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The Requirements for an Emergency Breathing
System (EBS) in Over-Water Helicopter and Fixed

Wing Aircraft Operations
(RTO AG-341 / HFM-054)

Executive Summary

When a helicopter ditches, it commonly inverts and sinks rapidly. Even if the accident is survivable,
the astonishing fact is that fifteen percent of the crew and occupants will perish. The basic reasons why
occupants have difficulty making underwater escape, have already been extensively discussed in
AGARDograph No 305 by one of the authors titled “The Human Factors Relating to Escape and
Survival from Helicopters Ditching in Water” published in 1989.

Since this was completed, the two authors have conducted further research on the principal causes of
this regrettably high fatality rate. The conclusion to be drawn is that the occupants simply cannot hold
their breath long enough to make an escape, and the cause of death is drowning. The fatality rate does
not appear to be diminishing.

In Chapter I, this AGARDograph describes the extent of the problem, provides the latest helicopter
ditching statistics, the causes of the problem, the factors determining the time required to make an
underwater escape, the factors determining the time available for escape and the rationale for the
provision of an Emergency Breathing System. Chapter II describes (a) the development of Emergency
Breathing Systems for underwater escape specifically citing progress in the Royal Navy; (b) progress
in the U.K. Civilian North Sea Helicopter Operation with special reference to the introduction of a
novel re-breathing system; (c) progress in the U.S. with the U.S. Coast Guard pioneering effort in
introducing the first oxygen re-breather system into helicopter service, and the U.S. Navy progress
with their first procurement of 8,200 compressed EBS units and reports of the first lives saved with this
unit - HEED II; (d) the Canadian progress demonstrating the fact, which is very common among
military organizations, that it took eight years to introduce a piece of already proven diving equipment,
requiring only the tiniest modification into service; and (e) the introduction of EBS into the Italian,
New Zealand and Singaporean Navies. Chapter III reviews the currently available emergency air
supplies for underwater escape from helicopters on the market or potentially coming to market. This is
followed with discussion on the choice of a re-breather or compressed air system in Chapter IV.
Chapter V discusses the importance of producing a course-training package prior to the introduction of
a system into service and describes a typical package example from the U.S. Coast Guard and a
civilian training school at Survival Systems Ltd. in Canada. Finally, Chapter VI summarises the whole
situation on EBS as we enter the Twenty-First Century.

Seventeen years ago, there were no EBS for crew or passengers in helicopters flying over water. There
were basically three units produced by industry still undergoing evaluation. At the time of writing in
the year 2000, there are at least four commercially available compressed air and one re-breathing
systems on the market. Some NATO nations are now using them in service, but their use is not
universal and it is still restricted to aircrew. Very recently, the re-breather system has been introduced
for passengers in commercial helicopters flying over the North Sea, but still unresolved is the decision
whether to provide dry or wet training. Going hand-in-hand with this is the fact that there are no
regulations in existence not only for the requirements of a system, but also for the air certification and
maintenance. Finally, until regulations are introduced, helicopter manufacturers will not consider
designing a system into the basic helicopter fuselage.
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Spécification d’un respirateur de sauvetage pour
aéronefs à voilure fixe et à voilure tournante en

mission de survol maritime
(RTO AG-341 / HFM-054)

Synthèse 

Généralement, en cas d’amerrissage forc´e, les h´elicoptères se retournent et coulent rapidement. Mˆeme si
l’accident n’est pas `a priori mortel, il est ´etonnant de constater que 15% des ´equipages et des passagers
périssent en cas d’amerrissage forc´e. Les raisons essentielles des difficult´es de l’évacuation sous-marine ont
déjà été largement trait´ees dans l’AGARDographie No. 305 “Evacuation et survie en cas d’amerrissage
forcé d’un hélicoptère. Le facteur humain”, publi´ee en 1989.

Depuis lors, les deux auteurs ont entrepris d’autres recherches sur les principales causes de ce taux
d’accidents mortels qui est `a déplorer. Ils ont conclu qu’il est tout simplement impossible pour les
occupants de retenir leur souffle suffisamment longtemps pour effectuer une ´evacuation, et que la mort
s’ensuit par noyade. Le taux d’accidents mortels ne semble pas diminuer.

Le chapitre I de cette AGARDographie d´ecrit l’étendue du probl`eme, fournit les derni`eres statistiques sur
l’amerrissage des h´elicoptères, les causes du probl`eme, les facteurs qui d´eterminent les d´elais nécessaires
pour effectuer une ´evacuation sous-marine et la justification d’un respirateur de sauvetage. Le chapitre II
donne la description (a) du d´eveloppement de respirateurs de sauvetage (EBS) pour l’´evacuation sous-
marine, en citant en particulier les progr`es réalisés dans ce domaine par la marine royale, (b) les avanc´ees
enregistrées par l’op´eration hélicoptère civil en mer du nord au Royaume-Uni, et plus sp´ecialement la mise
en service d’un respirateur novateur (c) l’´etat d’avancement de la mise en service par la garde cˆotière
américaine du premier syst`eme à oxygène à circuit fermé pour hélicoptères, et le premier achat de 8 200
respirateurs de sauvetage `a air comprim´e par la marine am´ericaine, avec des rapports sur les premi`eres vies
sauvées grˆace à ces appareils - HEED II (d) les progr`es réalisés au Canada, en soulignant le fait, qu’il a fallu
huit ans pour mettre en service un mat´eriel de plong´ee qui avait d´ejà fait ses preuves et qui ne n´ecessitait
que des modifications mineures, situation qui n’est pas rare dans les organisations militaires, et (e) la mise
en service d’appareils EBS dans les marines nationales de la Nouvelle-Z´elande, de l’Italie et du Singapour.
Le chapitre III examine les diff´erentes alimentations d’air de secours pour l’´evacuation sous-marine
d’hélicoptères actuellement disponibles ou en cours de d´eveloppement. Ce chapitre est suivi, au
chapitre IV, d’une discussion du choix entre les appareils `a circuit fermé et les syst`emes `a air comprim´e. Le
chapitre V évalue l’importance de la diffusion d’une documentation de formation avant de proc´eder à la
mise en service d’un nouveau syst`eme. Il décrit un exemple type de trousse d’information fournie par la
garde cˆotière am´ericaine, et pr´esente une ´ecole de formation civile cr´eée par Survival Systems Ltd. au
Canada. Enfin, le chapitre VI r´esume la situation globale de l’EBS `a l’aube du 21`eme siècle.

Il y a 17 ans, les h´elicoptères effectuant des missions en survol maritime n’´etaient pas ´equipés de syst`emes
EBS, ni pour les ´equipages, ni pour les passagers. Essentiellement, il existait trois mod`eles fabriqu´es par
l’industrie et ils étaient en cours d’´evaluation. A la date de cette publication, en l’an 2000, au moins quatre
systèmes `a air comprim´e et un syst`eme à circuit fermé sont disponibles sur le march´e. Ils sont en service
dans certains pays de l’OTAN, mais leur utilisation n’est pas g´enéralisée, celle-ci ´etant réservée aux
équipages. Tr`es récemment, le syst`eme à circuit fermé a été adopt´e pour les passagers d’h´elicoptères en
survol de la mer du nord, mais la question de savoir quel type d’entraˆınement `a prévoir, c’est à dire hors de
l’eau ou dans l’eau, reste `a résoudre. Une question associ´ee concerne le fait qu’aucun r`eglement n’existe ni
pour la sp´ecification du syst`eme, ni pour la certification de navigabilit´e ni pour la maintenance. Enfin, il est
certain que les h´elicoptéristes n’envisageront pas de concevoir des syst`emes int´egrables dans le fuselage de
base d’un h´elicoptère avant que des r`eglements ne soient promulgu´es dans ce domaine.
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Synthèse iv

List of Figures and Tables vii

Human Factors and Medicine Panel viii

Chapter 1. The Problem 1

1.1 The Extent of the Problem: World-wide Military and Civilian Helicopter Ditching Statistics 1

1.2 The Causes of the Problem 5

1.2.1 Factors determining the time required to make an escape 5

1.2.2 Factors determining the time available to make an escape 7

1.3 The Solution? Rationale for the provision of Emergency Breathing Systems 7

Chapter 2. The Development of Emergency Breathing Systems for Underwater Escape from 11
Aircraft and Helicopters

2.1 Progress in the UK: The Royal Navy 12

2.2 The UK Civilian Experience 15

2.3 Progress in the US: The US Coast Guard 18

2.4 Canadian Progress 24

2.5 Progress in the rest of the world 30

2.6 The question of whether to train or not? 30

Chapter 3. Current Available EBS on the Market 33

3.1 Aqua Lung 33

3.2 Kidde Graviner Ltd. 36

3.3 MSI Defence Ltd. 37

3.4 Meggitt Avionics 38

3.5 Mercury Products (South) Ltd. 39

3.6 The Shark Group 40

3.7 Submersible Systems Inc. 42

Chapter 4. Choosing and Integrating an EBS 45

4.1 Re-breathers vs Compressed Air/Oxygen Systems 45

4.2 Check the Credentials of the Chosen System 46

4.3 Integration into the Cockpit or Attachment to the Human 46

4.4 Choice of Site 47

4.5 Practice Testing for Emergency Ground / Surface Evacuation 49

4.6 Practice Testing for Underwater Egress 49

v



Chapter 5. Guidelines for Training in the Safe Operation of a Helicopter Underwater Escape 51
Emergency Breathing System

5.1 The Introduction of the Equipment to the Squadron or to Crew and Passengers of a Civilian 51
Helicopter Operation

5.1.1 Excerpt from US Coast Guard Manual 51

5.1.2 Survival Systems Ltd. Training Standard 59

5.1.3 Ongoing Training 63

Chapter 6. Conclusions and Recommendations 67

Acknowledgements 71

References 73

vi



List of Figures and Tables
Page

Figures:

Figure 1 The US Coast Guard introduced the LPU-25/P Survival Vest Assembly/Underwater 18
Escape Re-breather

Figure 2 Submersible Systems Inc. Type I 23

Figure 3 Submersible Systems Type II 23

Figure 4 The Meggitt Oxygen System’s Survival Air System (SAS) 24

Figure 5 The US Divers Inc., Micra Air System (MAS) 24

Figure 6 The Robertshaw Controls Co. Unit 25

Figure 7 Helicopter Emergency Egress Device Rite Sabre 27

Figure 8a L. Adams Ltd., ABLE 2000 MK1 27

Figure 8b L. Adams Ltd., ABLE 2000 MK2 27

Figure 9 A collage of six EBS Units tested at DCIEM in Toronto 28

Figure 10 Average EBS Respiratory Minute Volume (RMV) at Two Water Temperatures and Depths 30

Figure 11 A typical basic evaluation of an EBS (U.S. Divers MAS) mated to a lifejacket 48
(Dunlop Beaufort MK-15)

Tables:

Table 1 UK Military Helicopter Water Impacts: Summary of Occupant Injuries 4

Table 2 World Civil Helicopter Water Impacts: Summary of Occupant Injuries 4

Table 3 The US Navy’s Observations of HEED 2 Performance 21

Table 4 Various human factors parameters evaluated on the 5 EBS during the Canadian Trials 29
in 1993

vii



Human Factors and Medicine Panel
Chairman: Co-Chairman:

Dr M.C. WALKER Col. W.C.M. TIELEMANS, MD
Director, Centre for Human Sciences RNLAF/SGO
DERA P.O. Box 20703
F138 Building - Room 204 Binckhorstlaan, 135
Farnborough, Hants GU14 0LX 2500 ES The Hague
United Kingdom The Netherlands

Authors

C.J. (Chris) BROOKS, M.B.Ch.B., F.F.O.M., D.Av.Med.
Director of R&D, Survival Systems Ltd.,

40 Mount Hope Avenue
Dartmouth, Nova Scotia

Canada, B2Y 4K9

M.J. (Mike) TIPTON, M.Sc., Ph.D.
Professor of Human and Applied Physiology

University of Portsmouth
Portsmouth, Hampshire, P01 2DT

United Kingdom

PANEL EXECUTIVE

From Europe and Canada: From USA

Dr C. WIENTJES RTA/NATO/HFM
RTA/NATO/HFM PSC 116
7, Rue Ancelle APO AE 09777
BP 25
92201 Neuilly sur Seine Cedex
France

Tel.: +33 (0)1 55 61 22 60
Telefax: +33 (0)1 55 61 22 99/98

Email: wientjesc@rta.nato.int

viii



REPORT DOCUMENTATION PAGE

1. Recipient’s Reference 2. Originator’s References 3. Further Reference 4. Security Classification
of Document

RTO-AG-341 ISBN 92-837-1058-4 UNCLASSIFIED/
AC/323(HFM-054)TP/33 UNLIMITED

5. Originator Research and Technology Organization
North Atlantic Treaty Organization
BP 25, 7 rue Ancelle, F-92201 Neuilly-sur-Seine Cedex, France

6. Title
The Requirements for an Emergency Breathing System (EBS) in Over-Water
Helicopter and Fixed Wing Aircraft Operations

7. Presented at/sponsored by

the Human Factors and Medicine Panel (HFM) of RTO.

8. Author(s)/Editor(s) 9. Date

C.J. (Chris) Brooks May 2001
M.J. (Mike) Tipton

10. Author’s/Editor’s Address 11. Pages

Multiple 92

12. Distribution Statement There are no restrictions on the distribution of this document.
Information about the availability of this and other RTO
unclassified publications is given on the back cover.

13. Keywords/Descriptors

Breathing apparatus Escape (abandonment)
Underwater life support systems Survival equipment
Life support systems Survival at sea
Ditching (landing) Respiration
Helicopters Survival training
Aircraft

14. Abstract

This AGARDograph provides the latest worldwide statistics on survivability from a helicopter
ditching. It concludes that the persistent 15% fatality rate is basically caused by drowning. The
principal cause of drowning is due to inability to breath-hold long enough to make an escape.

The provision of some form of Emergency Breathing System (EBS), whether a re-breather or
compressed air unit, would extend the time underwater and hence improve survivability. The
development of such units since the Second World War are described, and current available units
are included to aid NATO and PfP Nations to review their choice. The importance of producing a
course training package prior to the introduction of any new EBS into service is presented. Two
examples are specifically cited. Finally, a summary is made of the current EBS situation as we
enter into the 21st Century.



This page has been deliberately left blank

Page intentionnellement blanche



NORTH ATLANTIC TREATY ORGANIZATION

RESEARCH AND TECHNOLOGY ORGANIZATION

BP 25 • 7 RUE ANCELLE DIFFUSION DES PUBLICATIONS

F-92201 NEUILLY-SUR-SEINE CEDEX • FRANCE RTO NON CLASSIFIEES
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Des exemplaires suppl´ementaires peuvent parfois ˆetre obtenus aupr`es des centres nationaux de distribution indiqu´es ci-dessous. Si vous
souhaitez recevoir toutes les publications de la RTO, ou simplement celles qui concernent certains Panels, vous pouvez demander d’être
inclus sur la liste d’envoi de l’un de ces centres.

Les publications de la RTO et de l’AGARD sont en vente aupr`es des agences de vente indiqu´ees ci-dessous, sous forme de photocopie ou
de microfiche. Certains originaux peuvent ´egalement ˆetre obtenus aupr`es de CASI.

CENTRES DE DIFFUSION NATIONAUX

ALLEMAGNE FRANCE PAYS-BAS
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