeasierthan escape from a fully inverted position. In this configuration, those in a seat with their
head below the water surface were able to surface into the air gap on releasing their seafliede seated

on the upper side dropped down into theater when they released their seat beltS'he main benefit was

the greatly reduced risk of being unable to maintain a breladld for sufficient time to make an escape.
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Once in the air gapihe participantshad time © decide on their best route of escape, generally from an
abovewater exit. A significant difference was noted in the difficulty of ciedsin escapes, where 57% of
subjects carrying out théully invertedcapsize found 'disorientation’ to be very diffifucompared to 20% of
the subjects when carrying out thedefloating (L50) capsize Mean submersion times were reduced from
20.0 s (fully inverted) to 9.5 s (sifleating), the latter being achievable within an average brehtid in cold
water. Simiarly, 57% of subjects found ‘'finding the exit' to be very difficult in the ecatin escape from a
fully inverted helicopter simulator, while only 3% (one person) found this to be very difficult in the side
floating capsize.The provision of a hankold next to emergency exitwas recommended by the authors, to
assist in the location of the exit and provide a leverage or reaction point for anyone trying to operate a
pushout window. One of the few problems found with theidefloating capsize relatedo release of the
harness, thought to be due to uneven loading on the release mechamim further work recommended
Overall, 90% of participants preferred escaping from the-8aing helicopter simulator and found this
easier than the fully inveetd scenario.

As a resulof the sidefloating trials, there was some concern raised by a risk analysis looking at a fully loaded
helicopter Jamieson et al, 2001Wwhich considered théssueof occupants seated on the upper side of the
helicopter fallingdown onto occupants seated on the lower, underwater, side of the helicopt&hile this

was seen asa potential problem for trials and training, wasnot consideredthat it would significantly
increase riskin a real capsize whichwould likely be chaotic for many reasonsThe potential benefits of
having an air gapvere believedto outweigh any additional risk. Similarly, wave action will have a different
impact on a siddloating helicopter compared to a fully inverted helicopter. In the forroase, occupants

may have to cope with oncoming waves while making an escape. However, they would already be in the air
gap and able to breathe at this point, which was considered to be much lower risk than an underwater
escape. Brooks (1994) highlighted the greater difficulty oflocating, opening and using exitsat are
underwater. Jamieson et a2001)concluded that tonsideration should be given to the appropriate training
programme for helicopter passengers who may find themselves fully invertad tbeir side in the event of

an aircraft capsizing One issue, however, is th&PITOHelicopter Underwater Escape Traini@PITO,
2020)currently only addresses removal of exits when above the water in a fully upright attitude (evacuation
scenario) ad when partially submerged but uprighfunderwater escapefand does not coverany other
flotation attitudes during practical training sessions.

3.2.12Cardiac responses tomderwaterescape
When considering why some individuals do not survive an emergena@tisituisuch as underwater escape,
one of the causes of death other than associated witldrowning is a cardiac eventSudden death in cold

water is attributed to drowningin some cases wherthey mayin fact have been caused by an electrical
disturbanceof the heart (Tipton, 2003).

Swimming can involve exertion, voluntary brediblding and cold water face immersion, which results in
increased sympathetic and parasympathet&rvous system activitthrough activation ofwhat is known as
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the 'dive reflex (Marsh et al, 1995)5wimming isisoknown to trigger @rdiacevents caused bgrrhythmias
which can lead tarowning deathsn certain individuals, with a proposed genetic b#&8isoi et al, 2004

A 2010 study (Tipton et al)specifically investigad the incidence of cardiac arrhythmias during HUBMN

total, 32 cardiac arrhythmiasvere identified during 130 rundn 22 different participants. All but 6 of the
arrhythmias occurred just after submersion. Higher levels of aerobic fimessassociaed withanabsence

of arrhythmias meaning thatthose who were less fit were more likely to experience the arrhythmitise
participants in this study were young (< 40 years old) and healthy. The arrhythmias observed were
"asymptomatic and probably oftlié clinical significance

A later review paper by Shattock and Tipton (2012) investigated the conflict betweercold shock'
responsewhich drives anncreasein heart ratevia thesympathetic nervous systeand the'diving response

which causes a decrease in heart rate (bradycardia) via the parasympathetic nervous system. They propose
that these two strong and antagonistic responses lead to the cardiac arrhythmias seen following a period of
submersion and breatholding. The authors report that arrhythmias initiated by the combination of cold
water submersion and release of a bredtbld occurs in 6% to 82% of young, fit and healthy research
participants.

While there are anecdotal reports of the very occasional careient attributed to HUET training, only one

case has been found in the medical literature (Kaur et al, 2016). They describe the case of an otherwise fit
and healthy 32/earold presenting with palpitations caused by atrial fibrillatiokive years on,oflowing

further HUET, the patient presented with identicgimptoms The authors proposed that the sustained
arrhythmia secondary to cold water submersionay have been provoked by the autonomic conflict
proposed byShattock and’ipton(2012)

Incidenceof arrhythmiashas not been ascertained in oldetonathleticindividuals undertaking HUEData
obtained during HUETtraining (Harris, Coleshaw and Mackenzie, 199&)vering a broad demographic of
offshore workersshowed a significant increase in heaaite during the submersion and capsize exercises over
and above that thought to be caused by anxiety during the training briefing. This was particularly marked in
those undertaking basic training, which is generally the first time that participants uridesta underwater
escape exercise. Nagerelated differences in heart rate due to the HUET training were found. This study
included some preliminary measuremenismpublished)of ambulatory ECG (electrocardiographs), with the
authors recommending furthework in this area.The Tipton et al studf2010)also shoved an increase in

heart rate during HUET. They demonstrated that the heart rate response to HUET habituated over five repeat
exercises. Helicopter underwater escape training is undertaken atively warm water temperatures,
meaning that these responses are likely to be due to a combination of anxiety and physical activity and not
due to any cold shock which is also likely to be experienced during underwater escape in the real emergency
environment.
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It is quite possible thatin cases where an individual hasccessfully escaped from the helicopter but then
suffered a cardiac evene.g. AAIB, 2016)this autonomic conflict and resultant arrhythmiasay have
contributed to the cause of death This will be more likely in individuals who are already suffering from
ischaemic heart disease where cold water immersion places additional demands on the Tieaise of an
immersion suit will mitigate the cold shock responsélowever,it is interesting that Shattock and Tipton
(2012) suggest thatvhereas the cold shock response is normally dominant, a factor that may ameliorate this
response, such as clothing, may allow the autonomic conflict to take effect.

3.2.13Drowning duringescape

Drowninghas lang been recognised @ke primary cause of death in helicopter water impact accidéGten

et al, 1993; CAA 199Clifford, 199% Helicopters invert and/or sink in a high proportion of water impact
accidents (Rice & Greear, 1973; Brooks, 1989; Clifi®€6)and occupants have to make an underwater
escape Both a high impact velocity and rough sea stateish breaking wavesicrease the riskf capsize

The effect of water temperatureon the initial respiratory responses to immersion (Tipton etl#91)is a
significant factor when considering the survivability of a helicopter water impact acci@eoboks (1989)
NBELR2NISR GKS OFasSa 2F G¢g2 ' { O2Fad3add NR KStAO02LJ
respectively. Only 3 of the 9 crewmenccessfully escaped from the inverted aircraft. The effects of cold on
breaththold capability were implicated as a possible cause of drowning.

When immersed in cold water the ‘cold shock' response (Tipton & Vincent, 1989; Tipton et al, 1995; Tipton et
al, 1997) greatly reduces the ability of individuals to control ventilation. It follows that if submerged, it
becomes very difficult to breathold. Breathhold duration following sudden immersion decreases linearly
with a reduction in vater temperature (dywardetat My n 0 ® G 61 GSNJ GSYLISNI
hold times of individuals not protected by a suit decrease tqQ586% of presubmersion values, to less than

30 seconds.

Under simulated conditions, the time spent underwater escapingnfithe cabin can take 25 s for one
individual sat next tan exit(Bohemier et al, 1990; Coleshaw and Howson, 18@@)up to 92 s for the last
person to escape from a fully occupied cabin (Brooks, Muir & Gibbs, 1999; 2001). This is the time that an
occuparn must be able to breatfold if not using arEBS A median breatinolding time of 40 £ 21 s has

been shown in 228 offshore oil workers immersed in 25°C water (Cheung et al, 2001). Only 3% of these
individuals were able to maintain a breatiold for the @ s it might take to escape. These values were
measured in relatively warm water. Incoldwatem51 6 / 0 X Y &dldyimedomé&irdd K small groups

of subjects has been found to be close to 20 seconds, but may be as low as 10 seconds in sau@isndivi
(Tipton & Vincent, 1989; Tipton et al, 1995There is therefore a mismatch between breditid time and

the time needed to escape from an inverted and possibly sinking helicoptleen escape time exceeds the
individual's breatkhold time drowningwill result. This mismatch between breatiold time and escape time

led to the development of helicoptdEB3see3.2.15.
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3.2.14Drowning following escape

Once a helicopter occupant has successfully escaped from the helicopter and reached the water sarface th
individual is still at risk from drowning. Th@mediate need is to achieve stablefaceup orientation and

inflate any lifejacket or inflatable component of thénelicopter immersion suito help achieve this Such
protective equipment is designed tacchieve a minimum freeboard (distance of the mouth and nose above
the water), and maintain the individual in a stable fage position in the water to reduce the risk of
drowning by submersion of the facdror helicopters operating offshore, EU Regulatild, 2016) ensure

that a lifejacket (or equivalent buoyancy) is worn by all occupattall times. Aviation lifejackets are
operated manually to avoid automatic deployment within the submerged helicopter which would prevent
escape. The lifejacket or ditional buoyancy must therefore be inflatexdter escaping from the helicopter

For this to be achieved the occupant must be conscious and free from injuries that might prevent the
individual from locating and operating the inflation system. The orthgiobption is that another person in

the water could operate the inflation mechanism. This would only be possible if survivors were close
together andseaconditions allowed.

Some buoyancy will also be provided by air trapped within an immersion suit, the amount depending upon
the suit design and the thickness of any insulating layer. In general terms, the thicker the layer of insulation,
the greater the level of buoyancy prided. Armstrong, BennetSmith and Coleshayl994) measured the
performance of immersion suit and lifejacket combinations under real sea conditioasg an
anthropometric marinemanikin  Theyfound that insulatedimmersion suis provided sufficient buoyancyto
achievegood levels of mouth freeboard and airways protectibifejackets that did not channel water up to

the face and those with buoyancy across the shoulders reduced the amount of water and wave splash that
reached the nose and mouth, therebgducing the risk of drowning.

Current rulesfor helicopter offshore operationsEU, 2016) define when survivalits must be worpwhich
includes:when sea temperatures are below 1) when the estimated rescue time exceeds the calculated
survival time when the flight is operated at night.The oil and gas industry dictates thite offshore
workforce wear immersion suits for all flights, whereas crew nugide to not wear an immersion suit
during summer months, primarily due to high cockpit temperaturelhis means that once survivors reach
the surface, passengers will always benefit from the inherent buoyancy of their immersion suit system, the
amount varyingdepending upon the insulation of the suit anthe amount and type of clothing worn
underneath For crew, only those wearing an immersion suit will benefit from the added buoyancy and
improved protection from drowning.

Even when a lifejacket or equivalent buoyancy is womewthing canstill be caused by wavesither by a
wave breaking over theouth, or by continual wave splasBecause the legs act as a sea anchor, waves tend
to cause a turning moment that will turn an unconscious or relaxed survivor into a position facing the
oncoming waves (Golden afigton, 2002). Water is then able tdagh over the face, particularly with poor
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designs ofbuoyancy either allowing water to channel up to the face between double chest lobes, or where
there is minimal buoyancy provided over the shoulder ar&epeatedassaultfrom the waves can interfere
with normal breathing, and as the survivor fatigues it can become increasingly difficslgnthronise
breathing with gaps in the wave splasin such rough conditiongjse of a spray hood will significantly
improve airways protectionArmstrong,BennettSmith and Coleshaw, 19P4nd reduce the risk of drowning.
However, if helicopter occupants have not been exposed to waves during training they may not realise the
importance of this accessory. In the past, spray hoods were criticised for sigammirclinging too close to

the face and obscuring vision. Spray hoods can also be difficult to deploy witbrgiaed hands. More
modern designs have addressed some of these isshiés the Europearquipmentstandard§EASA, 20064,
2006b, 2006c)or lifejackets and immersion suits (ET3CH02,-2C503 and2C504) are currently being
revisedwith more specific requirements for spray hood deployment and performance

3.2.15Emergency breathing systems

When considering thoseccupantswho do not manage to e€ape from the helicopter following a water
impact and capsize, it has been established that the cause of death in survivable accidents is most likely to be
drowning @.2.13. While designimprovements such as larger exits and improved seating layouts can
facilitate escape, there will always be some occupants who, without breathing aids, do not have sufficient
breath to escape from the aircraft and reach the surface. This may be because they did not take a large
breath before submersionpr because their scape took too long There is also a strong psychological
component to the breatkhold such that anxiety can exacerbate the cold shock resppndeeduce breath

hold times(Leach, 2016)while psychologicainterventionsincluding goaketting, arousal rgulation, mental
imagery, and positive selélk can be used to extend breatiold times (Barwood et al, 2006) Other
behaviours such as inactiorare observed in an emergency which impair performance and affect the
individual's ability to undertake the grired survival actions (Leach, 200&obinson et al, 2008 Any of

these factors could lead to an individual failing to complete the escape process. As a final intervention, the
use of anEBSallows the breatkhold to be brokerandgives the user timed overcome any of these problems
before making their escape.

The mismatch between breathold time and escape time described in sect®2.13establishesa strong
justification for providing helicopter occupants withsapplementarymeans of breathing ding underwater
escape. While this issue had beamcognisedthere was resistance to the introduction of underwateB Sn

the UK during the 1990s. The UK military had successfutigucedcompressed air EBS aretommended

the development of rebredter technologies (Benham et al, 1995Xhers had shown that use of EBS
improves the probability of successfully escaping from a helicopter simulator (Bohemier et al, 1990)
However,an assessment of breathing aids undertaken as part of the Review of Helicopter Offshore Safety
and Survival (CAA, 1995) concluded thiete was no clear advantage to be gained from the introduction of
underwater breathing equipment and that, on the eande currently available, the CAA would not be justified
in pursuing this as a regulatory measurelnstead, emphasis was placed on systematic improvements and
measures to facilitate rapid escape. reduce escape time
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Despite this influential recommelation, research progressed into the development of a simple rebreather
(Tipton et al, 1995) as an alternative to compressed air breathing sys#emsmber of review documents
have looked at the development of a range of different EBS, covering rebrsatt@npressed air systems
and hybrid devices (Brooks and Tipton, 2001; ColesB&@3). While a compressed air system was shown to
provide a slightly longer underwater duration (Tipton et al, 2007), the rebreather system provided a system
with minimal rik of the pulmonary barotraumahat had been shown to be a possibility with compressed air
systemgBenton et al, 1996) A rebreather was first brought into service for passengers flying offshore in the
UK sector of the North Sea in 1996. This was latadified to include a small cylinder of supplemental air
which discharged automatically on immersion in watdrhis hybrid rebreather was introduced in 1999 and
was adopted byall UK oil and gas operating companies within a few yeadsrway later introduced a
rebreather integrated into theioffshore passenger suit systemThis product was produced &Norwegian

Oil and Gas Associatiagpecification orwegian Oil and Ga004)which, at that time, required the
breathing system to be automatically ta@ated on submersion, reducing the actions that must be
remembered and undertaken by the useht that time, there was no technical specification for EBS. The UK
CAA therefore commissioned work to develop a technical standakdpreliminary study focesd on the
development of EB&nd concerns that existlin the context of current knowledgéoleshaw 2003 Further
work resulted ina proposeddraft technical standardor EBSn CAA CAR034 Coleshaw, 2013 Thisreport
included the results ofrgonanic and cold wateperformance tests carried out on the three generic types of
EBSsee also Barwod et al, 2010; Coleshaw, 2012)he information so gathered was used to inform the
development of realistic performance requirements.

Following the 20135WNSBaccident (AAIB, 2018020 where none of the survivors used the hybrid EBS
that they carried, the UK CAgublished an offshore helicopter safety reviepyblished asCAP 114%CAA,
2014) whichmade a recommendation that required the use of CatgglIEBS if other actions were not met:

"Action A8:

With effect from 01 June 2014, the CAA will prohibit the occupation of passenger seats not
adjacent to puskout window emergency exits during offshore helicopter operations, except in
response to an offgire

emergency, unless the consequences of capsize are mitigated by at least one of the following:

a) all passengers on offshore flights wearing Emergency Breathing Systems that meet Category
WIQ 2F GKS ALISOATAOI GA2Yy R&derwatérSurivaltine;/ ! t mnon
b) fitment of the siddloating helicopter scheme in order to remove the time pressure to

escapé.

This was followed by two Safety Directives (C204,5h 20159 mandatingAction A8 In response, the UK
offshore industry introduced a Category A EBS which met the requirements of the (then still draft)
requirements for EBS @BAACAP 1034Coleshaw, 2013) This involved a shift from using a hytEl So use

of a compressed alEBS$andthe introduction of a new training programme. The intention was to provide

HUE- Final report PAGEA7



RdEASA

European Union Aviation Safety Agency

helicopter passengers withnaEBShat could be rapidly deployed underwater, where deployment would be
simple and intuitive. While thiswasa significant step forward, issuesathg to the application othe UK

Health & Safety Executiviving at Work Regulations have meant that training in the usemipressed air

EBS in the U#nd other countries undertaking OPITO trainimgurrently restricted t@lassroom training and
shallow water exercises with no exercises conducted in the helicopter sim@aRITO, 2020) This fails to
provide trainees with the opportunity to use the EBS under realistic conditions (Coleshaw, 2016). In Canada,
compressed aifEBStraining using ahelicopter simulator has been successfully introduced (Brooks et al,
2010). Training in the use of emergency underwater breathing apparatus (EUBA/EBS) became mandatory in
Canada in 2018 ransportation Safety Board of Canada, 2015)

Other studies have wrestigated EBS performance under different operational conditibaber and McCabe
(2009) studied troops training to escape from a helicopter simulator configured to represent a military
CH124, with seating along the side of the cabin and just two exitspper personnel doand alarge cargo
door. All of the military participantsescaped fronthe invertedsimulator whenusingEBS, whereas only 58%
succeeded when escaping on a kre&old. This helps to demonstrate the benefits of EBS use in a high
fidelity training environment.

3.2.16Protection from cold

The immersion suit provides protectidrom cold waterduring a helicopter accident involving submersion

a number of waysDuring the underwater escape phase, the main role of the immersion suit isvent a
sudden drop in skin temperature and help to limit the cold shock respdiigagton, 1989)that could
otherwise lead to drowningsee 3.2.13). This is achieved by covering as much of the skin surface as is
practicable and keeping the wearer dryfollowing escape from the helicopter, the next challenge is to
prevent peripheral cooling which leads to a loss of manual dextegtip strengthand muscle strength
(Vincent and Tipton, 198&5eisbrecht et al, 1995)making it increasingly difficult taacry out survivatasks

such as grasping a painter line, boarding a life raft or helping others in the wa&iémming failure can also

be caused by peripheral muscle cooling (Tipton et al, 19898)time in the water is extended, the insulation

of the immersion suit and clothing worn under the suit acts to limit heat loss and prevent the development of
hypothermia. Hypothermia should only be a high rigk those who are unable to board a life raft antho
remain in the water. A helicopter immersion suis also required to keep the wearer dry, with seals at the
face/neck and wrists, to maintain the insulation of the suitdamy clothing worn under the suit.

An interesting case study (McCallum et al, 1989) looked atdages of ecidental immersion ypothermia,

both occurring during the same aircraft ditching. One victim survived while the other patient died despite
identical immersion time and environmental conditionfhe most important discriminating factowas
skinfold thickness, reflettg the difference inbody fat betweenthe two individuals Any advantage that

body fat provides in protecting the individual from cold exposure must be balanced against the ease of
escape from the helicopter. Body fat will tend to increase body size and incbeagancy, decreasing the
ease of escape but increasing the chance of survival once on the water surface.
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In line with this thinking, a study investigating escape from submerged vehicles (McDonald and Giesbrecht,
2013) ompared different clothing ensemdd and their effect on exit time and difficulty in 20C and 8 C

water. They found that whilex preinflated personal inflatable vest worn over a winter jacketated the

most perceived exitmpedancecompared to controlsinsulatedflotation jackets ad overalls did not increase

exit time or impede exit during egress frame submerged vehicléut were beneficial irprovidingthermal
protectionandinherentbuoyancy

One further hazardelated to cold water immersion isircumrescue collapse, when an individual loses
consciousnessluring the period of rescue and recoveryrlhis condition accounfsr some cases where an
individualis apparently conscious in the water when rescuers arrived on scene, but who does nee shes
recovery procesgGolden et al, 191). This is thought to be due to a number of factors including a sudden
drop in blood pressure on being lifted from the water, as the hydrostatic pressure exerted by the water is lost
(this effectis most promineat when an individual is lifted in a vertical postyrend an 'afterdrop’ in body
temperature following prolonged immersion in cold wateiThis has led to SAR crew using double strops to
achieve a more horizontal lifting position.

While a modern heligater immersion suit, with an appropriate level of thermal insulation for the operational
environment, will provide generally good levels of protection from cold shock, parts of the body remain
exposed, at least during the underwater escape. The facesisuma that always remains exposed. The rest

of the head and the hands are protected by a hood and gloves, but these will not necessarily be worn during
the underwater escape phase.

A recent study(Madu et al, 2020)nvestigated the influence of cold etk on theendurance tims of a
compressed air EB varying the amount of skin exposed to cold watewerall, it was found that a lower
water temperature and increased area of skin exposure reduced the predicted endurance Timed&=BS

stated to havea capacity of40-55 L, was worn with a helicopter immersisait and underclothing, gloves

and hood. Subjects were instructed to bredtbld for as long as they could before then breathing from the
EBS for 90 sWhen exposed to coldiater at 8 C he mearpredicted endurance timéased on a maximum
breaththold plus 90 s breathing from the ERfBrreased fron2 min 39 s when the suit was worn zipped up
with hood and mask donned, to 1 min 1ivben the suit wasunzipped and the hood and face mask not
worn. (N.B. Members of the Canadian offshore workforce are allowed to carry a diver's face mask, worn on
the arm during flight, for use in the event of underwater escap&hey pointed out that the corresponding
reduction in mean breatimold time, from over 5& under control conditions down to 10 s under their worst
case conditions, suggests that the cold shock response predominated over the opposing dive reflex (the dive
reflex results in an increase in breathld time). The authors therefore stressed thenefits of wearing an
immersion suit zipped ugompletely with the hood donned in the event of cold water exposure, while
acknowledging that this is a problem for long flights in a waalicopter.
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Policies in different European countries still vary witlyaied to the question of whetherraimmersionsuit
should be fully zipped up during flight. This decision is influenced to some extent by the desigreasion

suit worn and the level of insulation providedhe immersion suit ETSOs (EARR6a; 2006prequire an EN
ISO 15027 ClassiBmersionsuit as a minimumPassengers in Scandinavian countaesrequiredto wear a
helicopter suit with a higér level of insulation to take account of low sea water temperatures during winter
months. Norwegian Oiand Gag2004 as amendedjow require an integratedmmersionsuit meeting EN 1SO
15027:2002, Class A, with some further tightening of the requirement to include the effects of Wiy
tend to prefer a immersionsuit that can be worn with the zip undorte reduce the likelihood of thermal
stress when cabin temperatures are warm. This presents the problem that a passenger may not have time to
fully seal theimmersionsuit in the event of a water impact accidenthich commonly occswith little or no
warning. In this event thé@nmersionsuit could quickly fill with water and compromise the thermal protection
provided by theimmersionsuit. Passengers flying in the UK sector switcheoh an immersionsuit that
could be left with the zip partially opeto one that remained fully sealed during flight following tleTIGH
Cormorant Alpha accidenfThe immersionsuit of one norsurvivor was found to have taken in a significant
amount of water while it was stated that most of the passengers had the cearipalup to at least 3 inches
from the top' (AAIB, 1993); enough of a gap to allow a significant ingress of water into theFslitsvon
work undertaken by the RAF Institute of Aviation Medicara included in the RHOSS report (CAA, 1995)
looked at theeffect of leakaganto immersionsuits. They foundhat an unzippedmmersionsuit leaked 11
water during a20-minute test, compared to 0.Bwith the immersionsuit zip fully closed.

It is well documented that water leakage reduces the insulationlathingworn under an immersion sulit
(Allan et al, 1985; Light et al, 1987; Balmi and Tipton, 1996, Tipton, 188#).et al (19853howedthat a
leak of 500 goroduced amaverage loss of 30% of the initial insulataimmersionprotection clothing, vhile
1000 g leakage resulted in a 40% loss of insulafitwe. location of a leak can have a significant effect on the
consequent deep body response to coolifigptonand Balmi1996; Tipton,1997), with a leak to the limbs
being far less critical than adk to the torso.Leakage due torammersionsuit not being fully zipped is likely
to result in leakage over the torso, with a high risk of body coollitge insulation of clothing worn under an
immersion suit can also be reduced by dampening due to sngéLight et al, 1987), although the advent of
breathable immersion suit fabrics has provided a means of mitigation for this prdhligint et al, 1985)

One further point addressed in the RHOSS report (CAA, 1985) was the fact that crew would nohbdue t
zip up while coping with an aircraft emergench.is therefore more important that therew fly with a fully
sealed immersion suit.

The problem for designers and users remains, with a compromise to be made betwegpedup
immersionsuit that will not leak and a immersionsuit that can be left unzipped in warm cabin conditions.
This issue could be greatly helped by the wider and more efficient use of air conditioning within helicopters
(EASA, 20H).
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It is recognised that helicoptesccupants, and in particular the crewnay experience a degree of thermal
discomfort and stress during flights in the summer montGsl and Mekjavik, 198Faereviket al, 2003,
Faerevik and Reinertsen, 200Bucharme, 2006 The cabin of a helicopterogs not suffer from the same
degree of 'greenhouse’ effect as the cockpit but can still reach values as highGaar28ient (Taber et al,
2011).Two studies have been conducted to investigate whether helicopter occupants who are warm due to
wearing an imrersion suit in flight are compromised in the event of an emergency and subsequent cold
water immersion. Faerevik and Reinertsen (2012) found that, when wearing a dry suit, initially iskised
and core temperatures resulted in faster cooling rates dutirgfirst 10 min of immersion, but no difference

in thermal responses compared to controls after 2 houfaber et al (2011linvestigated the effect of two
ambient temperatures (21C and 34 C) on the performance of underwater escape skill sets. Naimment

in performance was found, although it should be noted that mean core temperature fell slightly in the
thermoneutral condition and only increased by GClin the hot condition. The authors commented théte'
thermal loading experienced by the paifiants of this study was related more to a perceived level of comfort
than an actual increase in body core temperature that would influence perforrhafdey concluded that no
decrement in escape performance should be expected during the first 90 raiflight.

When considering the protection of the hands to maintain manual dexterigficbpter immersion suits
generally have gloves that are held in a pocket of the suit. They are provided to protect the hands in the
event of an accident and consequemmersion in water. Occupants are unlikely to ddhe gloves before
submersion, both due to a lack of time in many accidents and due to the problem that thick gloves will greatly
reduce manual dexterity andouldtherefore hinderthe escape processlhis presents manufacturers with a
challenge to design gloves that provide an adequate level of thermal protection, but which do not impair
dexterity to the point where they will not be worn when needed. This generally results in a compromise
situation, meaning that some tasks may still have to be completed without gloves worn.

Even the act of donning gloves is impaired by cold. Mallam and MacKinnon (2011) found a significant
difference between donning times iwarm (20C) compared tocold (4C) water, taking 46 s and66 s
respectively. Problems found included loss of grip strength and tactile senses, inability to get hands into the
glove and difficulty using Velcro wrist straps. The almost 10% decrease in grip strength also resulted in slower
times tocomplete bare-handedtasks including PLB activation, ancillary buoyancy deployment and donning of
the sprayhood.

For those who do not reach a life rafhd thus remain in the water, the helicoptenmersionsuit is required

to provide thermal protection guivalent to4 h when exposed tavater with a temperature < 2C(ETS©
2C5@, ETS2C503 EASA2006a;2006b). Approval testing of an immersion suit means that it has been
proved to meet this minimum requirement, when tested in calm waterell emerg@cy conditions, the sea
water temperature may not be as low as@, but different environmental conditions such as wind and wave
will reduce the effectiveness of the thermal insulati@uEharme and Brooks, 1998ower et al, 2015 This

is another sitution where a compromise has to be made between providing the best level of insulation for
the expected conditions in the event of immersion, and designimgremersiorsuit that will not be too warm
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during flight. The immersion suit standardsTSE2C5@ and ETSE2C503EASA, 2006a; 2006b) are currently
being revised. The new requirements will allow four different levels of thermal protection, to provide more
flexibility and allow crew in particular to select an appropriate level of thermal protectiorthigir local
environmental conditions.

It has previously been recognised that impact injuries frequently impairipgsact survivabilityNuller and
Bark 1993).0One factor may ba decrease in metabolisand reduced shiverinfpllowing trauma, along with
shock that can impair performanceAn example is théadly injuredsurvivor ofthe 2009GGZCHaccident
(TSB Canada, 201@yho cooled more than might be expected, despite the thermal protection provided by
hisimmersionsuit.

When considering whethedUETresearch trials are fully representative of the real situation, there are many
cases where the clothing worn by test subjects differs from that worn by helicopter occupants, due to
convenience, but also due to the water teemature of the pools where helicopter simulators are operated.
This water temperature tends to be dictated by safety and comfort considerations relating to emergency
response training. Immersion suits worn dursgchtrials tend to be those in generabe in the jurisdiction
where the research has been undertaken. While fully insul@tedersionsuits are used in Scandinavia and
Canada, for example, those used in the UK have tended to incorporate thermal liners that can be removed.
Some reports detail #fact that the liner was worn (Coleshaw, 2013) wdaex others make no mention of an
insulation layer. In some cases standard offshore clothing has not been worn; in the case of the work
undertaken for ShelMills & Muir, 1998h) boiler suits were wornnder “a typical survival suit Conversely,
laboratory trials of, for example, thermoregulatory responses where the temperature of the water can be
controlled, allow the investigators to use representative clothing under the immersion suit being wdna by t
trial participants(e.g. Barwood et al, 2010)

3.2.17 Occupant anddst subject demographics

One area of concern voiced bthe accident investigatarinvolved with the2013 GWNSBaccidenton
approach toSumburgh (AAIB, 2016) wHe influenceof passengedemographics on successful egress from

an inverted helicopter. In 2010 the Honourable Robert Wells, reporting on Phase 1 of the Canadian 'Offshore
Helicopter Safety Inquiry' (Well2010n) stated that in his view'it would be an advantage in any such
ememency to be physically fitand that this, together with mental preparation, would help to engender
confidence in surviving a water impact accideffhe sole survivor identified his age, fithessidgood health

among thefactors that made a difference s survival (TSB Cana@810).

The majority of passengers in civilian (commercial) helicogiegsmembers of the offshore workforcd@he

first time that the UK offshore workforce is known to have been surveyed was in 1985, when Light and
Dingwall masured the basic anthropometry ofi8 male workers and found that they were heavier and had

a higher percentage body fat than tleguivalent onshore populationAccording to Light and Gibson (1986)
45% of the offshore populatiowere overweight and 5% olse. Percentage body fat was found to increase
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with age (Light and Gibson, 1987) with those in their 20s having a mean body fat wic2é&singo 30% for
those in their 40s.

Helicopter operators use a standard passenger mass to estimate the helisopiight and balance In

2005, aUKsurvey (CAA, 2005b) suggested that average mass for a male passenger, not wearing an immersion
suit, had increased from an earlier figure of 79.4 kg up to 87.6 kg. Based on a 95% probability, the standard
passenger mss for a helicopter carrying 10 to 19 passengers was increased to 98 kg (including 3 kg for the

mass of an immersion suit and associated equipment) for males, and 77 kg for femalexr&éase in mass

points towards the changing demographic of the ofishworkforce.

A study of the size of the Atlantic Canaaféshore workforce(Reilly et al, 2015)as conducted to address
concerns about the correct sizing of immersion suits following the ZBGZ CHaccident (TSB Canada, 2010;
Wells, 2010). Measuresere taken from just 42 participants althougtnlike the previously mentioned
studies, those taking part included both men and womé&he dimensions of thearticipantsdemonstrated

an increase with suit circumferences increased by as much as 246vartical measures (stature) increased
by 14 mm to 41 mm, and horizontal measures (bthg) increased by 15 mm to 37 rhmin this group, the
500 percentile body weight38 male and4 female subjecty was85 kg, with the mean body weight for men
only beirg just over 90 kg. Concerns remained about the sizingrokrsionsuits for smaller subjects.

Only one historic study of the anthropometry of helicopter pilots was identified (Light et al, 1988). The
authors found that thesample data for thénelicopter crewresembled data for sedentary onshore workers in
terms of height, weight and body fat, although the pilots were on average older than the comparison group.
When compared to UK offshore workers (Light and Gibson, 1986), a lower percentage of crew were
overweight.

It was not until 2014 that a major survey (Ledingham et al,.52®as undertaken which would update the
data generated by Lighet alin the 1980s(Light and Dingwall1985; Light and Gibson, 198887)for a
European (UK) offshore workforceAs an example, the B0percentile weight had increased froi#6.1 kg
(Light and Dingwall1985) to 89.6 kg (Ledingham et al, 20M&¢mbers of theoffshore population waagain
shown to be larger than their onshore counterparts, witleam bideltoid bredth and chest deptbof 51.4
cm and 27.9 cmespectivelycompared with 49.7 cm and 25.4 cm in the UK population as a WBtéevart et
al, 2015) A total of404 male offshore workensere measuredisingthe 3D scanning techniqudsy Stewart
et al (2016) Body morphology explained up to three quarters of the likelihood of successful egress through
the minimum sized escape windaowith the best predictorsof egress succesgingweight, bideltoid breadth
and maximum chest deptfsee also 3.2.4)Differencesn body flexibility andegresgechniquewere thought
to have explainedome ofthe variance.

A paper by Stewart et al (20&yhas moved the thinking away from looking just at height and chest girth to
defining a range of different somatotypes for offsk workers determined using whelgody scanningThey
proposed that this body shape information could better inform immersion suit design and lead to better suit
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with less trapped air Predicted buoyancy forces were shown to be greatehimaviersubjects (Stewart et al,

20171, which may impede their ability tescape froma submerged helicopter This ledhe authors to state

"how buoyancy impacts underwater egress should be the focus of further research, because it is possible that
some individuals my exceed the safe limit that must be overcome to enable escape from a submerged
helicoptet'.

Academic laboratory studies tend to use young, fit and healthy test subjects due to a combination of ethical
and safety considerations, volunteer availabilitgd a certain amount of subject sedtlection, particularly
when participation is likely to be physically demandmmgstressful That said, much of the research that has
been undertaken to specifically investigate helicopter underwater escape is condatted emergency
response/survival training facility with access to a helicopter simulator for underwater escape trials. In many
cases, study participants have been drawn from members of the offshore workforce attending the training
centre, meaning thathe test subject group demographic is more likely to be representative of the helicopter
user population. Even so, the same factors of safety andel€tion will remove some individuals from the
participant mix, particularly those who are less phy$jc.

A Taber and McGarr (2013) study found that female participants required significantly more assistance to
open the exitduring training exercise$n 5.8 % of casesompared to males requiring assistance in less than

1 % of cases. No size onéiss data was collectdtbm the traineesso it was not possible to confirm whether

this difference was linked to factors such as strength or m&&silarly, Millam and MacKinnon (2011)
reported that all four failures to jettison an exit related to feraatlest subjects df generally smaller
morphology in relation to other subjectsHowever, a 2014 studyy Taber and Sweeney fourtkdere was no
significant difference in the forces generated by the male (n=7) and female (n=3) participgain, it was

not possible to relate this finding to body size or strength.

3.3 LifeRafts

3.3.1 Liferaftissuesin accidents
The review of accidents highlighted a number of issues relating to life raft performance.

One of the life rafts deployed in the-GGH accident (AAIB, 1®%uffered major damage but still provided
some support for survivors, despiteeing only partially inflated and despiteverturning several time<One
survivor attempted to assist another passenger into the life raft but was unsuccessful. The otharftlife
(mounted inside the cabin) was not deployed.

Severe problems were experienced by the survivors 6DBRin the accident southwest of SolalB Norway,

1998) when the life raft on the port side was blown under the tail rotor resulting in the poaattione
chamber. Several occupants fell overboard as a result and some chose to swim back to the helicopter. All
occupants of the port life raft eventually returned to the helicopter cabin. The life raft on the starboard side
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was blown onto the roof oftte helicopter hindering deployment and boarding. Three passengers eventually
boarded the starboard raft with the pildh-command. All were rescued after one hour.

In the GTIGK ditching southwest of the Brae Alpha platform in 1995 (AAIB,,12%8gnges onthe port side
of the aircraft had problems with the life raft blowing up against the open door, making boarding diffidult.
boarded the starboard life raft. HE lower chamber dfhe starboardife raft was punctured, apparently due
to contact wth the edge of a floating door.

Following the GISAR accident in 2006 (D3&10), neither the flight crew nor the rear crew deployed the life

rafts before ordering evacuation of the cabin, resulting in all of the passengers and crew evacuating into the
water. It was only later that the winchman attempted to manually deploy a life raft from the sponson. He
was unsuccessful and it was noted that his training had covered location of this handle but not operating it.
As a result, all of the passengergiawo of the crew remained in the water without the protection offered by

a life raft. Water temperature was approximately 12 Fortunately, they were rescued from the water after
approximately one hour, with one passenger suffering from hypothermize &ccident investigators
considered that if lessons from previous successful ditchings had been learned and passed on in crew
training, the crew may not have decided to evacuate into the water. However, it was also recognised that the
SAR crew were nouficiently trained for a ditching with passengers.

Issues with the deployment of life rafts were experienced following tHRERDU evacuation in 2009 (AAIB,
2011). The port life raft was deployed from inside the cockpit by thpilog but the pilot wasunable to
operate the starboard life raft deployment-fing behind his seat as he was occupied in shutting down the
aircraft and the rotor blades were still turning at this stage. Passengers thought that the port raft was slow to
inflate, restricted by vdous lanyards, and therefore attempted to assist with its deployment. It was later
realised that the lower chamber had not inflated due to damage caused by shattered and sharp-iadoon
reinforced plastic fairings. Passengers attempted to deploy ttagbeard life raft using an external
deployment handle but were not successful; the life raft was manually removed from its housing after which
it inflated. Once in the life rafts the long retaining lines, designed to keep the life raft with the airvea,

cut when the life rafts drifted to a position where they were at risk of being struck by the stationary rotor
blades. The occupants found it difficult to find the knife needed to cut the retaining line due to the low light
conditions. Despite traing in its use, the occupants did not deploy the life rafts' sea anchors; it was thought
that their use could have limited the drift of the life rafts caused by the rescue helicopter's downdratft.

In the May 2012 @REDW ditching (AAIB, 2014) both tiddts were deployed by the crew. The passengers
jettisoned the main cabin doors, presumably in response to theflgbt briefing and training. All occupants
evacuated through the starboard cabin door and boarded the starboard life raft, with those qothside
reacting to theperceivedslow inflation of the port life raft. Once agaihe long retaining line was cut due to
the proximity of the life raft to a pitching main rotor blade, causing the life raft to drift away from the
helicopter.
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In the ctober 2012 ditching of @HCN (AAIB, 2014), the port life raft inflated on top of the sponson,
restrained by tangled mooring and rescue lines which had to be untangled. This was another incident where
one of the life rafts drifted, in this case under thal rotor, causing concern about puncture and resulting in

the long retaining line being cut.

In the GWNSBaccident (AAIB, 2016) both life rafts were deployed by theilob, using the Erings on the
bottom of the sponsons. The ilot and apassenger attempted to manoeuvre one of the life rafts to some
other passengers in the water, but were unable to reach them. Five passengers thus remained in the water
until rescued. The life rafts were observed to be slow to inflate and painter lines tapgled.

3.3.2 Researchinto life raft use

Concerns have been raised over the years regarding the performance of helicopter life rafts (Anton, 1984;
CAA, 1984; Kinker et al, 1998; Brooks and Potter81¥&oblems identified include

1 difficultiesin deployirg a life raft stored within the cabin;

1 life rafts blowing against the side of the aircraft, making it difficult to board,;

1 life rafts blowing away from the helicopter;

1 puncture of the buoyancy chambers, by shaipectsor blade strike when tethered by a jpaer.

While some of these early reports relate to military equipment, the reports mirror findings from more recent
civilian water impact accidents (secti8r8.1.).

Studies have shown that helicopter occupants find direct entry into the life raft-gloog'), to besignificantly

less difficult than the process of entering the water, swimming to the life raft (attached by its long painter)
and subsequent boarding (Brooks et al, 1997; Brooks et al, 19B8yoks et al (1997, 1998und an
advantage forevacuation on the windward side of the helicopter, based on time and difficulty. To leeward
there were problems of paddling or swimming away from the aircraft. On the windward side, the occupants
did not have to swim away due to the drift of the helicopt& comparison of two different designs of life raft
(Brooks et al, 1998), those with either an inflating or #igifatable canopy found that the inflatable canopy
type had the disadvantage that it did not always inflate the correct way up, requiringpartecipant to
undertake the difficult task of climbing onto the life raft and righting it. It should be noted that the righting of
an inflatable canopy life raft may not be possible when it is attached by the short painter. Brook398)l

also madehe important point that painters needed to be relocated to allow the life raft to be hauled up tight
to the fuselage without the boarding ramps being in the way.

Differences exist between the ability of men and women to board a life raft (Tikuisis 20@5). Men
demonstrated an~ 90% success rate in boarding a life raft ethex-side compared to an ~ 70% success rate
for women. Less pronounced differences were found when using either a boarding ladder or ramp. A
boarding ramp was found to be the siast and quickest boarding method, with no gender differences fsr th
measure Greater srength and height were positive attributes for boarding the life raft using a ladder, with
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men found to board more quickly than women. Tikuisis et al also concthdedheavy layers of wet clothing
or loss of muscle strength can easily compromise an individual's ability to board a life raft.

Thestability of a life raft in strong winds depends on the number of occupants, with a fully occupied life raft
being moregable than a partly occupied one (Birciu and Grabski, 2011). These authors also pointed out that,
on boarding a life raft in strong winds, the survivors should occupy the windward side of the life raft first, to
minimize the danger of capsizing. In a paliyi occupied life raft survivors should always occupy the windward
side. The RHOSS Report (CAA, 1995) described events followiad G&Cormorant Alpha accident (AAIB,
1993), when a damaged and partially inflated life raft was overturned on sevetakions in heavy seas,
tipping survivors back into the water. It describes hoafter the life raft had been released from the
helicopter, survivors'spaced themselves evenly aroutgicircumferencé and were then able to maintain it

in a fairly stable stte, enabling at least one survivor to climb on board.

3.4 HUET Training

3.4.1 Benefits of helicopter underwater escape training

An early study athie Naval Centre, Norfolk, USAvestigatedhelicopter crashes into water from 1969 to
1975, involving more than 400 men (Ryack et al, 1986). Deslfaittk of good fidelityn the Dilbert Dunket,
they reported that "Bwer than 8% of those who had received training in the Dilbert Dunker dgetlin
crashes, compared to more than 20% who had'.ndthey considered that the training provided individuals
with familiarity with the crash environment and confidence in their ability to cope with the emergency
situation. The confidence provided by theaining was considered to be paramount. HUET training for all
navy helicopter crew members was recommend8uhilarly,Rice and Greear (1973) commedthat dunker
training had markedly enhanced the chance of survival of helicopter occupants having t® amak
underwater escapeThey considered that successful escape depéengon reflex actionsvhichwere best
achievedwhen usinga representativehelicopter simulator recommendng that realistic underwater escape
training should be implementedBrooks andTipton (2001) cite a 1978 study by Cunningham investigating
military helicopter accidents from 1963 to 197®f those who had undertaken an underwater escape, there
was a 91.5% success rate for those who had receainading in escape techniques compareedonly 66% of
those without training.

Hytten (1989) interviewed five crew members from a rescue helicopter who survived a craaltoitblake.

One untrained crew member died. His colleagues observed that he had shown a panic reaction causing him
to swallow fuel. This was put down #lack of training. He was also a poor swimmer and was wearing
inadequate clothing resulting in hygieermia. Of the five survivors four were reported to have received
simulated helicopter accident training prior to the cragshwasconsideringhat the training "was of decisive
moment in their escape and survitaBenefits of training cited by theusvivors included the development of

reflex actions, an understanding of what to do, an ability to stay calm and not panic, and the development of
a behaviour pattern that the individual could activate in the real situatigfhile it was found that none of
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the survivorshad carried out the exact behaviours they had been taught in training and the real situation was
very different from the simulator experiencéraining hadprovided seHconfidence and the ability to cope
with the real situation (Hytten, 199.

In the early daysf training civilian passengers to work offshore in the NorthtBeaethos was to traiffior a
controlled or nearly controlled ditchinUrquhartandCross, 1980)making the training as realistic as possible
to ensure that survival was not left to chance, but without terrifying the participatdsquhart and Cross
considered thattraining should be designed to build confidence and culminate in exercises thatl woul
improve the chance of escape in a real acciddnt1989, Brooks pointed out that helicopter escape training
cannot be carried out in a classroom, commenting upon the fact that even experienced diveus@ised at

the profound disorientation experiecedwhen first undertaking an underwater escafgiowing capsizén a
helicopter simulator.

Two survivors from the Cormorant Alpha accident in 1992 considered that the HUET training they had
previously undertaken had been good value and had contribtitetheir survival (CAA, 1995)ln 1995,
Benhanet alstated that it is becoming accepted that the more realistic training is, the more beneficial it will
be in a real situatioh Hognestad (1997) discussed the value of HUET as a powerful tool in tiséetrah
learning.All of this is dependent upon not only the fidelity of equipment but is also a question of whether the
procedures being followed are representative of the real situation.

3.4.2 Fidelity of training

The fidelity ofHUETtraining has receivediuch attention over the years, with increasing emphasis placed on
creating a realistic training experience which more accurately simulates the conditions that may be
experienced in a real emergencyn recentyears demands to improve training fidelity fia come from two
major reviews of helicopter safety (Wells, 20TRAA, 2014).

Following the 2009 fatal accident in Canada, Wells (@01€ported how the one survivor considered that
previous experience of sailing and being submerged in cold water heipetb survive, reducing his level of

panic after the crashWells considered that that HUET and ER#ing were necessarybut should not be so
rigorous as to pose safety risks However, he concluded that HUET and sea survival training should be
corducted with greater fidelity, including more realistic sea conditions (N.B. Sea survival training is conducted
in the sea in Canada, rather than in the more controlled pool facilities used in Europe). In 2014 the UK CAA
(CAA, 201precommended that OPIT&hould 'feview and enhance its safety and survival training standards
with regard to the fidelity and frequency of training providedrhey alscecommendedhat underwater
escapetraining should be undertaken usingorst case' exits

The current OPIT@&mergency response training (BOSIEPITO2020 is based on the principle of parask
training, building up skills so that trainees gain confidence as the tasks become more cdRgsearch into
aviation training has suggested that whabesk trainingmay result in maximal learning for expert pilots but
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that this is not necessarily the case for novice students (Noble, 2002)}ta&rtraining is thought to be
particularly beneficial to both novice (Noble, 2002) and low aptitude individuals (Wightb®83) who may

not be able to overcome problems and who can become confused in wasketraining. In a high fidelity
training simulator novice pilots became overwhelmed (Noble, 2002), performing better in atgsirt
simulator. Noble suggested that parask training can build confidence in procedural knowledge while
improving learning from mistakes. Wightman (1983) suggested that segmentation of a task allowed early
proficiency to be gained and permitted errors to be corrected. Once tasks have beet) iesrthen highly
desirable to bring all the components together in a training scenario that more closely represents the real
emergency situation, whilst limiting the level of hazard to which trainees are exposed (e.g. underwater
escape following cap®z with trainees deploying thelEBS releasing the seat harness, pushing out the exit
window and making their escape).Achieving this takes time, and requires multiple exercises to be
undertaken in the helicopter simulator. If additional features ardexdito improve fidelity, such as the use of
crashattenuating seats or the inclusion of different escape routes across the cabin, then more exercises are
needed to ensure that confidence and required competence levels are achieved.

Abernethy (2005) compad algorithmic training (learning prdefined stepby-step procedures) with
heuristic training (learning concepts and then problem solving in the real environméite)discussed the
merits of both approachetr HUET but came down on the side of algdmihic training for those who do not
have the benefit of supplemental air (EBS).

According to Salakari (2011), transfer of learning is not just dependent upon simulator fidelity; the success of
simulator training depends upon welesigned scenarios, welkfined training objectives and goals, and high
motivation of trainees and instructors. Salas and Burke (2002) determined thatlével of simulation
fidelity needed should be driven by the cognitive and behavioural requirements of the task andethe lev
needed to support learnifig They considered that there was a need to assess performance and provide
feedback. Taber (2014) considered that varying the task requirements would benefit future performance,
including escape from both sides of the cahbnudrom different locations.

A number of authors (Abernethy, 2005; Coleshaw, 2010, Mills and Muir, 198@er, 2016Wells, 2010

have discussed the issue of higher fiddligficopter underwater escapeaining andmost concluded that this

is easierto achieve where just one helicopter type is used by the trainee population, in which case aircraft
specific training can be provideth Eur@e, most helicopter simulators are generic and do not simulate a
specific helicopter type, although some have fhaeility to use specific exits if requested by a clieGeneric
training simulators will not fully address the different mechanisms tioe operation and jettison of
emergency exits in different helicopter desggandmay also fail to reproduce seating layoutgith the
distance from seating to exits difieg between helicopters. Taber (2014) stated that the use of generic
helicopter simulators was sufiptimal and that such training would not necessarily guarantee imditiduals
could generalise the knowledge gained in a low fidelity environment to a different situation in the real
environment. Perhaps as a result @feneric helicopter simulatoysthere is little evidence of research
undertaken to investigate the eftts of different layouts, seating and exits on training outcomes.
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One exception ishe workundertaken in Canadto investigatethe fidelity of S92 pushout windows used in
HUETtraining (Taber and Sweeney, 2014; Taber et al, 202017. Thishas hghlightedthe high forces
needed to jettison the exitésee 3.2.8)What is apparent is that the forces needed to jettison the windows
from the helicopter simulator are much less than those needed to jettison the real escape windows§in a
92. It was poited out (Taber et al, 20Dbj that a balance was needed betwedasigning simulator exits that
provided a level of realism in terms of jettison forces, and the need to ensure that sufficient trainees were
successful in their attempt to complete the traigin The latter is needed to develop confidence and coping
skills.

3.4.3 Development of coping skills

Successful escape from a capsized helicopter requires complex behaviours to be carried out (Robinson, 2016).
Without training, in a capsizeevent the helicoger occupant would be responding to a series of novel
situations in a highly stressful environmentelicopter underwater escape training helps individuals to
develop coping skills and behaviours that allow them to respond to the threat and undertakeitwetsthat

increase their abilities to escape if faced wiitis emergency situation.

In earlyunderwater escape trials conducted by Ryack et al (1986), anxiety was found to decrease as training
progressed,suggesting an improvement in the level of coping, which they felt provided support for the
effectiveness of underwater escape training.

Hognestad (1997) discussed the valuehelicopter underwater escape trainings a powerful tool in the
transfer of learning. Hecommented onthe ability to recreate potentially hazardous situations under
controlled conditions, allowing skills to be practiced in a safe setfidgally, traineesvere free to make
errors that couldresult in failure in a real accident, and could thereby learn from them. He considered that
reatlife situations could be replicated and that desired skills and knowletigeld be reinforced to achieve
desired learning outcomes.

Research has shown thatast individuals undertaking HUET training develop a positive expectancy for future
coping (Hytten, Jensen & Vaernes; 1989; Hatrial, 1996), with the greatest effect seen after initial basic
offshore emergency response training (Haetsal, 1996). Ofthe 78 participants in the Hytten et al (1989)
study, 88% considered that they were in a better condition to cope with a helicopteer impactafter
completing the training. Coping skills were thought to have been developed through repetition and leahtrol
action in this unusual situation. An increased confidence in flying was also reported by 78% of the subjects. In
the Harriset al study (996), 49% of trainees undergoing basic training stated that their confidence in
helicopter transport was increadewhile 47% felt no change in confidence. Of those undertaking the further
(refresher) training, the majority of trainees reported no difference in confidence in helicopter transport.
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Similarly, Taber and McGar(2013 48 dz33Sa i SR { K I -iatindi of Bohfidende duast siifificamtly t F
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significantly improved after completing practical training.

3.4.4 Stress due to training

A number of studies have iestigated the levels of stress and anxiety induced by helicopter underwater
escape trainingHarriset al, 1996; Robinson et al, 2008

A 1996 study comparedhe responses of those undertaking either basic or further (refresher) traifhitagris

et al, 196). Lower levels of anxiety were associated with greater perceptions of coping, emphasising the
need to develop coping skills and build up confidence in all delegafésile no age affect was found in
participants undergoing basic training, lower levels anxiety were found in the older participants
undertaking further training, suggesting that repeated experience of the training may be beneficial in
reducing stress due to training. However, the older individuals did find the training to be more degandi
than they had expected.

Mills and Muir (198) compared the effects of different levels of training on stress and anxiety. They found
that higher fidelity training, including inversion plus either the remoshlkxits or a cross cabin escape,
appearal to reduce stress and anxiety when a test escape susequentlyundertaken, compared to low
fidelity training with only dry training or partial submersion. However, lifggfidelity training induced more
inherent stress and anxiety during the trainipgpcess. Regardless of type of training, subjective stress levels
were lower after a repeat test escape, again suggesting that stress levels decrease with repeated exposure

Robinson et al (200&)vestigated the effects of HUET trainingstate anxiey, working memory and salivary
cortisol levels. She found thaworking memory performance was preserved during anticipatiotHofET
training (the acute stressdr but impairments were observed immediately after expostoethe stress.
Significantly higher state anxiety levelere reportedprior to training showing aranticipationresponse, and
following training. Sgnificant elevations in cortisol levels were observed 25 afiar exposure to stress, but
were not observed eiter before or immediately after exposur® the stres®r. This closely reproduces the
findings of Harris et al (1996)

A further study in 2018 (Robinson, 2018) used a simulated helicopter waperctto explore theeffect of a
neurotic personality on amitive processing under pressure. She discussed the fact that neuroticism is
characterised by anxiety, negative mood and proneness to distress while very neurotic people have been
found to cope poorly in acute stress situations. Participants undertookvéen four and sevenHUET
exercises with at least two submersions ameb capsizes. The results shedithat although exposure to
HUET dichave an effecton cognition, the decline iperformance was only seen one hour afteée HUET
exercise. Thus, while thimay have repercussions for rescue services managing victims following an
emergencyit is unlikely to affect cognitive performance during underwater escape.
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Other studies have shown that aerobic fithess may moderate perceived stress and improvedah Rdizl f Q 3
capacity to cope with stress (Ritvanen et al, 2007).

Brooks et al (2007) describe a systematic desensitization programme used to help a pilot with a fear of
undertaking the underwater escape training. The pilot reported how his confidence sedesnd anxiety
reduced as the difficulty of the escape exercises increased. This supports the practicetatkaraining,

which builds up skills and confidenaad reduces anxietiyn a progressive sequence of exercises.

3.4.5 Retention of training skills

Only a limited amount of research has been undertaken into the retention of helicopter underwater escape
training (HUET) skills. In Europe, most members of the offshore workforce only undertake repeat
'further/refresher’ training every3 to 4 years. Retining periods may be shorter for crew members, the
military and aircrew involved in SAR operations or medical evacuation. The frequency of training and the
level of skill decay and performance decrements that may occur between training sessions isréhefef
concern.

In 1996,an anticipated removal of regulations which had, up to then, prescribed HUET training every two
years, caused the Industrial Foundation for Accident Prevention in Western Australia to investigate an
optimum training strategy.They wished to address a concern that refresher periods were based on general
industry practice rather than being informed by empirical knowledge. As a result a study was commissioned
to look at skillsdecay and optimal retraining strategigSummers 1996 Summers pointed out that
declarative knowledge of a given skill aredl not necessarilyresult in procedural skill or the ability to
perform the given task.Procedural skills involve decisions about the correct actions to take and the order in
which these actions should be madeyas stated thasuch skills are easily forgotten if not reinforced.

Study participants were 158 offshore workers plus 1&anifitrainees. At the start of thetrial session, those

with previous training experience showed higher skills knowledge than novices, suggesting that some
knowledge had been retained from their previous HUET trainiBgth novices and those who were -re
training showed a significant degree of learning at the end of the trial training session. This suggests that
there had beersome decay iskillknowledgein the experienced trainees since their last training. The degree

of learning was significantly highin the novices, resulting in no significant difference between the groups at
the end of the training day. For the experienced trainees, those who had last completed training outside the
statutory 2-year period learned more than those whose last tragnimad been completed less than 2 years
previously, suggesting a relationship between retraining period and skills decay. However, the number of
times an experienced participant had undertaken HUET training did not affect test scores, supporting the
need o provide refresher trainingUnfortunately, this study examined skill knowledge but did not look at the
ability to perform the skills in questionummersconcluded that a tweyear training interval was too long.
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Shealso commented that it was quite psible that skill decay could have occurred within 6 to 12 months and
considered that this was an issue worthy of further research.

Mills and Muir (199a) also attempted to investigate optimum retraining periodad skills retention over
different time peiods, studyinghe complete HUET training coursgix groups oparticipants(52 in all) all
members of the UK offshore workforceere asked to undergo a test escape exereisker 6, 12, 18, 24, 36

or 48 monthsafter having complete standard HUET tiag at an approved training centrd@hey werehen
requested tocomplete a questionnaire used to evaluate their knowledge of the emergency procedures and
any difficulties encountered during escape. Some limitations of the study were acknowledged;asaly th
who were relatively comfortable with HUET volunteered for the study, while the type and fidelity of the
previous training varied considerablsesulting in different levels of competendy was considered that the
differences ininitial competency mayhave masked any influence of time elapsed since the last training
sessionon escape test performanceéhey were not able to identify the optimum point of retraining

A large proportion of the participants, regardlesstiofie since last trained, failed tperform the correct
actions for escape in the correct order. Many forgot to brace, forgot to locate the exit or released their seat
belt before removing the exit. The number of previous training sessions did not significantly affect
performance, althoughhere was a trend for the number of correct actions to increase with repeat training.
Those who had received prior training including the removal of representative exits reported fewer
difficulties operating the exit than those whose previous trainirgyrait involve exit removal, independent of

the time interval since their last training sessiohhe authors emphasized the need for refresher trairing
prevent the skills and knowledge decay obsensaw recommended a longitudinatudy’ to assess the
optimal retraining period for HUET skills (Mills and ML#9%, b). They also concluded that the quality and
fidelity of training provided was more important than the recency of the training.

In 2006,Kozeyet al confirmed that if suffi@nt training in a task is given, the learning will be retained for at
least 6 months. Thegemonstrated an improvement in inverted underwater escape performance 6 months
after initial training, achieved byncreasing the number of inversion exercises utalken duringthat training

(one exercise without a window and four with an escape window in place). Those who had no experience of
pushing outescapewindows duringthe initial training had a 54% success rate in the test HUET escape
Participants who hadexperienced use of pusbut windows once during training had a success rate of,81%
while the group who undertook four HUET inversiassg puskout windows during trainingdemonstrated a
success ratef 96%when carrying out the test HUET escape aftendhths. This research supported the view

that more exercises conducted during training, with greater fidelity (pmghwindows) will produce greater

levels of learning and skill acquisition.

A more recent study of skills retention focussing on the awpbf a correct brace position and correct heat
escape lessening postu(elELPYuring basic offshore safety and emergency response training (Hussin et al,

5 Aresearch design that involves repeated observatiorganficular individuals over prolonged periods of time
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2015). Based on 38 participants, it was found that the average skills test score had droppéd &6t&3
2months, and to 76% after 6 months. When the data was extrapolated, the authors predicted that the skills
level would be at 50% by the end of 3 years. The authors commented that the offshore industry did not have
a skills competence benchmark, libiat they considered 50% retention after 3 years to be acceptable.

Sanli and Carnahan (2018) questioned whethe50% decrement in skills by the time further training is
undertaken(i.e. Hussin et al, 2018)as acceptable or safelhese authors also ationed against generalising
findings relating to retention of single skills to learning from a mualy training course such as emergency
response training including HUET. They also commented on the approach used by Kozey ef)al (200
commenting that a greater number of participants that had completed practice of the more difficult versions
of the task passed the retention test, however the influence of practice task difficulty could not be
disentangled from the influences of more practice trials amilarity between practice and testing contekts

This demonstrates the difficulties placed on researchers attempting to investigate the many different aspects
of a complex task such as helicopter underwater escafstter reviewing literature relating to retention of
skills for a number of complex tasks involving movement s&ilsli and Carnahan (201&)ncluded that it

was only possible togkpect retention of skills for 6 months at best

When preferred retraimg intervals and competencies were safisessed by members of the Royal
Netherlands Air Force (Bottenheft et al, 2019), all considered that the interval between courses should
increase dependent upon the number of refresher courses undertaken. The mmactiew who were used

to a 12-month training interval preferred an initial interval of 11 months, increasing up to 22 months
between their third and fourth refresher courses. The regular flight crew, who were use@éerenth
training interval, prefered an initial interval of 22 months, increasing up to 33 months between their third
and fourth refresher courses. The maritime crew thus felt that as experience was gained, the training interval
could increase, whereas the regular flight crew preferresharter training interval than they were used to.

For flight crewin particular with lower levels of maintained competendeet selfassessment on the retention

of skills varied widely. Competence levels were perceived to be higher and showed low eddaiice
maritime crew, presumably due to their short retraining intervehe authors concluded that (for air force
crew) the HUET course interval should be made adagtivktailored to individual's needs.

Bottenheft et al (2019) also noted that faircrew, ease of escape may depend upon the aircraft type flown
and on the crew role.It was recognised that crew sitting in the back behind bulkheads may find it relatively
more difficult to escapdrom an aircraft compared to pilots escaping from theckpit. They considered that
this needed to be taken into account when determinthg retraining period.
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4. Analysisand Shortfalls

4.1 Brace position

While brace position is not aomponent of underwater escapand bracing is rarely mentioned in the
helicopter accident reports, the body position adoptedll influence thelikely occurrence of limb and neck
injuries. ltisalsoan important starting point for the escape process following water impact and capsize.

The literature review suggests thabrgeneric brace position has been mandated for offshore helicopter
operations. There are regulations relating to seating and harnessése C&7/29 acceptable means of
compliancefor ditching, AMC27/29.801(EASA, 2018a; 2018Isyates that ‘attention stould be given to the
avoidance of injuries due to arm/leg flailing, as these can be a significant impediment to occupant egress and
subsequent survivability This relates to the design of new helicopters, with suggestions including energy
absorbing paddig and no sharp edges. In the air operation regulations (EU, 2QE),IDE.H.20Eelating

to seats, safety belts and restraint systerstates that helicopters shall be equipped with a seat belt with
upper body restraint for use on each passenger géathelicopters first issued with an individual certificate

of airworthiness on or after 1 August 1999). Each flight crew seat is required to daeat'belt with upper

torso restraint system incorporating a device that will automatically restraireti@O dzLJF y i Q& § 2 N& 2
of rapid deceleratioh

The review of the research demonstrated that brace positions have been recommended for helicopter
passengersHarthelmess, 198@8rooks, 1989; FAA, 2016; Transport Canada, 206ch anecdotally rougy

match the brace positions recommended by operators and training establishmétigh backed seats with

upper body restraint harnessedetermine the upright position of thebody torso, in line with the various
recommendations. In all cases,hte feetmust be placed in front of the seat edge to prevent leg injuries due

to energy absorbing (‘'stroking') seat#\s regards head position, for forward facing seats the head should be
tucked down as far as possible (chin on sternum), for rear facing seatsetie should be placed firmly
against the head resfBarthelmess, 1988Transport Canada, 2016)However,there appears to be some
uncertainty andrecent controversyver theposition of the hands The Canadian Advisory Circlaransport
Canada, 201&ecommended maintaining a positive grip on the restraint system with the fingers, so that the
occupant was able to slide their hand down to the harness release when required. Concern has been raised
that occupants should not be grasping the harness asdbuld affect harness performance. In Europe, the
general advice given is to place the hands under the knees or to grasp the material of the immersion suit legs.
No publication could be found which explored the impact of the Canadian alternative boaiteip.

Further lesearch is thereforeecommendedo investigate two aspects of the brace position:
1. Whether grasping the upper torso harness impairs the performance of the harness
2. The effects of hand position on ease of accessing and releasing theshaamel ease of EBS
deployment.

Proposed fiture researchsee5.3.1.
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4.2 Seating

The report of the @BDES accident (AAIB, 1991) concluded that the collapse of passenger seats contributed to
the injuries and incapacitation afccupants. This accident occurred before the introduction of energy
absorbing (crash attenuating) seating.

Due to the potentialy high vertical accelerationsxperiencedin a helicopter water impagtseats arenow
provided with energy absorption systento attenuate the accelerationthat may be experiered by the
occupants designed to reduce spinal compression loadsl thereby reduce the risk apinalinjury. Moradi

et al (2012) state that due to the limited stroke availableseat designs'the design of the energy absorber
becomes a trad®ff problem between minimizing the stroke and maximizing the energy absdtptiaxed

load energyabsorbing systems were designixt the of 50thpercentile occupantwith respect to effective
mass),to ensurea tolerable stroke for the majority of occupants while not exceeding the stroke limitations of
the seats(Desjardins 2006;Moradi et a] 2012) This means that heavier occupants use more of the stroke
(and are more likely to bottom outesulting in lover deceleration, whereas lighter occupants use less of the
stroke but will experience higher levels of deceleration.

In the Canadian-GZCH accident (TSB Canada, 204®jch occurred after the introduction agnergy
absorbingseats,four of thepassengeseatsverereportedto have bottomed out.According to Taber (2013),

the crash attenuating seats used@GZCHvere designed for a standagghssengemass of 77 kgCurrent
Europeancertificationrequirements(EASA, 2020120209 state atCS27/29.56Za)that "l KS NE (i 2 N NI
must be designed to reasonably protect each occupant wii@:he occupant properly uses the seats, safety
belts, and shoulder harnesses providedthe desigi and when exposed to loadsquivalent to those
resulting from defined conditions The defined tests are required to be undertaken withn occupant
simulated by a 77 kg anthropomorphic test dummy, sitting in the normal upright posifiaroccupantnass

of at least77kg is also used ithe requirements atCS27/29.78%f) where 'each seat and its supporting
structure must be designed for an occupant weight of at least 77 kg (170 pounds) considering the maximum
load factors, inertial forces, and reactions between the occupant, seat, and safety belt or harness
corresponding with the applicable flight and ground load conditions, including the emergency landing
conditions of CS 29.5611(b)

Researh reported at 3.2.17(CAA, 2005kjlescribeda meanmassof 98 kgfor male passeigers and a mean
mass of77 kg for femalgassengergboth values arenclusive of3 kg for the mass of an immersion suit and
associated equipmet A Canadian studiReilly et al, 2015)escribed &0th percentile bodynasg38 male

and 4 female subject®)f 85 kg, with the mean bodgmassfor men only being just over 90 k3 .he occupant
weight of at least 77 kaused for certification purposesould therefore be below the average mass of a
member of the offshore workforce in Europe and North Ameritiacan be concluded that, witlixed load
energy absorption systems proportion of the seats occupied by heavier passengers and crew are likely to
‘bottom out' in a high impact accidenpias was found in th&GZCH accident (TSB Canada, 20I6)s has
implications with respect to underwater escape.
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The research undertaken by Taber andnarkers (Taber, 2013; Taber et al, 2015) suggested that helicopter
underwater escape from a stroked seat takes longer than escape from a seat in thel positian, but that

this may be influenced bypractice; in the 2015 studytraining staff had fewer problems thamere
experienced byhe test subjects in the 2013 studyCauses of difficulty included the ability to reach the exit,
as well as the crampegosition making it difficult to locate and release the harndssvas recognised that
deployment of some designs of EBS calibbe made more difficulby the cramped positionTaber (2013)
recommended that offshore personnel be trained to overcome itifluence of attenuating seats.

As a proportion of helicopter occupants in a water impact are likely to have to escape seat with a more
stroked position, it is important to fully understand the extent of the problem relatingstooking seats. In

the accident scenario, it is the heavier occupants who are more likely to have to escape from the lowest
position. Lighter occupants may not experience the fully stroked positionthmse with short staturanay

still experience problems reaching trexit from a partially stroked seat. In the Taber studies, subjects
escaped fromboth a stroked position andfrom a normal seat position. Only erhelicopter type was
simulatedand only one immersion suit system and EBS combinatiasworn by the subjets during the

trials.

Further researchis therefore needed to assess the effects of body mass and height on ease of escape from
stroking seats and further investigate the problems caused by the different seat positiagasecommended

that this research should also consider the effects of the stroked seat position on the ease of EBS deployment,
given that successful deployment could provide the time needed to overcome any difficulties due to escape
from the stroked sat.

Proposed fiture researchsee 5.3.2.

4.3 Seatharnessrelease

Evidence from the review of accidents shows that some occupants wheal failescape in survivable
accidens were found still in their segtwith the harness securedlt is not possible to determine whether
non-survivors had problems when attempting to release the harndstle evidence was found dfarness
failure in these casesIn the CGGZCH accident (TSB Canada, 2010), seat belt misgtsawere tested and
found to be operational. Thisuggess that the occupantsdrowned before they were able to release the
harnesg(no EBS wascarried by the occupants at this tirje

Some problems were reported with the release of lap belts in#880G-BDES accident (AAIB, 1991)ap
belts have nowargely been replaced by foymoint harnesses with dual directionrotary buckle and inertia
reel functions on the shoulder straps.

Some potential problems relating to harness functionality have bdentified during helicopter underwater
escape researclsee3d.2.3. Jamieson et al (2000, 200fbund problemswith harness release during trials
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where capsize angle was varied, thought to be due to uneven Igaatinthe harness release mechanism.
While this study was looking at a potential flotation system that would prevent full inveftsiersidefloating
concept) uneven seat harness loading could also occur in a helicopter which partially capsized due to
flotation system damage on one side of the helicoptefnecdotally, ocasional problems with harness
release are also experienced during routine helicopter underwater escape training when the trainee fails to
release the harnessOther research projects k@ highlighted cases where the four points of the harness fail

to release simultaneously, @ne point failed to release (Coleshaw, 2013; Taber, 2015). Taber (2053)
concerns that individuals in fully stroked seat positions found it more diffieulotate and operate the
harness buckle.Compatibility issues were also demonstrated by Coleshaw (2013) where interference was
observed between an EBS system and the harness straps and buckle, with the potential to impair the
performance of either one oboth items of equipment. While this research has been undertaken in
helicopter simulators, it is considered that the harness systems used are sufficiently realistic and
representative of the equipment used operationatity raisesomeconcern about harnesperformance in the
operational environment.

Air Operation RegulatioBAT.IDE.H.205 relating to seats, safety belts and restraint sydEm0123tates

that helicoptersshall be equipped with a seat belt with upper body restraint for use on eaclepgss seat

(for helicopters first issued with an individual certificate of airworthiness on or after 1 August.1999)
According toCAT.IDE.A.20&ach flight crew seat is required to hava Seat belt with upper torso restraint
system incorporating a devicé K & gAff [ dzi2YFGAOlIff& NBaUNIAYy @K
deceleratiofi. Further, seat belts with upper torso restraint shdieVe a single point releaseNo guidance

is provided in relation to harness releasd-ollowing a ruleanaking taskcoveringhelicopter ditching and

water impact occupant survivabilitfRMT.012Q) it was recommended (EASA, 2016a) tHaT S&C22g and
ETSEC114 should be modified to: (a) require testing of the release mechanism for correct operation under all
foreseeable loading conditions, including uneven loading; all of the harness straps must be correctly loaded,
based on a passenger mass that is consistent with current anthropometric data and other ETSOs, such as
those for life rafts.

It is therefore reommended that more work be undertaken to investigateth harness release under
varying conditions, andineven loading on a foypoint harness release mechanismrhis would help to

inform any amendments made to the relevant technical standé@EdsSA, 20@3 2003b)

Proposed fiture research:see5.3.3.
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4.4 Underwater emergency exits

4.4.1 General

The research described $12.4and 3.2.5demonstated that escape throughnderwateremergency exits is
affected by a number of factors including exit simeelation to body sizethe ease of operation of the exit
release mechanism and the equipment worn by the helicopter occupants.

4.4.2 Exitsize

Prior t02018, there was no regulated size for an underwater escape wir{de®3.2.4). The work of Allan

and Ward (1986) was the only research foymibr to 2014which attempted to investigat a minimum
aperture sizefor underwater escapebased on occupant size and ease of escdpeir datawas thought to

have beenused to inform theUK CAA guidance which followed (e.g. CAA, 2006). GWASB accident in
2014 simulated afurther review of the issue as part of the UK G##shore helicopter safety review (CAA,
2014),informed by the anthropometry data generated by the Stewart et al study (26fL6}fshore worker

body size Asdescribedin 3.2.4 as a resulta new seating schemwasmandated in the UK in 2014 (CAA,
2015c)aimed at ensuring thapassengers had easy access to an underwater emergency exit that matched
their body size

The scheme was subsequently incorporated into the EASA air operating rules for Helicopter Ofighore Fl
Operations (HOFQO) in hostile environments, which came into effeclulyn2018 in the form of new
Acceptable Means of Compliant® SPA.HOFO.165(fgDDecision 2016/022/REASA 2016; EASA, 2039
SPA.HOFO.165(h) states tHatl emergency exitsncluding crew emergency exits, and any door, window or
other opening suitable to be used for the purpose of underwater escape shall be equipped so as to be operable
in an emergency AMC1 SPA.HOFO.165(BASA, 2@b; EASA, 20)%rovides details of theriteria to be

met, matching passenger shoulder widths with the size of openings used for underwater esaatieer,
GM1SPA.HOFO.165(kates that the identification and seating of the larger passengers might be achieved
through the use of patterned akor colourcoded armbands and matching seat headrésts

In the case of new helicopter29.807 'Rssenger emergency exXit&) (EASA, 2018b) now states tlifaa
helicopter is certified for ditching, @ underwater emergency exinhust be provided'in ead side of the
rotorcraft, meeting at least the dimensions of a Type IV exit for each unit (or part of a unit) of four passenger
seats. However, the passenger séaexit ratio may be increased for exits large enough to permit the
simultaneous egress of twpassengers side by sideCS 27containsa similar requirement except tha
instead of a Type IV exitone underwater emergency exittat will admit a 0.48 m by 0.66 m (19 inch by 26
inch) ellipsé is specifiedEASA, 2018an each side of the rotorcraft for each unit (or part of a unit) of four
passenger seats.

Of the new rules and specification described, af@ngethat has not beerverified is the gnultaneous
egress of two occupantside-by-side, through an exit large enough to admit two 0.48 m by 0.66 m (19 inch
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by 26 inch) ellipses (see AMC 29.807(d); EASA 2018y therefore proposed that this be addressed by
further research into underwateescape from a helicopter cabin with multiple occupants

Proposal future researchsee5.2.2.

4.4.3 Handholds

A number of research papers recommended that haottls be provided in the cabin and close to exits to
allow the passengers to pull themselves to and through the exar{/Ahd Ward, 1986; Brooks et al 1994).

The benefits ohaving a handhold adjacent to an underwater emergency exit were recognised by the EASA
rule-making task group RMT.0120 (EASA, 201682018 a requirementwasadded to the Certification
Specifications and Acceptable Means of Compliance for both Small and Large Rot6&af807(d)(3)and

CS 29.809 (j)(3) (EASA, 2018a; 2018b), stating that each underwater emergency exit in a helicopter certified
for ditchingmust be provided with 4 suitable handhold, or handholds, adjacently located inside the cabin to
assistoccupantspassengers in locating and operating the exit, as well as in egressing from theTéist.
requirement applies only to new (post 2018) hepiter designs.

It would be useful to validate the potential benefits provided by the addition of Haoid(s)locatedclose to
the underwater emergency exsit

Proposed fiture researchsee5.2.1and5.2.2

4.4.4 Release of exits

The review of accidents provided evidence thatsomecases the force of the impactausedlistortion or
fracture of the airframeresulting in the dislodgement of the ex@&AIB, 1991; TSB Canada, 2014hile this
reduces or removes the need for occupants to have to jettison an exit, it is only likely to occur in accidents
where impact forces are high.

In most accidents involving capsize of the helicopter, the crew asdgngers must remove underwater
emergency exits before they can make their escapbere is evidence of crew having difficulty locating and
releasing the jettison handle of their underwater emergency exit (AAIB, 1990; FSIR, 2008a; AAIB, 2016). In
one of these cases (FSIR, 2008a) crew were equipped with EBS that provided them with more time to
overcome the problems.

Only oneaccident provideddirect evidence of helicoptepassengersaving difficulty or being unable to
releasepushout styleunderwater energency exitsAAIB, 201F In this accident, the majority of passengers
who removed escape windows reported that thiwds not easy and was significantly harder than they
experienced during trainirig In the case of survivable accidents where some paats did not survive, it is

not possible to determine whether failure to remove an exit contributed to the -sarvival of those
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individuals That said, it is know(see3.2.5 that the time taken to remove mexit increases the time taken
to escape (Muir and Mills, 1998) and reduces escape success rates (Bohemier et al, 1991).

While other emergency exit mechanisms are becoming more standardised with time, some problems are still
being experienced, such ascabin door jettison handle not being fouras it was obscured by a passenger

seat (AAIB, 2011). This case resulted in the door being slid open rather than being jettisoned, thereby
blocking two underwater emergency exits. This would have reduced thengdor underwater escape if the
accident had occurred in rough sea conditions and the helicopter had capsized during the evacuation.
Further problems with the jettison of exits were found in theOECN accident (AAIB, 2016; 8e&.5 over

issues which may or may not have been covered by training, and where the required action was not clear to
the crew in the accident scenario.

The esearch conducted by Taber et @014, 2017a, 2017jband King et al (20184described at3.2.5
demonstrated that high forces are required to remaue underwater emergency exit representionge of the
helicopter desiga currently operated by the offshore industriNo published resaerch has been undertaken
to date on other designs of helicopter being operategkrious concern@aber and Sweeney, 2014; Taber et
al, 2017b)were raised regarding the ability of helicopter occupants to jettison such exite event of a
survivable wéger impact

N.B. The research which has been undertaken to date has often involved more than one variable being
studied; making it at times difficult separate the causal factors and gain a clear interpretation of the results.

The certification specificationat CS27.807 and C39.809(EASA, 2020b; 2020state that 'the means of
opening each emergency exit must be simple and obvious and may not require exceptiorial Affo@

29.809 (b)(3) iii and AMC 27.807 (d)(b)(8)EHSA, 201& 2019)state that underwater emergency exits are
considered to be nowompliant if the exit does not meet the opening effort limitations set by FAA AC 29.809
(FAA, 2008). This Advisory Circular in turn states at (b)(1) tfitée"effort requied to open the exit is in the

range of 40 to 50 pounds, it is recommended that a person of slight stature, such as a female in the 90 to 110
pound weight range, be used for the exit opening demonstration/test. In any case, the average load required
to operate the exit release mechanism and open the exit should not exceed 50 pounds, and the maximum
individual load of a test series should not exceed 55 pdunds

The origin of the maximum loads in the FAA Advisory Circular (FAA, 2008) is not known. However, a historic
study undertaken by the FAA's Civil Aviation Research Laboratory (McFadden et al, 1959) invethigated
magnitude and direction of forces that che exerted when operating fixeding aircraft emergency és, to

provide criteria for the establishment of recommended practices and design standards as related to structural
reliability and operation of exitsThey were also reported to be interestedastablishing & crude range of

the subject's force capabilitywhen operating exitsThey measured the maximum forces applied toiriy

handles. When seated, pulling a rublmavered Dring with a 5 s muscular contractioriemale subjects
exerted mean fates of 53 Ib (left hand) and 69 Ib (right hand). Highecde were applied when standing
demonstrating that the forces that can be achieved are dependent upon the position of the person and their
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ability to apply load in that positionHigher forces werealso achieved when using a jerk action when
standing, suggesting that higher loads were achieved with a dynamic action. Maximum jerk forces were
thought to be limited by grip strengthAn earlier study (McFadden et al, 1958) found that the variation in
forces exerted between individuals was not only due to muscular strength but also differences in limb length
when lifting a handle at a fixed distance from the floor.

Research to date suggests that this 24.95 kg (55 Ib) maximum force required to jatdsmmdard ovewing

exit, in air, is much lower than the forces required to jettison some helicopter underwater emergency exits.
More importantly, it is not known whether the 24.95 kg (55 Ib) maximum force is appropriate for occupants
inside a flooded agh inverted cabimattempting to operate a pusbut style underwater emergency exibr
whether this is assessed when a helicopter is certified for ditchingyork is thereforerecommendedto
define an acceptable maximum jettison force for underwater emenyeexits.

Proposed fiture researchsee5.2.1.

4.5 Disorientation

Numerous research studies have demonstrated that disorientation is experienced by a majority of individuals
exposed to submersion and capsize within a helicopter (Bohemier et al, 1998; Cheung et ala2tieé8on et

al, 2001; Mills and Muir, 1998; RicedaGreear, 1973). These studies suggest that the prailemrelates

to locating the nearest exit to achieve a rapid escape, with severe disorientation causing corgasicand

a loss of direction

When considering how to reduce disorientation, angasure that prevents or delays complete inversion is
likely to have the most significant impacfThe certification specifications for new helicopter designs at CS
27/29.801(e)and C7/29.802(c) (EASA, 208 EASA, 2018low invoke scale model testirig irregular
waves as an acceptable means of demonstrating -gidshing flotation stability, and require a limitation
corresponding to the demonstrated sd&&eping performance to be included in the rotorcraft flight manual.
This is expected to improvéené capsize resistance in waveklayng or redudng the probability capsizelf
escape could be achieved prior to capsize the problendisérientation would be largely removed.
Disorientation was also found to be greatly reduced (Jamieson et al, 2000) By the siddloating concept
described in3.2.11 With their heads above water the occupants had time to orientate themselves before
making an escape.

In the absence of these measuresi®e of the other measures taken to improve safety may reduce the
problems caused by disorientation following capsize:

1 the successful use of EBS should provide occupants with more time to orientate themselves and plan
a route to their nearest exit;

9 provision ofcontinuous visual iad tactile cues to guide occupants to an exit

1 the provision of handholds (seet.4.3) may reduce the impact of disorientation.
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It is concluded thanho further research intalisorientationisrequired

4.6 Vision underwater

The ability to see properly underwaters a significant factor in making an undertest escape from a
submerged helicopter

In the GTIGH accident (AAIB, 1993) it was reported that none of the passengers recalled seeing the exit
lighting. There was no evidea to suggest that it was not working, and the investigators thought that they
may have escaped before the lights were activatddost survivors had difficulty with the poor visibility
under thewater in the GWNSB accident (201,6)vith one passenger desbing finding the exit window by

feel alone.

The research described iB.2.7 demonstrates that there are a number of factors which reduce vision
underwater and increase the difficulty of escape, including visuatyaonderwater (Luria and Kinney, 89),

dark conditions(Mallam and McKinnon, 2018nd bubbles. Other work has evaluated the effectiveness of

exit lighting systems (Ryack et al, 1977; Ryack et al 1984) and recommended optimum lighting arrangements.
More recent work by O'Neil et al demonstrated that current exit lighting systems can be detected at 1.5 m in
dark and in turbid conditionswith deterioration at 3 m.

SPA.HOFO.160 Equipment requiremégtd, 2016) state thagll emergency exits, includimgew emergency

exits, and any door, window or other opening that is suitable for emergency egress, and the means for
opening them shall be clearly marked for the guidance of occupants using them in daylight or in the dark. Such
markings shall be designed temain visible if the helicopter is capsized or the cabin is subnierged

In practice, numerousielicopter Emergency Egress Lighting (HEEL) systesravailable on the market for
this purpose.

One of the other means to potentially improve vision unalater is the provision of swimming goggles or a
diving mask(Allan and Ward, 1986; Brooks, 1989; Luria and Kinney, 1969%Fanada, all passengers flying
offshore carry diving mask3.he masksare stowed under the seat while not in usbut most passengrs

after adjusting it for fif wear the mask on their sleeve during transieady for use Potential problems
include the need for one size to fit all, which would be difficult to achieve if the mask is to fit well, and issues
around clearing the masi deployed underwater. Swimming goggles, if used, would have to be deployed
prior to submersion.

This issue was considered by thdée-makingtask group RMT.0120 (EASA, 2016a) but no further action was
taken by the RMT due to uncertainty over the @pibf helicopter occupants to be able to déime mask or
gogglesbefore submersion. It is considered that this topic deserves further research, givdomtheostof
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implementation and the safety improvement that might be gained if occupants had improvesibon
underwater, making it easier to locate the exits.

Proposed fiture research:see5.3.4.
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4.7 Escape routes andrasscabin escape

The review of accidents demonstrated that occupants do not necessarily eszapgh their nearest exit, in
many cases using other options.

In the GWNSB water impact accident (AAIB, 2016) a wide range of underwater escape routes were reported
by the survivors. Where the escape route was known (in 11 cases) only four passengesittivg next to

an exit and escaped through that exit. Four passengers undertook a-Gzbss escape when this was not

their shortest route to an exit. Some individual underwater emergency exits were used by up to three
passengers, meaning that theecond and third person escaping would presumably have had to wait for
individuals in front of them to escape before following them through the exit. It is of note that current
helicopter underwater escape training (OPITO, 2020) is all undertaken \itinetimee sitting in a seat next to

an exit window, and is instructed how to escape through that exit. No-catsis exercises are included (see

4.14 for further analysis of training issues).

It would be interesting to undstand the decision process used to select an exitvdter impactaccidents, it

is not known if any of those who followed others out through an exit did so because they were unable to
remove their nearest exit. Inthe Inquiry that followed th&ZCH ecident (Wells, 2010b) Taber commented
that "an obstruction such as an auxiliary fuel tank placed between the individual and an exit may impede
egresS. Disorientation and low visibility may also influence the escape route followed.

A number of researchrojects have shown that disorientation and confusion about the direction of travel to
reachan exit result in difficulty locating exits when the individual is required to cross the cabin or move to an
exit in front or behind their designated seat (Bohemeét al, 1999;Jamieson et al, 200Miills and Muir,
1998.

The certification specifications for new helicopter designs at CS 27.807(d)(1) and CS 29.813(d)(1) now require
passenger seats to be located relative to underwater escape exits in a wapdsiafacilitates escape with

the helicopter capsized and flooded (EASA, 2018a; 2018b). Means to assistabinssscape following
capsize are considered in CS 29.813(d)(2) and in AMC 29.813 (EASA, 2018b), with the statentéet that "
means provided toatilitate crossabin egress should be accessible to occupants floating freely in the cabin,
should be easy to locate and should, as far as practicable, provide continuous visual and tactile cues to guide
occupants to an exit The AMC also aims to ensut&at "no occupant should need to wait for more than one

other person to escape before being able to make their own escape

While these specifications help to address the problem in new helicopters, the issues still exist in current
designs. It is alsthe case that while a designh improvement may help, the evidence from the accidents
reported suggests that occupants are still likely to take unexpected routes to underwater emergency exits
when suffering from extreme disorientationIt would therefore beof value to undertake further research
looking into the decisiomaking that influences choice of escape route.
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The problems experienced when an occupant is not sat next to an exit also need to be addressed by
helicopter underwater escape training (HUET] further knowledge could be gained about the decisions
made when selecting an exit, this would help to inform the arguments to be made regarding higher fidelity
training. This is discussed further in sectidri4.

Proposed fiture research:seb.2.2.; 5.2.3

4.8 Timeto escape

The majority of the helicopter underwater escape research undertaken involves either individualalbr sm
numbers of subjects escaping from a helicopter simulator at any one time. mEtiss it much easier to
monitor the performance of each trial subject, and allows a high level of safety to be achidsthe
number of trial subjects within the helictgr at any one time is increased, it becomes more difficult to
control the risks. This needs to be taken into account by the investigators when applying for ethical approval
to undertake underwater escape trials.

As a result, research undertaken to datwestigating the time taken to escape has been biased towards the
time taken by an individual to complete the escape process, which generally variesffraum15 to 25 s.
Only one study was identified which investigatée time taken for all occupants escape from a simulated
Super Puma cabin (Brooks et al, 1899001) With an 18-seat configuration and a slow 18@hversion,
participants took between 43 s and 109 s to escape, with the last person out being underwater {se82 s
3.2.10) Thesdrials were all conducted usingdhly trained rather than naiveubjects. It is not known how
long it would take for all occupants to escape with modern seating configurations, and representative exits.

If these times arerepresentative of the real sifation, then those occupants who are last out must
successfully deploy and use EBS if they are to surviggoreviously discusse8.2.13, breathhold times are
greatly reduced when a person is immersed in aeéter due to the cold shock responsk.is highly unlikely
that anyone would be able to breattold for 90 seconds in cold water, ihahly stressful environment.

The air operations rules relating to underwater escape are based on the expectatamuoiderwater
survival time of 60 semdsin the event of capsizéAMC1 SPA.HOFO.165(h) Additional procedures and
equipment for operations in a hostile environme(ASA, 20, EASA 20)P Based on the Brooks et al
(1999, 2001) study it is not clear hat the full evacuation of gassenger cabin, with seating for 19
passengers, could be achieved within 60 seconds.

Ths proposal is supported by ttauthors ofAir Accident Report 1/2016 (AAIB, 201@hocalled for research
into the whole evacuation preess from start to finishunder realistic conditions.

It is therefore proposed that further research is neededbetter quantify the underwater escape process
using a full complement of subjects in the helicopter simulator, in light and dark conditions, and thereby
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establish whether a 60 second escape time is achievable under a range of conditisnmoposed thathe
trials would alsdbe used toinvestigde the different possible seat configuratiorspecified inCS 27/29.807
'Passenger emergency exits' (d) (EASA, 2018a; 20iBiestigating ease of escape from groupsanir
passenger seatand the possibility ofwo passengergscapingside by sidé¢hrough a large exit No evidence
has been found which demonstrates that this latter design option has been tested.

Proposed fiture researchseeb5.2.2.

4.9 Effects of capsize angle

Research undertaken to date to invigite the sidefloating concept CAA, 2005a; Howson, 2006; Jackson
and Rowe, 1997; Jamieson et al, 2000; 20@l) demonstratd the safety benefits of achieving a helicopter
flotation attitude following capsize where one set of exdie above the water stace and an air gap is
maintained within the cabin. Further researi®lorme et al, 2009; Denante et 2008 proved the concept

of locating additional flotation devices high on the fuselage in the vicinity of the main rotor geavithsthe
benefits of an air gap and flotation redundancy, although some techngsalesvere also identified in this
feasibility study.

A research project isurrently in progres¢EASA, 2020d)vestigating enhanced emergency flotation systems
for helicopters. The overall objective of this study igsbablishthe feasibility of providing a step change in
occupant survivabilitghrough the sidefloating concept

It is concluded that no furtheresearch intdhe sidefloating concepisrequired at this time

4.10Cardiac responses to underwater escape

While the accident review only provided evidence of one individual suffering a heart attack shortly after
escaping from the helicopter (AAIB, 201ere is a growing body of evidence showing cardiac irregularities
associated with cold immersion, and more specifically with helicopter underwater escape (Tipton et al, 2010).
The autonomic conflict described by Shattock and Tipton (2012) and the paiemtidence of arrhythmias

during HUETs of most relevance to training organisations, given the high numbers of individuals exposed to
the HUET every year. It may be a good reason for not undertaking HUET training in cold water, despite the
fact that this would make the training more 'realistic'.

While arrhythmiadeading to a cardiac event may be one reason whme occupants fail to escape, and
while further research would be useful to identify any risks associated with higher fidelity trainitgetic

would not provide information that will help in future rulmaking tasks undertaken by EASA.

It is concluded that furtheresearchby EASAnto cardiac responsdsnot required

HUE- Final report PAGE/7



RdEASA

European Union Aviation Safety Agency

4.11Personal safety equipment

In the case of accidents where an occop&as successfully escaped from the helicogiet has then not
survived AAIB, 1993; AAIB, 2016; BFU, 2014; TSB Canada, 2010; TSB Canadlais20tEs) not possible to
determine whether they drowned during the escape process or after reaching thersarface 8.1.6. EBS

are provided to reduce the risk of drowning during escape. Once owéter surface, both the immersion

suit and the lifejacket worn will provide buoyanaynd protection from drowningas well In addition, the
immersion suit importantly provides protection from the initial cold shock responses as well as providing
insulation to reduce body cooling.

Without the use of EB®ccupantsmay not be able to bredh-hold for sufficient time to complete all of the
actions required to escape anltlen reach thewater surface. The mismatch between breatfwold time and
underwater escape time is well documented (sB2.13. This s likely tohave contributed to the non
survival of at least one individual in theTBGHAAIB, 1993) and-8/NSB (AAIB, 201&cidens.

The use of EBS for offshore operations has increased over th@Uasars, but the type of EBS used has
varied, and until recently, passengers have often carried EBS tiilerew have notWhile therewas one
exampleof military crew members successfully using compressed ai(ERR, 20G8, some problems were
experienced in another accident (FSIR, 2Q0Btx no publishedcaseswere found of passengers successfully
using EB3vhen flying offshore This may ithe most partbe due to the small number of survivable water
impact accidents that have occurred since the introduction of lBB&fshoreoperationsin hostile sea areas.
However, the fact that the hybrid EBS was not successfully used intfd®B raises a number of important
points:
1) Was the fidelity and frequency of training sufficient to allow the passengers to use the EBS in an
emergency situatin?
2) Was the design of the EBS sufficiently intuitive for use in an emergency situation?
3) Personal safety equipment is provided for use when all other safety mitigation measures have failed
and reliance should not be placed on the individual to use the eqeiproorrectly in an emergency.

The carriage of EBS waat mandated in the European Uniamtil 2016 (EU, 2016), with a regulation stating
that "all persons on board shall carry and be instructed in the use of emergency breathing 'syE8#
gualified this rule inAMC1 SPA.HOFO.165ENSA, 20E; EASA 20)%y stating that the EBS carrisldould

be capable of rapid underwater deployment his followed 2015mandate for passengers to carry Category
A EBS in the UKAA, 2015b; CAA, 2015c), anddiboccupants including flight crefrom January 2016, with
an exemption if the helicopter was fitted with additional flotation to provide an air gap in the cabin (the side
floating concept). For the previous 15 to 20 yearpassengers flying offshoreBunrope ha carried eithera
rebreather EBS or hybrid rebreathsystem following offshore industry initiatives to improve safetyln the
UK, he change frona hybrid to a compressed air EBS occurf@tbwing the 2013 GWNSBaccidentandin
response tahe UK CAA's offshore helicopter safety review, CAP 1145 (CAA,v#iith)recommended use
of/ I (i S 3 RSP mebtingthe requirements of theaft technical standard iICAP 1034Coleshaw, 2013)
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In Canada, both the provision of EUBA (EBB)passengers and crevand training in the se of EBS was
mandated in 2015 (TSB Canada, 200BR 602.96 The Canadian offshore industmgdstarted training and
introduced compressed air EBfSr offshore operationsn 2009 following the GGZCHaccident (Brook et al,
2010)

Until recently, there was no published technical standard for EB& need for dechnicalstandard was

recommended by Coleshaw (2008), ensure that minimum acceptable levels of performamgre achieved

and health and safety standards could be metpogducts on the marketThis led to the further research
described in 3.2.15, and the publicationtbé proposed technical standaid CAP 1034 (Coleshaw, 2013)

The drafttechnicalstandard was adopted by the standards body ASIAN and after furtherefinement, a

full standard was eventually published as EN 4856 in 2018 (CEN, 2018) and republished by EASA in ETS
2C519 (EASA, 2020a). Rather than focussing on the design of products and wh&B& uses compressed

air or rebreather technology, thistandard provides minimum performance requirements for the equipment.

Two categories of EBS are currently defined to cover all products currently in use. A 'Category A' EBS is
defined as havingthe capability to be rapidly deployed and used both imad underwater. These designs of

EBS are suitable for use when capsize and/or sinking occurs immediately after the helicopter makes contact
with the water'. A 'Category B' EBS is defined as ha\img ¢apability to be deployed in air and used both in

air and underwater. These designs of EBS are suitable for use where there is sufficient time to deploy the
equipment prior to any subsequent submersion. They will have limited capability in water impact accidents as
capsize and/or sinking is likely to ocommediately after the helicopter makes contact with the wétehs a

result, Category A EBS are more likely to be selected for use in hostile sea areas.

This means that EBS manufacturers now have a process to follow for their products to be appiuied,
meeting minimum performance requirements. For successful underwater escape in cold water, thefbility
users to rapity deploythe EBSs considered criticalwhether that is achieved before submersion or when
already underwater Compliance withhe requirements of theéechnicalstandard should help to ensure that

this can be achieved in future accidents. The other factor which will influence correct use is effective training
(4.14). If an occupants able to succeasfy deployEBS, under most conditions they should have sufficient
time breathing from the EB® allow them to complete the actions needed to escape and reach the water
surface. The technical standardCEN, 2018; EASA, 202@sps 60 sas the minimum pdbrmance
requirement for duration of use.

Once an occupant reachéhe water surface survival will in many cases be dependent upon the sea surface
conditions and the availability of a life raftlf a life raft is not immediately available for boardjndpe
immersion suit and lifejacket system worn will help to protect the individual from drowniBgth the
immersion suit and the lifejacket worn will provide buoyancy. The lifejacket (integrated or worn separately)
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should alschelp turn andmaintain the individual in a facep position with the mouth and nose clear of the
water surface Thesprayhood will provide protection from wave actioifideployed All of these factors will

reduce the risk of drowningvhen floatingon the water surface.Conversly, factors that will increase the
likelihood of drowning include wavesplashing or washing over the face of the individuabse airways are

not being protected by an effectiveprayhood anda lack or loss of buoyaneyhich results in the mouth and

nose being too low in the water (low freeboard) the failure to selight an unconscious or exhausted
survivor.

Lifejacketswere worn by helicopter occupants in all but one of the accidents reviewed. The one exception
(BFU, 2014yvas a flight thashould not have followed a route over open waten this one case, the lack of a
lifejacket or any protective clothing worn by the occupants was thoughhawee been a significant factor
leading to norsurvival.

In the Candian SAR accident (TSB Canada, 20i%gre lifejackets were carrie@llthree of the occupants
were found floatingin a position where their mouth and nose wenet clear of the water surfaceyhich
would have increased thigelihood of drowning:

1 The plot had donned a lifejacket prior to departure, but it appeared that he had removed the
lifejacketafter escaping from the aircrathe lifejacket was found in the water in the inflated state)

1 One occupantvas found facedown in the waterwith his lifepcket uninflated It is not known if this
individual drowned during the escape, before reaching the surface, or if he reached the surface but
was then unable toinflate the jacket The accident report suggests that he may have been
incapacitated by the féects of cold immersion.

1 One occupantwas wearing a partially inflated lifejacket and wisind floating on his sidg full
inflation of both sides ofthe lifejacket would have been needed to turn the individual fape The
accident report records the @ that there had been issues identified with the packing of the
lifejacket, which could have affected inflation performance, although it could not be determined if
this had beerthe cause of the partial inflation

It is of note that in this accider(TSB Canada, 201%he life raft carried on the helicopter was not deployed
and was found within the recovered cabin. The survival of these three occypantster at-0.6 C,was
therefore dependent upon adequate performance of their personal safeqyimnent, which was not
achieved

While only a limited amount ofesearchwork has been published with regard to lifejacket performance
(38.2.19, a significant amount of knowledge has been gained by the tngérom lifejackettesting conducted
over the yearswhile designs have been improved in response to the findings of accident reports

In accordance with Commission Regulation (EU) No 965/2012 as am@ride®@012), pproved lifejackets
are required tobe worn at all times by all persons on boardelicopterunless integrated survival suits that
meet the combined requirement of the survival suit and life jacket are Weee CAT.IDE.H.31&U, 2012
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SPA.HOFO.16%, 2016) Since 2006the minimum standard of design and performance farhelicopter
constantwear lifejackethas been prescribed by the EASA standlielicopterconstantwear lifejackets for
operations to or from helidecks located in a hostile seaaqr&TSQC504(EASA, 2006¢)The standard
covers issues such as means to prevent the lifejacket riding up the body, mouth freeboard, ability to right an
unconscious persoand spray hood performanceETSEC504is currently undem majorrevisionprocess,

which aims to update the requirneents in line with current knowledge and good practice.

As described i8.2.16 immersion suits provide protection from hypothermia due to immersion in cold water,
but also play an important role in protecting theearerand reducing the risk afrowning due to the cold
shock response.The accident review demonstrateemeproblems with suits that leafDSB, 2010xrlthough
this appeared to have beenaused by the suit not being fully zipped WA(B, 2014; TSB Gala, 2015)
rather thanleakingseals.

The findings of the -GCFU accident report (T&Rnada, 2015) also emphasised the need for occupants to
select a suit with the correct level of thermal insulation for the water temperature conditions that might be
experienced in the event of an accident. There were also a number of accidents in the North Sea where crew
members wereeither not wearing & immersionsuit (AAIB, 2016) or were wearing their suits with the zip
down at the time of the accident (AAIB, 2014)

In accordance with Commission Regulation (EU) No 965/2012 as amended (EUh&lzbper passengers

and crew flying over water when theea temperature will be less than plus 10 during the flightare
required to wear amapproved survivalimmersiorj suit (see CAT.IDE.H.31&U, 2012SPA.HOFO.118U,

2016 and SPA.HOFO.16%U,2016). The minimum standard of design and performance for a helicopter
crew and passenger immersion sulits is prescribed in two technical standar@&2C503covea's immersion

suits designed to be used with a separate approved lifejacketEarsi2C502coversintegrated immersion

suits which incorporate the functionality of a lifejackefThese standards include requirements for thermal
protection, water ingress, myancy and floating position and helicopter escag@nly one level of thermal
insulation is specific in the current standard, meaning that crew have the option, when sea water
temperatures are 10C or higher, of either not wearing an immersion suit, oaweg a suit with a relatively
high level of thermal insulationimmersion suits were not worn by the crew in the/BNSB acciderAAIB,
2016) due to high temperature in the cockpit on the day of the accident. RMT.0120 (EASA, 2016a)
recommended that fequirements for the wearing of survival suits as a function of sea temperature should be
revised, with staged limits versus immersion suit insulation fevels

The two immersion suit technical standar(lSBASA, 2006a; 2006&)e currently being revisednd replaced
with a single standardlIssues such as the appropriate level of thermal insulation required by different user
groups, the ability of users to turn or be turned to a fagefloating position and the ability to complete tasks
with gloved hands are all being addressed by the revisidrhe revised technical standard will allow the
approval of an uninsulated suais well aversions withthree differentlevels of thermal insulation.
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Gloves have also proved to be an issue in accidents, reiliee to difficulties donning the gloves with already
cold hands, or due to the problenf attempting to undertake manual tasks with gloved harfisis issue will
be addressedby both of the newtechnical standardir lifejackets and immersion suits

It is concluded that further research by EASA peosonal safety equipmens notrequired

4.120ccupant and test subject demographics

Following theG-WNSB accidentAAIB, 2016he accident investigatonsaised concern abouhe influence of
passenger demagphics on successful egress from an inverted helicopkenther, he UK CAA's review of
offshore helicopter safety (CAR014) had identified the fact that escape time can be affectedXilysize in
relation to passenger body size (including survivpligment). They were concerned about the adequacy of
the minimum size of puslout windowsin the context of increases iboth passenger sizand the bulk of
personal safety equipmentAt the time of the accident, data relating to the demographic of theoti$hore
work force waslmost 30 yearsut-of-date 3.2.17).

The review of research demonstrates that some significant \{loekingham et al, 2015; Stewart et al, 2016)

has been undertaken in recent years to updat@hropometricinformation about the offshore workforce in

the UK. Some of this work was already underway at the time of the accident, but it provided an opportunity

to address some of the question pertainitgthe relationship between body size and shape and underwater
emergency exit size. This data was then used to inform the work undertaken by the UK CAA and EASA (3.2.4
to amend the air operation rules for offshore helicopters and the certification spe&ifons for new
helicopters.

While this research has gone a long way to address the issues relating to body size, one further factor that is
likely to influence ease of escape is the flexibility of the body. This is likely to vary greatly betwednatglivi

and between age groups. It is proposed that this could be investigated as part of the proposed further
researchinto underwater escape from the passenger cabin with a full complement of passengers

Proposed fiture research:see5.2.2.

4.13Life Rafts

Life rafts are provided to give the passengers and crew the best chance of survival following evacuation or
escape from the helicopter. Following an underwater escape, the survivor must swim to and board the life
raft which requires a huge amount of effort in many cases, and which cagspeciallydifficult if the
individual is injured or fatigued. If the survivor fails to board a life raft they will remain at risk of drowning in
heavy seas and breaking waves avill be in danger developing hypothermia if rescue services are not close
to hand.
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In a ditching, a life raft that can be boarded directly from the helicopter will greatly reduce the need for
occupants to enter cold water and avoid the difficulties of boarding. The greatest challenges for a survivor in
the water have been shown to be tlability to reach the life raft, and then board it. Rapid life raft boarding is
also important for maintaining the body temperatures of survivors, with body cooling on the raft being
roughly half that observed during cold water immersion (Hall, 1972).

Sane of the ssuesraisedby the accidents revieweidclude
1 Problems with deployment.
1 Problems boarding the life raft.
1 Onceinflated, the life raftwas blown against the side of the helicopter, in one instance blocking the
passenger door
Life raft inflatedon top of the sponson, restrained by tangled retaining lines.
Life raft drifted under the tail rotor risking puncture damage
Life raft drifted away from the survivors.
Life raft overturned in high sea states.
Failure to deploy sea anchors.
Occupants undb to locate knife due to low light levels.

=A =4 =4 A4 A

Many of these issuelsave previouslybeen identified in other studies assessing life raft performaggon,
1984; CAA, 1984; Kinker et al, 1998; Brooks and Potter, 1908yesting that measures are needed to
address the problems

Recent changes have been made to the certification specifications foll@vimgnber of recommendations
relating to life rafts made bRMT.0120 (EASA, 2016a)

"(a) The effect that damaged carbon fibre/carb@inforced plastic maydve on the integrity of the life raft
should be considered when designing life raft containers.

(b) AMC on the location of externally mounted life rafts should be developed with particular emphasis on
protection from impact loads and damage.

(c) There shdd be three means of life raft release.

(d) There should be clear indicator markings showing the location of external deployment ‘handles

For new helicopters, aumber of the identified issues are now covered by ARIKI29.1415 Ditching
equipment (EASA020b;2020c):

1 It should be verified that the length of the long retaining line will not result in the life raft taking up a
position which could create a potential puncture risk or hazard to the occupants, such as directly
under the tail boom, tail rotor omain rotor disc.

1 Life raft activation should be provided for each life r&f®) primary activation: manual activation
control(s), readily accessible to each pilot on the flight deck whilst seated; (B) secondary activation:
activation control(saccessible from the passenger cabin with the rotorcraft in the upright or capsized
position; if any control is located within the cabin, it should be protected from inadvertent operation;
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and (C) tertiary activation: activation control(s) accessible teragn in the water, with the rotorcraft
in any foreseeable floating attitude, including capsized

1 Successful deployment of life raft installations should be demonstrated in all representative
conditions including underwater deployment, if applicabl€orsideration should be given tall
reasonably foreseeable rotorcraft floating attitudes, includimgright, with and without loss of the
critical emergency flotation system (EFS) compartment, and capsized

1 Projections likely to cause damage to a deplojit raft should be avoided by design, or suitably
protected to minimise the likelihood of their causing damage to a deployed life raft.

The certification specifications for new helicopter designs at CS 29BASA, 2018kgtate that: '(c) If
certification with ditching provisions is requested by the applicant: (1) ditching emergency exits must be
provided such that following a ditching, in all sea conditions for which ditching capability is requested by the
applicant, passengers are able to evacuaterth®rcraft and step directly into any of the required life rafts

At AMC 29.803 Emergency evacuation (EABA8DH provision is made with regard to life raft entrytt”

should also be substantiated that the life rafts can be restrained in a positioralbats passengers to step
directly from the cabin into the life rafts. This is expected to require provisions to enable a cabin occupant to
pull the deployed life raft to the exit, using the retaining line, and maintain it in that position while others
board". These provisions also apply to small meltgine rotorcraft certificated as Category A by meeting the
requirements of CS 27 Appendix C (EASA, 2018a).

The technical standard for life raftETSEC505, EASA, 2006id) currently being revised.lssues being
addressed include inflation systems, deployment, length of retaining lines, boarding facilities and resistance
to puncture.

It is concluded that further research by EASA lifdoraft performances notrequired

4.14Training

The review of accidgs (3.1.8 provided evidence of the benefits of helicopter safety training, but also
highlighted areas where training was either inadequate or had been forgottexperience from ditching
accidents such as-BEDW(AAIB, 2014) shows the benefits of training when procedures are correctly
followed. While a ditching is an emergency situation, levels of stress will be much lower than those found in a
water impactandthere is much more time available to execute a coited evacuation of the cabin.

The survivors of the ®/NSB accident highlighted the significantéelicopter underwater escape training

their successful evacuation from the helicop{&AIB, 2016)but they were also reported to havérepeatedly
commented that their experience of escaping from the helicopter cabin was very different from that simulated
in trainind'. The accident reporsuggests that the passengemsére unaware that the hybrid LAP Plus jacket
had an automatically released air supplyhey believed that the EBS would only be of assistance if they
inflated it manually with an expelled bredth It should be noted that the training provided to offshore
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workers at this time did cover the gas cylinder and release of gas on water entipidgas release was not
experienced during practical training exercisebhis suggests that some details of their training had been
forgotten, with a significant impaoon their survivalexperience Further, the majority of passengers who
removed windws to escape reported thatthis was not easy and was significantly harder than they
experienced during trainitig Thisraisesconcerrsover the physical fidelity of HUET.

There is currently no mandate for helicopter underwater escape training (HWHE@grwater escape training
for crew is an option covered by AMC1 ORO.F@a2@)(iii)(FRecurrent training and checking, ED Decision
2016/019/R(see EASA, 201PUETIs mentioned as a component ofater survival trainingbut greater
emphasigs giverto the use of life rafts and lifejackets. It statinat:

"Training should include the use of all survival equipment carried on boarafideand any additional
survival equipment carried separately on board the aircratft;

T consideration should be @w to the provision of further specialist training such as underwater escape
training. Where operations are predominately conducted offshore, operators should congecirl\
helicopter underwater escape training at an appropriate facility;

T wet practicedrill should always be given in initial training unless the crew member concerned has received
similar training provided by another operator

No detail is provided with regard to minimum requirements for threlerwater escape training

Given the lack ony mandate for HUEThe investigatorof the GWNSB accidentaised concerns that
"there is no common minimum standard specified by the regulator for the provision of such training, nor any
regulatory requirement to have undertaken training prior toveding offshor&. Despite the fact that EASA
state that theydo not have the remit to directly regulate passengdrsAlB, 2016)he investigators
recommended that EASAarhends the operational requirements for commercial offshore helicopter
operations, torequire operators to demonstrate that all passengers and crew travelling offshore on their
helicopters have undertaken helicopter underwater escape training at an approved training facility, to a
minimum standard defined by the EASA

Passengerraining iscurrently undertaken following industry standar@stablished by organisations such as
OPITO, NOGEPA ahe Norwegian Oil and Gas Associat{eng. OPITO, 2020Passengerare requiredto
undergofurther/refresher trainingwithin 4 years

When considering the retention of training skills (s8et.5 the Mills and Muir (1999a, b) research into
training concluded that the quality and fidelity of training provided was more important than the recency of
the training. They were unable to identify the optimum point of retraining lid obseve skills and
knowledge decay in some individuals regardless of the length of training interval (from 6 to 48 months). They
recommended a longitudinal study to assess the optimal retraining period for HUET skills. Others have shown
significant decrements in skills and HUgErformance over periosl of much less than 4 years. Summers
(1986)concluded that a tweyear training interval was too longnd suggestedhat skill decay could have
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occurred within 6 to 12 monthskozey et al (2006) concluded that skills could be retifor 6 months so
long as sufficient training in the task is given in the first place.

As there idikely to be significantesistance from the oil and gas industaigd the offshore workforcéo any
increasein training frequency(reduction ofthe training interval) there is a need to further investigate both
the retention of HUET skills over time and meansngrove skills retention Consideration should be given
to the adequacy of initial (basic) training, and any measures that could be takemforce the learning
between practical training courses.

The fidelity of training has repeatedly been challenged in research refsa®s8.4.2, with a significant body
of work being undertaken by Taber's groupdanada investigating issues such as the use of representative
exits in trainingand stroking seaté.g Taber, 2014; Taber and Sweeney, 2014; Taber et al, 2017a).

In 2014, the UK CAA (CAA, 2014) made a recommendation to the UK oil and gas industigwtaand
enhance its safety and survival training standards with regard to the fidelity and frequency of training
LINE A RSR® ¢KS LROGSYGAFIT AYLNROSYSy(a &da3&ini SR
escapes, and exposure of traineesrepresentative examples, in role and type, of real helicopters.

A number of significant gaps the fidelity of traininghave been identified in this repart the present time,

all underwater escape exercises in the OPITO basic and further training course (OPITare202frtaken

from a seat next to the exit, allowing the individual to directly locatel removethe exit with the harness

still fastened,before then releasing the harness and escaping through the exit. Neabssexercises are
included within the HUET courses, meaning that the trainees never experience the problem of having to
locate an exit from an aisle seafrainees do not have tevait for another occupant to escape before using

the exiteither. In the past training included escape with two trainees sitting stdeside, but this resulted in
injuries when trainees competed to use a single exit. However, other methods could béousaah for
escape from an aisle seatAnother gap relates to current EBS training in the tHUsed by the additional
medical requirements required fotraineesto use compressed aiEBS in the helicopter simulator (see
3.2.15. Whiletrainees learn to use the EBS in shallow water they are given no experience of deploying the
equipment, seated in the helicopter simulator, as part of an escape sequence where the order of completing
tasks is an important faor. There is little doubt that the inclusion of such tasks and experience into the
training would provide safety benefits in the event of an accident.

The current basic helicopter safety training (OPITO, 2020) only includes one capsize exercisg @val onl
opportunities to operate a pusbut window underwater.

No passenger training is currently untiken in reduced light conditionsThis alters the underwater
experience, but there may be few training benefits from completing exercises under redgiceddnditions.
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Further work istherefore neededin terms of frequency and fidelitto determine how trainingcould be
improved while taking account of theotential additionalrisks imposed by the trainingnd without adding
undue stress to the training

A study of the relationship betweenhe fidelity and frequency of HUET trainiiggtherefore recommendedo
improve the survival outcome in future accidents.

Proposed fiture researchsee5.2.3
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5. Recommendationdor Further Research

5.1 General

The gaps and shortfalls in knowledge identified in secfidhhave been reviewed and priority areas for
future research activities proposed.

Highpotential benefitprojects are:

1 Establishment of a maximum oging/jettison force for underwater emergency exits.
1 Study of underwater escape from the passenger cabin with a full complement of passengers.
1 Fidelity and frequency gfassengetraining.

The above projects are considered to provide the greatest safeépnefits, giving consideration to both the
survivability of occupants in water impact accidents and the provision of a robust evidence base for-the rule
making process.

Other identifiedprojectsare:
9 Bracing position for helicopter passengers.
1 Attenuatingseats.
1 Harness release.
1 Underwater vision.
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5.2 High potential benefit projects

5.2.1 Forces required to jettison pusbut underwater emergency exits

Applicable Regulations, related acceptable means of compliance and guidance material

Commission RegulatiofEU) No 965/2012 of 5 October 20XEU, 2012) CAT.IDE.H.310 Additional
requirements for helicopters conducting offshore operations in a hostile sea area amended by COMMISSION
REGULATION (EU) 2016/1199 of 22 July @8162018)SPA.HOFO.14b) states hat for emergency exits

and escape hatche®All emergency exits, including crew emergency exits, and any door, window or other
opening suitable to be used for the purpose of underwater escape shall be equipped so as to be operable in an
emergency.

The certification specifications at CS 27.807 and CS 29.809 (EASA, 2020b; 2020c) stdke timtahs of
opening each emergency exit must be simple and obvious and may not require exceptiorial &M@ttoCS
29/27, at AMC 29.809 (b)(3) iii and AMC 27.8d){b)(8) ii(EASA, 20, 2019)make further referenceo the
effort required to open an exit.

Background
In the GWNSB accident (AAIB, 2016), the majority of passengers who removed escape windows reported
that this "was not easy and was significantigrder than they experienced during training

Some research work has been undertaken using an underwater emergency exit representing a single
helicoptertype (Taber and Sweeney, 2014; Taber et al, 20Tader et al, 2017kKing et al2018. This has
demonstrated that high forces are required to remove this type of,esiising serious concernsgarding the

ability of helicopter occupants to jettison exitghen required No research on othdrelicoptertypeshas

been published The research which has been undertaken to date has often involved more than one variable
being studied, making it difficuto achieve a cleainterpretation of the results.

AMC to CS29 and C&7, at AMC 29.809 (b)(3) iii and AMC 27.807 (d)(b)(8¥taite that underwater
emergency exits are considered to be rmmpliant if the exit does not meet the opening effort limitations

set by FAA AC 298 (FAA, 2008) This Advisory Circular in turn states at{Ipjhat "If the effort required to

open the «it is in the range of 40 to 50 pounds, it is recommended that a person of slight stature, such as a
female in the 90 to 110 pound weight range, be used for the exit opening demonstratiofi@stycase, the
average load required to operate the exitaase mechanism and open the exit should not exceed 50 pounds,
and the maximum individual load of a test series should not exceed 55 pounds

The above researcsuggests that ta 24.95 kg (55 Ib) maximum force required to jettison a standard-over
wing exit in air, is much lower than the forces required to jettismrtainhelicopter underwater emergency
exits. In addition, it is not known whether the 24.95 kg (55 Ib) maximum force is appropriate for occupants
inside a flooded and inverted cabin. Worktlierefore needed to define an acceptable maximum jettison
force for underwater emergency exits.
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Overall aim

To determine the forces that human tests subjects (representatives of offshore helicopter occupants) are
capable of applying to jettison an undesiter emergency exit and establish an appropriate maximum
operating/jettison force. This work will serve to underpin/validate the regulations introduced under
Amendment 5 to CS 27 and 29.

Objectives:

1 Determine theoptimum point of impactfor jettison ofa generic puskout underwater emergency
exit. This point to be used in following trials.

1 Determine the maximum jettison force for a generic pash underwater emergency exit usirgy
hand push jettison technique (i.e. increase jettison force until failargettison occurs with any test
subject) to include:

o0 the effect of seat position by comparing the normal seated position with the stroked position;
o0 the ability to jettison the exit when not seatetoth with and without a single hand hold.

1 Determine the maimum jettison force for a generic pustut underwater emergency exit using a
hand strike jettison technique (i.e. increase jettison force until failure to jettison occurs with any test
subject) to include:

o the effect of seat position by comparing the nahseated position with the stroked position;
o the ability to jettison the exit when not seated, both with and without a single hand hold.

1 Determine the maximum jettison force for a generic pash underwater emergency exit usiran
elbow strike jettison €chnique (i.e. increase jettison force until failure to jettison occurs with any test
subject) to include:

o the effect of seat position by comparinlge normal seated position with the stroked position;
o the ability to jettison the exit when not seateoth with and without a single hand hold.

1 Determine the maximum safe jettison force for a lever operated exit for both the normal seated and

the stroked position.

Project guidelines

1 Trialsubjects should be representative of helicopter occupants flying aféshincluding females and
male subjects with lower levels of upper body strength.

1 Underwater emergency exits used should be representative in terms of operation of those found in
helicopters used in the European fleet for offshore operations.

1 The size ofhe exits should be as defindyy SPA HOFO or type IV.

1 The optimum point of impact to achieve exit jettison should be defined and standardised across all
experiments

9 If handholds are provided close to the exit, they should be used in all casgseventa further
variable from confounding the results.

Estimate of project cost: €334,300
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5.2.2 Underwater escape from the passenger cabin with a full complement of
passengers

Applicable Regulations, related acceptable means of compliance and guidance material

AMC1 SPA.HOFO.165(h) (BASA, 20, EASA 2019kfers to an expectation that all passengers shall be

able to escape from the helicopter within an underwater survival time of 60 s in the event of capsize.

Background

The accident investigators for the-WNSB accident (AAIB, 2016) considered that helicopter underwater
escape research undertaken-ttate had been too specific, tending to concentrate on one aspect of the
evacuation experience, with no research undertaken which studied the whole process uealéstic
conditions. Safety Recommendation 2608 (AAR 1/2006stated: "This programme should better quantify

the characteristics of helicopter underwater evacuation and include conditions representative of actual
offshore operations and passengermaegraphics. The only study known, which investigated the simulated
evacuation of a full passenger cabin, was undertaken by Brooks,avidiGibbs (1998; 2001) in whicha
helicopter simulator was configuredfor 15 and 18 passengers. With the-déat canfiguration and a slow

180 capsize participants took between 48 and 109 s to escape, with the last person out being underwater
for 92 s. Faster escapes were found following a rapid capsize, conducted under light and dark conditions.
These trials werall conducted using highly trained rather than naive test subjects. It is not known how long
it would take for all occupants to escape with modern seating configurations, and representative exits.

There is a mismatch between the 92 s escape time medsuarthe study Brooks, Muirand Gibbs 199%;
2001)for the last person out of a fully occupied helicopter cabin and the 60 s escape time criterion being used
in the rules and standards. It is therefore considered important to validate the escape ttdesis basis for
regulations and ensure that valid assumptions are being made when specifying desigpesaking rules.

Overall aim:

To better quantify the underwater escape process using a full complement of test subjecteiicopter
simulator, in light and dark conditions, and thereby establish whether a 60 s escape time is achievable under
a range of conditions. The trials would also investigate different possible seat configurdtimsvork will

serve to underpin/validate the regulationstroduced under Amendment 5 to CS 27 and 29.

Objectives:
1 Measure escape time from a capsized helicopter simulator, for a full complement of occupants.
Validatethe performance of EBShe 60 s assumptian
Effects of seating arrangement and handholds.
Vaidate whether two occupants can escape through a large exit at one time.
Consider whether the orientation of a large exit (‘portrait’ versus 'landscape’ orientation) influences
ease of escape.
1 Use oftrial subjects representative of the demographic of tharopean offshore population.
1 Determine escape routes and exits used.
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Assess difficulty of escape and levels of anxiety.

Determine the effects of age, body build and flexibility of the test subjects on ability to escape.
Option to increase complexity bydaking some exits.

Determine whethemny changes to passengeaining and guidancare needed.

Project guidelines:

1

Underwater emergency exits used should be representative of those found in particular helicopters
used in the European fleet for offshomperations. (This would be dependent upon the findings of
the exit jettison force study).

The size of theinderwater emergencgxits used in the simulator should match the sizes defined in
AMC1 SPA.HOFO.165(h)(b).

Trialsshouldbuild up to full cabin esqse, starting withtwo window seats in a single row, increasing

up to four seats, and then a double facing row (with a large exit), before a full cabin trial. There is an
option to also look at the effects of a blocked exit.

Personal safety equipment shoube representative of that used by the offshore workforce, including
an immersion suit lifejacket/ Category AEBSombination The impact of wearing enore heavily
insulated integrated immersion swshould also be evaluated

As ethical approval maymit what can beundertaken it is suggested that test subjects could be
members of the offshore workforce who have already completed basic and further helicopter
underwater escape training. Otherwise, training staff or divers might have to be used.

Categoy A EBShould be provided for use by all trial subjects.

Estimate of project cost: €220,000
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5.2.3 Passenger Training Fidelity and Frequency

Applicable Regulations, related acceptable means of compliance and guidance material:

There is currently no mandate for helicopter underwater escape training (HWBEIETfor crew is an option
covered by AMC1 ORO.FC.230 Recurrent training and checking, ED Decision 20{6A38/R017b)he
AMC simply states that consideration shouk dnven tounderwater escape trainingwithout any minimum
requirements.

Background:

The effectiveness of helicopter safety training, includifielity and frequency, hasepeatedly been
challenged in research reportghile the benefits of training are often cited in accident repottse survivors

of the GWNSB accident (AAIB, 2016) stated that escape was significantly harder than that experienced during
training. Survivors also demonstrated that they had forgotten aspetteheir training relating to the
emergency breathing system useds a result, the accident investigators recommended that EASA amend
the operational requirements for commercial offshore helicopter operatiots Fequire operators to
demonstrate that dlpassengers and crew travelling offshore on their helicopters have undertaken helicopter
underwater escape training at an approved training facility, to a minimum standard defined by thé& EASA

Training is undertaken following industry standards, wittsggngers having to repedtelicopter safety
training within 4 years. While the fidelity of training has improvesbmewhatover the years, there are still
calls to improve the fidelity of the equipment used by training establishments. One example iotke w
undertaken into the fidelity of emergency exits (e.g. Taber et al, 2014; 20WiE) and Muir £998,1999a,
199%) undertook research into trainindidelity and optimum retraining periods. Thepncluded that the
quality and fidelity of training pragled was more important than the recency of the training. They were
unable to identify the optimum point of retraining but recommended a longitudinal study to assess the
optimal retraining period for HUET skills. Others have shown significant decremesgkiils and HUET
performance over a period dds little as6 months(Hussin et al, 203%Kozey 2006; Mills and Muir, 1%
199%). There is therefore a need to improkaeowledge andskills retention and determine how this can be
best achieved.

It istherefore proposed that further work be undertakdn assess the relationship between training fidelity
and training frequency to allow minimum requirements to be establish&te results of this work could be
promoted to the organisations responsible feetting the training standards, or could be used by aviation
authorities to set appropriate standards if and when they determine to mandate training.

Overall ains:
To studyboth the fidelity and frequency ohelicopter safetytraining, to establishminimum requirements for
HUETandthusimprove the survival outcome in future accidents.

Objectives:
1 Conduct of a longitudinal study to assess level of skill and knowledge loss over time.

HUE- Final report PAGE94



RdEASA

European Union Aviation Safety Agency

1 Considerthe benefitsof increasedidelity in initiafbasicHUET training

1 Compare the effedtenessof current basic training wittnigher fidelity training, with a higkidelity
test conducted after 6 monthg#\ssesskillsand knowledgeetention 6 monthsafter basic training

1 Consider the role of virtuaraining to maintain knowledge and understanding during the retraining
period.

1 Establish minimum requirements ftyelicopter safetytraining.

Project guidelines:
1 Assess the retention of HUET skdlitel knowledgeat intervals of 6 monthsfor up to 48 morths,ina
cohortof trainees Practical tests of HUET after 12 or 24 months.
1 For the fidelity study, @nsiderationshould be given to theptimum levelof training required for
initial/basictraining, to enhance skill retention between basic training amdHer refresher training
Issues to be addressed include
0 exits which require a jettison force representative of current helicopter types;
use of representative exit sizes;
crosscabin escape;
use of a seat in a stroked position
reduced light levels
1 Tes HUET exercises should be conducted using a-fluglity helicopter simulator, with realistic
procedures followedMeasurements made to include escape success rates, correct actions taken in
correct orderanddifficulty of escape
1 Consideration to be given &iress levels experiencéul fidelity study.
1 Bhical approvaivould be required

o O O O

Estimate of project cost: €301,500
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5.3 Other IdentifiedProjects

5.3.1 Brace position

Applicable Regulations, related acceptable means of compliance and guidance material:

CAT.IDH.205(EU, 2012¥tates that helicopters shall be equipped with a seat belt wjper body restraint

for use on each passenger sd#dr helicopters firsissued with an individual certificate of airworthiness on or

after 1 August 1999 Each flight crew seais required to haved seat belt with upper torso restraint system
AYO2NLR NI GAYy3a I RSOAOS GKIFG oAt dvatiolrapid dese@tatich @ NB
No generic brace position has been mandated for offshore helicopter operations.

Background:

Brace positions have been recommended for helicopter passengers (Barthelmess, 1988; Brooks, 1989; FAA,
2016; Transport Canada, 2Q18Vhere high backed seats with upper body restraint harnesses are used the
body position is largely define@ndthe feet must be placed in front of the seat edge to prevent leg injuries
from the operation ofenergy absorbing ('stroking’) seat#s regads head position, for forward facing seats

the head should be tucked down as far as possible (chin on sternum), for rear facing seats the head should be
placed firmly against the head restlowever, there has been some recent controversy over the posifion

the hands. The Canadian Advisory Circ(laansport Canada, 2016commended maintaining a positive

grip on the restraint system with the fingers, so that the occupant was able to slide their hand down to the
harness release when required. Concegslbeen raised that occupants should not be grasping the harness

as this could affect harness performance. In Europe, the general advice given is to place the hands under the
knees or to grasp the material of the immersion suit legs. No publication beulslind which explored the

impact of the alternative brace positiaiecommended by Transport Canada is proposed that research be
conductedto explore this issue.

Overall aim:
To investigatethe best position for the hands ithe brace positionrecommendedfor passengers in
helicopters operating offshorér immediate promulgation and use

Objectives:
1 To determine whether grasping the upper torso harness impairs the performance of the harness
1 To determine the effects of hand position (hands endhe knees compared to hands holding the
harness) on ease of accessing and releasing the harness and ease of EBS deplosintgethe
underwater escape process

Project guidelines:
I Harness used to be representative of thoseind in particular helicoptrs used in the European
offshorefleet.
1 Brace position (other than hands) to follow that advised by the Canadian Advisory Circular (Transport
Canada, 2016)
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5.3.2 Attenuating seats

Applicable Regulations, related acceptable means of compliance and guidance material:
The use of energy absorbing/attenuating seats is not currently mandated for offshore helicopter operations.

Background:

In the Canadian-GZCH accident (TSB Can&fH.,0) four of the seat&ere reported to havebottomed out.
Research has shown that escape from a seat in the stroked position may increase the difficulty of escape and
escape time (Taber, 2013; Taber et al, 20¥&)cording to Taber (2013), the craathienuating seats used in

the helicopter were designed for a standard mass of 7.7Tdte occupant mass used in the design of these
seats matches that used in the -5 and C&9 requirements for seat design and crashworthiness (see CS
27.562; EASA, 2020Imh C29.562; EASA, 2020c). This vadueelow the average mass of a member of the
offshore workforce in Europe and North Amerigacreasing the likely frequency of seats 'bottoming out' on
impact due to high body mass.

Limited research has been untieken todate to assess ease of escape from timemal and strokedeat
positions showing longer escape times from a fully stroked se@bnsideratiorshouldbe given toboth the

mass and stature of helicopter occupants, andthe likely movement of the eating due to different
accelerations. Further, it is not known if the stroked seat position affects ease of EBS deployment.
Consideration should also be given to the potential safety benefits of using variable load energy absorbing
seats.

Overall aim:

To assess the effect of body mass and stature on the time taken to escape from a stroked seat position, using
test subjects representative of the offshore workforaed establish whether attenuating seapsovide a net

safety benefit, regardless of averapassenger mass

Objectives:

1 To assess the effects of body mass on time to escape from a fully and partially stroked seat.
To assess the effects of body stature on time to escape from a fully and partially stroked seat.
To further examine the factors thaiffect ease of escape from a stroked seat.
To assess the effect of seat position on EBS deployment times.
To assess the impact ah average passenger mas®8kgon a stroking seat designed for 77.kg

=A =4 =4 =

Project guidelines:
I Test subjects to be selectechavare representative of the offshore workforce.
9 Particular focus should be placed on individuals with high body mass and short stature.
91 Sledge testingvould be required.
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5.3.3 Harnessrelease

Applicable Regulations, related acceptable means of compliance and guidance material:

Air Operation Regulation CAT.IDE.H.205 relating to seats, safety belts and restraint systems (EU, 2012) state:
that helicopters shall be equipped with a seat belt witbpar body restraint for use on each passenger seat

(for helicopters first issued with an individual certificate of airworthiness on or after 1 August 1999).
According to CAT.IDE.A.205 each flight crew seat is required to hasesat belt with upper torseestraint
aeaidsSy AYyO2NIRNIGAYy3I | RSOAOS GKIFIG oAt I dzd 2 Y {7
deceleratiofi. Further, seat belts with upper torso restraint shdibVe a single point release Similarly,
CS27/29.785Seats, berthssafety belts, and harness@SASA, 2018a; 2018b) states that:

"(b) Each occupant must be protected from serious head injury by a safety belt plus a shoulder harness that
will prevent the head from contacting any injurious object except as providedG& #9.562(c)(5). A shoulder
harness (upper torso restraint), in combination with the safety belt, constitutes a torso restraint system as
described in ETSCL14

600 91+ OK 200dzZLJ yiQa aStid Ydzad KIFI&S || O®»iMoekessSR al ¥

Background:

Research projects have identified some potential problems with the release of the seat harness during
underwater escape (Coleshaw, 20Ixberet al, 2015)and more specificallwhen the harness was under
uneven loading (Jamson et al, 2000; 2001r when the seat was in the stroked position (Taber, 2013)
These have tended to be observations only. Few reports of harness problems were found in the review of
accidents, but this may be due to the fact that those experienpmafplems locating or operating the release
mechanisndid not survive.

It is therefore proposedthat researchbe undertaken to specifically studyarness release when inverted
undemvater, with the uneven loading that might be experienced with differeapsize anglesndlooking at
harness releasm 'stroked'attenuating seats

Overall aim
To investigate the performance of seat harness release systems under a range of comditicas/iew to
establishing whether any changes to the regulations are required

Objectives:
1 Investigate larness loading and releafar a range of capsize anglesder water
1 Investigate larness release from the stroked seating position, with occupaetsring representative
immersion suits (wittdifferent lifejacket immersionsuit and EBS currently in use

Project guidelines:

1 The seat harness, including upper torso restraint and recoil systems stsaald be representative
and as close as possible in design to operational harnassrsy,
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5.3.4 Underwater vision

Applicable Regulations, related acceptable means of compliance and guidance material:

SPA.HOFO.160) (EU, 2016yequires thatdAll emergencyexits, including crew emergency exits, and any
door, window or other opening that is suitable for emergency egress, and the means for opening them shall be
clearly marked for the guidance of occupants using them in daylight or in the dark. Such maiings sh
RSaAaA3AYySR (2 NBYFIAY @AaA0fS AT GKS KSEtAO2LIISNI Aa C

In addition, CS 2.805(c),AMC 27.805(c)(b)(6)CS27.807(d)(2)&@¥LS 28B09(j), CS 29.811(h)(1), and CS
29.812(3(1),AMC 29.809(b)(2), AMC 29.811(hgdyressemergency exit lighting (EASA, 2020b; 2020c).

Background:

In the GWNSB accident (AAIB, 2016) problems due to darkness and poor visibility were repmwreed
passenger describing finding the exit window by feel. In the Canadian Air Force accid@$g (F2IR, 2008a)
escape was exacerbated by darkness. One of the occupants recalledhbatiEELS lit up the doorframe
well, but did not show the position of the emergency release haridiethe upper personnel door. Mallam

and MacKinnon (2011) fourttiat escape tasks, including deployment of EBS, jettison of an exit and harness
release, took significantly longer in the dark than in light conditidnsaddition, there is aecdotalevidence

that the large number of bubbles created by the capsize of a helicopter greatly reduces underwater visibility
during the first few minutes following inversion. Underlying these issues is the reduntiasual acuity

when underwater (Luria and Kinney, 6.

Issues of darkness are mitigated by various helicopter emergency egress lighting systems (HEELS), witt
research conducted to determine detectability of lighting systems at different distances.

While the effects of reduced visibility have been idéetl and researched, little work has been undertaken

to improve visual acuity underwater. Some early work demonstrated the benefits of swimming goggles (Allan
& Ward, 1986), but concerns have been raised that goggles would have to be deployed befoeessuiias

they could not be cleared underwater. Members of the Canadian workforce carry diving masks, which
potentially can be cleared underwater. However, little work has been undertaken to determine the effects of
mask deployment time on escape time, thie ability of users to clear the masks underwater. If a dive mask
could be deployed successfully in a water impact accident, either before or following submersion, it could
provide a significant benefit for helicopter occupants who would otherwiseiffidifficult to see their escape

route and the underwater emergency exits in darkurbid conditions.

Overall aim:

To study the potential benefitand disbenefit®f using a dive mask during underwater escape and determine
whether the mask can be usedfectively without any significant decrement in escape tinitis is aimed at
establishing whether dive masks should be mandated, allowed (and, if so, under what conditibagned.
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Objectives:
1 Measure dive mask deployment time both before and follmyvsubmersion, while completing an
underwater escape from a helicopter simulator.
1 Investigate theease of clearing water from the dive mask following underwater deployment.
1 Assess compatibility of dive mask deployment with the other fasks undertakerduring the

underwater escape processicluding EBS deployment
i Compare visual acuity with and without the dive mask when underwater within the helicopter

simulator.

Project guidelines:
1 Consider dive mask fit for a wide range of face shapes and sizebaandhis will affect mask

performance.
1 The need to clear the masifectivelydictatesthe use ofCategory ABS.
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6. Conclusions

A comprehensive literature review has been performed on the subject of helicopter underwater escape,
focussing primarily omccident investigation reporisesearch reports and paper$he review osurvivable
helicopter water impact accidents has identifimdues affecting the likelihood of survival of the occupats.
systematicreview of theresearch undertaken in relatioto helicopter underwater escaphasrevealeda

wide range of studies conducted over a period of 40 yeaResearch airceshave ranged from peer
reviewed academic journals to industry reports and conference papers, resulting in\smagion in the
qualty.

The results of th literature review have been analysed to identify gaps and shorifailse understanding of

the issues The review has confirmed thahuch of the research undertaken focusses on specific aspects of
the underwater escape process equipment used by helicopter occupants, with only one study simulating
the underwater evacuation of a fully occupied helicopter calivhile the research results allowhe
characteristics of helicopter underwat@scape to be described, some areas agddr defined than others.

As an examplerecent research has been undertaken to define the forces needed to jettison an underwater
emergency exit, but has only been investigated in relation to one aircraft type samébadoes not inform the
setting of amaximum exit operating forceThere are also apparent shortfalls in the research undertaken to
optimise the fidelity and frequency of training.

Qutline proposalshave been producedor further work aimed at filling the knowledge gaps in relation to
helioopter underwater escapeThe proposals have been designed to address regulatory aspects as well as
enhancing the general knowledge base.

The following hree hgh potential benefitprojectshave beendentified:

1 Establishment of a maximuoperating/jettison force for underwater emergency exits.
9 Study of underwater escape from the passenger cabin with a full complement of passengers.
1 Fidelity and frequency of training.

Four ather projectshave beeridentified as follows

1 Bracing positioffior helicopter passengers.
1 Attenuating seats.

1 Harness release.

1 Underwater vision.
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